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DRAFT NAVIGATION PLAN

CONGAREE RIVER MODIFIED REMOVAL ACTION
COLUMBIA, SOUTH CAROLINA

INTRODUCTION

Dominion Energy South Carolina, Inc. (DESC), formerly South Carolina Electric and Gas Company
(DESC), plans to complete a Stakeholder-developed Modified Removal Action (MRA) to address the
occurrence of a tar-like material (TLM) that is commingled with sediment along the eastern shoreline of
the Congaree River, just south of the Gervais Street Bridge in Columbia, South Carolina. The project
area location is shown on Figure 1. The TLM is believed to be a coal tar material that originated from the
Huger Street former manufactured gas plant (MGP) site, located approximately 1,000 feet to the
northeast of the project area. The proposed work is being performed by DESC at the direction of South
Carolina Department of Health and Environmental Control (SCDHEC) and is subject to permits and
approvals from the U.S. Army Corps of Engineers (USACE) and other agencies. The USACE approval
for this project is provided in Appendix A.

The overall objective of this project is to remove impacted sediment from the Congaree River within two
areas. The plan is to construct temporary cofferdams around each area to facilitate removal of the
impacted sediment. The temporary cofferdams will be constructed sequentially and the MRA will occur
over several years. The construction and active remediation season will occur from approximately May
through October of each year. Figure 2 illustrates the proposed cofferdam locations. After each
cofferdam is constructed, the isolated area will be dewatered and the impacted sediment removed and
transported off-site for disposal. Following completion of the removal activities in Area 1, the cofferdam
will be removed and a cofferdam will be constructed around Area 2. After the removal activities are
completed in Area 2, the cofferdam materials will be removed from the river.

DESC intends to complete the project with as minimal of an impact on navigation and recreational use of
the Congaree River as possible. This Plan was developed based on the guidelines provided in the “U.S.
Coast Guard Aids to Navigation System” publication and is a supplement to the U.S. Coast Guard
(USCG) Private Aids to Navigation Application. DESC will consult with the USCG District Seven Aids to
Navigation and Waterways Management Office as necessary, and will complete the required notifications
and installation of appropriate navigational aids and safety measures as specified in this Plan or directed
by the USCG during implementation of the project. The proposed Notice to Navigation Interests and
example navigational aid specifications are provided in Appendix B and C, respectively.

NAVIGATION WITHIN THE PROJECT AREA

The USACE Charleston District completed a Navigability Study of the Congaree River Basin in 1977.
Excerpts from this study are provided in Appendix D. This document classifies the Congaree River as
“navigable waters of the U.S. from its confluence with the Wateree River (R.M. [River Mile] 125.3) to the
Gervais Street Bridge, U.S. 378 (R.M. 175.9).” As a result, the MRA area is located at the extreme
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upriver limit of the classified navigable waters (Figure 2). This study provides historical documentation of
significant use of the Congaree River for navigation and commerce, especially during the time frame
when the Columbia Canal was operational. However, the study states that use of the river for interstate
commerce has not occurred since the 1950s due to the utilization of other forms of transportation.

Current conditions within the Congaree River and the project area are similar to those described in the
1977 study. The river in the vicinity of the Gervais Street Bridge is shallow and rocky with highly variable
flow rates that preclude the operation of large watercraft. In fact, it was necessary to utilize multiple forms
of small watercraft that ranged in size from a pontoon boat to a canoe to complete the sediment
investigative activities within the project area. In some instances, areas were investigated by wading due
to the shallow and rocky nature of the river bottom. In other areas, where sufficient water depth was
present to allow for the small pontoon boat to operate, the flow rate of the river was too swift to permit
safe operation of the watercraft.

Currently, only small personal watercraft such as inner tubes, kayaks, canoes and occasionally a small
motorboat are seen operating in the vicinity of the Gervais Street Bridge and the project area. Wading for
the purpose of fishing or swimming also occurs in this area.

Potential Impacts to Navigation

As seen on Figure 2, cofferdams will be constructed around Areas 1 and 2 to isolate the areas for
dewatering and sediment removal. The actual project area is relatively small in comparison to the overall
width of the river and more than half of the river’s width will be available for continued navigation or other
activities. The maximum width of the area within the river to be isolated by the cofferdams is
approximately 280 feet in Area 1 and approximately 190 feet wide in Area 2, while the entire river width
ranges from approximately 650 to 800 feet in the project area.

The aerial photograph in Figure 3 shows the open water area west of the proposed cofferdams, and the
approximate navigation route is highlighted by the arrows. Watercraft of the type typically utilized in this
area of the river will be able to continue unobstructed use of the resource during completion of the project
by following this general route.

Due to safety requirements, landside support zone activities and MRA activities within the river, access by
the general public to the Congaree River via the Senate Street Extension (Figure 3) must be restricted
during implementation of the project. This area has been utilized as a boat launch and fishing area due to
the access provided by the asphalt and gravel road (which is private property) and the gentle slope to the
river's edge. Access restrictions in this area should not affect the general public access to the river since
this is private property. DESC plans to secure the area with fencing to establish the landside operations.

Options for the general public to launch small watercraft and access the river include the Three Rivers
Greenway located directly across the river from the project area (Figure 3) and a public boat ramp located
approximately 1.8 miles downstream of the Blossom Street Bridge.

Overall, no significant impacts to navigation of small watercraft and use of the river for recreational
purposes are expected during completion of the project. As Figure 3 illustrates, more than half of the
river’'s width will be available for use by the general public at all times. Restrictions to river access at the
private access point on the east side will be mitigated by the access points located directly across the

https://apexcos.sharepoint.com/sites/PittsburghPA/Documents/Clients/SCEG-Congaree River/2020 ACE Application/G - Navigation Plan/Draft Navigation Plan 08-17-20.docx
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river at the Three Rivers Greenway and public boat ramp located downstream. Safety measures that will
be installed and maintained to ensure safe navigation around the project area are described below.

SAFETY MEASURES (PRIVATE AIDS TO NAVIGATION)

The safety measures (private aids to navigation) and details listed below are provided to illustrate the
current plan and will be modified as necessary to obtain USCG approval of the project. The three main
objectives of the safety measures are:

1. Provide boaters and other users of the river with advance notice of the construction site and the
need to take appropriate measures to avoid the cofferdam structure;

Demarcate the area to be avoided; and

Alert boaters and other users of the river that the cofferdam structure, isolated area (sediment
removal area) and landside support zone are restricted areas and off limits to non-project related
personnel.

These objectives will be accomplished by publication of a “Notice to Navigation Interests” (Notice) prior to
initiation of the project. This Notice will provide specific details pertaining to the project area and the
navigational requirements. A draft Notice is provided as Appendix B.

In addition, strategic placement of warning and restricted access signs, solar powered lights and
regulatory buoys (Figures 4 and 5) will provide real-time notification to boaters as they enter and make
their way through the project area from either direction. Table 1 provides a summary of the required
quantities of aids to navigation as well as recommended manufacturer identification and model numbers.
Proposed alternative aids to navigation that meet or exceed the criteria below will also be considered.

The warning signs will be placed up and down river and the sign locations will be determined in the field
based on existing conditions. The signs will be located in areas that are readily visible to river users. The
warning signs will be relatively large (approximately 4 feet by 4 feet) and state “Warning - River
Construction Zone Ahead”. The signs placed in the river will be properly secured (e.g., bolted to metal
posts and attached to a weighted base and secured in-place with concrete blocks or large boulders).

The signs will be placed in the river, on the cofferdam and along the shoreline, and will be placed at an
appropriate height (i.e., eye level, or approximately 3 to 5 feet above the water or land surface). For
boaters, the elevation of the signs will be based on average river flows when most recreational boating
activity is expected to occur. The average river elevation is approximately 116.5 feet (NGVD 29) which
equates to an approximate sign elevation of 120 feet (NGVD 29). During completion of the investigative
activities, it was observed that river elevations above approximately 117 feet (NGVD 29) produced flows
that were not conducive to the safe operation of small watercraft within the project area. As a result, the
120 feet elevation will place the signs above the water level at flows where most recreational boating and
use of the river is expected to take place. For the landside sign installations, eye level or approximately 5
feet above the surface elevation will be used to establish the correct position of the sign.

The USCG Aids to Navigation System specifies the use of an information or regulatory buoy (white with
an orange band) to designate areas that should be avoided by watercraft. For this project, the buoys will
also be marked with a danger symbol that specifies the presence of the dam. Example specifications of

https://apexcos.sharepoint.com/sites/PittsburghPA/Documents/Clients/SCEG-Congaree River/2020 ACE Application/G - Navigation Plan/Draft Navigation Plan 08-17-20.docx
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this type of buoy and markings are provided in Appendix C. The approximate locations for buoy moorings
are shown on Figures 4 and 5 for Areas 1 and 2, respectively. Generally, the buoys will be properly
secured approximately 5 to 10 feet away from the outboard toe of the cofferdam slope and alert river
users to the presence of the dam. The buoys will direct both downstream and upstream traffic away from
the cofferdam structure. They will be relocated as necessary as the project progresses.

Marine-application lights will also be positioned slightly above the top of the cofferdam to help identify the
perimeter of the structure in the unlikely event that boating traffic is in the area during nighttime or low
light conditions. As part of the aids to navigation, solar powered, LED lights will be placed on each corner
(or bend) and midpoint of each leg of the cofferdam. The lights will have a standard flash rate of 60
flashes per minute (FPM) and will be visible for one mile, under clear conditions. The lights will be
secured on posts and positioned on the outboard side of the cofferdam with the elevation set
approximately two feet above the crest elevation of the cofferdam. This height was selected to provide
optimum visibility from the waterside of the cofferdam, while attempting to minimize any potential adverse
impacts to the inhabitants of the residential condominiums located on Gist Street. Nine (9) lights are
currently planned for the Area 1 cofferdam and six (6) lights are planned for the Area 2 cofferdam. An
example of solar powered nautical lights is provided in Appendix C. The operating period for lights is
between sunset and sunrise.

“Restricted Area” signs will be positioned at regular intervals along the cofferdam structure to alert river
users of the need to stay away from the cofferdam. No unauthorized access to or on the cofferdam
structure will be permitted.

Project personnel will conduct regular inspections of the buoys, lights and signs to ensure that they are
still visible, in the correct locations, securely moored in place and operating properly. The minimum
inspection frequency will be once per week or as soon as possible following high water/high river flow
events. Any issues identified during the inspections will be corrected as soon as possible.

TABLES AND FIGURES

Table 1 Summary of Aids to Navigation

Figure 1 Site Location Map

Figure 2 Planned Removal Areas and Cofferdam Locations

Figure 3 Project Area Navigability Information

Figure 4 Private Aids to Navigation — Proposed Locations for Area 1

Figure 5 Private Aids to Navigation — Proposed Locations for Area 2
APPENDICES

Appendix A USACE Project Approval (To Be Included After Receipt)

Appendix B Notice to Navigation Interests

Appendix C Example Navigational Aid Specifications

Appendix D Excerpts from the 1977 Navigability Study of the Congaree River Basin

https://apexcos.sharepoint.com/sites/PittsburghPA/Documents/Clients/SCEG-Congaree River/2020 ACE Application/G - Navigation Plan/Draft Navigation Plan 08-17-20.docx
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TABLE 1

SUMMARY OF AIDS TO NAVIGATION

Congaree River Sediments
Columbia, South Carolina

Quantity Description Model No. Manufacturer
Regulatory buoys ABS type 9" diameter or

9-Area1 . : .
equivalent, with required anchors and mandatory B1147R Roylan

6 - Area 2 . " "
restricted area symbol, "Dam
48" x 48" flourescent/reflective signs "Warning River

6 Construction Zone Ahead" black message on white B2211 Roylan

reflective background with orange border
Solar lights (LEDs), clear, to be positioned on each

9-Area1 ["corner" of construction area, 60 FPM (flashes per One mile Rovlan

6 - Area 2 [minute) mounted on 4" x 4" treated posts or #101 Series y
equivalent

Notes:

1. Signs, buoys and lights will be deployed during each phase of the project.
2. Proposed alternative aids to navigation that meet or exceed criteria listed in 33 CFR 66 are acceptable.

Table 1 - Summary of aids to navigation

8/19/2020
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DRAFT

NOTICE TO NAVIGATION INTERESTS

CONGAREE RIVER MODIFED REMOVAL ACTION
COLUMBIA, SOUTH CAROLINA

Overview

Dominion Energy South Carolina, Inc. (DESC), formerly South Carolina Electric and Gas Company
(DESC), plans to complete a Stakeholder-developed Modified Removal Action (MRA) to address the
occurrence of a tar-like material (TLM) that is commingled with sediment along the eastern shoreline of
the Congaree River, just south of the Gervais Street Bridge in Columbia, South Carolina. The project
area location is shown on Figure 1. The TLM is believed to be a coal tar material that originated from the
Huger Street former manufactured gas plant (MGP) site, located approximately 1,000 feet to the
northeast of the project area. The proposed work is being performed by DESC at the direction of South
Carolina Department of Health and Environmental Control (SCDHEC) and is subject to permits and
approvals from the U.S. Army Corps of Engineers (USACE) and other agencies.

The overall objective of this project is to remove impacted sediment from the Congaree River within two
areas. The plan is to construct temporary cofferdams around each area to facilitate removal of the
impacted sediment. The temporary cofferdams will be constructed sequentially and the MRA will occur
over several years. The construction and active remediation season will occur from approximately May
through October of each year. Figure 2 illustrates the proposed cofferdam locations. After each
cofferdam is constructed, the isolated area will be dewatered and the impacted sediment removed and
transported off-site for disposal. Following completion of the removal activities in Area 1, the cofferdam
will be removed and a cofferdam will be constructed around Area 2. After removal activities are
completed in Area 2, the cofferdam materials will be removed from the river.

The actual project area is relatively small in comparison to the overall width of the river and more than
half of the river's width will be available for continued navigation or other activities. Figure 2 shows the
planned restricted areas and the area that will remain available for navigation during completion of
project. Figures 3 and 4 provide illustrations of the planned Area 1 cofferdam and show the river portion
available for continued navigation during this phase. Because Area 2 is smaller than Area 1, the
cofferdam will have a similar appearance although smaller and not extending as far into the river.

Navigation Signage, Lighting and Signals

Prior to initiation of cofferdam construction activities, warning signs will be placed upriver and downriver of
the cofferdam location. The final locations of the signs will be determined in the field based on existing
conditions. The signs will be located in areas that are readily visible from the water. The warning signs
will be approximately 4 feet by 4 feet and state “Warning - River Construction Zone Ahead”. The signs
will be bolted to metal posts and attached to a weighted base and secured in-place with concrete blocks
or boulders.

Information buoys (white with a orange band) will be placed approximately 5 to 10 feet away from the
outboard toe of the cofferdam as an aid to alert river users to the presence of the rock dam. The buoys
will be marked with a danger symbol that specifies the presence of the dam. The buoys will direct both
downstream and upstream traffic away from the cofferdam structure. They will be relocated as necessary
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as the project progresses. Figures 3 and 4 provide illustrations of the planned cofferdam buoy and
lighting scenario using Area 1 as an example.

Marine-application lights will also be positioned slightly above the top of the cofferdam to help identify the
perimeter of the structure in the unlikely event that boating traffic is in the area during nighttime or low
light conditions. As part of the aids to navigation, solar powered, LED lights will be placed on each corner
(or bend) and midpoint of each leg of the cofferdam. The lights will have a standard flash rate of 60
flashes per minute (FPM) and will be visible for one mile, under clear conditions. The lights will be
positioned on the outboard side of the cofferdam with the elevation set approximately two feet above the
crest elevation of the cofferdam. Nine (9) lights are currently planned for the Area 1 cofferdam and six (6)
lights are planned for the Area 2 cofferdam. The operating period for lights is between sunset and
sunrise.

“Restricted Area” signs will be positioned at regular intervals along the cofferdam structure to alert river
users of the need to stay away from the cofferdam. No unauthorized access to or on the cofferdam
structure will be permitted. Users of the river are advised to remain a safe distance from the project area
at all times and to obey all navigation aids and instructions.

List of Figures

Figure 1 Site Location Map

Figure 2  Planned Removal Areas and Cofferdam Locations
Figure 3  Area 1 Cofferdam lllustration (1 of 2)

Figure 4  Area 1 Cofferdam lllustration (1 of 2)

Appendix B Notice to Navigation 08-17-20
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APPENDIX C

Example Navigational Aid Specifications



Regulatory Buoys ¢ ABS type - 9" Dia.

Approved and universally used by local, state and federal agencies to ensure
water safety. Ideal for private applications.

UNSINKABLE — filled with Model B1147R
urethane foam
A TS Features
B 3" silver reflective band + Easy reconditioning of weather-worn buoys with excellent
2" orange band adhesion of restoration materials. See page 18.

SWIM | 3" black letters (2 sides) + 9" diameter, white, ABS plastic exterior. Will not rust, chip
or peel. Ultraviolet inhibited.

a‘;;}e;‘ﬁ’&s“re Orange symbol (2 sides) . Completely urethane foam filled. Virtually unsinkable.
anchor tackle « 3"-wide reflective band at top provides excellent
nighttime visibility.
60" AREA

| 2" orange band « Self-righting without tackle.
+ Recessed cap allows buoy to stand upright.

— + Heavy steel galvanized anchoring eye cast in an internal
concrete ballast.

+ Includes choice of standard symbols and messages.

Urethane foam
Concrete ballast Available Options

%' dia. galvanized rod + Pickup eye built into top.
1" 1. D. steel mooring eye . . .
+ Stainless steel anchoring eye for salt water applications.
+ Agency or name identification.
« Cone cap top.

Specify desired symbols and messages

when ordering. + Special non-standard messages.

Submerged buoyancy 84 Ibs. * Solar lights (see page 11).

Net weight 49 |bs. + Available in yellow.

Shipping weight 56 Ibs. + Side mooring eyes for swim areas, float lines.

Refer to installation suggestions on page 21.
See warranty information on back cover.

CONTROLLED AREA| [ HAZARD WARNING RESTRICTED AREA INFORMATION
STANDARD SYMBOL SYMBOL SYMBOL SYMBOL
INLAND
WATERWAY
SYMBOLS 12 i e 1
AND MESSAGES & *T
1y 1" <11
2" band width 2" band width 2" band width 2" band width
. STANDARD MESSAGES STANDARD MESSAGES STANDARD MESSAGES STANDARD MESSAGES
SpeCIaI _messages SLOW 5 MPH ROCK SWIM AREA REST ROOM 1 MILE
are avallable. SLOW NO WAKE DANGER KEEP OUT STATE PARK AHEAD
Request a qUOtation. SKI AREA RAPIDS NO BOATS MARINA ENTRANCE
NO SKI SHOAL BOATS KEEP OUT FISH ATTRACTOR
SLOW 10 MPH STUMP CLOSED AREA
SPEED ZONE SHALLOW AREA NO BOATING
NO WAKE IDLE SPEED HAZARD AREA DANGER DAM
DANGER DAM

Rolyan® Buoys. To Order—Call toll-free in the U.S.: 888-269-2869 -+ 262-387-8779 - Fax: 866-790-3298
www.RolyanBuoys.com



Chain * Cable * Hardware * Anchors

PERMAFLEX® CABLE

Lightweight

High strength Covering | Part Cable | Construction | Weight Breaking Standard Reel
0.D. No. Dia. D Lb./Ft. | Strength Lbs. | Reel Size® [ Wt. Lbs.

Safe to handle %" B1934 | 4" 7x7 028 920 1000’ 28

Tough, durable, bright " B1936 | %" 7x7 065 3700 500" 37

yellow, waterproof %' | B1931 | 4" 7x7 12 6100 500 60

plastic covering is 1%," B1933 | %" 7x19 28 14400 500' 180

highly resistant to

alkalis and salt Permaflex Cable — Galvanized steel wire rope coated &

Impregnated with yellow polypropylene plastic.

CHAIN Part Weight Working Load Standard
SiTe Size No. Lb./Ft. Limit Lbs. Drum Size®
B 1/n 1
W"‘ Proof Coil Heavy Duty 74 B1828 42 1300 400
(/: 4 @ Steel Chain %" B1829 1.36 2650 200'
. Hot Dipped Galv. 5" B18210 2.3 4500 100'

NOTES: @ Chain may also be purchased by the foot. Subject to cut charge.

GALVANIZED HARDWARE ANCHORS
Part Weight ANCHORS Avg. Wt. Under-
Size No. Lb./Ft. CONCRETE Lbs. vaalt_irs
CABLE THIMBLES M B2311 03 : :
g}:gt‘:gfd A B2312 04 16" B1842
Galvanized ot e 05 m _ éteZ?E;i 20 54
% B2316 15 U *  Hot Dippod
Heavy Duty " B2324 .08 Galvanized
Hot Dipped et B2321 A1

R 24" long
Galvanized 40 B2323 47 |<—v| B21620
r\ - %" Round
16 Steel Eye 200 164
.-¥ CABLE CLAMPS Yo" B1831 2 is,, Hot Dipped
) standard 7 B1832 3 Galvanized
Electro " B1833 4 o4 Iong
5 |‘—’| B2152

Galvanized
%" B1835

. . f\ _F % Round
Heavy Duty %o Bz A 17 Steel Eye | 300 180
Hot Dipped " B2332 .16 ~ % Hot Dipped
Galvanized 5" B2333 8 ‘ 10" Galvanized

%" B2335 .82
ANCHOR KITS
CONNECTING " B1891 .10
F”F@ & 244" long B2161
'~ &) LINKS %" B1892 25 ) )
- Electro o Tough, high-density
Galvanized % B1893 54 Y » polyethylene anchor
(164" wide) 10% form. Cast up to 300
_v Ib. concrete anchors.
A E e QUICK LINKS " B1801 10 i
) Electro %" B1803 19 16" Dia.
Galvanized o B1804 38 B2163
. —_— Plastic anchor form
13" for 90 Ib. concrete
ANCHOR %' B1900 25 Q . anchors.
SHACKLES o B1901 30 —
Hot Dipped %' B1902 75 S B2162
Galvanized Z S; R 1/2" Steel anchor eye
K2 and steel wire mesh.
;‘T“m SWIVELS v B1921 21 - -
(@l @ Hot Dipped ” B1922 61 Stainless gtgel hardware available.
Galvanized o B1923 93 Call for pricing.

Rolyan® Buoys. To Order—Call toll-free in the U.S.: 888-269-2869 -+ 262-387-8779 - Fax: 866-790-3298
www.RolyanBuoys.com



Warning and Portage Signs

Bold black message on white reflective background with orange border.
.080" aluminum base material. Excellent visibility, day and night.

DAM SLOW NO WAKE
SIZE (IN.) PART NO. | siZE (IN.) PART NO.
24 x 24 B2011 24 B22258
30 x 30 B2021 30 B22259
36 x 36 B2031 36 B22260
48 x 48 B2211

TAKE OUT

THIN ICE SIZE (IN.) PART NO. RIGHT ARROW
TAKE 24 x 24 B2013 24 x 24 B2012L B2012R
30 x30 B2023 30 x 30 B2022L B2022R
ouT 36 x 36 B2033 36 x 36 B2032L B2032R
— 48 x 48 B2213 48 x 48 B2212L B2212R

Mooring Suggestions

Use swivels to cut chain wear and increase buoy NOTE - The design and selection of a
performance. Wind, wave, and current action caus- mooring system should be determined by
es buoys to rotate. This rotation, if severe, can cause a qualified professional engineer who is
chain or cable to twist, which will eventually sub- familiar with the specific application and
merge the buoy, increase chain wear, and increase local conditions. The illustrations shown
the load on the anchor. are provided for informational purposes

and are not intended to be suggested
designs. The company assumes no
responsibility for any mooring system
based upon these illustrations.

Correct cable clamp assembly. Note from the
sketch that the cradle is tightened against main
cable. This is the correct assembly method to
insure against the clamps, slipping while in serv-
ice. Be sure to tighten nuts down, alternating from
side to side frequently. Thimbles should be
assembled so they are firmly trapped within the
cable loop.

Wire rope
clamps B183
(two recom.)

Typical Barrier Float System

KEEP Model B1830A0
O%T / Floats in series

Note: The design and selection of a mooring system

should be determined by a qualified professional engi-
Model B1428UL neer who is familiar with the specific application and
Floats collar can buoy local conditions. The illustrations shown are provided
with external ballast for informational purposes and are not intended to be

suggested designs. The company assumes no
responsibility for any mooring system based upon
these illustrations.

(See page 4 for description)

Rolyan® Buoys. To Order—Call toll-free in the U.S.: 888-269-2869 -+ 262-387-8779 - Fax: 866-790-3298
www.RolyanBuoys.com



APPENDIX D

Excerpts from the 1977 Navigability Study of the Congaree River Basin
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Navigation Classification Categories

This study classifies streams into several different categories,

each of which is discussed subsequently:

I.  Present "navigable waters of the U. S." (by regulatory
procedures).

2. Historically navigable waters (based on literature review).
Recommended ''navigable waters of the U. S.'"' (based upon data
developed as a part of this investigation).

h, Recommended waters for practical navigation (within '""navigable
waters of the U. S.').

5. Headwaters for all waterbodies (five cfs points).

The first four navigation classifications are displayed on the

plates presented later in this report. The headwater limits are

summarized in Appendix A.

Present Navigable Waters of the U. §.

Currently, the Congaree River is classified as ''navigable waters
of the U. 5." from its confluence with the Wateree River (R.M. 125.3)
to the Gervals Street bridge, U. S. 378, (R.M. 175.9). (3)(4)(20)
This classification is based on the limits of the Federally authorized
project, as discussed in Section 3, as well as Federal and state court

decisions, as discussed in Section 5. (See plate 08-2 for map location.)

Historically Navigable Waters

The Congaree River was extensively used for navigation throughout
the earlier development of the state. After the construction of the
Columbia Canal, as referred to in Section 4, navigation extended over
the entire length of the Congaree River (R.M. 176.9), and continued
up the Broad River (see Report 15).

Recommended and Practical Navigable Waters of the U. S.

The recommended and practical limit of ""navigable waters of the
U. S." is at the Gervalis Street bridge (R.M. 175.9). This Is the same
limit as the present classification, and is based on the Federal court

08-27



decisions and authorized project limits that established the present
classification, as well as observations and calculations, which estab-
lish the practicality of navigation at all six bridges crossing the
river. Analysis at each of the locations resulted in an approximate
mean water depth of at least 7 feet, approximate channel width of at
least 50 feet, and an average slope within the ranges for practical
navigation. The river extends upstream for about one mile beyond R.M.
175.9; however, it becomes shallower and spotted with sandbars as it
nears the confluence of the Broad and Saluda Rivers and would require
extensive improvements to be navigable. In addition, entrance to the
Columbia Canal, used at one time to by-pass this shallow area, is no
longer operational due to installation of electric generating turbines
and would also require extensive renovation to become functional.

These conclusions on the navigation limit meet the criteria estab-
lished for the Federal test of navigability that the body of water
is used, or is capable of being used, in conjunction with other bodies
of water to form a continuous highway upon which commerce with other
states or countries might be conducted.

There are no significant tributaries to the Congaree River capable
of supporting navigation.

Plates 08-4 through 08-6 are plan and profiles of the recommended
""navigable waters of the U. S.'" The plan and profile plates show mean
water surface as determined from USGS maps, stream bed depth, 50 feet
wide navigable channel depth, pier spacing for bridges crossing the
river, and vertical clearances at structures. Approximate vertical
clearances for overhead utilities are shown later in this Section in
Table 4. It is emphasized that all references to elevation are approx-
imate since vertical control was established from USGS contour maps and
not field instrument surveys. Water depth and structure vertical
clearance measurements are also approximate due to the accuracy inherent
in the field techniques. (See the Summary Report for a detailed des-
cription of field procedures and the methodology used to calculate water

depth at mean flow.)

08-28



SECTION 7 - CONCLUSIONS AND RECOMMENDATIONS

Five classifications of navigation on streams in the Congaree
River basin have been determined and are presented below. The first
two are classifications developed from historical evidence and current
Federal stream classifications. Classification 3 is based on field
measurements, observations, and data analysis for the river. Classi-
fication 4 is based on review of all previously determined limits with a
recommendation of the most upstream location with supporting evidence of
navigability. The fifth classification accounts for all streams not
otherwise classified and was determined based on the drainage area and
hydrological aspects of the stream.

1. The Congaree River is presently classified ''navigable

waters of the U. 5.'" between its mouth at the confluence
with the Wateree River (R.M. 125.3) to the Gervais Street
bridge in Columbia (R.M. 175.9).

2. The historical limit of navigation on the Congaree River
is, with the use of the Columbia Canal, to R.M. 177. The
classification extends beyond the Congaree basin boundary
to the Broad River (see Report 15).

3. The recommended practical limit of navigation is at the
Gervais Street bridge (R.M. 175.9). Reasonable channel
improvements will be necessary for commercial river traffic
to actually use the river up to this point.

b, It is recommended that the Congaree River be classified
'navigable waters of the U. S.' between its mouth at the
confluence with the Wateree River (R.M. 125.3) to the Gervais
Street bridge, U. S. 378 (R.M. 175.9) based on the analytical
procedures and tests of navigability used in this study
effort.

P All streams not recommended for classification as ''navi-
gable waters of the U. S.'" are recommended for classification

as ''waters of the U. S." throughout their entire length.

08-38
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MUSSEL RELOCATION PLAN

CONGAREE RIVER SEDIMENTS
COLUMBIA, SOUTH CAROLINA

INTRODUCTION

Dominion Energy South Carolina, Inc. (DESC), formerly South Carolina Electric and Gas Company
(SCE&G), plans to complete a Modified Removal Action (MRA) to address the occurrence of a tar-like
material (TLM) that is commingled with sediment along the eastern shoreline of the Congaree River, just
south of the Gervais Street Bridge in Columbia, South Carolina. The project area location is shown on
Figure 1. The TLM is believed to be a coal tar material that originated from the Huger Street former
manufactured gas plant (MGP) site, located approximately 1,000 feet to the northeast of the project area.
The proposed work is being performed by DESC at the direction of South Carolina Department of Health
and Environmental Control (SCDHEC) and is subject to permits and approvals from the U.S. Army Corps
of Engineers (USACE) and other agencies.

The overall objective of this project is to remove the impacted sediment from the Congaree River. The
current plan is to construct two temporary cofferdams to facilitate removal of the impacted sediment. As
currently envisioned, the temporary cofferdams would be constructed in two separate phases over two or
three construction seasons. The construction seasons will range from approximately May through
October of each year. Figure 2 illustrates the phased approach and the proposed cofferdam locations.
After the temporary cofferdam is constructed for each phase, the isolated area will be dewatered and the
impacted sediment removed and transported off-site for disposal. Following completion of the impacted
sediment removal activities, the cofferdam materials will be completely removed from the river.

PROJECT AREA PREVIOUS MUSSEL SURVEY RESULTS

In 2006 a reconnaissance survey was conducted by Alderman Environmental Services, Inc. to assess the
freshwater mussel populations within Lake Murray and the lower Saluda and upper Congaree Rivers in
support of the Saluda Hydroelectric Project (FERC No. 516). The findings of the survey were
summarized in the “Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower Saluda and
Congaree Rivers, Lake Murray, and Selected Tributaries (Alderman Environmental Services, Inc. 2006).
The survey included two locations in the upper Congaree River that were within or directly adjacent to
(downstream) the planned project area. Figure 2 shows these locations and Appendix B provides the
applicable survey report excerpts taken from the Alderman Report.

The first survey area (Station: 20060711.5) was located in the vicinity of the Senate Street alluvial fan,
which is within the planned Area 1 removal area. This location will be impacted by project operations.
The second survey area (Station: 20060712.5) was located directly south (downstream) and outside of
the planned Area 2 removal activities and is not expected to be impacted by the planned project activities.

Table 1 provides a summary of the live mussels encountered at these two locations and their current
global and state NatureServe ranks as listed on the South Carolina Department of Natural Resources
(SCDNR) Heritage Trust Program Rare, Threatened and Endangered Species and Communities List
(Appendix C). No federal or state threatened, endangered or candidate mussel species were identified



Mussel Relocation Plan Page 2
Congaree River Sediments, Columbia, SC August 2020

within the Congaree River during completion of the survey. A combined total of five mussel species
classified as rare by the SCDNR Heritage Trust Program were identified at the two survey locations that
were within or adjacent to the project area. These rare species have no legal protection under the federal
or state endangered species laws but are tracked by the SCDNR Heritage Trust Program at the request
of the Program’s biologists.

A total of 33 live mussels of four different species were observed at the first location (Station:
20060711.5). Of the four species, three (Elliptio congaraea, Elliptio angustata and Elliptio roanokensis)
are considered rare by SCDNR. The most abundant species identified at this location (Elliptio
complananta) is not on the Heritage Trust list.

A total of 21 live mussels of six different species were observed at the second location (Station:
20060712.5). Five of the six species observed (Elliptio angustata, Elliptio congaraea, Elliptio icterina,
Lampsilis splendida, and Elliptio roanokensis) are designated as rare by SCDNR. Again, the unlisted
Elliptio complananta was also identified.

