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Introduction 



June 2023: Clarendon/ Orangeburg County, South Carolina 

Project Description 

TranSystems prepared this report to provide engineering calculations showing that the proposed 

bridges at the I‐95 crossing over Lake Marion in Clarendon/ Orangeburg County, South Carolina and 

the I‐95 crossing over Lake Marion Relief in Clarendon County will meet SCDOT’s hydraulic design criteria 

for this project. The purpose of the project is to maintain connectivity and a safe interstate facility for 

the traveling public along I‐95 over Lake Marion. Portions of the I‐95 bridges will soon be in poor 

condition and do not meet current design standards for vehicle loads. 

This project involves the replacement of the existing 85‐span 4,500’‐0” long by 35’‐0” wide northbound 

and southbound lanes of I‐95 over Lake Marion with a single bridge 4,523’‐8” long by 137’‐5.5” wide 

prestressed concrete girder bridge. To maintain the existing navigational channel and avoid all 

existing foundation elements, the span configuration shall consist of five 76’‐0” spans, a 77’‐4” span, 

twenty‐three 140’‐0” spans, two 160’‐0” main spans, three 140’‐0” spans, and a 106’‐4” span. This 

configuration will utilize twelve continuous prestressed beam sections and an end bridge prestressed 

beam span. 

This project also involves the replacement of the existing 9‐span 360’‐0” long by 35’‐0” wide 

northbound and southbound lanes of I‐95 over Lake Marion Relief (located at the northeast portion 

of the I‐95 crossing) with a two separate 375’‐0” long bridges separated by a 5‐inch open joint in the 

middle. The northbound lane structure will be 72’‐0” out to out and the southbound lane structure 

will be 89’‐4.5” out to out totaling a final width 162’‐7.5” inclusive of the 5‐inch open gap. Both relief 

bridge structures will be prestressed concrete girder bridges. To avoid all existing foundation 

elements, the span configuration shall consist of five 75’‐0” spans. This configuration will utilize two 

approach spans and a continuous prestressed beam section. 

I‐95 NB/SB Bridge Replacements over Lake Marion and Lake Marion Relief 
Hydrologic and Hydraulic Study



The bridges are located seven miles south of Summerton, South Carolina in Orangeburg County 

District 2/ Clarendon County District 1 and are not eligible for the National Register of Historic Places.  

The existing NB and SB bridges carrying I‐95 over Lake Marion (Asset IDs 05249 and 05258, 

respectively) were built in 1968 and underwent repairs in 2016. The NB and SB structure numbers are 

1410009510100 and 1410009530100, respectively. The design load for both bridges are coded 5 or 

MS 18 / HS 20. The latest routine inspection for the NB bridge (conducted on May 7, 2021) concluded 

a deck, superstructure, and substructure coding of 7, a channel code of 8, and a water adequacy 

coding of 6. The Item 113 scour code was 3, scour critical. The latest routine inspection for the SB 

bridge (conducted on December 20, 2022) concluded a deck, superstructure, and substructure rating 

of 5, 6, 5, respectively. The inspection concluded a channel code of 8 and a water adequacy coding of 

6. The Item 113 scour code was 9, foundations above floodwater (which is should not be applicable

to spread footings below a lake). Both bridges have spill‐through abutments with fair or no riprap

under the bridge. Utilities include electrical lines running parallel and 300 feet downstream of the NB

bridge as well as a SCDOT signal beam running across the lake between the NB and SB bridges.

The existing NB and SB bridges carrying I‐95 over Lake Marion Relief (Asset IDs 05250 and 05259, 

respectively) were built in 1968. The NB and SB structure numbers are 1410009510200 and 

1410009530200, respectively. The design load for both bridges are coded 5 or MS 18 / HS 20. The 

latest routine inspection for the NB bridge (conducted on March 1, 2022) concluded a deck, 

superstructure, and substructure coding of 6, a channel code of 7, and a water adequacy coding of 6. 

The Item 113 scour code was 5, Foundation Stable; scour within the limits of footings or piles. The 

latest routine inspection for the SB bridge (conducted on December 28, 2021) concluded a deck, 

superstructure, and substructure rating of 7, a channel code of 7 and a water adequacy coding of 8. 

The Item 113 scour code was 5, Foundation Stable; scour within the limits of footings or piles. Both 

bridges have spill‐through abutments with fair conditions riprap under the bridge. Utilities include 

electrical lines running parallel and 300 feet downstream of the NB bridge. 

The proposed bridges over Lake Marion and Lake Marion Relief will be stage construct, beginning 

with a Stage 1 construction between the existing bridges. Maintaining the existing alignment was the 

only viable alternative that fell within environmental permitting constraints related to disturbed land 

at the proposed begin and end bridge tie‐ins. 



The proposed bridges over Lake Marion and Lake Marion Relief will be designed for a load rating 

code of A for HL93 and will include adequate shoulders, a future lane in each direction, and a 

shared‐use path protected by a median barrier with fence. 

Hydraulic Analysis Requirements  

A Level 1 and Level 2 analysis should apply to all designed bridges and a Level 3 analysis should be 

applied in cases where one‐dimensional flow analysis is not adequate (SCDOT Requirements for 

Hydraulic Design Studies (RHDS) 1. Analysis Procedures). The proposed bridge is a newly designed 

bridge and will require a Level 1 and Level 2 analysis. The conditions at the project site cannot be 

analyzed through one‐dimensional modeling thus a Level 3 analysis was conducted. The conditions 

conducive to two‐dimensional modeling include: 

 A 19,000‐foot‐wide floodplain upstream of I‐95.

 Multiple Openings ‐ Lake Marion, Lake Marion Relief, and Cantey Bay.

 Curve Linear flow across the face of the main bridge.

 Approximately 3,700 feet of flood flow running along the upstream embankment.

 Large area eddying downstream of I‐95 ‐ Between main bridge and relief bridge.

 Downstream Boundary Condition ‐ Santee Dam.

1.1 Design Criteria 

1.1.1 Design Frequencies 

Both proposed bridges are located on an interstate and thus the design storm is the 50‐year flood. 

1.1.2 Floodplain Requirements 

The Lake Marion floodplain at the proposed crossing is a FEMA Zone AE floodplain, meaning the 

floodplain is subject to inundation by the 1% AEP flood and base flood elevations have been 

determined. Even though a detailed hydraulic analysis has been performed, a regulatory Floodway 

has not been established. This aligns with the Hydraulic Design Bulletin (HDB) 2019‐4 Section 1.1.2.2 

criteria; Special Flood Hazard Areas (SFHA) without a floodway set by a detailed model. A “No Impact” 

will be analyzed for the bridge replacements of I‐95 NB and SB over Lake Marion and Lake Marion 



Relief as defined by HDB 2019‐4 1.1.2.2 for SFHAs without a floodway, by demonstrating that the 

proposed hydraulic design results in no increase in the 1% AEP flood profile for published and 

unpublished cross sections within the provided FEMA model once the effective FEMA model has been 

provided by the FEMA Engineering Library (FEMA Engineering Library response included in 

Correspondence section of this study). There are no structures upstream of the bridges and no risk is 

expected as a result of the proposed conditions backwater. 

1.1.3 Flow Velocities 

Flow velocities during the design flood, 50‐year, decrease from 2.78 ft/s in the existing conditions to 

2.70 ft/s in the proposed conditions. Flow velocities during the base flood, 100‐year, decrease from 

2.97 ft/s to 2.95 ft/s. Minimum contraction scour is expected to occur in the channel and overbank 

regions of I‐95 over Lake Marion. Since Lake Marion Relief does not have a defined channel in the 

vicinity of the project, all areas beneath the relief bridge between the limits of the abutment regions 

was considered as the overbank region. 

1.1.4 Bridge Scour 

An in‐depth scour analysis was conducted for the proposed bridges carrying I‐95 over Lake Marion 

and Lake Marion Relief. Ultimately the USGS Envelope Curve Method was selected as the best 

representation of scour based on the project and terrain characteristics. The in‐depth scour discussion 

can be found in Level 2 Procedure Step 9 and scour calculations are displayed in Appendix III: Scour 

Determination. 

The Hydraulic Engineer of Record will work closely with the geotechnical engineer after the 

completion of the geotechnical analyses (ongoing during the submission of this study) to ensure 

foundational stability of all bents in the result of a 500‐year flood event. Through additional analyses, 

the Limestone encountered at all locations under the proposed bridge may exhibit properties 

associated with a scour resistant material and would not be expected to scour within the service life 

of the bridge. Combined with the low magnitude flood velocities, scour would not be expected to 

penetrate the Limestone. The pile configuration used at all intermediate bents will be designed to 

achieve foundation stability assuming all material above the Limestone washes away during the 500‐

year flood and is not replaced by upstream sedimentation transport. 



1.1.5 Design Freeboard 
 

The design freeboard over the design flood, 50‐year, was 2.0 feet as outlined in the SCDOT 

Requirements for Hydraulic Design Studies (RHDS) 1.1.5.1 Freeboard for Riverine Bridges, but the 

controlling freeboard for the I‐95 bridges over Lake Marion was 8.0 feet above maximum operating 

pool elevation as outline in HDB 2019‐4 Section 1.1.5.2. The maximum operating pool elevation at I‐95 

as provided in the existing plans (approved 9/3/1968) was 76.8 feet (NGVD29); 76 feet (NAVD88). 

Thus, the minimum low chord to meet freeboard criteria was 84 feet. The low chord of the proposed 

bridges is 84.2 feet and is located on the upstation side of Span 7, the first 140‐foot span after the 

shorter causeway spans. 

The design navigational clearance as set by the coast Guard Requirements/Permit is 50 feet above the 

maximum operating pool elevation of 76.8 feet (NGVD29); 76 feet (NAVD88). Thus, the minimum low 

chord to meet freeboard criteria was 126 feet. The low chord of the main spans over the navigational 

channel is 126.12 feet. 

1.1.6 Bridge Abutment Protection 
 

Riprap will be placed on the bridge end fills per SCDOT’s standard drawing. The end fill slopes and 

riprap will extend the appropriate distance upstream of the southbound bridge, extend under the 

bridges, and extend the appropriate distance downstream of the northbound bridge. 

1.1.7 Guide Banks 
 

The Lake Marion floodplain upstream of I‐95 is approximately 19,000 feet wide and guidebanks were 

initially considered for additional abutment protection, however the approach flow outside of the 

proposed bridge limits to the west is not significant and the approach flow to the east could be 

considered significant, but is relieved through the proposed Lake Marion Relief bridge. Guidebank 

calculations were computed using methods prescribed in HEC‐23. The recommend guidebank length 

is below the limits of HEC‐23 Figure 10.3 Length of Guidebank and guidebanks are not required for the 

large embankment flow computed by the two‐dimensional hydraulic model from the stagnation point 

located near the end bridge of I‐95 over Lake Marion Relief to the proposed begin bridge of I‐95 over 

Lake Marion. 



No guidebanks are recommended upstream of the I‐95 over Lake Marion or I‐95 over Lake Marion 

Relief bridges. Guidebanks cannot be placed west of the I‐95 over Lake Marion bridge nor east of the 

Lake Marion Relief bridge due to the geometry of the crossing and location of the bridges on the far 

edges of the floodplain. 

Level 1 Procedure 

Step 1 Stream Characteristics 

Lake Marion in the vicinity of the project is a wide perennial lake with a silt‐clay bed material. The 

lake is set in a low relief valley with a wide floodplain and little to no natural levees. The floodplain is 

incised with non‐alluvial channel boundaries covered greater than 90 percent by trees along the 

floodplain banks. Lake Marion has defined channel, but the channel is located nearly 38 feet below 

the surface of the lake and was determined to not accurately represent the sinuosity of the lake. The 

floodplain as a whole has straight sinuosity, is not braided, is not branched, of eqiwidth, and has 

narrow to no point bars. 

Step 2 Land Use Changes 

The drainage area of I‐95 at Lake Marion extends northwest of the crossing through the state of 

South Carolina and into North Carolina to the Great Smokey Mountain border with Tennessee. Due 

to the magnitude of the drainage area, the size of Lake Marion, and the downstream regulation of 

the Santee Dam land use changes were determined to not affect future hydraulic results of Lake 

Marion at the proposed I‐95 bridges. In comparing the Orangeburg Current Land Use Map to the 

Future Land use map (see Appendix I: Additional Information – Clarendon County Comprehensive 

Plan 2018‐2028 was not available) there is no future changes in the vicinity of the project. Since the 

future land use is expected to produce the same runoff as the current conditions, the project site is 

not expected to experience a change in the sediment supply at the bridge. 

Step 3 Overall Stability 

SCDOT RHDS references Table 3.2 and Figure 3.2 in HEC‐20 (2001) to assess the overall stream 

stability. These references are reflected in HEC‐20 (2012) as Table 4.3 and Figure 4.2 which were used 

to assess overall stream stability for this study. 



The Lake Marion floodplain in the vicinity of the project has a low sinuous ratio which indicates the 

floodplain and flood flow are nearly straight. Lake Marion does not have a defined channel 

influenced by these factors since channel responses cannot be determined for waterways with 

channels over 38 feet below the water surface. Floodplain bank response for the lake conditions and 

heavily vegetated banks was determined to be stable. 

Step 4 Lateral Stability 

The original bridge plans for both twin bridges over Lake Marion and Lake Marion Relief were 

compared to the project survey to determine lateral stability of the floodplain. The floodplain banks 

as captured in the project survey were at similar locations compared to the floodplain banks as 

constructed. Combined with the well vegetated floodplain banks and relatively low velocities flowing 

along the floodplain banks, as determined by the hydraulic model, the floodplain banks were 

determined to be laterally stable. 

Step 5 Vertical Stability 

Neither aggradation nor degradation of bed material was observed at I‐95 over Lake Marion nor I‐95 

over Lake Marion Relief. For these reasons and since proposed site conditions will be similar to 

existing site conditions, neither aggradation nor degradation are expected in the vicinity of the 

proposed bridge. 

Step 6 Debris Potential 

The existing Lake Marion bridge configurations have a higher risk of debris accumulation as a result of 

the 40‐foot spans over the causeway located on the eastern side of the Lake Marion Crossing. The 

existing Lake Marion Relief bridge configurations also have a higher risk of debris accumulation as a 

result of the 40‐foot spans. The proposed bridge over Lake Marion will have fewer bents in the 

causeway and a lower debris accumulation potential using 76’‐0” spans through the causeway. The 

proposed bridge over Lake Marion Relief will also have fewer bents in and a lower debris 

accumulation potential using 75’‐0” spans across the bridge. 



Step 7 Stream Response 

Lake Marion in the vicinity of I‐95 has a defined channel over 38 feet below the lake’s surface; 

therefore the lake and floodplain banks will be evaluated with respect to stream response. 

The existing conditions are laterally and vertically stable and the insignificant future land use is not 

expected to influence the Lake Marion floodplain. The proposed bridges add hydraulic opening with 

increased bridge length and raised low chord elevations, reduce potential for debris accumulation, 

and improves backwater upstream of I‐95. Thus, Lake Marion’s overall response is expected to be 

positive. 

Even though the overall stream response is expected to be positive, the proposed bridges will be 

susceptible to scour and a hydraulic design is required per the project RFP. 

For these reasons a Level 2 Analysis was required. 

 

Level 2 Procedure 
 

Step 1 Flood History and Hydrology 

A. Flood History 

The existing bridge plans for Lake Marion and Lake Marion Relief indicate a maximum lake level of 

76.8 feet (NGVD29) presumably a result of the downstream regulation controlled by the Santee Dam. 

When converted to NAVD88 using NOAA’s VERTCON, the high‐water mark is 76 feet (NAVD88). This 

elevation would result in excessive hydraulic clearance from the existing and proposed low chord 

elevations of 122.69 feet and 126.12 feet, respectively. 

The United States Geological Survey (USGS) has a gage representative of flood history before the 

completion of Lake Marion located between I‐95 and the Santee Dam (approximately 13 miles 

downstream of I‐95). USGS Gage 02170000 was in service from 1908 until 1941 and captured a 

historic flood before the construction of the Santee Dam and thus the completion of Lake Marion on 

July 21st, 1916. This historic flood produced a High Water elevation of 66.19 feet (NAVD88) and the 

discharge was captured as 374,000 cfs. 

USGS Gage 02170001 is located at the Santee Dam spillway (approximately 19 miles downstream of 

I‐95), but has only been in service since 2007 thus has only captured regulated flood elevations in the 

years since. Additionally, discharge is not captured nor recorded at this gage. 



The Clarendon County and Orangeburg County Flood Insurance Studies (FIS) contain little 

information on Lake Marion and do not contain any flood history on Lake Marion. 

 

B. Bridge Site Scour History 

The latest routine inspection reports for the four existing bridges do not indicate a scour history nor 

scour concerns. All inspection reports note large riprap at the water lines and to reference the 

underwater inspection report. The underwater inspection reports were completed by Collins 

Engineers Inc. and indicate some variation of lakebed profiles from 2016 to 2021, but no significant 

scour under the bridges. All Inspection Reports are located in Appendix I: Additional Information. 

 

C. Hydrology 

The hydrology adopted for this study was calculated using USGS’s PeakFQ Version 7.4 and utilized 

gage data from USGS Gage 02170000 as recommended by Authors Anthony Gotvald and Toby Feaster 

of “Magnitude and Frequency of Floods for Rural Streams in GA, SC, and NC, 2017‐Results” Recently 

republished on April 28, 2023. Peakflow gage data was recorded from 1908 to 1941. Since Lake 

Marion was completed in 1941, the peakflow for that year was noted as being regulated and was thus 

removed from the analysis per USGS recommendation. The resulting PeakFQ discharges would be 

representative of conditions prior to the construction of Lake Marion and are considered conservative 

values since there is no regulation of flood events in the vicinity of the project crossing. 

The drainage area was determined to be 14,400 square miles and extends northwest through the 

state of South Carolina to the North Carolina‐Tennessee border at the Great Smokey Mountains. Since 

the South Carolina regression equations upper limit for drainage area is 9,000 square miles, USGS 

StreamStats was not recommended for use in determining applicable discharges for flood events on 

Lake Marion. However, StreamStats was used to delineate the drainage area and compute an 

impervious area of 3.37 percent using the National Land Cover Database of 2006. The drainage area of 

I‐95 at Lake Marion is primarily located in South Carolina Hydrological Region 1 (77.4%) and partially 

located in South Carolina Hydrological Regions 2, 3, and 4 (9.9%, 6.2%, and 6.4%, respectively). 

 

 



Flood discharges used in this study are presented below in Table 1 and the full PeakFQ output is 

presented in Figure 1. 

Table 1: StreamStats Hydrology Adopted – Four Hole Swamp 

Storm  2‐yr  5‐yr  10‐yr  25‐yr  50‐yr  100‐yr  500‐yr 

Q (cfs)  90,640  171,500  245,500  366,700  480,400  616,900  1,046,000 

Figure 1: USGS PeakFQ Output – USGS Gage 02170000 

D. Develop Comparative Data

Comparative data was compiled for the nearest upstream and downstream crossings. The nearest 

upstream crossing is US 601 over the Congaree River located 20.5 miles upstream of I‐95 and on the 

Richland County‐Calhoun County border. The drainage area associated with US 601 over the 

Congaree River is 8,520 square miles and is significantly less than the I‐95 drainage area because the 

US 601 drainage area is upstream of the Wateree River confluence. The nearest downstream crossing 

is US 52 over the Santee River located 31 miles downstream of I‐95 and on the Berkeley County‐

Calhoun County border. US 52 over the Santee River has an insignificant drainage area between the 

Santee Dam and the crossing for use as a comparison. Ultimately, neither crossing was determined to 

be comparable to the I‐95 bridges over Lake Marion. The I‐95 crossing of Lake Marion is a unique 

crossing and not comparable to other bridges within the state. 



Table 2: Comparative Data Summary 

US 601 
over 

Congaree River 

I‐95 
over 

Lake Marion 

US 52 
over 

Santee River 

Distance from Bridge (mi.)  20.5  New Bridge  31.0 

Drainage Area (sq. mi.)  8,520  14,400  400* 

FEMA Zone  A  AE  A 

Structure Length (ft)  1,760  4,523.67  1,655 

*Drainage Area downstream of Santee Dam and upstream of crossing.

Step 2 Evaluate Hydraulic Conditions 

A. Evaluate Field Conditions

A site visit was conducted on 7/29/2022 to evaluate hydraulic conditions at I‐95 over Lake Marion 

and I‐95 over Lake Marion Relief, determine Manning’s “n” coefficients, and conceptualize proposed 

bridge alternatives/ alternate alignments. 

The bridge configuration of I‐95 NB and SB lane over Lake Marion and Lake Marion Relief were 

confirmed during the site visit. The original two braced concrete columns and four concrete piles 

were observed at the main spans and causeway spans, respectively. All piles displayed dark water 

lines and approximately a foot of mudlines near the lake’s surface. The two largest spans over the 

Lake Marion navigational channel consisted of steel girder beams and were located at the crest of a 

vertical curve which tied into the southern banks relatively quickly, but gradually transitioned into a 

sag curve over the causeway portion of the Lake Marion Bridge and an apparent zero‐grade over the 

northern portion of the Lake Marion Bridge. All other spans including the Lake Marion Relief Bridge 

consisted of prestressed concrete girder beams and the zero‐grade appeared to continue across the 

roadway embankment within Lake Marion and extend through the Lake Marion Relief bridge. The 

asphalt bridge decks were in good condition and a metal roadway guardrail was observed at all four 

bridges in front of the originally constructed concrete bridge railings. The spill through abutments at 

all four bridges were in good condition with good condition to no riprap observed. Evidence of past 

flooding could not be observed due to the lake water and depth at each bent. There was no debris 

observed at the time of the site visit. There was no defined channel observed during the site visit. No 

vegetation or signs of aggradation (sand deposits) were observed in the floodplain or under the 

bridge. The floodplain in the vicinity of the bridge was also absent of trees, fallen trees, and 

vegetation. Lake Marion was calm and rippling slowly at the time of the site visit. 



In addition to the NB and SB bridges of Lake Marion and Lake Marion Relief, the closed US 301 and 

US 15 bridges were observed running parallel to and upstream of the I‐95 bridges. The closed 

bridges, while a worn concrete color on the surface, appeared to be in fair to good condition 

throughout the crossing. The railings of the closed bridges consisted of aesthetic metal panels 

bounded by concrete end caps. The closed bridges over Lake Marion and Lake Marion Relief included 

more bridge length in lieu of roadway embankment than the existing I‐95 bridges. The closed road 

over Lake Marion and between the closed bridges was in a deteriorated condition with trees and 

vegetation beginning to grow on the roadway. Immediately upstream of the closed bridges and 

scattered along the Lake Marion crossing were three old intermediate bents less than half the height 

of the existing bridges. Adjacent to the causeway portion of the Lake Marion closed bridges there 

were three old bridge spans intact, each with three intermediate bents and one with advertising 

billboards. 

An electrical line was observed well above the bridge deck elevations running parallel and 

downstream of the I‐95 bridges. From the bridge deck, the four metal legs of the transmission towers 

appeared orange, likely an indication of rust. 

Residential and commercial structures line the upstream and downstream banks of Lake Marion in 

the vicinity of the I‐95 crossings. Most of the structures are located very close to the floodplain 

boundary and most of those structures have docks built into Lake Marion. At the I‐95 approach from 

the south and adjacent to the Lake Marion bridges were resorts and lake homes lining a small 

upstream tributary, Chapel Branch. Also, a large golf course community, Santee Cooper Country Club, 

is built on the lake’s banks immediately downstream of I‐95. Along I‐95 and located a short distance 

southwest of the Lake Marion crossing was a state‐owned rest stop. At the I‐95 approach from the 

north and adjacent to the Lake Marion Relief bridges were residential structures primarily lining Lake 

Marion’s upstream banks. The residential structures wrap around northeast until a peninsula thins 

bounded by Cantey Bay (an additional overflow crossing of I‐95). Numerous boat docks/ marinas, RV 

resorts, and a few commercial structures were observed at the I‐95 approach from the north and 

downstream of I‐95. 

 

 

 



B. Hydraulic Analysis

A hydraulic analysis was performed to analyze the 2‐, 5‐, 10‐, 25‐, 50‐, 100‐, and 500‐year flood 

events as prescribed in the RHDS Section 1.3.1. The 2‐year flood profile represents the mean annual 

flood or the dominant, bank‐full flood that shapes the channel. The velocities from the 2‐year flood 

were used to evaluate the stresses that are modifying the floodplain banks. As discussed above, the 

50‐year flood event is the design storm based on the roadway classification of I‐95. Design freeboard 

applies to the proposed 50 flood event. In addition to the freeboard criteria outline in the RHDS, 

project specific freeboard over the navigational channel as set by the US Coast Guard of 50.0 feet and 

freeboard over the approach spans as outlined in SCDOT HDB 2019‐4 Section 1.1.5.2 of 8.0 feet 

above the maximum operating pool elevation of Lake Marion was also met in the proposed design. 

The 10‐, 50‐, 100‐, and 500‐year flood profiles are used for environmental permitting, regulatory 

agencies, and theoretical scour computations. 

The hydraulic analyses of I‐95 over Lake Marion and Lake Marion Relief were performed in 

accordance with procedures outlined in Federal Highway Administration’s (FHWA) Publication No. 

FHWA‐HIF‐19‐061, Two‐Dimensional Hydraulic Modeling for Highways in the River Environment – 

Reference Document. As discussed above, the hydraulic analysis of the complex system on a wide 

floodplain, with multiple openings, and a controlling downstream dam was conducive to a two‐

dimensional analysis. Aquaveo’s Surface‐water Modeling Systems (SMS) version 13.2.13 coupled with 

Sedimentation and River Hydraulics Two‐Dimension (SRH‐2D) version 3.5.0 was the SCDOT approved 

software used in this study. 

The basis of the new hydraulic model was the topography data in the form of project survey and 

available LiDAR of varying densities based on locations of hydraulic importance such as the I‐95 

crossing, the Santee Dam spillway, and the diversion canal to Lake Moultrie. All topographic data was 

obtained in the North American Vertical Datum of 1988 (NAVD 88) and all horizontal datums from 

acquired data were displayed in NAD83 State Plane South Carolina FIPS 3900 (U.S. Feet) for use in the 

hydraulic model. Available USGS LiDAR was obtained and trimmed to fit the hydraulic model extents. 



The hydraulic model extends approximately 19 miles upstream of I‐95 to the confluence of the 

Congaree and Wateree Rivers. The limits of the model allow the backwater induced by I‐95 crossings 

to dissipate withing the limits of the hydraulic model per SCDOT RHDS 1.3.1 Step 2 B. A sensitivity 

analysis was performed per SCDOT RHDS 1.3.1 Step 2 B which resulted in increased downstream 

limits of the hydraulic model until the starting elevation of the Known Downstream Water Surface 

Elevation boundary condition did not affect the computed high‐water depth at the twin bridges. 

Initially, the downstream limit was set at the Santee Dam and the boundary conditions reflected 

provided information from the controlling authority, Santee Cooper. However, this method forced 

hydraulic results at the dam rather than calculated results at the dam. As a result of the sensitivity 

analysis and to allow for calibration at the Santee Dam, the downstream limits of the hydraulic model 

was moved approximately 11,000 feet downstream of the dam or just over 19 miles downstream of 

I‐95. The final hydraulic model includes a river reach profile approximately 47 miles in length along 

Lake Marion/ Santee River and encompasses an area of approximately 375 square miles. 

The LiDAR obtained for the model included multiple USGS OPR SC_East_Central_2017_D18 LiDAR 

tiles as well as 1/3 arc second LiDAR data from USGS (USGS_13_n34w081_US FT) for terrain 

upstream and downstream of I‐95. In addition to topographical terrain, the bathymetry of Lake 

Marion was provided by Santee Cooper and incorporated into the LiDAR. The bathymetry was 

provided in the form of USGS 4‐foot contours and extend from the Santee Dam to an area 

approximately 11.5 miles upstream of I‐95. Lastly the project survey was burned into the final 

hydraulic model scatterset as the top priority of topographical and bathymetrical data. 

The existing conditions begin at the confluence of the Congaree and Wateree Rivers to allow for the 

significant flood discharges to normalize within the floodplain before interaction with the Stillwater 

of Lake Marion. The existing conditions mesh generation adequately represented the upstream and 

downstream floodplains, the entirety of the lakebed, the underlying channel, Lake Marion’s banks/ 

boundary, the elevation rise encompassing Lake Marion, the embankments associated with the 

closed US 301/ US 15 and current I‐95 crossings, the northern and southern earthen dams extending 

from Santee Dam, and the Santee Dam concrete spillway. Meticulous efforts were taken to provide 

mesh density in areas of hydraulic importance while distributing element density to the model 

boundaries using the mesh generation bias functions. The areas of importance such as the two bridge 

crossings required a smaller mesh size to capture the existing and proposed hole‐in‐mesh piers, but 

the total number of mesh elements is a finite number, or the simulation will not run correctly. Thus, a 



heavy bias was utilized to expand element sizes quickly from the piers to the floodplain and keep the 

total number of elements below 150,000. The same meshing techniques were utilized at the Santee 

Dam to allow for a considerable number of calculations through the dam’s spillway and along the 

dam’s embankments while maintaining the efficiency of mesh elements in areas of lesser hydraulic 

importance. Minimal calibration was needed to closely match the FEMA Zone AE floodplain 

delineation within the limits of the existing conditions hydraulic model and there was no FEMA 

Regulatory Floodway to consider in the analysis. 

The natural conditions consisted of the calibrated existing conditions with the removal of the I‐95 

roadway embankments and hole‐in‐mesh pier elements within Lake Marion. The roadway 

embankments were also removed along the banks of Lake Marion and further northeast of the 

crossing to allow for overflow discharges to pass through the area naturally. The Manning’s “n” 

Materials Coverage was updated accordingly to account for the changes in terrain at the crossings. 

The proposed conditions consisted of the calibrated existing conditions, but with the proposed bridge 

configurations and proposed alignments determined to best avoid existing bridge foundations, 

maintain the navigational channel, and limit the environmental impact adhering to the project’s 

environmental criteria. The Manning’s “n” Materials Coverage was updated accordingly to account 

for the changes in terrain at the crossings. SMS 3D Bridge coverages were also utilized to visualize the 

proposed bridges over Lake Marion and Lake Marion relief as well as portions of the Santee Dam. The 

closed dam scenario or Santee Dam crest at elevation 75 feet (74.151 feet NAVD88) was used to 

compute worst‐case water surface elevations at I‐95. Additionally, a proposed condition was 

constructed specifically to analyze scour. The proposed scour conditions consist of equivalent pier 

lengths as defined in HEC‐18 at each intermediate bent. The open dam scenario or Santee Dam crest 

at elevation 63 feet (62.151 feet NAVD88) was used to compute the worst‐case velocity results at      

I‐95 for the scour specific condition. 

The proposed conditions marginally improves the hydraulic opening at the bridge ends, but replaces 

many smaller intermediate bents with significantly larger columns ultimately resulting in slightly 

higher elevations than existing conditions. Smaller piers may improve the water surface elevations.

The proposed bridge configuration, proposed pile diameters, and proposed vertical alignment were 

based on conceptual bridge plans and are subject to change based on finalized design. Thus, the 

hydraulic results at both I‐95 over Lake Marion and I‐95 over Lake Marion Relief are also subject to 

change based on the final design of the proposed bridges. 



Figure 2: Existing Bridge Configuration Visual 

Figure 3: Proposed Bridge Configuration Visual 

Figure 4: Downstream Extents of Model – Santee Dam Closed Scenario (74.151 feet NAVD88) 



Figure 5: Proposed Bridge Configurations and Santee Dam – 3D Coverages (Visual) 

Figure 6: Santee cooper Hydro Electric Dam – Gates  

*Santee Dam controlled spilling image from The Berkeley Independent – February 18th, 2021.



Figure 7: Hydraulic Model Terrain and Proposed 50yr Flood Elevations  

Figure 8: Flow Distribution – Proposed 100yr Flood  
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Figures detailing the hydraulic model components, hydraulic output, and velocity flow vectors can be 

found in Appendix IV: Hydraulic Model Output. 

A summary of the hydraulic analysis results are presented in Tables 3 – 8 below. 

Table 3: Natural Conditions Output – I‐95 over Lake Marion 

Floodstage 
(ft) 

Channel Velocities 
(ft/s) 

50‐Year Storm  76.08  3.12 

100‐Year Storm  77.67  3.56 

500‐Year Storm  82.82  4.57 

Table 4: Existing Conditions Output – I‐95 over Lake Marion 

Floodstage 
(ft) 

Channel Velocities 
(ft/s) 

Backwater 
(ft) 

50‐Year Storm  76.80  9.27  1.00 

100‐Year Storm  78.36  11.33  1.37 

500‐Year Storm  82.97  14.07  1.50 

Table 5: Proposed Conditions Output – I‐95 over Lake Marion 

Floodstage 
(ft) 

Channel Velocities 
(ft/s) 

Backwater 
(ft) 

50‐Year Storm  76.86  9.72  0.97 

100‐Year Storm  78.75  11.18  1.47 

500‐Year Storm  83.15  15.50  1.60 

Notes: 
Floodstage Elevations and velocities were retrieved upstream of the proposed bridges’ local influence. 

Backwater was calculated at the approach section of each bridge. 

Backwater variance will be requested for lake conditions and overall width of crossing. 



Table 6: Natural Conditions Output – I‐95 over Lake Marion Relief 

Floodstage 
(ft) 

Channel Velocities 
(ft/s) 

50‐Year Storm  76.05  3.12 

100‐Year Storm  77.64  3.65 

500‐Year Storm  82.76  4.62 

Table 7: Existing Conditions Output – I‐95 over Lake Marion Relief 

Floodstage 
(ft) 

Channel Velocities 
(ft/s) 

Backwater 
(ft) 

50‐Year Storm  77.11  6.75  1.40 

100‐Year Storm  78.90  7.92  3.21 

500‐Year Storm  83.65  10.53  2.23 

Table 8: Proposed Conditions Output – I‐95 over Lake Marion Relief 

Floodstage 
(ft) 

Channel Velocities 
(ft/s) 

Backwater 
(ft) 

50‐Year Storm  77.18  7.29  1.39 

100‐Year Storm  78.97  8.41  3.30 

500‐Year Storm  83.78  10.50  2.34 

Notes: 
Floodstage Elevations and velocities were retrieved upstream of the proposed bridges’ local influence. 

Backwater was calculated at the approach section of each bridge. 

Backwater variance will be requested for lake conditions and overall width of crossing. 



C. FEMA Analysis

The FEMA Engineering Library search for the FEMA Effective Model was on ongoing at the time of 

submittal for this study. Therefore, a FEMA analysis could not be conducted. See correspondence 

section for FEMA Engineering Library response. 

In reviewing the available Clarendon County and Orangeburg County FISs, there was limited data 

available for Lake Marion. There were no published elevations, river profiles, or cross sections for 

Lake Marion and it would be unlikely that a hydraulic model exists for the crossing even though the 

FIRM Maps indicate a FEMA Zone AE. See Appendix II: Additional Information for FIRM Maps. Should 

a one‐dimensional hydraulic model exist for I‐95 over Lake Marion, the increased hydraulic opening 

of the proposed conditions combined with less pier width obstructing the face of the bridge 

compared to existing conditions would be expected to produce a small decrease in water surface 

elevation and achieve a FEMA “no‐rise”. 

Figure 9: FEMA FIS Clarendon County Summary of Stillwater Elevations 

Step 3 Bed and Bank Material 

Soil borings are ongoing at the time of submission for this study. A subsurface fence diagram was 

prepared as part of a geotechnical exploration on August 12, 2010. The fence diagram indicates Very 

Soft to Stiff Clays and Silts along the bed of Lake Marion for a depth ranging from 10 to 15 feet. The 

clays and silts are followed by Very Loose to Medium Dense Sand for the proceeding 5 to 15 feet. All 

boring then show termination some distance into Limestone located beneath the loose to medium 

sand at all locations under the bridge. 

McLeodLW
Sticky Note
Could we clarify the difference in the prediction of a decrease in WSE here verses the increase in BW for the proposed 2D condition in the previous tables.



Step 4 Evaluate Watershed Sediment Yield 

As discussed above the land use changes cover a vast area and the land use changes presented in the 

Orangeburg County Comprehensive plan of 2018 indicates no changes in regard to sediment yield at 

I‐95 over Lake Marion. This land use information coupled with no evidence of recent aggradation or 

degradation observed during the site visits indicates there is no need for additional sedimentation 

modeling. 

Step 5 Incipient Motion Analysis 

Incipient motion is the condition where the hydraulic forces acting on a sediment particle are equal 

to the forces resisting motion (HEC‐20 4th Edition Section 6.4.2). Incipient motion conditions can be 

analyzed using the following equation developed from the Shields diagram: 

𝑫𝒄 ൌ  
𝝉𝒐

𝑲𝒔ሺ𝜸𝒔 െ 𝜸ሻ

where: 

𝑫𝒄 = diameter of the sediment partical at the critical condition, ft 

𝝉𝒐 = boundary shear stress, lb/ft2 

𝜸 = specific weight of water, lb/ft3 

𝜸𝒔 = specific weight of sediment, lb/ft3 

𝑲𝒔 = dimensionless coefficient, Shields parameter 

The average boundary shear stress of the 100‐year storm event was computed by the hydraulic 

model at the upstream face cross section of the proposed bridge and at a magnitude of 0.25 lb/ft2. 

The specific weight of water is 62.4 lb/ft3 . The specific gravity of the sediment as determined by the 

nearby US 301 over Four Hole Swamp geotechnical soil report was 2.630 which yields a specific 

weight of 164.12 lb/ft3 . The Shields parameter was 0.047 as prescribed in HEC‐20 4th Edition for sand 

sized particles. These values produce the equation and results below: 

𝑫𝒄 ൌ  
𝟎.𝟐𝟓

𝟎.𝟎𝟒𝟕ሺ𝟏𝟔𝟒.𝟏𝟐 െ 𝟔𝟐.𝟒ሻ
ൌ 𝟎.𝟎𝟓𝟐𝟐 𝒇𝒕 

The mean and maximum particle size captured in the soil test borings was 0.218 and 20.0 millimeters 

or 0.000715 feet and 0.0656 feet, respectively. The computed critical condition particle size is 

between these two values which indicates that most, but not all sediment at the location of 

maximum shear stress is subject to incipient motion.  



Step 6 Evaluate Armoring Potential 

The soil test borings of nearby US 301 over Four Hole Swamp indicated relatively small particle sizes, 

the majority of which are subject to incipient motion even at the average shear stresses produced by 

the 2‐year storm event. Coupled with the lack of large materials on the lake’s banks observed during 

the site visits, it was determined that there is little to no potential for armoring in the vicinity of the 

project. 

Step 7 Evaluating Rating Curve Shift 

Due to the lack of an applicable USGS gage (gage with data in recent years/ post completion of Lake 

Marion) on Lake Marion as discussed above, an evaluation of long‐term rating curve shifts was 

unable to be determined. Additionally, the factors such as slope of stream, roughness of channel, and 

backwater effects are very unlikely to change on Lake Marion due to the scale and characteristics of 

the lake, thus a shift in rating curve is unlikely. 

Step 8 Design Bridge 

A. Establish Minimum Low Chord

The proposed conditions 50‐year storm produced a maximum water surface elevation at the 

upstream face of the bridge of 76.95 feet. According to the RHDS, the minimum low chord of the 

proposed bridge should be 78.95 feet to provide two feet of feet of freeboard, but the controlling 

freeboard for the I‐95 bridges over Lake Marion bridge replacements were 50.0 feet above maximum 

operating pool elevation as required by the US Coast Guard and 8.0 feet above maximum operating 

pool elevation as outline in HDB 2019‐4 Section 1.1.5.2. 

The maximum operating pool elevation at I‐95 as provided in the existing plans (approved 9/3/1968) 

was 76.8 feet (NGVD29); 76 feet (NAVD88). Thus, the minimum low chord to meet freeboard criteria 

was 84 feet. The low chord of the proposed bridges is 126.12 feet. 



B. Establish Orientation of Bridge Substructure

The orientation of the I‐95 bridge replacements over Lake Marion and Lake Marion Relief were set by 

the project’s environmental impact criteria. The staged construction will replace the northbound and 

southbound bridges along the existing roadway alignment, but with a different vertical profile. The 

floodplain flows 90‐degrees to the I‐95 crossing which crosses at the narrowest point of Lake Marion. 

C. Set Bridge Geometry

As outlined in the project description, a continuous span concrete girder bridge built perpendicular to 

the floodplain was selected as the most practical design for both I‐95 bridges replacements over Lake 

Marion and Lake Marion Relief. The 4523’‐8” bridge configuration over Lake Marion and 375’‐0” 

bridge configuration over Lake Marion Relief effectively spans the Lake Marion floodplain adhering to 

project backwater criteria, avoiding existing foundation elements, and maintaining the existing 

navigational channel clearance as set by the coast Guard Requirements/Permit (100 feet horizontal). 

D. Set Location of Bridge Ends

The RHDS states that the new bridge ends should not be located inside the existing bridge ends 

unless the cost is prohibitive. The proposed bridges were designed outside the limits of the existing 

bridges. The proposed Lake Marion bridge was lengthened 23’‐8” and the proposed Lake Marion 

Relief bridge was lengthened 15 feet. The required ten feet of setback as outlined in Section 1.1.10 of 

SCDOT’s HDB No. 2019‐4 was not considered since there the defined channel in the vicinity of I‐95 

over Lake Marion is over 38 feet underwater and the existing navigational channel must be 

maintained. 



Figure 10: Proposed Main Bridge Typical Section – As Presented on SCDOT Project Website 

E. Evaluate Hydraulic Performance

The proposed bridge configurations were input into the two‐dimensional hydraulic software and simulated 

with the PeakFQ discharges as discussed above. The proposed bridge configurations and profile grade raise 

produced results that met the hydraulic criteria as outlined above. 

F. Evaluate Need for Channel Reconstruction

Since Lake Marion’s water surface is maintained and the channel is over 38 feet below the surface, there 

was no need for channel reconstruction at I‐95 over Lake Marion nor I‐95 over Lake Marion Relief. Since 

the proposed abutment slopes are outside the limits of the existing bridge, the roadway embankments and 

proposed abutment slopes will need to be reconstructed at the end bents of each bridge. 



Step 9 Scour Analysis 

Topographic Map Data (supplemented by site visits and project survey) indicates that the Lake Marion 

floodplain is wide and flat. The lake/swampy conditions dominate the upstream and downstream 

floodplain. These conditions align with the department’s preference for the utilization of the USGS 

Bridge‐Scour Envelope Curves for the prediction of scour at the proposed bridge. Even though the 

associate drainage area far exceeds the limits of the Envelope Curves, the wide floodplain and 

extensive embankment lengths produce large abutment scour holes and minor clear‐water contraction 

scour using the envelope Curves, as expected. A HEC‐18 analysis was performed to check the envelope 

curve computations, but the three abutment scour computation methods prescribed in HEC‐18 are 

known to over predict abutment scour while the USGS Bridge‐Scour Envelope Curves based on over 80 

years of observed data in South Carolina. After reviewing the results of both methods, it was 

determined that the USGS Envelope Curves would provide the better estimate of scour where 

significant embankment flow and abutment scour is expected. 

The summation of the proposed bridge lengths is 4,899 feet and provides a hydraulic opening equal to 

36 percent of the 100‐year floodplain width (13,475 feet) indicating a large amount of embankment 

flow and consequently abutment scour. The proposed bridge will not be located in the center of the 

floodplain, increasing the embankment length to the east of the proposed bridge over Lake Marion 

(left embankment length of 3,700 feet) and resulting in increased predicted abutment scour depths. 

This aligns with the USGS Bridge‐Scour Envelope Curve scour guidance for bridge lengths in excess of 

240 feet with no defined channel; two separate abutment scour holes will form at depths determined 

by the geometric contraction ratio and each embankment length. The summation of clear‐water 

contraction scour and local pier scour will occur between the abutment scour holes. 

Utilizing the Geometric Contraction Ratio equation m = 1 – (b / B) where b is the length of the bridge 

and B is the largest 100‐year floodplain width measured within 1 bridge length upstream form the 

bridge, the Geometric Contraction Ratio was 0.64. 

Using the spreadsheet’s Automatic Calculation function, the Original Clear‐Water Abutment‐Scour 

Curves predict 100‐year scour depths of 18.69 and 14.59 feet at the Left and Right Abutments of the 

proposed Lake Marion Bridge, respectively. The relative increase in theoretical Clear‐Water Abutment 

scour from the 100‐ to 500‐year flows utilizes a coefficient of 1.21 and results in 500‐year scour depths 

of 22.60 and 17.70 feet at the Left and Right abutments of the proposed Lake Marion Bridge, 

respectively. Each abutment scour hole is predicted to have a topwidth of 70 feet (maximum abutment 



scour topwidth allowed by spreadsheet for bridges greater than 240 feet) and the m range checks as 

well as the embankment length range check for the Original Curve were OK and CAUTION, respectively. 

