Draft Hydraulic Analyses for Seneca Watershed, South Carolina
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Scope of Study

Description of Study Area

The purpose of this study is to investigate the existence and the severity of flood hazards, and to revise previous Flood Insurance Study and Flood Insurance Rate Maps within Seneca Watershed, South Carolina.  Seneca Watershed contains portions of Anderson, Oconee and Pickens Counties in the state of South Carolina, and portions of Jackson and Transylvania Counties, North Carolina. Figure 1 shows the location of study areas in Seneca Watershed in South Carolina. 
This study is being developed as a part of the South Carolina Department of Natural Resources Map Modernization Program.  The study areas were based on the Discovery Report for Seneca Watershed dated January 18, 2013; however, it should be noted that some of existing Zone A flood zones were updated with augmented base studies.  In addition, reach lengths have changed from the scoping report to take into account backwater conditions and streamline refinement.
Enhanced and Augmented Base Level   hydraulic analyses are included in this flood study.  The hydraulic model used for this Flood Insurance Study is the U.  S.  Army Corps of Engineers Hydraulic Engineering Center River Analysis System, version 4.1 (HEC-RAS 4.1).  Topographic data for the floodplain models was developed using Light Detection and Ranging (LIDAR) data acquired for areas within watershed. LiDAR data was collected in 2011 for South Carolina Department of Natural Resources (SCDNR).  The hydraulic models were also supplemented with field surveys and updated hydrologic data.
Figure 1 – Flood Study Areas within Seneca Watershed, South Carolina
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Hydraulic Analyses
Scope of Enhanced Study

This section presents hydraulic modeling for streams studied by detailed methods within Seneca Watershed, South Carolina.  Approximately 17.8 stream miles, presented in Table 1, were studied by detailed methods with 26 hydraulic structure crossings.  Field measurements were obtained for the Enhanced hydraulic analyses and included invert elevations at structures, top of road elevations, channel geometry and structure dimensions. 

Table 1 – Enhanced Study Scope for Seneca Watershed, South Carolina
	Stream Name
	Downstream Limit
	Upstream Limit
	Length (miles)

	Eighteen Mile Creek
	Approximately 0.16 miles downstream of Excelsior Mill Road.
	Approximately 0.71 miles upstream of Central Road
	2.4

	Twelve Mile Creek
	Just upstream of Belle Shoals Road
	Approximately 140 feet upstream of Log House Road
	13.3

	Hembree Creek
	Approximately 1,390 feet downstream of Stephens Road
	Approximately 1,250 feet upstream of Civic Center Boulevard
	2.1

	Total
	17.8


Scope of Augmented Base Level Study
Seneca Watershed contains approximately 55.3 stream miles, presented in Table 2, which were studied by Augmented Base Level Analyses with 44 hydraulic structure crossings.  Field measurements were obtained for the Augmented Base Level hydraulic analyses and included invert elevations at structures, top of road elevations, and structure dimensions. Please note that there were some cases where the structures could not be accessed for these measurements because they were located on private property or were in locations too dangerous for surveyors to perform surveys (for example, railroad crossings and/or dams).  In those instances, engineering judgment was used to approximate the dimensions for missing hydraulic structures.
Table 2 – Augmented Base Level Study Scope for Seneca Watershed, South Carolina
	Stream Name
	Downstream Limit
	Upstream Limit
	Length (miles)

	Cheohee Creek
	At the confluence with Tamassee Creek
	Approximately 0.2 miles upstream of Piedmont Nursery Rd
	6.0 

	Knox Creek
	At the confluence with Cheohee Creek
	Approximately 0.6 miles upstream of Jumping Branch Rd
	2.5

	Little River
	Approximately 3.3 miles downstream of Burnt Tanyard Road 
	At the confluence with Mill Creek and Burgess Creek
	14.4

	Oconee Creek
	At the confluence with Little River
	Approximately 0.2 miles downstream of Oconee Station Rd
	9.5

	Perkins Creek
	Approximately 0.58 mile downstream of Rocky Creek Road
	Approximately 1.0 mile upstream of Wells Highway
	3.0

	Six and Twenty Creek
	Just downstream of the confluence with Six and Twenty Creek Tributary 16
	Immediate downstream of Lowe Road 
	12.2

	Tamassee Creek
	At the confluence with Cheohee Creek
	Approximately 1.1 miles upstream of Tamassee Knob  Rd
	2.4

	Twelve Mile Creek
	Approximately 140 feet upstream of Log House Road
	Approximately 550 feet upstream of Hidden Valley Road
	1.0

	West Fork Townes Creek
	At the confluence with Knox Creek
	Approximately 0.4 miles upstream of Jumping Branch Rd
	0.9

	West Twenty Six Mile Creek
	At the confluence with Six and Twenty Creek
	Approximately 300 feet upstream of Mountain View Road
	3.4

	Total
	55.3


Scope of Stillwater Elevation Study

This section presents a stage elevation-frequency analysis on Lake Hartwell reservoir which is located at the downstream end of Seneca Watershed. The Lake Hartwell and Dam is a reservoir managed by U.S Army Corps of Engineers (ACOE) for the purposes of water supply, hydroelectric power, flood control, fish and wildlife, water quality and recreation benefits. Seneca River and Deep Creek are initially scoped as Augmented Base Level Study streams but are actually part of Lake Hartwell which has its flows and stage elevations regulated and controlled by a series of spillway gates and a concrete dam. Approximately 15.3 stream miles, presented in Table 3, were studied by the still water elevation study.
Table 3 – Stillwater Elevation Study Scope for Seneca Watershed, South Carolina
	Stream Name
	Downstream Limit
	Upstream Limit
	Length (miles)