MUSSEL RELOCATION PLAN

As a result of the previous findings from the Alderman survey conducted in 2006, DESC recognizes that
no threatened or endangered mussels are likely present within the project area. However, a number of
sensitive mussel species are likely located within the cofferdam locations and planned removal areas. In
order to complete the project with as minimal of a negative impact to the Congaree River resources as
practicable, DESC plans to conduct mussel relocation operations prior to initiating “in-river” construction
activities. The mussel relocation activities will include:

o Utilizing qualified personnel to conduct mussel survey activities, finalize project details and
complete/supervise the relocation field work;

e Conducting an initial reconnaissance and assessment of the planned project area (the planned
footprint of each phase plus a small buffer zone) and immediately downstream;

e Locating a suitable relocation area(s) with acceptable habitat characteristics within the Congaree
River as near as possible to the project site;

e Collecting and relocating the mussels identified within the footprint of each phase of the project,
to the extent practicable; and

e Providing a summary of completed mussel relocation activities in the Removal Action Report
(RAR).

The assessment and relocation activities will be conducted in phases by planned removal area in order to
properly time the work with the actual construction windows.

Consultant Selection

DESC will procure the services of a qualified consultant with proven experience in successfully
completing freshwater mussel surveys, habitat assessment and relocation activities. Once selected, this
consultant will review project details and finalize the overall plan for mussel relocation.

Mussel Relocation Plan August 2020
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Initial Reconnaissance and Assessment of the Project Area

The selected consultant will conduct an initial assessment of the project area to determine the
approximate number, species and other characteristics of the mussels that can be realistically relocated
prior to initiation of “in-river” construction activities. This initial assessment will likely be restricted to the
area that will be impacted by the upcoming phase of work and will likely be conducted on at least two
occasions. The surveyed project area will include the planned cofferdam footprint, the interior removal
area and a small buffer on the outboard side of the cofferdam. This buffer will account for small changes
in the final cofferdam shape or location and for changes in river currents and hydraulic characteristics that
are expected to result from construction of the structure. The assessment will be extended some
distance downstream of the phased project areas to account for changes in river hydraulics in these
areas while the cofferdam is in place and for potential disturbance during cofferdam construction.

The initial assessments will be conducted during warmer months (generally April or later, prior to
cofferdam installation). The information gathered from the assessment will be utilized to determine
appropriate relocation areas and other logistical components associated with the collection/relocation
phase of the project.

Determine Suitable Relocation Areas

Relocation site investigation will also take place during the warmer months. The relocation site(s) will be
within the Congaree River and as near to the project area as possible. Selection will be based on a
number of criteria, including:

e The presence and abundance of other mussels;
e Specific habitat characteristics such as substrate and adjacent land uses;
e Flow and gradient characteristics; and

e Potential for future threats.

The Alderman survey area (Station: 20060712.5) located directly downstream of the project area
contains the same species of mussels found within the project area and may be a suitable relocation
point for some or all of the project area mussels. This location would be ideal, if suitable, due to its close
proximity to the project area.

Once the initial reconnaissance survey and relocation site identification have been completed, the
consultant will prepare a brief report that outlines the results of the initial survey activities and describes
the chosen relocation sites. This report will also contain the general plan for collecting and relocating the
mussels. Separate reports for each MRA area are anticipated. The reports will be provided to the
agencies for review.

Collect and Relocate Mussels

As stated above, the mussel relocation efforts will likely be conducted in phases corresponding with each
MRA area. As currently envisioned, one of two potential scenarios will be implemented based on project
logistical considerations. The first scenario includes conducting the mussel collection and relocation in
one mobilization per construction phase following determination of a suitable relocation site. A
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combination of wading and diving will be necessary in order to adequately survey the majority of the
project area.

The second scenario includes mobilizing the collection and relocation team and removing the mussels
from the approximate footprint of the planned cofferdam and the outboard buffer zone (see Figure 2).
Again, a combination of wading and diving would be required to cover the area to be impacted by the
cofferdam. The relocation team would then demobilize until the cofferdam is constructed and the isolated
area is partially dewatered. As dewatering operations lower the water level, the team would remobilize
and complete the collection and relocation of the mussels within the isolated area. With this scenario, the
partial dewatering will facilitate access to the mussels and potentially increase the effectiveness and
overall efficiency of the process. With the water level sufficiently lowered the isolated area could be
better surveyed through wading, visibility would most likely be improved in most areas and potentially
more mussels will be collected.

Warmer months of the year are preferred for relocation and the mussel relocation expert will determine
the appropriate timeframe for completion of these operations based on the specific requirements of the
mussels identified in the project area. Spawning and glochidia release timeframes will be avoided.

DESC plans to conduct as complete of a relocation effort as possible. Several factors may limit the
potential relocation activities. They include:

e The presence of significant TLM in the substrate surrounding mussel locations may necessitate
not disturbing these locations;

o Mussels that are coated with TLM will most likely be left in place because adequate
decontamination may not be feasible or will overly stress the animal. Tar coated mussels can not
be relocated to new unimpacted areas; and

e Other project related constraints (logistical, safety, etc.) may limit the overall relocation effort.

The mussel relocation expert will conduct and supervise the collection of the mussels from within the
specified area. An effort will be made to adequately survey all areas that will be impacted by the project.
More than one pass will likely be conducted depending on the expert’'s recommendations and other
project constraints.

The mussels will be gently removed, kept cool and moist and quickly transported to the relocation area.
Extreme fluctuations in temperature or other environmental factors will be avoided. Mussels will be
correctly placed within the relocation area. The number and species of mussels will be documented.

Reporting

The details of the mussel relocation activities will be provided in the Removal Action Report (RAR), which
will document the entire sediment removal operations. The documented activities will include:

o Results of the initial project area surveying activities;
e The relocation area characteristics and details from the relocation area decision process;
e Mussel collection, transport and relocation activities; and

e Limiting factors, if any.
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Progress reports for each phase of work may also be provided, if requested by the agencies.
Post Project Completion Activities

DESC plans on removing all sediment and gravel, small rocks, etc. (both visually impacted with TLM and
visually unimpacted material) from the removal areas to the extent practicable. Large rocks that are
visually unimpacted may be temporarily relocated within the work area to facilitate sediment removal and
then returned to their approximate original locations.

Current plans do not include replacing any removed material with backfill. The impacted sediment will be
removed down to the top of the underlying bedrock. In many areas, this will only require removal of
several inches of sediment. Following completion of the removal activities, the cofferdam will be removed
and over time, the natural depositional processes of the river will restore the river bottom to natural
conditions. This process will allow for natural re-deposition of sediment within the removal area based on
current river hydraulics. Not replacing the impacted sediment with fill material will also eliminate the
potential for backfill materials to be washed downstream and deposited in other areas or degrade other
habitats through siltation, etc.

DESC anticipates that the same river hydraulic characteristics that created the current mussel habitat
within the project area will naturally recreate similar habitat characteristics given an appropriate amount of
time. As a result, mussel repopulation of the project area is expected to occur naturally as the project
area substrate is reestablished.

REFERENCES

Alderman Environmental Services, Inc. 2006. Reconnaissance Survey of the Freshwater Mussel Fauna
of the Lower Saluda and Congaree Rivers, Lake Murray, and Selected Tributaries. Alderman Survey
Report.

Luzier, C. and S. Miller. 2009. Pacific Northwest Native Freshwater Mussel Workgroup. Freshwater
Mussel Relocation Guidelines.

U.S. Fish and Wildlife Services and Virginia Dept. of Game and Inland Fisheries. 2013. Freshwater
Mussel Guidelines for Virginia.

APPENDICES
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B Excerpts taken from “Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower

Saluda and Congaree Rivers, Lake Murray, and Selected Tributaries (Alderman Environmental
Services, Inc. 2006)

C Tracked Rare, Threatened and Endangered Species Communities List
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APPENDIX B

Excerpts taken from “Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower Saluda and
Congaree Rivers, Lake Murray, and Selected Tributaries” (Alderman Environmental Services, Inc. 2006)



Table 3. Freshwater mussels of the Saluda River (below L. Murray Dam), lower Broad

River, and upper Congaree River

Station Latitude Species Live, Substrate”
Longitude Shells
20060711.1 | 34.05037 N None sa,g,Co,Bo
Saluda R. | 81.20573 W
20060711.2 | 34.04843 N None s,Sa,G,co,bo,b
Saluda R. | 81.19653 W
20060711.3 | 34.02978 N None s,Sa,G,co,bo
Saluda R. | 81.13944 W
20060711.4 | 34.00969 N None s,sa,g,co,bo,b
Saluda R. | 81.07800 W
20060712.1 | 34.00639 N None $,52,2,CO
Saluda R. | 81.06508 W
20060712.2 | 34.00714 N | Elliptio roanokensis 0,2 s,sa,g,co,bo,b
Broad R. | 81.06232 W | Elliptio complanata 0,5
Villosa delumbis 0,1
Elliptio angustata 1,1
Lampsilis cariosa 1,0
20060712.3 | 34.00541 N Elliptio angustata 1,2 s,Sa,g
Saluda R. | 81.06282 W Villosa delumbis 0,2
(Broad R. Strophitus undulatus 0,1
washout
area)
20060712.4 | 33.98949 N | Elliptio complanata 1,0 s,sa,g,co,bo,b
Congaree | 81.04859 W
R. (Saluda
R. side)
20060711.5 | 33.99461 N | Elliptio complanata 23,-- s,sa,g,c0,bo
Congaree | 81.04913 W Elliptio congaraea 1,0
R. (Broad Elliptio roanokensis 1,0
R. side) Villosa delumbis 0,1
Elliptio angustata 8,--
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Table 3 (continued). Freshwater mussels of the Saluda River (below L. Murray Dam),

lower Broad River, and upper Congaree River

Station Latitude Species Live, Substrate”
Longitude Shells
20060712.5 | 3399111 N Elliptio angustata 2,0 | s,sa,go,co,bo,b
Congaree | 81.04692 W Elliptio congaraea 1,0
R. (Broad Elliptio icterina 1,0
R. side) Elliptio complanata 3,0
Lampsilis splendida 1,0
Elliptio roanokensis 13,0
20060712.6 | 33.97967 N | Elliptio roanokensis 2,0 s,Sa,G,co,bo
Congaree | 81.04757 W Elliptio angustata 1,0
R. (Saluda
R. side)
20060712.7 | 33.98031 N | Elliptio complanata 5,0 S,Sa,G,co,bo
Congaree | 81.04546 W Elliptio congaraea 2,0
R. (Borad Strophitus undulatus 1,0
R. side) Elliptio roanokensis 19,0
Elliptio angustata 9,0
Lampsilis splendida 1,0
Lampsilis cariosa 2,0
Villosa delumbis 0,1
20060712.8 | 33.96535 N None -- s,sa,g
Congaree | 81.03777 W
R. (Saluda
R. side)
20060804.1 | 34.02287 N None -- s,sa,g,co,bo,B
Saluda R. | 81.10009 W
20060804.2 | 34.01835N None -- s,sa,g,co,bo,b
Saluda R. | 81.09807 W
20060804.3 | 34.07949 N None --| c¢,s,8a,g,c0,bo,b
Rawls Cr. | 81.20251 W
20060804.4 | 34.03275 N None - s,sa,2,c0,bo
12 Mile Cr. | 81.16173 W

*

s-silt, sa- sand, c-clay, co-cobble, b-bedrock, bo-boulder, g-gravel, r-roots, v-

vegetation, d-detritus, m-mud
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PROJECT: Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower
Saluda and Congaree River, Lake Murray, and Selected Tributaries

STATION: 20060711.5jma

BIOLOGISTS: John M. Alderman
Joseph D. Alderman
Jennifer M. Summerlin

U.S. FISH AND WILDLIFE SERVICE ES PERMIT: TE065756-0

S.C. DEPARTMENT OF NATURAL RESOURCES AUTHORIZATION:
November 25, 2002

LOCATION: Congaree River, Lexington/Richland county line, South Carolina;
33.99461 N, 81.04913 W; see Figure 4

SURVEY DATE: July 11, 2006

SITE COMMENTS: -

HABITAT:
WATERBODY TYPE: River
FLOW: Run, slack, pool
RELATIVE DEPTH: Very shallow
DEPTH (%<2 FEET): 90
SUBSTRATE: Silt, sand, gravel, cobble, boulder
COMPACTNESS: Compact and normal
SAND/GRAVEL BARS: Present
WOODY DEBRIS: Low
BEAVER ACTIVITY: None
WINDTHROW: Low
TEMPORARY POOLS: None
CHANNEL WIDTH: 300+ meters

BANK HEIGHT: Varies
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HABITAT (cont.):

BANK STABILITY: Very stable

BUFFER WIDTH: Narrow to moderate
RIPARIAN VEGETATION: Wooded, shrub-brush, grass
LAND USE: Urban

PERCENT COVER: 0

WOODLAND EXTENT: Not extensive

NATURAL LEVEES: -

VISIBILITY: Slightly turbid

WATER LEVEL: Low

WEATHER: Sun-Cloud, hot

TECHNIQUES AND SURVEY TIME:

TECHNIQUES: Visual
SURVEY TIME: 0.5 person-hours
FRESHWATER MUSSELS:

Elliptio roanokensis — 1 live (93 mm)

Elliptio complanata — 23 live (78, 74, 71, 53, 66, 76, 60, 58, 63, 56, 55, 61, 62, 53, 55,
59, 58, 56, 58, 62, 48, 50, 36 mm)

Elliptio congaraea — 1 live (55 mm)

Elliptio angustata — 8 live (80, 69, 58, 67, 67, 58, 57, 58 mm)

Villosa delumbis — 1 old shell

OTHER DOCUMENTED TAXA:

Elimia catenaria - common
Corbicula fluminea
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PROJECT: Reconnaissance Survey of the Freshwater Mussel Fauna of the Lower
Saluda and Congaree River, Lake Murray, and Selected Tributaries

STATION: 20060712.5jma
BIOLOGISTS: John M. Alderman
Jeffrey West
Joseph D. Alderman
Christopher S. Boring
Jennifer M. Summerlin

U.S. FISH AND WILDLIFE SERVICE ES PERMIT: TE065756-0

S.C. DEPARTMENT OF NATURAL RESOURCES AUTHORIZATION:
November 25, 2002

LOCATION: Congaree River, Lexington/Richland county line, South Carolina;
33.99111 N, 81.04692 W; see Figure 4

SURVEY DATE: July 12, 2006

SITE COMMENTS: Broad River side of Congaree River

HABITAT:
WATERBODY TYPE: River
FLOW: Run, slack
RELATIVE DEPTH: Very shallow
DEPTH (%<2 FEET): 75
SUBSTRATE: Silt, sand, gravel, cobble, boulder, bedrock
COMPACTNESS: Normal
SAND/GRAVEL BARS: Present
WOODY DEBRIS: Low
BEAVER ACTIVITY: Evidence (gnawed sticks)
WINDTHROW: Low
TEMPORARY POOLS: -
CHANNEL WIDTH: 300+ meters

BANK HEIGHT: 2.5+ meters
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HABITAT (cont.):

BANK STABILITY: Very stable

BUFFER WIDTH: Moderate to wide
RIPARIAN VEGETATION: Wooded, shrub-brush
LAND USE: Urban

PERCENT COVER: 1

WOODLAND EXTENT: Intermediate
NATURAL LEVEES: -

VISIBILITY: Slightly turbid
WATER LEVEL: Low

WEATHER: Sun-Cloud, hot

TECHNIQUES AND SURVEY TIME:

TECHNIQUES: Visual
SURVEY TIME: 0.83 person-hours
FRESHWATER MUSSELS:

Elliptio roanokensis — 13 live (100, 111, 89, 91, 95, 108, 105, 95, 102, 107, 110, 89, 91
mm)

Elliptio complanata -3 live (93, 78, 73 mm)

Elliptio congaraea — 1 live (61 mm)

Elliptio angustata -2 live (63, 66 mm)

Elliptio icterina — 1 live (72 mm)

Lampsilis splendida — 1 live male (67 mm)

Villosa delumbis — 1 old shell

OTHER DOCUMENTED TAXA:

Elimia catenaria - common
Corbicula fluminea
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APPENDIX C

Tracked Rare, Threatened and Endangered Species Communities List
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ATTACHMENT |

CONGAREE RIVER BACKWATER ANALYSIS AND NO RISE CERTIFICATIONS
WITH FLOODPLAIN COORDINATOR APPROVALS



COUNTY OF LEXINGTON
COMMUNITY DEVELOPMENT
FLOODPLAIN MANAGEMENT

April 7, 2020

Paul Biery

Dominion Energy

220 Operational Way, MC C221
Cayce, SC 29033

RE: Congaree River Cofferdam/No Impact Certification
Mr. Biery,

The County Hydrologist and I have reviewed and approved the No Rise/No Impact Certification for the
Congaree River cleanup and removal project.

As I understand, this project and the responsibility for permitting falls under the jurisdiction of the City of
Columbia. I concur a permit may be issued based upon the submitted documentation.

If you need additional assistance from me, please do not hesitate to call or email.

g

‘hristopher J. Stone, CFM
Lexington County Floodplain Manager
212 Southlake Drive Suite 401
Lexington, SC 29072
Phone 803-785-8121
Fax 803-785-5186

212 South Lake Drive, LEXINGTON, SOUTH CAROLINA 29072 803-785-8121



RICHLAND COUNTY

COMMUNITY PLANNING & DEVELOPMENT
2020 Hampton Street
Columbia, SC 29204

March 31, 2020

Paul Biery

Dominion Energy

220 Operational Way, MC C221
Cayce SC 29033

Re: Congaree River/No Impact Certification

Dear Mr. Biery:

The County Engineer and I have reviewed the submitted No Rise/ No Impact Certification for the Congaree
River Cleanup and removal project. The information provided indicates that the project will meet the minimum
provisions of section 26-106 of the Richland County Land Development Code.

The project falls under the jurisdiction of the City of Columbia who will give the final approval for permitting
once the US Army Corp of Engineers permit has been issued. At that time, Richland County will concur with
the determination of the City of Columbia.

If you have additional questions or need assistance, please do not hesitate to contact me at 803-576-2158
or by email at brown.heather@richlandcountysc.gov.

Sincerely,

Neatho Prper)

Heather Brown, CFM
Floodplain Manager
Richland County
2020 Hampton St

PO Box 192
Columbia SC 29204
(803) 576-2158

Efficiency - Effectiveness - Equity - Integrity




CITY OF COLUMBIA

Department of Utilities and Engineering
Division of Engineering
P.O. Box 147 | Columbia, South Carolina 29217
Phone: 803-545-3400 Fax: 803-988-8199

We Are Columbia

March 16, 2020

Paul Biery

Dominion Energy

220 Operational Way, MC C221
Cayce SC 29033

RE: Congaree River/No-Impact Certification
Dear Mr. Biery,

The No-Impact study submitted by Dominion Energy for Congaree
River cleanup and removal project has been reviewed and is acceptable. An
approval from the floodplain manager cannot be provided until the Army Corp
of Engineers (ACOE) issues their permit.

As we discussed, once the ACOE permit is issued, the City of Columbia permit
can be finalized. It is expected that the city floodplain approval will be issued
for 4 years with active construction limited to May till October. In the event
subject project has not been completed within given time, an update must be
submitted for additional time and approval.

Should you require additional information, please feel free to contact me at
803-545-3386.

Sincerely,

Ali Khan, CFM
Flood Plain Manager




ENGINEERING "NO-RISE" CERTIFICATION

This is to certify that I am a duly qualified engineer licensed to practice in
the State of South Carolina

It is to further certify that the attached technical data supports the fact that
proposed Congaree River Remediation Project _will

(Name of Development)
not impact the 100-year flood elevations, floodway elevations and floodway

widths on Congaree River at published sections
(Name of Stream) .
in the Flood Insurance Study for Lexington County ,
(Name of Community)
dated July 5, 2018 and will not impact the 100-year

flood elevations, floodway elevations, and floodway widths at unpublished
cross-sections in the vicinity of the proposed development.

Attached are the following documents that support my findings:

Congaree River Remediation Project Hydraulic Analysis Memo - January 16, 2020

(Date) 1/16/2020

(Signature) /&h //pﬁh (Title) ﬂ/c\j ec £MaanaP
WSP US

(Seal)
11 Stanwix, Suite 950 g,
Pittsburgh, PA 15222 NS SN
S <. =z
(Address) S __:f‘? %,; e
= i3 No.22631 &7 =
g P % §
B
R
Uy

October 2013



ENGINEERING "NO-RISE" CERTIFICATION

This is to certify that I am a duly qualified engineer licensed to practice in
the State of South Carolina

It is to further certify that the attached technical data supports the fact that
proposed Congaree River Remediation Project ~will

(Name of Development)
not impact the 100-year flood elevations, floodway elevations and floodway
widths on Congaree River at published sections
(Name of Stream)
in the Flood Insurance Study for

Richland County

(Name of Community)

dated December 21, 2017 _and will not impact the 100-year
flood elevations, floodway elevations, and floodway widths at unpublished
cross-sections in the vicinity of the proposed development.
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Attached are the following documents that support my findings:

Congaree River Remediation Project Hydraulic Analysis Memo - January 16, 2020

(Date) 1/16/2020

=
(Signature) /{,k /é/ﬁ; (Title) ﬂ/o\}ecc( /7Cimc§er

WSP US.
\\\‘\“m E‘f Sﬂ%‘?ff
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Congaree River Remediation Project

\ \ \ ) Hydraulic Analysis Memo Rev.1: January 16, 2020
I By: Tom Edwards, P.E. Checked by: John Osterle, P.E.

Statement of Purpose

The purpose of this calculation is to perform a hydraulic analysis for the affected area along the Congaree River in
Columbia, South Carolina, due to the separate installation of two rock fill cofferdams around Areas 1 and 2. The

purpose of performing a hydraulic analysis is to determine the impact of the proposed cofferdam structures on the
Base Flood Elevations (BFE) for existing conditions.

A plan view showing the extents of the cofferdams is included on Figure 1, based on Apex Drawing “Stakeholder
Approved MRA Plan Sediment Remediation Areas” (Apex, 2019a).
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Figure 1: Plan View of Proposed Cofferdams
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The typical section of the proposed cofferdam structures is shown in Figure 2. This is an assumed design concept
based on discussions with Apex Companies LLC.

Crest elevation

/ 123.7ft NAVDSS

—>
10ft crest width

1.3

Cofferdam height
varies based on
river bed elevation

Rock river bed
(elevation varies)

Shotrock/riprap
cofferdam structure

Not to Scale

Figure 2: Typical Section of Proposed Cofferdams

Description of Methodology Used

The installation of a rock fill berm cofferdam is proposed along the east bank of the Congaree River, starting just
downstream of the Gervais Street Bridge. The proposed cofferdam will be constructed in two separate phases;
therefore, each phase is modeled separately for the proposed conditions. The total cofferdam influence area runs
approximately 1,650 feet along the east bank, starting downstream of the Gervais Street Bridge and terminating at
the inlet of a small unnamed tributary, referred to as Tributary No. 2 for this analysis.

The hydraulic study follows procedures set forth by the Federal Emergency Management Agency (FEMA) in their
“Procedures for No-Rise Certification” (FEMA, 2013), which is included in Appendix A. The No-Rise procedures
follow several distinct steps:

1. Current Effective Model: Obtain a copy of the current effective hydraulic model for the specified
stream from FEMA,;

2. Duplicate Effective Model: Upon receipt of the effective model, run the model to duplicate the
data in the effective FEMA Flood Insurance Study (FIS; FEMA, 2017/2018).

3. Corrected Effective Model: The model that corrects any errors that occur in the duplicate
effective model, adds any additional cross sections, or incorporates more detailed topographic
information than that used in the current effective model;

4. Existing Conditions Model: Revise the duplicate effective or the corrected effective model to
reflect any modifications that have occurred within the floodplain since the date of the effective
model but prior to the construction of the project. If no modifications have occurred since the
date of the effective model, then the model would be identical to the duplicate effective or
corrected effective model. The results of this Existing Conditions analysis will indicate the 100-
yr elevations at the project site;

5. Proposed, or Post-Project Conditions Model: Modify the existing condition or pre-project
conditions model (or duplicate effective model or corrected effective model, as appropriate) to

2



Hydraulic Analysis Memo Rev.1: January 16, 2020

\ \ \ I Congaree River Remediation Project

By: Tom Edwards, P.E. Checked by: John Osterle, P.E.

reflect proposed or post-project conditions. (this analysis looks at two separate proposed
conditions models) The results of this analysis will indicate the 100-year elevation for proposed
conditions at the project site.

Current Effective Model

The current effective model was requested from FEMA by following the procedure outlined in the “Procedures for
No-Rise Certification” (FEMA, 2013). The latest hydraulic model used in developing the current FIS for the Congaree
River was requested. The hydraulic analyses in the FIS were carried out to estimate flood elevations of the
selected recurrence interval. Inthis case, the recurrence interval is the 100-year flood. This means that the flood
has a 1 percent chance of being equaled or exceeded during any given year.

The Congaree River flows along the boundary between Lexington and Richland Counties. A Flood Insurance Rate
Map (FIRM) is available for both Lexington County (FEMA, 2018), and Richland County (FEMA, 2017) which includes
the location of the cross-sections used to develop the hydraulic model. The two FIRMs are presented on Figure 3
and Figure 4 respectively.
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Figure 3: Lexington County Flood Insurance Rate Map (FEMA, 2018)
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Figure 4: Richland County Flood Insurance Rate Map (FEMA, 2017)

The current effective model for the Congaree River was provided to WSP USA by FEMA in the form of electronic
HEC-RAS (USACE, 2010) input and output files. The model is an unsteady flow model covering approximately 14
miles of the Congaree River. The vertical datum of the model is to the North American Vertical Datum of 1988
(NAVDS88). The electronic files for all models are included in Appendix B.

Duplicate Effective Model

HEC-RAS Version 4.1 (USACE, 2010) was used to develop the current effective model. HEC-RAS 4.1 is a hydraulic
modeling program used for simulating one-dimensional steady and unsteady flows in river channels. The same
software version was also used for the duplicate effective model, and all other models used in this hydraulic
analysis, to maintain consistency with the current effective model.

Unsteady model simulations for the 10-year, 50-year, and 100-year flood return periods were completed for the
duplicate effective model. No changes were made to the current effective model provided by FEMA; the model
was not truncated or modified in any way. The results obtained were identical to the current effective model.
The current/duplicate effective HEC-RAS model schematic is shown on Figure 5 (full model extent) and Figure 6
(project area).
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¢ Gervais
. Street Bridge

RN

Figure 6: Current/Duplicate Effective HEC-RAS Model Schematic (Project Area)
Corrected Effective Model

No errors were detected in the current/duplicate effective models, but additional topographic data was available
for the project area which was used to update the corrected model between Gervais Street and Blossom Street
bridges. Additional cross sections were also added in order to provide a more accurate representation of the
channel conveyance and floodplain storage throughout the project area. The cross sections were specified in
appropriate locations to allow representation of the cofferdams structures in the proposed conditions model.

Figure 7 shows the locations of the cross sections in the corrected effective model throughout the projectarea. A
total of twenty-six additional cross sections were included between Gervais Street and Blossom Street bridges.
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This number of sections was required to ensure accurate representation of the upstream and downstream extents
of the cofferdams at Area-1 and Area-2.

T

.*n

Figure 7: Corrected Effective HEC-RAS Model Schematic (Project Area)

A bathymetric and topographic survey was completed for the project area in April through July 2018, which was
provided to WSP as Drawing ACAD-13951-COMBINED.dwg (Apex, 2019b). The original data is referenced to the
National Geodetic Vertical Datum of 1929 (NGVD29) and was converted to NAVD88 by applying the -0.787ft
conversion determined from the National Oceanic and Atmospheric Administration (NOAA) Vertcon tool (NOAA,
2019). This process was necessary to ensure that the corrected effective model was updated with data referenced
to a consistent datum.

LiDAR data downloaded from South Carolina Department of Natural Resources (SCDNR, 2010) was used to
supplement the updated 2018 topographic and bathymetric data provided for the project. This was required to
complete the Digital Elevation Model (DEM) for extended floodplain areas that the 2018 data did not cover.
Figure 8 shows the updated DEM used to update the corrected effective hydraulic model. The area marked with a
white dashed box is the extent of the 2018 project specific data, other parts of the DEM are based on the SCDNR
LiDAR data, which was provided referenced to NAVDS88.
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Figure 8: Updated Topographic and Bathymetric Data Extents

The twenty-six new cross sections along with the one existing cross section (River Station 283342) shown on
Figure 7, were cut from the DEM to create the corrected effective model. The cross-sections from the corrected
model are shown in Appendix C, which also includes the existing cross sections immediately upstream (River
Station 284565) and downstream (River Station 281647) of the project area, which were not modified for this
analysis.

Existing Conditions Model

No additional changes from the corrected model were required to represent the existing conditions. Therefore,
an existing conditions model was not used for this analysis and the results from the corrected model are used to
define the existing BFEs at the project site, and for subsequent comparison with the proposed conditions model.
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Proposed Conditions Model

The proposed conditions model includes modified cross-sections where the proposed cofferdams will be located.
In this case, the proposed cofferdam is along the east bank of the Congaree River. As shown in the typical section
(Figure 2), the proposed rockfill cofferdam has a 10-ft wide crest at elevation 123.7 ft (NAVD88) and a side slope of
1.3H:1.0V on both the inboard and outboard slopes.

The cofferdam is to be installed in two separate phases. Therefore, for the purposes of this analysis two separate
proposed conditions models are analyzed; one for each of the two phases (Area-1 and Area-2, shown on Figure 1).

Each model is run and the results are compared to those of the corrected effective model to determine if the
proposed conditions satisfy the No-Rise condition. Cross-sections updated for the proposed condition models are
included in Appendix D.

Assumptions and Justification

1. All elevations are referenced to NAVD88. Topographic survey data and USGS gage data was
originally provided referenced to NGVD29, and was converted by applying the -0.787ft
conversion determined from the NOAA Vertcon tool (NOAA, 2019).

2. The proposed Area-1 and Area-2 cofferdams are analyzed as a separate proposed conditions
model, to reflect the phased approach being followed for the project.

3. The cross section of the proposed cofferdam structures is shown in Figure 2. This is an assumed
design concept based on discussions with Apex Companies LLC.

Calculation Input

The current effective model for the Congaree River was provided to WSP USA by FEMA in the form of electronic
HEC-RAS (USACE, 2010) input and output files. The model is an unsteady flow model covering approximately 14
miles of the Congaree River. HEC-RAS Version 4.1 (USACE, 2010) was used to develop the current effective model.
The same software version was also used for the duplicate effective model, and all other models used in this
hydraulic analysis, to maintain consistency with the current effective model.

As discussed in previous sections, changes have been made to the duplicate effective model to create the corrected
model. Further specific details are included in the following sections. No changes have been made to the
hydraulic model outside of the project area, i.e., no changes have been made to cross sections between River
Stations 288770 to 284565, and River Stations 281647 to 216472 (inclusive).

Channel Cross Section and Structure Geometry

The geometric data for the twenty-six additional cross sections that were included between Gervais Street and
Blossom Street bridges (shown on Figure 7) was extracted from the DEM developed for the project (shown on
Figure 8). The geometry for one existing cross section, River Station 283042, was also extracted from the DEM
and updated. No changes were made to the bridge structures, as the cross sections immediately upstream and
downstream of these structures were not modified.

The cross section geometry was manually modified to represent the cofferdam structures within Area-1 and Area-
2, based on Apex Drawing “Stakeholder Approved MRA Plan Sediment Remediation Areas” (Apex, 2019a). The
upstream and downstream extents of the cofferdams are represented using four cross sections each. For the
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upstream extent, the first cross section defines the geometry immediately upstream of the start of the cofferdam,
and represents conditions at the upstream toe of the structure. No changes are made to this section for the
proposed models. The next two cross section represent the crest of the structure that is perpendicular to the flow
in the river channel. These sections are located 10ft apart to represent the 10ft crest width of the cofferdam. The
crest of the upstream end of the cofferdam is intended to act as an overtopping structure, and it has a crest level
set 1ft lower than the rest of the structure, at Elevation 122.7ft NAVD. The fourth cross section represents the
topography at the downstream toe of the upstream cofferdam extent. This section also defines the geometry of
the cofferdam that runs parallel to the river flow direction.

A series of cross sections is then used to represent the parts of the cofferdam(s) that are aligned parallel to the flow
in the river. These sections define the crest of the cofferdam at Elevation 123.7ft NAVD88. This elevation is also
defined as a levee crest feature; meaning that the area behind the cofferdam remains dry until the water rises
above the crest and flows over the top of the structure. The storage and conveyance associated with the area
behind the cofferdams is therefore not accounted for until the levee is overtopped. The dry area behind the
cofferdams is also specified as an ineffective flow area to ensure that the additional cross-sectional area and wetted
perimeter are not accounted for until the water level rises above the crest of the cofferdam.

The downstream extent of the cofferdam is also represented using the four cross section approach outlined above,
with a cross section to represent the topography immediately upstream and downstream of the cofferdam, and
two sections located 10ft apart to represent the crest width of the structure.

Ineffective Flow Areas

The FEMA model uses ineffective flow areas to represent areas of the floodplain which only provide flood storage
and not flow conveyance. The same approach has been applied for the new cross sections, with areas of the right
and left overbanks specified as ineffective flow areas until the water level rises above specified elevations.