Using the spreadsheet’s Automatic Calculation function, the Original Clear‐Water Abutment‐Scour 

Curves predict 100‐year scour depths of 18.23 and 16.10 feet at the Left and Right Abutments of the 

proposed Lake Marion Relief Bridge, respectively. The relative increase in theoretical Clear‐Water 

Abutment scour from the 100‐ to 500‐year flows utilizes a coefficient of 1.21 and results in 500‐year 

scour depths of 22.10 and 18.30 feet at the Left and Right abutments of the proposed Lake Marion 

Relief ridge, respectively. Each abutment scour hole is predicted to have a topwidth of 70 feet 

(maximum abutment scour topwidth allowed by spreadsheet for bridges greater than 240 feet) and 

the m range checks as well as the embankment length range check for the Original Curve were OK and 

CAUTION, respectively. 

While the abutment scour magnitude is significant, Limestone is encountered at all locations under the 

proposed bridges at approximate elevation 35 feet. Since the geotechnical borings and analysis are 

ongoing during the time of submission for this study at was assumed that the nearby US 301 over Four 

Hole Swamp, located approximately 22 miles west of I‐95 at Lake Marion, geotechnical analysis would 

also apply at Lake Marion. The US 301 over Four Hole Swamp geotechnical analysis determined the 

limestone to be Santee Limestone Formation. Should the limestone formation be found at Lake 

Marion, the following would apply. Santee Limestone formation is classified as strongly cemented silty 

sand and silt. The top of the Santee Limestone Formation consists of 10 to 20 feet thick caprock with 

Stand Penetration (SPT) blow count of 100+ and a uniaxial compressive strength ranging from 452 to 

4688 psi. Below the bottom of the caprock the Santee Limestone Formation SPT blow count range of 

20 to 100+ and an average uniaxial compressive strength of 325 psi. Hydraulic Engineering Circular No. 

18 (HEC‐18) Table 4.14 describes this compressive strength as Rock. Rock is a scour resistant material 

and is not expected to scour within the service life of the bridge; therefore, the maximum scour depths 

cannot exceed into the Santee Limestone Formation. Additionally, the proposed PSC piles at the 

intermediate bent footings cannot be driven into the Santee Limestone Formation due to strongly 

cemented caprock and will require predrilling. This would mean that the large abutment scour holes 

computed for the 500 and 100‐year flood events would terminate at the limestone resulting in less 

scour than predicted by the USGS Bridge‐Scour Envelope Curves. 

A scour analysis summary is presented in Table 9. The GCR graphics used in the scour analysis and the 

USGS Envelope Curve spreadsheet has been recorded in Appendix III: Scour Documentation. 



Table 9: Scour Analysis Summary – USGS Bridge‐Scour Envelope Curve Spreadsheet 

Left 
Abutment 
Clear‐Water

(ft) 

Left 
Overbank 
Clear‐Water

(ft/s) 

Channel 
Live‐Bed 

(ft/s)

Right 
Overbank 
Clear‐Water

(ft) 

Right 
Abutment 
Clear‐Water

(ft) 

Local 
Pier 

Overbank

(ft) 

500‐Year Scour 

0.2 % AEP 

18.8 

Original Curve

7.0  N/A  7.0  18.9 

Original Curve

3.9 

100‐Year Scour 

1% AEP 

15.5 

Original Curve

4.8  N/A  4.8  15.6 

Original Curve

4.3 

Step 10 Risk Assessment 

In summary no risks were determined for the bridge replacements of I‐95 over Lake Marion and Lake 

Marion Relief from the risk assessment forms found in the SCDOT RHDS Section 1.6.4. This was the result 

of the proposed structures increased hydraulic opening both in the horizontal and vertical dimensions, no 

defined channel to disturb, and an overall decrease in backwater when compared to existing conditions 

even though there are no structures or property located upstream of I‐95 to adversely affect. The risk 

assessment has determined the most economical design for the crossing within the design constraints has 

been recommended. The risk assessment form is located in Appendix VI: Hydraulic and NEPA Forms. 

Additional Computations 

SCDOT Class B riprap with Class 2 Type C geotextile fabric shall be used to protect both abutment slopes. 

The riprap shall be entrenched two feet into the excavated overbanks as prescribed in SCDOT HDB 2019‐4 

Section 1.1.6. and SCDOT Standard 804‐105‐00 

SCDOT Bridge Design Manual Section 18.2.3 allows consultants to use HEC‐21 Design of Bridge Deck 

Drainage to determine inlet spacing on the bridge deck. Due to the vertical curve located on both 

the southbound and northbound bridges, methods prescribed HEC‐21 were used in place of the 

simplified constant grade Equation 18.2‐1 presented in the SCDOT Bridge Design Manual. The worst‐

case rainfall intensity was retrieved from the SCDOT Database for Orangeburg County as prescribed 

in Hydraulic Bulletin No 2019‐2. The worst‐case rainfall intensity for the 10‐year storm is coupled 



with a Time of Concentration of 5 minutes and was retrieved as 8.33 inches/hour. The design spread 

was retrieved from the SCDOT Bridge Design Manual Figure 18.2‐1 for facilities with a design ADT 

greater than 10,000 vpd and a design speed greater than 45 mph. Figure 18.2‐1 indicates the 

shoulder width should be used as the design spread. The proposed shoulder width and design 

spread was 12 feet for I‐95 over Lake Marion and 12.02 feet for I‐95 over Lake Marion Relief.  

Using the methods prescribed in HEC‐21 the initial required inlet for I‐95 over Lake Marion was at 

645 feet from the high point on the bridge and the total spread without inlets was 28.52 feet at 

station 5223+51.00. Utilizing 6” Scupper drains spaced at 20, 30, and 40 feet, the maximum spread 

was determined to be 7.53 feet, 9.56 feet, and 11.32 feet, respectively (at station 5223+51). Using 

the methods prescribed in HEC‐21 the proposed I‐95 bridge over Lake Marion Relief is hydraulically 

sufficient without the use of deck drains. The maximum spread without deck drains was 11.34 feet 

at station 5177+28.00. Utilizing 6” Scupper drains spaced at 20, 30, and 40 feet, the maximum 

spread was determined to be 7.78 feet, 8.94 feet, and 9.48 feet, respectively (at station 5177+28). 

Even though deck drain inlets greater than 30 feet on either side of each bridge would be sufficient 

for deck drain runoff, it is recommended include deck drain inlets spaced at 30 feet on either side of 

the bridge and omitted within 5 feet of intermediate bents to aid in deck drain runoff and increase 

the overall safety of the proposed bridges. There are no environmental factors or endangered 

species habitats precluding the runoff into Lake Marion and 6‐inch scuppers are recommended to be 

placed on each proposed bridge. See Appendix II: Supporting Calculations for 

Summary 

The replacement bridges of I‐95 over Lake Marion and Lake Marion Relief will utilize a 4523’‐8” 

continuous prestressed concrete beam bridge and a 375’‐8” continuous prestressed concrete beam 

bridge, respectively as the most cost‐effective replacement bridges that provide acceptable 

freeboard, velocity results, and backwater values within project specific guidelines.  
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Appendix I:
Supporting Calculations

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief



Clarendon/ Orangeburg County, South Carolina 

Hydraulic Tables - Lake Marion and Lake Marion Relief

NATURAL CONDITIONS
Lake Marion Lake Marion Lake Marion Lake Marion Lake Marion Lake Marion

Main Relief Main Relief Main Relief

74.14 74.14 74.15 74.18 74.18 74.192-YEAR FLOODSTAGE
ELEVATION AT BRIDGE (ft)

50	‐	YEAR

76.08 76.05 76.80 77.11 76.86 77.18

76.32 76.10 77.32 77.50 77.29 77.49

********** ********** 76,231 4,824 77,076 5,040

********** ********** 449,002 26,871 450,897 27,367

********** ********** 0 0 0 0

3.09 3.12 9.27 6.75 9.72 7.29

********** ********** 5.89 5.57 5.85 5.43

FLOODSTAGE AT BRIDGE (ft)

FLOODSTAGE AT APPROACH (ft)

AREA UNDER FLOODSTAGE (ft2) 

DISCHARGE THROUGH BRIDGE (cfs)

DISCHARGE OVER ROADWAY (cfs)

CHANNEL VELOCITY (f/s)

MEAN VELOCITY (f/s) AT BRIDGE

BACKWATER HEIGHT (ft) ********** ********** 1.00 1.40 0.97 1.39

100	‐	YEAR

77.67 77.64 78.36 78.90 78.75 78.97

77.68 76.10 79.05 79.31 79.15 79.40

********** ********** 81,301 5,931 82,469 5,546

********** ********** 573,170 34,935 571,513 36,107

********** ********** 0 0 0 0

3.56 3.65 11.33 7.92 11.18 8.41

********** ********** 7.05 5.89 6.93 6.51

FLOODSTAGE AT BRIDGE (ft)

FLOODSTAGE AT APPROACH (ft)

AREA UNDER FLOODSTAGE (ft2) 

DISCHARGE THROUGH BRIDGE (cfs)

DISCHARGE OVER ROADWAY (cfs)

CHANNEL VELOCITY (f/s)

MEAN VELOCITY (f/s) AT BRIDGE

BACKWATER HEIGHT (ft) ********** ********** 1.37 3.21 1.47 3.30

500	‐	YEAR

82.82 82.76 82.97 83.65 83.15 83.78

83.18 82.81 84.68 85.04 84.78 85.15

********** ********** 98,433 7,234 111,861 7,241

********** ********** 942,987 59,899 942,992 61,619

********** ********** 0 0 0 0

4.57 4.62 14.07 10.53 15.50 10.50

********** ********** 9.58 8.28 8.43 8.51

FLOODSTAGE AT BRIDGE (ft)

FLOODSTAGE AT APPROACH (ft)

AREA UNDER FLOODSTAGE (ft2) 

DISCHARGE THROUGH BRIDGE (cfs)

DISCHARGE OVER ROADWAY (cfs)

CHANNEL VELOCITY (f/s)

MEAN VELOCITY (f/s) AT BRIDGE

BACKWATER HEIGHT (ft) ********** ********** 1.50 2.23 1.60 2.34

										HYDRAULIC	TABLES

--PROPOSED CONDITIONS----EXISTING CONDITIONS--



Clarendon/ Orangeburg County, South Carolina 

Freeboard Calculation

Freeboard Calculations

135.62

1.65

1.68

6.17

PROPOSED 4523'-8" FT  BRIDGE

NAVIGATIONAL CHANNEL
MIN PROFILE GRADE ELEVATION

DEPTH OF CROSS SLOPE

DEPTH OF DECK + HAUNCH

DEPTH OF BEAM (BT-74)

BOTTOM OF BEAM ELEVATION 126.12

126.12
76.12

NAVIGATIONAL CHANNEL
BOTTOM OF BEAM ELEVATION 

NORMAL OPERATING POOL ELEVATION (NAVD88)

CLEARANCE 50.00

90.37

1.65

1.60

3.00

50 FT CLEARANCE REQUIRED

APPROACH SPANS
MIN PROFILE GRADE ELEVATION

DEPTH OF CROSS SLOPE

DEPTH OF DECK + HAUNCH

DEPTH OF BEAM (FIB-36)

BOTTOM OF BEAM ELEVATION 84.12

84.12
76.12

APPROACH SPANS
LOW CHORD ELEVATION  

NORMAL OPERATING POOL ELEVATION (NAVD88)

CLEARANCE 8.00

84.12
76.86

8 FT CLEARANCE REQUIRED

APPROACH SPANS
MINIMUM BOTTOM OF BEAM ELEVATION  

50 YEAR FLOODSTAGE ELEVATION (USGS)*

CLEARANCE 7.26

84.12
78.75

2 FT CLEARANCE REQUIRED

APPROACH SPANS
MINIMUM BOTTOM OF BEAM ELEVATION

100 YEAR FLOODSTAGE ELEVATION(USGS)*

CLEARANCE 5.37
1 FT CLEARANCE REQUIRED

I‐95 over Lake Marion



Clarendon/ Orangeburg County, South Carolina 

Freeboard Calculation

Freeboard Calculations

90.37

1.65

1.60

3.00

PROPOSED 375'-0" FT  BRIDGE

APPROACH SPANS
MIN PROFILE GRADE ELEVATION DEPTH 

OF CROSS SLOPE

DEPTH OF DECK + HAUNCH

DEPTH OF BEAM (FIB-36)

BOTTOM OF BEAM ELEVATION 84.12

84.12
76.12

APPROACH SPANS
LOW CHORD ELEVATION  

NORMAL OPERATING POOL ELEVATION (NAVD88)

CLEARANCE #REF!

84.12
77.18

8 FT CLEARANCE REQUIRED

APPROACH SPANS
MINIMUM BOTTOM OF BEAM ELEVATION  50 

YEAR FLOODSTAGE ELEVATION (USGS)*

CLEARANCE 6.94

84.12
78.97

2 FT CLEARANCE REQUIRED

APPROACH SPANS
MINIMUM BOTTOM OF BEAM ELEVATION 100 

YEAR FLOODSTAGE ELEVATION(USGS)*

CLEARANCE 5.15
1 FT CLEARANCE REQUIRED

I‐95 over Lake Marion Relief



FHWA Guide Bank Calculations

I‐95 over Lake Marion

100 year Flow (Qt) = 616900

*100 year Bridge Velocity (Vbr) = 9.95

Left (North) Abutment Right (South) Abutment

Bridge Station 522350 Bridge Station 526875

100-yr Wetted Station 526895 100-yr Wetted Station 526970

Bank Station 530395 Bank Station 527445

X= 3500 X= 475

From SMS SRH-2D Output

Left overbank Q (cfs) 454398.00 Right overbank Q (cfs) 35862.00

Left overbank D (ft) 21.04 Right overbank D (ft) 18.72

Left overbank V (ft/s) 6.10 Right overbank V (ft/s) 4.43

Qf = Qob - (X)(D)(V) Qf = Qob - (X)(D)(V)

Qf left= 5194 Qf right= -3530

Approach flow between bridge stations = Qb = Qt-Qf left-Qf right = 615236

Qa=Qb/Bridge length * 100

Qa = 820314

*Qf/Qa= 0.01 *Qf/Qa= 0.00

* For use in Figure 10.3 (HEC-23)

Guide Bank length = 0 Guide Bank length = 0

Guide Banks Not Required

Clarendon/ Orangeburg County, South Carolina 

Guidebank Calculations



Clarendon/ Orangeburg County, South Carolina 

Guidebank Calculations - HEC-18 Length of Guidebank 

jalaw
Oval



VERTICAL CURVE

DESIGN DATA
T = ft Maximum allowable spread

n = - Manning's coefficient -- typically, n = 0.016

C = - Runoff -- typically, C = 0.9 for pavements

i = in/hr Design intensity

BRIDGE DATA
Beg = - Beginning station of bridge

End = - End station of bridge

ANALYSIS SUMMARY
The maximum spread without drains is 28.52 ft at station 5223+51.00
The maximum spread with drains included is 9.56 ft at station 5223+51.00
With an allowable spread of 12.00 ft, this bridge is hydraulicaly sufficienct.

Deck Drains included in analysis were spaced at 30 feet through the length of bridge.

12.00
0.016
0.90
8.33
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5223+36 5228+36 5233+36 5238+36 5243+36 5248+36 5253+36 5258+36 5263+36 5268+36
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20 ft

25 ft

30 ft

5223+36 5228+36 5233+36 5238+36 5243+36 5248+36 5253+36 5258+36 5263+36 5268+36

Spread with Drains

Spread w/o drains

Bridge Deck

Allowable Spread

Drains

Spread w/o ponding

Deck Drain Calculations - I-95 over Lake Marion

Clarendon/ Orangeburg County, South Carolina 



DECK DRAIN ANALYSIS REPORT

VERTICAL CURVE DATA
PVI Station PVI Elevation LVC
5222+78.00 90.84 -
5245+70.00 102.30 620.00
5261+90.00 150.90 2090.00
5279+20.00 99.00 -

HYDRAULIC WIDTH (WIDTH BEING COLLECTED)
Station Width (ft)
00+00.00 60.29

SUPERELEVATION DATA
Station SE Rate (%)
00+00.00 2.0%
00+35.17 2.5%

CLOSED PIPE SYSTEM OUTPUT
No closed system enetered

DECK DRAIN SUMMARY TABLE
Drain No. Station Flow (cfs) Efficiency Spread (ft)
1 5223+80.00 2.187 14.2 % 9.31
2 5224+10.00 2.187 14.2 % 9.31
3 5224+40.00 2.187 14.2 % 9.31
4 5224+70.00 2.187 14.2 % 9.31
5 5225+00.00 2.187 14.2 % 9.31
6 5225+30.00 2.187 14.2 % 9.31
7 5225+60.00 2.187 14.2 % 9.31
8 5225+90.00 2.187 14.2 % 9.31
9 5226+20.00 2.187 14.2 % 9.31
10 5226+50.00 2.187 14.2 % 9.31
11 5226+80.00 2.186 14.2 % 9.31
12 5227+10.00 2.186 14.2 % 9.31
13 5227+40.00 2.186 14.2 % 9.31
14 5227+70.00 2.186 14.2 % 9.31
15 5228+00.00 2.186 14.2 % 9.31
16 5228+30.00 2.186 14.2 % 9.31
17 5228+60.00 2.185 14.2 % 9.31
18 5228+90.00 2.185 14.2 % 9.31
19 5229+20.00 2.185 14.2 % 9.31
20 5229+50.00 2.185 14.2 % 9.31
21 5229+80.00 2.184 14.2 % 9.31
22 5230+10.00 2.184 14.2 % 9.31
23 5230+40.00 2.184 14.2 % 9.31
24 5230+70.00 2.183 14.2 % 9.31



25 5231+00.00 2.183 14.2 % 9.31
26 5231+30.00 2.182 14.2 % 9.31
27 5231+60.00 2.182 14.2 % 9.30
28 5231+90.00 2.181 14.2 % 9.30
29 5232+20.00 2.180 14.2 % 9.30
30 5232+50.00 2.180 14.3 % 9.30
31 5232+80.00 2.179 14.3 % 9.30
32 5233+10.00 2.178 14.3 % 9.30
33 5233+40.00 2.177 14.3 % 9.30
34 5233+70.00 2.176 14.3 % 9.30
35 5234+00.00 2.175 14.3 % 9.29
36 5234+30.00 2.173 14.3 % 9.29
37 5234+60.00 2.172 14.3 % 9.29
38 5234+90.00 2.170 14.3 % 9.29
39 5235+20.00 2.168 14.3 % 9.28
40 5235+50.00 2.166 14.3 % 9.28
41 5235+80.00 2.164 14.3 % 9.28
42 5236+10.00 2.162 14.3 % 9.27
43 5236+40.00 2.159 14.3 % 9.27
44 5236+70.00 2.157 14.3 % 9.26
45 5237+00.00 2.153 14.3 % 9.26
46 5237+30.00 2.150 14.3 % 9.25
47 5237+60.00 2.146 14.3 % 9.25
48 5237+90.00 2.142 14.3 % 9.24
49 5238+20.00 2.137 14.4 % 9.23
50 5238+50.00 2.132 14.4 % 9.22
51 5238+80.00 2.127 14.4 % 9.21
52 5239+10.00 2.121 14.4 % 9.20
53 5239+40.00 2.114 14.4 % 9.19
54 5239+70.00 2.106 14.4 % 9.18
55 5240+00.00 2.098 14.4 % 9.17
56 5240+30.00 2.089 14.5 % 9.15
57 5240+60.00 2.079 14.5 % 9.13
58 5240+90.00 2.068 14.5 % 9.12
59 5241+20.00 2.056 14.6 % 9.09
60 5241+50.00 2.043 14.6 % 9.07
61 5241+80.00 2.028 14.6 % 9.05
62 5242+10.00 2.012 14.7 % 9.02
63 5242+40.00 1.994 14.7 % 8.99
64 5242+70.00 1.977 14.9 % 8.83
65 5243+00.00 1.967 15.3 % 8.48
66 5243+30.00 1.964 15.7 % 8.20
67 5243+60.00 1.968 16.0 % 7.98
68 5243+90.00 1.978 16.3 % 7.81
69 5244+20.00 1.996 16.5 % 7.67
70 5244+50.00 2.021 16.7 % 7.56
71 5244+80.00 2.055 16.8 % 7.48



72 5245+10.00 2.098 16.9 % 7.42
73 5245+40.00 2.151 16.9 % 7.38
74 5245+70.00 2.216 17.0 % 7.36
75 5246+00.00 2.284 16.6 % 7.36
76 5246+30.00 2.354 16.2 % 7.36
77 5246+60.00 2.415 15.4 % 7.36
78 5246+90.00 2.466 14.7 % 7.35
79 5247+20.00 2.506 14.0 % 7.33
80 5247+50.00 2.533 13.4 % 7.30
81 5247+80.00 2.547 12.8 % 7.26
82 5248+10.00 2.548 12.2 % 7.21
83 5248+40.00 2.534 11.7 % 7.14
84 5248+70.00 2.505 11.3 % 7.06
85 5249+00.00 2.470 11.2 % 7.01
86 5249+30.00 2.432 11.2 % 6.97
87 5249+60.00 2.391 11.3 % 6.92
88 5249+90.00 2.347 11.4 % 6.87
89 5250+20.00 2.300 11.5 % 6.82
90 5250+50.00 2.250 11.6 % 6.76
91 5250+80.00 2.196 11.7 % 6.70
92 5251+10.00 2.139 11.9 % 6.63
93 5251+40.00 2.076 12.0 % 6.56
94 5251+70.00 2.017 12.5 % 6.51
95 5252+00.00 1.961 13.0 % 6.47
96 5252+30.00 1.909 13.6 % 6.43
97 5252+60.00 1.861 14.2 % 6.40
98 5252+90.00 1.818 14.7 % 6.38
99 5253+20.00 1.779 15.3 % 6.36
100 5253+50.00 1.746 15.9 % 6.35
101 5253+80.00 1.718 16.5 % 6.35
102 5254+10.00 1.696 17.1 % 6.36
103 5254+40.00 1.682 17.6 % 6.37
104 5254+70.00 1.675 18.2 % 6.41
105 5255+00.00 1.676 18.6 % 6.45
106 5255+30.00 1.681 18.8 % 6.51
107 5255+60.00 1.686 18.8 % 6.58
108 5255+90.00 1.689 18.6 % 6.64
109 5256+20.00 1.689 18.5 % 6.71
110 5256+50.00 1.687 18.3 % 6.78
111 5256+80.00 1.682 18.2 % 6.84
112 5257+10.00 1.672 18.1 % 6.91
113 5257+40.00 1.658 17.9 % 6.97
114 5257+70.00 1.639 17.8 % 7.03
115 5258+00.00 1.613 17.7 % 7.09
116 5258+30.00 1.580 17.6 % 7.15
117 5258+60.00 1.540 17.6 % 7.19
118 5258+90.00 1.490 17.5 % 7.23



119 5259+20.00 1.429 17.5 % 7.27
120 5259+50.00 1.357 17.6 % 7.28
121 5259+80.00 1.270 17.7 % 7.28
122 5260+10.00 1.168 17.9 % 7.26
123 5260+40.00 1.047 18.2 % 7.21
124 5260+70.00 0.905 18.7 % 7.11
125 5261+00.00 0.739 19.6 % 6.94
126 5261+30.00 0.543 21.3 % 6.65
127 5261+60.00 0.311 25.7 % 6.09
128 5262+20.00 0.311 25.7 % 6.09
129 5262+50.00 0.543 21.3 % 6.65
130 5262+80.00 0.739 19.6 % 6.94
131 5263+10.00 0.905 18.7 % 7.11
132 5263+40.00 1.047 18.2 % 7.21
133 5263+70.00 1.168 17.9 % 7.26
134 5264+00.00 1.270 17.7 % 7.28
135 5264+30.00 1.357 17.6 % 7.28
136 5264+60.00 1.429 17.5 % 7.27
137 5264+90.00 1.490 17.5 % 7.23
138 5265+20.00 1.540 17.6 % 7.19
139 5265+50.00 1.580 17.6 % 7.15
140 5265+80.00 1.613 17.7 % 7.09
141 5266+10.00 1.639 17.8 % 7.03
142 5266+40.00 1.658 17.9 % 6.97
143 5266+70.00 1.672 18.1 % 6.91
144 5267+00.00 1.682 18.2 % 6.84
145 5267+30.00 1.687 18.3 % 6.78
146 5267+60.00 1.689 18.5 % 6.71
147 5267+90.00 1.689 18.6 % 6.64
148 5268+20.00 1.686 18.8 % 6.58
149 5268+50.00 1.681 18.8 % 6.51



VERTICAL CURVE

DESIGN DATA
T = ft Maximum allowable spread

n = - Manning's coefficient -- typically, n = 0.016

C = - Runoff -- typically, C = 0.9 for pavements

i = in/hr Design intensity

BRIDGE DATA
Beg = - Beginning station of bridge

End = - End station of bridge

ANALYSIS SUMMARY
The maximum spread without drains is 11.34 ft at station 5177+28.00
The maximum spread with drains included is 8.94 ft at station 5177+25.00
With an allowable spread of 12.02 ft, this bridge is hydraulicaly sufficienct.

Deck Drains included in analysis were spaced at 30 feet through the length of bridge.
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Deck Drain Calculations - I-95 over Lake Marion Relief

Clarendon/ Orangeburg County, South Carolina 



DECK DRAIN ANALYSIS REPORT

VERTICAL CURVE DATA
PVI Station PVI Elevation LVC
5171+00.00 90.39 -
5175+00.00 91.59 350.00
5178+10.00 90.04 -

HYDRAULIC WIDTH (WIDTH BEING COLLECTED)
Station Width (ft)
00+00.00 72.83

SUPERELEVATION DATA
Station SE Rate (%)
00+00.00 2.0%
00+34.06 2.5%

CLOSED PIPE SYSTEM OUTPUT
No closed system enetered

DECK DRAIN SUMMARY TABLE
Drain No. Station Flow (cfs) Efficiency Spread (ft)
1 5173+66.25 0.907 17.9 % 7.85
2 5173+96.25 0.661 19.7 % 7.49
3 5174+26.25 0.376 24.3 % 6.84
4 5174+86.25 0.376 24.3 % 6.84
5 5175+16.25 0.661 19.7 % 7.49
6 5175+46.25 0.907 17.9 % 7.85
7 5175+76.25 1.120 17.0 % 8.07
8 5176+06.25 1.306 16.4 % 8.20
9 5176+36.25 1.468 16.1 % 8.29
10 5176+66.25 1.608 15.8 % 8.34
11 5176+96.25 1.730 15.5 % 8.51
12 5177+26.25 1.838 15.2 % 8.71



Rainfall Intensity Values 
Utilized by South Carolina Department of Transportation 

Rainfall   intensity   values   utilized   by   the   South   Carolina   Department   of 
Transportation are computed by the following formula: 

i = a

(b + Tc)c

where: i = rainfall intensity in inches per hour, 
Tc = time of concentration in minutes, 
and a , b, and c are coefficients. 

The coefficients for the 2-, 5-, 10-, 25-, 50-, and 100-year rainfall events are given 
in the table below for each county in South Carolina. The intensity values for time of 
concentration of 5, 10, 15, 30, and 60 minutes are also listed in the table for the same 
frequencies. To use these values compute the time of concentration for the drainage area 
using the velocity method in the NRCS TR-55 manual. Pick the appropriate county in 
the tables below to determine the appropriate coefficients. Then apply the equation to 
obtain the intensity value. 

Clarendon/ Orangeburg County, South Carolina 

SCDOT Rainfall Intensity Values

CLARENDON 
Frequency 

(years) 
Rational Coefficients Rainfall Intensity (“/hr) for Time of Concentration (Tc) 

a b c Tc = 5 Tc = 10 Tc = 15 Tc = 30 Tc = 60 
2 66.5400 11.3400 0.8380 6.40 5.12 4.29 2.94 1.86 
5 57.3800 9.9650 0.7600 7.34 5.90 4.97 3.48 2.27 

10 51.3800 8.4830 0.6994 8.33 6.68 5.65 4.00 2.67 
25 43.4700 6.6400 0.6248 9.38 7.50 6.37 4.58 3.15 
50 40.6400 5.6410 0.5805 10.30 8.24 7.01 5.11 3.58 

100 36.0600 4.1400 0.5284 11.20 8.89 7.58 5.58 4.00 
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Appendix II:
Additional Information 

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief



Location Maps 

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief



Location Map – I‐95 over Lake Marion and Lake Marion Relief 

Clarendon/ Orangeburg County, South Carolina 

ORANGEBURG COUNTY MAP 2016 

Project Title: I‐95 over Lake Marion and Lake Marion Relief 

Location: Clarendon/ Orangeburg County, South Carolina 
Structure ID: 3820030110800 & 3820030130800 
Source of Map: info2.scdot.org 

Asset IDs: 

05249 & 5258 

Asset IDs: 

05250 & 5259 

Lake Marion 

Lake Marion Relief 



Location Map – I‐95 over Lake Marion and Lake Marion Relief 

Clarendon/ Orangeburg County, South Carolina 

QUADRANGLE MAP: SC_SAINT_PAUL_2020 

Project Title: I‐95 over Lake Marion and Lake Marion Relief 

Location: Clarendon/ Orangeburg County, South Carolina 
Structure ID: 3820030110800 & 3820030130800 
Source of Map: info2.scdot.org 



Location Map ‐ I‐95 over Lake Marion and Lake Marion Relief 

 Clarendon/ Orangeburg County, South Carolina 

COORDINATES: 33°27’26.71” N  , -80°38’52.08 W 

Project Title: I‐95 over Lake Marion and Lake Marion Relief 

Location: Clarendon/ Orangeburg County, South Carolina 
Structure ID: 3820030110800 & 3820030130800 
Source of Map: Google Earth Pro 



Project Photographs 

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief



I-95 over Lake Marion and Lake Marion Relief - Drone Imagery

Clarendon/ Orangeburg County, South Carolina 

I-95 over Lake Marion looking west and upstream.

I-95 over Lake Marion downstream face and navigation channel looking upstream.



I-95 over Lake Marion and Lake Marion Relief - Drone Imagery

Clarendon/ Orangeburg County, South Carolina 

I-95 over Lake Marion upstream face profile looking downstream.

I-95 over Lake Marion/ Utility Lines/ Abandoned US 301 looking west.



I-95 over Lake Marion and Lake Marion Relief - Drone Imagery

Clarendon/ Orangeburg County, South Carolina 

I-95 over Lake Marion main spans looking west and downstation.

I-95 over Lake Marion main spans looking east and upstation



I-95 over Lake Marion and Lake Marion Relief - Drone Imagery

Clarendon/ Orangeburg County, South Carolina 

I-95 over Lake Marion Relief approach looking east and upstation.

I-95 over Lake Marion Relief downstream face looking upstream.



I-95 over Lake Marion and Lake Marion Relief - Drone Imagery

Clarendon/ Orangeburg County, South Carolina 

I-95 Embankment on Lake Marion looking west and downstation.

I-95 Embankment on Lake Marion looking east and upstation.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

I‐95 over Lake Marion North Approach Roadway.

I‐95 over Lake Marion South Approach Roadway.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

Lake Marion upstream face of main spans looking east.

Lake Marion downstream face of main spans looking east.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

Lake Marion large span substructure, typ.

Lake Marion causeway span substructure, typ.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

Lake Marion two main spans superstructure (steel), typ.

Lake Marion all other spans superstructure (concrete), typ.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

Lake Marion deck condition, typ.

Lake Marion railing condition, typ.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

Lake Marion southwest abutments looking downstation.

Lake Marion southeast abutments looking downstation.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

Lake Marion northwest abutments looking upstation.

Lake Marion northeast abutments looking upstation.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

I‐95 over Lake Marion Relief North Approach Roadway.

I‐95 over Lake Marion Relief South Approach Roadway.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

I‐95 over Lake Marion Relief upstream face looking east.

I‐95 over Lake Marion Relief downstream face looking east.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

I‐95 over Lake Marion Relief substructure, typ.

I‐95 over Lake Marion Relief superstructure, typ.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

I‐95 over Lake Marion Relief deck condition, typ.

I‐95 over Lake Marion Relief railing condition, typ.



I‐95 over Lake Marion and Lake Marion Relief – SCDOT Inventory 

Clarendon/ Orangeburg County, South Carolina 

I‐95 over Lake Marion Relief southern abutment condition, typ.

I‐95 over Lake Marion Relief northern abutment condition, typ.



Hydrology Documentation

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief



Peak FQ recommended for use by USGS Authors

1 / return period = AEP 

Therefore; Return Period = 1 / AEP 

AEP (decimal)  Return Period (yr)  With Reg Skew (cfs)  Without Reg Skew (cfs) 

0.9950  1.0050  18,550  18,550 

0.9900  1.0101  21,400  21,400 

0.9500  1.0526  30,960  30,960 

0.9000  1.1111  38,510  38,510 

0.8000  1.2500  50,880  50,880 

0.6670  1.4993  66,950  66,950 

0.5000  2.0000  90,640  90,640 

0.4292  2.3299  103,200  103,200 

0.2000  5.0000  171,500  171,500 

0.1000  10.000  245,500  245,500 

0.0400  25.000  366,700  366,700 

0.0200  50.000  480,400  480,400 

0.0100  100.00  616,900  616,900 

0.0050  200.00  780,300  780,300 

0.0020  500.00  1,046,000  1,046,000 

The gage service life was 33‐years and 11 points were not used = 22 years of peak flood data. 

The largest outlier was 344,000 cfs which is a little less than the 25‐year flood. 

Peak FQ station skew is using the largest event and service life to develop discharge curve. 

PeakFQ Discharge Explination

Clarendon/ Orangeburg County, South Carolina 



# US Geological Survey
# PeakFQ Flood Frequency Analysis, Version 7.4 dated  5/ 4/2022
#
# Analyzed: 03/14/2023 10:48
#
# Empirical Frequency Curves
Station ‐ 02170000  SANTEE RIVER AT FERGUSON, S. C.

       WaterYr   RankedQ    EMAEst ThreshLow  ThreshUp
 IntvLow  IntvHigh

    1916    374000.0       0.0434 0. INF
    1908    344000.0       0.0869 0. INF
    1928    251000.0       0.1303 0. INF

      1912    215000.0       0.1738 0. INF
    1929    160000.0       0.2173 0. INF
    1921    158000.0       0.2608 0. INF
    1919    146000.0       0.3478 0. INF
    1925    146000.0       0.3043 0. INF
    1922    106000.0       0.3913 0. INF
    1909    101000.0       0.4783 0. INF
    1913    101000.0       0.4348 0. INF
    1923     89000.0       0.5217 0. INF
    1917     74000.0       0.5652 0. INF

      1915     71000.0       0.6087 0. INF
    1914     53000.0       0.6957 0. INF
    1920     53000.0       0.6522 0. INF
    1910     50000.0       0.8262 0. INF
    1918     50000.0       0.7827 0. INF
    1924     50000.0       0.7392 0. INF
    1911     38000.0       0.8697 0. INF
    1926     35900.0       0.9131 0. INF

      1927     32500.0       0.9566 0. INF
      1931    ‐26000.0       0.2173 0. INF

    1938    ‐38000.0       0.2173 0. INF
    1934    ‐47000.0       0.2173 0. INF
    1935    ‐47000.0       0.2173 0. INF
    1932    ‐53000.0       0.2173 0. INF
    1933    ‐56000.0       0.2173 0. INF
    1940    ‐56000.0       0.2173 0. INF
    1937    ‐59000.0       0.2173 0. INF

      1939    ‐86000.0       0.2173 0. INF
      1936   ‐245000.0       0.2173 0. INF

    1930   ‐263000.0       0.2173 0. INF





1
  Program PeakFq U. S. GEOLOGICAL SURVEY Seq.002.000
  Version 7.4 Annual peak flow frequency analysis      Run Date / Time
  5/ 4/2022 03/14/2023 10:48

‐‐‐ PROCESSING OPTIONS ‐‐‐  

Plot option = Graphics device   
Basin char output   = WATSTORE      
Print option = Yes
Debug print = No 
Input peaks listing = Long 
Input peaks format  = WATSTORE peak file  

Input files used:
peaks (ascii)  ‐ C:\Users\raokasha\Desktop\Lake 

Marion\Hydrology\PEAK_1941EXCLUDED.TXT

specifications ‐ C:\Users\raokasha\Desktop\Lake 
Marion\Hydrology\PKFQWPSF.TMP

Output file(s): 
main ‐ C:\Users\raokasha\Desktop\Lake 

Marion\Hydrology\PEAK_1941EXCLUDED.PRT

bcd  ‐ C:\Users\raokasha\Desktop\Lake 
Marion\Hydrology\PEAK_1941EXCLUDED.BCD

  ***  User responsible for assessment and interpretation of the following analysis
 ***

1

  Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.001
  Version 7.4 Annual peak flow frequency analysis      Run Date / Time
  5/ 4/2022 03/14/2023 10:48

Station ‐ 02170000  SANTEE RIVER AT FERGUSON, S. C.

TABLE 1 ‐ INPUT DATA SUMMARY

Number of peaks in record = 33
Peaks not used in analysis = 11
Gaged peaks in analysis = 22
Historic peaks in analysis = 0
Beginning Year =     1908



Ending Year =     1940
Historical Period Length = 33
Skew option = STATION SKEW
Regional skew =   ‐0.080

Standard error =    0.550
Mean Square error =    0.303

Gage base discharge =      0.0
User supplied high outlier threshold =   ‐‐
User supplied PILF (LO) criterion    =   ‐‐
Plotting position parameter =     0.00
Type of analysis EMA
PILF (LO) Test Method MGBT
Perceptible Ranges:

Start Year  End Year  Lower Bound  Upper Bound
1908      1940          0.0          INF    DEFAULT      

Interval Data =   None Specified

    TABLE 2 ‐ DIAGNOSTIC MESSAGE AND PILF RESULTS

  **WCF109W‐PEAKS WITH MINUS‐FLAGGED DISCHARGES WERE BYPASSED.      11
  **WCF113W‐NUMBER OF SYSTEMATIC PEAKS HAS BEEN REDUCED TO NSYS =   22

*WCF151I‐17B WEIGHTED SKEW REPLACED BY USER OPTION.     0.155     0.354  ‐1
  **WCF233W‐EXPECTED PROB OUT OF RANGE AT TAB PROB.   0.00000   0.00001
    WCF002J‐CALCS COMPLETED.  RETURN CODE =  2
    EMA002W‐CONFIDENCE INTERVALS ARE NOT EXACT IF HISTORIC PERIOD > 0

    MULTIPLE GRUBBS‐BECK TEST RESULTS
    MULTIPLE GRUBBS‐BECK PILF THRESHOLD     N/A
    NUMBER OF PILFS IDENTIFIED 0

Kendall's Tau Parameters

MEDIAN   No. of
TAU    P‐VALUE    SLOPE   PEAKS

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
    GAGED PEAKS     ‐0.039      0.821   ‐300.000    22

1

  Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.002
  Version 7.4 Annual peak flow frequency analysis      Run Date / Time
  5/ 4/2022 03/14/2023 10:48



Station ‐ 02170000  SANTEE RIVER AT FERGUSON, S. C.

     TABLE 3 ‐ ANNUAL FREQUENCY CURVE PARAMETERS ‐‐ LOG‐PEARSON TYPE III 

LOGARITHMIC
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐

STANDARD
MEAN     DEVIATION     SKEW 

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
 EMA WITHOUT REG SKEW      4.9759      0.3153      0.354
 EMA WITH REG SKEW 4.9759      0.3153      0.354

 EMA ESTIMATE OF MSE OF SKEW WITHOUT REG SKEW              0.2558
 EMA ESTIMATE OF MSE OF SKEW W/GAGED PEAKS ONLY (AT‐SITE)  0.2558

 TABLE 4 ‐ ANNUAL FREQUENCY CURVE ‐‐ DISCHARGES AT SELECTED EXCEEDANCE 
PROBABILITIES

   ANNUAL   <‐ EMA ESTIMATE ‐>    <‐ FOR EMA ESTIMATE WITH REG SKEW ‐>
EXCEEDANCE   WITH     WITHOUT     LOG VARIANCE   <‐CONFIDENCE LIMITS‐>
PROBABILITY REG SKEW  REG SKEW OF EST.    5.0% LOWER   95.0% UPPER

   0.9950   18550.    18550. 0.0250 7813.0      29770.0
   0.9900   21140.    21140. 0.0184 9994.0      31720.0
   0.9500   30960.    30960. 0.0082 18770.0      41230.0
   0.9000   38510.    38510. 0.0059 26120.0      50560.0
   0.8000   50880.    50880. 0.0049 37820.0      66880.0
   0.6667   66950.    66950. 0.0049 50790.0      88200.0
   0.5000   90640.    90640. 0.0052 68290.0     121300.0
   0.4292  103200.   103200. 0.0054 77470.0     140000.0
   0.2000  171500.   171500. 0.0073      126600.0     257700.0
   0.1000  245500.   245500. 0.0106      175700.0     431700.0
   0.0400  366700.   366700. 0.0183      246600.0     886700.0
   0.0200  480400.   480400. 0.0270      305100.0    1592000.0
   0.0100  616900.   616900. 0.0383      367800.0    2920000.0
   0.0050  780300.   780300. 0.0523      434800.0    4745000.0
   0.0020 1046000.  1046000. 0.0753      530500.0    8951000.0

*Note: If Station Skew option is selected then EMA ESTIMATE WITH REG SKEW will
display values for and be equal to EMA ESTIMATE WITHOUT REG SKEW.

1

  Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.003
  Version 7.4 Annual peak flow frequency analysis      Run Date / Time
  5/ 4/2022 03/14/2023 10:48



  
              Station ‐ 02170000  SANTEE RIVER AT FERGUSON, S. C.               

                       TABLE 5 ‐ INPUT DATA LISTING

    WATER       PEAK   PEAKFQ  FLOW INTERVALS (WHERE LOWER BOUND NOT = UPPER BOUND)
     YEAR      VALUE    CODES  LOWER BOUND  UPPER BOUND  REMARKS
     1908   344000.0       
     1909   101000.0       
     1910    50000.0       
     1911    38000.0       
     1912   215000.0       
     1913   101000.0       
     1914    53000.0       
     1915    71000.0       
     1916   374000.0       
     1917    74000.0       
     1918    50000.0       
     1919   146000.0       
     1920    53000.0       
     1921   158000.0       
     1922   106000.0       
     1923    89000.0       
     1924    50000.0       
     1925   146000.0       
     1926    35900.0       
     1927    32500.0       
     1928   251000.0       
     1929   160000.0       
     1930  ‐263000.0    K  
     1931   ‐26000.0    K  
     1932   ‐53000.0    K  
     1933   ‐56000.0    K  
     1934   ‐47000.0    K  
     1935   ‐47000.0    K  
     1936  ‐245000.0    K  
     1937   ‐59000.0    K  
     1938   ‐38000.0    K  
     1939   ‐86000.0    K  
     1940   ‐56000.0    K  

        Explanation of peak discharge qualification codes

       PeakFQ    NWIS
        CODE     CODE   DEFINITION

          D        3    Dam failure, non‐recurrent flow anomaly



G 8    Discharge greater than stated value
X 3+8   Both of the above
L 4    Discharge less than stated value
K     6 OR C  Known effect of regulation or urbanization
O O    Opportunistic peak
H 7    Historic peak

‐  Minus‐flagged discharge ‐‐ Not used in computation
‐8888.0 ‐‐ No discharge value given

‐  Minus‐flagged water year ‐‐ Historic peak used in computation

1

  Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.004
  Version 7.4 Annual peak flow frequency analysis      Run Date / Time
  5/ 4/2022 03/14/2023 10:48

Station ‐ 02170000  SANTEE RIVER AT FERGUSON, S. C.

  TABLE 6 ‐ EMPIRICAL FREQUENCY CURVES ‐‐ HIRSCH‐STEDINGER PLOTTING POSITIONS

   WATER     RANKED      EMA      FLOW INTERVALS (WHERE LOWER BOUND NOT = UPPER 
BOUND)
    YEAR   DISCHARGE   ESTIMATE   LOWER BOUND  UPPER BOUND
    1916   374000.0     0.0434
    1908   344000.0     0.0869
    1928   251000.0     0.1303
    1912   215000.0     0.1738
    1929   160000.0     0.2173
    1921   158000.0     0.2608
    1919   146000.0     0.3478
    1925   146000.0     0.3043
    1922   106000.0     0.3913
    1909   101000.0     0.4783
    1913   101000.0     0.4348
    1923    89000.0     0.5217
    1917    74000.0     0.5652
    1915    71000.0     0.6087
    1914    53000.0     0.6957
    1920    53000.0     0.6522
    1910    50000.0     0.8262
    1918    50000.0     0.7827
    1924    50000.0     0.7392
    1911    38000.0     0.8697
    1926    35900.0     0.9131
    1927    32500.0     0.9566



1

  Program PeakFq U. S. GEOLOGICAL SURVEY Seq.001.005
  Version 7.4 Annual peak flow frequency analysis      Run Date / Time
  5/ 4/2022 03/14/2023 10:48

Station ‐ 02170000  SANTEE RIVER AT FERGUSON, S. C.