	Seneca River
	At the South Carolina and Georgia State boundary
	At the Anderson and Oconee County line
	13.0

	Deep Creek
	At the confluence with Seneca River
	At the confluence with Three and Twenty Creek
	  2.3

	Total
	
	
	15.3


Scope of Base Level Study
Seneca Watershed does not contain any streams that are studied by Base Level Analyses. 
Enhanced Hydraulic Analyses
The models for Enhanced studies were developed using HEC-RAS 4.1 for the 10-, 4-, 2-, 1-, and 0.2 -percent annual chance storm events. A floodway profile is developed with the 1-percent annual chance discharges. The frequency storm discharges for the studied streams within Seneca watershed were determined using Regional Regression equations (Appendix D). The hydraulic analyses will be used to establish flood elevations and regulatory floodways for the subject flooding sources.
Starting conditions for the hydraulic models were set to normal depth using starting slopes calculated from stream invert elevation based on the LIDAR data or, where applicable; derived from the water surface elevations of existing effective flood elevations. Manning’s n-values were assigned based on field survey data and also examining recent aerial photography. The values ranged from 0.035 to 0.055 for channels and from 0.045 to 0.14 for overbank areas.
Digital copies of the HEC-RAS hydraulic models and supporting shapefiles will be uploaded to the Mapping Information Platform (Appendix E).
Augmented Base Level Hydraulic Analyses
The models for Augmented Base Level studies were developed using HEC-RAS 4.1 for the 10-, 4-, 2-, 1- and 0.2-percent annual chance storm events. The frequency storm discharges for the studied streams within Seneca watershed were determined using Regional Regression equations (Appendix D).
Starting conditions for the hydraulic models were set to normal depth using starting slopes calculated from stream invert elevation based on the LIDAR data or, where applicable; derived from the water surface elevations of existing effective flood elevations. Manning’s n-values were assigned based on field survey data and also examining the land use from recent aerial photography. The values ranged from 0.033 to 0.05 for channels and from 0.06 to 0.15 for overbank areas.
Digital copies of the HEC-RAS hydraulic models and supporting shapefiles will be uploaded to the Mapping Information Platform (Appendix E).
Stillwater Elevation Analysis 

The base flood or stillwater elevations for Lake Hartwell were obtained from the ACOE historic project data and statistical distribution (Log-Pearson Type III) of recorded annual peak flood stages, and from the Hartwell Dam and Lake Water Control Plan.  ACOE has collected lake stage elevation data at Lake Hartwell since 1962 until present and has developed a statistical distribution analysis of these records.  The annual peak elevation records collected by ACOE were used to plot a maximum reservoir elevation-frequency curve  as shown in Figure 2 which was used to develop the stillwater flood elevations for Lake Hartwell.  

The ACOE Lake Hartwell and Dam Water Control Plan indicate that the Standard Project Flood (SPF) produces a flood level of 667.6.  As defined in the ACOE Engineer Manual (EM) 1110-02-1411, Standard Project Flood Determination, the “Standard Project Storm” should represent the most severe flood-producing storm that is considered reasonably characteristic of the region in which the drainage basin is located, giving consideration to the runoff characteristics and existence of water regulation structures in the basin.  For the Seneca Watershed hydraulic analysis, the flood elevation for the SPF is estimated to equate to the 0.2 % annual-chance event.  The stillwater elevations for the 10%, 4%, 2% and 1% recurrence interval events were interpolated from the maximum reservoir elevation-frequency curve shown on Figure 2 and are summarized in Table 4, “Summary of Stillwater Elevations”.
Table 4 – Summary of Stillwater Elevations
	
	Elevation (feet NAVD)

	Flooding Source and Location
	10-percent annual chance
	4-percent annual chance
	2-percent annual chance
	1-percent annual chance
	0.2-percent annual chance

	Lake Hartwell Reservoir
	664.0
	664.4
	665.0
	665.9
	667.6


Figure 2 – Lake Hartwell and Dam Maximum Reservoir Elevation-Frequency Curve 
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Datum Shift 
All flood elevations for these hydraulic analyses are referenced to North America Vertical Datum (NAVD) 88.   The prior versions of the Flood Insurance Study (FIS) reports and Flood Insurance Rate Maps (FIRMs) were referenced to NAVD 88 for Anderson, Oconee and Pickens Counties. So no datum shift was used when using effective information from these studies in the watershed.  For ACOE flood data collected for Lake Hartwell reservoir, Anderson County, the vertical datum conversion from NGVD 29 to NAVD 88 is -0.3.
Tie-ins

Downstream hydraulic tie-ins were achieved by using known data from the downstream hydraulic model. Backwater tie-ins for scoping streams within Seneca Watershed were verified by ensuring that Water Surface Elevations (WSELs) along the newly studied streams were lower than their respective main stem WSELs at the stream confluence. If an effective or new study WSEL was available at downstream study limit on the same stream then known WSELs were used to achieve tie-in. In cases where tie-in with the effective WSELs was not possible, reasonable hydraulic model adjustments were performed to achieve tie-in within 0.5 foot of effective flood elevations in order to maintain flood elevation continuity. Hydraulic model parameter adjustments included updates to Manning’s n-values and matching restudy stream inverts to effective stream inverts at the tie-in location. Appendix C provides a summary of tie-in elevations for all hydraulic analyses of limited detailed and detailed studied streams.
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