Manning’s Roughness Coefficient

The FEMA model uses a Manning’s roughness coefficient of 0.038 for the main channel. For the left and right
overbanks, a Manning’s roughness coefficient of 0.1 or 0.125 is used to represent buildings in urban areas, and
values of 0.08 to 0.04 to represent vegetated floodplain areas. These roughness coefficients were applied
throughout the new cross sections; with a 0.038 value used to represent the main channel, 0.08 used to represent
densely vegetated floodplain areas, and 0.125 used for urban areas with buildings. No changes were made to the
roughness values between River Stations 288770 to 284565, and River Stations 281647 to 216472 (inclusive).

Contraction and Expansion Coefficients

The FEMA model uses a contraction coefficient of 0.3 and expansion coefficient of 0.5 at the cross-sections just
prior to or after any bridgesin the model. Coefficients of 0.1 and 0.3, respectively, are used elsewhere throughout
the model, and were applied to all new cross sections in the model.

Boundary Conditions

The boundary conditions from the current effective model have been used for all model runs completed for this
hydraulic analysis without modification. Time varying flow vs time inflow boundaries are used as the upstream
model boundary, and a normal depth boundary based on a channel slope of 0.0004 is specified as the downstream
boundary. The downstream boundary is approximately 13 miles downstream of the project area and will not be
controlling the model results throughout the area of interest.

10
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The peak flow values for the 100-year, 50-year, and 10-year flood events are provided in Table 1, and the full inflow
hydrographs are shown on Figure 9. The table and figure also includes the November 2018 event information

(USGS, 2019), which is used as a model calibration event.

Table 1: Peak Boundary Condition Inflows

Flood Event Peak Inflow
(cfs)
100-year 286,000
50-year 239,400
10-year 147,600
Nov 20182 62,100

Notes: 2(USGS, 2019)
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Figure 9: Upstream Inflow Boundaries

Numerical Calculations

All hydraulic analysis calculations are performed within the HEC-RAS Version 4.1 (USACE, 2010). The unsteady
flow analysis parameters such as start/end time, computational interval, and hydrograph output interval were not
11
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modified i.e., the parameters used are identical to the parameters for the current effective model provided by
FEMA.

Calculation Output

The HEC-RAS Output Tables are provided in Appendix E. The electronic input and output files for all hydraulic
models are provided in Appendix B.

Results

Table 2 summarizes the results of the current effective and duplicate effective hydraulic model runs for the 100-
year, 50-year, and 10-year flood events. As shown in the table, the results from the two models are identical.

Table 2: Comparison of Current Effective and Duplicate Effective Model Water Surface Elevations; 100-year, 50-
year, and 10-year Flood Events

100-year Event 50-year Event 10-year Event
Cross Section/
River Station W.S. Elev (ft NAVD88) W.S. Elev (ft NAVD88) W.S. Elev (ft NAVD88)

Current |Duplicate| Change | Current |Duplicate| Change | Current |Duplicate | Change
288770 153.97| 153.97 0.0| 150.86| 150.86 0.0| 144.37| 144.37 0.0
287472 153.85| 153.85 0.0| 150.61| 150.61 0.0| 143.69| 143.69 0.0
286338 153.60| 153.60 0.0| 150.36| 150.36 0.0| 143.39| 143.39 0.0
286106 153.36| 153.36 0.0| 150.11| 150.11 0.0| 143.14| 143.14 0.0
284778 153.02| 153.02 0.0| 149.81| 149.81 0.0| 142.92| 142.92 0.0
284565° 151.27| 151.27 0.0| 148.10| 148.10 0.0] 141.24| 141.24 0.0
283052° 150.62| 150.62 0.0| 147.46| 147.46 0.0| 140.70| 140.70 0.0
281647°¢ 150.19| 150.19 0.0| 147.08| 147.08 0.0| 140.44| 140.44 0.0
281423 149.95| 149.95 0.0| 146.88| 146.88 0.0| 140.31| 140.31 0.0
279961 149.29| 149.29 0.0| 146.28| 146.28 0.0] 139.90| 139.90 0.0
279605 149.18| 149.18 0.0| 146.18| 146.18 0.0| 139.81| 139.81 0.0
278919 149.03| 149.03 0.0| 146.03| 146.03 0.0] 139.70| 139.70 0.0

Notes:
Located downstream of Gervais Street bridge
b Cross section ‘P’ on Richland County FIRM (FEMA, 2017) and cross section ‘M’ on Lexington County FIRM
(FEMA, 2018)
¢ Located upstream of Blossom Street bridge

Table 3 summarizes the results of the duplicate effective and corrected effective hydraulic model runs for the 100-
year, 50-year, and 10-year flood events. For the 100-year and 50-year flood events, the corrected model results
are approximately 0.4ft higher in the vicinity of the Gervais Street bridge and further upstream. Throughout the
project area towards the Blossom Street bridge and further downstream, the corrected model results are typically
less than 0.05ft higher for the 100-year and 50-year flood events.

For the 10-year flood event, the corrected model results are approximately 0.1ft lower in the vicinity of the Gervais
Street bridge and further upstream. Throughout the project area towards the Blossom Street bridge and further
downstream, the corrected model results are approximately 0.6ft lower for the 10-year flood event.
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Table 3: Comparison of Duplicate Effective and Corrected Effective Model Water Surface Elevations; 100-year,
50-year, and 10-year Flood Events

100-year Event 50-year Event 10-year Event
Cross Section/
River Station W.S. Elev (ft NAVD88) W.S. Elev (ft NAVD88) W.S. Elev (ft NAVD88)

Duplicate|Corrected|Change®|Duplicate| Corrected |Change®| Duplicate | Corrected | Change®
288770 153.97| 154.37 0.4| 150.86| 151.24 0.4| 144.37| 14431 -0.1
287472 153.85| 154.28 0.4| 150.61 151.01 0.4| 143.69| 143.61 -0.1
286338 153.60| 154.04 0.4| 150.36| 150.78 0.4| 143.39| 143.31 -0.1
286106 153.36| 153.80 0.4| 150.11 150.54 0.4| 143.14| 143.06 -0.1
284778 153.02| 153.47 0.5| 149.81 150.23 0.4| 142.92| 142.83 -0.1
284565° 151.27| 151.72 0.5| 148.10| 148.53 0.4 141.24| 141.14 -0.1
283052°¢ 150.62| 150.65 0.0| 147.46| 147.51 0.1| 140.70| 140.26 -0.4
281647¢ 150.19| 150.20 0.0| 147.08| 147.09 0.0| 140.44| 139.89 -0.6
281423 149.95| 149.96 0.0| 146.88| 146.89 0.0| 140.31| 139.75 -0.6
279961 149.29| 149.30 0.0| 146.28| 146.29 0.0| 139.90| 139.30 -0.6
279605 149.18| 149.19 0.0| 146.18| 146.18 0.0| 139.81| 139.22 -0.6
278919 149.03| 149.04 0.0| 146.03 146.03 0.0 139.70| 139.09 -0.6

Notes:

& ‘Change’ is calculated by subtracting ‘Proposed’ from ‘Corrected’ and rounding to one decimal place
Located downstream of Gervais Street bridge
& Cross section ‘P’ on Richland County FIRM (FEMA, 2017) and cross section ‘M’ on Lexington County FIRM
(FEMA, 2018)
Located upstream of Blossom Street bridge

The localized changes to peak water surface elevations is the result of the updated topographic data and additional
cross sections that provide a more accurate representation of the channel conveyance and floodplain storage
throughout the project area. However, the changes do not result in any changes to the 100-year flood level
published on the FEMA FIRM (FEMA, 2017/2018) at River Station 283052.

The United States Geological Survey (USGS) gage 02169500 is located on the Congaree River corrected on the west
bank opposite the locations of the proposed cofferdams. The USGS gage data (USGS, 2019) was reviewed to select
a high flow event that could be simulated using to model, to determine how accurately the HEC-RAS model results
matched the gage data. A high flow event from November 2018 was selected for calibration, with a peak flow of
62,100 cfs. A comparison of the corrected effective HEC-RAS results and the USGS gage data from this event is
shown in Figure 10.

Figure 10 shows good correlation between the corrected effective model results and the USGS gage data. The

peak water surface elevation predicted by the corrected effective HEC-RAS model is 0.26ft lower than the value
reported by the USGS gage.
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Figure 10: Comparison of HEC-RAS Corrected Effective Model Results and USGS Gage Data for November 2018
High Flow Event

The corrected model is used as a baseline for comparison with the proposed models, which have been developed
to represent the conditions incorporating the Area-1 and Area 2 cofferdam structures (each area is represented in

a separate model, as the work will be completed using a phased approach).

Table 4 summarizes the results of the corrected effective and proposed Area-1 hydraulic model runs for the 100-
year, 50-year, and 10-year flood events at representative cross sections in the project area. Full results tables are
provided in Appendix F. The results demonstrate that the impact of the proposed Area-1 cofferdam structure is
relatively consistent for the 100-year, 50-year, and 10-year flood events. It is standard industry practice to report
hydraulic model results to the nearest tenth of a foot. Reporting model results or changes in model results to a
greater number of decimal places implies a level of accuracy that is simply not practical to achieve. When the
changes in water surface elevations are reported to the nearest tenth of a foot, all increases are rounded to 0.0

feet. Therefore, the proposed Area-1 cofferdam structure will result in no-rise and no-impact for the 100-year

BFE within the extents of the model.
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Table 4: Comparison of Corrected Effective and Proposed Area-1 Model Water Surface Elevations, 100-year, 50-
year, and 10-year Flood Events

. 100-year Event 50-year Event 10-year Event
Cross Section/
River Station W.S. Elev (ft NAVD88) W.S. Elev (ft NAVDS88) W.S. Elev (ft NAVD88)
Corrected | Proposed |Change®|Corrected| Proposed |Change®|Corrected|Proposed | Change®
288770 154.374| 154.412 0.0| 151.235| 151.273 0.0 144.313| 144.341 0.0
284565 151.716] 151.759 0.0] 148.525| 148.569 0.0] 141.140| 141.180 0.0
284372¢ 151.418| 151.449 0.0| 148.248| 148.282 0.0 140.922| 140.953 0.0
283820° 150.852| 150.850 0.0| 147.724| 147.724 0.0 140.537| 140.535 0.0
283490 150.711| 150.711 0.0| 147.558| 147.558 0.0 140.268| 140.268 0.0
283203 150.668| 150.668 0.0| 147.525| 147.525 0.0] 140.257| 140.257 0.0
283139 150.642| 150.642 0.0| 147.500{ 147.500 0.0] 140.204| 140.204 0.0
2830524 150.652| 150.652 0.0| 147.506| 147.506 0.0] 140.257| 140.257 0.0
282874 150.641| 150.641 0.0| 147.498| 147.498 0.0 140.157| 140.157 0.0
281647¢ 150.199| 150.199 0.0| 147.087| 147.087 0.0 139.888| 139.888 0.0
278919 149.039| 149.039 0.0| 146.033| 146.033 0.0] 139.088| 139.088 0.0

Notes:
& ‘Change’ is calculated by subtracting ‘Proposed’ from ‘Corrected’ and rounding to one decimal place
b- Located downstream of Gervais Street bridge
¢ Area-1 cofferdam
4 Cross section ‘P’ on Richland County FIRM (FEMA, 2017) and cross section ‘M’ on Lexington County FIRM
(FEMA, 2018)
¢ Located upstream of Blossom Street bridge

Table 5 summarizes the results of the corrected effective and proposed Area-2 hydraulic model runs for the 100-
year, 50-year, and 10-year flood events at representative cross sections in the project area. Full results tables are
provided in Appendix F. The results demonstrate that the impact of the proposed Area-2 cofferdam structure is
relatively consistent for the 100-year, 50-year, and 10-year flood events. Consistent with standard industry
practice, hydraulic model results should be reported to the nearest tenth of a foot. When the changes in water
surface elevations are reported to the nearest tenth of a foot, all increases are rounded to 0.0 feet. Therefore,
the proposed Area-2 cofferdam structure will result in no-rise and no-impact for the 100-year BFE within the extents
of the model.
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Table 5: Comparison of Corrected Effective and Proposed Area-2 Model Water Surface Elevations, 100-year, 50-
year, and 10-year Flood Events

. 100-year Event 50-year Event 10-year Event
Cross Section/
River Station W.S. Elev (ft NAVD88) W.S. Elev (ft NAVD88) W.S. Elev (ft NAVD88)
Corrected |Proposed| Change® |Corrected| Proposed | Change® |Corrected | Proposed | Change®
288770 154.374| 154.389 0.0 151.235| 151.251 0.0 144.313]| 144.320 0.0
284565 151.716| 151.733 0.0 148.525| 148.544 0.0 141.140] 141.151 0.0
284372 151.418| 151.436 0.0 148.248| 148.267 0.0 140.922| 140.933 0.0
283820 150.852| 150.870 0.0 147.724| 147.744 0.0 140.537| 140.549 0.0
283490 150.711| 150.730 0.0 147.558| 147.578 0.0 140.268| 140.279 0.0
283203 150.668| 150.686 0.0 147.525| 147.544 0.0 140.257| 140.268 0.0
283139¢ 150.642| 150.639 0.0 147.500| 147.498 0.0 140.204| 140.182 0.0
283052¢+ 150.652| 150.651 0.0 147.506| 147.503 0.0 140.257| 140.242 0.0
282874 150.641| 150.641 0.0 147.498| 147.498 0.0 140.157| 140.157 0.0
281647¢ 150.199| 150.199 0.0 147.087| 147.087 0.0 139.888| 139.888 0.0
278919 149.039| 149.039 0.0] 146.033] 146.033 0.0 139.088] 139.088 0.0
Notes:
@ ‘Change’ is calculated by subtracting ‘Proposed’ from ‘Corrected’ and rounding to one decimal place
b- Located downstream of Gervais Street bridge
¢ Area-2 cofferdam
4 Cross section ‘P’ on Richland County FIRM (FEMA, 2017) and cross section ‘M’ on Lexington County FIRM
(FEMA, 2018)
¢ Located upstream of Blossom Street bridge
Conclusion/Summary

The results in Table 4 and Table 5 show the addition of the proposed Area-1 and Area-2 cofferdam structures result
in negligible changes to water surface elevations, that are considered to be within the accuracy limits of the
hydraulic model.

The proposed Area-1 and Area-2 cofferdam structures will result in no-rise and no-impact for the 100-year BFE
within the extents of the model.
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FEMA

US Department of Homeland Security
Region X
130 228" Street, SW
Bothell, WA 98021

Procedures for “No-Rise” Certification
For Proposed Developments in the Regulatory Floodway

Section 60.3 (d) (3) of the National Flood Insurance Program (NFIP) regulations states
that a community shall "prohibit encroachments, including fill, new construction,
substantial improvements and other development within the adopted regulatory floodway
unless it has been demonstrated through hydrologic and hydraulic analyses performed in
accordance with standard engineering practice that the proposed encroachment would not
result in any increase in flood levels within the community during the occurrence of the
base (100-year) flood discharge."

Prior to issuing any building, grading or development permits involving activities in a
regulatory floodway the community must obtain a certification stating the proposed
development will not impact the pre-project base flood elevations, floodway elevations,
or floodway data widths. The certification should be obtained from the applicant and be
signed and sealed by a professional engineer.

The engineering or "no-rise" certification must be supported by technical data.

The supporting technical data should be based upon hydraulic analyses that utilize the
same model used to prepare the effective Flood Insurance Study (FIS) report and Flood
Insurance Rate Map (FIRM) unless it is demonstrated that the ‘effective’ hydraulic model
is unavailable or its use is inappropriate. If an alternative hydraulic model is used, the
new model must be calibrated to reproduce the FIS profiles within 0.5 feet. Hydraulic
model used in the analysis must be on FEMA’s accepted models list, or documentation
must be provided showing the model meets the requirements of NFIP regulation
65.6(a)(6).
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Although communities are required to review and approve the "no-rise" submittals, they
may request, in writing, technical assistance and review from the FEMA regional office.
However, if this alternative is chosen, the community must review the technical submittal
package and verify that all supporting data, listed in the following paragraphs, are
included in the package before forwarding to FEMA.

To support a "no-rise" certification for proposed developments encroaching into the
regulatory floodway, a community will require that the following procedures be
followed:

l. Current Effective Model: Submit a written request for the effective model
for the specified stream and community, identifying the limits of the
requested data. A fee will be assessed for providing the data. Data
request forms and instructions can obtained at:

http://www.fema.gov/national-flood-insurance-program-flood-hazard-
mapping/how-order-technical-administrative-support

or by writing to:

FEMA Engineering Library
847 S. Pickett Street
Alexandria, VA 22304
Phone: 1-877-336-2627
Facsimile: 1-703-212-4090

2. Duplicate Effective Model: Upon receipt of the effective computer model,
the engineer should run the original model to duplicate the output in the
effective (FIS).

3. Corrected Effective Model: The model that corrects any errors that occur

in the Duplicate Effective model, adds any additional cross sections, or
incorporates more detailed topographic information than that used in the
current effective model. Floodway limits should be manually set at the
new cross-section locations by measuring from the effective FIRM or
FBFM. The cumulative reach lengths of the stream should also remain
unchanged. The Corrected Effective model must not reflect any man-
made physical changes since the date of the effective model.

4. Existing, or Pre-Project Conditions Model: Revise the Duplicate Effective
or the Corrected Effective model to reflect any modifications that have
occurred within the floodplain since the date of the Effective model but
prior to the construction of the project. If no modifications have occurred
since the date of the effective model, then the model would be identical to
the Duplicate Effective or Corrected Effective model. The results of this
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Existing Conditions analysis will indicate the 100-yr elevations at the
project site.

5. Proposed, or Post-Project Conditions Model: Modify the Existing Condition
or Pre-Project Conditions Model (or Duplicate Effective model or Corrected
Effective model, as appropriate) to reflect revised or post-project conditions.
The overbank roughness coefficients should remain the same unless a
reasonable explanation of how the proposed development will impact
Manning's “n” values is included with the supporting data. The results of this
analysis will indicate the 100-year elevation for proposed conditions at the
project site. These results must indicate NO impact on the 100-year floodway
elevations when compared to the Existing Conditions or Pre-Project
Conditions model. If an increase results the project will require the submittal
of'a CLOMR prior to the start of the project.

The "no-rise" supporting data and a copy of the engineering certification must be
submitted to and reviewed by the appropriate community official prior to issuing a

permit.

The "no-rise" supporting data should include, but may not be limited to:

D
2)
3)
4)

5)

6)

7)

8)

9)

Copy of the Duplicate Effective model;

Copy of the Corrected Effective model;

Existing conditions, or Pre-Project conditions model

Proposed conditions or Post-Project conditions model.

FIRM and topographic map, showing floodplain and floodway, the additional
cross-sections, the site location with the proposed topographic modification
superimposed onto the maps, and a copy of the effective FIRM or FBFM showing
the current regulatory floodway.

Documentation clearly stating analysis procedures. All modifications made to the
original FIS model to represent revised existing conditions, as well as those made
to the revised existing conditions model to represent proposed conditions, should
be well documented and submitted with all supporting data.

Copy of effective Floodway Data Table copied from the (FIS) report.

Statement defining source of additional cross-section topographic data and
supporting information.

Cross-section plots, of the added cross sections, for revised existing and proposed
conditions.
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10) Certified planimetric (boundary survey) information indicating the location of structures
on the property.

11) Copy of the source from which input for original FIS model was taken.
12) CD with all input and output files.

13) Printout of output files from EDIT runs for all three floodway models.

The engineering "no-rise" certification and-supporting technical data must stipulate NO
impact on the 100-year flood or floodway elevations at the new cross-sections and at all
existing cross-sections anywhere in the model. Therefore, the revised computer model
should be run for a sufficient distance (usually one mile, depending on hydraulic slope of
the stream) upstream and downstream of the development site to insure proper "no-rise"
certification.

Attached is a sample "no-rise" certification form that can be completed by a registered

professional engineer and supplied to the community along with the supporting technical
data when applying for a development permit.
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ENGINEERING "NO-RISE" CERTIFICATION

This is to certify that [ am a duly qualified engineer licensed to practice in
the State of

It is to further certify that the attached technical data supports the fact that

proposed will
(Name of Development)
not impact the 100-year flood elevations, floodway elevations and floodway
widths on at published sections
(Name of Stream)

in the Flood Insurance Study for ,
(Name of Community)

dated _and will not impact the 100-year

flood elevations, floodway elevations, and floodway widths at unpublished

cross-sections in the vicinity of the proposed development.

Attached are the following documents that support my findings:

(Date)

(Signature) (Title)

(Seal)

(Address)
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Appendix C: Corrected Effective Model Cross Sections
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Appendix D: Proposed Condition Models Cross Sections
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HEC-RAS River: Congaree River Reach: Reach-1  Profile: Max WS

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)

Reach-1 288770 Max WS 010yr-CorrectedC 147479.80 128.14 144.313 144.95 0.000713 6.43 23011.70 1517.14 0.29
Reach-1 288770 Max WS 050yr-CorrectedC 239223.40 128.14 151.235 152.03 0.000541 717 33605.70 1544.14 0.27
Reach-1 288770 Max WS 100yr-CorrectedC 285861.90 128.14 154.374 155.25 0.000497 7.51 38474.13 1733.32 0.26
Reach-1 287472 Max WS 010yr-CorrectedC 147458.70 125.74 143.609 144.05 0.000680 5.31 27755.09 2367.87 0.27
Reach-1 287472 Max WS 050yr-CorrectedC 239221.90 125.74 151.011 151.43 0.000365 5.21 45898.80 2531.94 0.22
Reach-1 287472 Max WS 100yr-CorrectedC 285863.80 125.74 154.278 154.71 0.000303 5.27 54217.72 2875.12 0.20
Reach-1 286338 Max WS 010yr-CorrectedC 147444.60 117.29 143.308 127.02 143.56 0.000175 4.06 38203.61 2033.90 0.15
Reach-1 286338 Max WS 050yr-CorrectedC 239218.50 117.29 150.776 129.77 151.13 0.000170 4.87 52469.90 2182.61 0.16
Reach-1 286338 Max WS 100yr-CorrectedC 285856.10 117.29 154.040 130.99 154.45 0.000170 5.21 59001.70 2414.95 0.16
Reach-1 286221 Bridge

Reach-1 286106 Max WS 010yr-CorrectedC 147447.40 117.10 143.055 143.30 0.000172 3.91 38086.05 2033.36 0.15
Reach-1 286106 Max WS 050yr-CorrectedC 239220.80 117.10 150.535 150.88 0.000163 4.59 52321.38 2168.36 0.15
Reach-1 286106 Max WS 100yr-CorrectedC 285857.90 117.10 153.804 154.20 0.000161 4.89 58592.41 2387.70 0.15
Reach-1 284778 Max WS 010yr-CorrectedC 147445.50 112.83 142.829 122.38 143.09 0.000134 4.07 36392.65 1384.32 0.14
Reach-1 284778 Max WS 050yr-CorrectedC 239216.70 112.83 150.234 125.29 150.65 0.000157 5.18 46909.77 1474.37 0.16
Reach-1 284778 Max WS 100yr-CorrectedC 285852.90 112.83 153.465 126.61 153.96 0.000166 5.65 51628.45 1498.76 0.16
Reach-1 284668 Bridge

Reach-1 284565 Max WS 010yr-CorrectedC 147443.50 111.22 141.140 141.40 0.000135 4.08 36283.32 1383.69 0.14
Reach-1 284565 Max WS 050yr-CorrectedC 239212.50 111.22 148.525 148.94 0.000159 5.19 46751.21 1473.63 0.16
Reach-1 284565 Max WS 100yr-CorrectedC 285851.40 111.22 151.716 152.21 0.000168 5.67 51386.67 1497.71 0.16
Reach-1 284431 Max WS 010yr-CorrectedC 147434.30 111.36 140.999 141.38 0.000281 5.01 31276.15 1505.19 0.18
Reach-1 284431 Max WS 050yr-CorrectedC 239205.70 111.36 148.398 148.95 0.000284 5.99 42910.18 1679.99 0.19
Reach-1 284431 Max WS 100yr-CorrectedC 285850.80 111.36 151.610 152.25 0.000280 6.33 48156.30 1705.94 0.19
Reach-1 284408 Max WS 010yr-CorrectedC 147429.00 111.06 140.947 141.37 0.000253 5.22 28350.43 1374.72 0.19
Reach-1 284408 Max WS 050yr-CorrectedC 239202.00 111.06 148.301 148.92 0.000266 6.38 40381.47 1625.74 0.20
Reach-1 284408 Max WS 100yr-CorrectedC 285851.10 111.06 151.479 152.20 0.000273 6.89 45439.73 1687.00 0.21
Reach-1 284395 Max WS 010yr-CorrectedC 147428.90 111.13 140.937 141.37 0.000257 5.27 28084.23 1347.81 0.19
Reach-1 284395 Max WS 050yr-CorrectedC 239206.00 111.13 148.279 148.92 0.000273 6.47 39440.89 1515.22 0.20
Reach-1 284395 Max WS 100yr-CorrectedC 285843.00 111.13 151.453 152.19 0.000280 6.98 44392.82 1676.59 0.21
Reach-1 284372 Max WS 010yr-CorrectedC 147428.90 111.51 140.922 141.36 0.000257 5.33 27713.86 1253.50 0.19
Reach-1 284372 Max WS 050yr-CorrectedC 239201.90 111.51 148.248 148.91 0.000292 6.58 38306.66 1485.00 0.21
Reach-1 284372 Max WS 100yr-CorrectedC 285845.50 111.51 151.418 152.19 0.000305 711 43090.73 1542.98 0.21
Reach-1 284267 Max WS 010yr-CorrectedC 147428.70 108.23 140.827 141.33 0.000282 5.71 26123.84 1132.60 0.20
Reach-1 284267 Max WS 050yr-CorrectedC 239203.30 108.23 148.092 148.89 0.000320 7.18 35631.09 1471.01 0.22
Reach-1 284267 Max WS 100yr-CorrectedC 285844.30 108.23 151.234 152.16 0.000334 7.79 40145.26 1511.37 0.23
Reach-1 284060 Max WS 010yr-CorrectedC 147426.50 108.45 140.691 141.27 0.000304 6.13 24495.76 1157.47 0.21
Reach-1 284060 Max WS 050yr-CorrectedC 239196.10 108.45 147.912 148.83 0.000354 7.74 34480.16 1444.19 0.23
Reach-1 284060 Max WS 100yr-CorrectedC 285843.90 108.45 151.035 152.11 0.000373 8.42 38941.79 1469.03 0.24
Reach-1 283820 Max WS 010yr-CorrectedC 147419.30 107.22 140.537 141.18 0.000431 6.46 22922.52 1125.47 0.21
Reach-1 283820 Max WS 050yr-CorrectedC 239195.80 107.22 147.724 148.74 0.000515 8.19 32810.90 1606.76 0.24
Reach-1 283820 Max WS 100yr-CorrectedC 285843.80 107.22 150.852 152.02 0.000539 8.86 37549.43 1664.50 0.25
Reach-1 283636 Max WS 010yr-CorrectedC 147414.60 105.24 140.467 141.12 0.000321 6.47 22917.94 1310.82 0.21
Reach-1 283636 Max WS 050yr-CorrectedC 239188.20 105.24 147.654 148.66 0.000377 8.15 35818.50 1802.28 0.24
Reach-1 283636 Max WS 100yr-CorrectedC 285843.10 105.24 150.781 151.94 0.000395 8.82 41481.13 1865.29 0.25
Reach-1 283611 Max WS 010yr-CorrectedC 147412.90 105.38 140.406 141.11 0.000332 6.74 22346.18 1272.32 0.22
Reach-1 283611 Max WS 050yr-CorrectedC 239190.40 105.38 147.566 148.67 0.000401 8.56 34650.35 1803.27 0.25
Reach-1 283611 Max WS 100yr-CorrectedC 285840.50 105.38 150.683 151.96 0.000422 9.27 40574.50 1864.84 0.26
Reach-1 283601 Max WS 010yr-CorrectedC 147406.10 105.38 140.392 141.11 0.000345 6.80 22108.90 1263.41 0.22
Reach-1 283601 Max WS 050yr-CorrectedC 239190.50 105.38 147.593 148.67 0.000400 8.49 34531.10 1833.07 0.25
Reach-1 283601 Max WS 100yr-CorrectedC 285843.00 105.38 150.739 151.95 0.000413 9.12 40358.35 1868.29 0.26
Reach-1 283574 Max WS 010yr-CorrectedC 147406.10 105.18 140.323 141.10 0.000452 7.08 21088.56 1241.47 0.23
Reach-1 283574 Max WS 050yr-CorrectedC 239191.30 105.18 147.536 148.67 0.000513 8.76 33880.45 1848.42 0.26
Reach-1 283574 Max WS 100yr-CorrectedC 285833.80 105.18 150.696 151.96 0.000523 9.35 39766.20 1875.26 0.26
Reach-1 283490 Max WS 010yr-CorrectedC 147405.90 104.94 140.268 141.05 0.000710 7.11 21416.96 1505.14 0.24
Reach-1 283490 Max WS 050yr-CorrectedC 239188.00 104.94 147.558 148.61 0.000744 8.52 37011.75 1844.76 0.25
Reach-1 283490 Max WS 100yr-CorrectedC 285842.20 104.94 150.711 151.89 0.000758 9.11 42859.13 1864.14 0.26
Reach-1 283342 Max WS 010yr-CorrectedC 147406.80 107.64 140.233 140.96 0.000489 6.84 22101.73 1495.23 0.23
Reach-1 283342 Max WS 050yr-CorrectedC 239192.70 107.64 147.570 148.49 0.000497 8.05 37797.59 1738.80 0.24
Reach-1 283342 Max WS 100yr-CorrectedC 285834.60 107.64 150.727 151.76 0.000508 8.61 43342.07 1770.32 0.24
Reach-1 283203 Max WS 010yr-CorrectedC 147407.30 106.22 140.257 140.94 0.000332 6.67 22703.93 1535.90 0.22
Reach-1 283203 Max WS 050yr-CorrectedC 239187.30 106.22 147.525 148.43 0.000350 7.94 38751.61 1678.91 0.23
Reach-1 283203 Max WS 100yr-CorrectedC 285836.10 106.22 150.668 151.69 0.000363 8.55 44088.63 1731.46 0.24
Reach-1 283179 Max WS 010yr-CorrectedC 147406.60 106.20 140.206 140.89 0.000325 6.64 22874.14 1527.94 0.22
Reach-1 283179 Max WS 050yr-CorrectedC 239187.50 106.20 147.518 148.42 0.000344 7.92 38980.86 1667.22 0.23
Reach-1 283179 Max WS 100yr-CorrectedC 285837.10 106.20 150.658 151.69 0.000358 8.55 44286.83 1711.10 0.24




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)