TABLE 7 ‐ EMA REPRESENTATION OF DATA

<‐‐‐‐ USER‐ENTERED 
‐‐‐‐><‐‐‐‐‐‐‐‐ FINAL ‐‐‐‐‐‐‐>
  WATER <‐‐‐‐‐ OBSERVED ‐‐‐‐><‐‐‐‐‐‐‐‐ EMA ‐‐‐‐‐‐‐><‐ PERCEPTIBLE RANGES ‐><‐ 
PERCEPTIBLE RANGES ‐>
   YEAR    Q_LOWER    Q_UPPER    Q_LOWER    Q_UPPER       LOWER       UPPER
LOWER UPPER
   1908   344000.0   344000.0   344000.0   344000.0 0.0 INF
0.0 INF 
   1909   101000.0   101000.0   101000.0   101000.0 0.0 INF
0.0 INF 
   1910    50000.0    50000.0    50000.0    50000.0 0.0 INF
0.0 INF 
   1911    38000.0    38000.0    38000.0    38000.0 0.0 INF
0.0 INF 
   1912   215000.0   215000.0   215000.0   215000.0 0.0 INF
0.0 INF 
   1913   101000.0   101000.0   101000.0   101000.0 0.0 INF
0.0 INF 
   1914    53000.0    53000.0    53000.0    53000.0 0.0 INF
0.0 INF 
   1915    71000.0    71000.0    71000.0    71000.0 0.0 INF
0.0 INF 
   1916   374000.0   374000.0   374000.0   374000.0 0.0 INF
0.0 INF 
   1917    74000.0    74000.0    74000.0    74000.0 0.0 INF
0.0 INF 
   1918    50000.0    50000.0    50000.0    50000.0 0.0 INF
0.0 INF 
   1919   146000.0   146000.0   146000.0   146000.0 0.0 INF
0.0 INF 
   1920    53000.0    53000.0    53000.0    53000.0 0.0 INF
0.0 INF 
   1921   158000.0   158000.0   158000.0   158000.0 0.0 INF
0.0 INF 
   1922   106000.0   106000.0   106000.0   106000.0 0.0 INF
0.0 INF 
   1923    89000.0    89000.0    89000.0    89000.0 0.0 INF
0.0 INF 



   1924    50000.0    50000.0    50000.0    50000.0 0.0 INF
0.0 INF 
   1925   146000.0   146000.0   146000.0   146000.0 0.0 INF
0.0 INF 
   1926    35900.0    35900.0    35900.0    35900.0 0.0 INF
0.0 INF 
   1927    32500.0    32500.0    32500.0    32500.0 0.0 INF
0.0 INF 
   1928   251000.0   251000.0   251000.0   251000.0 0.0 INF
0.0 INF 
   1929   160000.0   160000.0   160000.0   160000.0 0.0 INF
0.0 INF 
1

 End PeakFQ analysis.
   Stations processed : 1
   Number of errors   : 0
   Stations skipped   : 0
   Station years      :      33

Data records may have been ignored for the stations listed below.
(Card type must be Y, Z, N, H, I, 2, 3, 4,  or *.)
(2, 4, and * records are ignored.)

 For the station below, the following records were ignored:

 FINISHED PROCESSING STATION:  02170000 USGS SANTEE RIVER AT FERGUSON, S. 

 For the station below, the following records were ignored:

 FINISHED PROCESSING STATION:



2/27/23, 1:10 PM StreamStats

https://streamstats.usgs.gov/ss/#193 1/2

StreamStats Report

 Collapse All

  Basin Characteristics

Parameter Code Parameter Description Value Unit

DRNAREA Area that drains to a point on a stream 14400 square miles

I24H50Y Maximum 24-hour precipitation that occurs on average once in 50 years 7.4 inches

LC06DEV Percentage of land-use from NLCD 2006 classes 21-24 15.2 percent

LC06IMP Percentage of impervious area determined from NLCD 2006 impervious dataset 3.37 percent

PCTREG1 Percentage of drainage area located in Region 1 - Piedmont / Ridge and Valley 77.4 percent

PCTREG2 Percentage of drainage area located in Region 2 - Blue Ridge 9.9 percent

PCTREG3 Percentage of drainage area located in Region 3 - Sandhills 6.2 percent

PCTREG4 Percentage of drainage area located in Region 4 - Coastal Plains 6.4 percent

PCTREG5 Percentage of drainage area located in Region 5 - Lower Tifton Uplands 0 percent

General Disclaimers

The delineation point is in an exclusion area. CAUTION: AREA OF REGULATION EQUATIONS DO NOT APPLY

  Peak-Flow Statistics

Peak-Flow Statistics Parameters   [99.9 Percent (14400 square miles) Peak Southeast US over 1 sqmi 2009 5156]

Parameter Code Parameter Name Value Units Min Limit Max Limit

DRNAREA Drainage Area 14400 square miles 1 9000

Region ID: SC
Workspace ID: SC20230227175534426000
Clicked Point (Latitude, Longitude): 33.51077, -80.44537
Time: 2023-02-27 12:56:01 -0500
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Parameter Code Parameter Name Value Units Min Limit Max Limit

PCTREG1 Percent Area in Region 1 77.4 percent 0 100

PCTREG2 Percent Area in Region 2 9.9 percent 0 100

PCTREG3 Percent Area in Region 3 6.2 percent 0 100

PCTREG4 Percent Area in Region 4 6.4 percent 0 100

PCTREG5 Percent Area in Region 5 0 percent 0 100

Peak-Flow Statistics Disclaimers   [99.9 Percent (14400 square miles) Peak Southeast US over 1 sqmi 2009 5156]

One or more of the parameters is outside the suggested range. Estimates were extrapolated with unknown errors.

Peak-Flow Statistics Flow Report   [99.9 Percent (14400 square miles) Peak Southeast US over 1 sqmi 2009 5156]

Statistic Value Unit

50-percent AEP flood 77000 ft^3/s

20-percent AEP flood 116000 ft^3/s

10-percent AEP flood 143000 ft^3/s

4-percent AEP flood 175000 ft^3/s

2-percent AEP flood 203000 ft^3/s

1-percent AEP flood 227000 ft^3/s

0.5-percent AEP flood 249000 ft^3/s

0.2-percent AEP flood 284000 ft^3/s

Peak-Flow Statistics Citations

Feaster, T.D., Gotvald, A.J., and Weaver, J.C.,2009, Magnitude and Frequency of Rural Floods in the Southeastern United States,
2006: Volume 3, South Carolina: U.S. Geological Survey Scientific Investigations Report 2009-5156, 226 p.
(http://pubs.usgs.gov/sir/2009/5156/)

USGS Data Disclaimer: Unless otherwise stated, all data, metadata and related materials are considered to satisfy the quality standards relative to the purpose for which the data were

collected. Although these data and associated metadata have been reviewed for accuracy and completeness and approved for release by the U.S. Geological Survey (USGS), no warranty

expressed or implied is made regarding the display or utility of the data for other purposes, nor on all computer systems, nor shall the act of distribution constitute any such warranty.

USGS Software Disclaimer: This software has been approved for release by the U.S. Geological Survey (USGS). Although the software has been subjected to rigorous review, the USGS

reserves the right to update the software as needed pursuant to further analysis and review. No warranty, expressed or implied, is made by the USGS or the U.S. Government as to the

functionality of the software and related material nor shall the fact of release constitute any such warranty. Furthermore, the software is released on condition that neither the USGS nor

the U.S. Government shall be held liable for any damages resulting from its authorized or unauthorized use.

USGS Product Names Disclaimer: Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

Application Version: 4.13.0

StreamStats Services Version: 1.2.22

NSS Services Version: 2.2.1

http://pubs.usgs.gov/sir/2009/5156/
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USGS Home
Contact USGS
Search USGS

USGS Water Resources Data Category:
Surface Water

Geographic Area:
United States GO

National Water Information System: Web Interface

Click to hideNews Bulletins

Explore the NEW USGS National Water Dashboard interactive map to access real-
time water data from over 13,500 stations nationwide.
Full News 

Peak Streamflow for the Nation

USGS 02170000 SANTEE RIVER AT FERGUSON, S. C.
 Available data for this site   Surface-water:   Peak streamflow GO
Orangeburg County, South Carolina
Hydrologic Unit Code 03050111
Latitude  33°26'15", Longitude  80°16'20" NAD27
Drainage area 14,600.00  square miles
Gage datum 42.30 feet above NGVD29

Output formats
Table

Graph

Tab-separated file

peakfq (watstore) format

Reselect output format

1916 1916-07-21 24.74 374,0005

1908 1908-08-31 23.70 344,0005

1930 1929-10-07 21.04 263,0006

1928 1928-08-22 20.60 251,0005

1936 1936-04-11 20.42 245,0006

1912 1912-03-20 19.44 215,0005

1929 1929-03-10 17.55 160,0005

Water
Year Date

Gage
Height
(feet)

Stream-
flow
(cfs)

https://www.usgs.gov/
https://www.usgs.gov/
https://www.usgs.gov/ask/
https://www.usgs.gov/search/
https://water.usgs.gov/
https://nwis.waterdata.usgs.gov/nwis
https://dashboard.waterdata.usgs.gov/app/nwd/?region=lower48
https://help.waterdata.usgs.gov/news
https://help.waterdata.usgs.gov/news/RSS/
https://nwis.waterdata.usgs.gov/nwis/peak?site_no=02170000&agency_cd=USGS&format=html
https://nwis.waterdata.usgs.gov/nwis/peak?site_no=02170000&agency_cd=USGS&format=gif
https://nwis.waterdata.usgs.gov/nwis/peak?site_no=02170000&agency_cd=USGS&format=rdb
https://nwis.waterdata.usgs.gov/nwis/peak?site_no=02170000&agency_cd=USGS&format=hn2
https://nwis.waterdata.usgs.gov/nwis/peak?site_no=02170000&agency_cd=USGS&format=brief_list
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1921 1921-02-15 17.47 158,0005

1919 1919-07-27 17.12 146,0005

1925 1925-01-23 17.13 146,0005

1922 1922-02-21 15.77 106,0005

1909 1909-06-10 15.62 101,0005

1913 1913-03-21 15.56 101,0005

1923 1923-03-23 15.20 89,0005

1939 1939-03-07 15.10 86,0006

1917 1917-03-10 14.70 74,0005

1915 1915-01-24 14.65 71,0005

1937 1937-01-11 14.19 59,0006

1933 1933-01-03 14.08 56,0006

1940 1940-08-21 14.07 56,0006

1914 1914-01-07 14.02 53,0005

1920 1920-04-03 14.00 53,0005

1932 1932-01-15 13.95 53,0006

1910 1910-03-09 13.90 50,0005

1918 1918-02-06 13.90 50,0005

1924 1924-01-23 13.87 50,0005

1941 1941-07-24  48,0001,6

1934 1934-06-12 13.80 47,0006

1935 1934-10-17 13.81 47,0006

1911 1911-01-10 13.47 38,0005

1938 1937-10-27 13.54 38,0006

1926 1926-03-03 13.43 35,9005

1927 1927-03-02 13.30 32,5005

1931 1931-01-19 12.88 26,0006

?
  Peak Streamflow Qualification Codes.

Water
Year Date

Gage
Height
(feet)

Stream-
flow
(cfs)

https://nwis.waterdata.usgs.gov/nwis/peak?help#flow_qual_cd
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1 -- Discharge is a Maximum Daily Average
5 -- Discharge affected to unknown degree by Regulation or Diversion
6 -- Discharge affected by Regulation or Diversion

Questions or Comments
Automated retrievals
Help
Data Tips
Explanation of terms
Subscribe for system changes
News

Accessibility  FOIA  Privacy  Policies and Notices
U.S. Department of the Interior | U.S. Geological Survey
Title: Surface Water for USA: Peak Streamflow
URL: https://nwis.waterdata.usgs.gov/nwis/peak?

Page Contact Information: USGS Water Data Support Team
Page Last Modified: 2023-06-02 10:54:39 EDT
0.18   0.17 nadww01

https://waterdata.usgs.gov/questions-comments/?&ownerCode=USA&referrerUrl=https%3A%2F%2Fnwis.waterdata.usgs.gov%2Fnwis%2Fpeak%3Fsite_no%3D02170000%26agency_cd%3DUSGS%26format%3Dhtml
https://help.waterdata.usgs.gov/faq/automated-retrievals
https://help.waterdata.usgs.gov/
https://water.usgs.gov/data/watertips.html
https://water.usgs.gov/edu/dictionary.html
https://nwis.waterdata.usgs.gov/nwis/subscribe?form=email
https://help.waterdata.usgs.gov/news
https://www.usgs.gov/laws/accessibility.html
https://www.usgs.gov/foia/
https://www.usgs.gov/privacy.html
https://www.usgs.gov/policies_notices.html
https://usa.gov/
https://www.doi.gov/
https://www.usgs.gov/
https://waterdata.usgs.gov/questions-comments/?&ownerCode=USA&referrerUrl=https%3A%2F%2Fnwis.waterdata.usgs.gov%2Fnwis%2Fpeak%3Fsite_no%3D02170000%26agency_cd%3DUSGS%26format%3Dhtml


 FEMA FIRM
(Orangeburg and Clarendon County) 

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief
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 Inspection Reports
(Inspection & Underwater Reports) 

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief



SCDOT BRIDGE INSPECTION FORM
(008) BRIDGE ID: 1410009510100 (005) ROUTE: CLARENDON I-95

(420) ASSET NO: 5249 (006) CROSSING: LAKE MARION

(419) RAMP NO: (009) LOCATION: 7MI S OF SUMMERTON

(026) FUNCTIONAL CLASS: 1 (016) LAT: 33d 30m 18.67s (017) LON: 80d 27m 8.91s

GENERAL BRIDGE DATA

EXISTING REVISED EXISTING REVISED

(027) Year Built 1968 (042) Type Serv; On(A) Und(B) 1 5

(106) Year Recon 0 (028) Lanes; On(A) Und(B) 2 0

(031) Design Load 5 (107) Deck Struct 1

(36A) Railings 1 (108) Wear Surf/Membrane/Prot 1 0 0

(36B) Transitions 1 MAT-SUP-SUB MAT-SUP-SUB

(36C) Appr Guard 1 (043) Main Original (A) 4 2 1

(36D) Appr Guard End 1 Main Reconst (B)

(037) History 5 (044) Appr Orginal (A) 1 04 5

(319) Last Paint Date 11/1999 Appr Reconst (B)

GEOMETRIC DATA

EXISTING REVISED EXISTING REVISED

(032) Appr Rdway 38 FT IN FT IN

(033) Bridge Median 0 (053) Vert Clr Above Deck 99 99

(034) Skew 0 (54A) Vert Clear Ref N

(035) Flared 0 (54B) Vert Clear Right 0 0 0 0

(045) # Main Spans 5 (54C) Vert Clear Left 0 0 0 0

(046) # Appr Spans 80 (10A) Great Min Clr Over/Und 99 99

(048) Max Span Lgth 140 (10B) Great Min Right 99 99

(308) Appr Span Lgth 40 (10C) Great Min Left 99 99

(049) Struct Length 4500

(47A) Horz Clear Right 31 (55A) Lat Clear Ref N

(47B) Horz Clear Left 0 (55B) Lat Clear Right 0

(47UA) Horz Clear Right 0 0 (056) Lat Clear Left 0

(47UB) Horz Clear Left 0 0

(50B) Sidewalk Right 0 (038) Navigation Cont 0

(50A) Sidewalk Left 0 (039) Nav Vert Clear 50

(051) Curb to Curb 31 (040) Nav Horz Clear 100

(052) Deck Out-Out 35.20 (111) Nav Pier Port 2

RATINGS DATA

EXISTING REVISED EXISTING REVISED

(58) Deck 5 (041) Traffic Status A

(59) Super Str 5 (063) Rating Method 8

(60) Sub Str 5 (064) Operating Method 1.10 1.12

(061) Channel 6 (065) Rating Method 8

(062) Culv Ret N (066) Inventory Rating 0.69

(071) Water Adeq 6 (411) Date Rated 10/2021 12/2022

(072) Appr Rdway 8 (418) Conditions During Rating 5 5 5

(113) Scour Critical 9 Freq Mth/Year Freq Mth/Year

(067) Structure 5 (091, 090) Routine Insp 24 10/2021 24 10/2021

(068) Deck Geom 4 (92A, 93A) Fracture Critical N

(069) Underclear N (92B, 93B) Underwater Insp Y60 02/2021 Y60 02/2021

(070) Bridge Post 5 (92C, 93C) Special Insp N 08/2018 N

Inspection Leader: HUDSON YOST, AI Reviewed By:

Date: Date:



Bridge Element Group Textual Data
Bridge ID: 14-1-00095-1-01-00

14 Dec 2022

Abutments and/or Headwalls:

N/A

Bents and/or Piers:

BENTS #59-85 HAVE 2) R/C COLUMNS WITH EITHER 1 OR 2 R/C STRUTS; BENTS #2-58 HAVE 4 21" OCT. 
PRESTRESSED CONCRETE  PILES (BENTS #12, 24, 36, AND 48 HAVE TANDEM FASCIA PILES), ALL W/ 
R/C CAPS //

-MOD. TO HEAVY ABRASION (1/2-3/4") AT SPLASH ZONE ON ALL COLUMNS AND PILES;
-H.L. TO MODERATE,, WITH WIDE VERT. CRACKS (WIDE CR., FROM ~1/16” AND UP TO ~1/8”, AND
MOSTLY ON ~HALF OF FASCIA PILE) IN MOST PRESTR. PILES AT SPLASH ZONE, FOR LOCATION
SPECIFIC NOTES SEE UNDERWATER REPORT;
-LARGE SPALLS ON BT#12 AND 26 WITH R/S EXPOSED;
-COL #1 ON BT82 IS UNDERMINED, PER U/W REPORT;
-H.L. FLEXURE CRACKS IN THRU-OUT CAPS, GENERALLY SPACED AT 1-3’;

FOR LOCATION SPECIFIC NOTES SEE SKETCH SHEET

Bearings:

16) EXPANSION ROCKERS BEARING AND 8) FIXED SHOE BEARINGS UNDER STEEL GIRDERS; 110)
STEEL ROCKER PLATES UNDER PRESTRESSED BEAMS; FELT PADS UNDER ALL CONCRETE TEE
BEAMS;
-MODERATE TO HEAVY RUST, NUMEROUS CREVICE COMPACTION ON STEEL BEARING;
-SEVERAL ROCKER BEARING HAVE MISALIGNMENT BUT STILL APPEARS TO HAVE MOVEMENT;

FOR LOCATION SPECIFIC NOTES SEE SKETCH SHEET

Girders/Floor Beams/Stringers and/or Beams:



_5 SPANS OF 4 CONTINUOUS STEEL BEAMS (2@110’ + 3@140’) __
-MINOR SURFACE RUST THRU-OUT STEEL GIRDERS (99%);
-THE MOD. TO HEAVY RUST (WITH SOME AREAS OF SECTION LOSS) ARE USUALLY ON BEAM ENDS
OVER BEARING AREA (1%);

_22 SPANS OF 5 PRESTRESSED CONCRETE BEAMS (70’)__
-TYPICAL CRACKING TO SPALLING ON GROUTED BEAM ENDS;
-BEAM SOLE PLATE HAVE MODERATE TO HEAVY RUST CAUSING ADJACENT CRACKING;
-SHALLOW SPALLS ON UNDERSIDE WITH P/S EXPOSED ON SOME BEAMS ENDS AND ON BOTTOMS;

_58 SPANS OF 5 CONC. "T" BEAMS (40’)__
-HAIRLINE FLEXURE CRACKING IN TEE  BEAMS GENERAL SPACED @ 1’;

_GENERAL_
-ALL DIAPH'S HAVE MINOR CRACKING TO SPALLS RANGING FROM SMALL TO SEVERAL SQ FEET
THRU-OUT BRIDGE W/ SOME HAVING EXPOSED R/S  (MOST OF THE SPALLING IS ON THE NORTH SIDE 
DIAPHRAGMS ON TEE BEAM SPANS);
-CORROSION THROUGHOUT DIAPHRAGMS

FOR LOCATION SPECIFIC NOTES SEE SKETCH SHEET

Truss Members:

N/A



Expansion Joints:

-2 STEEL OPEN FINGER JOINTS ON BENTS #80 + 75 (END OF STEEL SPANS); 
      -FUNCTIONING WELL WITH NO MORE THAN A 1/4" VERT. OFFSET, BUT MINOR RUST THRU-OUT 
(MAINLY ON UNDER SIDE);
-SPALLING THROUGHOUT FULL LENGTH OF JOINTS UP TO 3" IN DIAM.
-MAP CRACKING UP TO 1/16" WIDE THROUGHOUT FULL LENGTH OF JOINTS

-80-POURABLE EXPANSION JOINTS ON ALL OTHERS;
      -SILICON JOINTS PLACED IN 2009; WITH SOME AREAS OF LOSS OF ADHESION (~UP TO 10%  HAVE 
LOST ADHESION IN CS2 AND UP TO ~1% HAVE LOST ADHESION IN CS3);

FOR LOCATION SPECIFIC NOTES SEE SKETCH SHEET

Decks and/or Slabs:

6.5" R/C DECK WITH NO ADDITIONAL  OVERLAY; 58 SPANS@40', 22 SPANS@70, 2@110', AND 3@140';
-LIGHT PATTERN OF HAIRLINE TO 1/16" MAP CRACKING WITH AREAS OF HEAVY PATTERN MAP 
CRACKING AND MINOR SPALLING NEAR JOINTS;
-LIGHT SCALING, AND WEARING;
-SMALL TO LARGE (1/2” TO 1”) POP-OUTS THRU DECK;
-HAIRLINE WITH UP TO 0.1875” WIDE TRANSVERSE CRACKS OVER STEEL SUPERSTRUCTURES;

FOR LOCATION SPECIFIC NOTES SEE SKETCH SHEET

Curbs:

18" CONCRETE SAFETY CURB/
-CURB REVEAL: ALL CORNER ARE ~10”
-LIGHT ABRASION AT CURB AND DECK CORNERS FROM RAIN RUNOFF;

Bridge Railing/Parapets and/or Median Barriers:

1-CONCRETE RAILING AND POSTS WITH METAL THRIEBEAM RAILING RETRO FITTED ACROSS 
BRIDGE;
1-METAL THRIEBEAM TRANSITIONS WITH METAL POST;
1-STANDARD "W" BEAM G.R. WITH TIMBER AND METAL POSTS ON THREE APPROACHES;
1-LONG EXTENDED/CONTINUOUS G.R. SERVES AS END TREATMENTS;

-SOME MOD. DAMAGE TO RAILING THROUGHOUT BRIDGE (~1%);
-SOME AREAS OF DAMAGE IN CONCRETE RAILING, BUT NOT IN ELEMENTS DUE TO METAL RAILING 
FACING TRAFFIC;

Paint Systems:

GIRDERS=EST. @ 43,878 SF OF PAINTED SURFACE:
-STEEL GIRDERS ARE IN SATISFACTORY  CONDITION DUE TO BEING PAINTED BY CONTRACTOR IN 
NOVEMBER 1999;
-SOME LIGHT SURFACE RUST ON BEAMS AND CROSS BRACING/DIAPHRAGMS, WITH SOME AREAS OF 
MAJOR RUST AND SECTION LOSS NEAR BEAM ENDS; 
~2%-FAILED IN EFFECTIVENESS;
~7%-LIMITED IN EFFECTIVENESS
~91% -FULLY IN EFFECTIVENESS
-BEARINGS UNDER PRESTRESSED BEAMS ARE GENERALLY IN POOR CONDITION, AND WILL NEED TO 
BE REHABILITATED IN THE NEAR FUTURE;



Waterway and Scour:

UNDERWATER INSPECTION PERFORMED 02/25/2021, SEE UNDERWATER BRIDGE INSPECTION 
REPORT
8-VERY GOOD:  
-LAKE ALIGNMENT WITH LOW FLOW CHANNEL;
-LARGE WELL PLACED RIPRAP AT BRIDGE ENDS
-HEAVY VEGETATION ON UNDER BRIDGE AND ON SIDE SLOPE;

Fender System:

N/A

Roadway Alignment:

8-VERY GOOD:  STRAIGHT HORIZONTAL ALIGNMENT AND SLIGHT VERTICAL CURVE AT BEGINNING, 
BUT NO SPEED REDUCTION IS NECESSARY;

Traffic Signs:

-BRIDGE END PANELS ON APPROACH END ONLY;
-SPAN #57 HAS "NO STOPPING ON BRIDGE" SIGNAGE;
-SPAN #50 HAS 100 MILE MARKER SIGNAGE;
-NAVIGATIONAL LIGHTS HAVE BEEN DISCONNECTED, DATE UNKNOWN;

Encroachments:

ELECTRICAL LINE FOR NAVIGATIONAL LIGHTS ON BENT #78 RIGHT SIDE (DISCONNECTED);



Miscellaneous Notes:

BRIDGE ORIENTATION: Labeling diagram orientation is the opposite direction as the historic orientation of the 
bridge (N-S).

Bridge Asset ID is located on the southeast corner of the bridge.

Bridge Inspected on 10/11/2021. Cloudy, 75 degrees.
BITL: Eric Beach, Collins Engineers, Inc.
Assistants: Douglas McLendon, PE, Zane Peterson, Mikayla Young



Bridge Element Level Data
14 Dec 2022

Quantity in Each Condition State

Element No Element Name/Description Units Env Defect 1 2 3 4 Total Qty

107 Steel Open Girder/Beam feet 4 Yes

107 Corrosion feet 4 1000 0 2531 25 0 2556

107 Steel Open Girder/Beam feet 4 Yes 0 2531 25 0 2556

109 Prestressed Concrete Open Girder/Beam feet 4 Yes

109 Delamination/Spall/Patched Area feet 4 1080 0 110 0 0 110

109 Exposed Rebar feet 4 1090 0 1 0 0 1

109 Exposed Prestressing feet 4 1100 0 0 90 0 90

109 Cracking (PSC) feet 4 1110 0 0 271 0 271

109 Prestressed Concrete Open Girder/Beam feet 4 Yes 7228 111 361 0 7700

110 Reinforced Concrete Open Girder/Beam feet 4 Yes

110 Exposed Rebar feet 4 1090 0 28 0 0 28

110 Cracking (RC and Other) feet 4 1130 11572 0 0 0 11572

110 Reinforced Concrete Open Girder/Beam feet 4 Yes 11572 28 0 0 11600

12 Reinforced Concrete Deck sq feet 4 Yes

12 Exposed Rebar sq feet 4 1090 0 8 0 0 8

12 Cracking (RC and Other) sq feet 4 1130 0 14572
5

6813 0 152538

12 Abrasion/Wear (PSC/RC) sq feet 4 1190 0 2920 12 0 2932

12 Delamination/Spall/Patched Area/Pothole 
(Wearing Surfaces)

sq feet 4 3210 0 2000 22 0 2022

12 Reinforced Concrete Deck sq feet 4 Yes 0 15065
3

6847 0 157500

205 Reinforced Concrete Column each 1 Yes

205 Delamination/Spall/Patched Area each 1 1080 0 0 24 0 24

205 Abrasion/Wear (PSC/RC) each 1 1190 0 28 0 0 28

205 Scour each 1 6000 0 0 2 0 2

205 Reinforced Concrete Column each 1 Yes 0 28 26 0 54

215 Reinforced Concrete Abutment feet 4 No 64 0 0 0 64

226 Prestressed Concrete Pile each 1 Yes

226 Exposed Prestressing each 1 1100 0 2 0 0 2

226 Cracking (PSC) each 1 1110 0 0 73 0 73

226 Abrasion/Wear (PSC/RC) each 1 1190 0 157 0 0 157

226 Prestressed Concrete Pile each 1 Yes 0 159 73 0 232



234 Reinforced Concrete Pier Cap feet 4 Yes

234 Exposed Rebar feet 4 1090 0 2 0 0 2

234 Cracking (RC and Other) feet 4 1130 2663 55 0 0 2718

234 Reinforced Concrete Pier Cap feet 4 Yes 2663 57 0 0 2720

301 Pourable Joint Seal feet 3 Yes

301 Seal Adhesion feet 3 2320 0 280 28 0 308

301 Pourable Joint Seal feet 3 Yes 2492 280 28 0 2800

305 Assembly Joint Without Seal feet 1 Yes

305 Metal Deterioration or Damage feet 1 2370 0 62 0 0 62

305 Assembly Joint Without Seal feet 1 Yes 0 62 0 0 62

311 Movable Bearing each 2 Yes

311 Corrosion each 2 1000 0 0 124 0 124

311 Alignment each 2 2220 0 0 0 2 2

311 Movable Bearing each 2 Yes 0 0 126 2 128

313 Fixed Bearing each 2 Yes

313 Corrosion each 2 1000 0 0 118 0 118

313 Fixed Bearing each 2 Yes 0 0 118 0 118

330 Metal Bridge Railing feet 3 Yes

330 Damage feet 3 7000 0 0 1400 0 1400

330 Metal Bridge Railing feet 3 Yes 7600 0 1400 0 9000

515 Steel Protective Coating sq feet 1 Yes

515 Effectiveness (Steel Protective Coatings) sq feet 1 3440 39928 0 3072 878 43878

515 Steel Protective Coating sq feet 1 Yes 39928 0 3072 878 43878
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  Asset ID 5249 

  I-95 NB over Lake Marion  

  Collins No.:40-12406 
PAGE 1 

 

 

1 UNDERWATER INSPECTION EXECUTIVE SUMMARY 
 

INSPECTION SUMMARY 
ASSET ID: 5249  UW INSP. DATE: 02/25/2021 

DISTRICT: 7  MAX WATER DEPTH: 37.8 FEET 

COUNTY: CLARENDON COUNTY  MAX WATER VELOCITY 0.3 FPS 

ROUTE: I-95 NB  WATER TEMP.: 60°F 

WATERWAY: LAKE MARION  UW VISABILITY: 2.0 FEET 

INVENTORY 
DIRECTION: EAST TO WEST 

 
SUBSTRUCT. TYPE 

P/S CONC. 
OCTAGONAL PILE 
AND REIN. CONC. 
COLUMN 

SSU INSPECTED: BENTS 3 THROUGH 84 
 

SUBSTRUCT. SIZE: 
21 INCH AND 
VARIOUS SIZE 
SQUARE 

TEAM LEADER: BRIAN RHETT, P.E.  BRIDGE INSPECTION ACCESS: BOAT 

DIVE INSPECTORS: W. GWALTNEY  BOAT LAUNCH: SANTEE STATE PARK 
TENDERS: W. MOORE       LATITUDE (DD): N33.512745 
ADDITIONAL TEAM 
MEMBER(S): NA       LONGITUDE (DD): W80.475084 

 
CRITICAL FINDINGS: No critical findings were made during this inspection. 
REPAIRS RECOMMENDED: There are no repair recommendations at this time. 
SCOUR CRITICAL: No significant signs of scour observed. 
LOAD RATING: No load rating recommended. 
 
Element and Condition State Ratings of inspected elements can be found in the Bridge Inspection 
Online Application (BIO). 

 
 

2 INTRODUCTION 
 

2.1 Purpose and Scope 
 

SCDOT Bridge Asset ID 5249 carries I-95 NB over Lake Marion in Clarendon County, South 

Carolina. On 02/25/2021, Collins Engineers, Inc. performed a routine underwater inspection at the 

bridge to evaluate the condition of all applicable submerged substructure units (SSUs). This report 

includes a general description of the investigation method, a detailed description of the conditions 

observed, photographs of typical conditions and deficiencies, and bridge and channel drawings. 

 

The scope of the investigation included a visual and/or tactile inspection of all accessible SSUs 

located in the water from the high-water mark to the channel bottom. Depth soundings and channel 

velocity measurements were taken along the bridge’s upstream and downstream fascias to assist 

in scour identification and the documentation of the channel’s condition. Inspection was conducted 























SCDOT BRIDGE INSPECTION FORM
(008) BRIDGE ID: 1410009530100 (005) ROUTE: CLARENDON I-95

(420) ASSET NO: 5258 (006) CROSSING: LAKE MARION

(419) RAMP NO: (009) LOCATION: 7MI S OF SUMMERTON

(026) FUNCTIONAL CLASS: 1 (016) LAT: 33d 30m 19.25s (017) LON: 80d 27m 9.86s

GENERAL BRIDGE DATA

EXISTING REVISED EXISTING REVISED

(027) Year Built 1968 (042) Type Serv; On(A) Und(B) 1 5

(106) Year Recon 0 (028) Lanes; On(A) Und(B) 2 0

(031) Design Load 5 (107) Deck Struct 1

(36A) Railings 1 (108) Wear Surf/Membrane/Prot 1 0 0

(36B) Transitions 1 MAT-SUP-SUB MAT-SUP-SUB

(36C) Appr Guard 1 (043) Main Original (A) 4 2 1

(36D) Appr Guard End 1 Main Reconst (B)

(037) History 5 (044) Appr Orginal (A) 1 04 5

(319) Last Paint Date 07/2017 Appr Reconst (B)

GEOMETRIC DATA

EXISTING REVISED EXISTING REVISED

(032) Appr Rdway 38 FT IN FT IN

(033) Bridge Median 0 (053) Vert Clr Above Deck 99 99

(034) Skew 0 (54A) Vert Clear Ref N

(035) Flared 0 (54B) Vert Clear Right 0 0 0 0

(045) # Main Spans 5 (54C) Vert Clear Left 0 0 0 0

(046) # Appr Spans 80 (10A) Great Min Clr Over/Und 99 99

(048) Max Span Lgth 140 (10B) Great Min Right 99 99

(308) Appr Span Lgth 40 (10C) Great Min Left 99 99

(049) Struct Length 4500

(47A) Horz Clear Right 31 (55A) Lat Clear Ref N

(47B) Horz Clear Left 0 (55B) Lat Clear Right 0

(47UA) Horz Clear Right 0 0 (056) Lat Clear Left 0

(47UB) Horz Clear Left 0 0

(50B) Sidewalk Right 0 (038) Navigation Cont 1 1

(50A) Sidewalk Left 0 (039) Nav Vert Clear 50 50

(051) Curb to Curb 31 (040) Nav Horz Clear 100 100

(052) Deck Out-Out 35.20 (111) Nav Pier Port 4 4

RATINGS DATA

EXISTING REVISED EXISTING REVISED

(58) Deck 5 (041) Traffic Status A

(59) Super Str 6 (063) Rating Method 8 8

(60) Sub Str 5 (064) Operating Method 1.06 1.10

(061) Channel 8 (065) Rating Method 8 8

(062) Culv Ret N (066) Inventory Rating 0.69 0.69

(071) Water Adeq 6 (411) Date Rated 11/2022 10/2021

(072) Appr Rdway 8 (418) Conditions During Rating 5 6 5 5 6 5

(113) Scour Critical 9 Freq Mth/Year Freq Mth/Year

(067) Structure 5 (091, 090) Routine Insp 24 10/2021 24 10/2021

(068) Deck Geom 4 (92A, 93A) Fracture Critical N

(069) Underclear N (92B, 93B) Underwater Insp Y60 02/2021

(070) Bridge Post 5 (92C, 93C) Special Insp Y24 10/2021

Inspection Leader: CHARLES LAFFERTY, MBI Reviewed By:

Date: Date:



Bridge Element Group Textual Data
Bridge ID: 14-1-00095-3-01-00

20 Dec 2022

Abutments and/or Headwalls:

NO NOTEWORTHY DEFECTS AT THE TIME OF INSPECTION

Bents and/or Piers:

BENTS#59-85 HAVE 2)R/C COLUMNS W/ EITHER 1 OR 2 STRUTS; BENTS #2-58 HAVE 4 21" P/S CONC. 
PILES (BENTS #12,24,36, AND 48 HAVE 2 OUTSIDE PILES(SEISMIC)),  ALL WITH R/C CAPS/
   CAPS:
-HAIRLINE TO SMALL (~1/16) FLEXURE CRACKING THRU-OUT CAPS, USUALLY SPACED @ 1’-2’; 
-WIDE VERT. CRACKING IN CAP #47;
-SPALL ON CAP#57 B/W BEAMS 1-2 AND CAP#4 W/ EXPOSED R/S;

COLUMNS AND PILES:
-MOST COLUMNS HAVE CRACKING AND DELAM. AT TOP CONSTR. JOINTS;
-MODERATE TO HEAVY ABRASION (1/2-3/4") AT SPLASH ZONE ON ALL COLUMNS AND PILES;
-MULTIPLE PILES W/CRACKS UP TO 1/8" WIDE OBSERVED BELOW HIGH-WATER MARK. SEE
UNDERWATER REPORT FOR LOCATION SPECIFIC NOTES.
-VEGETATION GROWTH AT BENT 85, PILE 2
-~75% OF PILES HAVE SMALL TO MODERATE VERT. CRACKS IN MOST PRESTR. PILES AT SPLASH
ZONE WITH ~25 OF PILES HAVING WIDE CRACKING (WIDE CRACKS ARE MOSTLY ON FASCIA PILES);
-1'X3' PATCHED SPALL ON P4 ON BT#9;

FOR LOCATION SPECIFIC NOTES, SEE SKETCH SHEET

Bearings:

STEEL GIRDERS=16-EXPANSION ROCKER BEARINGS AND 8-FIXED SHOE BEARINGS:
-BEARINGS UNDER STEEL GIRDERS WERE PAINTED IN 7-2017 AND ARE IN GOOD CONDITION,
ANGLES OF EXP. BEARINGS APPEAR TO BE WITHIN TOLERANCE;
-BEARINGS EXHIBIT MINOR TO MODERATE CORROSION WITH THE WORST CASES APPEARING AT
THE END BEARINGS. BEARINGS WITH MORE SEVERE CORROSION ARE NOTED ON SKETCH SHEET.

PRESTR. BEAMS=220 STEEL ROCKER PLATES :
-MOVABLE/FIXED PLATES HAVE MINOR TO MOD. SURFACE RUST WITH COMPACTION; EVIDENCE OF
FROZEN BEARINGS ON MOVABLE;

TEE BEAMS=FELT PADS:
-OVERALL, APPEARS NOT TO BE WORKING PROPERLY DUE TO NUMEROUS DELAM. AND SPALLS IN
DIAPH’S;

FOR LOCATION SPECIFIC NOTES, SEE SKETCH SHEET

Girders/Floor Beams/Stringers and/or Beams:



6-SAT.: 58 SPANS OF 5-CONCRETE TEE BEAMS,/ 
   FOUR 5'-3"H CONTINUOUS STEEL GIRDERS WITH 7'-9" HAUNCHES PER SPAN (SPANS #75-79):
-VERTICAL CRACKING, DELAMINATIONS AND SPALLING (W/ SOME EXPOSED REBAR) IN DIAPHRAGMS, 
WORSE BEING OVER BENT #75 B/W BEAMS 2-3;

   FIVE P/S CONCRETE BEAMS PER SPAN (SPANS #80-85 + 59-74):
-SMALL SHALLOW SPALLS ON UNDERSIDE OF BEAMS WITH P/S EXPOSED ON SOME SPALLS (WORSE 
AREAS ARE IN SPAN #55 and 70;
-SMALL CRACKING, DELAMINATIONS, AND SPALLING AT BEARINGS AREA THRU-OUT MOST BEAM 
ENDS;

  FIVE R/C TEE BEAMS PER SPAN (SPANS #1-58):
-HAIRLINE FLEXURE CRACKS THRU-OUT BEAMS, TYPICALLY SPACED @ ~1-2’;
-ALL DIAPH'S HAVE SPALLS RANGING FROM SMALL TO SEVERAL SQ FEET THRU-OUT BRIDGE W/ 
SOME HAVING LARGE AREAS OF EXPOSED R/S (SOME OF THE WORSE AREAS ARE OVER BENT #36;

FOR LOCATION SPECIFIC NOTES, SEE SKETCH SHEET

Truss Members:

N/A



Expansion Joints:

2-STEEL OPEN FINGER JOINTS ON BENTS #75 AND 80; 80 POURABLE EXPANSION JOINTS ON ALL 
OTHERS/
-OPEN FINGER JOINTS HAVE ABOUT ~1/4" OF VERTICAL DIFFERENCE BUT STILL IN GOOD CONDITION; 
AND SPANS HAVE ABOUT A 1/4" OF MOVEMENT AT JOINTS;
-POURABLE JOINTS ARE IN SAT. CONDITION WITH OVERALL LEAKAGE ON ABOUT 18 JOINTS, OVER 
P/S BEAMS (EVIDENCE ON CAPS, BEARINGS, AND BEAMS) AND LOSS OF ADHESION  THRU-OUT (~85’);
-WORSE AREAS OF JOINT FAILURES ARE OVER BENT #70, MOST ON 67-69

Decks and/or Slabs:

6.5" R/C TOP FLANGE OVER TEE BEAM (58 AT @40'), 6.5" R/C DECK OVER P/S SPANS (22 AT 70'); 7.5" 
R/C DECK OVER STEEL GIRDERS (2 SPANS AT 110' AND 3 SPANS AT 140')/
OVERALL/GENERAL NOTES:
-HAIRLINE TO MOSTLY SMALL MAP CRACK THRU-OUT DECK;
-LIGHT SCALING WITH MORE WEARING;
-SMALL TO LARGE POP-OUTS THRU-OUT DECK;
-CURB HAS LIGHT ABRASION AT CURB AND DECK CORNER ("CURD AND GUTTER")FROM RAIN 
RUNOFF;
-WORSE AREAS OF CRACKING ARE OVER STEEL SPANS #76-80;
-NUMEROUS PATCHING FROM CONTRACTOR SINCE 2018 INSPECTION;

FOR LOCATION SPECIFIC NOTES SEE SKETCH SHEET

*****DAMAGE INSPECTION (SPECIAL INSP)*****
-SEE ATTACHED DAMAGE INSPECTION REPORT DATED 10-16-2021

Curbs:

6-SAT.: 18" CONCRETE SAFETY CURB;
-LIGHT ABRASION AT CURB AND DECK CORNER FROM RAIN RUNOFF;

Bridge Railing/Parapets and/or Median Barriers:

1-CONCRETE RAILING AND POSTS WITH METAL THRIEBEAM RAILING RETRO FITTED ACROSS 
BRIDGE;
1-METAL THRIEBEAM TRANSITIONS WITH METAL POST;
1-STANDARD "W" BEAM G.R. WITH TIMBER AND METAL POSTS ON THREE APPROACHES;
1-END TERMINAL OR CONTINUOUS G.R. ON ENDS;

-SOME MINOR INSIGNIFICANT DAMAGE THROUGHOUT  THRIE-BEAM RAILING ACROSS BRIDGE;
-DAMAGE AT RAIL UP TO 7' LONG AT SPAN 76, RIGHT SIDE

*****DAMAGE INSPECTION (SPECIAL INSP)*****
-SEE ATTACHED DAMAGE INSPECTION REPORT DATED 10-16-2021

Paint Systems:



GIRDERS=EST. @ 45,000'SF OF PAINTED SURFACE:
-STEEL GIRDERS ARE IN GOOD CONDITION DUE TO BEING PAINTED BY CONTRACTOR IN SUMMER OF
2017;
STEEL ROCKER BEARINGS:
-BEARINGS UNDER PRESTRESSED BEAMS ARE IN FAIR TO MOSTLY POOR CONDITION, WILL NEED TO
BE REHABILITATED IN THE NEAR FUTURE;



Waterway and Scour:

UNDERWATER INSPECTION PERFORMED 02/25/2021, SEE UNDERWATER BRIDGE INSPECTION 
REPORT

-LAKE ALIGNMENT WITH LOW FLOW CHANNEL;
-WELL VEGETATED BANKS;

Fender System:

N/A

Roadway Alignment:

-STRAIGHT HORIZONTAL ALIGNMENT AND SLIGHT VERTICAL CURVE AT BEGINNING, BUT NO SPEED 
REDUCTION IS NECESSARY;

Traffic Signs:

-BRIDGE END PANELS ON APPROACH ENDS ONLY;
-NAVIGATIONAL LIGHT (RED) ON BENT #78 ON UPSTREAM SIDE OF BRIDGE, POWER DISCONNECTED, 
DATE UNKNOWN;
-SPAN #57: "NO STOPPING ON BRIDGE" SIGNAGE;
-SPAN #51: “MILE 100” MILE MARKER SIGNAGE;

Encroachments:

NON-WORKING POWER LINE AND CONDUIT FOR NAVIGATIONAL LIGHTS;



Miscellaneous Notes:

BRIDGE ORIENTAITON: Labeling diagram orientation is opposite direction from the historic orientation of the 
bridge (N-S).

Bridge Asset ID is located on the southeast corner of the bridge.