Reach-1 283169 Max WS 010yr-CorrectedC 147407.70 106.15 140.211 140.88 0.000323 6.60 22959.34 1533.57 0.22
Reach-1 283169 Max WS 050yr-CorrectedC 239192.00 106.15 147.524 148.41 0.000341 7.88 39065.69 1670.43 0.23
Reach-1 283169 Max WS 100yr-CorrectedC 285835.70 106.15 150.665 151.68 0.000355 8.49 44383.46 1714.61 0.24
Reach-1 283139 Max WS 010yr-CorrectedC 147406.60 104.58 140.204 140.89 0.000328 6.66 22922.75 1544.79 0.22
Reach-1 283139 Max WS 050yr-CorrectedC 239192.00 104.58 147.500 148.41 0.000348 7.96 38816.03 1678.74 0.23
Reach-1 283139 Max WS 100yr-CorrectedC 285836.10 104.58 150.642 151.67 0.000362 8.59 44158.17 1723.14 0.24
Reach-1 283093 Max WS 010yr-CorrectedC 147399.20 104.60 140.206 140.86 0.000431 6.51 2348711 1609.32 0.21
Reach-1 283093 Max WS 050yr-CorrectedC 239191.60 104.60 147.533 148.37 0.000446 7.71 39572.72 1724.33 0.23
Reach-1 283093 Max WS 100yr-CorrectedC 285836.30 104.60 150.688 151.64 0.000459 8.27 45064.88 1756.15 0.23
Reach-1 283052 Max WS 010yr-CorrectedC 147408.00 105.26 140.257 140.85 0.000291 6.36 28615.12 1643.79 0.21
Reach-1 283052 Max WS 050yr-CorrectedC 239192.40 105.26 147.506 148.37 0.000331 7.84 40905.25 1748.19 0.23
Reach-1 283052 Max WS 100yr-CorrectedC 285835.90 105.26 150.652 151.64 0.000344 8.45 46462.37 1783.10 0.24
Reach-1 283001 Max WS 010yr-CorrectedC 147407.60 105.29 140.320 140.83 0.000315 5.99 31219.39 1658.84 0.19
Reach-1 283001 Max WS 050yr-CorrectedC 239191.60 105.29 147.594 148.33 0.000357 7.37 43774.77 1792.21 0.21
Reach-1 283001 Max WS 100yr-CorrectedC 285835.50 105.29 150.753 151.59 0.000370 7.93 49489.82 1824.05 0.22
Reach-1 282937 Max WS 010yr-CorrectedC 147397.60 107.24 140.110 140.81 0.000360 6.76 22438.40 1615.61 0.22
Reach-1 282937 Max WS 050yr-CorrectedC 239189.30 107.24 147.552 148.31 0.000335 7.57 43194.55 1801.50 0.22
Reach-1 282937 Max WS 100yr-CorrectedC 285837.60 107.24 150.706 151.57 0.000348 8.15 48722.18 1844.88 0.23
Reach-1 282912 Max WS 010yr-CorrectedC 147404.50 108.10 140.209 140.89 0.000327 6.69 23251.98 1628.88 0.22
Reach-1 282912 Max WS 050yr-CorrectedC 239192.90 108.10 147.525 148.31 0.000317 7.64 43436.47 1864.73 0.22
Reach-1 282912 Max WS 100yr-CorrectedC 285837.60 108.10 150.679 151.57 0.000328 8.22 49272.49 1914.44 0.23
Reach-1 282902 Max WS 010yr-CorrectedC 147407.20 108.28 140.194 140.87 0.000328 6.65 23324.50 1628.35 0.22
Reach-1 282902 Max WS 050yr-CorrectedC 239190.90 108.28 147.521 148.31 0.000319 7.62 43264.79 1880.63 0.22
Reach-1 282902 Max WS 100yr-CorrectedC 285835.80 108.28 150.676 151.57 0.000329 8.19 49130.20 1927.46 0.23
Reach-1 282874 Max WS 010yr-CorrectedC 147404.40 108.58 140.157 140.82 0.000369 6.78 25316.47 1625.17 0.22
Reach-1 282874 Max WS 050yr-CorrectedC 239191.00 108.58 147.498 148.32 0.000371 7.93 42667.48 1912.09 0.23
Reach-1 282874 Max WS 100yr-CorrectedC 285835.80 108.58 150.641 151.58 0.000386 8.56 48261.62 1994.34 0.24
Reach-1 282707 Max WS 010yr-CorrectedC 147387.60 108.26 139.929 140.73 0.000446 7.22 21250.83 1618.78 0.24
Reach-1 282707 Max WS 050yr-CorrectedC 239183.70 108.26 147.358 148.26 0.000408 8.11 39795.35 1864.88 0.24
Reach-1 282707 Max WS 100yr-CorrectedC 285837.70 108.26 150.511 151.52 0.000414 8.67 45446.73 2184.92 0.25
Reach-1 282424 Max WS 010yr-CorrectedC 147396.40 108.13 139.966 140.60 0.000386 6.44 23642.37 1488.32 0.21
Reach-1 282424 Max WS 050yr-CorrectedC 239183.50 108.13 147.299 148.12 0.000395 7.59 40152.38 1727.45 0.22
Reach-1 282424 Max WS 100yr-CorrectedC 285838.70 108.13 150.448 151.37 0.000406 8.14 45614.16 1740.70 0.23
Reach-1 282071 Max WS 010yr-CorrectedC 147395.10 111.09 139.950 140.47 0.000353 5.91 28582.36 1563.68 0.20
Reach-1 282071 Max WS 050yr-CorrectedC 239178.80 111.09 147.204 147.96 0.000390 7.25 40286.44 1643.15 0.22
Reach-1 282071 Max WS 100yr-CorrectedC 285831.30 111.09 150.344 151.21 0.000403 7.81 45479.27 1664.80 0.22
Reach-1 281647 Max WS 010yr-CorrectedC 147387.50 105.74 139.888 120.14 140.34 0.000225 5.53 31337.71 1583.23 0.18
Reach-1 281647 Max WS 050yr-CorrectedC 239172.00 105.74 147.087 123.91 147.81 0.000272 7.05 41614.27 1712.98 0.21
Reach-1 281647 Max WS 100yr-CorrectedC 285832.00 105.74 150.199 125.64 151.05 0.000290 7.69 46370.62 1794.68 0.22
Reach-1 281538 Bridge

Reach-1 281423 Max WS 010yr-CorrectedC 147387.50 105.74 139.748 140.20 0.000220 5.46 31335.64 1498.51 0.18
Reach-1 281423 Max WS 050yr-CorrectedC 239172.30 105.74 146.886 147.61 0.000269 6.99 41296.05 1643.80 0.20
Reach-1 281423 Max WS 100yr-CorrectedC 285833.30 105.74 149.960 150.82 0.000289 7.65 45634.39 1717.47 0.22
Reach-1 279961 Max WS 010yr-CorrectedC 147374.00 101.65 139.302 139.87 0.000255 6.13 28465.23 1340.31 0.19
Reach-1 279961 Max WS 050yr-CorrectedC 239158.20 101.65 146.289 147.22 0.000328 7.95 38346.32 1459.87 0.23
Reach-1 279961 Max WS 100yr-CorrectedC 285824.10 101.65 149.301 150.41 0.000357 8.72 42795.31 1504.64 0.24
Reach-1 279605 Max WS 010yr-CorrectedC 147373.70 101.65 139.215 139.78 0.000253 6.15 29451.02 1429.05 0.19
Reach-1 279605 Max WS 050yr-CorrectedC 239159.30 101.65 146.183 147.11 0.000325 7.96 40006.07 1564.21 0.23
Reach-1 279605 Max WS 100yr-CorrectedC 285821.60 101.65 149.191 150.29 0.000353 8.72 44761.06 1594.05 0.24
Reach-1 278919 Max WS 010yr-CorrectedC 147363.80 101.65 139.088 139.61 0.000239 5.92 31344.63 1594.19 0.19
Reach-1 278919 Max WS 050yr-CorrectedC 239159.90 101.65 146.033 146.88 0.000305 7.65 43202.07 1766.93 0.22
Reach-1 278919 Max WS 100yr-CorrectedC 285823.60 101.65 149.039 150.03 0.000329 8.36 48551.63 1809.62 0.23
Reach-1 277724 Max WS 010yr-CorrectedC 147357.40 100.07 138.800 115.50 139.33 0.000213 5.90 29059.61 1369.78 0.18
Reach-1 277724 Max WS 050yr-CorrectedC 239141.20 100.07 145.606 119.83 146.51 0.000293 7.81 38124.52 1756.21 0.22
Reach-1 277724 Max WS 100yr-CorrectedC 285818.90 100.07 148.547 121.81 149.64 0.000325 8.62 42182.76 1774.79 0.23
Reach-1 277625 Bridge

Reach-1 277512 Max WS 010yr-CorrectedC 147349.40 100.07 138.620 139.16 0.000218 5.97 28410.94 1319.09 0.18
Reach-1 277512 Max WS 050yr-CorrectedC 239132.60 100.07 145.280 146.23 0.000305 7.97 37004.13 1689.61 0.22
Reach-1 277512 Max WS 100yr-CorrectedC 285808.50 100.07 148.129 149.28 0.000341 8.82 40997.18 1804.24 0.24
Reach-1 277500 Max WS 010yr-CorrectedC 147335.90 101.08 138.560 115.95 139.16 0.000246 6.26 25663.64 1165.42 0.19
Reach-1 277500 Max WS 050yr-CorrectedC 239132.40 101.08 145.180 120.50 146.24 0.000343 8.35 32834.86 1700.17 0.23
Reach-1 277500 Max WS 100yr-CorrectedC 285811.20 101.08 147.998 122.60 149.29 0.000385 9.26 35887.39 1769.42 0.25
Reach-1 277397 Bridge




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)

Reach-1 277287 Max WS 010yr-CorrectedC 147320.90 102.92 138.031 138.74 0.000322 6.77 22414.45 903.83 0.22
Reach-1 277287 Max WS 050yr-CorrectedC 239086.30 102.92 144.241 145.50 0.000449 9.05 28701.46 1626.61 0.26
Reach-1 277287 Max WS 100yr-CorrectedC 285750.10 102.92 146.828 148.38 0.000506 10.06 31435.46 1725.74 0.28
Reach-1 276335 Max WS 010yr-CorrectedC 147302.20 101.04 137.508 138.41 0.000384 7.63 19603.96 647.53 0.24
Reach-1 276335 Max WS 050yr-CorrectedC 239047.60 101.04 143.337 145.03 0.000578 10.46 23434.90 666.84 0.30
Reach-1 276335 Max WS 100yr-CorrectedC 285626.10 101.04 145.707 147.84 0.000674 11.75 25023.84 673.87 0.33
Reach-1 276088 Max WS 010yr-CorrectedC 147290.80 101.04 137.260 138.31 0.000432 8.25 18302.92 597.82 0.25
Reach-1 276088 Max WS 050yr-CorrectedC 239001.90 101.04 142.870 144.89 0.000673 11.43 21695.58 611.54 0.32
Reach-1 276088 Max WS 100yr-CorrectedC 285562.40 101.04 145.113 147.68 0.000795 12.90 23073.35 616.90 0.35
Reach-1 275472 Max WS 010yr-CorrectedC 147262.40 101.04 137.067 138.06 0.000420 8.11 21016.67 856.48 0.25
Reach-1 275472 Max WS 050yr-CorrectedC 239014.90 101.04 142.670 144.51 0.000639 11.10 25861.11 872.85 0.31
Reach-1 275472 Max WS 100yr-CorrectedC 285545.70 101.04 144.929 147.24 0.000747 12.46 27840.06 879.45 0.34
Reach-1 274472 Max WS 010yr-CorrectedC 147263.60 101.04 136.884 137.64 0.000357 6.98 22011.79 1010.20 0.23
Reach-1 274472 Max WS 050yr-CorrectedC 238970.80 101.04 142.474 143.84 0.000518 9.44 27645.11 1095.46 0.28
Reach-1 274472 Max WS 100yr-CorrectedC 285519.20 101.04 144.744 146.45 0.000596 10.55 29985.68 1107.77 0.30
Reach-1 273472 Max WS 010yr-CorrectedC 147249.70 99.91 136.557 137.30 0.000328 6.91 21942.79 781.55 0.22
Reach-1 273472 Max WS 050yr-CorrectedC 238957.50 99.91 141.927 143.33 0.000505 9.53 26197.81 802.46 0.28
Reach-1 273472 Max WS 100yr-CorrectedC 285407.20 99.91 144.070 145.85 0.000594 10.74 27926.57 810.34 0.30
Reach-1 272318 Max WS 010yr-CorrectedC 147200.00 99.91 135.785 136.85 0.000464 8.33 18735.01 784.12 0.26
Reach-1 272318 Max WS 050yr-CorrectedC 238872.70 99.91 140.722 142.72 0.000728 11.49 2727214 3121.76 0.33
Reach-1 272318 Max WS 100yr-CorrectedC 285196.20 99.91 142.748 145.18 0.000838 12.77 31836.61 3193.62 0.36
Reach-1 271472 Max WS 010yr-CorrectedC 147190.30 99.91 135.697 136.51 0.000328 7.22 20706.56 1217.79 0.24
Reach-1 271472 Max WS 050yr-CorrectedC 238867.00 99.91 140.599 142.09 0.000500 9.88 30067.37 4083.93 0.30
Reach-1 271472 Max WS 100yr-CorrectedC 285160.20 99.91 142.597 144.41 0.000572 10.97 35141.74 4211.40 0.32
Reach-1 270472 Max WS 010yr-CorrectedC 147160.00 99.91 135.366 136.18 0.000326 7.26 23098.06 2529.72 0.23
Reach-1 270472 Max WS 050yr-CorrectedC 238840.90 99.91 140.170 141.58 0.000482 9.75 36089.37 3549.20 0.29
Reach-1 270472 Max WS 100yr-CorrectedC 285073.50 99.91 142.118 143.81 0.000549 10.80 41561.01 3830.24 0.31
Reach-1 269529 Max WS 010yr-CorrectedC 147149.80 100.75 135.092 135.87 0.000308 7.12 23902.15 2427.62 0.23
Reach-1 269529 Max WS 050yr-CorrectedC 238805.30 100.75 139.737 141.10 0.000463 9.60 38689.80 4454.92 0.29
Reach-1 269529 Max WS 100yr-CorrectedC 284970.70 100.75 141.634 143.25 0.000526 10.60 45279.05 4786.65 0.31
Reach-1 268320 Max WS 010yr-CorrectedC 147129.40 100.75 134.779 135.50 0.000308 6.94 29501.03 4034.90 0.23
Reach-1 268320 Max WS 050yr-CorrectedC 238779.50 100.75 139.320 140.52 0.000445 9.18 46654.06 5410.89 0.28
Reach-1 268320 Max WS 100yr-CorrectedC 284889.80 100.75 141.182 142.58 0.000497 10.06 5422717 5525.28 0.30
Reach-1 267678 Max WS 010yr-CorrectedC 147124.20 100.75 134.680 135.29 0.000283 6.50 36886.72 4603.25 0.22
Reach-1 267678 Max WS 050yr-CorrectedC 238764.00 100.75 139.198 140.17 0.000394 8.47 56222.45 5471.77 0.26
Reach-1 267678 Max WS 100yr-CorrectedC 284885.00 100.75 141.053 142.17 0.000435 9.25 64528.61 5478.37 0.28
Reach-1 266472 Max WS 010yr-CorrectedC 147108.80 100.75 134.462 134.88 0.000227 5.73 53612.21 7843.55 0.19
Reach-1 266472 Max WS 050yr-CorrectedC 238751.80 100.75 138.883 139.55 0.000314 7.45 76763.93 9109.70 0.23
Reach-1 266472 Max WS 100yr-CorrectedC 284869.50 100.75 140.709 141.46 0.000344 8.09 86539.19 9221.11 0.25
Reach-1 265472 Max WS 010yr-CorrectedC 147094.40 100.76 134.330 134.65 0.000188 5.22 60975.20 6827.86 0.17
Reach-1 265472 Max WS 050yr-CorrectedC 238734.40 100.76 138.730 139.19 0.000246 6.59 83242.39 7375.45 0.20
Reach-1 265472 Max WS 100yr-CorrectedC 284850.80 100.76 140.545 141.07 0.000268 7.14 92660.09 7511.22 0.22
Reach-1 264426 Max WS 010yr-CorrectedC 147089.90 100.76 134.024 134.50 0.000245 5.98 51096.71 5902.00 0.20
Reach-1 264426 Max WS 050yr-CorrectedC 238718.70 100.76 138.320 139.03 0.000328 7.62 73477.94 6339.98 0.24
Reach-1 264426 Max WS 100yr-CorrectedC 284691.40 100.76 140.090 140.90 0.000363 8.30 82970.76 6428.58 0.25
Reach-1 263569 Max WS 010yr-CorrectedC 147077.50 100.76 133.818 134.28 0.000242 5.75 49273.84 7021.54 0.20
Reach-1 263569 Max WS 050yr-CorrectedC 238691.50 100.76 138.067 138.73 0.000311 7.20 75564.52 7103.31 0.23
Reach-1 263569 Max WS 100yr-CorrectedC 284664.40 100.76 139.819 140.56 0.000339 7.81 86418.59 13542.00 0.24
Reach-1 262577 Max WS 010yr-CorrectedC 147067.70 100.76 133.753 134.02 0.000162 4.61 68471.43 6716.41 0.16
Reach-1 262577 Max WS 050yr-CorrectedC 238696.40 100.76 137.963 138.37 0.000218 5.93 94394.10 8420.51 0.19
Reach-1 262577 Max WS 100yr-CorrectedC 284671.00 100.76 139.700 140.18 0.000241 6.48 105356.40 8792.22 0.20
Reach-1 261551 Max WS 010yr-CorrectedC 147062.70 97.61 133.495 133.87 0.000206 5.22 57392.20 8411.56 0.18
Reach-1 261551 Max WS 050yr-CorrectedC 238678.20 97.61 137.642 138.17 0.000265 6.56 84939.59 9668.16 0.21
Reach-1 261551 Max WS 100yr-CorrectedC 284655.40 97.61 139.352 139.95 0.000289 7.11 96319.00 10643.66 0.22
Reach-1 260635 Max WS 010yr-CorrectedC 147052.50 97.61 133.238 133.71 0.000242 5.97 55668.54 8663.70 0.20
Reach-1 260635 Max WS 050yr-CorrectedC 238666.90 97.61 137.318 137.98 0.000316 7.47 83237.05 10211.08 0.23
Reach-1 260635 Max WS 100yr-CorrectedC 284634.80 97.61 139.002 139.74 0.000346 8.08 94631.17 10651.24 0.24
Reach-1 259263 Max WS 010yr-CorrectedC 147039.90 97.61 132.916 114.28 133.35 0.000242 5.75 50292.25 11611.55 0.20
Reach-1 259263 Max WS 050yr-CorrectedC 238643.00 97.61 136.819 118.95 137.52 0.000347 7.56 67293.16 12250.86 0.24
Reach-1 259263 Max WS 100yr-CorrectedC 284589.90 97.61 138.420 121.11 139.26 0.000394 8.34 74319.13 12366.44 0.26
Reach-1 259032 Bridge

Reach-1 258805 Max WS 010yr-CorrectedC 147035.70 98.28 132.766 133.18 0.000249 5.71 53363.28 11101.31 0.20
Reach-1 258805 Max WS 050yr-CorrectedC 238639.80 98.28 136.615 137.28 0.000354 7.49 70815.92 11506.80 0.24
Reach-1 258805 Max WS 100yr-CorrectedC 284565.30 98.28 138.198 138.99 0.000400 8.25 78027.05 11659.79 0.26
Reach-1 257368 Max WS 010yr-CorrectedC 147027.40 97.61 132.390 132.46 0.000700 2.85 83743.14 11632.18 0.10




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)
Reach-1 257368 Max WS 050yr-CorrectedC 238620.20 97.61 136.266 136.35 0.000748 3.21 113507.90 11970.58 0.10
Reach-1 257368 Max WS 100yr-CorrectedC 284553.20 97.61 137.862 137.96 0.000775 3.38 125787.50 16456.71 0.10
Reach-1 254766 Max WS 010yr-CorrectedC 147009.20 99.27 131.486 131.67 0.000148 4.31 9347711 13304.67 0.15
Reach-1 254766 Max WS 050yr-CorrectedC 238589.50 99.27 135.288 135.52 0.000177 5.20 130374.40 13505.33 0.17
Reach-1 254766 Max WS 100yr-CorrectedC 284494.60 99.27 136.844 137.10 0.000189 5.58 145552.30 13538.36 0.18
Reach-1 250071 Max WS 010yr-CorrectedC 146979.30 84.54 130.192 131.11 0.000583 8.25 45395.07 9221.38 0.30
Reach-1 250071 Max WS 050yr-CorrectedC 238550.70 84.54 133.974 134.96 0.000626 9.44 80188.63 9859.23 0.32
Reach-1 250071 Max WS 100yr-CorrectedC 284415.70 84.54 135.497 136.52 0.000643 9.93 94218.60 10466.64 0.33
Reach-1 248531 Max WS 010yr-CorrectedC 146952.30 84.54 129.238 130.51 0.000580 10.10 47025.89 8104.17 0.32
Reach-1 248531 Max WS 050yr-CorrectedC 238515.70 84.54 132.874 134.37 0.000719 12.09 77893.71 8922.63 0.36
Reach-1 248531 Max WS 100yr-CorrectedC 284343.90 84.54 134.362 135.90 0.000756 12.74 91127.08 9296.53 0.37
Reach-1 246078 Max WS 010yr-CorrectedC 146942.90 98.13 128.829 129.29 0.000322 6.32 47051.42 8654.22 0.23
Reach-1 246078 Max WS 050yr-CorrectedC 238501.10 98.13 132.384 132.91 0.000355 7.26 73213.32 9759.91 0.24
Reach-1 246078 Max WS 100yr-CorrectedC 284303.00 98.13 133.838 134.41 0.000368 7.65 84569.50 10275.57 0.25
Reach-1 244614 Max WS 010yr-CorrectedC 146925.60 98.13 128.191 129.00 0.000449 7.76 45493.01 8811.87 0.27
Reach-1 244614 Max WS 050yr-CorrectedC 238467.50 98.13 131.577 132.69 0.000599 9.73 70959.34 9720.39 0.32
Reach-1 244614 Max WS 100yr-CorrectedC 284208.10 98.13 132.973 134.20 0.000652 10.48 81662.14 9879.45 0.33
Reach-1 242472 Max WS 010yr-CorrectedC 146850.20 94.20 126.807 126.97 0.001465 3.97 49998.58 9572.66 0.14
Reach-1 242472 Max WS 050yr-CorrectedC 238407.50 94.20 130.469 130.64 0.001163 3.86 75533.43 10980.13 0.12
Reach-1 242472 Max WS 100yr-CorrectedC 284083.50 94.20 131.938 132.12 0.001074 3.83 86331.13 11515.22 0.12
Reach-1 241833 Max WS 010yr-CorrectedC 146783.90 93.70 126.015 126.72 0.000407 7.48 52566.25 9546.80 0.26
Reach-1 241833 Max WS 050yr-CorrectedC 238346.50 93.70 129.678 130.59 0.000514 9.17 80769.97 11403.21 0.30
Reach-1 241833 Max WS 100yr-CorrectedC 283965.20 93.70 131.143 132.14 0.000555 9.83 93239.11 11750.53 0.31
Reach-1 240531 Max WS 010yr-CorrectedC 146776.10 93.60 125.797 126.20 0.000269 5.96 76837.30 9951.34 0.21
Reach-1 240531 Max WS 050yr-CorrectedC 238322.20 93.60 129.422 129.92 0.000325 7.15 112790.40 24494.30 0.23
Reach-1 240531 Max WS 100yr-CorrectedC 283922.50 93.60 130.868 131.40 0.000350 7.67 127149.50 24652.89 0.24
Reach-1 235176 Max WS 010yr-CorrectedC 146656.80 92.80 124.905 125.67 0.000405 7.76 56945.58 9949.48 0.26
Reach-1 235176 Max WS 050yr-CorrectedC 238250.00 92.80 128.482 129.38 0.000492 9.25 93623.69 10671.59 0.29
Reach-1 235176 Max WS 100yr-CorrectedC 283758.90 92.80 129.903 130.85 0.000523 9.82 109015.60 23827.55 0.30
Reach-1 232472 Max WS 010yr-CorrectedC 146568.30 91.70 124.206 124.79 0.000309 6.78 63469.26 22623.85 0.23
Reach-1 232472 Max WS 050yr-CorrectedC 238158.30 91.70 127.616 128.35 0.000392 8.25 98795.27 23089.54 0.26
Reach-1 232472 Max WS 100yr-CorrectedC 283652.30 91.70 128.968 129.76 0.000427 8.85 112897.10 23128.65 0.27
Reach-1 231472 Max WS 010yr-CorrectedC 146506.70 91.70 123.683 124.53 0.000516 7.97 48221.88 22378.70 0.29
Reach-1 231472 Max WS 050yr-CorrectedC 238098.50 91.70 126.998 128.02 0.000626 9.57 80727.70 22666.15 0.32
Reach-1 231472 Max WS 100yr-CorrectedC 283562.50 91.70 128.312 129.40 0.000668 10.19 93749.85 22712.27 0.33
Reach-1 230472 Max WS 010yr-CorrectedC 146439.10 91.60 123.115 124.06 0.000540 8.38 45831.73 20661.80 0.29
Reach-1 230472 Max WS 050yr-CorrectedC 238035.40 91.60 126.293 127.47 0.000684 10.20 76995.58 22383.29 0.33
Reach-1 230472 Max WS 100yr-CorrectedC 283458.10 91.60 127.558 128.82 0.000736 10.89 89420.69 22464.31 0.35
Reach-1 229472 Max WS 010yr-CorrectedC 146406.90 89.34 122.810 123.42 0.000349 6.90 51205.07 20783.54 0.23
Reach-1 229472 Max WS 050yr-CorrectedC 237999.70 89.34 125.902 126.61 0.000425 8.19 83647.25 22014.37 0.26
Reach-1 229472 Max WS 100yr-CorrectedC 283410.80 89.34 127.141 127.87 0.000450 8.66 96687.50 22198.49 0.27
Reach-1 228472 Max WS 010yr-CorrectedC 146380.40 90.08 122.560 123.10 0.000304 6.65 59467.36 19532.06 0.22
Reach-1 228472 Max WS 050yr-CorrectedC 237968.90 90.08 125.600 126.21 0.000371 7.86 94975.97 23245.78 0.25
Reach-1 228472 Max WS 100yr-CorrectedC 283380.80 90.08 126.821 127.46 0.000394 8.32 109246.90 23497.86 0.26
Reach-1 227472 Max WS 010yr-CorrectedC 146344.20 90.79 122.155 122.83 0.000390 7.45 56976.79 21484.16 0.25
Reach-1 227472 Max WS 050yr-CorrectedC 237930.70 90.79 125.164 125.86 0.000444 8.49 96225.02 24386.51 0.27
Reach-1 227472 Max WS 100yr-CorrectedC 283323.30 90.79 126.374 127.06 0.000460 8.87 112200.90 24515.88 0.27
Reach-1 226472 Max WS 010yr-CorrectedC 146318.30 91.17 121.834 122.41 0.000353 6.96 64267.22 20649.90 0.24
Reach-1 226472 Max WS 050yr-CorrectedC 237900.80 91.17 124.793 125.38 0.000398 7.93 106354.30 24783.48 0.26
Reach-1 226472 Max WS 100yr-CorrectedC 283288.50 91.17 125.989 126.58 0.000411 8.27 123509.00 24876.49 0.26
Reach-1 225472 Max WS 010yr-CorrectedC 146292.80 89.79 121.540 122.06 0.000324 6.85 72556.38 23178.75 0.23
Reach-1 225472 Max WS 050yr-CorrectedC 237871.00 89.79 124.433 125.00 0.000388 8.01 114393.10 23483.93 0.26
Reach-1 225472 Max WS 100yr-CorrectedC 283259.30 89.79 125.607 126.19 0.000410 8.45 131598.70 23607.86 0.26
Reach-1 224472 Max WS 010yr-CorrectedC 146269.10 90.65 121.080 121.85 0.000489 7.80 60382.95 24053.47 0.28
Reach-1 224472 Max WS 050yr-CorrectedC 237844.00 90.65 123.943 124.74 0.000553 8.93 108070.90 25289.26 0.30
Reach-1 224472 Max WS 100yr-CorrectedC 283226.70 90.65 125.111 125.90 0.000566 9.29 127691.80 25312.95 0.31
Reach-1 223472 Max WS 010yr-CorrectedC 146241.50 91.51 120.629 121.31 0.000632 7.71 67204.45 21375.91 0.30
Reach-1 223472 Max WS 050yr-CorrectedC 237820.00 91.51 123.525 124.09 0.000582 8.09 118050.40 25708.02 0.30
Reach-1 223472 Max WS 100yr-CorrectedC 283206.00 91.51 124.701 125.23 0.000566 8.25 138759.20 25794.03 0.30
Reach-1 222472 Max WS 010yr-CorrectedC 146226.40 90.62 120.243 120.66 0.000361 5.91 76158.17 21541.10 0.23
Reach-1 222472 Max WS 050yr-CorrectedC 237796.30 90.62 123.098 123.54 0.000396 6.77 127897.70 23333.19 0.25
Reach-1 222472 Max WS 100yr-CorrectedC 283187.70 90.62 124.265 124.72 0.000406 7.09 149088.80 24059.21 0.26
Reach-1 220272 Max WS 010yr-CorrectedC 146209.30 93.07 119.811 120.18 0.000428 5.53 73950.73 25550.86 0.25
Reach-1 220272 Max WS 050yr-CorrectedC 237789.60 93.07 122.715 123.06 0.000417 5.99 129736.50 27277.00 0.24
Reach-1 220272 Max WS 100yr-CorrectedC 283166.40 93.07 123.892 124.23 0.000414 6.18 152394.70 27395.77 0.24




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (fuft) (ft/s) (sq ft) (ft)
Reach-1 217472 Max WS 010yr-CorrectedC 146193.00 91.92 118.856 119.15 0.000447 6.10 99399.62 23068.22 0.25
Reach-1 217472 Max WS 050yr-CorrectedC 237774.00 91.92 121.830 122.08 0.000407 6.42 153134.90 25855.44 0.24
Reach-1 217472 Max WS 100yr-CorrectedC 283154.70 91.92 123.014 123.26 0.000405 6.63 174644.70 26117.52 0.24
Reach-1 216472 Max WS 010yr-CorrectedC 146191.90 91.48 118.365 107.27 118.80 0.000400 6.45 86861.05 25810.94 0.25
Reach-1 216472 Max WS 050yr-CorrectedC 237772.00 91.48 121.364 115.99 121.76 0.000400 7.02 145766.00 27383.30 0.25
Reach-1 216472 Max WS 100yr-CorrectedC 283153.30 91.48 122.551 117.03 122.94 0.000400 7.25 169405.90 27458.83 0.25




HEC-RAS River: Congaree River Reach: Reach-1  Profile: Max WS

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)

Reach-1 288770 Max WS 010yr-ProposedD1 147484.60 128.14 144.341 144.98 0.000708 6.41 23054.02 1517.26 0.29
Reach-1 288770 Max WS 050yr-ProposedD1 239229.50 128.14 151.273 152.07 0.000538 7.16 33664.70 1544.29 0.27
Reach-1 288770 Max WS 100yr-ProposedD1 285866.40 128.14 154.412 155.28 0.000495 7.49 38533.95 1734.23 0.26
Reach-1 287472 Max WS 010yr-ProposedD1 147451.70 125.74 143.644 144.08 0.000673 5.30 27838.46 2368.63 0.27
Reach-1 287472 Max WS 050yr-ProposedD1 239226.20 125.74 151.052 151.47 0.000362 5.20 46003.12 2532.22 0.22
Reach-1 287472 Max WS 100yr-ProposedD1 285865.30 125.74 154.318 154.75 0.000302 5.26 54320.93 2879.78 0.20
Reach-1 286338 Max WS 010yr-ProposedD1 147454.30 117.29 143.345 127.02 143.60 0.000174 4.05 38275.05 2034.23 0.15
Reach-1 286338 Max WS 050yr-ProposedD1 239220.00 117.29 150.819 129.76 151.17 0.000170 4.86 52553.97 2184.18 0.16
Reach-1 286338 Max WS 100yr-ProposedD1 285861.50 117.29 154.081 130.99 154.49 0.000169 5.21 59084.10 2415.82 0.16
Reach-1 286221 Bridge

Reach-1 286106 Max WS 010yr-ProposedD1 147450.10 117.10 143.094 143.33 0.000171 3.90 38158.44 2033.69 0.15
Reach-1 286106 Max WS 050yr-ProposedD1 239225.10 117.10 150.578 150.92 0.000162 4.58 52403.38 2169.18 0.15
Reach-1 286106 Max WS 100yr-ProposedD1 285858.30 117.10 153.846 154.24 0.000160 4.89 58672.67 2389.78 0.15
Reach-1 284778 Max WS 010yr-ProposedD1 147443.00 112.83 142.869 122.38 143.12 0.000133 4.06 36447.06 1384.63 0.14
Reach-1 284778 Max WS 050yr-ProposedD1 239217.90 112.83 150.278 125.29 150.69 0.000157 5.17 46973.34 1474.70 0.16
Reach-1 284778 Max WS 100yr-ProposedD1 285853.50 112.83 153.508 126.60 154.00 0.000166 5.64 51691.20 1499.09 0.16
Reach-1 284668 Bridge

Reach-1 284565 Max WS 010yr-ProposedD1 147446.10 111.22 141.180 141.44 0.000135 4.07 36338.11 1384.00 0.14
Reach-1 284565 Max WS 050yr-ProposedD1 239216.50 111.22 148.569 148.99 0.000158 5.18 46814.73 1473.96 0.16
Reach-1 284565 Max WS 100yr-ProposedD1 285851.40 111.22 151.759 152.26 0.000168 5.66 51449.25 1498.04 0.16
Reach-1 284431 Max WS 010yr-ProposedD1 147431.60 111.36 141.039 141.42 0.000279 5.00 31336.95 1505.77 0.18
Reach-1 284431 Max WS 050yr-ProposedD1 239209.60 111.36 148.443 148.99 0.000282 5.98 42983.49 1680.60 0.18
Reach-1 284431 Max WS 100yr-ProposedD1 285850.60 111.36 151.653 152.29 0.000278 6.32 48227.57 1706.22 0.19
Reach-1 284408 Max WS 010yr-ProposedD1 147431.80 111.58 140.888 141.41 0.000362 5.80 25489.67 1372.81 0.22
Reach-1 284408 Max WS 050yr-ProposedD1 239202.30 111.58 148.248 148.97 0.000348 6.90 37508.03 1623.81 0.22
Reach-1 284408 Max WS 100yr-ProposedD1 285844.70 111.58 151.423 152.25 0.000347 7.38 42561.29 1686.53 0.23
Reach-1 284395 Max WS 010yr-ProposedD1 147431.70 111.37 140.876 141.41 0.000367 5.85 25272.61 1346.07 0.22
Reach-1 284395 Max WS 050yr-ProposedD1 239201.70 111.37 148.222 148.97 0.000357 7.00 36615.23 1514.50 0.23
Reach-1 284395 Max WS 100yr-ProposedD1 285844.30 111.37 151.393 152.24 0.000357 7.49 41558.41 1675.85 0.23
Reach-1 284372 Max WS 010yr-ProposedD1 147434.90 111.51 140.953 141.40 0.000269 5.38 27461.49 1257.22 0.19
Reach-1 284372 Max WS 050yr-ProposedD1 239205.40 111.51 148.282 148.96 0.000302 6.63 38068.23 1485.31 0.21
Reach-1 284372 Max WS 100yr-ProposedD1 285844.60 111.51 151.449 152.23 0.000315 7.15 42850.68 1543.84 0.21
Reach-1 284267 Max WS 010yr-ProposedD1 147432.10 108.30 140.847 141.37 0.000303 5.81 25682.09 1133.35 0.20
Reach-1 284267 Max WS 050yr-ProposedD1 239203.40 108.30 148.113 148.93 0.000339 7.27 35197.77 1471.40 0.22
Reach-1 284267 Max WS 100yr-ProposedD1 285845.10 108.30 151.251 152.20 0.000353 7.89 39708.36 1511.57 0.23
Reach-1 284060 Max WS 010yr-ProposedD1 147424.30 108.45 140.705 141.31 0.000325 6.23 24112.05 1160.52 0.21
Reach-1 284060 Max WS 050yr-ProposedD1 239196.20 108.45 147.928 148.87 0.000374 7.84 34103.82 1444.32 0.24
Reach-1 284060 Max WS 100yr-ProposedD1 285843.50 108.45 151.048 152.15 0.000393 8.51 38561.97 1469.13 0.25
Reach-1 283820 Max WS 010yr-ProposedD1 147423.50 107.22 140.535 141.21 0.000470 6.60 22434.69 1124.98 0.22
Reach-1 283820 Max WS 050yr-ProposedD1 239196.80 107.22 147.724 148.77 0.000552 8.32 32325.04 1606.76 0.25
Reach-1 283820 Max WS 100yr-ProposedD1 285844.30 107.22 150.850 152.06 0.000575 8.99 37062.04 1664.47 0.26
Reach-1 283636 Max WS 010yr-ProposedD1 147406.60 105.24 140.306 141.12 0.000481 7.26 20415.04 1292.84 0.25
Reach-1 283636 Max WS 050yr-ProposedD1 239189.80 105.24 147.503 148.70 0.000517 8.89 33182.77 1800.18 0.28
Reach-1 283636 Max WS 100yr-ProposedD1 285833.80 105.24 150.641 151.99 0.000524 9.53 38864.38 1863.63 0.28
Reach-1 283611 Max WS 010yr-ProposedD1 147406.60 105.38 140.255 141.12 0.000468 7.45 20228.79 1252.46 0.25
Reach-1 283611 Max WS 050yr-ProposedD1 239188.60 105.38 147.423 148.71 0.000523 9.24 32415.56 1799.75 0.28
Reach-1 283611 Max WS 100yr-ProposedD1 285835.40 105.38 150.546 152.00 0.000537 9.93 38333.07 1863.66 0.29
Reach-1 283601 Max WS 010yr-ProposedD1 147406.40 105.38 140.236 141.11 0.000485 7.52 20006.43 1246.11 0.26
Reach-1 283601 Max WS 050yr-ProposedD1 239188.40 105.38 147.459 148.70 0.000520 9.16 32318.01 1830.97 0.28
Reach-1 283601 Max WS 100yr-ProposedD1 285835.30 105.38 150.618 151.99 0.000521 9.74 38164.18 1867.17 0.28
Reach-1 283574 Max WS 010yr-ProposedD1 147406.00 105.18 140.323 141.10 0.000452 7.08 21088.56 1241.47 0.23
Reach-1 283574 Max WS 050yr-ProposedD1 239190.40 105.18 147.536 148.67 0.000513 8.76 33880.45 1848.42 0.26
Reach-1 283574 Max WS 100yr-ProposedD1 285842.30 105.18 150.696 151.96 0.000523 9.35 39766.20 1875.26 0.26
Reach-1 283490 Max WS 010yr-ProposedD1 147407.60 104.94 140.268 141.05 0.000710 711 21416.96 1505.14 0.24
Reach-1 283490 Max WS 050yr-ProposedD1 239188.40 104.94 147.558 148.61 0.000744 8.52 37011.75 1844.76 0.25
Reach-1 283490 Max WS 100yr-ProposedD1 285836.10 104.94 150.711 151.89 0.000758 9.11 42859.30 1864.14 0.26
Reach-1 283342 Max WS 010yr-ProposedD1 147407.80 107.64 140.233 140.96 0.000489 6.84 22101.73 1495.23 0.23
Reach-1 283342 Max WS 050yr-ProposedD1 239187.60 107.64 147.570 148.49 0.000497 8.05 37797.77 1738.80 0.24
Reach-1 283342 Max WS 100yr-ProposedD1 285842.00 107.64 150.727 151.76 0.000508 8.61 43342.07 1770.32 0.24
Reach-1 283203 Max WS 010yr-ProposedD1 147404.10 106.22 140.257 140.94 0.000332 6.66 22703.93 1535.90 0.22
Reach-1 283203 Max WS 050yr-ProposedD1 239187.80 106.22 147.525 148.43 0.000350 7.94 38751.76 1678.91 0.23
Reach-1 283203 Max WS 100yr-ProposedD1 285837.30 106.22 150.668 151.69 0.000363 8.55 44088.63 1731.46 0.24
Reach-1 283179 Max WS 010yr-ProposedD1 147404.00 106.20 140.206 140.89 0.000325 6.64 22874.23 1527.95 0.22
Reach-1 283179 Max WS 050yr-ProposedD1 239188.80 106.20 147.518 148.42 0.000344 7.92 38981.01 1667.22 0.23
Reach-1 283179 Max WS 100yr-ProposedD1 285835.50 106.20 150.658 151.69 0.000358 8.55 44286.83 1711.10 0.24




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)

Reach-1 283169 Max WS 010yr-ProposedD1 147407.30 106.15 140.211 140.88 0.000323 6.60 22959.34 1533.57 0.22
Reach-1 283169 Max WS 050yr-ProposedD1 239190.90 106.15 147.524 148.41 0.000341 7.88 39065.69 1670.43 0.23
Reach-1 283169 Max WS 100yr-ProposedD1 285837.30 106.15 150.665 151.68 0.000355 8.50 44383.46 1714.61 0.24
Reach-1 283139 Max WS 010yr-ProposedD1 147407.50 104.58 140.204 140.89 0.000328 6.66 22922.75 1544.79 0.22
Reach-1 283139 Max WS 050yr-ProposedD1 239191.20 104.58 147.500 148.41 0.000348 7.96 38816.03 1678.74 0.23
Reach-1 283139 Max WS 100yr-ProposedD1 285837.40 104.58 150.642 151.67 0.000362 8.59 44158.17 1723.14 0.24
Reach-1 283093 Max WS 010yr-ProposedD1 147407.20 104.60 140.206 140.86 0.000432 6.51 23487.11 1609.32 0.21
Reach-1 283093 Max WS 050yr-ProposedD1 239191.40 104.60 147.533 148.37 0.000446 7.71 39572.72 1724.33 0.23
Reach-1 283093 Max WS 100yr-ProposedD1 285837.50 104.60 150.688 151.64 0.000459 8.27 45064.88 1756.15 0.23
Reach-1 283052 Max WS 010yr-ProposedD1 147407.30 105.26 140.257 140.85 0.000291 6.36 28615.12 1643.79 0.21
Reach-1 283052 Max WS 050yr-ProposedD1 239186.40 105.26 147.506 148.37 0.000331 7.84 40905.25 1748.19 0.23
Reach-1 283052 Max WS 100yr-ProposedD1 285836.80 105.26 150.652 151.64 0.000344 8.45 46462.37 1783.10 0.24
Reach-1 283001 Max WS 010yr-ProposedD1 147407.20 105.29 140.320 140.83 0.000315 5.99 31219.39 1658.84 0.19
Reach-1 283001 Max WS 050yr-ProposedD1 239191.50 105.29 147.594 148.33 0.000357 7.37 43774.77 1792.21 0.21
Reach-1 283001 Max WS 100yr-ProposedD1 285836.90 105.29 150.753 151.59 0.000370 7.93 49489.82 1824.05 0.22
Reach-1 282937 Max WS 010yr-ProposedD1 147404.10 107.24 140.110 140.81 0.000360 6.76 22438.40 1615.61 0.22
Reach-1 282937 Max WS 050yr-ProposedD1 239188.00 107.24 147.552 148.31 0.000335 7.57 43194.55 1801.50 0.22
Reach-1 282937 Max WS 100yr-ProposedD1 285835.30 107.24 150.706 151.57 0.000348 8.15 48722.18 1844.88 0.23
Reach-1 282912 Max WS 010yr-ProposedD1 147407.10 108.10 140.209 140.89 0.000327 6.69 23251.98 1628.88 0.22
Reach-1 282912 Max WS 050yr-ProposedD1 239187.10 108.10 147.525 148.31 0.000317 7.64 43436.47 1864.73 0.22
Reach-1 282912 Max WS 100yr-ProposedD1 285835.80 108.10 150.679 151.57 0.000328 8.22 49272.70 1914.44 0.23
Reach-1 282902 Max WS 010yr-ProposedD1 147403.50 108.28 140.194 140.87 0.000328 6.65 23324.50 1628.35 0.22
Reach-1 282902 Max WS 050yr-ProposedD1 239190.20 108.28 147.521 148.31 0.000319 7.62 43264.79 1880.63 0.22
Reach-1 282902 Max WS 100yr-ProposedD1 285838.20 108.28 150.676 151.57 0.000329 8.19 49130.20 1927.46 0.23
Reach-1 282874 Max WS 010yr-ProposedD1 147407.00 108.58 140.157 140.82 0.000369 6.78 25316.47 1625.17 0.22
Reach-1 282874 Max WS 050yr-ProposedD1 239190.10 108.58 147.498 148.32 0.000371 7.93 42667.64 1912.10 0.23
Reach-1 282874 Max WS 100yr-ProposedD1 285837.90 108.58 150.641 151.58 0.000386 8.56 48261.62 1994.34 0.24
Reach-1 282707 Max WS 010yr-ProposedD1 147395.30 108.26 139.929 140.73 0.000446 7.22 21250.83 1618.78 0.24
Reach-1 282707 Max WS 050yr-ProposedD1 239184.30 108.26 147.358 148.26 0.000408 8.11 39795.35 1864.88 0.24
Reach-1 282707 Max WS 100yr-ProposedD1 285836.20 108.26 150.511 151.52 0.000414 8.67 45446.93 2184.92 0.25
Reach-1 282424 Max WS 010yr-ProposedD1 147398.20 108.13 139.966 140.60 0.000386 6.44 23642.37 1488.32 0.21
Reach-1 282424 Max WS 050yr-ProposedD1 239187.70 108.13 147.299 148.12 0.000395 7.59 40152.38 1727.45 0.22
Reach-1 282424 Max WS 100yr-ProposedD1 285836.50 108.13 150.448 151.37 0.000406 8.14 45614.16 1740.70 0.23
Reach-1 282071 Max WS 010yr-ProposedD1 147400.80 111.09 139.950 140.47 0.000353 5.91 28582.36 1563.68 0.20
Reach-1 282071 Max WS 050yr-ProposedD1 239184.70 111.09 147.204 147.96 0.000390 7.25 40286.44 1643.15 0.22
Reach-1 282071 Max WS 100yr-ProposedD1 285833.20 111.09 150.344 151.21 0.000403 7.81 45479.27 1664.80 0.22
Reach-1 281647 Max WS 010yr-ProposedD1 147384.10 105.74 139.888 120.14 140.34 0.000225 5.53 31337.71 1583.23 0.18
Reach-1 281647 Max WS 050yr-ProposedD1 239180.30 105.74 147.087 123.91 147.81 0.000272 7.05 41614.27 1712.98 0.21
Reach-1 281647 Max WS 100yr-ProposedD1 285832.40 105.74 150.199 125.63 151.05 0.000290 7.69 46370.62 1794.68 0.22
Reach-1 281538 Bridge

Reach-1 281423 Max WS 010yr-ProposedD1 147384.60 105.74 139.748 140.20 0.000220 5.46 31335.79 1498.51 0.18
Reach-1 281423 Max WS 050yr-ProposedD1 239174.00 105.74 146.886 147.61 0.000269 6.99 41296.05 1643.80 0.20
Reach-1 281423 Max WS 100yr-ProposedD1 285831.40 105.74 149.960 150.82 0.000289 7.65 45634.39 1717.47 0.22
Reach-1 279961 Max WS 010yr-ProposedD1 147373.50 101.65 139.302 139.87 0.000255 6.13 28465.23 1340.31 0.19
Reach-1 279961 Max WS 050yr-ProposedD1 239158.40 101.65 146.289 147.22 0.000328 7.95 38346.32 1459.87 0.23
Reach-1 279961 Max WS 100yr-ProposedD1 285820.60 101.65 149.301 150.41 0.000357 8.72 42795.31 1504.64 0.24
Reach-1 279605 Max WS 010yr-ProposedD1 147362.90 101.65 139.215 139.78 0.000253 6.15 29451.02 1429.05 0.19
Reach-1 279605 Max WS 050yr-ProposedD1 239152.10 101.65 146.183 147.11 0.000325 7.96 40006.07 1564.21 0.23
Reach-1 279605 Max WS 100yr-ProposedD1 285820.80 101.65 149.191 150.29 0.000353 8.72 44761.06 1594.05 0.24
Reach-1 278919 Max WS 010yr-ProposedD1 147364.30 101.65 139.088 139.61 0.000239 5.92 31344.63 1594.19 0.19
Reach-1 278919 Max WS 050yr-ProposedD1 239156.40 101.65 146.033 146.88 0.000305 7.65 43202.07 1766.93 0.22
Reach-1 278919 Max WS 100yr-ProposedD1 285823.30 101.65 149.039 150.03 0.000329 8.36 48551.63 1809.62 0.23
Reach-1 277724 Max WS 010yr-ProposedD1 147347.10 100.07 138.800 115.50 139.33 0.000213 5.90 29059.61 1369.78 0.18
Reach-1 277724 Max WS 050yr-ProposedD1 239137.00 100.07 145.606 119.82 146.51 0.000293 7.81 38124.52 1756.21 0.22
Reach-1 277724 Max WS 100yr-ProposedD1 285820.40 100.07 148.547 121.78 149.64 0.000325 8.62 42182.76 1774.79 0.23
Reach-1 277625 Bridge

Reach-1 277512 Max WS 010yr-ProposedD1 147347.40 100.07 138.620 139.16 0.000218 5.97 28410.94 1319.09 0.18
Reach-1 277512 Max WS 050yr-ProposedD1 239138.50 100.07 145.280 146.23 0.000305 7.97 37004.13 1689.61 0.22
Reach-1 277512 Max WS 100yr-ProposedD1 285811.60 100.07 148.129 149.28 0.000341 8.82 40997.18 1804.24 0.24
Reach-1 277500 Max WS 010yr-ProposedD1 147347.00 101.08 138.560 115.95 139.16 0.000246 6.26 25663.64 1165.42 0.19
Reach-1 277500 Max WS 050yr-ProposedD1 239137.10 101.08 145.180 120.49 146.24 0.000343 8.35 32834.86 1700.17 0.23
Reach-1 277500 Max WS 100yr-ProposedD1 285805.00 101.08 147.998 122.59 149.29 0.000385 9.26 35887.39 1769.42 0.25
Reach-1 277397 Bridge




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)

Reach-1 277287 Max WS 010yr-ProposedD1 147322.50 102.92 138.031 138.74 0.000322 6.77 22414.54 903.86 0.22
Reach-1 277287 Max WS 050yr-ProposedD1 239086.00 102.92 144.241 145.50 0.000449 9.05 28701.46 1626.61 0.26
Reach-1 277287 Max WS 100yr-ProposedD1 285750.50 102.92 146.828 148.38 0.000506 10.06 31435.46 1725.74 0.28
Reach-1 276335 Max WS 010yr-ProposedD1 147294.60 101.04 137.508 138.41 0.000384 7.63 19603.96 647.53 0.24
Reach-1 276335 Max WS 050yr-ProposedD1 239039.90 101.04 143.337 145.03 0.000578 10.46 23434.90 666.84 0.30
Reach-1 276335 Max WS 100yr-ProposedD1 285637.80 101.04 145.707 147.84 0.000674 11.75 25023.84 673.87 0.33
Reach-1 276088 Max WS 010yr-ProposedD1 147279.80 101.04 137.260 138.31 0.000432 8.25 18302.92 597.82 0.25
Reach-1 276088 Max WS 050yr-ProposedD1 239003.40 101.04 142.870 144.89 0.000673 11.43 21695.58 611.54 0.32
Reach-1 276088 Max WS 100yr-ProposedD1 285589.50 101.04 145.113 147.68 0.000795 12.90 23073.28 616.90 0.35
Reach-1 275472 Max WS 010yr-ProposedD1 147271.80 101.04 137.067 138.06 0.000421 8.11 21016.67 856.48 0.25
Reach-1 275472 Max WS 050yr-ProposedD1 239004.60 101.04 142.670 144.51 0.000639 11.10 25861.11 872.85 0.31
Reach-1 275472 Max WS 100yr-ProposedD1 285523.80 101.04 144.929 147.24 0.000747 12.46 27840.06 879.45 0.34
Reach-1 274472 Max WS 010yr-ProposedD1 147258.40 101.04 136.884 137.64 0.000357 6.98 22011.79 1010.20 0.23
Reach-1 274472 Max WS 050yr-ProposedD1 239001.90 101.04 142.474 143.84 0.000519 9.44 27645.11 1095.46 0.28
Reach-1 274472 Max WS 100yr-ProposedD1 285519.30 101.04 144.744 146.45 0.000596 10.55 29985.78 1107.77 0.30
Reach-1 273472 Max WS 010yr-ProposedD1 147233.10 99.91 136.557 137.30 0.000328 6.91 21942.79 781.55 0.22
Reach-1 273472 Max WS 050yr-ProposedD1 238966.60 99.91 141.927 143.33 0.000505 9.53 26197.81 802.46 0.28
Reach-1 273472 Max WS 100yr-ProposedD1 285416.00 99.91 144.070 145.85 0.000594 10.74 27926.57 810.34 0.30
Reach-1 272318 Max WS 010yr-ProposedD1 147187.10 99.91 135.785 136.85 0.000464 8.33 18735.01 784.12 0.26
Reach-1 272318 Max WS 050yr-ProposedD1 238866.00 99.91 140.722 142.72 0.000728 11.49 2727214 3121.76 0.33
Reach-1 272318 Max WS 100yr-ProposedD1 285195.90 99.91 142.748 145.18 0.000838 12.77 31836.61 3193.62 0.36
Reach-1 271472 Max WS 010yr-ProposedD1 147180.10 99.91 135.697 136.51 0.000328 7.22 20706.56 1217.79 0.24
Reach-1 271472 Max WS 050yr-ProposedD1 238860.90 99.91 140.599 142.09 0.000500 9.88 30067.37 4083.93 0.30
Reach-1 271472 Max WS 100yr-ProposedD1 285158.80 99.91 142.597 144.41 0.000572 10.97 35141.74 4211.40 0.32
Reach-1 270472 Max WS 010yr-ProposedD1 147159.80 99.91 135.366 136.18 0.000326 7.26 23098.06 2529.72 0.23
Reach-1 270472 Max WS 050yr-ProposedD1 238832.30 99.91 140.170 141.58 0.000482 9.75 36089.37 3549.20 0.29
Reach-1 270472 Max WS 100yr-ProposedD1 285078.70 99.91 142.118 143.81 0.000549 10.80 41561.01 3830.24 0.31
Reach-1 269529 Max WS 010yr-ProposedD1 147153.80 100.75 135.092 135.87 0.000308 7.12 23902.15 2427.62 0.23
Reach-1 269529 Max WS 050yr-ProposedD1 238809.30 100.75 139.737 141.10 0.000463 9.60 38689.80 4454.92 0.29
Reach-1 269529 Max WS 100yr-ProposedD1 284971.10 100.75 141.634 143.25 0.000526 10.60 45279.05 4786.65 0.31
Reach-1 268320 Max WS 010yr-ProposedD1 147130.90 100.75 134.779 135.50 0.000308 6.94 29501.03 4034.90 0.23
Reach-1 268320 Max WS 050yr-ProposedD1 238774.80 100.75 139.320 140.52 0.000445 9.18 46654.06 5410.89 0.28
Reach-1 268320 Max WS 100yr-ProposedD1 284891.10 100.75 141.182 142.58 0.000497 10.06 5422717 5525.28 0.30
Reach-1 267678 Max WS 010yr-ProposedD1 147112.20 100.75 134.680 135.29 0.000283 6.50 36886.72 4603.25 0.22
Reach-1 267678 Max WS 050yr-ProposedD1 238773.30 100.75 139.198 140.17 0.000394 8.47 56222.45 5471.77 0.26
Reach-1 267678 Max WS 100yr-ProposedD1 284885.30 100.75 141.053 142.17 0.000435 9.25 64528.61 5478.37 0.28
Reach-1 266472 Max WS 010yr-ProposedD1 147111.30 100.75 134.462 134.88 0.000227 5.73 53612.21 7843.55 0.19
Reach-1 266472 Max WS 050yr-ProposedD1 238747.60 100.75 138.883 139.55 0.000314 7.45 76763.93 9109.70 0.23
Reach-1 266472 Max WS 100yr-ProposedD1 284872.50 100.75 140.709 141.46 0.000344 8.09 86539.19 9221.11 0.25
Reach-1 265472 Max WS 010yr-ProposedD1 147102.20 100.76 134.330 134.65 0.000188 5.22 60975.20 6827.86 0.17
Reach-1 265472 Max WS 050yr-ProposedD1 238734.50 100.76 138.730 139.19 0.000246 6.59 83242.39 7375.45 0.20
Reach-1 265472 Max WS 100yr-ProposedD1 284839.30 100.76 140.545 141.07 0.000268 7.14 92660.09 7511.22 0.22
Reach-1 264426 Max WS 010yr-ProposedD1 147087.70 100.76 134.024 134.50 0.000245 5.98 51096.71 5902.00 0.20
Reach-1 264426 Max WS 050yr-ProposedD1 238713.80 100.76 138.320 139.03 0.000328 7.62 73477.94 6339.98 0.24
Reach-1 264426 Max WS 100yr-ProposedD1 284701.20 100.76 140.090 140.90 0.000363 8.30 82970.76 6428.58 0.25
Reach-1 263569 Max WS 010yr-ProposedD1 147078.90 100.76 133.818 134.28 0.000242 5.75 49273.84 7021.54 0.20
Reach-1 263569 Max WS 050yr-ProposedD1 238702.40 100.76 138.067 138.73 0.000311 7.20 75564.52 7103.31 0.23
Reach-1 263569 Max WS 100yr-ProposedD1 284672.70 100.76 139.819 140.56 0.000339 7.81 86418.59 13542.00 0.24
Reach-1 262577 Max WS 010yr-ProposedD1 147069.60 100.76 133.753 134.02 0.000162 4.61 68471.43 6716.41 0.16
Reach-1 262577 Max WS 050yr-ProposedD1 238697.50 100.76 137.963 138.37 0.000218 5.93 94394.10 8420.51 0.19
Reach-1 262577 Max WS 100yr-ProposedD1 284675.30 100.76 139.700 140.18 0.000241 6.48 105356.40 8792.22 0.20
Reach-1 261551 Max WS 010yr-ProposedD1 147064.20 97.61 133.495 133.87 0.000206 5.22 57392.20 8411.56 0.18
Reach-1 261551 Max WS 050yr-ProposedD1 238683.50 97.61 137.642 138.17 0.000265 6.56 84939.59 9668.16 0.21
Reach-1 261551 Max WS 100yr-ProposedD1 284646.60 97.61 139.352 139.95 0.000289 711 96319.00 10643.66 0.22
Reach-1 260635 Max WS 010yr-ProposedD1 147052.50 97.61 133.238 133.71 0.000242 5.97 55668.54 8663.70 0.20
Reach-1 260635 Max WS 050yr-ProposedD1 238668.10 97.61 137.318 137.98 0.000316 7.47 83237.05 10211.08 0.23
Reach-1 260635 Max WS 100yr-ProposedD1 284632.50 97.61 139.002 139.74 0.000346 8.08 94631.17 10651.24 0.24
Reach-1 259263 Max WS 010yr-ProposedD1 147043.60 97.61 132.916 114.28 133.35 0.000242 5.75 50292.25 11611.55 0.20
Reach-1 259263 Max WS 050yr-ProposedD1 238642.90 97.61 136.819 118.94 137.52 0.000347 7.56 67293.16 12250.86 0.24
Reach-1 259263 Max WS 100yr-ProposedD1 284593.70 97.61 138.420 121.11 139.26 0.000394 8.34 74319.13 12366.44 0.26
Reach-1 259032 Bridge

Reach-1 258805 Max WS 010yr-ProposedD1 147036.20 98.28 132.766 133.18 0.000249 5.71 53363.28 11101.31 0.20
Reach-1 258805 Max WS 050yr-ProposedD1 238639.60 98.28 136.615 137.28 0.000354 7.49 70815.92 11506.80 0.24
Reach-1 258805 Max WS 100yr-ProposedD1 284575.50 98.28 138.198 138.99 0.000400 8.25 78027.05 11659.79 0.26
Reach-1 257368 Max WS 010yr-ProposedD1 147028.70 97.61 132.390 132.46 0.000700 2.85 83743.14 11632.18 0.10




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)
Reach-1 257368 Max WS 050yr-ProposedD1 238623.40 97.61 136.266 136.35 0.000748 3.21 113507.90 11970.58 0.10
Reach-1 257368 Max WS 100yr-ProposedD1 284554.50 97.61 137.862 137.96 0.000775 3.38 125787.50 16456.71 0.10
Reach-1 254766 Max WS 010yr-ProposedD1 147003.20 99.27 131.486 131.67 0.000148 4.31 9347711 13304.67 0.15
Reach-1 254766 Max WS 050yr-ProposedD1 238589.40 99.27 135.288 135.52 0.000177 5.20 130374.40 13505.33 0.17
Reach-1 254766 Max WS 100yr-ProposedD1 284484.10 99.27 136.844 137.10 0.000189 5.58 145552.30 13538.36 0.18
Reach-1 250071 Max WS 010yr-ProposedD1 146979.20 84.54 130.192 131.11 0.000583 8.25 45395.07 9221.38 0.30
Reach-1 250071 Max WS 050yr-ProposedD1 238545.70 84.54 133.974 134.96 0.000626 9.44 80188.63 9859.23 0.32
Reach-1 250071 Max WS 100yr-ProposedD1 284418.20 84.54 135.497 136.52 0.000643 9.93 94218.60 10466.64 0.33
Reach-1 248531 Max WS 010yr-ProposedD1 146951.00 84.54 129.238 130.51 0.000580 10.10 47025.89 8104.17 0.32
Reach-1 248531 Max WS 050yr-ProposedD1 238515.70 84.54 132.874 134.37 0.000719 12.09 77893.71 8922.63 0.36
Reach-1 248531 Max WS 100yr-ProposedD1 284333.40 84.54 134.362 135.90 0.000756 12.74 91127.08 9296.53 0.37
Reach-1 246078 Max WS 010yr-ProposedD1 146938.00 98.13 128.829 129.29 0.000322 6.32 47051.42 8654.22 0.23
Reach-1 246078 Max WS 050yr-ProposedD1 238490.20 98.13 132.384 132.91 0.000355 7.26 73213.32 9759.91 0.24
Reach-1 246078 Max WS 100yr-ProposedD1 284292.70 98.13 133.838 134.41 0.000368 7.65 84569.50 10275.57 0.25
Reach-1 244614 Max WS 010yr-ProposedD1 146920.40 98.13 128.191 129.00 0.000449 7.76 45493.01 8811.87 0.27
Reach-1 244614 Max WS 050yr-ProposedD1 238458.10 98.13 131.577 132.69 0.000599 9.73 70960.05 9720.40 0.32
Reach-1 244614 Max WS 100yr-ProposedD1 284215.10 98.13 132.973 134.20 0.000652 10.48 81662.14 9879.45 0.33
Reach-1 242472 Max WS 010yr-ProposedD1 146846.90 94.20 126.808 126.97 0.001465 3.97 49999.21 9572.70 0.14
Reach-1 242472 Max WS 050yr-ProposedD1 238407.90 94.20 130.469 130.64 0.001163 3.86 75533.43 10980.13 0.12
Reach-1 242472 Max WS 100yr-ProposedD1 284089.10 94.20 131.938 132.12 0.001074 3.83 86331.13 11515.22 0.12
Reach-1 241833 Max WS 010yr-ProposedD1 146788.30 93.70 126.015 126.72 0.000407 7.48 52566.25 9546.80 0.26
Reach-1 241833 Max WS 050yr-ProposedD1 238347.90 93.70 129.678 130.59 0.000514 9.17 80769.97 11403.21 0.30
Reach-1 241833 Max WS 100yr-ProposedD1 283977.30 93.70 131.143 132.14 0.000555 9.83 93239.11 11750.53 0.31
Reach-1 240531 Max WS 010yr-ProposedD1 146770.20 93.60 125.797 126.20 0.000269 5.96 76837.30 9951.34 0.21
Reach-1 240531 Max WS 050yr-ProposedD1 238325.60 93.60 129.422 129.92 0.000325 7.15 112790.40 24494.30 0.23
Reach-1 240531 Max WS 100yr-ProposedD1 283928.80 93.60 130.868 131.40 0.000350 7.67 127149.50 24652.89 0.24
Reach-1 235176 Max WS 010yr-ProposedD1 146655.60 92.80 124.905 125.67 0.000405 7.76 56945.58 9949.48 0.26
Reach-1 235176 Max WS 050yr-ProposedD1 238253.80 92.80 128.482 129.38 0.000492 9.25 93623.69 10671.59 0.29
Reach-1 235176 Max WS 100yr-ProposedD1 283770.70 92.80 129.903 130.85 0.000523 9.82 109015.60 23827.55 0.30
Reach-1 232472 Max WS 010yr-ProposedD1 146565.60 91.70 124.206 124.79 0.000309 6.78 63469.26 22623.85 0.23
Reach-1 232472 Max WS 050yr-ProposedD1 238168.00 91.70 127.616 128.35 0.000392 8.25 98795.27 23089.54 0.26
Reach-1 232472 Max WS 100yr-ProposedD1 283659.90 91.70 128.968 129.76 0.000427 8.85 112897.10 23128.65 0.27
Reach-1 231472 Max WS 010yr-ProposedD1 146503.30 91.70 123.683 124.53 0.000516 7.97 48221.88 22378.70 0.29
Reach-1 231472 Max WS 050yr-ProposedD1 238109.30 91.70 126.998 128.02 0.000627 9.57 80727.70 22666.15 0.32
Reach-1 231472 Max WS 100yr-ProposedD1 283568.30 91.70 128.312 129.40 0.000668 10.19 93749.85 22712.27 0.33
Reach-1 230472 Max WS 010yr-ProposedD1 146433.90 91.60 123.115 124.06 0.000540 8.38 45831.73 20661.80 0.29
Reach-1 230472 Max WS 050yr-ProposedD1 238039.80 91.60 126.293 127.47 0.000685 10.20 76995.58 22383.29 0.33
Reach-1 230472 Max WS 100yr-ProposedD1 283467.70 91.60 127.558 128.82 0.000736 10.89 89420.69 22464.31 0.35
Reach-1 229472 Max WS 010yr-ProposedD1 146406.60 89.34 122.810 123.42 0.000349 6.90 51205.07 20783.54 0.23
Reach-1 229472 Max WS 050yr-ProposedD1 237993.60 89.34 125.902 126.61 0.000425 8.19 83647.25 22014.37 0.26
Reach-1 229472 Max WS 100yr-ProposedD1 283401.80 89.34 127.141 127.87 0.000450 8.66 96687.50 22198.49 0.27
Reach-1 228472 Max WS 010yr-ProposedD1 146382.50 90.08 122.560 123.10 0.000304 6.65 59467.36 19532.06 0.22
Reach-1 228472 Max WS 050yr-ProposedD1 237964.30 90.08 125.600 126.21 0.000371 7.86 94975.97 23245.78 0.25
Reach-1 228472 Max WS 100yr-ProposedD1 283383.10 90.08 126.821 127.46 0.000394 8.32 109246.90 23497.86 0.26
Reach-1 227472 Max WS 010yr-ProposedD1 146338.80 90.79 122.155 122.83 0.000390 7.45 56976.79 21484.16 0.25
Reach-1 227472 Max WS 050yr-ProposedD1 237921.20 90.79 125.164 125.86 0.000444 8.49 96225.02 24386.51 0.27
Reach-1 227472 Max WS 100yr-ProposedD1 283324.70 90.79 126.374 127.06 0.000460 8.87 112200.90 24515.88 0.27
Reach-1 226472 Max WS 010yr-ProposedD1 146315.20 91.17 121.834 122.41 0.000353 6.96 64267.22 20649.90 0.24
Reach-1 226472 Max WS 050yr-ProposedD1 237897.40 91.17 124.793 125.38 0.000398 7.93 106354.30 24783.48 0.26
Reach-1 226472 Max WS 100yr-ProposedD1 283281.60 91.17 125.989 126.58 0.000411 8.27 123509.00 24876.49 0.26
Reach-1 225472 Max WS 010yr-ProposedD1 146297.50 89.79 121.540 122.06 0.000324 6.85 72556.38 23178.75 0.23
Reach-1 225472 Max WS 050yr-ProposedD1 237871.00 89.79 124.433 125.00 0.000388 8.01 114393.10 23483.93 0.26
Reach-1 225472 Max WS 100yr-ProposedD1 283265.00 89.79 125.607 126.19 0.000410 8.45 131598.70 23607.86 0.26
Reach-1 224472 Max WS 010yr-ProposedD1 146266.00 90.65 121.080 121.85 0.000489 7.80 60382.95 24053.47 0.28
Reach-1 224472 Max WS 050yr-ProposedD1 237846.40 90.65 123.943 124.74 0.000553 8.93 108070.90 25289.26 0.30
Reach-1 224472 Max WS 100yr-ProposedD1 283231.20 90.65 125.111 125.90 0.000566 9.29 127691.80 25312.95 0.31
Reach-1 223472 Max WS 010yr-ProposedD1 146237.00 91.51 120.629 121.31 0.000632 7.71 67204.45 21375.91 0.30
Reach-1 223472 Max WS 050yr-ProposedD1 237820.10 91.51 123.525 124.09 0.000582 8.09 118050.40 25708.02 0.30
Reach-1 223472 Max WS 100yr-ProposedD1 283201.30 91.51 124.701 125.23 0.000566 8.25 138759.20 25794.03 0.30
Reach-1 222472 Max WS 010yr-ProposedD1 146222.40 90.62 120.243 120.66 0.000361 5.91 76158.17 21541.10 0.23
Reach-1 222472 Max WS 050yr-ProposedD1 237801.00 90.62 123.098 123.54 0.000396 6.77 127897.70 23333.19 0.25
Reach-1 222472 Max WS 100yr-ProposedD1 283185.60 90.62 124.265 124.72 0.000406 7.09 149088.80 24059.21 0.26
Reach-1 220272 Max WS 146206.80 93.07 119.811 120.18 0.000428 5.53 73950.73 25550.86 0.25
Reach-1 220272 Max WS 050yr-ProposedD1 237785.20 93.07 122.715 123.06 0.000417 5.99 129736.50 27277.00 0.24
Reach-1 220272 Max WS 100yr-ProposedD1 283170.50 93.07 123.892 124.23 0.000414 6.18 152394.70 27395.77 0.24