Bridge Inspected on 10/12/2021. Sunny, 70 degrees.
BITL: Douglas McLendon, PE, Collins Engineers, Inc.
Assistants: Eric Beach, Zane Peterson, Mikayla Young

*****DAMAGE INSPECTION (SPECIAL INSP)*****
-SEE ATTACHED DAMAGE INSPECTION REPORT, DATED 10-16-2021.
-*AT NEXT ROUTINE INSPECTION THE BITL SHALL CANCEL OUT THE (92C,93C) SPECIAL INSP TO 
REVERT BACK TO ROUTINE ONLY, UNLESS ANOTHER SPECICAL INSP IS PERFORMED PRIOR TO 
10/2023*

MBI updated load rating information 12/20/2022. No inspection performed



Bridge Element Level Data
20 Dec 2022

Quantity in Each Condition State

Element No Element Name/Description Units Env Defect 1 2 3 4 Total Qty

107 Steel Open Girder/Beam feet 4 No 2556 0 0 0 2556

109 Prestressed Concrete Open Girder/Beam feet 4 Yes

109 Delamination/Spall/Patched Area feet 4 1080 0 304 8 0 312

109 Exposed Rebar feet 4 1090 0 8 0 0 8

109 Exposed Prestressing feet 4 1100 0 34 0 0 34

109 Cracking (PSC) feet 4 1110 0 220 0 0 220

109 Prestressed Concrete Open Girder/Beam feet 4 Yes 7131 566 8 0 7705

110 Reinforced Concrete Open Girder/Beam feet 4 Yes

110 Cracking (RC and Other) feet 4 1130 11600 0 0 0 11600

110 Reinforced Concrete Open Girder/Beam feet 4 Yes 11600 0 0 0 11600

16 Reinforced Concrete Top Flange sq feet 4 Yes

16 Delamination/Spall/Patched Area sq feet 4 1080 0 1135 25 0 1160

16 Exposed Rebar sq feet 4 1090 0 7 0 0 7

16 Cracking (RC and Other) sq feet 4 1130 12725
2

19840 181 0 147273

16 Abrasion/Wear (PSC/RC) sq feet 4 1190 0 9000 60 0 9060

16 Reinforced Concrete Top Flange sq feet 4 Yes 13510
5

29982 648 0 165735

205 Reinforced Concrete Column each 1 Yes

205 Abrasion/Wear (PSC/RC) each 1 1190 0 54 0 0 54

205 Reinforced Concrete Column each 1 Yes 0 54 0 0 54

215 Reinforced Concrete Abutment feet 3 No 64 0 0 0 64

220 Reinforced Concrete Pile Cap/Footing feet 3 Yes

220 Delamination/Spall/Patched Area feet 3 1080 0 26 0 0 26

220 Reinforced Concrete Pile Cap/Footing feet 3 Yes 28 26 0 0 54

226 Prestressed Concrete Pile each 1 Yes

226 Cracking (PSC) each 1 1110 0 0 105 0 105

226 Abrasion/Wear (PSC/RC) each 1 1190 0 127 0 0 127

226 Prestressed Concrete Pile each 1 Yes 0 127 105 0 232

234 Reinforced Concrete Pier Cap feet 4 Yes

234 Delamination/Spall/Patched Area feet 4 1080 0 7 10 0 17

234 Exposed Rebar feet 4 1090 0 1 0 0 1



234 Cracking (RC and Other) feet 4 1130 2116 424 1 0 2541

234 Abrasion/Wear (PSC/RC) feet 4 1190 0 93 0 0 93

234 Reinforced Concrete Pier Cap feet 4 Yes 2184 525 11 0 2720

301 Pourable Joint Seal feet 3 Yes

301 Leakage feet 3 2310 0 630 0 0 630

301 Seal Adhesion feet 3 2320 0 85 0 0 85

301 Seal Damage feet 3 2330 0 0 112 0 112

301 Pourable Joint Seal feet 3 Yes 1973 715 112 0 2800

304 Open Expansion Joint feet 3 No 62 0 0 0 62

311 Movable Bearing each 2 Yes

311 Corrosion each 2 1000 0 0 105 0 105

311 Connection each 2 1020 0 0 5 0 5

311 Movable Bearing each 2 Yes 16 0 110 0 126

313 Fixed Bearing each 2 Yes

313 Corrosion each 2 1000 0 110 0 0 110

313 Fixed Bearing each 2 Yes 8 110 0 0 118

330 Metal Bridge Railing feet 1 Yes

330 Damage feet 1 7000 0 24 90 0 114

330 Metal Bridge Railing feet 1 Yes 8886 24 90 0 9000

515 Steel Protective Coating sq feet 1 No 43878 0 0 0 43878
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  Asset ID 5258
  I-95 SB over Lake Marion

Collins No.:40-12406
PAGE 1

1 UNDERWATER INSPECTION EXECUTIVE SUMMARY

INSPECTION SUMMARY
ASSET ID: 5258 UW INSP. DATE: 02/25/2021

DISTRICT: 7 MAX WATER DEPTH: 37.8 FEET

COUNTY: CLARENDON COUNTY MAX WATER VELOCITY 0.3 FPS

ROUTE: I-95 SB WATER TEMP.: 60°F

WATERWAY: LAKE MARION UW VISABILITY: 2.0 FEET

INVENTORY 
DIRECTION: NORTH TO SOUTH SUBSTRUCT. TYPE

P/S CONC.
OCTAGONAL PILE 
AND REIN. CONC.
COLUMN

SSU INSPECTED: BENTS 3 THROUGH 84 SUBSTRUCT. SIZE:
21 INCH AND 
VARIOUS SIZE 
SQUARE

TEAM LEADER: BRIAN RHETT, P.E. BRIDGE INSPECTION ACCESS: BOAT

DIVE INSPECTORS: B. RHETT; W. GWALTNEY; W. 
MOORE BOAT LAUNCH: SANTEE STATE PARK

TENDERS: W. GWALTNEY; W. MOORE; J. 
DAVIS      LATITUDE (DD): N33.512745

ADDITIONAL TEAM 
MEMBER(S): NA      LONGITUDE (DD): W80.475084

CRITICAL FINDINGS: No critical findings were made during this inspection.
REPAIRS RECOMMENDED: There are no repair recommendations at this time.
SCOUR CRITICAL: No significant signs of scour observed.
LOAD RATING: No load rating recommended.

Element and Condition State Ratings of inspected elements can be found in the Bridge Inspection 
Online Application (BIO).

2 INTRODUCTION

2.1 Purpose and Scope

SCDOT Bridge Asset ID 5258 carries I-95 SB over Lake Marion in Clarendon County, South 

Carolina. On 02/25/2021, Collins Engineers, Inc. performed a routine underwater inspection at the 

bridge to evaluate the condition of all applicable submerged substructure units (SSUs). This report 

includes a general description of the investigation method, a detailed description of the conditions 

observed, photographs of typical conditions and deficiencies, and bridge and channel drawings.

The scope of the investigation included a visual and/or tactile inspection of all accessible SSUs 

located in the water from the high-water mark to the channel bottom. Depth soundings and channel 

velocity measurements were taken along the bridge’s upstream and downstream fascias to assist 
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SCDOT BRIDGE INSPECTION FORM
(008) BRIDGE ID: 1410009510200 (005) ROUTE: CLARENDON I-95

(420) ASSET NO: 5250 (006) CROSSING: LAKE MARION RELIEF

(419) RAMP NO: (009) LOCATION: 7MI S OF SUMMERTON

(026) FUNCTIONAL CLASS: 1 (016) LAT: 33d 31m 5.28s (017) LON: 80d 26m 8s

GENERAL BRIDGE DATA

EXISTING REVISED EXISTING REVISED

(027) Year Built 1968 (042) Type Serv; On(A) Und(B) 1 5

(106) Year Recon 0 (028) Lanes; On(A) Und(B) 2 0

(031) Design Load 5 (107) Deck Struct 1

(36A) Railings 0 (108) Wear Surf/Membrane/Prot 1 8 8

(36B) Transitions 1 MAT-SUP-SUB MAT-SUP-SUB

(36C) Appr Guard 1 (043) Main Original (A) 1 4 5

(36D) Appr Guard End 1          Main Reconst (B)

(037) History 5 (044) Appr Orginal (A) 0 00 0

(319) Last Paint Date          Appr Reconst (B)

GEOMETRIC DATA

EXISTING REVISED EXISTING REVISED

(032) Appr Rdway 38 FT IN FT IN

(033) Bridge Median 0 (053) Vert Clr Above Deck 99 99

(034) Skew 0 (54A) Vert Clear Ref N

(035) Flared 0 (54B) Vert Clear Right 0 0 0 0

(045) # Main Spans 9 (54C) Vert Clear Left 0 0 0 0

(046) # Appr Spans 0 (10A) Great Min Clr Over/Und 99 99

(048) Max Span Lgth 40 (10B) Great Min Right 99 99

(308) Appr Span Lgth 0 (10C) Great Min Left 99 99

(049) Struct Length 360

(47A) Horz Clear Right 31 (55A) Lat Clear Ref N

(47B) Horz Clear Left 0 (55B) Lat Clear Right 0

(47UA) Horz Clear Right 0 0 (056) Lat Clear Left 0

(47UB) Horz Clear Left 0 0

(50B) Sidewalk Right 0 (038) Navigation Cont 0

(50A) Sidewalk Left 0 (039) Nav Vert Clear 0

(051) Curb to Curb 31 (040) Nav Horz Clear 0

(052) Deck Out-Out 35 (111) Nav Pier Port

RATINGS DATA

EXISTING REVISED EXISTING REVISED

(58) Deck 6 (041) Traffic Status A

(59) Super Str 6 (063) Rating Method 8 8

(60) Sub Str 6 (064) Operating Method 1.86 1.86

(061) Channel 7 (065) Rating Method 7 8

(062) Culv Ret N (066) Inventory Rating 1.43 1.43

(071) Water Adeq 6 (411) Date Rated 10/2021 10/2021

(072) Appr Rdway 8 (418) Conditions During Rating 5 7 7 5 7 7

(113) Scour Critical 5 Freq Mth/Year Freq Mth/Year

(067) Structure 7 (091, 090) Routine Insp 24 10/2021 24 10/2021

(068) Deck Geom 4 (92A, 93A) Fracture Critical N N

(069) Underclear N (92B, 93B) Underwater Insp Y60 02/2021 Y60 02/2021

(070) Bridge Post 5 (92C, 93C) Special Insp N N

Inspection Leader: CHARLES LAFFERTY, MBI Reviewed By:

Date: Date:



Bridge Element Group Textual Data
Bridge ID: 14-1-00095-1-02-00

01 Mar 2022

Abutments and/or Headwalls:

- End Bent 1 backwall in Bay 1, spall [20" x 12" x 3" Deep] (photo 1).
- Along End Bent 1 backwall, vertical cracking [FH x 0.02"] with efflorescence.
- End Bent 1 cap, through cracking [FH x FW x 0.03"]. (unable to verify at the time of this inspection)
- End Bent 10 cap under Bay 4, [2] spalls [8" x 6" x 1" Deep] with exposed rusted rebar [no section 
  loss] (photos 2 and 3).

Bents and/or Piers:

Bents 2 thru 4 and 7 thru 9 [4] PS piles and Bents 5 and 6 [6] PS piles with RC cap.

- Along all piles of interior bents at waterline, scaling [4' High x up to 1/4" Deep].
- Bent 2 Pile 3 at waterline, vertical cracking [up to 3' x 0.05" W]. 
- Bent 3 Pile 3 at waterline, vertical cracking [up to 3' x 0.05" W].
- Bent 4 Piles 2 to 4 at waterline, vertical cracking [up to 3' x 0.05" W] (photo 4).
- Bent 5 Piles 1 and 3 at waterline, vertical cracking [up to 3' x 0.05" W].
- Bent 6 Piles 1, 2, 3, and 5 at waterline, vertical cracking [up to 3' x 0.05" W].
- Bent 7 Piles 1, 3, and 4 at waterline, vertical cracking [up to 3' x 0.05" W].
- Bent 8 Pile 2, spall [30" High x 18" x 2" Deep] (photo 5).
- Bent 8 Pile 4, spall [26" H x 12" W x 1-1/2" Deep] (photo 6).
- Bent 9 Piles 1, 3, and 4 at groundline, vertical cracking [30" x 0.04" W] (photo 7).

Bearings:

Felt pads.

- No defects noted at the time of this inspection.

Girders/Floor Beams/Stringers and/or Beams:

[5] RC T-beams per span with RC diaphragms.

- Throughout all end diaphragms, multiple spalls [up to 12" Diameter x 1" Deep] and vertical cracks [up to 
  FH x 0.02"] some with efflorescence and exposed rusted rebar [no section loss].
- Spans 1 and 9 all beams near midspan, vertical cracking [FH x HL].
- Span 1 underside of Beams 1, 2, and 3, spalling [up to 8" x 1" x 1/2" Deep] (photo 8).
- Span 2 underside of Beams 2, 3, and 5, spalling [up to 8" x 1" x 1/2" Deep] with exposed rusted rebar [no 
  section loss] (photo 9).
- Span 3 Beam 1 over Bent 4, spall with exposed rebar (3').
- Span 5 underside of Beams 1, 3, 4, and 5, spalling [up to 8" x 2" x 1/2"] with exposed rusted rebar
  [13' x 13' with no section loss].
- Span 6 underside of Beams 1 and 5, spalling [8" x 3" x 1/2"] with exposed rusted rebar [no section loss].
- Span 8 Beam 1 over Bent 9, spall [3" Diameter x 1" Deep] with exposed rusted rebar [no section loss]. 
  (unable to verify at the time of this inspection)
- Span 8 underside of Beams 1, 2, 3, and 5 at Bent 9, spalling [8" x 2" x 1/2"] with exposed rusted 
  rebar [no section loss] (photo 10).
- Span 9 Beam 1 over Bent 9, spall [9" x 3" x 1" Deep] with exposed rusted rebar [10% section loss] 
  (photo 11).



Truss Members:

N/A



Expansion Joints:

Pourable silicone.

- Along all joints, seals missing or loss of adhesion [up to 7' per joint] (photo 12).
- Along joint over Bent 1, edge spalling [up to 6" x 3" Deep] (photo 13).
- Along joints over Bents 3 and 4, torn joint material [up to 4' per joint] (photo 14).

Decks and/or Slabs:

6.5" RC deck, [9] spans at 40'.

- Throughout deck surface, moderate abrasion.
- Throughout deck surface in travel lanes, hairline map cracking.
- Deck surface along both sides of joints over Bents 2 through 8, transverse cracking [FW x 0.04" W] 
  (photo 15).
- Deck surface in Spans 3 and 4, exposed shallow rebar (16') (photo 16).
- All spans along bridge rails, debris accumulation [FL x 24" x 6" Deep] (photos 17 and 18).
- Throughout deck underside in all spans, exposed rusted rebar chairs [200SF per span].

Curbs:

RC curbs on both sides.

- No defects noted at the time of this inspection.

Bridge Railing/Parapets and/or Median Barriers:

RC rails and posts with steel thriebeam.

- Along both bridge rails, minor impact damage [up to 28'].
- All spans along outer face of both concrete bridge rails at random locations, spalling [up to 4" Diameter] 
  with exposed rusted rebar [no section loss].

Paint Systems:

N/A



Waterway and Scour:

- Rip rap in place at waterline.

*Underwater Inspection Performed 02/23/2021, See Underwater Bridge Inspection Report.

Fender System:

N/A

Roadway Alignment:

Straight no reduction of speed required.

Traffic Signs:

[2] Delineators in place on approach end.

Encroachments:

N/A



Miscellaneous Notes:

- Throughout South approach adjacent to joint over End Bent 1, [4] spalls [up to 36" x 6" x 4"] (photo 19).

BRIDGE ORIENTATION:  Labeling diagram orientation is the same direction as the historic orientation of the 
bridge, South to North.

Asset ID plaque is not provided at this bridge.
Bridge ID plaque is located on exterior of East curb at South end.

Bridge inspected on October 21, 2021.  Weather:  Partly cloudy, 72°F.
BITL:  Todd Powell, Volkert, Inc. for Collins Engineers, Inc.
Assistant:  Tim Earp

*Underwater Inspection Performed 02/23/2021, See Underwater Bridge Inspection Report; Weather: 55°F, 
Sunny

MBI corrected load rating data on 3/1/2022. No inspection performed.



Bridge Element Level Data
01 Mar 2022

Quantity in Each Condition State

Element No Element Name/Description Units Env Defect 1 2 3 4 Total Qty

110 Reinforced Concrete Open Girder/Beam feet 4 Yes

110 Delamination/Spall/Patched Area feet 4 1080 0 0 6 0 6

110 Exposed Rebar feet 4 1090 0 35 0 0 35

110 Cracking (RC and Other) feet 4 1130 10 3 0 0 13

110 Reinforced Concrete Open Girder/Beam feet 4 Yes 1746 38 6 0 1790

12 Reinforced Concrete Deck sq feet 4 Yes

12 Delamination/Spall/Patched Area sq feet 4 1080 0 52 0 0 52

12 Exposed Rebar sq feet 4 1090 0 16 0 0 16

12 Cracking (RC and Other) sq feet 4 1130 0 360 0 0 360

12 Abrasion/Wear (PSC/RC) sq feet 4 1190 0 10080 0 0 10080

12 Reinforced Concrete Deck sq feet 4 Yes 2092 10508 0 0 12600

226 Prestressed Concrete Pile each 4 Yes

226 Delamination/Spall/Patched Area each 4 1080 0 0 2 0 2

226 Cracking (PSC) each 4 1110 0 3 13 0 16

226 Abrasion/Wear (PSC/RC) each 4 1190 0 22 0 0 22

226 Prestressed Concrete Pile each 4 Yes 0 25 15 0 40

234 Reinforced Concrete Pier Cap feet 4 Yes

234 Delamination/Spall/Patched Area feet 4 1080 0 0 1 0 1

234 Reinforced Concrete Pier Cap feet 4 Yes 349 0 1 0 350

301 Pourable Joint Seal feet 3 Yes

301 Seal Adhesion feet 3 2320 0 0 50 0 50

301 Seal Damage feet 3 2330 0 0 8 0 8

301 Pourable Joint Seal feet 3 Yes 292 0 58 0 350

331 Reinforced Concrete Bridge Railing feet 2 Yes

331 Delamination/Spall/Patched Area feet 2 1080 0 50 0 0 50

331 Damage feet 2 7000 0 28 0 0 28

331 Reinforced Concrete Bridge Railing feet 2 Yes 642 78 0 0 720
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SCDOT BRIDGE INSPECTION FORM
(008) BRIDGE ID: 1410009530200 (005) ROUTE: CLARENDON I-95

(420) ASSET NO: 5259 (006) CROSSING: LAKE MARION RELIEF

(419) RAMP NO: (009) LOCATION: 7MI S OF SUMMERTON

(026) FUNCTIONAL CLASS: 1 (016) LAT: 33d 31m 5.97s (017) LON: 80d 26m 8.80s

GENERAL BRIDGE DATA

EXISTING REVISED EXISTING REVISED

(027) Year Built 1968 (042) Type Serv; On(A) Und(B) 1 5

(106) Year Recon 0 (028) Lanes; On(A) Und(B) 2 0

(031) Design Load 5 (107) Deck Struct 1

(36A) Railings 0 1 (108) Wear Surf/Membrane/Prot 1 8 8

(36B) Transitions 1 1 MAT-SUP-SUB MAT-SUP-SUB

(36C) Appr Guard 1 1 (043) Main Original (A) 1 4 5

(36D) Appr Guard End 1 1          Main Reconst (B)

(037) History 5 (044) Appr Orginal (A) 0 00 0

(319) Last Paint Date          Appr Reconst (B)

GEOMETRIC DATA

EXISTING REVISED EXISTING REVISED

(032) Appr Rdway 38 FT IN FT IN

(033) Bridge Median 0 (053) Vert Clr Above Deck 99 99

(034) Skew 0 (54A) Vert Clear Ref N

(035) Flared 0 (54B) Vert Clear Right 0 0 0 0

(045) # Main Spans 9 (54C) Vert Clear Left 0 0 0 0

(046) # Appr Spans 0 (10A) Great Min Clr Over/Und 99 99

(048) Max Span Lgth 40 (10B) Great Min Right 99 99

(308) Appr Span Lgth 0 (10C) Great Min Left 99 99

(049) Struct Length 360

(47A) Horz Clear Right 31 (55A) Lat Clear Ref N

(47B) Horz Clear Left 0 (55B) Lat Clear Right 0

(47UA) Horz Clear Right 0 0 (056) Lat Clear Left 0

(47UB) Horz Clear Left 0 0

(50B) Sidewalk Right 0 (038) Navigation Cont 0

(50A) Sidewalk Left 0 (039) Nav Vert Clear 0

(051) Curb to Curb 31 (040) Nav Horz Clear 0

(052) Deck Out-Out 35 (111) Nav Pier Port

RATINGS DATA

EXISTING REVISED EXISTING REVISED

(58) Deck 6 6 (041) Traffic Status A

(59) Super Str 7 6 (063) Rating Method 8 8

(60) Sub Str 7 6 (064) Operating Method 1.38 1.86

(061) Channel 7 7 (065) Rating Method 8 8

(062) Culv Ret N (066) Inventory Rating 1.06 1.43

(071) Water Adeq 8 8 (411) Date Rated 05/2021 10/2021

(072) Appr Rdway 8 8 (418) Conditions During Rating 6 7 7

(113) Scour Critical 5 Freq Mth/Year Freq Mth/Year

(067) Structure 7 (091, 090) Routine Insp 24 10/2020 24 10/2021

(068) Deck Geom 4 (92A, 93A) Fracture Critical N

(069) Underclear N (92B, 93B) Underwater Insp Y60 02/2021

(070) Bridge Post 5 (92C, 93C) Special Insp N

Inspection Leader: TODD POWELL, VOLKERT Reviewed By: AARON IMMEL, VOLKERT

Date: Date: 12/28/2021



Bridge Element Group Textual Data
Bridge ID: 14-1-00095-3-02-00

28 Dec 2021

Abutments and/or Headwalls:

- End Bent 1 backwall, horizontal crack [FL x 0.03"] with efflorescence (photo 1).

Bents and/or Piers:

Bents 2 through 4 and 7 through 9 [4] PS piles, Bents 5 and 6 [6] PS piles with RC cap.

- Throughout Bents 3 to 8 all piles in normal water zone, scaling with exposed aggregate [4' High x up to 1/4" 
  Deep] (photo 2).
- Bent 3 Piles 1 through 4 in normal water zone, vertical cracking [up to 36" x up to 0.10"]
- Along Bents 4 and 6 caps, through-cracking [FH x 0.03"] (photo 3).
- Bent 5 Piles 4 and 6 in normal water zone, vertical cracking [up to 36" x up to 0.10"]
- Bent 7 Pile 1 in normal water zone, vertical crack [up to 36" x up to 0.10"]
- Bent 8 Pile 2 in normal water zone, vertical crack [up to 36" x up to 0.10"] (photo 4).
- Bent 8 North face of cap under Beam 2, vertical and horizontal cracking [1' High x 1' Wide x 0.02"].
- Bent 9 Pile 3 at groundline, spall [14" x 14"x 1" Deep] with vertical crack [20" x 0.03"] (photo 5).

Bearings:

Felt pads.

- No defects noted at the time of this inspection.

Girders/Floor Beams/Stringers and/or Beams:

[5] RC T-beams per span with RC diaphragms.

- Throughout all end diaphragms, spalling [up to 12" diameter x 1" Deep] and vertical cracking [up to FH 
  x 0.03"] some with efflorescence and some with exposed rebar (photo 6).
- Span 2 underside of Beams 2 through 4, exposed shallow rusted rebar [up to 6"] [no section loss] (2LF 
  total) (photo 7).
- Span 3 Beam 1 at midspan, vertical cracking [FH x 0.03"].
- Span 3 underside of Beams 1 through 4 and Span 4 Beam 5, spalling [up to 8" x up to 4" x 1/2" Deep] with 
  exposed rusted rebar [no section loss] (8LF total of exposed rebar) (photo 8).
- Span 7 underside of Beam 5 over Bent 7, spall [8" x 2" x 1/2"] with exposed rusted rebar [no section 
  loss].
- Span 9 underside of Beam 5 over Bent 9, spall [FW x 16" x 1" Deep] with exposed rusted rebar [minor 
  section loss] (photo 9).



Truss Members:

N/A



Expansion Joints:

Pourable silicone.

- Along all joints, loss of seal adhesion [3' per joint].
- Joint over Bent 1 in left travel lane, missing seal.

Decks and/or Slabs:

6.5" RC deck, [9] spans at 40'.

- Throughout deck surface, minor abrasion.
- Throughout travel lanes, hairline map cracking.
- Throughout deck surface, transverse cracking [up to 8' x 0.03"] (photo 10).
- Spans 1 through 4 throughout deck surface, exposed shallow rebar (photos 11 and 12).
- Throughout underside of overhangs in all spans, exposed rusted rebar chairs [75SF per span].

Curbs:

RC curbs on both sides.

- Along left curb at random locations, spalls/delaminations [up to 6" Diameter].

Bridge Railing/Parapets and/or Median Barriers:

RC rails and posts with steel thriebeam.

- Along both rails, minor impact damage [up to 52'].

Paint Systems:

N/A



Waterway and Scour:

- Rip rap in place at waterline.

*Underwater Inspection Performed 02/23/2021, See Underwater Bridge Inspection Report.

Fender System:

N/A

Roadway Alignment:

Straight no reduction of speed required.

Traffic Signs:

[2] Delineators in place on approach end.

Encroachments:

N/A



Miscellaneous Notes:

- South approach in left and right lane adjacent to joint over End Bent 1, spalling [up to 4' x 6' x 3"]
 (photo 13).

BRIDGE ORIENTATION:  Labeling diagram orientation is the same direction as the historic orientation of the 
bridge, South to North.

Asset ID plaque not provided on this bridge.
Bridge ID plaque is located on the exterior of East curb at South end.

Inspected on October 21, 2021.  Weather:  Sunny, 72°F.
BITL:  Todd Powell, Volkert, Inc. for Collins Engineers, Inc.
Assistant:  Tim Earp

*Underwater Inspection Performed 02/23/2021, See Underwater Bridge Inspection Report. Weather: 53°F, 
Sunny.



Bridge Element Level Data
28 Dec 2021

Quantity in Each Condition State

Element No Element Name/Description Units Env Defect 1 2 3 4 Total Qty

110 Reinforced Concrete Open Girder/Beam feet 4 Yes

110 Delamination/Spall/Patched Area feet 4 1080 0 0 13 0 13

110 Exposed Rebar feet 4 1090 0 5 1 0 6

110 Cracking (RC and Other) feet 4 1130 0 5 0 0 5

110 Reinforced Concrete Open Girder/Beam feet 4 Yes 1776 10 14 0 1800

12 Reinforced Concrete Deck sq feet 4 Yes

12 Delamination/Spall/Patched Area sq feet 4 1080 0 0 8 0 8

12 Cracking (RC and Other) sq feet 4 1130 0 280 0 0 280

12 Abrasion/Wear (PSC/RC) sq feet 4 1190 0 3430 0 0 3430

12 Reinforced Concrete Deck sq feet 4 Yes 8882 3710 8 0 12600

226 Prestressed Concrete Pile each 4 Yes

226 Delamination/Spall/Patched Area each 4 1080 0 0 1 0 1

226 Cracking (PSC) each 4 1110 0 2 6 0 8

226 Abrasion/Wear (PSC/RC) each 4 1190 0 27 0 0 27

226 Prestressed Concrete Pile each 4 Yes 0 29 7 0 36

234 Reinforced Concrete Pier Cap feet 4 Yes

234 Efflorescence/Rust Staining feet 4 1120 0 1 0 0 1

234 Cracking (RC and Other) feet 4 1130 0 8 0 0 8

234 Reinforced Concrete Pier Cap feet 4 Yes 371 9 0 0 380

301 Pourable Joint Seal feet 3 Yes

301 Seal Adhesion feet 3 2320 0 30 0 12 42

301 Pourable Joint Seal feet 3 Yes 308 30 0 12 350

330 Metal Bridge Railing feet 1 Yes

330 Damage feet 1 7000 0 52 0 0 52

330 Metal Bridge Railing feet 1 Yes 668 52 0 0 720

331 Reinforced Concrete Bridge Railing feet 2 Yes

331 Delamination/Spall/Patched Area feet 2 1080 0 18 0 0 18

331 Reinforced Concrete Bridge Railing feet 2 Yes 702 18 0 0 720
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Asset ID 
Number: 5259 Bridge Inspection Date: 10/21/2021 

7 West Profile Looking East 8 East Profile Looking West 

9 Upstream Looking West 10 Downstream Looking East 
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Asset ID 
Number: 5259 Bridge Inspection Date: 10/21/2021 

13 
Typical Superstructure Framing/Underside (Span 2 

Shown) 
14 Typical Interior Bent (Bent 8 Shown) 

15 
Typical End Bent and Slope Protection (End Bent 2 

Shown) 
16 
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Existing Bridge Plans 

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief
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Santee Cooper 
Provided Information

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief
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Orangeburg County 
Land Use Maps

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief



Current Land Use Map - Orangeburg County, SC: 2018 Comprehensive Plan 
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Future Land Use Map - Orangeburg County, SC: 2018 Comprehensive Plan 
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Appendix III:
Scour Documentation 

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief



USGS Bridge-Scour 
Envelope Curve Approach 

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief



Lake Marion Proposed Conditions – USGS Bridge-Scour Envelope Curves Method 

Average m value = [1-(Summation of Bridges/Total Floodplain Width)] = [1- (4,899’/13,475’) ] = 0.64 

13,475’ = Upstream Floodplain Width 

4,524’ = Main Bridge 375’ = Relief Bridge 

3,700’ = Main Bridge 
Left Embankment 

570’ = Main Bridge 
Right Embankment 

960’ = Relief Bridge 
Right Embankment 

3,346’ = Relief Bridge 
Left Embankment 

Ineffective Flow 

Flow Split/ 
Stagnation Point 

Geometric Contraction Ratio Calculation – 1% AEP Elevation 78.75 ft NAVD88 on USGS LiDAR  

jalaw
Rectangle



Lake Marion Proposed Conditions – USGS Bridge-Scour Envelope Curves Method – FEMA Delineation Identical 

Average m value = [1-(Summation of Bridges/Total Floodplain Width)] = [1- (4,899’/13,475’) ] = 0.64 

570’ = Main Bridge 
Right Embankment 

3,700’ = Main Bridge 
Left Embankment 

13,475’ = Upstream Floodplain Width 

960’ = Relief Bridge 
Right Embankment 

3,346’ = Relief Bridge 
Left Embankment 

Ineffective Flow 

375’ = Relief Bridge 4,524’ = Main Bridge Flow Split/ 
Stagnation Point 

Geometric Contraction Ratio Calculation – 1% AEP Elevation 76 ft NAVD88 on USGS LiDAR  

jalaw
Rectangle



Main Bridge Envelope Curve 100-year Scour: 

(Abutment scour hole top width of 70FT begins at toe of abutment - only expected to affect 1 bent on each side) 

Main Bridge Envelope Curve 500-year Scour: 

Abutment scour hole top width of 70FT begins at toe of abutment - only expected to affect 1 bent on each side) 



Relief Bridge Envelope Curve 100-year Scour: 

(Abutment scour hole top width of 70FT begins at toe of abutment - only expected to affect 1 bent on each side) 

Relief Bridge Envelope Curve 500-year Scour: 

Abutment scour hole top width of 70FT begins at toe of abutment - only expected to affect 1 bent on each side) 



https://pubs.er.usgs.gov/publication/sir20165121

http://pubs.usgs.gov/ds/0845/

http://pubs.usgs.gov/sir/2012/5029/

http://pubs.usgs.gov/sir/2009/5099/

http://pubs.usgs.gov/sir/2005/5289/

http://pubs.usgs.gov/wri/wri034064/

Benedict, S.T., 2003, Clear-water abutment and contraction scour in the 
Coastal Plain and Piedmont Provinces of South Carolina, 1996–99: U.S. 
Geological Survey Water-Resources Investigations Report 03–4064, 137 p. 

Benedict, S.T., and Caldwell, A.W., 2012, Modification of selected South 
Carolina bridge-scour envelope curves:U.S. Geological Survey Scientific 
Investigations Report 2012-5029, 37 p.

Benedict, S.T., and Caldwell, A.W., 2009, Development and evaluation of 
live-bed pier and contraction scour envelope curves in the Coastal Plain and 
Piedmont Provinces of South Carolina, U.S. Geological Survey Scientific 
Investigations Report 2009–5099, 108 p.

Benedict, S.T., and Caldwell, A.W., 2006, Development and evaluation of 
clear-water pier and contraction scour envelope curves in the Coastal Plain 
and Piedmont Provinces of South Carolina: U.S. Geological Survey 
Scientific Investigations Report 2005–5289, 98 p. 

The South Carolina 
 Bridge-Scour Envelope Curve Template

2016

Benedict, S.T., and Caldwell, A.W., 2014, A pier-scour database—2,427 
field and laboratory measurements of pier scour: U.S. Geological Survey 
Data Series 845, 22 p.

Benedict, S.T., Feaster, T.D., and Caldwell, A.W., 2016, The South Carolina 
bridge-scour envelope curves: U.S. Geological Survey Scientific 
Investigations Report 2016-5121, 96 p.

The South Carolina Bridge-Scour Envelope Curve Template was designed to provide a consistent procedure to apply the South 
Carolina bridge-scour envelope curves. The template was tested with a limited number of bridges and corrections were made as 
necessary.

The development of the South Carolina bridge-scour envelope curves is documented in a series of five reports published over a 
period from 2003 to 2014 (reports listed below with website links).  Benedict and others (2016; website link below) provides a 
summary of those five previous reports and the 2016 report should be used as the primary source for guidance in applying the 
envelope curves and understanding their limitations.  However, the earlier five reports provide important background information, and 
users of this template should be familiar with their content. The South Carolina bridge-scour envelope curves are useful 
supplementary tools for assessing scour potential at bridges in South Carolina. However, there are limitations associated with these 
empirical methods that must be considered in their application. The reports listed below (with website links) describe these limitations, 
and users of this template should be familiar with their content.

Although much effort was expended in the development and review of this template, no warranty, expressed or implied, is made by 
the U.S. Geological Survey as to the accuracy and functioning of the template and related template materials.

Page 1 of 36

Main Bridge Scour Analysis 

USGS SC Bridge-Scour Envelope Curve Spreadsheet



A Note to Template Users:

Abbreviations Used in the Template

# number
CH channel
D/S downstream
DA drainage area
DMS degrees-minutes-seconds
FEMA Federal Emergency Management Agency
ft feet
HEC-18 Hydraulic Engineering Circular No. 18 (Arneson and others, 2012)
HWM high water mark
LABUT left abutment
LEW left edge of water
LTB left top bank
LOB left overbank
m geometric-contraction ratio
N/A not applicable
RABUT right abutment
REW right edge of water
ROB right overbank
RTB right top bank
SCDOT South Carolina Department of Transportation
sq mi square mile
topo topographic
USGS U.S. Geological Survey
WSEL water-surface elevation

References Used in the Template

Benedict, S.T., Feaster, T.D., and Caldwell, A.W., 2016, The South Carolina bridge-scour 
envelope curves: U.S. Geological Survey Scientific Investigations Report 2016-5121, 96 p.

Arneson, L.A., Zevenbergen, L.W., Lagasse, P.F., and Clopper, P.E., 2012, Evaluating 
scour at bridges (5th ed.): Federal Highway Administration Hydraulic Engineering Circular 
No. 18, Publication No. FHWA-HIF-12-003, 340 p.

Benedict, S.T., and Caldwell, A.W., 2006, Development and evaluation of clear-water pier 
and contraction scour envelope curves in the Coastal Plain and Piedmont Provinces of 
South Carolina: U.S. Geological Survey Scientific Investigations Report 2005–5289, 98 p. 

Benedict, S.T., and Caldwell, A.W., 2009, Development and evaluation of live-bed pier and 
contraction scour envelope curves in the Coastal Plain and Piedmont Provinces of South 
Carolina, U.S. Geological Survey Scientific Investigations Report 2009–5099, 108 p.

Benedict, S.T., and Caldwell, A.W., 2012, Modification of selected South Carolina bridge-
scour envelope curves: U.S. Geological Survey Scientific Investigations Report 2012-5029, 
37 p.

Benedict, S.T., and Caldwell, A.W., 2014, A pier-scour database—2,427 field and laboratory 
measurements of pier scour: U.S. Geological Survey Data Series 845, 22 p.

Benedict, S.T., 2003, Clear-water abutment and contraction scour in the Coastal Plain and 
Piedmont Provinces of South Carolina, 1996–99: U.S. Geological Survey Water-Resources 
Investigations Report 03–4064, 137 p.

          Throughout this workbook there are several locations where users are asked to fill in bridge-site 
information and where users have the option to select their preferred bridge-scour envelope curve. The 
authors recommend that a blank template be used when starting a new bridge-scour assessment to 
avoid mistakes possible when back-tracking through a previously populated template. 
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 Bridge-Scour Envelope Curve Template

1

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Road:

Physiographic Region (for scour): Coastal Plain Multiple Bridge? Yes Bridge Length: 4523.67 ft
Relief Bridge? No

Latitude: 33:30:15.83DMS Drainage Area: 14400 sq mi
Longitude: 80:27:14.98DMS

Hydraulic Model Data (Stations for bridge cross section are based on unconstricted approach section station with bridge projected on to approach)

No

LEW station at bridge (based on approach): ft
REW station at bridge (based on approach): ft
Left abutment toe station (based on approach): ft
Right abutment toe station (based on approach): ft

CHECK (Single bridge data): Channel topwidth (model): 0 ft
Distance from toe to toe (model): No Data ft

Left embankment length (model): No Data ft
Right embankment length (model): No Data ft
m (model): No Data

SCDOT Plan Data (Be sure to check for tie equalities)

No

LEW station at bridge: ft
SCDOT Road Plan number: REW station at bridge: ft
Use HWM or average flood-plain flow depth for WSEL?** Left abutment toe station: ft
WSEL on SCDOT datum: ft Right abutment toe station: ft

ft ft

ft ft

Unconstricted cross-section topwidth from plans: No Data ft

CHECK (Single bridge data): Channel topwidth (plans): 0 ft
Do embankment lengths and toe-to-toe distance Distance from toe to toe (plans): No Data ft
equal unconstricted cross-section topwidth?

Left embankment length (plans): No Data ft
Right embankment length (plans): No Data ft
m (plans): No Data

**NOTE: Average flood-plain flow depth in Coastal Plain and Piedmont is approximately 7 ft.

Topographic Map Data

Yes
Good

Does topo  indicate wide, flat floodplain? Yes
Does topo  indicate severe meander just upstream? No CHECK (Single bridge data):
Bridge length as provided by SCDOT (verify with topo map if possible): 4899 ft Does sum of embankment and bridge lengths 

LTB station at bridge (if relief bridge or swampy, poorly 
defined channel, leave cell empty):

*Use a blank template when starting new assessments*

LTB station at bridge (if relief bridge or swampy, poorly 
defined channel, leave cell empty):

Quality of Model Data:

ft

RTB station at bridge (if relief bridge or swampy, poorly 
defined channel, leave cell empty):

N/A

ft

ft

Do embankment lengths and toe-to-toe distance equal 
unconstricted cross-section topwidth? (approach before 
cross-section)

No Data

RTB station at bridge (if relief bridge or swampy, poorly 
defined channel, leave cell empty):

REW station at unconstricted approach cross section; OR right 
stagnation point for multiple bridge (if no data, leave cell empty):

N/A

Unconstricted cross-section topwidth from model data (approach 
before cross-section):

Site Information

(Fill in gray shaded cells; leave blank if data not available.)

LEW station at unconstricted cross section from plans (if no data, 
leave cell empty):
REW station at unconstricted cross section from plans
(if no data, leave cell empty):

Data Available?
Quality of Plan Data:

Yes

05249 & 05258
Orangeburg & Clarendon

Lake Marion
I-95

Swampy, Poorly Defined 
Channel?

ft

Data Available?

LEW station at unconstricted approach cross section; OR left 
stagnation point for multiple bridge (if no data, leave cell empty):

ft

N/A

Data Available?
Quality of Map Data:
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 Bridge-Scour Envelope Curve Template

Approach flood-plain topwidth (topo map):** 13475 ft equal approach flood-plain topwidth?
Left embankment length (topo map): 3700 ft
Right embankment length (topo map): 570 ft
m (topo map): 0.64

**NOTE: The approach cross section should represent the unconstricted natural cross section located approximately one bridge-width upstream of the bridge of interest. 
**NOTE: The HWM from the SCDOT plans, HWM from flood documentation, or the average flood-plain flow depth should be used to approximate the flood-plain topwidth.

FEMA/Other Map Data

Yes
Good

If "Other Map," describe:

Bridge length as provided by SCDOT (verify with FEMA/Other map if possible): 4899 ft
Approach flood-plain topwidth (FEMA/Other map):** 13475 ft CHECK (Single bridge data):
Left embankment length (FEMA/Other map): 3700 ft Does sum of embankment and bridge lengths 
Right embankment length (FEMA/Other map): 570 ft  equal approach flood-plain topwidth?
m (FEMA/Other map): 0.64

**NOTE: The inundated areas on the FEMA/Other map should be used to approximate the flood-plain topwidth.

N/A

**NOTE: The approach cross section should represent the unconstricted natural cross section located approximately one 
bridge-length upstream of the bridge of interest. 

Data Available?

N/A

Quality of Map Data:

Site Info Page 2  of  38



 Bridge-Scour Envelope Curve Template

2

Comparison of Geometric-Contraction Ratios [m]

Select Source for m: Source Used:

m Value
m from model: No Data
m from road plans: No Data
m from topographic map: 0.64
m from FEMA/Other map: 0.64
USE m: 0.64

**NOTE: The "USE m" value is automatically selected, but can be overridden by typing in another value. If the originally selected value of m is overridden, justification should be provided in the comments below.

Comparison of Embankment Lengths

Select Source for Embankment Length: Source Used:

Embankment 
Length  (ft) Quality of Source Data Embankment 

Length  (ft) Quality of Source Data

Embankment length from model: No Data No Data No Data No Data
Embankment length from road plans: No Data No Data No Data No Data
Embankment length from topographic map: 3700 Good 570 Good
Embankment length from FEMA/Other map: 3700 Good 570 Good

USE embankment length: 3700 ft 570 ft

CHECK:

If so, use the maximum embankment length from the selected 
"Source Used" for left and right  embankment length.

Comparison of Overbank Widths underneath Bridge

Select Source for Overbank Width: Source Used:

Left Overbank Width Right Overbank Width
(Left abutment toe to left top of bank)** (Right top of bank to right abutment toe)**

Overbank width (Old SCDOT plans if available): No Data ft No Data ft
Overbank width (Hydraulic Model): No Data ft No Data ft

USE overbank width: No Data ft No Data ft

CHECK:
Is overbank width greater than or equal to 10 feet?++ No Data No Data

**NOTE: If the site is a relief bridge or has a swampy, poorly defined channel, then the overbank width will be determined by splitting the toe-to-toe width between the left and right overbanks.

No

Topo Map

Topo Map

Is this a relief or swampy bridge with a poorly defined channel 
and a bridge length less than or equal to 240 ft?

**NOTE: The "USE embankment length" value is automatically selected, but can be overridden by typing in another value. If the originally selected value of embankment length is overridden, justification should be provided in the 
comments below.

 ++NOTE: The SCDOT Requirements Manual recommends for new and replacement bridges that there be a minimum 10 foot setback distance from the top of bank to the abutment toe (written commun., S.T. Benedict, South Carolina 
Department of Transportation, September 12, 2016).

**NOTE: In most cases, the model data should provide a reasonable estimate of m and should be given strong consideration in the selection of the final m. The other sources of data (road plans and maps) should be used to confirm the 
m estimate based on the model data. The road plans are based on an actual survey, likely providing a better data source for confirming the m determined from the model data. The details associated with the topographic and FEMA/Other 
maps  will often be limited, causing discrepancies in the estimate of m. When significant discrepancies in the estimate of m exist between the four data sources, the user should determine the reason for the discrepancy and then select a 
reasonable, but conservative estimate of m. As a general rule, the selected m and embankment lengths should come from the same data source.

No Data

Right Left

**NOTE: The overbank width information is compared with the topwidth of the abutment-scour hole to determine how much of the overbank width will be covered by the abutment-scour hole and how much will remain for overbank scour.

SCDOT Plans

Good

Quality of Source Data

No Data

**NOTE: In most cases, the model data should provide a reasonable estimate of embankment lengths and should be given strong consideration in the selection of the final embankment lengths. The other sources of data (road plans and 
maps) should be used to confirm the embankment length estimates baed on the model data. The road plans are based on an actual survey, likely providing a better data source for confirming the embankment lengths determined from 
the model data. The details associated with the topographic and FEMA/Other maps will often be limited, causing discrepancies in the estimate of embankment length.  When significant discrepancies in the estimate of embankmnent 
lengths exist between the four data sources, the user should determine the reason for the discrepancy and then select a reasonable, but conservative estimate of embankment length. As a general rule, the selected m and embankment 
lengths should come from the same data source.

Good
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 Bridge-Scour Envelope Curve Template

3

Comments:
1

2

3

4

5

6

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field samples; it is possible that scour could 
exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range of data and site characteristics used to develop the envelope curves. The 
uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour data have the largest uncertainty.

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier geometries; and washout of approach 
road embankments.

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with the 100-year flow. Similarly, the 
500-year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year flow condition, but should not be considered a definitive estimate of the 
scour depth associated with the 500-year flow. 

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.
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 Bridge-Scour Envelope Curve Template

1

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Orangeburg & Clarendon Road:

Multiple Bridge? Yes Bridge Length: 4523.67 ft
Physiographic Region: Coastal Plain Relief Bridge? No

Drainage Area: 14400 sq mi
Latitude: 33:30:15.83 DMS
Longitude: 80:27:14.98 DMS

Drainage Area Check -- Original Curve (Benedict and others, 2016; Benedict, 2003):
Drainage Area Check -- Modified Curve (Benedict and others, 2016; Benedict and Caldwell, 2012):

Comparison of Geometric-Contraction Ratios [m]

m Value
m from model: No Data
m from road plans: No Data
m from topographic map: 0.64
m from FEMA/Other map: 0.64
USE m: (from "Site Info" Sheet) 0.64

m range check -- Original Curve (Benedict and others, 2016; Benedict, 2003): OK
m range check -- Modified Curve (Benedict and others, 2016; Benedict and Caldwell, 2012): OK

Guidance:
Original Clear-Water Abutment-Scour Curves
(Benedict and others, 2016; Benedict, 2003)
Limits:  1)  For Piedmont sites the maximum m =0.82, but 0.86 could be justified with caution.