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (fuft) (ft/s) (sq ft) (ft)
Reach-1 217472 Max WS 010yr-ProposedD1 146193.30 91.92 118.856 119.15 0.000447 6.10 99399.62 23068.22 0.25
Reach-1 217472 Max WS 050yr-ProposedD1 237772.00 91.92 121.830 122.08 0.000407 6.42 153136.70 25855.44 0.24
Reach-1 217472 Max WS 100yr-ProposedD1 283156.60 91.92 123.014 123.26 0.000405 6.63 174644.70 26117.52 0.25
Reach-1 216472 Max WS 010yr-ProposedD1 146192.00 91.48 118.365 107.27 118.80 0.000400 6.45 86862.89 25811.07 0.25
Reach-1 216472 Max WS 050yr-ProposedD1 237772.20 91.48 121.364 115.98 121.76 0.000400 7.02 145766.00 27383.30 0.25
Reach-1 216472 Max WS 100yr-ProposedD1 283153.70 91.48 122.551 117.03 122.94 0.000400 7.25 169405.90 27458.83 0.25




HEC-RAS River: Congaree River Reach: Reach-1  Profile: Max WS

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)

Reach-1 288770 Max WS 010yr-ProposedD2 147475.10 128.14 144.320 144.96 0.000711 6.42 23023.06 1517.17 0.29
Reach-1 288770 Max WS 050yr-ProposedD2 239238.80 128.14 151.251 152.05 0.000540 717 33629.95 1544.20 0.27
Reach-1 288770 Max WS 100yr-ProposedD2 285868.00 128.14 154.389 155.26 0.000496 7.50 38498.34 1733.69 0.26
Reach-1 287472 Max WS 010yr-ProposedD2 147451.00 125.74 143.619 144.06 0.000678 5.31 27777.35 2368.07 0.27
Reach-1 287472 Max WS 050yr-ProposedD2 239227.50 125.74 151.028 151.45 0.000364 5.21 45941.84 2532.05 0.22
Reach-1 287472 Max WS 100yr-ProposedD2 285865.80 125.74 154.294 154.73 0.000303 5.27 54259.29 2877.00 0.20
Reach-1 286338 Max WS 010yr-ProposedD2 147445.60 117.29 143.318 127.02 143.57 0.000175 4.06 38222.70 2033.99 0.15
Reach-1 286338 Max WS 050yr-ProposedD2 239220.50 117.29 150.794 129.77 151.15 0.000170 4.87 52504.49 2183.26 0.16
Reach-1 286338 Max WS 100yr-ProposedD2 285856.40 117.29 154.057 130.99 154.46 0.000170 5.21 59035.05 2415.30 0.16
Reach-1 286221 Bridge

Reach-1 286106 Max WS 010yr-ProposedD2 147444.20 117.10 143.066 143.31 0.000172 3.91 38105.31 2033.45 0.15
Reach-1 286106 Max WS 050yr-ProposedD2 239224.00 117.10 150.553 150.90 0.000162 4.59 52355.08 2168.70 0.15
Reach-1 286106 Max WS 100yr-ProposedD2 285856.80 117.10 153.821 154.22 0.000161 4.89 58624.95 2388.54 0.15
Reach-1 284778 Max WS 010yr-ProposedD2 147438.80 112.83 142.840 122.38 143.10 0.000134 4.07 36407.20 1384.40 0.14
Reach-1 284778 Max WS 050yr-ProposedD2 239210.80 112.83 150.253 125.28 150.67 0.000157 5.17 46936.05 1474.51 0.16
Reach-1 284778 Max WS 100yr-ProposedD2 285856.20 112.83 153.482 126.61 153.98 0.000166 5.65 51653.88 1498.90 0.16
Reach-1 284668 Bridge

Reach-1 284565 Max WS 010yr-ProposedD2 147434.10 111.22 141.151 141.41 0.000135 4.08 36298.00 1383.77 0.14
Reach-1 284565 Max WS 050yr-ProposedD2 239206.10 111.22 148.544 148.96 0.000158 5.19 46777.34 1473.76 0.16
Reach-1 284565 Max WS 100yr-ProposedD2 285851.30 111.22 151.733 152.23 0.000168 5.67 51411.97 1497.84 0.16
Reach-1 284431 Max WS 010yr-ProposedD2 147433.70 111.36 141.009 141.39 0.000280 5.01 31292.38 1505.34 0.18
Reach-1 284431 Max WS 050yr-ProposedD2 239211.30 111.36 148.416 148.96 0.000283 5.99 42940.30 1680.24 0.19
Reach-1 284431 Max WS 100yr-ProposedD2 285850.40 111.36 151.627 152.27 0.000279 6.33 48185.13 1706.05 0.19
Reach-1 284408 Max WS 010yr-ProposedD2 147428.80 111.06 140.958 141.38 0.000252 5.21 28363.45 1375.07 0.19
Reach-1 284408 Max WS 050yr-ProposedD2 239206.50 111.06 148.319 148.94 0.000266 6.38 40410.99 1626.41 0.20
Reach-1 284408 Max WS 100yr-ProposedD2 285850.40 111.06 151.496 152.21 0.000272 6.88 45468.00 1687.15 0.21
Reach-1 284395 Max WS 010yr-ProposedD2 147429.20 111.13 140.947 141.38 0.000257 5.26 28097.25 1348.12 0.19
Reach-1 284395 Max WS 050yr-ProposedD2 239209.40 111.13 148.297 148.94 0.000273 6.47 39469.09 1515.46 0.20
Reach-1 284395 Max WS 100yr-ProposedD2 285845.90 111.13 151.470 152.21 0.000280 6.98 44420.91 1676.80 0.21
Reach-1 284372 Max WS 010yr-ProposedD2 147429.30 111.51 140.933 141.37 0.000257 5.33 27726.37 1254.80 0.19
Reach-1 284372 Max WS 050yr-ProposedD2 239206.00 111.51 148.267 148.93 0.000291 6.58 38334.45 1485.18 0.21
Reach-1 284372 Max WS 100yr-ProposedD2 285846.10 111.51 151.436 152.21 0.000304 7.10 43118.21 1543.33 0.21
Reach-1 284267 Max WS 010yr-ProposedD2 147425.40 108.23 140.838 141.34 0.000282 5.71 26135.50 1133.02 0.20
Reach-1 284267 Max WS 050yr-ProposedD2 239206.20 108.23 148.111 148.90 0.000320 717 35658.01 1471.37 0.22
Reach-1 284267 Max WS 100yr-ProposedD2 285841.90 108.23 151.252 152.18 0.000334 7.79 40171.30 1511.57 0.23
Reach-1 284060 Max WS 010yr-ProposedD2 147423.90 108.45 140.702 141.28 0.000304 6.12 24507.64 1159.90 0.21
Reach-1 284060 Max WS 050yr-ProposedD2 239196.40 108.45 147.931 148.85 0.000354 7.74 34507.45 1444.35 0.23
Reach-1 284060 Max WS 100yr-ProposedD2 285845.00 108.45 151.053 152.13 0.000372 8.41 38968.07 1469.17 0.24
Reach-1 283820 Max WS 010yr-ProposedD2 147414.90 107.22 140.549 141.20 0.000430 6.46 22932.07 1126.85 0.21
Reach-1 283820 Max WS 050yr-ProposedD2 239196.00 107.22 147.744 148.76 0.000514 8.18 32840.24 1607.18 0.24
Reach-1 283820 Max WS 100yr-ProposedD2 285844.10 107.22 150.870 152.04 0.000538 8.85 37578.12 1664.83 0.25
Reach-1 283636 Max WS 010yr-ProposedD2 147415.70 105.24 140.479 141.13 0.000321 6.46 22928.57 1312.20 0.21
Reach-1 283636 Max WS 050yr-ProposedD2 239192.80 105.24 147.675 148.68 0.000377 8.14 35856.70 1802.58 0.24
Reach-1 283636 Max WS 100yr-ProposedD2 285843.80 105.24 150.800 151.96 0.000394 8.81 41517.27 1865.53 0.25
Reach-1 283611 Max WS 010yr-ProposedD2 147413.70 105.38 140.418 141.12 0.000332 6.74 22356.08 1273.82 0.22
Reach-1 283611 Max WS 050yr-ProposedD2 239188.40 105.38 147.586 148.69 0.000400 8.55 34685.29 1806.89 0.25
Reach-1 283611 Max WS 100yr-ProposedD2 285835.30 105.38 150.702 151.98 0.000421 9.27 40610.30 1865.01 0.26
Reach-1 283601 Max WS 010yr-ProposedD2 147406.10 105.38 140.403 141.12 0.000344 6.79 22118.89 1264.73 0.22
Reach-1 283601 Max WS 050yr-ProposedD2 239188.20 105.38 147.613 148.69 0.000399 8.49 34568.13 1833.38 0.25
Reach-1 283601 Max WS 100yr-ProposedD2 285843.70 105.38 150.758 151.97 0.000412 9.11 40394.24 1868.47 0.26
Reach-1 283574 Max WS 010yr-ProposedD2 147409.20 105.18 140.334 141.11 0.000452 7.08 21097.75 1243.17 0.23
Reach-1 283574 Max WS 050yr-ProposedD2 239187.70 105.18 147.557 148.69 0.000512 8.75 33919.25 1848.62 0.26
Reach-1 283574 Max WS 100yr-ProposedD2 285833.10 105.18 150.716 151.97 0.000522 9.35 39802.77 1875.41 0.26
Reach-1 283490 Max WS 010yr-ProposedD2 147406.30 104.94 140.279 141.06 0.000709 7.10 21427.46 1509.98 0.24
Reach-1 283490 Max WS 050yr-ProposedD2 239187.30 104.94 147.578 148.63 0.000742 8.51 37049.38 1844.90 0.25
Reach-1 283490 Max WS 100yr-ProposedD2 285836.30 104.94 150.730 151.90 0.000757 9.10 42895.28 1864.25 0.26
Reach-1 283342 Max WS 010yr-ProposedD2 147406.70 107.64 140.245 140.97 0.000488 6.84 22113.11 1496.40 0.23
Reach-1 283342 Max WS 050yr-ProposedD2 239187.30 107.64 147.590 148.51 0.000496 8.04 37833.25 1739.05 0.24
Reach-1 283342 Max WS 100yr-ProposedD2 285842.80 107.64 150.747 151.78 0.000507 8.61 43376.24 1770.49 0.24
Reach-1 283203 Max WS 010yr-ProposedD2 147407.70 106.22 140.268 140.95 0.000332 6.66 22714.64 1538.60 0.22
Reach-1 283203 Max WS 050yr-ProposedD2 239187.80 106.22 147.544 148.44 0.000349 7.94 38784.51 1679.13 0.23
Reach-1 283203 Max WS 100yr-ProposedD2 285836.90 106.22 150.686 151.71 0.000362 8.55 44120.68 1732.19 0.24
Reach-1 283179 Max WS 010yr-ProposedD2 147399.30 107.82 140.085 140.91 0.000448 7.29 20856.00 1507.46 0.25
Reach-1 283179 Max WS 050yr-ProposedD2 239189.20 107.82 147.452 148.46 0.000432 8.44 36962.81 1666.24 0.26
Reach-1 283179 Max WS 100yr-ProposedD2 285836.10 107.82 150.594 151.73 0.000441 9.04 42270.18 1710.14 0.26




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)

Reach-1 283169 Max WS 010yr-ProposedD2 147399.60 107.38 140.081 140.90 0.000454 7.30 20806.22 1527.22 0.25
Reach-1 283169 Max WS 050yr-ProposedD2 239189.00 107.38 147.453 148.46 0.000435 8.42 36912.44 1669.41 0.26
Reach-1 283169 Max WS 100yr-ProposedD2 285836.00 107.38 150.597 151.72 0.000442 9.01 42232.02 1713.82 0.26
Reach-1 283139 Max WS 010yr-ProposedD2 147405.50 104.58 140.182 140.90 0.000362 6.82 22399.93 1543.80 0.23
Reach-1 283139 Max WS 050yr-ProposedD2 239188.50 104.58 147.498 148.43 0.000375 8.09 38308.50 1678.70 0.24
Reach-1 283139 Max WS 100yr-ProposedD2 285835.10 104.58 150.639 151.70 0.000387 8.70 43651.39 1723.10 0.25
Reach-1 283093 Max WS 010yr-ProposedD2 147396.70 104.60 140.183 140.87 0.000476 6.68 22929.51 1608.13 0.22
Reach-1 283093 Max WS 050yr-ProposedD2 239187.60 104.60 147.529 148.40 0.000480 7.83 39029.63 1724.28 0.23
Reach-1 283093 Max WS 100yr-ProposedD2 285836.90 104.60 150.685 151.66 0.000491 8.38 44523.08 1756.13 0.24
Reach-1 283052 Max WS 010yr-ProposedD2 147407.50 105.26 140.242 140.86 0.000319 6.49 28096.19 1643.56 0.21
Reach-1 283052 Max WS 050yr-ProposedD2 239185.90 105.26 147.503 148.39 0.000355 7.95 40406.89 1748.16 0.23
Reach-1 283052 Max WS 100yr-ProposedD2 285835.50 105.26 150.651 151.65 0.000367 8.55 45965.34 1783.08 0.24
Reach-1 283001 Max WS 010yr-ProposedD2 147407.80 105.29 140.312 140.84 0.000337 6.08 30806.07 1658.68 0.20
Reach-1 283001 Max WS 050yr-ProposedD2 239190.60 105.29 147.598 148.34 0.000376 7.44 43381.66 1792.25 0.22
Reach-1 283001 Max WS 100yr-ProposedD2 285835.70 105.29 150.757 151.60 0.000389 8.00 49097.55 1824.09 0.22
Reach-1 282937 Max WS 010yr-ProposedD2 147397.10 107.24 139.906 140.84 0.000608 7.80 19496.13 1600.84 0.27
Reach-1 282937 Max WS 050yr-ProposedD2 239190.00 107.24 147.477 148.35 0.000475 8.19 40287.49 1800.48 0.25
Reach-1 282937 Max WS 100yr-ProposedD2 285836.70 107.24 150.636 151.61 0.000478 8.73 45822.02 1843.95 0.25
Reach-1 282912 Max WS 010yr-ProposedD2 147397.50 108.80 140.046 140.92 0.000502 7.58 20468.07 1617.68 0.26
Reach-1 282912 Max WS 050yr-ProposedD2 239188.50 108.80 147.447 148.35 0.000422 8.23 40643.31 1862.96 0.25
Reach-1 282912 Max WS 100yr-ProposedD2 285835.70 108.80 150.605 151.61 0.000425 8.77 46485.43 1913.50 0.26
Reach-1 282902 Max WS 010yr-ProposedD2 147397.70 108.80 139.945 140.82 0.000508 7.57 20464.64 1612.30 0.26
Reach-1 282902 Max WS 050yr-ProposedD2 239190.90 108.80 147.439 148.34 0.000425 8.23 40466.94 1878.71 0.25
Reach-1 282902 Max WS 100yr-ProposedD2 285837.40 108.80 150.598 151.60 0.000426 8.76 46338.98 1926.71 0.26
Reach-1 282874 Max WS 010yr-ProposedD2 147404.20 108.58 140.157 140.82 0.000369 6.78 25316.38 1625.17 0.22
Reach-1 282874 Max WS 050yr-ProposedD2 239191.00 108.58 147.498 148.32 0.000371 7.93 42667.48 1912.09 0.23
Reach-1 282874 Max WS 100yr-ProposedD2 285837.70 108.58 150.641 151.58 0.000386 8.56 48261.62 1994.34 0.24
Reach-1 282707 Max WS 010yr-ProposedD2 147393.00 108.26 139.929 140.73 0.000446 7.22 21250.75 1618.78 0.24
Reach-1 282707 Max WS 050yr-ProposedD2 239188.40 108.26 147.358 148.26 0.000408 8.11 39795.35 1864.88 0.24
Reach-1 282707 Max WS 100yr-ProposedD2 285837.00 108.26 150.511 151.52 0.000414 8.67 45446.93 2184.92 0.25
Reach-1 282424 Max WS 010yr-ProposedD2 147397.50 108.13 139.966 140.60 0.000386 6.44 23642.37 1488.32 0.21
Reach-1 282424 Max WS 050yr-ProposedD2 239184.40 108.13 147.299 148.12 0.000395 7.59 40152.38 1727.45 0.22
Reach-1 282424 Max WS 100yr-ProposedD2 285837.60 108.13 150.448 151.37 0.000406 8.14 45614.16 1740.70 0.23
Reach-1 282071 Max WS 010yr-ProposedD2 147397.50 111.09 139.950 140.47 0.000353 5.91 28582.36 1563.68 0.20
Reach-1 282071 Max WS 050yr-ProposedD2 239180.00 111.09 147.204 147.96 0.000390 7.25 40286.44 1643.15 0.22
Reach-1 282071 Max WS 100yr-ProposedD2 285837.60 111.09 150.344 151.21 0.000403 7.81 45479.27 1664.80 0.22
Reach-1 281647 Max WS 010yr-ProposedD2 147395.60 105.74 139.888 120.13 140.34 0.000225 5.53 31337.56 1583.23 0.18
Reach-1 281647 Max WS 050yr-ProposedD2 239182.00 105.74 147.087 123.90 147.81 0.000272 7.05 41614.27 1712.98 0.21
Reach-1 281647 Max WS 100yr-ProposedD2 285834.10 105.74 150.199 125.64 151.05 0.000290 7.69 46370.62 1794.68 0.22
Reach-1 281538 Bridge

Reach-1 281423 Max WS 010yr-ProposedD2 147394.60 105.74 139.748 140.20 0.000220 5.46 31335.64 1498.51 0.18
Reach-1 281423 Max WS 050yr-ProposedD2 239180.10 105.74 146.886 147.61 0.000269 6.99 41296.05 1643.80 0.20
Reach-1 281423 Max WS 100yr-ProposedD2 285832.40 105.74 149.960 150.82 0.000289 7.65 45634.39 1717.47 0.22
Reach-1 279961 Max WS 010yr-ProposedD2 147373.90 101.65 139.302 139.87 0.000255 6.13 28465.23 1340.31 0.19
Reach-1 279961 Max WS 050yr-ProposedD2 239157.80 101.65 146.289 147.22 0.000328 7.95 38346.32 1459.87 0.23
Reach-1 279961 Max WS 100yr-ProposedD2 285824.00 101.65 149.301 150.41 0.000357 8.72 42795.31 1504.64 0.24
Reach-1 279605 Max WS 010yr-ProposedD2 147374.20 101.65 139.214 139.78 0.000253 6.15 29450.89 1429.04 0.19
Reach-1 279605 Max WS 050yr-ProposedD2 239160.30 101.65 146.183 147.11 0.000325 7.96 40006.07 1564.21 0.23
Reach-1 279605 Max WS 100yr-ProposedD2 285824.50 101.65 149.191 150.29 0.000353 8.72 44761.06 1594.05 0.24
Reach-1 278919 Max WS 010yr-ProposedD2 147367.70 101.65 139.088 139.61 0.000239 5.92 31344.63 1594.19 0.19
Reach-1 278919 Max WS 050yr-ProposedD2 239153.30 101.65 146.033 146.88 0.000305 7.65 43202.07 1766.93 0.22
Reach-1 278919 Max WS 100yr-ProposedD2 285823.00 101.65 149.039 150.03 0.000329 8.36 48551.63 1809.62 0.23
Reach-1 277724 Max WS 010yr-ProposedD2 147344.70 100.07 138.800 115.50 139.33 0.000213 5.90 29059.61 1369.78 0.18
Reach-1 277724 Max WS 050yr-ProposedD2 239140.90 100.07 145.606 119.83 146.51 0.000293 7.81 38124.52 1756.21 0.22
Reach-1 277724 Max WS 100yr-ProposedD2 285820.60 100.07 148.547 121.80 149.64 0.000325 8.62 42182.76 1774.79 0.23
Reach-1 277625 Bridge

Reach-1 277512 Max WS 010yr-ProposedD2 147346.90 100.07 138.620 139.16 0.000218 5.97 28410.82 1319.09 0.18
Reach-1 277512 Max WS 050yr-ProposedD2 239131.90 100.07 145.280 146.23 0.000305 7.97 37004.13 1689.61 0.22
Reach-1 277512 Max WS 100yr-ProposedD2 285808.40 100.07 148.129 149.28 0.000341 8.82 40997.18 1804.24 0.24
Reach-1 277500 Max WS 010yr-ProposedD2 147344.50 101.08 138.560 115.95 139.16 0.000246 6.26 25663.64 1165.42 0.19
Reach-1 277500 Max WS 050yr-ProposedD2 239131.80 101.08 145.180 120.51 146.24 0.000343 8.35 32834.86 1700.17 0.23
Reach-1 277500 Max WS 100yr-ProposedD2 285806.10 101.08 147.998 122.61 149.29 0.000385 9.26 35887.39 1769.42 0.25
Reach-1 277397 Bridge




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)

Reach-1 277287 Max WS 010yr-ProposedD2 147319.40 102.92 138.031 138.74 0.000322 6.77 22414.45 903.83 0.22
Reach-1 277287 Max WS 050yr-ProposedD2 239086.40 102.92 144.241 145.50 0.000449 9.05 28701.46 1626.61 0.26
Reach-1 277287 Max WS 100yr-ProposedD2 285750.30 102.92 146.828 148.38 0.000506 10.06 31435.46 1725.74 0.28
Reach-1 276335 Max WS 010yr-ProposedD2 147291.90 101.04 137.508 138.41 0.000384 7.63 19603.96 647.53 0.24
Reach-1 276335 Max WS 050yr-ProposedD2 239038.20 101.04 143.337 145.03 0.000578 10.46 23434.96 666.84 0.30
Reach-1 276335 Max WS 100yr-ProposedD2 285665.70 101.04 145.707 147.84 0.000674 11.76 25023.84 673.87 0.33
Reach-1 276088 Max WS 010yr-ProposedD2 147281.60 101.04 137.260 138.31 0.000432 8.25 18302.92 597.82 0.25
Reach-1 276088 Max WS 050yr-ProposedD2 239002.00 101.04 142.870 144.89 0.000673 11.43 21695.58 611.54 0.32
Reach-1 276088 Max WS 100yr-ProposedD2 285562.60 101.04 145.113 147.68 0.000795 12.90 23073.35 616.90 0.35
Reach-1 275472 Max WS 010yr-ProposedD2 147269.60 101.04 137.067 138.06 0.000420 8.11 21016.67 856.48 0.25
Reach-1 275472 Max WS 050yr-ProposedD2 239003.10 101.04 142.670 144.51 0.000639 11.10 25861.11 872.85 0.31
Reach-1 275472 Max WS 100yr-ProposedD2 285516.10 101.04 144.929 147.24 0.000747 12.46 27840.06 879.45 0.34
Reach-1 274472 Max WS 010yr-ProposedD2 147256.60 101.04 136.884 137.64 0.000357 6.98 22011.79 1010.20 0.23
Reach-1 274472 Max WS 050yr-ProposedD2 238980.60 101.04 142.474 143.84 0.000518 9.44 27645.11 1095.46 0.28
Reach-1 274472 Max WS 100yr-ProposedD2 285531.10 101.04 144.744 146.45 0.000596 10.55 29985.68 1107.77 0.30
Reach-1 273472 Max WS 010yr-ProposedD2 147236.50 99.91 136.557 137.30 0.000328 6.91 21942.79 781.55 0.22
Reach-1 273472 Max WS 050yr-ProposedD2 238944.10 99.91 141.927 143.33 0.000505 9.53 26197.81 802.46 0.28
Reach-1 273472 Max WS 100yr-ProposedD2 285405.60 99.91 144.070 145.85 0.000594 10.74 27926.57 810.34 0.30
Reach-1 272318 Max WS 010yr-ProposedD2 147188.00 99.91 135.785 136.85 0.000464 8.33 18735.01 784.12 0.26
Reach-1 272318 Max WS 050yr-ProposedD2 238876.10 99.91 140.722 142.72 0.000728 11.49 2727214 3121.76 0.33
Reach-1 272318 Max WS 100yr-ProposedD2 285196.40 99.91 142.748 145.18 0.000838 12.77 31836.61 3193.62 0.36
Reach-1 271472 Max WS 010yr-ProposedD2 147179.00 99.91 135.698 136.51 0.000328 7.22 20706.67 1217.83 0.24
Reach-1 271472 Max WS 050yr-ProposedD2 238859.40 99.91 140.599 142.09 0.000500 9.88 30067.37 4083.93 0.30
Reach-1 271472 Max WS 100yr-ProposedD2 285160.10 99.91 142.597 144.41 0.000572 10.97 35141.74 4211.40 0.32
Reach-1 270472 Max WS 010yr-ProposedD2 147160.10 99.91 135.366 136.18 0.000326 7.26 23098.06 2529.72 0.23
Reach-1 270472 Max WS 050yr-ProposedD2 238836.80 99.91 140.170 141.58 0.000482 9.75 36089.37 3549.20 0.29
Reach-1 270472 Max WS 100yr-ProposedD2 285079.20 99.91 142.118 143.81 0.000549 10.80 41561.01 3830.24 0.31
Reach-1 269529 Max WS 010yr-ProposedD2 147141.90 100.75 135.092 135.87 0.000308 7.12 23902.35 2427.67 0.23
Reach-1 269529 Max WS 050yr-ProposedD2 238810.80 100.75 139.737 141.10 0.000463 9.60 38689.80 4454.92 0.29
Reach-1 269529 Max WS 100yr-ProposedD2 284970.20 100.75 141.634 143.25 0.000526 10.60 45279.05 4786.65 0.31
Reach-1 268320 Max WS 010yr-ProposedD2 147130.20 100.75 134.779 135.50 0.000308 6.94 29501.03 4034.90 0.23
Reach-1 268320 Max WS 050yr-ProposedD2 238772.80 100.75 139.320 140.52 0.000445 9.18 46654.06 5410.89 0.28
Reach-1 268320 Max WS 100yr-ProposedD2 284890.10 100.75 141.182 142.58 0.000497 10.06 5422717 5525.28 0.30
Reach-1 267678 Max WS 010yr-ProposedD2 147124.10 100.75 134.680 135.29 0.000283 6.50 36886.72 4603.25 0.22
Reach-1 267678 Max WS 050yr-ProposedD2 238766.30 100.75 139.198 140.17 0.000394 8.47 56222.45 5471.77 0.26
Reach-1 267678 Max WS 100yr-ProposedD2 284885.60 100.75 141.053 142.17 0.000435 9.25 64528.61 5478.37 0.28
Reach-1 266472 Max WS 010yr-ProposedD2 147110.50 100.75 134.462 134.88 0.000227 5.73 53612.21 7843.55 0.19
Reach-1 266472 Max WS 050yr-ProposedD2 238751.10 100.75 138.883 139.55 0.000314 7.45 76763.93 9109.70 0.23
Reach-1 266472 Max WS 100yr-ProposedD2 284869.40 100.75 140.709 141.46 0.000344 8.09 86539.19 9221.11 0.25
Reach-1 265472 Max WS 010yr-ProposedD2 147102.80 100.76 134.330 134.65 0.000188 5.22 60975.20 6827.86 0.17
Reach-1 265472 Max WS 050yr-ProposedD2 238731.70 100.76 138.730 139.19 0.000246 6.59 83242.39 7375.45 0.20
Reach-1 265472 Max WS 100yr-ProposedD2 284848.50 100.76 140.545 141.07 0.000268 7.14 92660.09 7511.22 0.22
Reach-1 264426 Max WS 010yr-ProposedD2 147082.50 100.76 134.024 134.50 0.000245 5.98 51096.71 5902.00 0.20
Reach-1 264426 Max WS 050yr-ProposedD2 238721.30 100.76 138.320 139.03 0.000328 7.62 73477.94 6339.98 0.24
Reach-1 264426 Max WS 100yr-ProposedD2 284700.70 100.76 140.090 140.90 0.000363 8.30 82970.76 6428.58 0.25
Reach-1 263569 Max WS 010yr-ProposedD2 147079.80 100.76 133.818 134.28 0.000242 5.75 49273.84 7021.54 0.20
Reach-1 263569 Max WS 050yr-ProposedD2 238695.40 100.76 138.067 138.73 0.000311 7.20 75564.52 7103.31 0.23
Reach-1 263569 Max WS 100yr-ProposedD2 284672.90 100.76 139.819 140.56 0.000339 7.81 86418.59 13542.00 0.24
Reach-1 262577 Max WS 010yr-ProposedD2 147071.20 100.76 133.753 134.02 0.000162 4.61 68471.43 6716.41 0.16
Reach-1 262577 Max WS 050yr-ProposedD2 238696.90 100.76 137.963 138.37 0.000218 5.93 94394.10 8420.51 0.19
Reach-1 262577 Max WS 100yr-ProposedD2 284661.70 100.76 139.700 140.18 0.000241 6.48 105356.40 8792.22 0.20
Reach-1 261551 Max WS 010yr-ProposedD2 147064.60 97.61 133.495 133.87 0.000206 5.22 57392.20 8411.56 0.18
Reach-1 261551 Max WS 050yr-ProposedD2 238677.70 97.61 137.642 138.17 0.000265 6.56 84939.59 9668.16 0.21
Reach-1 261551 Max WS 100yr-ProposedD2 284646.20 97.61 139.352 139.95 0.000289 711 96319.00 10643.66 0.22
Reach-1 260635 Max WS 010yr-ProposedD2 147043.60 97.61 133.238 133.71 0.000242 5.97 55668.54 8663.70 0.20
Reach-1 260635 Max WS 050yr-ProposedD2 238667.40 97.61 137.318 137.98 0.000316 7.47 83237.05 10211.08 0.23
Reach-1 260635 Max WS 100yr-ProposedD2 284632.30 97.61 139.002 139.74 0.000346 8.08 94631.17 10651.24 0.24
Reach-1 259263 Max WS 010yr-ProposedD2 147035.70 97.61 132.916 114.27 133.35 0.000242 5.75 50292.65 11611.58 0.20
Reach-1 259263 Max WS 050yr-ProposedD2 238643.00 97.61 136.819 118.95 137.52 0.000347 7.56 67293.16 12250.86 0.24
Reach-1 259263 Max WS 100yr-ProposedD2 284592.00 97.61 138.420 121.10 139.26 0.000394 8.34 74319.13 12366.44 0.26
Reach-1 259032 Bridge

Reach-1 258805 Max WS 010yr-ProposedD2 147036.90 98.28 132.766 133.18 0.000249 5.71 53363.28 11101.31 0.20
Reach-1 258805 Max WS 050yr-ProposedD2 238636.50 98.28 136.615 137.28 0.000354 7.48 70815.92 11506.80 0.24
Reach-1 258805 Max WS 100yr-ProposedD2 284572.70 98.28 138.198 138.99 0.000400 8.25 78027.05 11659.79 0.26
Reach-1 257368 Max WS 010yr-ProposedD2 147032.70 97.61 132.390 132.46 0.000700 2.85 83743.14 11632.18 0.10




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftrft) (ft/s) (sq ft) (ft)
Reach-1 257368 Max WS 050yr-ProposedD2 238622.00 97.61 136.266 136.35 0.000748 3.21 113507.90 11970.58 0.10
Reach-1 257368 Max WS 100yr-ProposedD2 284554.20 97.61 137.862 137.96 0.000775 3.38 125787.50 16456.71 0.10
Reach-1 254766 Max WS 010yr-ProposedD2 147008.80 99.27 131.486 131.67 0.000148 4.31 9347711 13304.67 0.15
Reach-1 254766 Max WS 050yr-ProposedD2 238589.10 99.27 135.288 135.52 0.000177 5.20 130374.40 13505.33 0.17
Reach-1 254766 Max WS 100yr-ProposedD2 284480.80 99.27 136.844 137.10 0.000189 5.57 145552.30 13538.36 0.18
Reach-1 250071 Max WS 010yr-ProposedD2 146976.10 84.54 130.192 131.11 0.000583 8.25 45395.07 9221.38 0.30
Reach-1 250071 Max WS 050yr-ProposedD2 238545.80 84.54 133.974 134.96 0.000626 9.44 80188.63 9859.23 0.32
Reach-1 250071 Max WS 100yr-ProposedD2 284416.10 84.54 135.497 136.52 0.000643 9.93 94218.60 10466.64 0.33
Reach-1 248531 Max WS 010yr-ProposedD2 146950.80 84.54 129.238 130.51 0.000580 10.10 47025.89 8104.17 0.32
Reach-1 248531 Max WS 050yr-ProposedD2 238515.40 84.54 132.874 134.37 0.000719 12.09 77893.71 8922.63 0.36
Reach-1 248531 Max WS 100yr-ProposedD2 284334.60 84.54 134.362 135.90 0.000756 12.74 91127.08 9296.53 0.37
Reach-1 246078 Max WS 010yr-ProposedD2 146943.00 98.13 128.829 129.29 0.000322 6.32 47051.42 8654.22 0.23
Reach-1 246078 Max WS 050yr-ProposedD2 238495.50 98.13 132.384 132.91 0.000355 7.26 73213.32 9759.91 0.24
Reach-1 246078 Max WS 100yr-ProposedD2 284286.10 98.13 133.838 134.41 0.000368 7.65 84569.50 10275.57 0.25
Reach-1 244614 Max WS 010yr-ProposedD2 146925.20 98.13 128.191 129.00 0.000449 7.76 45493.01 8811.87 0.27
Reach-1 244614 Max WS 050yr-ProposedD2 238458.00 98.13 131.577 132.69 0.000599 9.73 70960.05 9720.40 0.32
Reach-1 244614 Max WS 100yr-ProposedD2 284215.40 98.13 132.973 134.20 0.000652 10.48 81662.14 9879.45 0.33
Reach-1 242472 Max WS 010yr-ProposedD2 146847.30 94.20 126.808 126.97 0.001465 3.97 49999.21 9572.70 0.14
Reach-1 242472 Max WS 050yr-ProposedD2 238407.00 94.20 130.469 130.64 0.001163 3.86 75533.43 10980.13 0.12
Reach-1 242472 Max WS 100yr-ProposedD2 284089.80 94.20 131.938 132.12 0.001074 3.83 86331.13 11515.22 0.12
Reach-1 241833 Max WS 010yr-ProposedD2 146790.50 93.70 126.015 126.72 0.000407 7.48 52566.25 9546.80 0.26
Reach-1 241833 Max WS 050yr-ProposedD2 238347.10 93.70 129.678 130.59 0.000514 9.17 80769.97 11403.21 0.30
Reach-1 241833 Max WS 100yr-ProposedD2 283973.60 93.70 131.143 132.14 0.000555 9.83 93239.11 11750.53 0.31
Reach-1 240531 Max WS 010yr-ProposedD2 146760.90 93.60 125.797 126.20 0.000268 5.96 76838.35 9951.36 0.21
Reach-1 240531 Max WS 050yr-ProposedD2 238323.20 93.60 129.422 129.92 0.000325 7.15 112790.40 24494.30 0.23
Reach-1 240531 Max WS 100yr-ProposedD2 283922.70 93.60 130.868 131.40 0.000350 7.67 127149.50 24652.89 0.24
Reach-1 235176 Max WS 010yr-ProposedD2 146666.20 92.80 124.905 125.67 0.000405 7.76 56945.58 9949.48 0.26
Reach-1 235176 Max WS 050yr-ProposedD2 238255.90 92.80 128.482 129.38 0.000492 9.25 93623.69 10671.59 0.29
Reach-1 235176 Max WS 100yr-ProposedD2 283767.60 92.80 129.903 130.85 0.000523 9.82 109015.60 23827.55 0.30
Reach-1 232472 Max WS 010yr-ProposedD2 146572.00 91.70 124.206 124.79 0.000309 6.78 63469.26 22623.85 0.23
Reach-1 232472 Max WS 050yr-ProposedD2 238165.10 91.70 127.616 128.35 0.000392 8.25 98795.27 23089.54 0.26
Reach-1 232472 Max WS 100yr-ProposedD2 283653.60 91.70 128.968 129.76 0.000427 8.85 112897.10 23128.65 0.27
Reach-1 231472 Max WS 010yr-ProposedD2 146512.50 91.70 123.683 124.53 0.000516 7.97 48221.88 22378.70 0.29
Reach-1 231472 Max WS 050yr-ProposedD2 238106.40 91.70 126.998 128.02 0.000627 9.57 80727.70 22666.15 0.32
Reach-1 231472 Max WS 100yr-ProposedD2 283564.80 91.70 128.312 129.40 0.000668 10.19 93749.85 22712.27 0.33
Reach-1 230472 Max WS 010yr-ProposedD2 146434.80 91.60 123.115 124.06 0.000540 8.38 45832.69 20661.90 0.29
Reach-1 230472 Max WS 050yr-ProposedD2 238037.30 91.60 126.293 127.47 0.000684 10.20 76995.58 22383.29 0.33
Reach-1 230472 Max WS 100yr-ProposedD2 283463.30 91.60 127.558 128.82 0.000736 10.89 89420.69 22464.31 0.35
Reach-1 229472 Max WS 010yr-ProposedD2 146404.80 89.34 122.810 123.42 0.000349 6.90 51205.07 20783.54 0.23
Reach-1 229472 Max WS 050yr-ProposedD2 237992.60 89.34 125.902 126.61 0.000425 8.19 83647.25 22014.37 0.26
Reach-1 229472 Max WS 100yr-ProposedD2 283416.00 89.34 127.141 127.87 0.000450 8.66 96687.50 22198.49 0.27
Reach-1 228472 Max WS 010yr-ProposedD2 146377.90 90.08 122.560 123.10 0.000303 6.64 59467.36 19532.06 0.22
Reach-1 228472 Max WS 050yr-ProposedD2 237963.80 90.08 125.600 126.21 0.000371 7.86 94975.97 23245.78 0.25
Reach-1 228472 Max WS 100yr-ProposedD2 283381.10 90.08 126.821 127.46 0.000394 8.32 109246.90 23497.86 0.26
Reach-1 227472 Max WS 010yr-ProposedD2 146343.30 90.79 122.155 122.83 0.000390 7.45 56976.79 21484.16 0.25
Reach-1 227472 Max WS 050yr-ProposedD2 237931.20 90.79 125.164 125.86 0.000444 8.49 96225.02 24386.51 0.27
Reach-1 227472 Max WS 100yr-ProposedD2 283325.60 90.79 126.374 127.06 0.000460 8.87 112200.90 24515.88 0.27
Reach-1 226472 Max WS 010yr-ProposedD2 146315.90 91.17 121.834 122.41 0.000353 6.96 64267.22 20649.90 0.24
Reach-1 226472 Max WS 050yr-ProposedD2 237895.50 91.17 124.793 125.38 0.000398 7.93 106354.30 24783.48 0.26
Reach-1 226472 Max WS 100yr-ProposedD2 283290.70 91.17 125.989 126.58 0.000411 8.27 123509.00 24876.49 0.26
Reach-1 225472 Max WS 010yr-ProposedD2 146299.10 89.79 121.540 122.06 0.000324 6.85 72556.38 23178.75 0.23
Reach-1 225472 Max WS 050yr-ProposedD2 237872.80 89.79 124.433 125.00 0.000388 8.01 114393.10 23483.93 0.26
Reach-1 225472 Max WS 100yr-ProposedD2 283260.40 89.79 125.607 126.19 0.000410 8.45 131598.70 23607.86 0.26
Reach-1 224472 Max WS 010yr-ProposedD2 146266.20 90.65 121.080 121.85 0.000489 7.80 60382.95 24053.47 0.28
Reach-1 224472 Max WS 050yr-ProposedD2 237844.80 90.65 123.943 124.74 0.000553 8.93 108070.90 25289.26 0.30
Reach-1 224472 Max WS 100yr-ProposedD2 283229.80 90.65 125.111 125.90 0.000566 9.29 127691.80 25312.95 0.31
Reach-1 223472 Max WS 010yr-ProposedD2 146238.70 91.51 120.629 121.31 0.000632 7.71 67204.45 21375.91 0.30
Reach-1 223472 Max WS 050yr-ProposedD2 237820.10 91.51 123.525 124.09 0.000582 8.09 118050.40 25708.02 0.30
Reach-1 223472 Max WS 100yr-ProposedD2 283206.70 91.51 124.701 125.23 0.000566 8.25 138759.20 25794.03 0.30
Reach-1 222472 Max WS 010yr-ProposedD2 146227.20 90.62 120.243 120.66 0.000361 5.91 76158.17 21541.10 0.23
Reach-1 222472 Max WS 050yr-ProposedD2 237800.40 90.62 123.098 123.54 0.000396 6.77 127897.70 23333.19 0.25
Reach-1 222472 Max WS 100yr-ProposedD2 283183.40 90.62 124.265 124.72 0.000406 7.09 149088.80 24059.21 0.26
Reach-1 220272 Max WS 010yr-ProposedD2 146205.80 93.07 119.811 120.18 0.000428 5.53 73950.73 25550.86 0.25
Reach-1 220272 Max WS 050yr-ProposedD2 237783.30 93.07 122.715 123.06 0.000417 5.99 129736.50 27277.00 0.24
Reach-1 220272 Max WS 100yr-ProposedD2 283172.90 93.07 123.892 124.23 0.000414 6.18 152394.70 27395.77 0.24




HEC-RAS River: Congaree River Reach: Reach-1

Profile: Max WS (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (fuft) (ft/s) (sq ft) (ft)
Reach-1 217472 Max WS 010yr-ProposedD2 146193.80 91.92 118.856 119.15 0.000447 6.10 99399.62 23068.22 0.25
Reach-1 217472 Max WS 050yr-ProposedD2 237774.50 91.92 121.830 122.08 0.000407 6.42 153134.90 25855.44 0.24
Reach-1 217472 Max WS 100yr-ProposedD2 283156.70 91.92 123.014 123.26 0.000405 6.63 174644.70 26117.52 0.25
Reach-1 216472 Max WS 010yr-ProposedD2 146192.40 91.48 118.365 107.27 118.80 0.000400 6.45 86862.89 25811.07 0.25
Reach-1 216472 Max WS 050yr-ProposedD2 237772.20 91.48 121.364 115.98 121.76 0.000400 7.02 145766.00 27383.30 0.25
Reach-1 216472 Max WS 100yr-ProposedD2 283153.70 91.48 122.551 117.03 122.94 0.000400 7.25 169405.90 27458.83 0.25
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Appendix F: HEC-RAS Results Tables



Congaree River Remediation Project

\ \ \ I Hydraulic Analysis Memo Rev.1: January 16, 2020
By: Tom Edwards, P.E. Checked by: John Osterle, P.E.

Table F-1: Comparison of Corrected Effective and Proposed Area-1 Model Water Surface Elevations, 100-year,
50-year, and 10-year Flood Events

. 100-year Event 50-year Event 10-year Event
Cross Section/
River Station W.S. Elev (ft NAVD88) W.S. Elev (ft NAVDS88) W.S. Elev (ft NAVD88)

Corrected | Proposed |Change®|Corrected| Proposed |Change®|Corrected | Proposed | Change®
288770 154.374| 154.412 0.0| 151.235| 151.273 0.0 144.313| 144.341 0.0
287472 154.278| 154.318 0.0 151.011] 151.052 0.0 143.609| 143.644 0.0
286338 154.040| 154.081 0.0] 150.776| 150.819 0.0 143.308| 143.345 0.0
286106 153.804| 153.846 0.0] 150.535| 150.578 0.0 143.055| 143.094 0.0
284778 153.465| 153.508 0.0] 150.234| 150.278 0.0| 142.829| 142.869 0.0
284565° 151.716] 151.759 0.0] 148.525| 148.569 0.0| 141.140] 141.180 0.0
284431 151.610| 151.653 0.0| 148.398| 148.443 0.0] 140.999| 141.039 0.0
284408°¢ 151.479| 151.423 -0.1| 148.301| 148.248 -0.1] 140.947| 140.888 -0.1
284395¢ 151.453| 151.393 -0.1[ 148.279| 148.222 -0.1] 140.937| 140.876 -0.1
284372¢ 151.418| 151.449 0.0| 148.248| 148.282 0.0 140.922| 140.953 0.0
284267¢ 151.234| 151.251 0.0| 148.092| 148.113 0.0] 140.827| 140.847 0.0
284060¢ 151.035| 151.048 0.0| 147.912| 147.928 0.0 140.691| 140.705 0.0
283820¢ 150.852| 150.850 0.0| 147.724| 147.724 0.0] 140.537| 140.535 0.0
283636°¢ 150.781| 150.641 -0.1[ 147.654| 147.503 -0.2| 140.467| 140.306 -0.2
283611¢ 150.683| 150.546 -0.1| 147.566| 147.423 -0.1] 140.406] 140.255 -0.2
283601° 150.739| 150.618 -0.1| 147.593| 147.459 -0.1] 140.392| 140.236 -0.2
283574 150.696| 150.696 0.0| 147.536| 147.536 0.0| 140.323| 140.323 0.0
283490 150.711| 150.711 0.0| 147.558| 147.558 0.0| 140.268| 140.268 0.0
283342 150.727| 150.727 0.0| 147.570{ 147.570 0.0 140.233| 140.233 0.0
283203 150.668| 150.668 0.0| 147.525| 147.525 0.0| 140.257| 140.257 0.0
283179 150.658| 150.658 0.0| 147.518| 147.518 0.0] 140.206| 140.206 0.0
283169 150.665| 150.665 0.0| 147.524| 147.524 0.0 140.211| 140.211 0.0
283139 150.642| 150.642 0.0] 147.500{ 147.500 0.0] 140.204| 140.204 0.0
283093 150.688| 150.688 0.0| 147.533| 147.533 0.0] 140.206| 140.206 0.0
283052¢ 150.652| 150.652 0.0] 147.506| 147.506 0.0] 140.257| 140.257 0.0
283001 150.753| 150.753 0.0| 147.594| 147.594 0.0] 140.320| 140.320 0.0
282937 150.706| 150.706 0.0| 147.552| 147.552 0.0| 140.110] 140.110 0.0
282912 150.679| 150.679 0.0| 147.525| 147.525 0.0| 140.209| 140.209 0.0
282902 150.676| 150.676 0.0| 147.521| 147.521 0.0| 140.194| 140.194 0.0
282874 150.641| 150.641 0.0| 147.498| 147.498 0.0| 140.157| 140.157 0.0
282707 150.511| 150.511 0.0| 147.358| 147.358 0.0| 139.929| 139.929 0.0
282424 150.448| 150.448 0.0| 147.299| 147.299 0.0 139.966| 139.966 0.0
282071 150.344| 150.344 0.0| 147.204| 147.204 0.0] 139.950| 139.950 0.0
281647¢ 150.199| 150.199 0.0| 147.087| 147.087 0.0] 139.888| 139.888 0.0
281423 149.960| 149.960 0.0] 146.886| 146.886 0.0] 139.748| 139.748 0.0
279961 149.301| 149.301 0.0| 146.289| 146.289 0.0] 139.302| 139.302 0.0
279605 149.191| 149.191 0.0| 146.183| 146.183 0.0] 139.215| 139.215 0.0
278919 149.039| 149.039 0.0| 146.033| 146.033 0.0] 139.088| 139.088 0.0

Notes:
a  ‘Change’ is calculated by subtracting ‘Proposed’ from ‘Corrected’ and rounding to one decimal place
b Located downstream of Gervais Street bridge
¢ Area-1 cofferdam
4 Cross section ‘P’ on Richland County FIRM (FEMA, 2017) and cross section ‘M’ on Lexington County FIRM
(FEMA, 2018)
¢ Located upstream of Blossom Street bridge
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Table F-2: Comparison of Corrected Effective and Proposed Area-2 Model Water Surface Elevations, 100-year,
50-year, and 10-year Flood Events

. 100-year Event 50-year Event 10-year Event
Cross Section/
River Station W.S. Elev (ft NAVD88) W.S. Elev (ft NAVD88) W.S. Elev (ft NAVD88)

Corrected |Proposed| Change® |Corrected| Proposed | Change® |Corrected | Proposed | Change®

288770 154.374| 154.389 0.0| 151.235| 151.251 0.0 144.313| 144.320 0.0
287472 154.278| 154.294 0.0 151.011] 151.028 0.0 143.609| 143.619 0.0
286338 154.040| 154.057 0.0] 150.776| 150.794 0.0| 143.308| 143.318 0.0
286106 153.804| 153.821 0.0] 150.535| 150.553 0.0| 143.055| 143.066 0.0
284778 153.465| 153.482 0.0| 150.234| 150.253 0.0 142.829| 142.840 0.0
284565 151.716| 151.733 0.0| 148.525| 148.544 0.0| 141.140] 141.151 0.0
284431 151.610| 151.627 0.0] 148.398| 148.416 0.0] 140.999| 141.009 0.0
284408 151.479| 151.496 0.0] 148.301| 148.319 0.0| 140.947| 140.958 0.0
284395 151.453| 151.470 0.0| 148.279| 148.297 0.0] 140.937| 140.947 0.0
284372 151.418| 151.436 0.0| 148.248| 148.267 0.0 140.922| 140.933 0.0
284267 151.234| 151.252 0.0| 148.092| 148.111 0.0 140.827| 140.838 0.0
284060 151.035| 151.053 0.0| 147.912| 147.931 0.0 140.691| 140.702 0.0
283820 150.852| 150.870 0.0| 147.724| 147.744 0.0] 140.537| 140.549 0.0
283636 150.781| 150.800 0.0| 147.654| 147.675 0.0 140.467| 140.479 0.0
283611 150.683| 150.702 0.0| 147.566| 147.586 0.0| 140.406| 140.418 0.0
283601 150.739| 150.758 0.0| 147.593| 147.613 0.0| 140.392| 140.403 0.0
283574 150.696| 150.716 0.0| 147.536| 147.557 0.0| 140.323| 140.334 0.0
283490 150.711| 150.730 0.0| 147.558| 147.578 0.0 140.268| 140.279 0.0
283342 150.727| 150.747 0.0| 147.570{ 147.590 0.0 140.233| 140.245 0.0
283203 150.668| 150.686 0.0| 147.525| 147.544 0.0 140.257| 140.268 0.0
283179¢ 150.658| 150.594 -0.1| 147.518| 147.452 -0.1] 140.206] 140.085 -0.1
283169¢ 150.665| 150.597 -0.1[ 147.524| 147.453 -0.1] 140.211| 140.081 -0.1
283139¢ 150.642| 150.639 0.0] 147.500{ 147.498 0.0 140.204| 140.182 0.0
283093¢ 150.688| 150.685 0.0| 147.533| 147.529 0.0 140.206| 140.183 0.0
283052¢+ 150.652| 150.651 0.0| 147.506| 147.503 0.0] 140.257| 140.242 0.0
283001¢ 150.753| 150.757 0.0| 147.594| 147.598 0.0 140.320| 140.312 0.0
282937¢ 150.706| 150.636 -0.1| 147.552| 147.477 -0.1] 140.110]/ 139.906 -0.2
282912¢ 150.679| 150.605 -0.1| 147.525| 147.447 -0.1] 140.209| 140.046 -0.2
282902¢ 150.676| 150.598 -0.1| 147.521| 147.439 -0.1] 140.194| 139.945 -0.2
282874 150.641| 150.641 0.0| 147.498| 147.498 0.0| 140.157| 140.157 0.0
282707 150.511| 150.511 0.0| 147.358| 147.358 0.0 139.929| 139.929 0.0
282424 150.448| 150.448 0.0| 147.299| 147.299 0.0 139.966| 139.966 0.0
282071 150.344| 150.344 0.0| 147.204| 147.204 0.0] 139.950| 139.950 0.0
281647¢ 150.199| 150.199 0.0| 147.087| 147.087 0.0] 139.888| 139.888 0.0
281423 149.960| 149.960 0.0] 146.886| 146.886 0.0] 139.748| 139.748 0.0
279961 149.301| 149.301 0.0] 146.289| 146.289 0.0] 139.302| 139.302 0.0
279605 149.191| 149.191 0.0| 146.183| 146.183 0.0] 139.215| 139.214 0.0
278919 149.039| 149.039 0.0| 146.033| 146.033 0.0] 139.088| 139.088 0.0

Notes:
& ‘Change’ is calculated by subtracting ‘Proposed’ from ‘Corrected’ and rounding to one decimal place
Located downstream of Gervais Street bridge
¢ Area-2 cofferdam
4 Cross section ‘P’ on Richland County FIRM (FEMA, 2017) and cross section ‘M’ on Lexington County FIRM
(FEMA, 2018)
¢ Located upstream of Blossom Street bridge
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VIA ELECTRONIC MAIL
July 30,2019

William Zeli, P.E., Environment Program Manager
Apex Companies, LLC

1600 Commerce Circle

Trafford, PA 15085

Subject: Low Flow Sensitivity Analysis
Congaree River Remediation Project
Columbia, South Carolina

Dear Mr. Zeli:

This letter presents a summary of the results of WSP USA’s (WSP) Low Flow Sensitivity Analysis Memo; dated July 26,
2019.

The analysis was completed to determine changes in water surface elevation and floodplain widths in the Congaree River due
to construction of the proposed Area-1 and Area-2 cofferdam structures, during low flow conditions. The following three
flow rates were considered in the analysis:

e  Approximate normal flow rate = 8,564 cfs (average based on USGS data analysis)
o Flow rate that results in water just below the cofferdam crest elevation = 26,000 cfs

e Flow rate that results in water level midway between normal flow level and cofferdam crest = 17,000 cfs

The HEC-RAS model results summarized in Table 1 show the addition of the proposed Area-1 cofferdam structure results in
maximum increases in water surface elevation of 0.5 ft, 0.4 ft, and 0.3 ft for the normal, mid-point, and cofferdam crest
flows, respectively. The maximum increase in floodplain width of 8.1 ft is experienced on the right (west) bank, 100 ft
downstream of Gervais Street bridge for mid-point conditions. The maximum increases in floodplain width for the normal
and crest flows are 3.6 ft and 1.4 ft, respectively. However, the typical increase in floodplain width upstream of the Area-1
structure is less than 1.5 ft for the three low flow conditions considered.

The HEC-RAS model results show the addition of the proposed Area-2 cofferdam structure results in maximum increases in
water surface elevation of 0.1 ft for the three low flow conditions considered. The maximum increase in floodplain extent of
1.8 ft is experienced on the right (west) bank, 100 ft downstream of Gervais Street bridge for mid-point conditions. The
maximum increases in floodplain width for the normal and crest flows are 1.3 ft and 0.6 ft, respectively. However, the
typical increase in floodplain width upstream of the Area-2 structure is less than 1 ft for the three low flow conditions
considered.

WSP USA

Suite 950

11 Stanwix Street
Pittsburgh, PA 15222

Tel.: +1 412 281-9900
Fax: +1 412 281-2056
wsp.com
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Table 1: Summary of Low Flow Sensitivity Analysis Results

(West) Bank Floodplain (ft)

. Normal . .
Cofferdam Variable Flo Mid-Point Flow Crest Flow
W
Maxi h in W.S.
aximum ¢ ’ange in 0.5 0.4 03
Elevation (ft)
Area-1 Maximum change in.Left 35 12 L1
(East) Bank Floodplain (ft)
Maxi h in Right
aximum change in | ig 1.6 8.1 1.4
(West) Bank Floodplain (ft)
Maximum ch.ange in W.S. o1 o1 o1
Elevation (ft)
Maximum change in Left
Area-2 1.3 1.3 0.6
e (East) Bank Floodplain (ft)
Maxi h in Right
aximum change in Rig L0 L8 04

The HEC-RAS model results have been used to create floodplain extent maps, to compare the extents for the three low flow

conditions considered with and without the Area-1 and Area-2 cofferdams (modeled separately). These maps show that the

change in floodplain extent due to construction of the cofferdams is negligible. Based on a review of aerial photographs, no

additional properties are impacted by floodwater due to construction of the Area-1 or Area-2 cofferdams.

If you have any questions or need any additional information, please contact John Osterle at 412-535-9823 or

john.osterle@wsp.com.

Kind regards,

John P. Osterle, P.E.
Project Manager

JPO:TE:

Page 2
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Statement of Purpose

The purpose of this calculation is to perform a low flow sensitivity analysis for the affected area along the Congaree
River in Columbia, South Carolina, due to the separate installation of two rock fill cofferdams around Areas 1 and
2.

A hydraulic analysis was previously completed to determine the impact of the proposed cofferdam structures on
the Base Flood Elevations (BFE) for existing conditions as detailed in WSP’s Hydraulic Analysis Memo, completed in
April 2019 (WSP, 2019). This calculation uses the HEC-RAS model developed for the previous hydraulic analysis
to simulate low flow conditions for the Corrected Effective, Proposed (Area-1), and Proposed (Area-2) models.

A plan view showing the extents of the cofferdams is included on Figure 1, based on Apex Drawing “Stakeholder
Approved MRA Plan Sediment Remediation Areas” (Apex, 2019).
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Figure 1: Plan View of Proposed Cofferdams
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Description of Methodology Used

WSP (2019) provides full details of the HEC-RAS models developed for the previous hydraulic analysis, which
considered the 10-year, 50-year, and 100-year flood events. No changes have been made to the HEC-RAS models
for this low flow sensitivity analysis apart from to update the inflow boundary conditions to represent low flow
conditions.

The following key characteristics of the HEC-RAS model are repeated below for clarity. Full details can be obtained
from WSP (2019).

The HEC-RAS model was developed from FEMA’s Current Effective Model of the Congaree River, and was
used to complete unsteady state simulations using HEC-RAS Version 4.1 (USACE, 2010).

The HEC-RAS model is referenced to the North American Vertical Datum of 1988 (NAVD88). The United
States Geological Survey (USGS) gage data is referenced to the National Geodetic Vertical Datum of 1929
(NGVD29). All elevations in this calculation are referenced to NAVDS8S8, unless specifically stated
otherwise. The datum shift to convert from NAVD88 to NGVD29 is +0.787 ft, as determined by the
National Oceanic and Atmospheric Administration (NOAA) Vertcon tool (NOAA, 2019).

The typical crest elevation of the rockfill berm cofferdam structures is 123.7 ft NAVD88. To control the
locations of overtopping during high river levels, spillway sections are included in the cofferdam design
which are 1 ft lower than the typical crest elevation. The level of protection provided by the cofferdam
structures is therefore 122.7 ft NAVD88, and when water levels in the river exceed this elevation the areas
behind the cofferdams will begin to flood.

The proposed Area-1 and Area-2 cofferdams are analyzed as separate proposed conditions models, to
reflect the phased approach being followed for the project.

The cofferdams are represented in the model using the HEC-RAS ‘levee’ feature. This ensures that the
storage volume within the river channel behind the cofferdam is only taken into account when the water
level exceeds the crest elevation. Therefore, during low flow conditions the area behind the cofferdams
remains dry.

Calculation Input

The HEC-RAS model developed in WSP’s previous hydraulic analysis (WSP, 2019) was used to complete low flow
simulations. The only change made to the model is to update the boundary conditions to represent low flow
conditions as detailed below.

Boundary Conditions

Boundary conditions were required to represent the following conditions, as specified in WSP’s scope of work:

Approximate normal flow rate (based on USGS data analysis)
Flow rate that results in water just below the cofferdam crest elevation

Flow rate that results in water level midway between normal flow level and cofferdam crest

The United States Geological Survey (USGS) gage 02169500 is located on the Congaree River on the west bank
opposite the locations of the proposed cofferdams. The USGS gage data (USGS, 2019) was reviewed and all
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approved daily-mean flow data was downloaded, covering the period from May 1984 through March 2019, i.e.
approximately 35 years of data as shown in Figure 2.

The average of the approved mean-daily flow values was calculated as 8,564 cfs and this was adopted as the
approximate normal flow rate for the purposes of this calculation. This flow rate results in a water level of
approximately 116.6 ft NAVD88 at the upstream end of the Area-1 cofferdam.

16000

14000

12000

10000
Average = 8564 cfs

8000

:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Date

Flow (cfs)

o

Figure 2: USGS Gage 02169500 Daily-Mean Flow Data, May 1984 through March 2019

Initial test runs were completed to determine the flow rate that would result in a water level just below the
cofferdam crest elevation, i.e. the crest elevation of 122.7 ft NAVD88 at the overtopping spillways, above which
water starts to flood the area behind the cofferdams.

The normal flow rate of 8,564 cfs was used as the initial flow in the river and the flow rate was increased over time.
The water levels from the test runs were reviewed at the upstream end of the Area-1 cofferdam to determine the
flow that resulted in a water level just below 122.7 ft NAVD88. The ‘crest flow’ was determined to be
approximately 26,000 cfs.

Results were also reviewed to determine the flow that resulted in a water level midway between the cofferdam
crest and normal water levels, i.e. approximately 119.5 ft NAVD88. The ‘mid-point flow’ was determined to be
approximately 17,000 cfs.

Unsteady state (time-varying) inflow boundary conditions were developed for the three low flow scenarios to be
analyzed. All boundary conditions begin at the normal flow value (8,564 cfs), and for the midpoint and crest flow

3
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conditions the flow rate is increased by approximately 1,500 cfs every 30 mins until the desired flow rate (17,000
or 26,000 cfs) is achieved. The inflow is then held constant until the end of the 47 hour model run, which allows
the flows and velocities in the model to stabilize at the specified flow rate. The results are taken at the end of the
run, 47 hours after the simulation begins. The inflow boundaries were developed to ensure there were no model

instabilities associated with rapidly changing inflow conditions.

The final inflow boundary conditions are shown on Figure 3.

30000
Crest = 26,000 cfs
25000
20000
. Midpoint = 17,000 cfs
g
2 15000
o
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10000 Normal = 8564 cfs
5000
0
0 8 16 24 32 40 48
Time (hours)
——=Normal Conditions  ===Mid-point Conditions  ====Crest Conditions

Figure 3: Low Flow Upstream Inflow Boundary Conditions
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Numerical Calculations

All hydraulic analysis calculations are performed within the HEC-RAS Version 4.1 (USACE, 2010). The unsteady
flow analysis parameters such as computational interval and hydrograph output interval were not modified i.e., the
parameters used are identical to the parameters for the current effective model provided by FEMA and used in the
previous hydraulic analysis (WSP, 2019).

Calculation Output

The electronic input and output files for all hydraulic models are provided in Appendix A. The HEC-RAS Output
Tables are provided in Appendix B.

Figure 4 shows the HEC-RAS model schematic zoomed into the project area for the Corrected Effective model.
The purpose of this figure is to provide the Cross Section/River Station numbering when reviewing results output.
A full size/resolution version of Figure 4 is also provided in Appendix C.

Figure 4: Corrected Effective HEC-RAS Model Schematic (Project Area)
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Results

The model results have been extracted at the end of the run (after 47 hours) when the flow conditions in the model
have stabilized after the inflow boundary condition ramps up at the start of the run.

Table 1 and Table 2 summarize the water surface elevations and change in floodplain widths, respectively, of the
corrected effective and proposed Area-1 hydraulic model runs for the normal, mid-point, and crest flow conditions.
The results demonstrate that the impact of the proposed Area-1 cofferdam structure is greatest for lower flow
rates, when the cross-sectional area loss due to the structure accounts for a bigger proportion of the total flow in
the channel.

Table 1 shows that for the normal flow rate an increase in water level of up to 0.5 ft is experienced immediately
upstream of the Area-1 cofferdam structure, with no increases predicted in the middle of the structure and further
downstream. For the mid-point and cofferdam crest flow conditions, the increase upstream of the Area-1
structure is up to 0.4 ft and 0.3 ft, respectively. No increases are also predicted in the middle of the structure and
further downstream.

Table 2 shows that a maximum increase in floodplain width of 8.1 ft is experienced on the right (west) bank
approximately 100 ft downstream of Gervais Street bridge for mid-point conditions. This is the location where
the greatest increase in water level occurs, and the topography of the river bank is also inclined at a shallower
gradient than the typical section at flood elevations around 119.5-120.0 ft NAVD88. These two factors combined
explain why this is the location of the maximum change in floodplain extent.

However, the increase in floodplain width upstream of the Area-1 structure is typically less than 1.5 ft for the three
low flow conditions considered. The increase in floodplain width is determined by the specific topography at the
flood level experienced at each specific cross section, i.e. if the topography is flat and low-lying then a small increase
in water level can result in a greater increase in width. Therefore, the change in width does not necessarily
correlate to the total flow in the river channel (as does the change in water surface elevation).

Construction of the Area-1 cofferdam structure reduces the width of the floodplain adjacent to the cofferdam, as
shown by the negative values in Table 2.