2) For Coastal Plain sites the maximum m =0.98, but use caution when greater than 0.9.
3) Drainage area should fall within range of measured data and caution should be used as drainage area approaches limits of data.

Modified Clear-Water Abutment-Scour Curve
(Benedict and others, 2016; Benedict and Caldwell, 2012)
Limits: 1)  For Piedmont sites the maximum m =0.85.

2) For Coastal Plain sites the maximum m =0.9.
3) Drainage area should fall within the range of measured data and caution should be used as drainage area approaches limits of data.

Yes         Swampy, Poorly Defined 
Channel?

05249 & 05258

DA OUTSIDE RANGE (Above)

Clear-Water Abutment-Scour Estimate
(occurs in the abutment region)

(Option to fill in/modify gray shaded cells. Other cells are selected/calculated automatically.)

Lake Marion
I-95

Quality of Source 

No Data
Good
Good

**NOTE: The "USE m" value is automatically pulled from the Site Info Sheet.

No Data

DA OUTSIDE RANGE (Above)
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 Bridge-Scour Envelope Curve Template

2

Comparison of Embankment Lengths

Embankment 
Length  (ft)

Embankment 
Length  (ft)

Quality of Source 
Data

Embankment length from model: No Data No Data No Data
Embankment length from road plans: No Data No Data No Data
Embankment length from topographic map: 3700 570 Good
Embankment length from FEMA/Other map: 3700 570 Good
USE embankment length (from Site Info Sheet ): 3700 570

CHECK:

Guidance:
Original Clear-Water Abutment-Scour Curves
(Benedict and others, 2016; Benedict, 2003)
Limits: 1) If the bridge is a relief or swampy bridge with a length of 240 ft or less, the longest embankment length for the left or right embankments should be used at both abutments.

2) For Piedmont sites the maximum embankment length = 950 ft.
3) For Coastal Plain sites the maximum embankment length = 7,440 ft, but most of the data is for lengths of about 2,000 ft or less. Caution must be used when values exceed 2,000 ft.
4) Drainage area should fall within the range of measured data and caution should be used as drainage area approaches limits of data.

Modified Clear-Water Abutment-Scour Curve
(Benedict and others, 2016; Benedict and Caldwell, 2012)
Limits: 1) If the bridge is a relief or swampy bridge with a length of 240 ft or less, the longest embankment length for the left or right embankments should be used at both abutments.

2) For Piedmont and Coastal Plain sites, the maximum embankment length = 500 ft.
3) Drainage area should fall within the range of measured data and caution should be used as drainage area approaches limits of data.

If so, use the maximum embankment length from the selected "Source Used" (see 
"Site Info" Sheet) for left and right embankment lengths.

Right 

OK

OUTSIDE RANGE

**NOTE: The "USE embankment length" value is automatically pulled from the Site Info Sheet.

Left
Quality of Source Data

No Data

Embankment length range check -- Original Curve (Benedict and others, 2016; Benedict, 2003): (from "EQUATIONS" Sheet )

Embankment length range check -- Modified Curve (Benedict and others, 2016; Benedict and Caldwell, 2012): (from 
"EQUATIONS" Sheet )

CAUTION

OUTSIDE RANGE

No Data

No

Good
Good

Is this a relief or swampy bridge with a length less than or 
equal to 240 ft?
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 Bridge-Scour Envelope Curve Template

3

Clear-Water Abutment-Scour Depth from Envelope Curves

Original Clear-Water Abutment-Scour Curves (Benedict and others, 2016; Benedict, 2003):
ft ft
ft ft

ft ft

Modified Clear-Water Abutment-Scour Curve (Benedict and others, 2016; Benedict and Caldwell, 2012):
ft ft
ft ft

ft ft

ft ft

Relative Increase in Theoretical Clear-Water Abutment-Scour from the 100- to 500-Year Flows (Benedict and others, 2016):
500-yr flow coefficient:
Abutment-scour by 500-year flow coefficient: ft ft

Guidance:
Original Clear-Water Abutment-Scour Curves
(Benedict and others, 2016; Benedict, 2003)

3) For multiple bridge in Piedmont, use m envelope curve.
4) For multiple bridge in Coastal Plain, for embankment length < 426 ft use m envelope curve.

Modified Clear-Water Abutment-Scour Curve
(Benedict and others, 2016; Benedict and Caldwell, 2012)

2) Use for single bridges only.  Use original curve (Benedict and others, 2016; Benedict, 2003) for multiple bridges.
3) If the estimate of scour using the original envelope curves is less than that using the modified curve, then use the scour depth associated with the original curve.

Relative Increase in Theoretical Clear-Water Abutment-Scour from the 100- to 500-Year Flows
(Benedict and others, 2016)

1) The 500-year flow adjustment coefficient (K500) is used to calculate the relative abutment scour increase from 100- to 500-year flows.

Scour-Hole Topwidths
(Benedict and others, 2016; Benedict, 2003)

Left Abutment Right Abutment

Use Abutment Scour-Hole Topwidth Curve (select from 1 or 2 below): 1 1
(1) Any length bridge with a well defined channel or any bridge longer than 240 feet
(2) Flood-plain relief or swampy bridge with length of 240 ft or less

Abutment scour-hole topwidth: 70.0 ft 70.0 ft
Is scour depth outside range of graph? Yes Yes

Abutment-scour depth by embankment-length category: N/A
N/A

Automatic Calculation
N/A

4) If the m and (or) embankment lengths are near the limits or beyond the range of the envelope data a caution or warning message, respectively, will appear in the "m range check" and (or) "Embankment length 
range check" cells above.    For these cases judgment must be used to assess the best estimate of clear-water abutment scour.

NOTE: The "Abutment scour-hole topwidth" is automatically calculated. The scour-hole topwidth equations coded in the spreadsheet limit the abutment-scour depth to 25 feet, which is beyond the range of the original graphs. 
The cell below the scour-hole topwidth will indicate if the abutment-scour depth exceeds the graph range and judgment must be used with regard to utilizing the estimated value.

1) If the bridge is a relief or swampy bridge with a length of 240 ft or less, the scour depth determined by embankment length for the left and right abutments should be based on the longest embankment length. 
NOTE: The "Use embankment length" from above should reflect the maximum embankment length from the left or right embankment if the bridge meets the criteria in item 1.  Check to verify.

6) If the m and (or) embankment lengths are near the limits or beyond the range of the envelope data a caution or warning message, respectively, will appear in the "m range check" and (or) "Embankment length 
range check" cells above.    For these cases judgment, must be used to assess the best estimate of clear-water abutment scour.

1) If the bridge is a relief or swampy bridge with a length of 240 ft or less, the scour depth determined by embankment length for the left and right abutments should be based on the longest embankment length. 
NOTE: The "Use embankment length" from above should reflect the maximum embankment length from the left or right embankment if the bridge meets the criteria in item 1.  Check to verify.

2) For single bridge, the spreadsheet will use the embankment-length envelope curves. However, there are cases when it may be appropriate to use the geometric-contraction ratio envelope curve if a more 
conservative estimate is deemed appropriate. Refer to Benedict and others (2016) for additional discussion.

5) For multiple bridge in Coastal Plain: for embankment length >= 426 ft, the spreadsheet will use the embankment-length envelope curves. However, there are cases when it may be appropriate to use the geometric-
contraction ratio envelope curve if a more conservative estimate is deemed appropriate. Refer to Benedict and others (2016) for additional discussion.

2) The K500 is a helpful tool for gaining perspective on the relative increase of theoretical scour associated with the 100- to 500-year abutment-scour depth. However, the adjusted envelope curve values should not be 
considered a definitive estimate of the abutment scour associated with the 500-year flow.

Selected modified abutment-scour depth:
Modified abutment-scour curve selection:
Abutment-scour depth by interpolation:

22.6

Final selected clear water abutment-scour depth:
Final abutment-scour curve selection:

Final Selected Clear-Water Abutment-Scour Depth:

18.7 14.6

N/A
N/A

Automatic Calculation
N/A

17.7

Automatic Selection Automatic Selection

1.21 1.21

18.7 14.6

Abutment-scour depth by embankment length:
Abutment-scour depth by geometric-contraction ratio m:
Original abutment-scour curve selection:
Selected original abutment-scour depth:

Automatic Calculation Automatic Calculation

18.7
7.0

14.6
7.0

Left Abutment Right Abutment
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 Bridge-Scour Envelope Curve Template

4

Comments:
1

2

3

4

5

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with the 100-year flow. Similarly, the 
500-year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year flow condition, but should not be considered a definitive estimate 
of the scour depth associated with the 500-year flow. 

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field samples; it is possible that scour 
could exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range of data and site characteristics used to develop the envelope 
curves. The uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour data have the largest uncertainty.

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier geometries; and washout of 
approach road embankments.
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 Bridge-Scour Envelope Curve Template

1

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Orangeburg & Clarendon Road:

Bridge Length: 4523.67 ft
Physiographic Region: Coastal Plain Multiple Bridge? Yes

Relief Bridge? No Drainage Area: 14400 sq mi
Latitude: 33:30:15.83 DMS
Longitude: 80:27:14.98 DMS Drainage Area Check:  

Comparison of Geometric-Contraction Ratios [m]

m Value
m from model: No Data
m from road plans: No Data
m from topographic map: 0.64
m from FEMA/Other map: 0.64
USE m: (from "Site Info" Sheet) 0.64
m range check: ( from "EQUATIONS" Sheet) OK

**NOTES: If the geometric-contraction ratio is greater than 0.95 message is OUTSIDE RANGE.
If the geometric-contraction ratio is between 0 and 0.85 message is OK.
If the geometric-contraction ratio is between 0.85 and 0.95 message is CAUTION.

Guidance:
(Benedict and others, 2016; Benedict and Caldwell, 2006)

1)  For the Piedmont data the maximum m for clear-water overbank contraction scour was 0.85.
2)  For the Coastal Plain data the maximum m for clear-water overbank contraction scour was 0.95 with data sparse for m greater than 0.9.
3)  Caution must be used when m nears or exceeds the upper limits of the data and the "m range check" cell above should be used to help evaluate the final selection of m.

Clear-Water Contraction-Scour Depth from Envelope Curves

Left Overbank Right Overbank
Clear-Water Contraction-Scour Curve (Benedict and others, 2016; Benedict and Caldwell, 2006)

Clear-water contraction-scour depth by geometric-contraction ratio m: 4.5 ft 4.5 ft

4.5 ft 4.5 ft

Relative Increase in Theoretical Clear-Water Contraction Scour from the 100- to 500-Year Flows (Benedict and others, 2016):
500-yr flow coefficient: 1.46 1.46
Clear-water contraction-scour by 500-year flow coefficient: 6.6 ft 6.6 ft

Guidance:
Clear-Water Contraction-Scour Curve
(Benedict and others, 2016; Benedict and Caldwell, 2006)

Relative Increase in Theoretical Clear-Water Contraction-Scour from the 100- to 500-Year Flows
(Benedict and others, 2016)

1) The 500-year flow adjustment coefficient (K500) is used to calculate the relative clear-water contraction scour increase from 100- to 500-year flows.

1) If the m is near the limits or beyond the range of the envelope data a caution or warning message, respectively, will appear in the "m range check" cell above. For these cases judgment must be used to assess the best 
estimate of clear-water overbank-contraction scour.

Lake Marion
I-95

Yes       Swampy, Poorly 
Defined Channel? 

Final Selected Clear-Water Contraction-Scour Depth:

Quality of Source Data

No Data
Good
Good

**NOTE: The "USE m" value is automatically pulled from the Site Info Sheet.

2) The K500 is a helpful tool for gaining perspective on the relative increase of theoretical scour associated with the 100- to 500-year clear-water contraction-scour depth. However, the adjusted envelope curve values should not 
be considered a definitive estimate of the scour associated with the 500-year flow.

Clear-Water Contraction-Scour Estimate
(occurs in the overbank region)

(Option to fill in/modify gray shaded cells. Other cells are selected/calculated automatically.)

**NOTE: The "Selected clear-water overbank-contraction-scour depth" value is automatically selected,  but can be overridden by typing in another value. If the originally selected value of overbank-contraction-scour depth is overridden, 
justification should be provided in the comments below.

05249 & 05258

DA OUTSIDE RANGE (Above)

No Data
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 Bridge-Scour Envelope Curve Template

2

Comments:
1

2

3

4

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with the 100-year flow. Similarly, the 500
year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year flow condition, but should not be considered a definitive estimate of the 
scour depth associated with the 500-year flow. 

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier geometries; and washout of approach 
road embankments.

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field samples; it is possible that scour could 
exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range of data and site characteristics used to develop the envelope curves. The 
uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour data have the largest uncertainty.
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 Bridge-Scour Envelope Curve Template

1

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Orangeburg & Clarendon Road:

Bridge Length: 4523.67 ft
Physiographic Region: Coastal Plain Multiple Bridge? Yes

Relief Bridge? No Drainage Area: 14400 sq mi

Latitude: 33:30:15.83 DMS
   Swampy, Poorly 
Defined Channel? Yes

Longitude: 80:27:14.98 DMS
Drainage Area Check -- Original Curve (Benedict and others, 2016; Benedict and Caldwell, 2009):

Drainage Area Check -- Modified Curve (Benedict and others, 2016; Benedict and Caldwell, 2012):

Comparison of Geometric-Contraction Ratios [m]

m Value
m from model: No Data
m from road plans: No Data
m from topographic map: 0.64
m from FEMA/Other map: 0.64
USE m: ( from "Site Info" Sheet) 0.64

m range check -- Original Curve (Benedict and Caldwell, 2009) (m <=0.82): OK
m range check -- Modified Curve (Benedict and Caldwell, 2012)  (m <=0.90): OK

Guidance:
Original Live-Bed Contraction-Scour Curve:
(Benedict and others, 2016; Benedict and Caldwell, 2009)

Limits:  1)  For Piedmont and Coastal Plain sites the maximum m =0.82.
2) Limited clear-water scour data suggests that it may be appropriate to extend the live-bed curve beyond a value of 0.82; however caution and judgment must be used.
3) Drainage area should fall within range of the measured data and caution should be used as drainage area approaches limits of data.
4) Because of uncertainty associated with the live-bed contraction-scour data, caution and judgment must be used in the final estimate of live-bed contraction scour.

Modified Live-Bed Contraction-Scour Curve:
(Benedict and others, 2016; Benedict and Caldwell, 2012)
Limits:  1)  For Piedmont and Coastal Plain sites the maximum m =0.9.

2) Drainage area should be 200 square miles or less.
3) Because of uncertainty associated with the live-bed contraction-scour data, caution and judgment must be used in the final estimate of live-bed contraction scour.

Lake Marion
I-95

Quality of Source Data

No Data
Good

NOTE: Only the field envelope curve for live-bed contraction scour is used in the spreadsheet template. The user may refer to Benedict and others (2016) for application of the dimensionless envelope curve, if deemed appropriate.

**NOTE: The "USE m" value is automatically pulled from the Site Info Sheet.

Live-Bed Contraction-Scour Estimate
(occurs in the channel region)

(Option to fill in/modify gray shaded cells. Other cells are selected/calculated automatically.)

Good

05249 & 05258

DA OUTSIDE RANGE (Above)
DA OUTSIDE RANGE (Above)

No Data
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 Bridge-Scour Envelope Curve Template

2

Live-Bed Contraction-Scour Depth from Envelope Curves (NOTE: Only the Field Envelope Curves are Used)
Scour Depth

Live-bed contraction-scour depth: ft

Live-bed contraction-scour depth: ft

ft

500-yr flow coefficient:
Live-bed contraction-scour by 500-year flow coefficient: ft

Guidance:
Original and Modified Live-Bed Contraction-Scour Curve
(Benedict and others, 2016; Benedict and Caldwell, 2012; Benedict and Caldwell, 2009)

2) If site is a relief bridge or is swampy with a poorly defined channel, it will be assumed that live-bed contraction scour will not occur and the scour depths in the above cells will be set to "N/A."

Relative Increase in Theoretical Live-Bed Contraction-Scour from the 100- to 500-Year Flows
(Benedict and others, 2016)

1) The 500-year flow adjustment coefficient (K500) is used to calculate the relative abutment scour increase from 100- to 500-year flows.

Comments:
1

2

3

4

2) The K500 is a helpful tool for gaining perspective on the relative increase of theoretical scour associated with the 100- to 500-year live-bed contraction-scour depth. However, the adjusted envelope curve values should 
not be considered a definitive estimate of the scour associated with the 500-year flow.

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier geometries; and washout of 
approach road embankments.

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with the 100-year flow. Similarly, 
the 500-year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year flow condition, but should not be considered a definitive 
estimate of the scour depth associated with the 500-year flow. 

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field samples; it is possible that scour 
could exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range of data and site characteristics used to develop the envelope 
curves. The uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour data have the largest uncertainty.

Final Selected Live-Bed Contraction-Scour Depth:

N/A

N/A
1.32

N/A

Original Field Envelope Curve for Live-Bed Contraction-Scour Curve (Benedict and others, 2016; 
Benedict and Caldwell, 2009):

Modified Field Envelope Curve for Live-Bed Contraction-Scour Curve (Benedict and others, 2016; 
Benedict and Caldwell, 2012):

Relative Increase in Theoretical Live-Bed Contraction Scour from the 100- to 500-Year Flows (Benedict 
and others, 2016):

NOTE: Only the field envelope curve for live-bed contraction scour is used in the spreadsheet template. The user may refer to Benedict and others (2016) for application of the dimensionless envelope curve, if deemed 
appropriate.
1) If drainage area is 200 square miles or less, then use the live-bed contraction-scour estimate based on the modified envelope curve  (Benedict and Caldwell, 2012). Otherwise, use the estimate based on the original 
envelope curve (Benedict and others, 2016; Benedict and Caldwell, 2009).

Automatic Selection

N/A

Final live-bed contraction-scour curve selection:
Final selected live-bed contraction-scour depth:
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 Bridge-Scour Envelope Curve Template

1

Bridge Number: 05249 & 05258 Stream: Date of Analysis: 6/7/2023
County: Orangeburg & Clarendon Road:

Physiographic Region: Coastal Plain Multiple Bridge? Yes Bridge Length: 4523.67 ft
Relief Bridge? No

Latitude: 33:30:15.83 DMS Drainage Area: 14400 sq mi
Longitude: 80:27:14.98 DMS

Guidance:
Use of Pier Scour Table below
 - See cell comments for guidance on using the Pier Scour Table below.
Pier Scour Computations
 -  If a pier or bent falls anywhere on the overbank, pier scour will be computed for both the abutment and overbank regions.
 -  If there are piers or bents of varying geometries on the same overbank, use the worst case pier geometry in both the abutment and overbank areas.
 -  When a pier is on the floodplain, but near the channel bank, the user must decide if the pier should be considered to be a channel pier or not; in addition to the proximity of the
    pier to the bank, the user should consider other factors such as bends that may increase potential for scour.

Pier Scour Table
(Benedict and others, 2016; Benedict and Caldwell, 2009; Benedict and Caldwell, 2006)

Left Abutment Left Overbank Channel Right Overbank Right Abutment

LABUT LOB CH ROB RABUT
Multiple Column Pier Multiple Column Pier Multiple Column Pier Multiple Column Pier Multiple Column Pier
Automatic Calculation Automatic Calculation Automatic Calculation Automatic Calculation Automatic Calculation

5.5 5.5 5.5 5.5 5.5

33 33 33 33 33

0 0 0 0 0
Yes Yes Yes Yes Yes

14.5 14.5 14.5 14.5 14.5

2.64 2.6 2.6 2.6 2.6

1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00 1.00

PSDb-2014 PSDb-2014 PSDb-2014 PSDb-2014 PSDb-2014
9.7 9.7 9.7 9.7 9.7
9.7 9.7 9.74 9.7 9.7
9.7 9.7 9.7 9.7 9.7
1.09 1.09 1.09 1.09 1.09

10.6 10.6 10.6 10.6 10.6

Final selected pier scour depth (feet)

Pier Scour Estimate
(Fill in gray shaded cells. Other cells are selected/calculated automatically.)

Relative Increase in Theoretical Pier-Scour from the 
100- to 500-Year Flows (Benedict and others, 2016):

Multiple column pier or bent? (choose from list)

Estimate of minimum spacing between columns (feet)

Column spacing to width ratio (should be between 2 
and 10)
Skew coefficient [Based on guidance in Benedict and 
others (2016) and HEC-18]

Lake Marion
I-95

Location of pier  

   Swampy, Poorly 
Defined Channel? Yes

Type of pier or bent (choose from list)
Envelope curve used (choose from list)
Pier width (feet)

Pier length (feet) (should not be less than pier width)

Angle of attack (degrees) (should not exceed 90)

Skew coefficient (selected value; should not exceed a 
value of 5)

Pier scour from envelope (feet) (no adjustment)
Pier scour adjusted for skew (feet)

Envelope curve used in pier scour estimate

500-year flow coefficient:

**NOTE: The K500 is a helpful tool for gaining perspective on the relative increase of theoretical scour associated with the 100- to 500-year clear-water contraction-scour depth. However, the adjusted envelope curve values should not be 
considered a definitive estimate of the scour associated with the 500-year flow.
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 Bridge-Scour Envelope Curve Template

2

Comments:
1

2

3

4 Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field samples; it is possible that scour could exceed the envelope 
curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range of data and site characteristics used to develop the envelope curves. The uncertainty associated with the envelope curves 
increases near the limits of the data range. The live-bed scour data have the largest uncertainty.

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier geometries; and washout of approach road embankments.

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with the 100-year flow. Similarly, the 500-year flow adjustment 
coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year flow condition, but should not be considered a definitive estimate of the scour depth associated with the 500-year flow. 
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 Bridge-Scour Envelope Curve Template

Pile Penetration Table for Scour Estimates Using Flows Approaching the 100-year Flow 1
Scour analysis using USGS Bridge-Scour Envelope Curves

(Fill in gray shaded cells. Other cells are selected/calculated automatically.)

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Road:

Bridge Length: 4523.67 ft
Physiographic Region: Coastal Plain Multiple Bridge? Yes

Relief Bridge? No Drainage Area: 14400 sq mi
Latitude: 33:30:15.83 DMS
Longitude: 80:27:14.98 DMS

NOTE: Bents are listed from left to right looking downstream
GUIDANCE FOR LEFT AND RIGHT ABUTMENT SCOUR:
Refer to Benedict and others (2016) and Benedict (2003) for additional guidance.

GUIDANCE FOR LEFT AND RIGHT OVERBANK CONTRACTION SCOUR:
Refer to Benedict and others (2016) and Benedict and Caldwell (2006) for additional guidance.

GUIDANCE FOR LIVE-BED CHANNEL SCOUR:
Refer to Benedict and others (2016) and Benedict and Caldwell (2009) for additional guidance.

GENERAL GUIDANCE:
1) Drainage area should fall within the range of measured data and caution should be used as drainage area approaches limits of the data or exceeds the data range.
2) If the m and (or) embankment lengths are near the limits or beyond the range of the envelope data caution should be used.
3) User should review automatically determined values to assure that selected values are reasonable.

Scour region Pier location

Use clear-
water 

abutment 
scour?

Clear-water 
abutment 

scour from 
USGS 
curves      
(feet)

Use clear-
water 

overbank 
contraction 

scour?

Clear-water 
overbank 

contraction 
scour from 

USGS curves 
(feet)

Use live-bed 
channel 

contraction 
scour?

Live-bed 
channel 

contraction 
scour from 

USGS curves   
(feet)

Use pier 
scour?

Pier scour    
(feet)

Total scour 
at bent      
(feet)

Computed 
embedment of 

pile from 
consultant    

(feet)

Remaining 
pile  

penetration   
(feet)

Embedment 
below thalweg 

from 
consultant     

(feet)

Remaining pile  
penetration (at 

thalweg)        
(feet)

Left Abutment LABUT Yes 18.69 No 0.00 No 0.00 No 0.00 18.69 -18.69 -18.69

Left Overbank LOB No 0.00 Yes 4.53 No 0.00 Yes 9.74 14.27 -14.27 -14.27

Channel CH No 0.00 No 0.00 No 0.00 No 0.00 N/A N/A N/A

Right Overbank ROB No 0.00 Yes 4.53 No 0.00 Yes 9.74 14.27 -14.27 -14.27

Right Abutment RABUT Yes 14.59 No 0.00 No 0.00 No 0.00 14.59 -14.59 -14.59

05249 & 05258
Orangeburg & Clarendon

Lake Marion
I-95

1)   If the abutment-scour hole topwidth is greater than the overbank width then it will be assumed that the abutment-scour depth will cover the entire overbank area and there will be no clear-water overbank scour applied to the bridge overbank.  
However, if the abutment-scour hole topwidth is less than the overbank width then it will be assumed that clear-water overbank scour occurs in the overbank area not affected by the abutment scour hole.

1) Do not include clear-water overbank scour depth in abutment-scour area. 
2) If site is in the Piedmont region and the abutment-scour depth is less than or equal to 5 feet then add pier-scour depth for determining total scour.
3) If the pier in the abutment area is a multiple column bent/pier with minimal skew or a solid, long pier with no skew, and the pier width is less than or equal to 2.3 ft, then do not add pier scour to total scour.  (NOTE:  The exception to this guidance is for 
sites in the Piedmont with abutment-scour depths less than or equal to 5 ft as noted in item 2 above.)

2)  The spreadsheet will automatically determine if clear-water overbank scour should be applied or not.

Yes           Swampy, Poorly  
Defined Channel?

3)   If clear-water overbank scour is determined to be applicable to the overbank area, then the spreadsheet will automatically apply the calculated pier scour to the overbank as well.

1) If the main channel is well defined and considered to be live-bed in nature, it will be assumed that the live-bed contraction scour and channel pier scour will be included in the estimate for total scour in the main channel.  The spreadsheet will 
automatically determine if these scour components are to be included in the estimate of total scour in the main channel.
2)  Live-bed contraction scour will not be applied to a relief bridge or to a bridge with a swampy, poorly defined channel; at such bridges, it will be assumed that clear-water scour conditions prevail and the procedures for applying clear-water abutment and 
contraction scour, as noted previously, will be used. The spreadsheet will automatically determine if live-bed scour should or should not be applied to the channel.

4) The spreadsheet assumes that abutment scour will always occur at the left and right abutments. The spreadsheet will automatically make an initial determination regarding the inclusion of pier scour in the total scour estimate.  The user should review 
this initial determination and if appropriate override the automated value by typing "Yes" or "No" (case sensitive) in the "Use pier scour?" column.  If the pier is skewed, the user should apply judgment to determine if pier scour should be included in the 
total scour estimate, especially for long solid piers where a pier skew can cause large scour depths.
5)  If the site is a relief or swampy bridge that is 240 ft or less, the abutment-scour depth will be applicable from toe-to-toe; if the relief or swampy bridge is greater than 240 ft, the abutment scour-hole depths will be limited to the abutment scour-hole 
topwidths and the clear-water overbank contraction scour will be applied to the remaining overbank area.  The spreadsheet will automatically determine if there is any overbank area on which overbank contraction scour will occur. 
6)  If clear-water overbank contraction scour depth (with no adjustment for pier scour) is greater than the abutment scour depth (with no adjustment for pier scour), then the clear-water overbank contraction scour depth will be used as the best 
representation of the abutment scour depth.  The spreadsheet will automatically determine if the clear-water overbank contraction scour depth is to be used in place of the abutment scour depth.
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 Bridge-Scour Envelope Curve Template

Comments: 2
1

2

3

4

5

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field 
samples; it is possible that scour could exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range 
of data and site characteristics used to develop the envelope curves. The uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour 
data have the largest uncertainty.
The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier 
geometries; and washout of approach road embankments.

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with
the 100-year flow. Similarly, the 500-year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year 
flow condition, but should not be considered a definitive estimate of the scour depth associated with the 500-year flow. 
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 Bridge-Scour Envelope Curve Template

Pile Penetration Table for Scour Estimates Using Flows Approaching the 100-year Flow and Adjusted by the 500-year Flow Adjustment Coefficient 1
Scour analysis using USGS Bridge-Scour Envelope Curves

(Fill in gray shaded cells. Other cells are selected/calculated automatically.)

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Road:

Bridge Length: 4523.67 ft
Physiographic Region: Coastal Plain Multiple Bridge? Yes

Relief Bridge? No Drainage Area: 14400 sq mi
Latitude: 33:30:15.83 DMS
Longitude: 80:27:14.98 DMS

NOTE: Bents are listed from left to right looking downstream
GUIDANCE FOR LEFT AND RIGHT ABUTMENT SCOUR:
Refer to Benedict and others (2016) and Benedict (2003) for additional guidance.

GUIDANCE FOR LEFT AND RIGHT OVERBANK CONTRACTION SCOUR:
Refer to Benedict and others (2016) and Benedict and Caldwell (2006) for additional guidance.

GUIDANCE FOR LIVE-BED CHANNEL SCOUR:
Refer to Benedict and others (2016) and Benedict and Caldwell (2009) for additional guidance.

GENERAL GUIDANCE:
1) Drainage area should fall within the range of measured data and caution should be used as drainage area approaches limits of the data or exceeds the data range.
2) If the m and (or) embankment lengths are near the limits or beyond the range of the envelope data caution should be used.
3) User should review automatically determined values to assure that selected values are reasonable.

Scour region Pier location

Use clear-
water 

abutment 
scour?

Clear-water 
abutment 

scour from 
USGS 
curves      
(feet)

Use clear-
water 

overbank 
contraction 

scour?

Clear-water 
overbank 

contraction 
scour from 

USGS curves 
(feet)

Use live-bed 
channel 

contraction 
scour?

Live-bed 
channel 

contraction 
scour from 

USGS curves   
(feet)

Use pier 
scour?

Pier scour    
(feet)

Total scour 
at bent      
(feet)

Computed 
embedment of 

pile from 
consultant    

(feet)

Remaining 
pile  

penetration   
(feet)

Embedment 
below thalweg 

from 
consultant     

(feet)

Remaining pile  
penetration (at 

thalweg)        
(feet)

Left Abutment LABUT Yes 22.60 No 0.00 No 0.00 No 0.00 22.60 -22.60 -22.60

Left Overbank LOB No 0.00 Yes 6.60 No 0.00 Yes 10.60 17.20 -17.20 -17.20

Channel CH No 0.00 No 0.00 No 0.00 No 0.00 N/A N/A N/A

Right Overbank ROB No 0.00 Yes 6.60 No 0.00 Yes 10.60 17.20 -17.20 -17.20

1)   If the abutment-scour hole topwidth is greater than the overbank width then it will be assumed that the abutment-scour depth will cover the entire overbank area and there will be no clear-water overbank scour applied to the bridge overbank.  
However, if the abutment-scour hole topwidth is less than the overbank width then it will be assumed that clear-water overbank scour occurs in the overbank area not affected by the abutment scour hole.
2)  The spreadsheet will automatically determine if clear-water overbank scour should be applied or not.
3)   If clear-water overbank scour is determined to be applicable to the overbank area, then the spreadsheet will automatically apply the calculated pier scour to the overbank as well.

1) If the main channel is well defined and considered to be live-bed in nature, it will be assumed that the live-bed contraction scour and channel pier scour will be included in the estimate for total scour in the main channel.  The spreadsheet will 
automatically determine if these scour components are to be included in the estimate of total scour in the main channel.
2)  Live-bed contraction scour will not be applied to a relief bridge or to a bridge with a swampy, poorly defined channel; at such bridges, it will be assumed that clear-water scour conditions prevail and the procedures for applying clear-water abutment and 
contraction scour, as noted previously, will be used. The spreadsheet will automatically determine if live-bed scour should or should not be applied to the channel.

6)  If clear-water overbank contraction scour depth (with no adjustment for pier scour) is greater than the abutment scour depth (with no adjustment for pier scour), then the clear-water overbank contraction scour depth will be used as the best 
representation of the abutment scour depth.  The spreadsheet will automatically determine if the clear-water overbank contraction scour depth is to be used in place of the abutment scour depth.

05249 & 05258 Lake Marion
Orangeburg & Clarendon I-95

           Swampy, Poorly  
Defined Channel? Yes

1) Do not include clear-water overbank scour depth in abutment-scour area. 
2) If site is in the Piedmont region and the abutment-scour depth is less than or equal to 5 feet then add pier-scour depth for determining total scour.
3) If the pier in the abutment area is a multiple column bent/pier with minimal skew or a solid, long pier with no skew, and the pier width is less than or equal to 2.3 ft, then do not add pier scour to total scour.  (NOTE:  The exception to this guidance is for 
sites in the Piedmont with abutment-scour depths less than or equal to 5 ft as noted in item 2 above.)
4) The spreadsheet assumes that abutment scour will always occur at the left and right abutments. The spreadsheet will automatically make an initial determination regarding the inclusion of pier scour in the total scour estimate.  The user should review 
this initial determination and if appropriate override the automated value by typing "Yes" or "No" (case sensitive) in the "Use pier scour?" column.  If the pier is skewed, the user should apply judgment to determine if pier scour should be included in the 
total scour estimate, especially for long solid piers where a pier skew can cause large scour depths.
5)  If the site is a relief or swampy bridge that is 240 ft or less, the abutment-scour depth will be applicable from toe-to-toe; if the relief or swampy bridge is greater than 240 ft, the abutment scour-hole depths will be limited to the abutment scour-hole 
topwidths and the clear-water overbank contraction scour will be applied to the remaining overbank area.  The spreadsheet will automatically determine if there is any overbank area on which overbank contraction scour will occur. 
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 Bridge-Scour Envelope Curve Template

Right Abutment RABUT Yes 17.70 No 0.00 No 0.00 No 0.00 17.70 -17.70 -17.70
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 Bridge-Scour Envelope Curve Template

Comments: 2
1

2

3

4

5

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier 
geometries; and washout of approach road embankments.

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with
the 100-year flow. Similarly, the 500-year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year 
flow condition, but should not be considered a definitive estimate of the scour depth associated with the 500-year flow. 

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field 
samples; it is possible that scour could exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range 
of data and site characteristics used to develop the envelope curves. The uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour 
data have the largest uncertainty.
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 Bridge-Scour Envelope Curve Template

Left Abutment Right Abutment

Coastal Plain Scour Depth:   18.7 ft 14.6 ft
Embankment Length:   3700 ft 570 ft

Embankment Length Check:   CAUTION OK

NOTES:
If embankment length is greater than 7,440 ft it is OUTSIDE RANGE.
If embankment length is greater than 2,000 ft but less than 7,440 ft use CAUTION.
If embankment length is between 0 and 2,000 ft it is OK.

Piedmont Scour Depth:   -21.1 ft 12.8 ft
Embankment Length:   3700.0 570.0

Embankment Length Check:   OUTSIDE RANGE OK

NOTES:
If embankment length is greater than 950 ft it is OUTSIDE RANGE.
If embankment length is between 0 and 950 ft it is OK.

Left Abutment Right Abutment

Coastal Plain Scour Depth:   7.0 ft 7.0 ft
Contraction Ratio:   0.64 0.64

Contraction Ratio Check:   OK OK

NOTES:
If contraction ratio is greater than 0.98 it is OUTSIDE RANGE.
If contraction ratio is greater than 0.9 but less than 0.98 use CAUTION.
If contraction ratio is between 0 and 0.9 it is OK.

Piedmont Scour Depth:   12.0 ft 12.0 ft
Contraction Ratio:   0.64 0.64

Contraction Ratio Check:   OK OK

NOTES:
If contraction ratio is greater than 0.86 it is OUTSIDE RANGE.
If contraction ratio is greater than 0.82 but less than 0.86 use CAUTION.
If contraction ratio is between 0 and 0.82 it is OK.

Do not modify this worksheet. This worksheet uses data entered in other worksheets of this workbook and uses the various South Carolina Bridge-
Scour Envelope Curves to calculate the upper bound of selected scour parameters.

Application of Selected Envelope-Curve Equations

     II. Estimate from the geometric contraction ratio m -- Original Curves (Benedict and others, 2016; Benedict, 2003)

     I.  Estimate from abutment-length envelope curves -- Original Curves (Benedict and others, 2016; Benedict, 2003)

Estimate of Upper Bound of Clear-Water Abutment-Scour Depth from Envelope Curves
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 Bridge-Scour Envelope Curve Template

Left Abutment Right Abutment

Coastal Plain
Initial Estimate of Scour Depth (by Category):   N/A ft N/A ft
Final Selection of Scour Depth (by Category):   N/A ft N/A ft

Initial Estimate of Scour Depth (by Interpolation):   N/A ft N/A ft
Final Selection of Scour Depth (by Interpolation):   N/A ft N/A ft

Embankment Length:   3700 ft 570 ft
Embankment Length Check:   OUTSIDE RANGE OUTSIDE RANGE

Contraction Ratio:   0.64 0.64
Contraction Ratio Check:   OK OK

Interpolation Table
Embankment 

Length 
Category (ft)

Lower m Limit m used in 
equation

Abutment-Scour 
Depth (ft)

0 0.00 0.00 0.0
100 0.25 0.64 2.0
200 0.50 0.64 4.5
300 0.65 0.65 7.4
400 0.76 0.76 11.2
500 0.84 0.84 14.9

NOTES:
If embankment length is greater than 500 ft it is OUTSIDE RANGE.
If embankment length is between 0 and 500 ft it is OK.
If contraction ratio is greater than 0.9 it is OUTSIDE RANGE.
If contraction ratio is between 0 and 0.9 it is OK.

Piedmont
Initial Estimate of Scour Depth (by Category):   N/A ft N/A ft
Final Selection of Scour Depth (by Category):   N/A ft N/A ft

Initial Estimate of Scour Depth (by Interpolation):   N/A ft N/A ft
Final Selection of Scour Depth (by Interpolation):   N/A ft N/A ft

Embankment Length:   3700 ft 570 ft
Embankment Length Check:   OUTSIDE RANGE OUTSIDE RANGE

Contraction Ratio:   0.64 0.64
Contraction Ratio Check:   OK OK

Interpolation Table
Embankment 

Length 
Category (ft)

Lower m Limit m used in 
equation

Abutment-Scour 
Depth (ft)

0 0.00 0.00 0.0
100 0.14 0.64 1.9
200 0.25 0.64 3.9
300 0.34 0.64 5.6
400 0.42 0.64 7.3
500 0.50 0.64 8.9

NOTES:
If embankment length is greater than 500 ft it is OUTSIDE RANGE.
If embankment length is between 0 and 500 ft it is OK.
If contraction ratio is greater than 0.85 it is OUTSIDE RANGE.
If contraction ratio is between 0 and 0.85 it is OK.

     III. Estimate by embankment-length category -- Modified Curves (Benedict and others, 2016; Benedict and 
Caldwell, 2012)
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 Bridge-Scour Envelope Curve Template

     Using "final selected abutment-scour depth"

Left Abutment Right Abutment

Any length bridge with well defined channel 70.0 ft 70.0 ft

Relief or swampy bridge with length of 240 ft or less 115.1 ft 102.7 ft

NOTES:
If scour depth is outside the range of the graph then cell is highlighted in red.
If scour depth is within the range of the graph then cell is highlighted in green.

Left Overbank Right Overbank

Scour Depth:   4.5 ft 4.5 ft
Contraction Ratio:   0.64 0.64

Contraction Ratio Check:   OK OK

NOTES:
If contraction ratio is greater than 0.95 it is OUTSIDE RANGE.
If contraction ratio is greater than 0.85 but less than 0.95 use CAUTION.
If contraction ratio is between 0 and 0.85 it is OK.

Estimate of Clear-Water Abutment-Scour Hole Topwidth from Envelope Curve (Benedict and others, 2016; Benedict, 
2003)

Estimate of Clear-Water Overbank Contraction-Scour Depth from Envelope Curves (Benedict and others, 2016; 
Benedict and Caldwell, 2006)

Is scour depth greater than 23.6 feet and 
therefore outside range of graph?

Is scour depth greater than 18 feet and 
therefore outside range of graph?

No No

Yes Yes
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05249 & 05258 1
County: Orangeburg & Clarendon
Stream: Lake Marion
Road: I-95
Region: Coastal Plain

Original Clear-Water Abutment-Scour Envelope Curves 
(Benedict and others, 2016; Benedict, 2003)
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05249 & 05258 2
County: Orangeburg & Clarendon
Stream: Lake Marion
Road: I-95
Region: Coastal Plain

Original Clear-Water Abutment-Scour Envelope Curves 
(Benedict and others, 2016; Benedict, 2003)
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05249 & 05258 3
County: Orangeburg & Clarendon
Stream: Lake Marion
Road: I-95
Region: Coastal Plain

Modified Clear-Water Abutment-Scour Envelope Curves 
(Benedict and others, 2016; Benedict and Caldwell, 2012)
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05249 & 05258 4
County: Orangeburg & Clarendon
Stream: Lake Marion
Road: I-95
Region: Coastal Plain

Modified Live-Bed Channel Contraction-Scour Envelope Curves 
(Benedict and others, 2016; Benedict and Caldwell, 2012)

Original Live-Bed Channel Contraction-Scour Envelope Curve 
(Benedict and others, 2016; Benedict and Caldwell, 2009)
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05249 & 05258 5
County: Orangeburg & Clarendon
Stream: Lake Marion
Road: I-95
Region: Coastal Plain

Pier-Scour Envelope Curves (Benedict and others, 
2016; Benedict and Caldwell, 2006; 2009)

Clear-Water Overbank Contraction-Scour Envelope Curve 
(Benedict and others, 2016; Benedict and Caldwell, 2006)
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05249 & 05258 6
County: Orangeburg & Clarendon
Stream: Lake Marion
Road: I-95
Region: Coastal Plain

Pier-Scour Skew Coefficients
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 Bridge-Scour Envelope Curve Template

Data for Graphs

Estimate of Abutment-Scour  --  Original Abutment-Scour Envelope Curves (Benedict and others, 2016; Benedict, 2003)

Use the following envelope curve: Coastal Plain Coastal Plain

Left Abutment Right Abutment 5 ft break line

Embankment Scour Embankment Scour Embankment Scour
Length Depth Length Depth Length Depth

(ft) (ft) (ft) (ft) (ft) (ft)
Abutment Scour by Embankment Length 0 18.7 0 14.6 0 5

3700 18.7 570 14.6 194 5
3700 0 570 0

Left Abutment Right Abutment 5 ft break line

m Scour m Scour m Scour
Depth Depth Depth

(ft) (ft) (ft)
Abutment Scour by m 0 7.0 0 7.0 0 5

0.64 7.0 0.64 7.0 0.37 5
0.64 0 0.64 0

Estimate of Abutment-Scour  --  Modified Abutment-Scour Envelope Curves (Benedict and others, 2016; Benedict and Caldwell, 2012)

Piedmont Coastal Plain

By Category By Category
Left Abutment Right Abutment Left Abutment Right Abutment

m Scour m Scour m Scour m Scour
Depth Depth Depth Depth

(ft) (ft) (ft) (ft)
0 0.0 0 0.0 0 N/A 0 N/A

0.00 0.0 0.00 0.0 0.64 N/A 0.64 N/A
0.00 0 0.00 0 0.64 0 0.64 0

By Interpolation By Interpolation

m Scour m Scour m Scour m Scour
Depth Depth Depth Depth

(ft) (ft) (ft) (ft)
0 0.0 0 0.0 0 N/A 0 N/A

0.00 0.0 0.00 0.0 0.64 N/A 0.64 N/A
0.00 0 0.00 0 0.64 0 0.64 0

Left Overbank Right Overbank

m m

0 0
0.64 0.64
0.64 0.64

Coastal Plain and Piedmont Live-Bed Channel Contraction-Scour Envelope Curve by m

Original Live-Bed Channel Contraction Scour Modified Live-Bed Channel Contraction Scour
(Benedict and Caldwell, 2009) (Benedict and Caldwell, 2012)

m Scour m Scour
Depth Depth

(ft) (ft)
0 N/A 0 N/A

0.64 N/A 0.64 N/A
0.64 0.0 0.64 0.0

Abutment-Scour Hole Topwidths (Benedict and others, 2016; Benedict, 2003)

Use the following envelope curve: Long Bridge Long Bridge

Left Abutment Right Abutment

Scour Scour Scour Scour
Depth Topwidth Depth Topwidth

(ft) (ft) (ft) (ft)
0 70.0 0 70.0

18.7 70.0 14.6 70.0
18.7 0 14.6 0

Envelope Curve Data Envelope Curve Data

Coastal Plain Piedmont SC SC
Clear-Water Live-Bed National 2.5b PSDb-2014

Abutment-Scour Depth by Embankment Length Abut Scour Abut Scour Pier Scour Envelopes Pier Scour Scour Scour Scour Scour
Original Curve (Benedict, 2003) Length Depth Length Depth (Benedict and Caldwell, 2006; 2009) Width Depth Depth Depth Depth Depth

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
0 0 0 0 0 0.5 3.3 4.1 0.0 0.0

426.5 14.4 18.4 0.6 2 3.5 5.5 7.1 5.0 3.9
7440.6 23.6 112.3 3.1 4 6.5 7.7 10.1 10.0 7.3

181.4 4.6 6 9.5 9.9 13.1 15.0 10.5
408.5 9.7 8 16.1 20.0 13.6
571.8 12.9 10 19.1 25.0 16.7
606.4 13.7 12 22.1 30.0 19.7
675 14.2 14 25.1 35 22.6

952.9 18 16 40.0 25.5

Coastal Plain and Piedmont Clear-Water Overbank Contraction-Scour Envelope Curve by m (Benedict and others, 2016; Benedict and Caldwell, 2006)

Scour
Depth

(ft)
4.5
4.5

4.5
4.5
0 0

Scour
Depth

(ft)

Graph Data Page 13  of  38



 Bridge-Scour Envelope Curve Template

Envelope Curve Data

Abutment-Scour Depth by Contraction Ratio Coastal Plain Piedmont Sands
Original Curve (Benedict, 2003)

m Scour m Scour
Depth Depth

(ft) (ft)
0 0 0 0

0.32 1.69 0.022 0.6
0.67 8.18 0.372 4.6
0.77 11.75 0.668 13.7
0.81 13.55
0.82 14.03
0.98 23.53 0.817 18

Envelope Curve Data Skew Coefficients from HEC‐18
Long Bridges Small Swampy Bridges

Correction Factor, K2, for Angle of Attack, θ, of the Flow.  
Abutment-Scour Hole Topwidth Scour Scour Scour Scour  

Original Curve (Benedict, 2003) Depth Topwidth Depth Topwidth    Angle   L/a=4   L/a=8   L/a=12  
(ft) (ft) (ft) (ft)   0 1.00 1.00 1.00
0 0 0 0   15 1.50 2.00 2.50
0 6 0 6   30 2.00 2.75 3.50

0.4 20 0.4 20   45 2.30 3.30 4.30
1.2 40 1.2 40   90 2.50 3.90 5.00
2.6 60 2.6 60
5.2 65 13.7 100  Angle = skew angle of flow, in degrees; L = length of pier, in feet; a = pier width, in feet
13.2 70 23.6 130
18 70

Envelope Curve Data

Modified Abutment-Scour Envelope Curves (Benedict and others, 2016; Benedict and Caldwell, 2012)

Piedmont Coastal Plain
100 200 300 400 500 100 200 300 400 500

m Scour Depth 
(ft)

Scour Depth  
(ft)

Scour 
Depth    

(ft)

Scour 
Depth    

(ft)

Scour 
Depth    

(ft)
m Scour Depth 

(ft)
Scour Depth 

(ft)
Scour Depth 

(ft)
Scour Depth 

(ft)
Scour Depth 

(ft)

0.130 1.20 0.25 1.22
0.25 1.21 2.84 0.49 1.57 3.84
0.34 1.29 2.92 4.42 0.65 2.10 4.62 7.40
0.42 1.40 3.08 4.60 6.12 0.76 2.60 5.42 8.39 11.24
0.5 1.55 3.31 4.89 6.43 8.04 0.84 3.03 6.14 9.30 12.42 14.94
0.6 1.80 3.72 5.40 7.02 8.65 0.90 3.40 6.76 10.10 13.50 16.30
0.7 2.11 4.25 6.08 7.84 9.57
0.8 2.49 4.91 6.92 8.89 10.79
0.85 2.70 5.28 7.41 9.50 11.52

Envelope Curve Data Envelope Curve Data

Coastal Plain and Piedmont m Scour Coastal Plain and Piedmont m Scour
Clear-Water Overbank Contraction Scour Depth Original Live-Bed Channel Contraction Scour Depth
(Benedict and Caldwell, 2006) (ft) (Benedict and Caldwell, 2009) (ft)

0 0.60 0 0.0
0.02 0.80 0.02 0.04
0.1 1.54 0.1 0.38
0.2 2.36 0.2 1.25
0.3 3.06 0.3 2.61
0.4 3.64 0.4 4.47
0.5 4.10 0.5 6.83
0.6 4.44 0.6 9.67
0.7 4.66 0.7 13.01
0.8 4.76 0.8 16.85
0.85 4.77 0.85 18.95
0.91 4.73 0.9 21.18

Envelope Curve Data

Coastal Plain and Piedmont
Modified Live-Bed Channel Contraction Scour 100 200

(Benedict and Caldwell, 2012)
m

Scour 
Depth    

(ft)

Scour 
Depth    

(ft)
0.000 0.00 0.00
0.1 0.16 0.30
0.2 0.64 1.00
0.3 1.44 2.10
0.4 2.56 3.60
0.6 5.76 7.80
0.7 7.84 10.50
0.8 10.24 13.60
0.9 12.96 17.10

Drainage Area (sq mi)

Embankment Length Category (ft) Embankment Length Category (ft)
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 Bridge-Scour Envelope Curve Template

ABUTMENT-SCOUR DATA

SCDOT Bridge 
Number County Road Stream Latitude 

(DMS)
Longitude  

(DMS)
Analysis 

date
Physiographic 

Province
Multiple 
bridge?

Relief 
bridge?

Swampy, 
Poorly 
Defined 

Channel? 

Bridge 
length 
(feet)

Drainage 
area        

(sq mi)

Drainage area check 
(original envelope)

Drainage area 
check (modified 

envelope)

Quality of SCDOT Plan 
Data

05249 & 05258 rangeburg & Clarend I-95 Lake Marion 33:30:15.83 80:27:14.98 6/7/2023 Coastal Plain Yes No Yes 4523.67 14400 DA OUTSIDE RANGE 
(Above)

DA OUTSIDE 
RANGE (Above) No Data

CLEAR-WATER CONTRACTION-SCOUR DATA

SCDOT Bridge 
Number County Road Stream Latitude 

(DMS)
Longitude  

(DMS)
Analysis 

date
Physiographic 

Province
Multiple 
bridge?

Relief 
bridge?

Swampy, 
Poorly 
Defined 

Channel? 

Bridge 
length 
(feet)

Drainage 
area        

(sq mi)
Drainage area check Plan m Topo m

05249 & 05258 rangeburg & Clarend I-95 Lake Marion 33:30:15.83 80:27:14.98 6/7/2023 Coastal Plain Yes No Yes 4523.67 14400 DA OUTSIDE RANGE 
(Above) No Data 0.64

LIVE-BED CONTRACTION-SCOUR DATA

SCDOT Bridge 
Number County Road Stream Latitude 

(DMS)
Longitude  

(DMS)
Analysis 

date
Physiographic 

Province
Multiple 
bridge?

Relief 
bridge?

Swampy, 
Poorly 
Defined 

Channel? 

Bridge 
length 
(feet)

Drainage 
area        

(sq mi)

Drainage area check 
(original curve)

Drainage area 
check (modified 

curve)
Plan m

05249 & 05258 rangeburg & Clarend I-95 Lake Marion 33:30:15.83 80:27:14.98 6/7/2023 Coastal Plain Yes No Yes 4523.67 14400 DA OUTSIDE RANGE 
(Above)

DA OUTSIDE 
RANGE (Above) No Data

PIER-SCOUR DATA

SCDOT Bridge 
Number County Road Stream Latitude 

(DMS)
Longitude  

(DMS)
Analysis 

date
Physiographic 

Province
Multiple 
bridge?

Relief 
bridge?

Swampy, 
Poorly 
Defined 

Channel? 

Bridge 
length 
(feet)

Drainage 
area        

(sq mi)
Location of pier Pier or bent type Envelope curve used

05249 & 05258 rangeburg & Clarend I-95 Lake Marion 33:30:15.83 80:27:14.98 6/7/2023 Coastal Plain Yes No Yes 4523.67 14400 LABUT Multiple Column Pier Automatic Calculation

05249 & 05258 rangeburg & Clarend I-95 Lake Marion 33:30:15.83 80:27:14.98 6/7/2023 Coastal Plain Yes No Yes 4523.67 14400 LOB Multiple Column Pier Automatic Calculation

05249 & 05258 rangeburg & Clarend I-95 Lake Marion 33:30:15.83 80:27:14.98 6/7/2023 Coastal Plain Yes No Yes 4523.67 14400 CH Multiple Column Pier Automatic Calculation

05249 & 05258 rangeburg & Clarend I-95 Lake Marion 33:30:15.83 80:27:14.98 6/7/2023 Coastal Plain Yes No Yes 4523.67 14400 ROB Multiple Column Pier Automatic Calculation

05249 & 05258 rangeburg & Clarend I-95 Lake Marion 33:30:15.83 80:27:14.98 6/7/2023 Coastal Plain Yes No Yes 4523.67 14400 RABUT Multiple Column Pier Automatic Calculation
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 Bridge-Scour Envelope Curve Template

Quality of Topo 
Map Data

Quality of 
FEMA/Other 

Map Data
Plan m Topo m FEMA/Other m Used m m check (original 

envelope)

m check 
(modified 
envelope)

Plan (left 
abutment length) 

(feet)

Topo (left 
abutment length) 

(feet)

FEMA/Other (left 
abutment length) 

(feet)

Used (left 
abutment length) 

(feet)

Left abutment 
length check 

(original 
envelope)

Left abutment 
length check 

(modified 
envelope)

Plan (right 
abutment length) 

(feet)

Topo (right 
abutment length) 

(feet)

Good Good No Data 0.64 0.64 0.64 OK OK No Data 3700 3700 3700 CAUTION OUTSIDE RANGE No Data 570

FEMA/Other m Used m m check
Left overbank 
scour depth     

(feet)

Right overbank 
scour depth     

(feet)

Selected left 
overbank scour 

depth           
(feet)

Selected right 
overbank scour 

depth           
(feet)

0.64 0.64 OK 4.5 4.5 4.5 4.5

Topo m FEMA/Other m Used m m check (original 
curve)

m check 
(modified curve)

Original channel 
scour depth     

(feet)

Modified channel 
scour depth     

(feet)

Selected channel 
scour depth     

(feet)

0.64 0.64 0.64 OK OK N/A N/A N/A

PENETRATION TABLE

Pier width (feet) Pier length 
(feet)

Angle of attack 
(degrees)

Multiple column 
bent?

Minimum 
spacing between 

columns        
(feet)

Column spacing 
to width ratio

Skew coefficient 
(single pier - HEC-

18)

Skew coefficient 
used

Envelope curve 
used in pier 

scour estimate

Pier scour from 
envelope (feet) 
(no adjustment)

Pier scour 
adjusted for 

skew           
(feet)

Use abutment 
scour at pier?

Clear-water 
abutment scour 

from USGS 
curves          
(feet)

Use overbank 
contraction scour

at pier?

Clear-water 
overbank 

contraction scour
from USGS 

curves         (feet)

5.5 33 0 Yes 14.5 2.64 1.00 1.00 PSDb-2014 9.7 9.7 Yes 18.7 No 0.0

5.5 33 0 Yes 14.5 2.64 1.00 1.00 PSDb-2014 9.7 9.7 No 0.0 Yes 4.5

5.5 33 0 Yes 14.5 2.64 1.00 1.00 PSDb-2014 9.7 9.7 No 0.0 No 0.0

5.5 33 0 Yes 14.5 2.64 1.00 1.00 PSDb-2014 9.7 9.7 No 0.0 Yes 4.5

5.5 33 0 Yes 14.5 2.64 1.00 1.00 PSDb-2014 9.7 9.7 Yes 14.6 No 0.0
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 Bridge-Scour Envelope Curve Template

FEMA/Other 
(right abutment 

length)          
(feet)

Used (right 
abutment length) 

(feet)

Right abutment 
length check 

(original 
envelope)

Right abutment 
length check 

(modified 
envelope)

Original left 
abutment depth 

by m            
(feet)

Original right 
abutment depth 

by m            
(feet)

Original left 
abutment depth 

by length        
(feet)

Original right 
abutment depth 

by length        
(feet)

Modified left 
abutment depth 

by Category     
(feet)

Modified right 
abutment depth 

by Category     
(feet)

Modified left 
abutment depth 
by Interpolation 

(feet)

Modified right 
abutment depth 
by Interpolation  

(feet)

Left abutment 
depth selected  

(feet)

Right abutment 
depth selected  

(feet)

Left abutment 
hole width      

(feet)

Right abutment 
hole width      

(feet)

570 570 OK OUTSIDE RANGE 7.04 7.04 18.69 14.59 N/A N/A N/A N/A 18.69 14.59 70.00 70.00

Use live-bed 
channel 

contraction scour
at pier?

Live-bed 
contraction scour

from USGS 
curves          
(feet)

Use pier scour? Pier scour       
(feet)

Total scour at 
bent            
(feet)

Computed 
embedment of 

pile from 
consultant       

(feet)

Remaining pile  
penetration      

(feet)

Embedment 
below thalweg 

from consultant   
(feet)

Remaining pile  
penetration (at 

thalweg)        
(feet)

No 0.0 No 0.0 18.69 0.00 -18.69 0.00 -18.69

No 0.0 Yes 9.7 14.27 0.00 -14.27 0.00 -14.27

No 0.0 No 0.0 N/A 0.00 N/A 0.00 N/A

No 0.0 Yes 9.7 14.27 0.00 -14.27 0.00 -14.27

No 0.0 No 0.0 14.59 0.00 -14.59 0.00 -14.59
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https://pubs.er.usgs.gov/publication/sir20165121

http://pubs.usgs.gov/ds/0845/

http://pubs.usgs.gov/sir/2012/5029/

http://pubs.usgs.gov/sir/2009/5099/

http://pubs.usgs.gov/sir/2005/5289/

http://pubs.usgs.gov/wri/wri034064/

Benedict, S.T., 2003, Clear-water abutment and contraction scour in the 
Coastal Plain and Piedmont Provinces of South Carolina, 1996–99: U.S. 
Geological Survey Water-Resources Investigations Report 03–4064, 137 p. 

Benedict, S.T., and Caldwell, A.W., 2012, Modification of selected South 
Carolina bridge-scour envelope curves:U.S. Geological Survey Scientific 
Investigations Report 2012-5029, 37 p.

Benedict, S.T., and Caldwell, A.W., 2009, Development and evaluation of 
live-bed pier and contraction scour envelope curves in the Coastal Plain and 
Piedmont Provinces of South Carolina, U.S. Geological Survey Scientific 
Investigations Report 2009–5099, 108 p.

Benedict, S.T., and Caldwell, A.W., 2006, Development and evaluation of 
clear-water pier and contraction scour envelope curves in the Coastal Plain 
and Piedmont Provinces of South Carolina: U.S. Geological Survey 
Scientific Investigations Report 2005–5289, 98 p. 

The South Carolina 
 Bridge-Scour Envelope Curve Template

2016

Benedict, S.T., and Caldwell, A.W., 2014, A pier-scour database—2,427 
field and laboratory measurements of pier scour: U.S. Geological Survey 
Data Series 845, 22 p.

Benedict, S.T., Feaster, T.D., and Caldwell, A.W., 2016, The South Carolina 
bridge-scour envelope curves: U.S. Geological Survey Scientific 
Investigations Report 2016-5121, 96 p.

The South Carolina Bridge-Scour Envelope Curve Template was designed to provide a consistent procedure to apply the South 
Carolina bridge-scour envelope curves. The template was tested with a limited number of bridges and corrections were made as 
necessary.

The development of the South Carolina bridge-scour envelope curves is documented in a series of five reports published over a 
period from 2003 to 2014 (reports listed below with website links).  Benedict and others (2016; website link below) provides a 
summary of those five previous reports and the 2016 report should be used as the primary source for guidance in applying the 
envelope curves and understanding their limitations.  However, the earlier five reports provide important background information, and 
users of this template should be familiar with their content. The South Carolina bridge-scour envelope curves are useful 
supplementary tools for assessing scour potential at bridges in South Carolina. However, there are limitations associated with these 
empirical methods that must be considered in their application. The reports listed below (with website links) describe these limitations, 
and users of this template should be familiar with their content.

Although much effort was expended in the development and review of this template, no warranty, expressed or implied, is made by 
the U.S. Geological Survey as to the accuracy and functioning of the template and related template materials.

Page 1 of 36

Relief Bridge Scour Analysis 

USGS SC Bridge-Scour Envelope Curve Spreadsheet



A Note to Template Users:

Abbreviations Used in the Template

# number
CH channel
D/S downstream
DA drainage area
DMS degrees-minutes-seconds
FEMA Federal Emergency Management Agency
ft feet
HEC-18 Hydraulic Engineering Circular No. 18 (Arneson and others, 2012)
HWM high water mark
LABUT left abutment
LEW left edge of water
LTB left top bank
LOB left overbank
m geometric-contraction ratio
N/A not applicable
RABUT right abutment
REW right edge of water
ROB right overbank
RTB right top bank
SCDOT South Carolina Department of Transportation
sq mi square mile
topo topographic
USGS U.S. Geological Survey
WSEL water-surface elevation

References Used in the Template

Benedict, S.T., Feaster, T.D., and Caldwell, A.W., 2016, The South Carolina bridge-scour 
envelope curves: U.S. Geological Survey Scientific Investigations Report 2016-5121, 96 p.

Arneson, L.A., Zevenbergen, L.W., Lagasse, P.F., and Clopper, P.E., 2012, Evaluating 
scour at bridges (5th ed.): Federal Highway Administration Hydraulic Engineering Circular 
No. 18, Publication No. FHWA-HIF-12-003, 340 p.

Benedict, S.T., and Caldwell, A.W., 2006, Development and evaluation of clear-water pier 
and contraction scour envelope curves in the Coastal Plain and Piedmont Provinces of 
South Carolina: U.S. Geological Survey Scientific Investigations Report 2005–5289, 98 p. 

Benedict, S.T., and Caldwell, A.W., 2009, Development and evaluation of live-bed pier and 
contraction scour envelope curves in the Coastal Plain and Piedmont Provinces of South 
Carolina, U.S. Geological Survey Scientific Investigations Report 2009–5099, 108 p.

Benedict, S.T., and Caldwell, A.W., 2012, Modification of selected South Carolina bridge-
scour envelope curves: U.S. Geological Survey Scientific Investigations Report 2012-5029, 
37 p.

Benedict, S.T., and Caldwell, A.W., 2014, A pier-scour database—2,427 field and laboratory 
measurements of pier scour: U.S. Geological Survey Data Series 845, 22 p.

Benedict, S.T., 2003, Clear-water abutment and contraction scour in the Coastal Plain and 
Piedmont Provinces of South Carolina, 1996–99: U.S. Geological Survey Water-Resources 
Investigations Report 03–4064, 137 p.

          Throughout this workbook there are several locations where users are asked to fill in bridge-site 
information and where users have the option to select their preferred bridge-scour envelope curve. The 
authors recommend that a blank template be used when starting a new bridge-scour assessment to 
avoid mistakes possible when back-tracking through a previously populated template. 
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 Bridge-Scour Envelope Curve Template

1

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Road:

Physiographic Region (for scour): Coastal Plain Multiple Bridge? Yes Bridge Length: 375 ft
Relief Bridge? Yes

Latitude: 33:31:05.87DMS Drainage Area: 14400 sq mi  
Longitude: 80:26:09.83DMS

Hydraulic Model Data (Stations for bridge cross section are based on unconstricted approach section station with bridge projected on to approach)

No

LEW station at bridge (based on approach): ft
REW station at bridge (based on approach): ft
Left abutment toe station (based on approach): ft
Right abutment toe station (based on approach): ft

CHECK (Single bridge data): Channel topwidth (model): 0 ft
Distance from toe to toe (model): No Data ft

Left embankment length (model): No Data ft
Right embankment length (model): No Data ft
m (model): No Data

SCDOT Plan Data (Be sure to check for tie equalities)

No

LEW station at bridge: ft
SCDOT Road Plan number: REW station at bridge: ft
Use HWM or average flood-plain flow depth for WSEL?** Left abutment toe station: ft
WSEL on SCDOT datum: ft Right abutment toe station: ft

ft ft

ft ft

Unconstricted cross-section topwidth from plans: No Data ft

CHECK (Single bridge data): Channel topwidth (plans): 0 ft
Do embankment lengths and toe-to-toe distance Distance from toe to toe (plans): No Data ft
equal unconstricted cross-section topwidth?

Left embankment length (plans): No Data ft
Right embankment length (plans): No Data ft
m (plans): No Data

**NOTE: Average flood-plain flow depth in Coastal Plain and Piedmont is approximately 7 ft.

Topographic Map Data

Yes
Good

Does topo  indicate wide, flat floodplain? Yes
Does topo  indicate severe meander just upstream? No CHECK (Single bridge data):
Bridge length as provided by SCDOT (verify with topo map if possible): 4899 ft Does sum of embankment and bridge lengths 

N/A

Data Available?
Quality of Map Data:

Site Information

(Fill in gray shaded cells; leave blank if data not available.)

LEW station at unconstricted cross section from plans (if no data, 
leave cell empty):
REW station at unconstricted cross section from plans                        
(if no data, leave cell empty):

Data Available?
Quality of Plan Data:

Yes

05250 & 05259
Clarendon

Lake Marion Relief
I-95

Swampy, Poorly Defined 
Channel?

ft

Data Available?

LEW station at unconstricted approach cross section; OR left 
stagnation point for multiple bridge (if no data, leave cell empty):

ft

Quality of Model Data:

ft

RTB station at bridge (if relief bridge or swampy, poorly 
defined channel, leave cell empty):

N/A

ft

ft

Do embankment lengths and toe-to-toe distance equal 
unconstricted cross-section topwidth? (approach before 
cross-section)

No Data

RTB station at bridge (if relief bridge or swampy, poorly 
defined channel, leave cell empty):

REW station at unconstricted approach cross section; OR right 
stagnation point for multiple bridge (if no data, leave cell empty):

N/A

Unconstricted cross-section topwidth from model data (approach 
before cross-section):

LTB station at bridge (if relief bridge or swampy, poorly 
defined channel, leave cell empty):

*Use a blank template when starting new assessments*

LTB station at bridge (if relief bridge or swampy, poorly 
defined channel, leave cell empty):
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 Bridge-Scour Envelope Curve Template

Approach flood-plain topwidth (topo map):** 13475 ft equal approach flood-plain topwidth?
Left embankment length (topo map): 3346 ft
Right embankment length (topo map): 960 ft
m (topo map): 0.64

**NOTE: The approach cross section should represent the unconstricted natural cross section located approximately one bridge-width upstream of the bridge of interest. 
**NOTE: The HWM from the SCDOT plans, HWM from flood documentation, or the average flood-plain flow depth should be used to approximate the flood-plain topwidth.

FEMA/Other Map Data

Yes
Good

If "Other Map," describe:

Bridge length as provided by SCDOT (verify with FEMA/Other map if possible): 4899 ft
Approach flood-plain topwidth (FEMA/Other map):** 13475 ft CHECK (Single bridge data):
Left embankment length (FEMA/Other map): 3346 ft Does sum of embankment and bridge lengths 
Right embankment length (FEMA/Other map): 960 ft  equal approach flood-plain topwidth?
m (FEMA/Other map): 0.64

**NOTE: The inundated areas on the FEMA/Other map should be used to approximate the flood-plain topwidth.

Quality of Map Data:
Data Available?

N/A

**NOTE: The approach cross section should represent the unconstricted natural cross section located approximately one 
bridge-length upstream of the bridge of interest. 

N/A
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 Bridge-Scour Envelope Curve Template

2

Comparison of Geometric-Contraction Ratios [m]

Select Source for m: Source Used:

m Value
m from model: No Data
m from road plans: No Data
m from topographic map: 0.64
m from FEMA/Other map: 0.64
USE m: 0.64

**NOTE: The "USE m" value is automatically selected, but can be overridden by typing in another value. If the originally selected value of m is overridden, justification should be provided in the comments below.

Comparison of Embankment Lengths

Select Source for Embankment Length: Source Used:

Embankment 
Length  (ft) Quality of Source Data Embankment 

Length  (ft) Quality of Source Data

Embankment length from model: No Data No Data No Data No Data
Embankment length from road plans: No Data No Data No Data No Data
Embankment length from topographic map: 3346 Good 960 Good
Embankment length from FEMA/Other map: 3346 Good 960 Good

USE embankment length: 3346 ft 960 ft

CHECK:

If so, use the maximum embankment length from the selected 
"Source Used" for left and right  embankment length.

Comparison of Overbank Widths underneath Bridge

Select Source for Overbank Width: Source Used:

Left Overbank Width Right Overbank Width
(Left abutment toe to left top of bank)** (Right top of bank to right abutment toe)**

Overbank width (Old SCDOT plans if available): No Data ft No Data ft
Overbank width (Hydraulic Model): No Data ft No Data ft

USE overbank width: No Data ft No Data ft

CHECK:
Is overbank width greater than or equal to 10 feet?++ No Data No Data

**NOTE: If the site is a relief bridge or has a swampy, poorly defined channel, then the overbank width will be determined by splitting the toe-to-toe width between the left and right overbanks.

**NOTE: In most cases, the model data should provide a reasonable estimate of embankment lengths and should be given strong consideration in the selection of the final embankment lengths. The other sources of data (road plans and 
maps) should be used to confirm the embankment length estimates baed on the model data. The road plans are based on an actual survey, likely providing a better data source for confirming the embankment lengths determined from 
the model data. The details associated with the topographic and FEMA/Other maps will often be limited, causing discrepancies in the estimate of embankment length.  When significant discrepancies in the estimate of embankmnent 
lengths exist between the four data sources, the user should determine the reason for the discrepancy and then select a reasonable, but conservative estimate of embankment length. As a general rule, the selected m and embankment 
lengths should come from the same data source.

Good

 ++NOTE: The SCDOT Requirements Manual recommends for new and replacement bridges that there be a minimum 10 foot setback distance from the top of bank to the abutment toe (written commun., S.T. Benedict, South Carolina 
Department of Transportation, September 12, 2016).

**NOTE: In most cases, the model data should provide a reasonable estimate of m and should be given strong consideration in the selection of the final m. The other sources of data (road plans and maps) should be used to confirm the 
m estimate based on the model data. The road plans are based on an actual survey, likely providing a better data source for confirming the m determined from the model data. The details associated with the topographic and FEMA/Other 
maps  will often be limited, causing discrepancies in the estimate of m. When significant discrepancies in the estimate of m exist between the four data sources, the user should determine the reason for the discrepancy and then select a 
reasonable, but conservative estimate of m. As a general rule, the selected m and embankment lengths should come from the same data source.

No Data

Right Left

**NOTE: The overbank width information is compared with the topwidth of the abutment-scour hole to determine how much of the overbank width will be covered by the abutment-scour hole and how much will remain for overbank scour.

SCDOT Plans

Good

Quality of Source Data

No Data

No

Topo Map

Topo Map

Is this a relief or swampy bridge with a poorly defined channel 
and a bridge length less than or equal to 240 ft?

**NOTE: The "USE embankment length" value is automatically selected, but can be overridden by typing in another value. If the originally selected value of embankment length is overridden, justification should be provided in the 
comments below.
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 Bridge-Scour Envelope Curve Template

3

Comments:
1

2

3

4

5

6

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field samples; it is possible that scour could 
exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range of data and site characteristics used to develop the envelope curves. The 
uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour data have the largest uncertainty.

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier geometries; and washout of approach 
road embankments.

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with the 100-year flow. Similarly, the 
500-year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year flow condition, but should not be considered a definitive estimate of the 
scour depth associated with the 500-year flow. 

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.
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 Bridge-Scour Envelope Curve Template

1

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Clarendon Road:

Multiple Bridge? Yes Bridge Length: 375 ft
Physiographic Region: Coastal Plain Relief Bridge? Yes

Drainage Area: 14400 sq mi
Latitude: 33:31:05.87 DMS
Longitude: 80:26:09.83 DMS

Drainage Area Check -- Original Curve (Benedict and others, 2016; Benedict, 2003):
Drainage Area Check -- Modified Curve (Benedict and others, 2016; Benedict and Caldwell, 2012):

Comparison of Geometric-Contraction Ratios [m]

m Value
m from model: No Data
m from road plans: No Data
m from topographic map: 0.64
m from FEMA/Other map: 0.64
USE m: (from "Site Info" Sheet) 0.64

m range check -- Original Curve (Benedict and others, 2016; Benedict, 2003): OK
m range check -- Modified Curve (Benedict and others, 2016; Benedict and Caldwell, 2012): OK

Guidance:
Original Clear-Water Abutment-Scour Curves
(Benedict and others, 2016; Benedict, 2003)
Limits:  1)  For Piedmont sites the maximum m =0.82, but 0.86 could be justified with caution.

2) For Coastal Plain sites the maximum m =0.98, but use caution when greater than 0.9.
3) Drainage area should fall within range of measured data and caution should be used as drainage area approaches limits of data.

Modified Clear-Water Abutment-Scour Curve
(Benedict and others, 2016; Benedict and Caldwell, 2012)
Limits: 1)  For Piedmont sites the maximum m =0.85.

2) For Coastal Plain sites the maximum m =0.9.
3) Drainage area should fall within the range of measured data and caution should be used as drainage area approaches limits of data.

DA OUTSIDE RANGE (Above)

Quality of Source 

No Data
Good
Good

**NOTE: The "USE m" value is automatically pulled from the Site Info Sheet.

No Data

Clear-Water Abutment-Scour Estimate
(occurs in the abutment region)

(Option to fill in/modify gray shaded cells. Other cells are selected/calculated automatically.)

Lake Marion Relief
I-95

Yes         Swampy, Poorly Defined 
Channel?

05250 & 05259

DA OUTSIDE RANGE (Above)
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 Bridge-Scour Envelope Curve Template

2

Comparison of Embankment Lengths

Embankment 
Length  (ft)

Embankment 
Length  (ft)

Quality of Source 
Data

Embankment length from model: No Data No Data No Data
Embankment length from road plans: No Data No Data No Data
Embankment length from topographic map: 3346 960 Good
Embankment length from FEMA/Other map: 3346 960 Good
USE embankment length (from Site Info Sheet ): 3346 960

CHECK:

Guidance:
Original Clear-Water Abutment-Scour Curves
(Benedict and others, 2016; Benedict, 2003)
Limits: 1) If the bridge is a relief or swampy bridge with a length of 240 ft or less, the longest embankment length for the left or right embankments should be used at both abutments.

2) For Piedmont sites the maximum embankment length = 950 ft.
3) For Coastal Plain sites the maximum embankment length = 7,440 ft, but most of the data is for lengths of about 2,000 ft or less. Caution must be used when values exceed 2,000 ft.
4) Drainage area should fall within the range of measured data and caution should be used as drainage area approaches limits of data.

Modified Clear-Water Abutment-Scour Curve
(Benedict and others, 2016; Benedict and Caldwell, 2012)
Limits: 1) If the bridge is a relief or swampy bridge with a length of 240 ft or less, the longest embankment length for the left or right embankments should be used at both abutments.

2) For Piedmont and Coastal Plain sites, the maximum embankment length = 500 ft.
3) Drainage area should fall within the range of measured data and caution should be used as drainage area approaches limits of data.

Good
Good

Is this a relief or swampy bridge with a length less than or 
equal to 240 ft? No

Right 

OK

OUTSIDE RANGE

**NOTE: The "USE embankment length" value is automatically pulled from the Site Info Sheet.

Left
Quality of Source Data

No Data

Embankment length range check -- Original Curve (Benedict and others, 2016; Benedict, 2003): (from "EQUATIONS" Sheet )

Embankment length range check -- Modified Curve (Benedict and others, 2016; Benedict and Caldwell, 2012): (from 
"EQUATIONS" Sheet )

CAUTION

OUTSIDE RANGE

No Data

If so, use the maximum embankment length from the selected "Source Used" (see 
"Site Info" Sheet) for left and right embankment lengths.
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 Bridge-Scour Envelope Curve Template

3

Clear-Water Abutment-Scour Depth from Envelope Curves

Original Clear-Water Abutment-Scour Curves (Benedict and others, 2016; Benedict, 2003):
ft ft
ft ft

ft ft

Modified Clear-Water Abutment-Scour Curve (Benedict and others, 2016; Benedict and Caldwell, 2012):
ft ft
ft ft

ft ft

ft ft

Relative Increase in Theoretical Clear-Water Abutment-Scour from the 100- to 500-Year Flows (Benedict and others, 2016):
500-yr flow coefficient:
Abutment-scour by 500-year flow coefficient: ft ft

Guidance:
Original Clear-Water Abutment-Scour Curves
(Benedict and others, 2016; Benedict, 2003)

3) For multiple bridge in Piedmont, use m envelope curve.
4) For multiple bridge in Coastal Plain, for embankment length < 426 ft use m envelope curve.

Modified Clear-Water Abutment-Scour Curve
(Benedict and others, 2016; Benedict and Caldwell, 2012)

2) Use for single bridges only.  Use original curve (Benedict and others, 2016; Benedict, 2003) for multiple bridges.
3) If the estimate of scour using the original envelope curves is less than that using the modified curve, then use the scour depth associated with the original curve.

Relative Increase in Theoretical Clear-Water Abutment-Scour from the 100- to 500-Year Flows
(Benedict and others, 2016)

1) The 500-year flow adjustment coefficient (K500) is used to calculate the relative abutment scour increase from 100- to 500-year flows.

Scour-Hole Topwidths
(Benedict and others, 2016; Benedict, 2003)

Left Abutment Right Abutment

Use Abutment Scour-Hole Topwidth Curve (select from 1 or 2 below): 1 1
(1) Any length bridge with a well defined channel or any bridge longer than 240 feet
(2) Flood-plain relief or swampy bridge with length of 240 ft or less

Abutment scour-hole topwidth: 70.0 ft 70.0 ft
Is scour depth outside range of graph? Yes Yes

Abutment-scour depth by embankment length:
Abutment-scour depth by geometric-contraction ratio m:
Original abutment-scour curve selection:
Selected original abutment-scour depth:

Automatic Calculation Automatic Calculation

18.2
7.0

15.1
7.0

Left Abutment Right Abutment

18.3

Automatic Selection Automatic Selection

1.21 1.21

18.2 15.1

18.2 15.1

N/A
N/A

Automatic Calculation
N/A

4) If the m and (or) embankment lengths are near the limits or beyond the range of the envelope data a caution or warning message, respectively, will appear in the "m range check" and (or) "Embankment length 
range check" cells above.    For these cases judgment must be used to assess the best estimate of clear-water abutment scour.

NOTE: The "Abutment scour-hole topwidth" is automatically calculated. The scour-hole topwidth equations coded in the spreadsheet limit the abutment-scour depth to 25 feet, which is beyond the range of the original graphs. 
The cell below the scour-hole topwidth will indicate if the abutment-scour depth exceeds the graph range and judgment must be used with regard to utilizing the estimated value.

1) If the bridge is a relief or swampy bridge with a length of 240 ft or less, the scour depth determined by embankment length for the left and right abutments should be based on the longest embankment length. 
NOTE: The "Use embankment length" from above should reflect the maximum embankment length from the left or right embankment if the bridge meets the criteria in item 1.  Check to verify.

6) If the m and (or) embankment lengths are near the limits or beyond the range of the envelope data a caution or warning message, respectively, will appear in the "m range check" and (or) "Embankment length 
range check" cells above.    For these cases judgment, must be used to assess the best estimate of clear-water abutment scour.

1) If the bridge is a relief or swampy bridge with a length of 240 ft or less, the scour depth determined by embankment length for the left and right abutments should be based on the longest embankment length. 
NOTE: The "Use embankment length" from above should reflect the maximum embankment length from the left or right embankment if the bridge meets the criteria in item 1.  Check to verify.

2) For single bridge, the spreadsheet will use the embankment-length envelope curves. However, there are cases when it may be appropriate to use the geometric-contraction ratio envelope curve if a more 
conservative estimate is deemed appropriate. Refer to Benedict and others (2016) for additional discussion.

5) For multiple bridge in Coastal Plain: for embankment length >= 426 ft, the spreadsheet will use the embankment-length envelope curves. However, there are cases when it may be appropriate to use the geometric-
contraction ratio envelope curve if a more conservative estimate is deemed appropriate. Refer to Benedict and others (2016) for additional discussion.

2) The K500 is a helpful tool for gaining perspective on the relative increase of theoretical scour associated with the 100- to 500-year abutment-scour depth. However, the adjusted envelope curve values should not be 
considered a definitive estimate of the abutment scour associated with the 500-year flow.

Selected modified abutment-scour depth:
Modified abutment-scour curve selection:
Abutment-scour depth by interpolation:

22.1

Final selected clear water abutment-scour depth:
Final abutment-scour curve selection:

Final Selected Clear-Water Abutment-Scour Depth:

Abutment-scour depth by embankment-length category: N/A
N/A

Automatic Calculation
N/A
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 Bridge-Scour Envelope Curve Template

4

Comments:
1

2

3

4

5

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with the 100-year flow. Similarly, the 
500-year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year flow condition, but should not be considered a definitive estimate 
of the scour depth associated with the 500-year flow. 

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field samples; it is possible that scour 
could exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range of data and site characteristics used to develop the envelope 
curves. The uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour data have the largest uncertainty.

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier geometries; and washout of 
approach road embankments.
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 Bridge-Scour Envelope Curve Template

1

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Clarendon Road:

Bridge Length: 375 ft
Physiographic Region: Coastal Plain Multiple Bridge? Yes

Relief Bridge? Yes Drainage Area: 14400 sq mi
Latitude: 33:31:05.87 DMS
Longitude: 80:26:09.83 DMS Drainage Area Check:  

Comparison of Geometric-Contraction Ratios [m]

m Value
m from model: No Data
m from road plans: No Data
m from topographic map: 0.64
m from FEMA/Other map: 0.64
USE m: (from "Site Info" Sheet) 0.64
m range check: ( from "EQUATIONS" Sheet) OK

**NOTES: If the geometric-contraction ratio is greater than 0.95 message is OUTSIDE RANGE.
If the geometric-contraction ratio is between 0 and 0.85 message is OK.
If the geometric-contraction ratio is between 0.85 and 0.95 message is CAUTION.

Guidance:
(Benedict and others, 2016; Benedict and Caldwell, 2006)

1)  For the Piedmont data the maximum m for clear-water overbank contraction scour was 0.85.
2)  For the Coastal Plain data the maximum m for clear-water overbank contraction scour was 0.95 with data sparse for m greater than 0.9.
3)  Caution must be used when m nears or exceeds the upper limits of the data and the "m range check" cell above should be used to help evaluate the final selection of m.

Clear-Water Contraction-Scour Depth from Envelope Curves

Left Overbank Right Overbank
Clear-Water Contraction-Scour Curve (Benedict and others, 2016; Benedict and Caldwell, 2006)

Clear-water contraction-scour depth by geometric-contraction ratio m: 4.5 ft 4.5 ft

4.5 ft 4.5 ft

Relative Increase in Theoretical Clear-Water Contraction Scour from the 100- to 500-Year Flows (Benedict and others, 2016):
500-yr flow coefficient: 1.46 1.46
Clear-water contraction-scour by 500-year flow coefficient: 6.6 ft 6.6 ft

Guidance:
Clear-Water Contraction-Scour Curve
(Benedict and others, 2016; Benedict and Caldwell, 2006)

Relative Increase in Theoretical Clear-Water Contraction-Scour from the 100- to 500-Year Flows
(Benedict and others, 2016)

1) The 500-year flow adjustment coefficient (K500) is used to calculate the relative clear-water contraction scour increase from 100- to 500-year flows.

Clear-Water Contraction-Scour Estimate
(occurs in the overbank region)

(Option to fill in/modify gray shaded cells. Other cells are selected/calculated automatically.)

**NOTE: The "Selected clear-water overbank-contraction-scour depth" value is automatically selected,  but can be overridden by typing in another value. If the originally selected value of overbank-contraction-scour depth is overridden, 
justification should be provided in the comments below.

05250 & 05259

DA OUTSIDE RANGE (Above)

No Data

1) If the m is near the limits or beyond the range of the envelope data a caution or warning message, respectively, will appear in the "m range check" cell above. For these cases judgment must be used to assess the best 
estimate of clear-water overbank-contraction scour.

Lake Marion Relief
I-95

Yes       Swampy, Poorly 
Defined Channel? 

Final Selected Clear-Water Contraction-Scour Depth:

Quality of Source Data

No Data
Good
Good

**NOTE: The "USE m" value is automatically pulled from the Site Info Sheet.

2) The K500 is a helpful tool for gaining perspective on the relative increase of theoretical scour associated with the 100- to 500-year clear-water contraction-scour depth. However, the adjusted envelope curve values should not 
be considered a definitive estimate of the scour associated with the 500-year flow.
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 Bridge-Scour Envelope Curve Template

2

Comments:
1

2

3

4

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with the 100-year flow. Similarly, the 500
year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year flow condition, but should not be considered a definitive estimate of the 
scour depth associated with the 500-year flow. 

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier geometries; and washout of approach 
road embankments.

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field samples; it is possible that scour could 
exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range of data and site characteristics used to develop the envelope curves. The 
uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour data have the largest uncertainty.
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 Bridge-Scour Envelope Curve Template

1

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Clarendon Road:

Bridge Length: 375 ft
Physiographic Region: Coastal Plain Multiple Bridge? Yes

Relief Bridge? Yes Drainage Area: 14400 sq mi

Latitude: 33:31:05.87 DMS
   Swampy, Poorly 
Defined Channel? Yes

Longitude: 80:26:09.83 DMS
Drainage Area Check -- Original Curve (Benedict and others, 2016; Benedict and Caldwell, 2009):

Drainage Area Check -- Modified Curve (Benedict and others, 2016; Benedict and Caldwell, 2012):

Comparison of Geometric-Contraction Ratios [m]

m Value
m from model: No Data
m from road plans: No Data
m from topographic map: 0.64
m from FEMA/Other map: 0.64
USE m: ( from "Site Info" Sheet) 0.64

m range check -- Original Curve (Benedict and Caldwell, 2009) (m <=0.82): OK
m range check -- Modified Curve (Benedict and Caldwell, 2012)  (m <=0.90): OK

Guidance:
Original Live-Bed Contraction-Scour Curve:
(Benedict and others, 2016; Benedict and Caldwell, 2009)

Limits:  1)  For Piedmont and Coastal Plain sites the maximum m =0.82.
2)  Limited clear-water scour data suggests that it may be appropriate to extend the live-bed curve beyond a value of 0.82; however caution and judgment must be used.
3)  Drainage area should fall within range of the measured data and caution should be used as drainage area approaches limits of data.
4)  Because of uncertainty associated with the live-bed contraction-scour data, caution and judgment must be used in the final estimate of live-bed contraction scour.

Modified Live-Bed Contraction-Scour Curve:
(Benedict and others, 2016; Benedict and Caldwell, 2012)
Limits:  1)  For Piedmont and Coastal Plain sites the maximum m =0.9.

2)  Drainage area should be 200 square miles or less.
3)  Because of uncertainty associated with the live-bed contraction-scour data, caution and judgment must be used in the final estimate of live-bed contraction scour.

**NOTE: The "USE m" value is automatically pulled from the Site Info Sheet.

Live-Bed Contraction-Scour Estimate
(occurs in the channel region)

(Option to fill in/modify gray shaded cells. Other cells are selected/calculated automatically.)

Good

05250 & 05259

DA OUTSIDE RANGE (Above)
DA OUTSIDE RANGE (Above)

No Data

Lake Marion Relief
I-95

Quality of Source Data

No Data
Good

NOTE: Only the field envelope curve for live-bed contraction scour is used in the spreadsheet template. The user may refer to Benedict and others (2016) for application of the dimensionless envelope curve, if deemed appropriate.
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 Bridge-Scour Envelope Curve Template

2

Live-Bed Contraction-Scour Depth from Envelope Curves (NOTE: Only the Field Envelope Curves are Used)
Scour Depth

Live-bed contraction-scour depth: ft

Live-bed contraction-scour depth: ft

ft

500-yr flow coefficient:
Live-bed contraction-scour by 500-year flow coefficient: ft

Guidance:
Original and Modified Live-Bed Contraction-Scour Curve
(Benedict and others, 2016; Benedict and Caldwell, 2012; Benedict and Caldwell, 2009)

2) If site is a relief bridge or is swampy with a poorly defined channel, it will be assumed that live-bed contraction scour will not occur and the scour depths in the above cells will be set to "N/A."

Relative Increase in Theoretical Live-Bed Contraction-Scour from the 100- to 500-Year Flows
(Benedict and others, 2016)

1) The 500-year flow adjustment coefficient (K500) is used to calculate the relative abutment scour increase from 100- to 500-year flows.

Comments:
1

2

3

4

Original Field Envelope Curve for Live-Bed Contraction-Scour Curve (Benedict and others, 2016; 
Benedict and Caldwell, 2009):

Modified Field Envelope Curve for Live-Bed Contraction-Scour Curve (Benedict and others, 2016; 
Benedict and Caldwell, 2012):

Relative Increase in Theoretical Live-Bed Contraction Scour from the 100- to 500-Year Flows (Benedict 
and others, 2016):

NOTE: Only the field envelope curve for live-bed contraction scour is used in the spreadsheet template. The user may refer to Benedict and others (2016) for application of the dimensionless envelope curve, if deemed 
appropriate.
1) If drainage area is 200 square miles or less, then use the live-bed contraction-scour estimate based on the modified envelope curve  (Benedict and Caldwell, 2012). Otherwise, use the estimate based on the original 
envelope curve (Benedict and others, 2016; Benedict and Caldwell, 2009).

Automatic Selection

N/A

Final live-bed contraction-scour curve selection:
Final selected live-bed contraction-scour depth:

2) The K500 is a helpful tool for gaining perspective on the relative increase of theoretical scour associated with the 100- to 500-year live-bed contraction-scour depth. However, the adjusted envelope curve values should 
not be considered a definitive estimate of the scour associated with the 500-year flow.

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier geometries; and washout of 
approach road embankments.

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with the 100-year flow. Similarly, 
the 500-year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year flow condition, but should not be considered a definitive 
estimate of the scour depth associated with the 500-year flow. 

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field samples; it is possible that scour 
could exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range of data and site characteristics used to develop the envelope 
curves. The uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour data have the largest uncertainty.

Final Selected Live-Bed Contraction-Scour Depth:

N/A

N/A
1.32

N/A
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 Bridge-Scour Envelope Curve Template

1

Bridge Number: 05250 & 05259 Stream: Date of Analysis: 6/7/2023
County: Clarendon Road:

Physiographic Region: Coastal Plain Multiple Bridge? Yes Bridge Length: 375 ft
Relief Bridge? Yes

Latitude: 33:31:05.87 DMS Drainage Area: 14400 sq mi
Longitude: 80:26:09.83 DMS

Guidance:
Use of Pier Scour Table below
 - See cell comments for guidance on using the Pier Scour Table below.
Pier Scour Computations
 -  If a pier or bent falls anywhere on the overbank, pier scour will be computed for both the abutment and overbank regions.
 -  If there are piers or bents of varying geometries on the same overbank, use the worst case pier geometry in both the abutment and overbank areas.
 -  When a pier is on the floodplain, but near the channel bank, the user must decide if the pier should be considered to be a channel pier or not; in addition to the proximity of the
    pier to the bank, the user should consider other factors such as bends that may increase potential for scour.

Pier Scour Table
(Benedict and others, 2016; Benedict and Caldwell, 2009; Benedict and Caldwell, 2006)

Left Abutment Left Overbank Channel Right Overbank Right Abutment

LABUT LOB CH ROB RABUT
Multiple Column Pier Multiple Column Pier Multiple Column Pier Multiple Column Pier Multiple Column Pier
Automatic Calculation Automatic Calculation Automatic Calculation Automatic Calculation Automatic Calculation

5.5 5.5 5.5 5.5 5.5

33 33 33 33 33

0 0 0 0 0
Yes Yes Yes Yes Yes

14.5 14.5 14.5 14.5 14.5

2.64 2.6 2.6 2.6 2.6

1.00 1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00 1.00

PSDb-2014 PSDb-2014 PSDb-2014 PSDb-2014 PSDb-2014
9.7 9.7 9.7 9.7 9.7
9.7 9.7 9.74 9.7 9.7
9.7 9.7 9.7 9.7 9.7
1.09 1.09 1.09 1.09 1.09

10.6 10.6 10.6 10.6 10.6

500-year flow coefficient:

**NOTE: The K500 is a helpful tool for gaining perspective on the relative increase of theoretical scour associated with the 100- to 500-year clear-water contraction-scour depth. However, the adjusted envelope curve values should not be 
considered a definitive estimate of the scour associated with the 500-year flow.

Pier length (feet) (should not be less than pier width)

Angle of attack (degrees) (should not exceed 90)

Skew coefficient (selected value; should not exceed a 
value of 5)

Pier scour from envelope (feet) (no adjustment)
Pier scour adjusted for skew (feet)

Envelope curve used in pier scour estimate

Final selected pier scour depth (feet)

Pier Scour Estimate
(Fill in gray shaded cells. Other cells are selected/calculated automatically.)

Relative Increase in Theoretical Pier-Scour from the 
100- to 500-Year Flows (Benedict and others, 2016):

Multiple column pier or bent? (choose from list)

Estimate of minimum spacing between columns (feet)

Column spacing to width ratio (should be between 2 
and 10)
Skew coefficient [Based on guidance in Benedict and 
others (2016) and HEC-18]

Lake Marion Relief
I-95

Location of pier  

   Swampy, Poorly 
Defined Channel? Yes

Type of pier or bent (choose from list)
Envelope curve used (choose from list)
Pier width (feet)
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 Bridge-Scour Envelope Curve Template

2

Comments:
1

2

3

4 Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field samples; it is possible that scour could exceed the envelope 
curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range of data and site characteristics used to develop the envelope curves. The uncertainty associated with the envelope curves 
increases near the limits of the data range. The live-bed scour data have the largest uncertainty.

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier geometries; and washout of approach road embankments.

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with the 100-year flow. Similarly, the 500-year flow adjustment 
coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year flow condition, but should not be considered a definitive estimate of the scour depth associated with the 500-year flow. 
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 Bridge-Scour Envelope Curve Template

Pile Penetration Table for Scour Estimates Using Flows Approaching the 100-year Flow 1
Scour analysis using USGS Bridge-Scour Envelope Curves

(Fill in gray shaded cells. Other cells are selected/calculated automatically.)

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Road:

Bridge Length: 375 ft
Physiographic Region: Coastal Plain Multiple Bridge? Yes

Relief Bridge? Yes Drainage Area: 14400 sq mi
Latitude: 33:31:05.87 DMS
Longitude: 80:26:09.83 DMS

NOTE: Bents are listed from left to right looking downstream
GUIDANCE FOR LEFT AND RIGHT ABUTMENT SCOUR:
Refer to Benedict and others (2016) and Benedict (2003) for additional guidance.

GUIDANCE FOR LEFT AND RIGHT OVERBANK CONTRACTION SCOUR:
Refer to Benedict and others (2016) and Benedict and Caldwell (2006) for additional guidance.

GUIDANCE FOR LIVE-BED CHANNEL SCOUR:
Refer to Benedict and others (2016) and Benedict and Caldwell (2009) for additional guidance.

GENERAL GUIDANCE:
1) Drainage area should fall within the range of measured data and caution should be used as drainage area approaches limits of the data or exceeds the data range.
2) If the m and (or) embankment lengths are near the limits or beyond the range of the envelope data caution should be used.
3) User should review automatically determined values to assure that selected values are reasonable.

Scour region Pier location

Use clear-
water 

abutment 
scour?

Clear-water 
abutment 

scour from 
USGS 
curves      
(feet)

Use clear-
water 

overbank 
contraction 

scour?

Clear-water 
overbank 

contraction 
scour from 

USGS curves 
(feet)

Use live-bed 
channel 

contraction 
scour?

Live-bed 
channel 

contraction 
scour from 

USGS curves   
(feet)

Use pier 
scour?

Pier scour    
(feet)

Total scour 
at bent      
(feet)

Computed 
embedment of 

pile from 
consultant    

(feet)

Remaining 
pile  

penetration   
(feet)

Embedment 
below thalweg 

from 
consultant     

(feet)

Remaining pile  
penetration (at 

thalweg)        
(feet)

Left Abutment LABUT Yes 18.23 No 0.00 No 0.00 No 0.00 18.23 -18.23 -18.23

Left Overbank LOB No 0.00 Yes 4.53 No 0.00 Yes 9.74 14.27 -14.27 -14.27

Channel CH No 0.00 No 0.00 No 0.00 No 0.00 N/A N/A N/A

Right Overbank ROB No 0.00 Yes 4.53 No 0.00 Yes 9.74 14.27 -14.27 -14.27

Right Abutment RABUT Yes 15.10 No 0.00 No 0.00 No 0.00 15.10 -15.10 -15.10

3)   If clear-water overbank scour is determined to be applicable to the overbank area, then the spreadsheet will automatically apply the calculated pier scour to the overbank as well.

1) If the main channel is well defined and considered to be live-bed in nature, it will be assumed that the live-bed contraction scour and channel pier scour will be included in the estimate for total scour in the main channel.  The spreadsheet will 
automatically determine if these scour components are to be included in the estimate of total scour in the main channel.
2)  Live-bed contraction scour will not be applied to a relief bridge or to a bridge with a swampy, poorly defined channel; at such bridges, it will be assumed that clear-water scour conditions prevail and the procedures for applying clear-water abutment and 
contraction scour, as noted previously, will be used. The spreadsheet will automatically determine if live-bed scour should or should not be applied to the channel.

4) The spreadsheet assumes that abutment scour will always occur at the left and right abutments. The spreadsheet will automatically make an initial determination regarding the inclusion of pier scour in the total scour estimate.  The user should review 
this initial determination and if appropriate override the automated value by typing "Yes" or "No" (case sensitive) in the "Use pier scour?" column.  If the pier is skewed, the user should apply judgment to determine if pier scour should be included in the 
total scour estimate, especially for long solid piers where a pier skew can cause large scour depths.
5)  If the site is a relief or swampy bridge that is 240 ft or less, the abutment-scour depth will be applicable from toe-to-toe; if the relief or swampy bridge is greater than 240 ft, the abutment scour-hole depths will be limited to the abutment scour-hole 
topwidths and the clear-water overbank contraction scour will be applied to the remaining overbank area.  The spreadsheet will automatically determine if there is any overbank area on which overbank contraction scour will occur. 
6)  If clear-water overbank contraction scour depth (with no adjustment for pier scour) is greater than the abutment scour depth (with no adjustment for pier scour), then the clear-water overbank contraction scour depth will be used as the best 
representation of the abutment scour depth.  The spreadsheet will automatically determine if the clear-water overbank contraction scour depth is to be used in place of the abutment scour depth.

05250 & 05259
Clarendon

Lake Marion Relief
I-95

1)   If the abutment-scour hole topwidth is greater than the overbank width then it will be assumed that the abutment-scour depth will cover the entire overbank area and there will be no clear-water overbank scour applied to the bridge overbank.  
However, if the abutment-scour hole topwidth is less than the overbank width then it will be assumed that clear-water overbank scour occurs in the overbank area not affected by the abutment scour hole.

1) Do not include clear-water overbank scour depth in abutment-scour area. 
2) If site is in the Piedmont region and the abutment-scour depth is less than or equal to 5 feet then add pier-scour depth for determining total scour.
3) If the pier in the abutment area is a multiple column bent/pier with minimal skew or a solid, long pier with no skew, and the pier width is less than or equal to 2.3 ft, then do not add pier scour to total scour.  (NOTE:  The exception to this guidance is for 
sites in the Piedmont with abutment-scour depths less than or equal to 5 ft as noted in item 2 above.)

2)  The spreadsheet will automatically determine if clear-water overbank scour should be applied or not.

Yes           Swampy, Poorly  
Defined Channel?
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 Bridge-Scour Envelope Curve Template

Comments: 2
1

2

3

4

5

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field 
samples; it is possible that scour could exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range 
of data and site characteristics used to develop the envelope curves. The uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour 
data have the largest uncertainty.
The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier 
geometries; and washout of approach road embankments.

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with
the 100-year flow. Similarly, the 500-year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year 
flow condition, but should not be considered a definitive estimate of the scour depth associated with the 500-year flow. 
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 Bridge-Scour Envelope Curve Template

Pile Penetration Table for Scour Estimates Using Flows Approaching the 100-year Flow and Adjusted by the 500-year Flow Adjustment Coefficient 1
Scour analysis using USGS Bridge-Scour Envelope Curves

(Fill in gray shaded cells. Other cells are selected/calculated automatically.)

Bridge Number: Stream: Date of Analysis: 6/7/2023
County: Road:

Bridge Length: 375 ft
Physiographic Region: Coastal Plain Multiple Bridge? Yes

Relief Bridge? Yes Drainage Area: 14400 sq mi
Latitude: 33:31:05.87 DMS
Longitude: 80:26:09.83 DMS

NOTE: Bents are listed from left to right looking downstream
GUIDANCE FOR LEFT AND RIGHT ABUTMENT SCOUR:
Refer to Benedict and others (2016) and Benedict (2003) for additional guidance.

GUIDANCE FOR LEFT AND RIGHT OVERBANK CONTRACTION SCOUR:
Refer to Benedict and others (2016) and Benedict and Caldwell (2006) for additional guidance.

GUIDANCE FOR LIVE-BED CHANNEL SCOUR:
Refer to Benedict and others (2016) and Benedict and Caldwell (2009) for additional guidance.

GENERAL GUIDANCE:
1) Drainage area should fall within the range of measured data and caution should be used as drainage area approaches limits of the data or exceeds the data range.
2) If the m and (or) embankment lengths are near the limits or beyond the range of the envelope data caution should be used.
3) User should review automatically determined values to assure that selected values are reasonable.

Scour region Pier location

Use clear-
water 

abutment 
scour?

Clear-water 
abutment 

scour from 
USGS 
curves      
(feet)

Use clear-
water 

overbank 
contraction 

scour?

Clear-water 
overbank 

contraction 
scour from 

USGS curves 
(feet)

Use live-bed 
channel 

contraction 
scour?

Live-bed 
channel 

contraction 
scour from 

USGS curves   
(feet)

Use pier 
scour?

Pier scour    
(feet)

Total scour 
at bent      
(feet)

Computed 
embedment of 

pile from 
consultant    

(feet)

Remaining 
pile  

penetration   
(feet)

Embedment 
below thalweg 

from 
consultant     

(feet)

Remaining pile  
penetration (at 

thalweg)        
(feet)

Left Abutment LABUT Yes 22.10 No 0.00 No 0.00 No 0.00 22.10 -22.10 -22.10

Left Overbank LOB No 0.00 Yes 6.60 No 0.00 Yes 10.60 17.20 -17.20 -17.20

Channel CH No 0.00 No 0.00 No 0.00 No 0.00 N/A N/A N/A

Right Overbank ROB No 0.00 Yes 6.60 No 0.00 Yes 10.60 17.20 -17.20 -17.20

6)  If clear-water overbank contraction scour depth (with no adjustment for pier scour) is greater than the abutment scour depth (with no adjustment for pier scour), then the clear-water overbank contraction scour depth will be used as the best 
representation of the abutment scour depth.  The spreadsheet will automatically determine if the clear-water overbank contraction scour depth is to be used in place of the abutment scour depth.

05250 & 05259 Lake Marion Relief
Clarendon I-95

           Swampy, Poorly  
Defined Channel? Yes

1) Do not include clear-water overbank scour depth in abutment-scour area. 
2) If site is in the Piedmont region and the abutment-scour depth is less than or equal to 5 feet then add pier-scour depth for determining total scour.
3) If the pier in the abutment area is a multiple column bent/pier with minimal skew or a solid, long pier with no skew, and the pier width is less than or equal to 2.3 ft, then do not add pier scour to total scour.  (NOTE:  The exception to this guidance is for 
sites in the Piedmont with abutment-scour depths less than or equal to 5 ft as noted in item 2 above.)
4) The spreadsheet assumes that abutment scour will always occur at the left and right abutments. The spreadsheet will automatically make an initial determination regarding the inclusion of pier scour in the total scour estimate.  The user should review 
this initial determination and if appropriate override the automated value by typing "Yes" or "No" (case sensitive) in the "Use pier scour?" column.  If the pier is skewed, the user should apply judgment to determine if pier scour should be included in the 
total scour estimate, especially for long solid piers where a pier skew can cause large scour depths.
5)  If the site is a relief or swampy bridge that is 240 ft or less, the abutment-scour depth will be applicable from toe-to-toe; if the relief or swampy bridge is greater than 240 ft, the abutment scour-hole depths will be limited to the abutment scour-hole 
topwidths and the clear-water overbank contraction scour will be applied to the remaining overbank area.  The spreadsheet will automatically determine if there is any overbank area on which overbank contraction scour will occur. 

1)   If the abutment-scour hole topwidth is greater than the overbank width then it will be assumed that the abutment-scour depth will cover the entire overbank area and there will be no clear-water overbank scour applied to the bridge overbank.  
However, if the abutment-scour hole topwidth is less than the overbank width then it will be assumed that clear-water overbank scour occurs in the overbank area not affected by the abutment scour hole.
2)  The spreadsheet will automatically determine if clear-water overbank scour should be applied or not.
3)   If clear-water overbank scour is determined to be applicable to the overbank area, then the spreadsheet will automatically apply the calculated pier scour to the overbank as well.

1) If the main channel is well defined and considered to be live-bed in nature, it will be assumed that the live-bed contraction scour and channel pier scour will be included in the estimate for total scour in the main channel.  The spreadsheet will 
automatically determine if these scour components are to be included in the estimate of total scour in the main channel.
2)  Live-bed contraction scour will not be applied to a relief bridge or to a bridge with a swampy, poorly defined channel; at such bridges, it will be assumed that clear-water scour conditions prevail and the procedures for applying clear-water abutment and 
contraction scour, as noted previously, will be used. The spreadsheet will automatically determine if live-bed scour should or should not be applied to the channel.
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 Bridge-Scour Envelope Curve Template

Right Abutment RABUT Yes 18.30 No 0.00 No 0.00 No 0.00 18.30 -18.30 -18.30
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 Bridge-Scour Envelope Curve Template

Comments: 2
1

2

3

4

5

The envelope curves do not account for unusual site conditions such as: debris; channel bank failures; pressure flow; unusual flow patterns created by unique site conditions; unusual pier 
geometries; and washout of approach road embankments.

The field data generally represent scour associated with flows approaching the 100-year flow magnitude but should not be considered a definitive estimate of the scour depth associated with
the 100-year flow. Similarly, the 500-year flow adjustment coefficients can be used to provide perspective on the relative increase in theoretical scour associated with the 100- to 500-year 
flow condition, but should not be considered a definitive estimate of the scour depth associated with the 500-year flow. 

Subsurface soils can impede or promote scour. Therefore, assessing the potential effect of subsurface soils on scour is important.

These and other limitations should be kept in mind when using the envelope curves to assess scour potential. The envelope curves are empirical methods that are based on limited field 
samples; it is possible that scour could exceed the envelope curves; therefore, application of a safety factor may be prudent. Application of the envelope curves is constrained to the range 
of data and site characteristics used to develop the envelope curves. The uncertainty associated with the envelope curves increases near the limits of the data range. The live-bed scour 
data have the largest uncertainty.
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 Bridge-Scour Envelope Curve Template

Left Abutment Right Abutment

Coastal Plain Scour Depth:   18.2 ft 15.1 ft
Embankment Length:   3346 ft 960 ft

Embankment Length Check:   CAUTION OK

NOTES:
If embankment length is greater than 7,440 ft it is OUTSIDE RANGE.
If embankment length is greater than 2,000 ft but less than 7,440 ft use CAUTION.
If embankment length is between 0 and 2,000 ft it is OK.

Piedmont Scour Depth:   -8.4 ft 18.2 ft
Embankment Length:   3346.0 960.0

Embankment Length Check:   OUTSIDE RANGE OUTSIDE RANGE

NOTES:
If embankment length is greater than 950 ft it is OUTSIDE RANGE.
If embankment length is between 0 and 950 ft it is OK.

Left Abutment Right Abutment

Coastal Plain Scour Depth:   7.0 ft 7.0 ft
Contraction Ratio:   0.64 0.64

Contraction Ratio Check:   OK OK

NOTES:
If contraction ratio is greater than 0.98 it is OUTSIDE RANGE.
If contraction ratio is greater than 0.9 but less than 0.98 use CAUTION.
If contraction ratio is between 0 and 0.9 it is OK.

Piedmont Scour Depth:   12.0 ft 12.0 ft
Contraction Ratio:   0.64 0.64

Contraction Ratio Check:   OK OK

NOTES:
If contraction ratio is greater than 0.86 it is OUTSIDE RANGE.
If contraction ratio is greater than 0.82 but less than 0.86 use CAUTION.
If contraction ratio is between 0 and 0.82 it is OK.

Do not modify this worksheet. This worksheet uses data entered in other worksheets of this workbook and uses the various South Carolina Bridge-
Scour Envelope Curves to calculate the upper bound of selected scour parameters.

Application of Selected Envelope-Curve Equations

     II. Estimate from the geometric contraction ratio m -- Original Curves (Benedict and others, 2016; Benedict, 2003)

     I.  Estimate from abutment-length envelope curves -- Original Curves (Benedict and others, 2016; Benedict, 2003)

Estimate of Upper Bound of Clear-Water Abutment-Scour Depth from Envelope Curves
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 Bridge-Scour Envelope Curve Template

Left Abutment Right Abutment

Coastal Plain
Initial Estimate of Scour Depth (by Category):   N/A ft N/A ft
Final Selection of Scour Depth (by Category):   N/A ft N/A ft

Initial Estimate of Scour Depth (by Interpolation):   N/A ft N/A ft
Final Selection of Scour Depth (by Interpolation):   N/A ft N/A ft

Embankment Length:   3346 ft 960 ft
Embankment Length Check:   OUTSIDE RANGE OUTSIDE RANGE

Contraction Ratio:   0.64 0.64
Contraction Ratio Check:   OK OK

Interpolation Table
Embankment 

Length 
Category (ft)

Lower m Limit m used in 
equation

Abutment-Scour 
Depth (ft)

0 0.00 0.00 0.0
100 0.25 0.64 2.0
200 0.50 0.64 4.5
300 0.65 0.65 7.4
400 0.76 0.76 11.2
500 0.84 0.84 14.9

NOTES:
If embankment length is greater than 500 ft it is OUTSIDE RANGE.
If embankment length is between 0 and 500 ft it is OK.
If contraction ratio is greater than 0.9 it is OUTSIDE RANGE.
If contraction ratio is between 0 and 0.9 it is OK.

Piedmont
Initial Estimate of Scour Depth (by Category):   N/A ft N/A ft
Final Selection of Scour Depth (by Category):   N/A ft N/A ft

Initial Estimate of Scour Depth (by Interpolation):   N/A ft N/A ft
Final Selection of Scour Depth (by Interpolation):   N/A ft N/A ft

Embankment Length:   3346 ft 960 ft
Embankment Length Check:   OUTSIDE RANGE OUTSIDE RANGE

Contraction Ratio:   0.64 0.64
Contraction Ratio Check:   OK OK

Interpolation Table
Embankment 

Length 
Category (ft)

Lower m Limit m used in 
equation

Abutment-Scour 
Depth (ft)

0 0.00 0.00 0.0
100 0.14 0.64 1.9
200 0.25 0.64 3.9
300 0.34 0.64 5.6
400 0.42 0.64 7.3
500 0.50 0.64 8.9

NOTES:
If embankment length is greater than 500 ft it is OUTSIDE RANGE.
If embankment length is between 0 and 500 ft it is OK.
If contraction ratio is greater than 0.85 it is OUTSIDE RANGE.
If contraction ratio is between 0 and 0.85 it is OK.

     III. Estimate by embankment-length category -- Modified Curves (Benedict and others, 2016; Benedict and 
Caldwell, 2012)
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 Bridge-Scour Envelope Curve Template

     Using "final selected abutment-scour depth"

Left Abutment Right Abutment

Any length bridge with well defined channel 70.0 ft 70.0 ft

Relief or swampy bridge with length of 240 ft or less 113.7 ft 104.2 ft

NOTES:
If scour depth is outside the range of the graph then cell is highlighted in red.
If scour depth is within the range of the graph then cell is highlighted in green.

Left Overbank Right Overbank

Scour Depth:   4.5 ft 4.5 ft
Contraction Ratio:   0.64 0.64

Contraction Ratio Check:   OK OK

NOTES:
If contraction ratio is greater than 0.95 it is OUTSIDE RANGE.
If contraction ratio is greater than 0.85 but less than 0.95 use CAUTION.
If contraction ratio is between 0 and 0.85 it is OK.

Estimate of Clear-Water Abutment-Scour Hole Topwidth from Envelope Curve (Benedict and others, 2016; Benedict, 
2003)

Estimate of Clear-Water Overbank Contraction-Scour Depth from Envelope Curves (Benedict and others, 2016; 
Benedict and Caldwell, 2006)

Is scour depth greater than 23.6 feet and 
therefore outside range of graph?

Is scour depth greater than 18 feet and 
therefore outside range of graph?

No No

Yes Yes
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05250 & 05259 1
County: Clarendon
Stream: Lake Marion Relief
Road: I-95
Region: Coastal Plain

Original Clear-Water Abutment-Scour Envelope Curves 
(Benedict and others, 2016; Benedict, 2003)
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05250 & 05259 2
County: Clarendon
Stream: Lake Marion Relief
Road: I-95
Region: Coastal Plain

Original Clear-Water Abutment-Scour Envelope Curves 
(Benedict and others, 2016; Benedict, 2003)
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05250 & 05259 3
County: Clarendon
Stream: Lake Marion Relief
Road: I-95
Region: Coastal Plain

Modified Clear-Water Abutment-Scour Envelope Curves 
(Benedict and others, 2016; Benedict and Caldwell, 2012)
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05250 & 05259 4
County: Clarendon
Stream: Lake Marion Relief
Road: I-95
Region: Coastal Plain

Modified Live-Bed Channel Contraction-Scour Envelope Curves 
(Benedict and others, 2016; Benedict and Caldwell, 2012)

Original Live-Bed Channel Contraction-Scour Envelope Curve 
(Benedict and others, 2016; Benedict and Caldwell, 2009)
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05250 & 05259 5
County: Clarendon
Stream: Lake Marion Relief
Road: I-95
Region: Coastal Plain

Pier-Scour Envelope Curves (Benedict and others, 
2016; Benedict and Caldwell, 2006; 2009)

Clear-Water Overbank Contraction-Scour Envelope Curve 
(Benedict and others, 2016; Benedict and Caldwell, 2006)
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 Bridge-Scour Envelope Curve Template

Bridge Number: 05250 & 05259 6
County: Clarendon
Stream: Lake Marion Relief
Road: I-95
Region: Coastal Plain

Pier-Scour Skew Coefficients
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 Bridge-Scour Envelope Curve Template

Data for Graphs

Estimate of Abutment-Scour  --  Original Abutment-Scour Envelope Curves (Benedict and others, 2016; Benedict, 2003)

Use the following envelope curve: Coastal Plain Coastal Plain

Left Abutment Right Abutment 5 ft break line

Embankment Scour Embankment Scour Embankment Scour
Length Depth Length Depth Length Depth

(ft) (ft) (ft) (ft) (ft) (ft)
Abutment Scour by Embankment Length 0 18.2 0 15.1 0 5

3346 18.2 960 15.1 194 5
3346 0 960 0

Left Abutment Right Abutment 5 ft break line

m Scour m Scour m Scour
Depth Depth Depth

(ft) (ft) (ft)
Abutment Scour by m 0 7.0 0 7.0 0 5

0.64 7.0 0.64 7.0 0.37 5
0.64 0 0.64 0

Estimate of Abutment-Scour  --  Modified Abutment-Scour Envelope Curves (Benedict and others, 2016; Benedict and Caldwell, 2012)

Piedmont Coastal Plain

By Category By Category
Left Abutment Right Abutment Left Abutment Right Abutment

m Scour m Scour m Scour m Scour
Depth Depth Depth Depth

(ft) (ft) (ft) (ft)
0 0.0 0 0.0 0 N/A 0 N/A

0.00 0.0 0.00 0.0 0.64 N/A 0.64 N/A
0.00 0 0.00 0 0.64 0 0.64 0

By Interpolation By Interpolation

m Scour m Scour m Scour m Scour
Depth Depth Depth Depth

(ft) (ft) (ft) (ft)
0 0.0 0 0.0 0 N/A 0 N/A

0.00 0.0 0.00 0.0 0.64 N/A 0.64 N/A
0.00 0 0.00 0 0.64 0 0.64 0

Left Overbank Right Overbank

m m

0 0
0.64 0.64
0.64 0.64

Coastal Plain and Piedmont Live-Bed Channel Contraction-Scour Envelope Curve by m

Original Live-Bed Channel Contraction Scour Modified Live-Bed Channel Contraction Scour
(Benedict and Caldwell, 2009) (Benedict and Caldwell, 2012)

m Scour m Scour
Depth Depth

(ft) (ft)
0 N/A 0 N/A

0.64 N/A 0.64 N/A
0.64 0.0 0.64 0.0

Abutment-Scour Hole Topwidths (Benedict and others, 2016; Benedict, 2003)

Use the following envelope curve: Long Bridge Long Bridge

Left Abutment Right Abutment

Scour Scour Scour Scour
Depth Topwidth Depth Topwidth

(ft) (ft) (ft) (ft)
0 70.0 0 70.0

18.2 70.0 15.1 70.0
18.2 0 15.1 0

Envelope Curve Data Envelope Curve Data

Coastal Plain Piedmont SC SC
Clear-Water Live-Bed National 2.5b PSDb-2014

Abutment-Scour Depth by Embankment Length Abut Scour Abut Scour Pier Scour Envelopes Pier Scour Scour Scour Scour Scour
Original Curve (Benedict, 2003) Length Depth Length Depth (Benedict and Caldwell, 2006; 2009) Width Depth Depth Depth Depth Depth

(ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft) (ft)
0 0 0 0 0 0.5 3.3 4.1 0.0 0.0

426.5 14.4 18.4 0.6 2 3.5 5.5 7.1 5.0 3.9
7440.6 23.6 112.3 3.1 4 6.5 7.7 10.1 10.0 7.3

181.4 4.6 6 9.5 9.9 13.1 15.0 10.5
408.5 9.7 8 16.1 20.0 13.6
571.8 12.9 10 19.1 25.0 16.7
606.4 13.7 12 22.1 30.0 19.7
675 14.2 14 25.1 35 22.6

952.9 18 16 40.0 25.5

0 0

Scour
Depth

(ft)

Coastal Plain and Piedmont Clear-Water Overbank Contraction-Scour Envelope Curve by m (Benedict and others, 2016; Benedict and Caldwell, 2006)

Scour
Depth

(ft)
4.5
4.5

4.5
4.5
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 Bridge-Scour Envelope Curve Template

Envelope Curve Data

Abutment-Scour Depth by Contraction Ratio Coastal Plain Piedmont Sands
Original Curve (Benedict, 2003)

m Scour m Scour
Depth Depth

(ft) (ft)
0 0 0 0

0.32 1.69 0.022 0.6
0.67 8.18 0.372 4.6
0.77 11.75 0.668 13.7
0.81 13.55
0.82 14.03
0.98 23.53 0.817 18

Envelope Curve Data Skew Coefficients from HEC‐18
Long Bridges Small Swampy Bridges

Correction Factor, K2, for Angle of Attack, θ, of the Flow.  
Abutment-Scour Hole Topwidth Scour Scour Scour Scour  

Original Curve (Benedict, 2003) Depth Topwidth Depth Topwidth    Angle   L/a=4   L/a=8   L/a=12  
(ft) (ft) (ft) (ft)   0 1.00 1.00 1.00
0 0 0 0   15 1.50 2.00 2.50
0 6 0 6   30 2.00 2.75 3.50

0.4 20 0.4 20   45 2.30 3.30 4.30
1.2 40 1.2 40   90 2.50 3.90 5.00
2.6 60 2.6 60
5.2 65 13.7 100  Angle = skew angle of flow, in degrees; L = length of pier, in feet; a = pier width, in feet
13.2 70 23.6 130
18 70

Envelope Curve Data

Modified Abutment-Scour Envelope Curves (Benedict and others, 2016; Benedict and Caldwell, 2012)

Piedmont Coastal Plain
100 200 300 400 500 100 200 300 400 500

m Scour Depth 
(ft)

Scour Depth  
(ft)

Scour 
Depth    

(ft)

Scour 
Depth    

(ft)

Scour 
Depth    

(ft)
m Scour Depth 

(ft)
Scour Depth 

(ft)
Scour Depth 

(ft)
Scour Depth 

(ft)
Scour Depth 

(ft)

0.130 1.20 0.25 1.22
0.25 1.21 2.84 0.49 1.57 3.84
0.34 1.29 2.92 4.42 0.65 2.10 4.62 7.40
0.42 1.40 3.08 4.60 6.12 0.76 2.60 5.42 8.39 11.24
0.5 1.55 3.31 4.89 6.43 8.04 0.84 3.03 6.14 9.30 12.42 14.94
0.6 1.80 3.72 5.40 7.02 8.65 0.90 3.40 6.76 10.10 13.50 16.30
0.7 2.11 4.25 6.08 7.84 9.57
0.8 2.49 4.91 6.92 8.89 10.79
0.85 2.70 5.28 7.41 9.50 11.52

Envelope Curve Data Envelope Curve Data

Coastal Plain and Piedmont m Scour Coastal Plain and Piedmont m Scour
Clear-Water Overbank Contraction Scour Depth Original Live-Bed Channel Contraction Scour Depth
(Benedict and Caldwell, 2006) (ft) (Benedict and Caldwell, 2009) (ft)

0 0.60 0 0.0
0.02 0.80 0.02 0.04
0.1 1.54 0.1 0.38
0.2 2.36 0.2 1.25
0.3 3.06 0.3 2.61
0.4 3.64 0.4 4.47
0.5 4.10 0.5 6.83
0.6 4.44 0.6 9.67
0.7 4.66 0.7 13.01
0.8 4.76 0.8 16.85
0.85 4.77 0.85 18.95
0.91 4.73 0.9 21.18

Envelope Curve Data

Coastal Plain and Piedmont
Modified Live-Bed Channel Contraction Scour 100 200

(Benedict and Caldwell, 2012)
m

Scour 
Depth    

(ft)

Scour 
Depth    

(ft)
0.000 0.00 0.00
0.1 0.16 0.30
0.2 0.64 1.00
0.3 1.44 2.10
0.4 2.56 3.60
0.6 5.76 7.80
0.7 7.84 10.50
0.8 10.24 13.60
0.9 12.96 17.10

Embankment Length Category (ft)

Drainage Area (sq mi)

Embankment Length Category (ft)
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 Bridge-Scour Envelope Curve Template

ABUTMENT-SCOUR DATA

SCDOT Bridge 
Number County Road Stream Latitude 

(DMS)
Longitude  

(DMS)
Analysis 

date
Physiographic 

Province
Multiple 
bridge?

Relief 
bridge?

Swampy, 
Poorly 
Defined 

Channel? 

Bridge 
length 
(feet)

Drainage 
area        

(sq mi)

Drainage area check 
(original envelope)

Drainage area 
check (modified 

envelope)

Quality of SCDOT Plan 
Data

05250 & 05259 Clarendon I-95 Lake Marion Relief 33:31:05.87 80:26:09.83 6/7/2023 Coastal Plain Yes Yes Yes 375 14400 DA OUTSIDE RANGE 
(Above)

DA OUTSIDE 
RANGE (Above) No Data

CLEAR-WATER CONTRACTION-SCOUR DATA

SCDOT Bridge 
Number County Road Stream Latitude 

(DMS)
Longitude  

(DMS)
Analysis 

date
Physiographic 

Province
Multiple 
bridge?

Relief 
bridge?

Swampy, 
Poorly 
Defined 

Channel? 

Bridge 
length 
(feet)

Drainage 
area        

(sq mi)
Drainage area check Plan m Topo m

05250 & 05259 Clarendon I-95 Lake Marion Relief 33:31:05.87 80:26:09.83 6/7/2023 Coastal Plain Yes Yes Yes 375 14400 DA OUTSIDE RANGE 
(Above) No Data 0.64

LIVE-BED CONTRACTION-SCOUR DATA

SCDOT Bridge 
Number County Road Stream Latitude 

(DMS)
Longitude  

(DMS)
Analysis 

date
Physiographic 

Province
Multiple 
bridge?

Relief 
bridge?

Swampy, 
Poorly 
Defined 

Channel? 

Bridge 
length 
(feet)

Drainage 
area        

(sq mi)

Drainage area check 
(original curve)

Drainage area 
check (modified 

curve)
Plan m

05250 & 05259 Clarendon I-95 Lake Marion Relief 33:31:05.87 80:26:09.83 6/7/2023 Coastal Plain Yes Yes Yes 375 14400 DA OUTSIDE RANGE 
(Above)

DA OUTSIDE 
RANGE (Above) No Data

PIER-SCOUR DATA

SCDOT Bridge 
Number County Road Stream Latitude 

(DMS)
Longitude  

(DMS)
Analysis 

date
Physiographic 

Province
Multiple 
bridge?

Relief 
bridge?

Swampy, 
Poorly 
Defined 

Channel? 

Bridge 
length 
(feet)

Drainage 
area        

(sq mi)
Location of pier Pier or bent type Envelope curve used

05250 & 05259 Clarendon I-95 Lake Marion Relief 33:31:05.87 80:26:09.83 6/7/2023 Coastal Plain Yes Yes Yes 375 14400 LABUT Multiple Column Pier Automatic Calculation

05250 & 05259 Clarendon I-95 Lake Marion Relief 33:31:05.87 80:26:09.83 6/7/2023 Coastal Plain Yes Yes Yes 375 14400 LOB Multiple Column Pier Automatic Calculation

05250 & 05259 Clarendon I-95 Lake Marion Relief 33:31:05.87 80:26:09.83 6/7/2023 Coastal Plain Yes Yes Yes 375 14400 CH Multiple Column Pier Automatic Calculation

05250 & 05259 Clarendon I-95 Lake Marion Relief 33:31:05.87 80:26:09.83 6/7/2023 Coastal Plain Yes Yes Yes 375 14400 ROB Multiple Column Pier Automatic Calculation

05250 & 05259 Clarendon I-95 Lake Marion Relief 33:31:05.87 80:26:09.83 6/7/2023 Coastal Plain Yes Yes Yes 375 14400 RABUT Multiple Column Pier Automatic Calculation
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 Bridge-Scour Envelope Curve Template

Quality of Topo 
Map Data

Quality of 
FEMA/Other 

Map Data
Plan m Topo m FEMA/Other m Used m m check (original 

envelope)

m check 
(modified 
envelope)

Plan (left 
abutment length) 

(feet)

Topo (left 
abutment length) 

(feet)

FEMA/Other (left 
abutment length) 

(feet)

Used (left 
abutment length) 

(feet)

Left abutment 
length check 

(original 
envelope)

Left abutment 
length check 

(modified 
envelope)

Plan (right 
abutment length) 

(feet)

Topo (right 
abutment length) 

(feet)

Good Good No Data 0.64 0.64 0.64 OK OK No Data 3346 3346 3346 CAUTION OUTSIDE RANGE No Data 960

FEMA/Other m Used m m check
Left overbank 
scour depth     

(feet)

Right overbank 
scour depth     

(feet)

Selected left 
overbank scour 

depth           
(feet)

Selected right 
overbank scour 

depth           
(feet)

0.64 0.64 OK 4.5 4.5 4.5 4.5

Topo m FEMA/Other m Used m m check (original 
curve)

m check 
(modified curve)

Original channel 
scour depth     

(feet)

Modified channel 
scour depth     

(feet)

Selected channel 
scour depth     

(feet)

0.64 0.64 0.64 OK OK N/A N/A N/A

PENETRATION TABLE

Pier width (feet) Pier length 
(feet)

Angle of attack 
(degrees)

Multiple column 
bent?

Minimum 
spacing between 

columns        
(feet)

Column spacing 
to width ratio

Skew coefficient 
(single pier - HEC-

18)

Skew coefficient 
used

Envelope curve 
used in pier 

scour estimate

Pier scour from 
envelope (feet) 
(no adjustment)

Pier scour 
adjusted for 

skew           
(feet)

Use abutment 
scour at pier?

Clear-water 
abutment scour 

from USGS 
curves          
(feet)

Use overbank 
contraction scour

at pier?

Clear-water 
overbank 

contraction scour
from USGS 

curves         (feet)

5.5 33 0 Yes 14.5 2.64 1.00 1.00 PSDb-2014 9.7 9.7 Yes 18.2 No 0.0

5.5 33 0 Yes 14.5 2.64 1.00 1.00 PSDb-2014 9.7 9.7 No 0.0 Yes 4.5

5.5 33 0 Yes 14.5 2.64 1.00 1.00 PSDb-2014 9.7 9.7 No 0.0 No 0.0

5.5 33 0 Yes 14.5 2.64 1.00 1.00 PSDb-2014 9.7 9.7 No 0.0 Yes 4.5

5.5 33 0 Yes 14.5 2.64 1.00 1.00 PSDb-2014 9.7 9.7 Yes 15.1 No 0.0
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 Bridge-Scour Envelope Curve Template

FEMA/Other 
(right abutment 

length)          
(feet)

Used (right 
abutment length) 

(feet)

Right abutment 
length check 

(original 
envelope)

Right abutment 
length check 

(modified 
envelope)

Original left 
abutment depth 

by m            
(feet)

Original right 
abutment depth 

by m            
(feet)

Original left 
abutment depth 

by length        
(feet)

Original right 
abutment depth 

by length        
(feet)

Modified left 
abutment depth 

by Category     
(feet)

Modified right 
abutment depth 

by Category     
(feet)

Modified left 
abutment depth 
by Interpolation 

(feet)

Modified right 
abutment depth 
by Interpolation  

(feet)

Left abutment 
depth selected  

(feet)

Right abutment 
depth selected  

(feet)

Left abutment 
hole width      

(feet)

Right abutment 
hole width      

(feet)

960 960 OK OUTSIDE RANGE 7.04 7.04 18.23 15.10 N/A N/A N/A N/A 18.23 15.10 70.00 70.00

Use live-bed 
channel 

contraction scour
at pier?

Live-bed 
contraction scour

from USGS 
curves          
(feet)

Use pier scour? Pier scour       
(feet)

Total scour at 
bent            
(feet)

Computed 
embedment of 

pile from 
consultant       

(feet)

Remaining pile  
penetration      

(feet)

Embedment 
below thalweg 

from consultant   
(feet)

Remaining pile  
penetration (at 

thalweg)        
(feet)

No 0.0 No 0.0 18.23 0.00 -18.23 0.00 -18.23

No 0.0 Yes 9.7 14.27 0.00 -14.27 0.00 -14.27

No 0.0 No 0.0 N/A 0.00 N/A 0.00 N/A

No 0.0 Yes 9.7 14.27 0.00 -14.27 0.00 -14.27

No 0.0 No 0.0 15.10 0.00 -15.10 0.00 -15.10
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FHWA Hydraulic Toolbox/ 
HEC-18 Approach

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief





SMS Bridge Scour To – I-95 over Lake Marion 



SMS Bridge Scour Tool – I-95 over Lake Marion Relief 



Scour Summary Table – I-95 over Lake Marion 

Bridge scour Summary Table 



Scour Summary Table – I-95 over Lake Marion 

Bridge scour Summary Table (continued) 



Scour Summary Table – I-95 over Lake Marion 

Bridge scour Summary Table (continued) 



Scour Summary Table – I-95 over Lake Marion 

Bridge scour Summary Table (continued) 



Scour Summary Table – I-95 over Lake Marion 

500-year: Channel Scour – Live Bed Contraction



Scour Summary Table – I-95 over Lake Marion 

500-year: Left Overbank Scour – Live Bed Contraction



Scour Summary Table – I-95 over Lake Marion 

500-year: Right Overbank Scour – Live Bed Contraction



Scour Summary Table – I-95 over Lake Marion 

500-year: Right Abutment Scour



Scour Summary Table – I-95 over Lake Marion 

100-year: Channel Scour – Live Bed Contraction



Scour Summary Table – I-95 over Lake Marion 

100-year: Left Overbank Scour – Live Bed Contraction



Scour Summary Table – I-95 over Lake Marion  

 
 
100-year: Right Overbank Scour – Live Bed Contraction 

 

 

 

 

 

 



Scour Summary Table – I-95 over Lake Marion 

100-year: Right Abutment Scour



Scour Summary Table – I-95 over Lake Marion Relief 

*Differences in discharge captured in upstream section and contraction section combined with the lack of
a defined channel and assumed lower limit for non-cohesive soils D50 resulted in inaccurate HEC-18
method contraction scour results. The results were based on the hydraulic data extracted using SMS's
Bridge Scour Coverage and FHWA's Hydraulic Toolbox and were determined to not be applicable for
comparison to USGS Bridge-Scour Envelope Curve Results at I-95 over Lake Marion Relief.



Appendix IV:
Hydraulic Model Output

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief



Proposed Hydraulic Model Terrain

SRH-2D Model Proposed Hydraulic Model Terrain

Clarendon/ Orangeburg County, South Carolina 



Proposed Backwater (ft) – 100 Year Storm

SRH-2D Model Proposed Output

Clarendon/ Orangeburg County, South Carolina 



Proposed Backwater (ft) – 50 Year Storm

SRH-2D Model Proposed Output

Clarendon/ Orangeburg County, South Carolina 



Proposed Water Surface Elevations (ft) – 500 Year Storm

SRH-2D Model Proposed Hydraulic Model Output

Clarendon/ Orangeburg County, South Carolina 



Proposed Water Surface Elevations (ft) – 100 Year Storm

SRH-2D Model Proposed Hydraulic Model Output

Clarendon/ Orangeburg County, South Carolina 



Proposed Water Surface Elevations (ft) – 50 Year Storm

SRH-2D Model Proposed Hydraulic Model Output

Clarendon/ Orangeburg County, South Carolina 



Proposed Velocities (ft) – 500 Year Storm

SRH-2D Model Proposed Hydraulic Model Output

Clarendon/ Orangeburg County, South Carolina 



Proposed Velocities (ft) – 100 Year Storm

SRH-2D Model Proposed Hydraulic Model Output

Clarendon/ Orangeburg County, South Carolina 



Proposed Velocities (ft) – 50 Year Storm

SRH-2D Model Proposed Hydraulic Model Output

Clarendon/ Orangeburg County, South Carolina 



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Approach Section



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Approach Section



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Approach Section



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Upstream Face Section



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Upstream Face Section



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Upstream Face Section



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Relief ApproachSection



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Relief ApproachSection



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Relief ApproachSection



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Relief Upstream Face Section



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Relief Upstream Face Section



Clarendon/ Orangeburg County, South Carolina 

Additional SRH-2D Output - I-95 over Lake Marion Relief Upstream Face Section



Appendix V:
Bridge Layout and Roadway Plans

(Conceptual)

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief
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anticipated to install each construction casing.
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Bents 1 & 6 are Driven Steel Piles installed with impact hammers on dry land.

NOTE:
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PLAN AND PROFILE

I-95 OVER LAKE MARION

N
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SECTION ALONG CENTERLINE

PLAN

Approx. ground line (along C existing survey)

Rip Rap

4523'-8" out to out of bridge

3 sp. @ 140'-0" = 420'-0"
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Proposed Bridge

Edge of water

Bridge

Begin Proposed

Elev. 76.12

Full Pool 

Continuous prestressed beams

anticipated to install each construction casing.

installed with impact hammer in the water.  Approximately 2000 blows are

Bents 2-8 are Concrete Columns/Drilled Shafts with construction casing 

Bent 1 is Driven Steel Piles installed with impact hammers on dry land.

NOTE:

(Typ. Bents 2 thru 8)

with Construction Casing 

Columns/Drilled Shafts 

Reinforced Concrete 

Steel Piles

0 75'50'25'

1"=25'
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PLAN AND PROFILE

I-95 OVER LAKE MARION

N

SECTION ALONG CENTERLINE

PLAN

3 sp. @ 140'-0" = 420'-0"
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anticipated to install each construction casing.

installed with impact hammer in the water.  Approximately 2000 blows are

Bents 9-13 are Concrete Columns/Drilled Shafts with construction casing 

NOTE:

0 75'50'25'

1"=25'

Casing (Typ.)

Drilled Shafts with Construction 

Reinforced Concrete Columns/
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PLAN AND PROFILE

I-95 OVER LAKE MARION

N

SECTION ALONG CENTERLINE
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Bents 21 thru 23 are Concrete Columns with 24" Square Prestressed Concrete

anticipated to install each construction casing.

installed with impact hammer in the water.  Approximately 2000 blows are

Bents 19 & 20 are Concrete Columns/Drilled Shafts with construction casing 
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24" Square Prestressed

the water.  Approximately 2000 blows are anticipated to install each pile.

Piles.  Prestressed piles are anticipated to be installed with impact hammer in

Bents 24-28 are Concrete Columns with 24" Square Prestressed Concrete
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the water.  Approximately 2000 blows are anticipated to install each pile.

Piles.  Prestressed piles are anticipated to be installed with impact hammer in

Bents 29-33 are Concrete Columns with 24" Square Prestressed Concrete
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the water.  Approximately 2000 blows are anticipated to install each pile.

Piles.  Prestressed piles are anticipated to be installed with impact hammer in

Bents 34 & 35 are Concrete Columns with 24" Square Prestressed Concrete
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STAGES OF CONSTRUCTION
I-95 OVER LAKE MARION
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BY CHK. DATE ORANGEBURG / CLARENDON
COUNTY ROUTE

I-95
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> I-95 Northbound Existing > I-95 > I-95 Southbound Existing

EXISTING CONFIGURATION
(Looking in direction of stationing)

STAGE 1 CONSTRUCTION
(Looking in direction of stationing)

 

3'-8"

LANE

11'-0"

Roadway

27'-4"

Shdr.

3'-4"

 

29'-11•" 

60'-4" Stage 1 Under Construction

 

29'-11•"

Roadway

27'-4"

Lane

11'-0"

Shdr.

3'-4"

= 23'-0"

3 Sp. @ 7'-8"

 

6'-5"

= 23'-0"

3 Sp. @ 7'-8"

Joint

5" Open

 

8" Between Barriers

 

1'-6" Barrier

2.0% 2.0%

(Looking in direction of stationing)

Lane

11'-0"

Lane

11'-0"

 

Northbound Lanes
 

30'-2"

 

30'-2"

STAGE 2A CONSTRUCTION

 

Southbound Lanes

 

26'-1" Clear

 

26'-1" Clear

= Existing Bridge Removal

 

31'-0"

 

12'-0"

 

12'-0"3'-6" 3'-6"  

31'-0"

 

12'-0"

 

12'-0" 3'-6"3'-6"

(Existing Cast-in-Place T Beams Spans shown)

 

48'-2•"

 

47'-10ƒ"

 

2. Demolish Existing I-95 bridges.

1. Shift Existing Traffic to newly constructed bridge.

Stage 2A Notes:

not shown.

Guardrails on existing bridges

Note:

11'-0"

Lane

2'-0"

Shdr.

11'-0"

LANE

2'-0"

Shdr.

11'-0"

Lane

2'-1"

Shdr.

11'-0"

Lane

2'-1"

Shdr.

2'-0" 2'-0"

   of new bridge.

   existing I-95 bridges and Construct Stage I Portion

1. Shift Existing Traffic, demolish designated portions of

Stage 1 Notes:
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Shoulder
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Lane
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Future Lane
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Shoulder
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2 Sp. @ 20'-0" = 40'-0"
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20'-0"

 

3 Sp. @ 20'-0" = 60'-0"

NBL Structure

72'-10" Out to Out

SBL Structure

89'-4•" Out to Out

5" Open Joint

Slope BreakSlope Break

Slope BreakSlope Break

Finished Grade

 

1'-1•"

Slab Extension

Parapet & 1•"

MASH Barrier

 

1'-6" Barrier Parapet

56" Ht. (Typ.)

> I-95

 

30'-2"

 

30'-2"

STAGE 2B CONSTRUCTION

 

70'-5" Clear Roadway Southbound

 

70'-1" Clear Roadway Northbound

= Existing Bridge Removal

> I-95 Northbound > I-95 Southbound

 

Southbound Lanes

 

4 Sp. @ 8'-8" = 34'-8"

 

3'-0"

 

3'-0"

*

Combination Pedestrian Railing / Security Fence

14'-0"

Shared-Use

1'-0"

 

*

 

   traffic to final configuration.

   bridges. Remove temporary barriers and shift

1. Costruct remaining portions of NBL and SBL

Stage 2B Notes:

2'-0" 2'-0"

11'-0"

Lane

2'-1"

Shdr.

11'-0"

Lane

2'-1"

Shdr.
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ROUTECOUNTY

> I-95

BRIDGE PLANS ID

ORANGEBURG / CLARENDON I-95

48'-0" 48'-0"

59'-2"

16'-9"

11'-0"

16'-9"

> I-95 Northbound Existing > I-95 Southbound Existing

= Existing Bridge Removal

228'-0" to > Old US15/301 Bridge

3'-6" 12'-0" 12'-0" 3'-6"

31'-0" (Typ.)

33'-6" Stage 1

STAGE 1 CONSTRUCTION

11'-0"2'-0" 3'-0"

12'-10" 12'-10"

16'-9"

11'-0"

16'-9"

33'-6" Stage 1

STAGE 2 CONSTRUCTION

11'-0"2'-0" 3'-0"

12'-10"

12'-0"

Lane Lane

12'-0"

Shoulder

12'-0"

Path

Shared-Use

14'-0" 1'-0"
*

59'-9" Stage 2

7'-2"

5'-10"

Pour

Closure

35'-2" 12'-10"

*
Combination Pedestrian Railing / Security Fence

4. Demolish Existing Northbound bridge.

3. Shift Northbound lanes to Stage 1 lane configuration as shown.

2. Shift Southbound lanes to final configuration on Stage 2 deck.

1. Construct Stage 2 portion of new bridge & place closure pour.

Stage 2 Notes:

 

1

1
2'-0" Temporary Concrete Barrier (Typ.)

2. Demolish Existing Southbound bridge.

1. Construct Stage 1 portion of new bridge & shift Southbound traffic.

Stage 1 Notes:

> I-95> I-95 Northbound Existing

> I-95 Southbound Existing

> I-95 Southbound Proposed

35'-8"14'-2" +/- 14'-2" +/-

battered 1• to 12 (Typ.)

Exterior PilesEXISTING CONFIGURATION
(Looking in direction of stationing)

(Looking in direction of stationing)

(Looking in direction of stationing)

(Existing Prestressed Concrete Beam Spans shown)

Median Barrier

2'-4"

53'-11"

(1 OF 2)
STAGES OF CONSTRUCTION
I-95 OVER LAKE MARION
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2'-4" Median Barrier

Slab Extension
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Finished Grade
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Pour
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> I-95 Northbound Proposed > I-95 > I-95 Southbound Proposed

FINAL CONFIGURATION

> I-95 Northbound Existing > I-95 > I-95 Southbound Existing

5'-10"

Pour

Closure

4. Remove temporary barriers.

3. Place Median Barrier.

2. Shift Northbound lanes to final configuration on Stage 3 deck.

1. Construct Stage 3 portion of new bridge & place closure pour.

Stage 3 Notes:

(Looking in direction of stationing)

(Looking in direction of stationing)

Median Barrier
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53'-11"
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3 Sp. @ 20'-0" = 60'-0" 2 Sp. 20'-0" = 40'-0"

> I-95 Southbound Proposed> I-95> I-95 Northbound Proposed

 
 
 

 
 
 

Bent Cap
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> I-95 Southbound Proposed> I-95> I-95 Northbound Proposed

Bent Cap

Reinforced Concrete Column (Typ.)
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Existing Ground Line

25'-0"

PILE FOOTING PLAN

Reinforced Concrete Footing (Typ.)

24" Square Prestressed Concrete Piles (Typ.)

Footing (Typ.)

Reinforced Concrete 

(Looking in direction of stationing)

 
 
 

 
 
 

 

 

> I-95 Southbound Proposed> I-95> I-95 Northbound Proposed

Bent Cap

Reinforced Concrete Column (Typ.)

Existing Ground Line

25'-0"

I-95 OVER LAKE MARION

INTERIOR BENTS 21-35

SUBSTRUCTURE TYPICAL SECTION

I-95 OVER LAKE MARION

INTERIOR BENTS 2-20

SUBSTRUCTURE TYPICAL SECTION

Concrete Pile (Typ.)

24" Square Prestressed

16'-0"

1
6
'
-
0
"

MAIN BRIDGE
TYPICAL SECTIONS

SUBSTRUCTURE

7'-0" Dia. Reinforced Concrete Drilled Shaft (Typ.)

21'-9" 21'-9" 19'-2" 19'-2" 19'-2"

19'-2"19'-2"19'-2"21'-9" 21'-9"

NOT FOR CONSTRUCTION

CONCEPTUAL PLANS



Appendix VI:
Hydraulic and NEPA Forms

    Two‐Dimensional Hydraulic Modeling Report 

I-95 over Lake Marion and Lake Marion Relief
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1.5.4 Hydrology Data Sheet for Bridges 

Page 1 of 2 

MEMORANDUM TO: Submittal Date: _______________ 

Supersedes Submittal Date: _______________ 

RPG ROAD DESIGN TEAM LEADER:     ___________________________________________________ 

RPG STRUCTURAL ENGINEER:    ___________________________________________________ 

 __________________
From: Hydraulic Design Squad / Engineer 

Subject: Hydrology Data for Bridge over __________________ _____

County: 
Structure No: 

Bridge Data : 

Bridge Length:  ft. Bridge Width: ft. 
Beg. Station: 

 
Ending Station:

:th

l Elev.:

 Pier/Pile Type: Pier/Pipe Wid
Skew Angle: 
Bridge Span Configuration: 
Bridge Span Type: 

Min. F.G. Elev.: 
Min. Bottom Interior Bent Cap Elev. (For Tidal Bridges Only) 

° 

 

Min. Low Stee
ft. 

Br. End Fill Slope: Riprap Req’d: Yes No To Elevation: ft. 

Comments: 

Historic High Water Information: 

Elevation of High Water: ft. Discharge: (if available) ft. 

Date of occurrence:  Source of Data: 

06/22/2023

N/A

Walker Roberts, P.E.

Matt Rekers, P.E

Jacob Law, P.E.
Lake Marion

I-95 NB/SB
041130

4523.67
5223+51.00

137.46

Concrete Column
5268+74.67
5.5

0
5@76'-0" - 77'-4" - 23@140'-0" - 2@160'-0" - 3@140'-0" - 106'-4"
Continuous Prestressed Beams & Prestressed Beams (160'-4" Span)

Navigational Channel: 135.62 ft.

N/A

2:1 ✔ 74.12

The existing navigation channel is maintained and existing bridge
foundation elements are avoided with the proposed bridge configuration.
The proposed bridge will combine the NB and SB lanes into one bridge,
provide a future lane in each direction, and provide a shared-use path.
The proposed bridge is hydraulically sufficient.

66.19 (NAVD88) 374,000

07/21/1916 USGS Gage 02170000

CLARENDON Rd/Rte: 
1410009510100 Const. Pin: 

Main Bridges of Lake Marion Hydraulic Forms

& 141009530100
& ORANGEBURG

Matthew Rekers, P.E.

Approach Spans: 90.37 ft.
Navigational Channel: 126.12 ft.
Approach Spans: 84.12 ft.
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Design High Water and Backwater Information:  (Show high water elevations including backwater on plans) 

If ‘Secondary Road’ provide 25-yr high water elevation including backwater:  ft. 
If ‘Primary Road’ provide 50-yr high water elevation including backwater: ft. 
For all roads provide 100-yr high water elevation including backwater: ft. 

Hydrology Data for Tidal Bridges:  (Only complete this section if tidal flow is the dominant flow)   (show on plans) 
Mean Higher high tide elevation = ft. 
Mean Lower low tide elevation = ft. 
10-year tidal surge height = ft. (includes wave height) 
100-year stillwater height = ft. 
500-year stillwater height = ft. 

Maximum vel. within bridge = 
100-yr. tidal

surge velocity:  fps 
500-yr. tidal

surge velocity:  fps 

Hydrology Data for Riverine Bridges:  (Only complete this section if riverine flow is the dominant flow)   (show on plans) 

D.A. =
 cfs

sq. mi. (or acres) 
QDesign =

Vel. Design = ft./sec. 
Design Headwater Elevation = ft. 

Including ft. backwater 
Q100 = cfs 

Vel100 = ft/sec 
100 Year Headwater Elev. = ft. 

Overtopping Flood:

Q = cfs Probability =
  

% 
 

cc:    Environmental Engineer _________________________________ 

Note: Probability may be determined by plotting the 2-, 10-, 25-, 50-, 100-, and 500-year discharges on Gumble paper and reading the probability 
corresponding to the overtopping discharge.  For discharges greater than 500-year, the probability should be stated as less than (<) 0.002.Profiles 
of the computed scour for the 100-year and 500-year floods should be shown on the bridge plan and profile sheet.  The shape of these profiles 
should be based on the methods described in the HEC-18. A plot of the 100- and 500-year scour lines on a bridge plan and profile sheet must be 
provided.                                                                                                                                                                                               Revised 3/16/09   

 Page 2 of 2 

Including ft. backwater 

N/A

 76.86

 78.75

N/A
N/A
N/A
N/A

N/A N/A

480,400
14,400

9.72
76.86
0.97

616,900
11.18
78.75

> 1,046,000 < 0.2

TBD

N/A

1.47
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1.5.4 Hydrology Data Sheet for Bridges 

Page 1 of 2 

MEMORANDUM TO: Submittal Date: _______________ 

Supersedes Submittal Date: _______________ 

RPG ROAD DESIGN TEAM LEADER:     ___________________________________________________ 

RPG STRUCTURAL ENGINEER:    ___________________________________________________ 

 __________________
From: Hydraulic Design Squad / Engineer 

Subject: Hydrology Data for Bridge over __________________ _____

 County: Rd/Rte:
Structure No: 

Bridge Data : 

Const. Pin: 

Bridge Length:  ft. Bridge Width: ft. 
Beg. Station: 

 
Ending Station:

:th

ft. l Elev.

 Pier/Pile Type: Pier/Pipe Wid
Skew Angle: 
Bridge Span Configuration: 
Bridge Span Type: 

Min. F.G. Elev.: 
Min. Bottom Interior Bent Cap Elev. (For Tidal Bridges Only) 

° 

 

ft. Min. Low Stee
ft. 

Br. End Fill Slope: Riprap Req’d: Yes No To Elevation: ft. 

Comments: 

Historic High Water Information: 

Elevation of High Water: ft. Discharge: (if available) ft. 

Date of occurrence:  Source of Data: 

06/22/2023

N/A

Walker Roberts, P.E.

Matt Rekers, P.E.

Jacob Law, P.E.
Lake Marion Relief

1410009510200
I-95 NB/SB
1041130

375
5173+53

162.625

Concrete Column
5177+28
505

84.12

0
75-75-75-75-75
Continuous Prestressed Beams and Prestressed Beams

 90.37

2:1 ✔ 74.12

Existing bridge foundation elements are avoided with the proposed
bridge configuration. The proposed bridge will combine the NB and SB
lanes into one bridge, provide a future lane in each direction, and
provide a shared-use path. The proposed bridge is hydraulically
sufficient.

66.19 374,000

07/21/1916 USGS Gage 02170000

CLARENDON

Relief Bridges of Lake Marion Hydraulic Forms

& 141009530200
& ORANGEBURG
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Design High Water and Backwater Information:  (Show high water elevations including backwater on plans) 

If ‘Secondary Road’ provide 25-yr high water elevation including backwater:  

 

ft. 
If ‘Primary Road’ provide 50-yr high water elevation including backwater: ft. 
For all roads provide 100-yr high water elevation including backwater: ft. 

Hydrology Data for Tidal Bridges:  (Only complete this section if tidal flow is the dominant flow)   (show on plans) 
Mean Higher high tide elevation = ft. 
Mean Lower low tide elevation = ft. 
10-year tidal surge height = ft. (includes wave height) 
100-year stillwater height = ft. 
500-year stillwater height = ft. 

Maximum vel. within bridge = 
100-yr. tidal

surge velocity:  fps 
500-yr. tidal

surge velocity:  fps 

Hydrology Data for Riverine Bridges:  (Only complete this section if riverine flow is the dominant flow)   (show on plans) 

D.A. =
 cfs

sq. mi. (or acres) 
QDesign =

Vel. Design = ft./sec. 
Design Headwater Elevation = ft. 

Including ft. backwater 
Q100 = cfs 

Vel100 = ft/sec 
100 Year Headwater Elev. = ft. 

Overtopping Flood:

Q = cfs Probability =
  

% 
 

cc:    Environmental Engineer _________________________________ 

Note: Probability may be determined by plotting the 2-, 10-, 25-, 50-, 100-, and 500-year discharges on Gumble paper and reading the probability 
corresponding to the overtopping discharge.  For discharges greater than 500-year, the probability should be stated as less than (<) 0.002.Profiles 
of the computed scour for the 100-year and 500-year floods should be shown on the bridge plan and profile sheet.  The shape of these profiles 
should be based on the methods described in the HEC-18. A plot of the 100- and 500-year scour lines on a bridge plan and profile sheet must be 
provided.                                                                                                                                                                                               Revised 3/16/09   

 Page 2 of 2 

Including ft. backwater 

N/A

 77.18
79.12

N/A
N/A
N/A
N/A

N/A N/A

480,400
14,400

7.29
77.18
1.39

616,900
8.41

78.97

>1,046,000 < 0.2

TBD

N/A

3.30
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ROUTE / ROAD NUMBER: 

FILE NO.: 

PROJECT NO.: 

PIN:

COUNTY NAME: 

DATE: / /

PREPARED BY: 

CHECKED BY: 

 Signed and Sealed 

Hydraulic Design Reference for 
this study is the : 

2009 

Edition of SCDOT’s 
“Requirements for Hydraulic 

Design Studies.” 

I-95 (NB & SB)

N/A

Clarendon and Orangeburg

6

(Lake Marion and Lake Marion Relief)

Jacob A. Law, PE

P041130

John K. McWhorter, PE

22 2023

P041130
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County: Rt. / Rd. No.: 
Stream:  File No:
Project No: PIN: 
Charge Code: Road Squad: 
Project Engineer: 

By: Date:
Checked By: Date:

DISTANCE FROM NEW BR. (mi.) 
DRAINAGE AREA (sq. mi.) 
ZONE 
Q10 (cfs)
Q25 (cfs)
Q50  (cfs)
Q100  (cfs) 
Q500  (cfs)
BRIDGE LENGTH (ft.) 
AVG. FINISHED GRADE (ft.) 
OPENING FURNISHED (sq.ft.) 
VELOCITY (ft./sec) 
HIGHWATER ELEV. (ft.) 
HIGHWATER DATE 
HIGHWATER DEPTH (ft.) 
OBSERVED WATER ELEV. (ft.) 
OBSERVED WATER DATE 
OBSERVED WATER DEPTH (ft.) 
FILE/DOCKET/PROJECT NO. 
DATUM/DATUM TIE 

US 601

1,760

8,520 
20.5

0940.1001B
N/A

4,523.67

I-95

16

P306220028
N/A

31 mi.

1,655

US 52
(Santee River)

N/A

Clarendon/ Orangeburg

Lake Marion & Lake Marion Relief P0040308
I-95 (NB & SB)

Jacob Law, PE

Jacob Law, PE

John McWhorter, PE

6 / 22 / 2023

6 / 22 / 2023

N/AN/A
P306220028 P0040308

(Congaree River)

Information Not Comparable 
Information Not Comparable 
Information Not Comparable 

Information Not Comparable 
Information Not Comparable 

Information Not Comparable 
Information Not Comparable 
Information Not Comparable 

Information Not Comparable 

14,400 400*

*Drainage Area downstream of Santee Dam and upstream of crossing.
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County: Rt. / Rd. No.:
Stream: File No:
Project No: PIN:

By: Date: / /

Note: All references to left and right are looking in the direction of flow. 

ft. Width: ft. Max. Span Length: ft. 
Alignment:       Tangent  Curved
Bridge skewed? Yes No Angle:
End Abutment Type: 
Riprap on Fills? Yes No Condition:
Superstructure Type: 
Substructure Type: 
Utilities Present? 

Debris Accumulations on Bridge: Percent Blocked (Horizontal): % 
Percent Blocked (Vertical): %

Hydraulic Problems? Yes No  Describe: 

Draw Sketch of Bridge and Stream Below: (Show north arrow and direction of flow) 

2 9 3

Clarendon/ Orangeburg
Lake Marion N/A

 
Length: 4,500.00 35.1 140

x

Spill-through.

x

0

0

Jacob Law, PE

I-95 (NB & SB)

P0040308P306220028

x

Bridge deck is approximately 50 ft above normal water level. 

Fair on NBL fill and None on SBL. 

PSC Concrete Beam and Steel Open Girder/ Beam

R/C Caps with two 36"x36" columns and R/C Caps with four 1'-9" columns.

Yes x No Describe: Electrical lines running parallel to and 

300 ft downstream of I-95. SCDOT signal beam across lake._____________________

x 

x 

N Flow

jalaw
Line

jalaw
Line



SCDOT REQUIREMENTS FOR
May 26, 2009 HYDRAULIC DESIGN STUDIES    38  

__________________________________________________ 

Straight Braided Anabranched Meandering

Are channel banks stable? Yes No 

If No, describe:______________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 

Soil Type _______ 

Exposed Rock? Yes  No 

If Yes, give description and location: _____________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 

Describe potential for debris:__________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 

Give description and location of any structures or other property that could be damaged  
by backwater:_______________________________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 

Describe any other features that might affect or be affected by the hydraulic  
performance of the proposed bridge:____________________________________________ 
___________________________________________________________________________ 
___________________________________________________________________________ 

Flat

x

USCS Soil Types: SP, SW-SM, SM/______________________________________________________SC. Clayey - Fine to Medium Sand. 

x

Potential for debris accumulation in and around intermediate pile bents.

No structures located in upstream floodplain.

US 301 over Indian Camp Branch hydraulics to improve.

(based on nearby US 301 over Four Hole Swamp soil analysis - Geotechnical analysis ongoing)

dependent on the performance of each other. The hydraulic performace of both bridges will be 
affected by the downstream Santee Dam. The Cantey Bay crossing may affect flood results.

The Lake Marion and Lake Marion Relif bridges are 

jalaw
Oval
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1.6.3.2 Manning’s “n” Values – for Channels 

MANNING’S “n” VALUES – FOR CHANNELS 

n = [(nb+n1+ n2 +n3+n4) m] 

Channel nb -- Base n  for soil Channel n1 -- Degree of Irregularity 

Earth .020  Smooth .000
Rock Cut .025 Minor .001-.005 

Fine Gravel .024 Moderate .006-.010 
Course 
Gravel .028  Severe .011-.020 

n2 -- Variations of  
Channel Cross 

Sections 

n3 -- Relative Effect of 
Obstructions 

Gradual .000  Negligible .000-.004
Alternating 

Occasionally  .001-.005  Minor .010-.015 

Frequently .010-.015  Appreciable .020-.030
 Severe .040-.060 

n4 -- Vegetation m  -- Degree of Meandering 
Low .002-.010  Minor 1.00

Medium .010-.025  Appreciable 1.15
High .025-.050  Severe 1.30

Very High .050-.100 

SITE OBSERVATIONS FOR CHANNELS 

Channel Depth nb n1 n2 n3 n4 m Computed  n 

*Note: No visible defined channel at Lake Marion - USGS Bathymetric Data Includes Channel Definition.

~ 35 feet 0.020 0.000 0.0000.000 0.000 1.00 0.020
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A. Narrative Describing Purpose and Need for Project:
a. Relevant Project History:

c. Major Issues and Concerns:

B. Are there any floodplain(s) regulated by FEMA located in the project area?

C. Will fill be placed within a 100-year floodplain?

Page 1 of 5 

a safe interstate facility for the traveling public along I-95 over Lake Marion. Portions of the I-95 

maintain navigation channel under 
main bridge. Proposed bridge will adhere to allowable environmental impact limits.

The purpose of the project is to maintain connectivity and

x

x

b. Project Location (attach Location and Project Map):
The project is located on I-95, 7 miles south of Summerton, SC and over Lake Marion.

The bridge replacement project will replace the existing 4,500 ft 85 Span 
concrete and steel girder bridges at I-95 NB SB over Lake Marion and the existing 360 ft 9 span

concrete girder bridges at I-95 NB and I-95 SB over Lake Marion Relief (4 bridges) with a 4,526.67-foot   
35 span and 375-foot 5 span concrete girder bridge at I-95 over Lake Marion and Relief, respectively.  

bridges will soon be in poor conditions and do not meet current design standards for vehicle loads.
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D. Will the existing profile grade be raised within the floodplain?

E. If applicable, please discuss the practicability of alternatives to any longitudinal
encroachments.

F. Please include a discussion of the following: commensurate with the significance of the risk
or environmental impact for all alternatives containing encroachments and those actions
which would support base floodplain development:

i. What are the flood-related risks associated with implementation of the action?

ii. What are the impacts on the natural and beneficial floodplain values?

iii. Will the bridge entice people to build in floodplains?

iv. What measures were used to minimize floodplain impacts associated with the
action?

v. Were any measures used to restore and preserve the natural and beneficial
floodplain values impacted by the action?

Page 2 of 5 

 a lake 

x

N/A

The action will decrease flood-related risks.

There will be no deleterious consequences to this action.

No, the reduction in WSEs are insignificant to entice people to build in the floodplain.

The proposed bridge will be longer than the existing bridge and the profile will be increased, 

i

The proposed action will not cause negative effects.
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G. Please discuss the practicability of alternatives to any significant encroachments or to
support of incompatible floodplain development.

H. List local, state, and federal water resources and floodplain management agencies consulted
to determine if the proposed highway action is consistent with existing watershed and
floodplain management programs. Describe any information obtained on development and
proposed actions in the affected area. Please include agency documentation.

1. Does the maximum flood cause major damage to upstream property?

Yes - (Go to 2.)   No - (Go to 3.) 

2. Would this damage occur if the road were not there?

Yes - (Go to 3.)  

No - (Perform a limited Least Total Expected Cost (LTEC) (HEC-17) analysis to see if the bridge 
opening should be increased and/or grades raised to minimize the damage potential. Go to II.) 

3. Was this a bridge replacement? If so, was the bridge opening increased enough to increase the
discharge passed through the bridge?

Yes - (Go to 4.)  No - (Go to II.) 
     Page 3 of 5 

N/A

SCDOT.
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4. Does the increased flow cause major damage downstream?

Yes - (Perform a limited LTEC analysis to determine if the bridge opening should be reduced, the 
floodway redefined, and flood easements purchased upstream or if flood easements should be 
purchased downstream. Go to II.)   

No - (Go to II) 

1. Is the overtopping flood greater than the 100-year flood?

Yes - (Go to III.)  No - (Go to 2.) 

2. Does the ADT exceed 50 vehicles per day?

Yes - (Go to 3.)  No - (Go to III.) 

3. Does the duration of road closure in days, multiplied by the difference in length, in miles
between the normal route and the detour, exceed 20?

Yes - (Go to 4.)  No - (Go to III.) 

4. Does the annual risk cost for traffic related costs exceed 10% of the estimated annual capital
costs?

Yes - (Perform a limited LTEC analysis to compare the cost to raise the grades and if necessary 
increase the bridge length with the traffic related costs. Go to III.)   

No - (Go to III.) 

1. Is the overtopping flood less than the 100-year flood?

Yes - (Go to 2)   No - (Go to 3) 

     Page 4 of 5 
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2. Is the overtopping flood less than 0.5 foot over the low point on the roadway and duration no
more than 1.0 hour?

Yes - (Go to 3)   

No - (perform a limited LTEC analysis to determine if the grades should be raised and/or the 
bridge opening increased or that the repair cost for embankment erosion are less significant. 
Traffic cost should be included in this evaluation.) 

3. Is the proposed bridge or culvert structure subject to potential damage due to debris?

Yes - (Go to 4)   No - (Go to 5) 

4. Perform a limited LTEC analysis to determine if the structure should be modified. (Go to 5.)

5. The risk assessment has determined the most economical design for the crossing within the
design constraints.

Revised 3/16/09 

          Page 5 of 5
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Figure 3: Geomorphic Factors Chart 

STREAM SIZE Small 
(<30 m wide) 

Medium 
(30 – 150 m) 

Wide 
(>150 m) 

FLOW HABIT        Ephemeral       (Intermittent)              Perennial but flashy              Perennial 

BED MATERIAL Silt-clay Silt Sand Gravel Cobble or boulder 

VALLEY 
SETTING 

No valley; alluvial fan 
Low relief valley 

(<30 m deep) Moderate relief 
(30-300m) 

High relief 
(>300 m) 

FLOODPLAINS 

Little or none 
(<2X Channel width) 

Narrow 
(2-10 Channel Width) 

Wide 
(10X Channel width) 

NATURAL 
LEVEES 

Little or None Mainly on Concave Well Developed on Both Banks 

APPARENT 
INCISION 

Not Incised Probably Incised 

CHANNEL 
BOUNDARIES 

Alluvial Semi-alluvial Non-alluvial
TREE COVER 
ON BANKS <50 percent of bankline              50-90 percent >90 percent

SINUOSITY 

Straight Sinuosity 
(1 -1.05) 

Sinuous 
(1.06 – 1.25) 

Meandering 
(1.26 – 2.0) 

High Meandering 
(> 2) 

BRAIDED 
STREAMS 

Not braided 
(<5 percent) 

Locally braided 
(5-35 percent) 

Generally braided 
(>35 percent) 

ANABRANCHED 
STREAMS 

Not branched 
(<5 percent) 

Locally anabranched 
(5-35 percent) 

Generally anabranched 
(>35 percent) 

Equiwidth Wider at bends Random variation 
VARIABILITY 
OF WIDTH AND 
DEVELOPMENT 
OF BARS 

Narrow point bars          Wide point bars Irregular point and lateral bars 

For more information on the above chart see Countermeasures for Hydraulic Problems at Bridges, Volume 1 
Analysis and Assessment (FHWA) (HEC 23). 

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval

jalaw
Oval



COUNTY: DATE:

STREAM CROSSING:

I. FEMA Acknowledgement

Yes No

(See Attached)

II. FEMA Floodmap Investigation

FEMA Flood Profile Sheet Number  illustrates the existing 100 year flood:
Passes under the existing low chord elevation.
Is in contact with the existing low chord elevation.
Overtops the existing bridge finished grade elevation.

III. No Rise/CLOMR Preliminary Determination

Preliminary assessment indicates this project may be constructed to meet the 
"No-Rise" requirements. A detailed hydraulic analysis will be performed to verify 
this assessment.

Justification:

Preliminary assessmnet indicates this project may require a CLOMR/LOMR. 
Impacts will be determined by a detailed hydraulic analysis.

Justification:

BRIDGE SCOPE AND RISK ASSESSMENT FORM

Page 1 of 4

BRIDGE REPLACEMENT SCOPING TRIP RISK ASSESSMENT FORM

Orangeburg/ Clarendon 06/22/2023

ROAD #: I-95 NB/SB

Purpose & Need for the Project:

Lake Marion and Lake Marion Relief

The purpose of the project is to correct structural and functional deficiencies of the 
existing bridge and to maintain connectivity of a safe interstate for the traveling 
public along I-95 over Lake Marion..

XIs this project located in a regulated FEMA Floodway? 

Panel Number: 45075C0265C Effective Date: 01/16/2014

N/A

✔

The low chord is being raised and the bridge length is being
increased resulting in a proposed hydraulic opening larger the
existing hydraulic opening.

N/A

45027C0365C & 08/19/2013 &



IV. Preliminary Bridge Assessment

A. Locate Existing Plans
a. Bridge Plans Yes File No. Sheet No. (See Attached)

No

b. Road Plans Yes File No. Sheet No. (See Attached)
No

B. Historical Highwater Data
a. USGS Gage Yes Gage No. Results:

No

b. SCDOT/USGS Documented Highwater Elevations
Yes Results:
No

c. Existing Plans Yes See Above
No

V. Field Review

A. Existing Bridge
Length: ft. Width: ft. Max. span Length: ft.

Alignment: Tangent Curved

Bridge Skewed: Yes No Angle:

End Abutment Type:

Riprap on End Fills: Yes No Condition:

Superstructure Type:
Substructure Type:

Utilities Present: Yes No
Describe:

Debris Accumulation on Bridge: Percent Blocked Horizontally: %
Percent Blocked Vertically: %

Hydraulic Problems: Yes No
Describe:

BRIDGE SCOPE AND RISK ASSESSMENT FORM

Page 2 of 4

BRIDGE REPLACEMENT SCOPING TRIP RISK ASSESSMENT FORM

✔ 1438.315.1 10

✔ 1438.315.1 8-9

✔ 02170000 66.19 ft (374,000 cfs) 
on 7/21/1916

✔ 66.19 ft on 7/21/19
(Before completion of Lake Marion)

✔

290 35.20 140

✔

✔ 0

R/C Caps with concrete piles.

✔ Fair on NBL fill and None on SBL.

R/C flat slab.
R/C Caps with concrete piles.

✔

Electrical lines running parallel to and 300 ft downstream 
of I-95. SCDOT signal beam across lake.

0
0

✔

Existing and proposed conditions backwater exceeds
1-foot increase from natural conditions.

4,500.00 35.20

jalaw
Stamp



V. Field Review (cont.)

B. Hydraulic Features
a. Scour Present: Yes No Location:

b. Distance from F.G. to Normal Water Elevation: ft.
c. Distance from Low Steel to Normal Water Elev.: ft.
d. Distance from F.G. to High Water Elevation: ft.
e. Distance from Low Steel to High Water Elev.: ft.

f. Channel Banks Stable: Yes No
Describe:

g. Soil Type:

h. Exposed Rock: Yes No Location:

i. Give Description and Location of any structures or other property that could be
damaged due to additional backwater.

C. Existing Roadway Geometry

a. Can the existing roadway be closed for an On-Alignment Bridge Replacement
Yes No

Describe:

If "yes", does the existing vertical and horizontal curves meet the proposed 
design speed criteria?

If "No", will the proposed bridge be:
Staged Constructed
Replaced on New Alignment

BRIDGE SCOPE AND RISK ASSESSMENT FORM

Page 3 of 4

BRIDGE REPLACEMENT SCOPING TRIP RISK ASSESSMENT FORM

✔ End Bent front slopes

N/A
N/A
N/A
N/A

✔

Heavy vegetation maintaining floodplain and 
floodplain bank stability. No defined channel 
visible (38 ft below lake surface).

Sandy loam (based on nearby US 301 over Four Hole Swamp analysis).

✔ N/A

Residential and commercial properties line the Lake Marion banks in the vicinity
of I-95. Resorts, country club, marinas, restaurant, residential structures and 
national wildlife refuge present.

✔

Staged construction is required to maintain current interstate/ evacuation route
volume of traffic.

N/A

✔



VI. Field Review (cont.)

A. Proposed Bridge Recommendation:

Length: ft. Width: ft. Elevation: ft.

Span Arangement:

Notes:

Performed By:

BRIDGE SCOPE AND RISK ASSESSMENT FORM

BRIDGE SITE DIAGRAM: (Show North Arrow and Direction of Flow)

Page 4 of 4

BRIDGE REPLACEMENT SCOPING TRIP RISK ASSESSMENT FORM

Title:

300 46.25 122.875

8 Span Flat Slab

300' Flat Slab bridge with the 3 Continuous Units.
Unit 1 - 80' (40-40).
Unit 2 - 140' (30-40-40-30).
Unit 3 - 80' (40-40).
NB and SB Bridges will be identical structures.

Jacob A. Law, PE
Hydraulic Engineer
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Jacob A. Law

From: John McWhorter III
Sent: Friday, March 10, 2023 1:36 PM
To: Feaster, Toby D
Cc: Jacob A. Law; Gotvald, Anthony J
Subject: Re: [EXTERNAL] Santee River (Lake Marion), South Carolina

Thank you guys very much for taking the time to respond with so much info. I’m out of the office today but we will 
definitely put this to use. 

Have a great weekend! 

John 

Get Outlook for iOS 

From: Feaster, Toby D <tfeaster@usgs.gov> 
Sent: Friday, March 10, 2023 9:53:56 AM 
To: John McWhorter III <jkmcwhorter@transystems.com> 
Cc: Jacob A. Law <jalaw@transystems.com>; Gotvald, Anthony J <agotvald@usgs.gov> 
Subject: Re: [EXTERNAL] Santee River (Lake Marion), South Carolina  

John, 

Tony is correct that we have a report coming out later this spring that will include regression equations for 
regulated basins that drain 75 percent or more from above the Fall Line. However, the upper limit of the 
drainage area of basins used to develop those equations was 8,480 square miles and therefore, it would not 
be recommended that you use them for a drainage basin of 14,400 square miles. That is also true of the 
current rural regression equations for SC in StreamStats, which has an upper limit of 9,000 square miles. 

We have a report that was recently approved updating the rural flood‐frequency statistics and regression 
equations for GA, SC, and NC that will be released soon. In it, we generated maximum probable curves based 
on the maximum peak flows measured in our study area. For the drainage area at the I‐95 location crossing at 
Lake Marion, that estimate is 642,000 cubic feet per second. Of course, that is a worst‐case scenario and 
would not seem reasonable for a bridge design. 

We do have historic peak flows that were measured downstream of I‐95 at station 02170000 Santee River at 
Ferguson, SC. [nwis.waterdata.usgs.gov] The peak flows are from 1908 to 1941. The peak of record occurred in 
1916 and was 374,000 cubic feet per second. At our upstream station 02148000 Wateree River near Camden, 
SC [nwis.waterdata.usgs.gov], 1916 was also the peak of record (400,000 cfs) and was the largest peak 
measured going back to at least 1886. Thus, one option you might consider is doing a flood‐frequency analysis 
for station 02170000 using peaks from 1908 to 1940. Lake Marion was completed in 1941 and the 1941 peak 
flow is noted as having been affected by backwater so you would want to exclude it. Because the record 
would be considered regulated, you should use the station skew option in PeakFQ  [water.usgs.gov] 
[water.usgs.gov]and not the weighted skew option (I'm assuming you are familiar with the USGS software 
package PeakFQ that is used to compute flood‐frequency statistics). That will at least give you results that 
would be represent conditions prior to the construction of Lake Marion. 

jalaw
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Hope this is helpful, 
Toby 

Toby D. Feaster, P.E. 
Hydrologist 
USGS South Atlantic Water Science Center 
North Carolina-South Carolina-Georgia 

864-508-0215 (cell/office)

From: Gotvald, Anthony J <agotvald@usgs.gov> 
Sent: Friday, March 10, 2023 7:21 AM 
To: John McWhorter III <jkmcwhorter@transystems.com> 
Cc: Jacob A. Law <jalaw@transystems.com>; Feaster, Toby D <tfeaster@usgs.gov> 
Subject: Re: [EXTERNAL] Santee River (Lake Marion), South Carolina  

Hey John, 

Yeah, I am still with the USGS and doing well. Since this site is regulated, the rural flood frequency values from 
StreamStats do not apply for this site. The good news is that my colleague, Toby Feaster, has developed 
regression equations for regulated streams in GA, NC, and SC. The report is in the final stages of being 
approved. I have included Toby on this email. He may be able to provide further information on these 
equations. 

Tony  

From: John McWhorter III <jkmcwhorter@transystems.com> 
Sent: Thursday, March 9, 2023 11:25 AM 
To: Gotvald, Anthony J <agotvald@usgs.gov> 
Cc: Jacob A. Law <jalaw@transystems.com> 
Subject: [EXTERNAL] Santee River (Lake Marion), South Carolina  

 This email has been received from outside of DOI ‐ Use caution before clicking on links, opening attachments, or 
responding.  

Hey Tony, 

I hope this message finds you well, and still with the USGS! We are working on a project that will replace the I‐95 bridges 
over the Santee River, which is also Lake Marion in South Carolina. As you know, this is a heavily regulated basin so 
discharges are tough to come by. I have been coordinating with Santee Cooper and they have provided some discharge 
information but they seem really high (ex. 100‐year = 550,200 cfs). This is based on the PMF information, which always 
seems to be on a different scale in order of magnitude. As a reference, the Streamstats number for the 100‐year is 
227,000 cfs (attached).  
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So, we are hoping that you will be able to provide some guidance on the appropriate discharges to use for design. We 
will then have to determine the best way toto tie those to an elevation at the spillway. We do have a few data points 
from Santee Cooper so we may be able to create a rating curve to address that part. 

Anyway, hope you are doing well and thanks in advance for any input can provide. 

Thanks! 

John 

John K.  McWhorter III,  PE, SE, CFM
 

Vice President
 

____________________________________________ 

c: 770‐639‐9103 |  d: 678‐244‐9732  |  o: 678‐244‐9730 
 

TranSystems [gcc02.safelinks.protection.outlook.com] 

5901‐C Peachtree Dunwoody Rd Ste 350 | Atlanta ,  GA  30328 
 

www.transystems.com [gcc02.safelinks.protection.outlook.com]

[gcc02.safelinks.protection.outlook.com]

[gcc02.safelinks.protection.outlook.com] [gcc02.safelinks.protection.outlook.com]   [gcc02.safelinks.protection.outlook.com] [gcc02.safelinks.protection.outlook.com] 

Note: The information contained in this transmission as well as all documents transmitted herewith are privileged and confidential information. This information is
intended only for the use of the individual or entity to whom it was sent, and the recipient is obliged to protect this information as appropriate. If the recipient of
the e‐mail, and/or the documents attached  is not the  intended recipient, you are hereby notified that any dissemination, distribution or reproduction, copy, or
storage of this communication is strictly prohibited.  Thank you.
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Jacob A. Law

From: John McWhorter III
Sent: Monday, June 19, 2023 11:09 AM
To: Jacob A. Law
Subject: FW: Case Number : B2304279 - Clarendon County and Orangeburg County ; Lake Marion 

John K.  McWhorter III,  PE, SE, CFM
 

Vice President
 

____________________________________________ 

c: 770‐639‐9103 |  d: 678‐244‐9732  |  o: 678‐244‐9730 
 

TranSystems
5901‐C Peachtree Dunwoody Rd Ste 350 | Atlanta ,  GA  30328 
 

www.transystems.com

Note: The information contained in this transmission as well as all documents transmitted herewith are privileged and confidential information. This information is
intended only for the use of the individual or entity to whom it was sent, and the recipient is obliged to protect this information as appropriate. If the recipient of
the e‐mail, and/or the documents attached  is not the  intended recipient, you are hereby notified that any dissemination, distribution or reproduction, copy, or
storage of this communication is strictly prohibited.  Thank you.

From: FEMA‐EngineeringLibrary <fema‐engineeringlibrary@fema.dhs.gov>  
Sent: Friday, June 2, 2023 11:04 AM 
To: John McWhorter III <jkmcwhorter@transystems.com> 
Cc: FEMA‐EngineeringLibrary <fema‐engineeringlibrary@fema.dhs.gov> 
Subject: Case Number : B2304279 ‐ Clarendon County and Orangeburg County ; Lake Marion  

June 2, 2023, 

Case Number: B2304279 ‐ Clarendon County and Orangeburg County ; Lake Marion 

We received your request for technical support data related to a Federal Emergency Management Agency (FEMA) Flood 

Insurance Study.  Your submittal seems to include all the necessary information for us to process your request.  If we 

find that we need any additional information while conducting our research, we will contact you.   

Requests are typically completed in 3 to 4 weeks, once we have all the required information and fees. 

Your request has been placed in a que for processing and will be processed in the order it was received.  You may also 

contact the FEMA Engineering Library at fema‐engineeringlibrary@fema.dhs.gov with any additional questions.  Please 
make sure to reference the case number above on all correspondence. 

Please contact the Fee Administrator at fema‐mappingfees@fema.dhs.gov should you have any questions regarding fee 

processing or to request a receipt. 

FEMA Engineering Library Team 

jalaw
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