Figures C1 through C3 (in Appendix C) show the floodplain extents for the three low flow conditions considered
with and without the Area-1 cofferdam. These maps show that the changes in floodplain extent due to
construction of the cofferdam is negligible. Based on a review of aerial photographs, no additional properties are
impacted by floodwater due to construction of the Area-1 cofferdam.
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Table 1: Comparison of Corrected Effective and Proposed Area-1 Model Water Surface Elevations, Normal, Mid-
Point, and Cofferdam Crest Flow Rates

. Water Surface Elevation (ft NAVD88)
Cross Section/ - -
River Station Normal Flow Mid-Point Flow Cofferdam Crest Flow

Corrected | Proposed |Change®|Corrected | Proposed |Change®|Corrected | Proposed | Change®
288770 136.540| 136.555 0.0 137.689| 137.656 0.0 138.115| 138.010 -0.1
287472 128.954| 128.952 0.0l 130.051| 130.055 0.0 130.904| 130.924 0.0
286338 121.996| 122.045 0.0| 123.764| 123.833 0.1] 125.468| 125.624 0.2
286106 121.259| 121.327 0.1] 122.764| 122.899 0.1] 124.919| 125.103 0.2
284778 118.632| 119.015 0.4| 121.319| 121.646 0.3| 124.310] 124.559 0.2
284565 116.856| 117.284 0.4| 119.631| 119.972 0.3| 122.657| 122.912 0.3
284431 116.638| 117.143 0.5| 119.496| 119.856 0.4| 122.553| 122.815 0.3
284408¢ 116.613| 116.953 0.3] 119.481| 119.662 0.2| 122.543| 122.631 0.1
284395¢ 116.596| 116.932 0.3] 119.474| 119.651 0.2| 122.537| 122.620 0.1
284372° 116.579| 116.915 0.3] 119.464| 119.642 0.2| 122.530] 122.613 0.1
284267¢ 116.480| 116.666 0.2| 119.407| 119.492 0.1 122.486| 122.506 0.0
284060° 116.379| 116.401 0.0l 119.329| 119.289 0.0 122.425| 122.331 -0.1
283820¢ 116.336| 116.312 0.0l 119.286| 119.218 -0.1] 122.384| 122.278 -0.1
283636° 116.310| 116.279 0.0 119.253| 119.187 -0.1] 122.350| 122.258 -0.1
283611° 116.302| 116.271 0.0] 119.241| 119.180 -0.1] 122.337| 122.256 -0.1
283601° 116.295| 116.260 0.0] 119.233| 119.166 -0.1| 122.329| 122.241 -0.1
283574 116.270| 116.270 0.0] 119.202| 119.202 0.0| 122.301| 122.301 0.0
283490 116.205| 116.205 0.0 119.138| 119.138 0.0| 122.247| 122.247 0.0
283342 116.147| 116.147 0.0 119.093| 119.093 0.0| 122.213| 122.213 0.0
283203 116.114| 116.114 0.0] 119.064| 119.064 0.0| 122.190| 122.190 0.0
283179 116.116| 116.116 0.0] 119.067| 119.067 0.0| 122.192| 122.192 0.0
283169 116.115| 116.115 0.0] 119.066| 119.066 0.0| 122.191| 122.191 0.0
283139 116.104| 116.104 0.0 119.054| 119.054 0.0 122.180| 122.180 0.0
283093 116.089| 116.089 0.0l 119.038| 119.038 0.0 122.168| 122.168 0.0
283052 116.085| 116.085 0.0 119.035| 119.035 0.0 122.164| 122.164 0.0
283001 116.078| 116.078 0.0 119.028| 119.028 0.0 122.159| 122.159 0.0
282937 116.050, 116.050 0.0 118.996| 118.997 0.0| 122.130| 122.130 0.0
282912 116.030| 116.030 0.0| 118.977| 118.977 0.0| 122.116| 122.116 0.0
282902 116.018| 116.018 0.0 118.968| 118.968 0.0| 122.110| 122.110 0.0
282874 115.973| 115.973 0.0 118.941| 118.941 0.0| 122.096| 122.096 0.0
282707 115.673| 115.673 0.0 118.760| 118.760 0.0| 121.964| 121.964 0.0
282424 115.453| 115.453 0.0 118.674| 118.674 0.0| 121.923| 121.923 0.0
282071 115.004| 115.004 0.0] 118.490{ 118.490 0.0| 121.804| 121.804 0.0
2816474 114.654| 114.654 0.0 118.370| 118.370 0.0| 121.726| 121.726 0.0
281423 114.343| 114.343 0.0l 118.226| 118.226 0.0 121.538| 121.538 0.0
279961 113.809| 113.809 0.0 117.951| 117.951 0.0 121.306| 121.306 0.0
279605 113.744| 113.744 0.0l 117.900/ 117.900 0.0l 121.257| 121.257 0.0
278919 113.612| 113.612 0.0 117.801] 117.801 0.0l 121.166| 121.166 0.0

Notes:
a  ‘Change’ is calculated by subtracting ‘Proposed’ from ‘Corrected’ and rounding to one decimal place
b Located downstream of Gervais Street bridge
¢ Area-1 cofferdam

Located upstream of Blossom Street bridge
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Table 2: Comparison of Corrected Effective and Proposed Area-1 Model Floodplain Widths, Normal, Mid-Point,
and Cofferdam Crest Flow Rates

Change in Floodplain Width (ft)
Cross Sectl.on/ Normal Flow Mid-Point Flow | Cofferdam Crest Flow
River Station Left (East) | Right (West) | Left (East) | Right (West) | Left (East) | Right (West)
Bank Bank Bank Bank Bank Bank
288770 0.1 0.1 0.0 -0.2 0.0 -0.3
287472 0.0 0.0 0.0 0.0 0.0 0.0
286338 0.6 0.5 0.4 0.3 1.0 1.2
286106 0.3 0.5 0.8 1.5 1.1 1.4
284778 0.7 1.2 0.6 7.7 0.4 1.0
2845652 0.8 1.3 0.3 8.1 0.4 1.0
284431 3.5 3.6 1.2 1.3 0.7 0.8
284408 -37.5 3.6 -50.0 0.8 -59.5 0.3
284395 -58.2 3.0 -71.0 0.8 -80.8 0.3
2843720 -95.8 2.7 -110.6 0.6 -122.7 0.2
284267° -229.3 1.1 -242.2 0.3 -252.2 0.1
284060 -206.6 0.1 -250.7 -0.1 -281.3 -0.2
283820 -198.3 0.0 -210.7 -0.1 -219.4 -0.2
283636 -133.1 -0.1 -142.9 -0.2 -152.8 -0.2
283611° -126.6 -0.1 -134.4 -0.2 -141.5 -0.2
283601° -124.8 -0.1 -131.9 -0.2 -138.9 -0.1
283574 0.0 0.0 0.0 0.0 0.0 0.0
283490 0.0 0.0 0.0 0.0 0.0 0.0
283342 0.0 0.0 0.0 0.0 0.0 0.0
283203 0.0 0.0 0.0 0.0 0.0 0.0
283179 0.0 0.0 0.0 0.0 0.0 0.0
283169 0.0 0.0 0.0 0.0 0.0 0.0
283139 0.0 0.0 0.0 0.0 0.0 0.0
283093 0.0 0.0 0.0 0.0 0.0 0.0
283052 0.0 0.0 0.0 0.0 0.0 0.0
283001 0.0 0.0 0.0 0.0 0.0 0.0
282937 0.0 0.0 0.0 0.0 0.0 0.0
282912 0.0 0.0 0.0 0.0 0.0 0.0
282902 0.0 0.0 0.0 0.0 0.0 0.0
282874 0.0 0.0 0.0 0.0 0.0 0.0
282707 0.0 0.0 0.0 0.0 0.0 0.0
282424 0.0 0.0 0.0 0.0 0.0 0.0
282071 0.0 0.0 0.0 0.0 0.0 0.0
281647°¢ 0.0 0.0 0.0 0.0 0.0 0.0
281423 0.0 0.0 0.0 0.0 0.0 0.0
279961 0.0 0.0 0.0 0.0 0.0 0.0
279605 0.0 0.0 0.0 0.0 0.0 0.0
278919 0.0 0.0 0.0 0.0 0.0 0.0

Notes:

& Located downstream of Gervais Street bridge
Area-1 cofferdam
¢ Located upstream of Blossom Street bridge
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Table 3 and Table 4 summarize the water surface elevations and change in floodplain widths, respectively, of the
corrected effective and proposed Area-2 hydraulic model runs for the normal, mid-point, and crest flow conditions.
The results demonstrate that the impact of the proposed Area-2 cofferdam structure is relatively consistent for the
normal, mid-point, and cofferdam crest flow conditions.

Table 3 shows that for the three low flow conditions considered, an increase in water level of 0.1 ft is experienced
immediately upstream of the Area-2 cofferdam structure, with no increases predicted adjacent to the structure and
further downstream.

Table 4 shows that a maximum increase in floodplain width of 1.8 ft is experienced on the right (west) bank
approximately 100 ft downstream of Gervais Street bridge for mid-point conditions. As previously discussed the
topography of the river bank is inclined at a shallower gradient than the typical section at flood elevations around
119.5-120.0 ft NAVD88, which explains why the maximum change is experienced at this location. However, the
increase in floodplain width upstream of the Area-2 structure is typically less than 1 ft for the three low flow
conditions considered.

Construction of the Area-2 cofferdam structure reduces the width of the floodplain adjacent to the cofferdam, as
shown by the negative values in Table 4.

Figures C1 through C3 (in Appendix C) show the floodplain extents for the three low flow conditions considered
with and without the Area-2 cofferdam. These maps show that the changes in floodplain extent due to
construction of the cofferdam is negligible. Based on a review of aerial photographs, no additional properties are
impacted by floodwater due to construction of the Area-2 cofferdam.



Low Flow Sensitivity Analysis Memo July 26, 2019

\ \ \ I ) Congaree River Remediation Project

By: Tom Edwards, PE Checked by: John P. Osterle, PE

Table 3: Comparison of Corrected Effective and Proposed Area-2 Model Water Surface Elevations, Normal, Mid-
Point, and Cofferdam Crest Flow Rates

. Water Surface Elevation (ft NAVD88)
Cross Section/ - -
River Station Normal Flow Mid-Point Flow Cofferdam Crest Flow

Corrected |Proposed| Change® |Corrected| Proposed | Change® |Corrected | Proposed | Change®
288770 136.540| 136.542 0.0 137.689| 137.682 0.0 138.115| 138.086 0.0
287472 128.954| 128.954 0.0l 130.051] 130.052 0.0 130.904| 130.909 0.0
286338 121.996| 122.002 0.0| 123.764| 123.779 0.0| 125.468| 125.511 0.0
286106 121.259| 121.268 0.0] 122.764| 122.794 0.0 124.919| 124.970 0.1
284778 118.632| 118.687 0.1] 121.319| 121.394 0.1] 124.310| 124.380 0.1
284565 116.856| 116.917 0.1] 119.631| 119.710 0.1] 122.657| 122.729 0.1
284431 116.638| 116.713 0.1] 119.496| 119.579 0.1] 122.553| 122.627 0.1
284408 116.613| 116.691 0.1] 119.481| 119.565 0.1] 122.543| 122.617 0.1
284395 116.596| 116.675 0.1] 119.474| 119.558 0.1] 122.537| 122.611 0.1
284372 116.579| 116.660 0.1] 119.464| 119.549 0.1] 122.530| 122.604 0.1
284267 116.480| 116.568 0.1] 119.407| 119.494 0.1 122.486| 122.562 0.1
284060 116.379| 116.473 0.1 119.329| 119.419 0.1 122.425| 122.502 0.1
283820 116.336| 116.433 0.1 119.286| 119.378 0.1 122.384| 122.462 0.1
283636 116.310| 116.409 0.1 119.253| 119.346 0.1] 122.350| 122.429 0.1
283611 116.302| 116.400 0.1] 119.241| 119.334 0.1] 122.337| 122.416 0.1
283601 116.295| 116.394 0.1] 119.233| 119.326 0.1] 122.329| 122.408 0.1
283574 116.270| 116.370 0.1] 119.202| 119.296 0.1] 122.301] 122.380 0.1
283490 116.205| 116.309 0.1] 119.138| 119.235 0.1] 122.247| 122.327 0.1
283342 116.147| 116.256 0.1] 119.093| 119.191 0.1] 122.213| 122.294 0.1
283203 116.114| 116.224 0.1] 119.064| 119.163 0.1] 122.190| 122.271 0.1
283179¢ 116.116| 116.179 0.1] 119.067| 119.090 0.0 122.192| 122.182 0.0
283169¢ 116.115| 116.176 0.1] 119.066| 119.088 0.0 122.191| 122.181 0.0
283139¢ 116.104| 116.126 0.0l 119.054| 119.028 0.0 122.180| 122.124 -0.1
283093¢ 116.089| 116.106 0.0l 119.038] 119.021 0.0 122.168| 122.129 0.0
283052¢ 116.085| 116.083 0.0l 119.035| 118.991 0.0 122.164| 122.093 -0.1
283001¢ 116.078| 116.061 0.0l 119.028| 118.967 -0.1] 122.159| 122.070 -0.1
282937¢ 116.050| 115.985 -0.1| 118.996] 118.886 -0.1] 122.130] 121.997 -0.1
282912¢ 116.030| 115.957 -0.1| 118.977| 118.867 -0.1] 122.116] 121.988 -0.1
282902¢ 116.018]| 115.936 -0.1 118.968| 118.850 -0.1] 122.110| 121.977 -0.1
282874 115.973| 115.973 0.0 118.941| 118.941 0.0 122.096| 122.096 0.0
282707 115.673| 115.673 0.0] 118.760| 118.760 0.0| 121.964| 121.964 0.0
282424 115.453| 115.453 0.0 118.674| 118.674 0.0 121.923| 121.923 0.0
282071 115.004| 115.004 0.0 118.490| 118.490 0.0 121.804| 121.804 0.0
281647¢ 114.654| 114.654 0.0 118.370| 118.370 0.0 121.726| 121.726 0.0
281423 114.343| 114.343 0.0l 118.226| 118.226 0.0 121.538| 121.538 0.0
279961 113.809| 113.809 0.0 117.951] 117.951 0.0 121.306] 121.306 0.0
279605 113.744| 113.744 0.0l 117.900/ 117.900 0.0 121.257| 121.257 0.0
278919 113.612| 113.612 0.0 117.801] 117.801 0.0 121.166] 121.166 0.0

Notes:
& ‘Change’ is calculated by subtracting ‘Proposed’ from ‘Corrected’ and rounding to one decimal place
Located downstream of Gervais Street bridge
¢ Area-2 cofferdam
Located upstream of Blossom Street bridge
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Table 4: Comparison of Corrected Effective and Proposed Area-2 Model Floodplain Widths, Normal, Mid-Point,
and Cofferdam Crest Flow Rates

Change in Floodplain Width (ft)
Cross Section/ Normal Flow Mid-Point Flow | Cofferdam Crest Flow
River Station Left (East) | Right (West) | Left (East) | Right (West) | Left (East) | Right (West)
Bank Bank Bank Bank Bank Bank
288770 0.0 0.0 0.0 0.0 0.0 0.0
287472 0.0 0.0 0.0 0.0 0.0 0.0
286338 0.0 0.1 0.1 0.1 0.3 0.3
286106 0.0 0.3 0.2 0.3 0.3 0.4
284778 0.1 0.2 0.1 1.8 0.1 0.3
2845652 0.1 0.2 0.1 1.8 0.1 0.3
284431 0.6 1.0 0.3 0.3 0.2 0.2
284408 0.6 1.0 0.3 0.4 0.2 0.2
284395 0.4 0.7 0.3 0.4 0.3 0.3
284372 0.5 0.6 0.3 0.3 0.4 0.2
284267 0.7 0.7 0.3 0.3 0.2 0.2
284060 1.3 0.4 1.3 0.2 0.6 0.2
283820 0.6 0.3 0.3 0.2 0.2 0.2
283636 0.3 0.3 0.3 0.2 0.3 0.2
283611 0.3 0.3 0.2 0.2 0.2 0.2
283601 0.3 0.3 0.2 0.2 0.2 0.2
283574 0.3 0.3 0.2 0.2 0.2 0.2
283490 0.2 0.4 0.2 0.2 0.2 0.2
283342 0.4 0.3 0.4 0.2 0.2 0.2
283203 0.4 0.5 0.3 0.3 0.2 0.2
283179 -40.5 0.2 -49.8 0.1 -58.2 0.0
283169 -51.9 0.3 -60.6 0.1 -68.7 0.0
283139 -83.1 0.1 -91.4 -0.1 -99.3 -0.1
283093° -141.2 0.1 -149.6 -0.1 -157.1 -0.2
283052 -148.2 0.0 -156.3 -0.1 -163.9 -0.2
283001 -156.2 -0.1 -163.9 -0.2 -171.8 -0.2
282937 -161.7 -0.2 -170.6 -0.3 -179.8 -0.3
282912° -145.2 -0.2 -164.7 -0.3 -205.9 -0.3
282902° -139.0 -0.3 -179.4 -0.3 -206.1 -0.3
282874 0.0 0.0 0.0 0.0 0.0 0.0
282707 0.0 0.0 0.0 0.0 0.0 0.0
282424 0.0 0.0 0.0 0.0 0.0 0.0
282071 0.0 0.0 0.0 0.0 0.0 0.0
281647°¢ 0.0 0.0 0.0 0.0 0.0 0.0
281423 0.0 0.0 0.0 0.0 0.0 0.0
279961 0.0 0.0 0.0 0.0 0.0 0.0
279605 0.0 0.0 0.0 0.0 0.0 0.0
278919 0.0 0.0 0.0 0.0 0.0 0.0

Notes:

& Located downstream of Gervais Street bridge
Area-2 cofferdam
¢ Located upstream of Blossom Street bridge

11



Low Flow Sensitivity Analysis Memo July 26, 2019

\ \ \ I ) Congaree River Remediation Project

By: Tom Edwards, PE Checked by: John P. Osterle, PE

Conclusion/Summary

The results in Table 1 and Table 2 show the addition of the proposed Area-1 cofferdam structure results in
maximum increases in water surface elevation of 0.5 ft, 0.4 ft, and 0.3 ft for the normal, mid-point, and cofferdam
crest flows, respectively. The maximum increases in floodplain width of 8.1 ft is experienced on the right (west)
bank, 100 ft downstream of Gervais Street bridge for mid-point conditions. However, the typical increase in
floodplain width upstream of the Area-1 structure is less than 1.5 ft for the three low flow conditions considered.

The results in Table 3 and Table 4 show the addition of the proposed Area-2 cofferdam structure results in
maximum increases in water surface elevation of 0.1 ft for the three low flow conditions considered. The
maximum increase in floodplain extent of 1.8 ft is experienced on the right (west) bank, 100 ft downstream of
Gervais Street bridge for mid-point conditions. However, the typical increase in floodplain width upstream of the
Area-2 structure is less than 1 ft for the three low flow conditions considered.

Figures C1 through C3 (in Appendix C) show the floodplain extents for the three low flow conditions considered
with and without the Area-1 and Area-2 cofferdams (modeled separately). These maps show that the changes in
floodplain extent due to construction of the cofferdams is negligible. Based on a review of aerial photographs, no
additional properties are impacted by floodwater due to construction of the Area-1 or Area-2 cofferdam.
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HEC-RAS River: Congaree River Reach: Reach-1

Profile: 02JAN2012 2300

Reach River Sta Profile Plan Q Total Min Ch EI W.S. Elev CritW.S. E.G.Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (fuft) (ft/s) (sq ft) (ft)

Reach-1 288770 02JAN2012 2300 Norm-C 8564.00 128.14 136.540 136.55 0.000023 0.75 11429.79 1432.68 0.05
Reach-1 288770 02JAN2012 2300 Norm-ProposedD1 8564.00 128.14 136.555 136.56 0.000023 0.75 11452.57 1432.86 0.05
Reach-1 288770 02JAN2012 2300 Norm-ProposedD2 8564.00 128.14 136.542 136.55 0.000023 0.75 11433.37 1432.70 0.05
Reach-1 288770 02JAN2012 2300 MidPt-Ce 17000.00 128.14 137.689 137.72 0.000059 1.30 13085.65 1449.88 0.08
Reach-1 288770 02JAN2012 2300 MidPt-ProposedD1 17000.00 128.14 137.656 137.68 0.000060 1.30 13037.56 1448.52 0.08
Reach-1 288770 02JAN2012 2300 MidPt-ProposedD2 17000.00 128.14 137.682 137.71 0.000059 1.30 13075.07 1449.44 0.08
Reach-1 288770 02JAN2012 2300 Crest-CorrectedC 26000.00 128.14 138.115 138.17 0.000121 1.90 13709.11 1470.83 0.11
Reach-1 288770 02JAN2012 2300 Crest-ProposedD1 26000.00 128.14 138.010 138.07 0.000125 1.92 13554.22 1467.96 0.11
Reach-1 288770 02JAN2012 2300 Crest-ProposedD2 26000.00 128.14 138.086 138.14 0.000122 1.90 13666.75 1470.32 0.11
Reach-1 287472 02JAN2012 2300 Norm-C 8564.14 125.74 128.954 129.59 0.011438 6.38 1342.39 729.33 0.83
Reach-1 287472 02JAN2012 2300 Norm-ProposedD1 8564.17 125.74 128.952 129.59 0.011465 6.39 1341.23 729.04 0.83
Reach-1 287472 02JAN2012 2300 Norm-ProposedD2 8564.00 125.74 128.954 129.59 0.011441 6.38 1342.25 729.29 0.83
Reach-1 287472 02JAN2012 2300 MidPt-Ce 16999.96 125.74 130.051 130.91 0.011248 7.42 229241 990.28 0.86
Reach-1 287472 02JAN2012 2300 MidPt-ProposedD1 16999.97 125.74 130.055 130.91 0.011188 7.40 2296.68 990.95 0.86
Reach-1 287472 02JAN2012 2300 MidPt-ProposedD2 16999.99 125.74 130.052 130.91 0.011235 741 2293.30 990.42 0.86
Reach-1 287472 02JAN2012 2300 Crest-CorrectedC 25999.98 125.74 130.904 131.94 0.010029 8.15 3190.56 1112.98 0.85
Reach-1 287472 02JAN2012 2300 Crest-ProposedD1 26000.00 125.74 130.924 131.94 0.009817 8.09 3212.72 1114.52 0.84
Reach-1 287472 02JAN2012 2300 Crest-ProposedD2 25999.96 125.74 130.909 131.94 0.009971 8.13 3196.57 1113.39 0.85
Reach-1 286338 02JAN2012 2300 Norm-C 8563.95 117.29 121.996 120.57 122.12 0.001751 2.85 3003.08 1303.62 0.33
Reach-1 286338 02JAN2012 2300 Norm-ProposedD1 8563.93 117.29 122.045 120.58 12217 0.001633 2.79 3067.51 1304.76 0.32
Reach-1 286338 02JAN2012 2300 Norm-ProposedD2 8563.99 117.29 122.002 120.58 122.13 0.001735 2.84 3011.55 1303.77 0.33
Reach-1 286338 02JAN2012 2300 MidPt-C 17000.01 117.29 123.764 121.38 123.92 0.001054 3.17 5356.62 1352.41 0.28
Reach-1 286338 02JAN2012 2300 MidPt-ProposedD1 17000.01 117.29 123.833 121.38 123.98 0.000996 3.12 5449.31 1353.48 0.27
Reach-1 286338 02JAN2012 2300 MidPt-ProposedD2 16999.99 117.29 128.779 121.38 123.93 0.001041 3.16 5376.64 1352.64 0.28
Reach-1 286338 02JAN2012 2300 Crest-CorrectedC 25999.99 117.29 125.468 122.01 125.65 0.000762 3.38 7683.68 1380.70 0.25
Reach-1 286338 02JAN2012 2300 Crest-ProposedD1 26000.01 117.29 125.624 122.01 125.79 0.000697 3.29 7899.15 1383.62 0.24
Reach-1 286338 02JAN2012 2300 Crest-ProposedD2 26000.00 117.29 125.511 122.00 125.69 0.000743 3.36 7743.20 1381.51 0.25
Reach-1 286221 Bridge

Reach-1 286106 02JAN2012 2300 Norm-Cc 8563.95 117.10 121.259 121.47 0.003939 3.72 2302.79 1236.51 0.48
Reach-1 286106 02JAN2012 2300 Norm-ProposedD1 8563.93 117.10 121.327 121.53 0.003549 3.59 2388.20 1252.96 0.46
Reach-1 286106 02JAN2012 2300 Norm-ProposedD2 8563.99 117.10 121.268 121.48 0.003885 3.70 2313.94 1238.77 0.48
Reach-1 286106 02JAN2012 2300 MidPt-C 17000.01 117.10 122.764 123.01 0.002208 3.98 4266.62 1338.19 0.39
Reach-1 286106 02JAN2012 2300 MidPt-ProposedD1 17000.01 117.10 122.899 123.13 0.001929 3.82 4447 .35 1341.19 0.37
Reach-1 286106 02JAN2012 2300 MidPt-ProposedD2 16999.99 117.10 122.794 123.04 0.002142 3.95 4306.11 1338.85 0.39
Reach-1 286106 02JAN2012 2300 Crest-CorrectedC 25999.99 117.10 124.919 125.12 0.000944 3.62 7189.63 1373.99 0.28
Reach-1 286106 02JAN2012 2300 Crest-ProposedD1 26000.01 117.10 125.103 125.29 0.000844 3.49 7443.04 1377.44 0.26
Reach-1 286106 02JAN2012 2300 Crest-ProposedD2 26000.00 117.10 124.970 12517 0.000914 3.58 7259.73 1374.94 0.27
Reach-1 284778 02JAN2012 2300 Norm-C 8564.04 112.83 118.632 115.67 118.68 0.000319 1.76 4858.66 1209.35 0.15
Reach-1 284778 02JAN2012 2300 Norm-ProposedD1 8564.07 112.83 119.015 115.67 119.06 0.000235 1.61 5322.92 1211.20 0.14
Reach-1 284778 02JAN2012 2300 Norm-ProposedD2 8564.02 112.83 118.687 115.67 118.73 0.000304 1.74 4925.30 1209.61 0.15
Reach-1 284778 02JAN2012 2300 MidPt-C 16999.98 112.83 121.319 116.39 121.39 0.000232 2.09 8129.80 1234.66 0.14
Reach-1 284778 02JAN2012 2300 MidPt-ProposedD1 16999.98 112.83 121.646 116.39 121.71 0.000199 1.99 8534.85 124276 0.13
Reach-1 284778 02JAN2012 2300 MidPt-ProposedD2 16999.99 112.83 121.394 116.39 121.46 0.000224 2.07 8222.84 1236.53 0.14
Reach-1 284778 02JAN2012 2300 Crest-CorrectedC 26000.01 112.83 124.310 117.01 124.38 0.000158 2.19 11874.89 1261.23 0.13
Reach-1 284778 02JAN2012 2300 Crest-ProposedD1 26000.01 112.83 124.559 117.01 124.63 0.000145 2.13 12188.86 1262.61 0.12
Reach-1 284778 02JAN2012 2300 Crest-ProposedD2 25999.98 112.83 124.380 117.01 124.45 0.000154 217 11963.32 1261.62 0.12
Reach-1 284668 Bridge

Reach-1 284565 02JAN2012 2300 Norm-Cc 8564.04 111.22 116.856 116.91 0.000366 1.84 4658.09 1208.55 0.17
Reach-1 284565 02JAN2012 2300 Norm-ProposedD1 8564.07 111.22 117.284 117.33 0.000258 1.65 5175.79 1210.61 0.14
Reach-1 284565 02JAN2012 2300 Norm-ProposedD2 8564.02 111.22 116.917 116.97 0.000347 1.81 4732.55 1208.84 0.16
Reach-1 284565 02JAN2012 2300 MidPt-C 16999.98 111.22 119.631 119.70 0.000241 2.12 8033.82 1232.74 0.15
Reach-1 284565 02JAN2012 2300 MidPt-ProposedD1 16999.98 111.22 119.972 120.03 0.000205 2.01 8455.12 124117 0.14
Reach-1 284565 02JAN2012 2300 MidPt-ProposedD2 16999.99 111.22 119.710 119.78 0.000232 2.09 8130.54 1234.68 0.14
Reach-1 284565 02JAN2012 2300 Crest-CorrectedC 26000.01 111.22 122.657 122.73 0.000161 2.20 11820.54 1260.99 0.13
Reach-1 284565 02JAN2012 2300 Crest-ProposedD1 26000.01 111.22 122.912 122.98 0.000147 2.14 12141.77 1262.40 0.12
Reach-1 284565 02JAN2012 2300 Crest-ProposedD2 25999.98 111.22 122.729 122.80 0.000157 2.18 11910.97 1261.39 0.13
Reach-1 284431 02JAN2012 2300 Norm-C 8564.04 111.36 116.638 116.79 0.001507 3.1 275140 944.38 0.32
Reach-1 284431 02JAN2012 2300 Norm-ProposedD1 8564.03 111.36 117.143 117.25 0.000889 2.65 3230.30 951.53 0.25
Reach-1 284431 02JAN2012 2300 Norm-ProposedD2 8563.99 111.36 116.713 116.86 0.001385 3.03 2822.85 945.86 0.31
Reach-1 284431 02JAN2012 2300 MidPt-C 17000.00 111.36 119.496 119.64 0.000620 3.09 5493.63 971.06 0.23
Reach-1 284431 02JAN2012 2300 MidPt-ProposedD1 16999.99 111.36 119.856 119.99 0.000508 291 5844.25 973.58 0.21
Reach-1 284431 02JAN2012 2300 MidPt-ProposedD2 17000.00 111.36 119.579 119.72 0.000591 3.05 5574.74 971.64 0.22
Reach-1 284431 02JAN2012 2300 Crest-CorrectedC 26000.01 111.36 122.553 122.70 0.000354 3.06 8493.24 990.85 0.18
Reach-1 284431 02JAN2012 2300 Crest-ProposedD1 26000.00 111.36 122.815 122.95 0.000322 297 8753.26 998.52 0.18
Reach-1 284431 02JAN2012 2300 Crest-ProposedD2 26000.02 111.36 122.627 122.77 0.000345 3.04 8566.55 993.01 0.18
Reach-1 284408 02JAN2012 2300 Norm-C 8564.00 111.06 116.613 116.76 0.001426 3.10 2766.91 911.46 0.31
Reach-1 284408 02JAN2012 2300 Norm-ProposedD1 8564.00 111.58 116.953 117.23 0.002471 4.24 2020.89 626.09 0.42
Reach-1 284408 02JAN2012 2300 Norm-ProposedD2 8563.98 111.06 116.691 116.83 0.001314 3.02 2837.71 913.08 0.30
Reach-1 284408 02JAN2012 2300 MidPt-C 16999.99 111.06 119.481 119.63 0.000625 3.13 5437.98 950.22 0.23
Reach-1 284408 02JAN2012 2300 MidPt-ProposedD1 16999.97 111.58 119.662 119.98 0.001310 4.53 3754.86 653.42 0.33
Reach-1 284408 02JAN2012 2300 MidPt-ProposedD2 16999.99 111.06 119.565 119.71 0.000596 3.08 5517.82 950.85 0.23
Reach-1 284408 02JAN2012 2300 Crest-CorrectedC 25999.99 111.06 122.543 122.69 0.000357 3.10 8381.25 971.93 0.19
Reach-1 284408 02JAN2012 2300 Crest-ProposedD1 25999.98 111.58 122.631 122.95 0.000779 4.55 5719.24 668.95 0.27
Reach-1 284408 02JAN2012 2300 Crest-ProposedD2 26000.01 111.06 122617 122.76 0.000347 3.08 8453.38 972.40 0.18
Reach-1 284395 02JAN2012 2300 Norm-C 8564.00 111.13 116.596 116.75 0.001460 3.12 2744.09 908.60 0.32
Reach-1 284395 02JAN2012 2300 Norm-ProposedD1 8564.00 111.37 116.932 117.21 0.002416 4.21 2033.81 625.39 0.41
Reach-1 284395 02JAN2012 2300 Norm-ProposedD2 8563.98 111.13 116.675 116.82 0.001342 3.04 281591 909.68 0.30
Reach-1 284395 02JAN2012 2300 MidPt-C 17000.00 111.13 119.474 119.63 0.000628 3.14 5409.67 940.69 0.23
Reach-1 284395 02JAN2012 2300 MidPt-ProposedD1 16999.98 111.37 119.651 119.97 0.001278 4.51 3766.09 646.28 0.33
Reach-1 284395 02JAN2012 2300 MidPt-ProposedD2 16999.99 111.13 119.558 119.71 0.000599 3.10 5489.00 941.36 0.23
Reach-1 284395 02JAN2012 2300 Crest-CorrectedC 26000.00 111.13 122.537 122.69 0.000360 3.12 8324.91 962.65 0.19
Reach-1 284395 02JAN2012 2300 Crest-ProposedD1 25999.99 111.37 122.620 122.94 0.000773 4.56 5706.62 660.92 0.27
Reach-1 284395 02JAN2012 2300 Crest-ProposedD2 25999.98 111.13 122611 122.76 0.000350 3.10 8396.45 963.23 0.18




HEC-RAS River: Congaree River Reach: Reach-1 Profile: 02JAN2012 2300 (Continued

Reach River Sta Profile Plan Q Total Min Ch EI W.S. Elev CritW.S. E.G.Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (fuft) (ft/s) (sq ft) (ft)
Reach-1 284372 02JAN2012 2300 Norm-Cc 8563.98 111.51 116.579 116.73 0.001351 3.07 2790.75 894.28 0.31
Reach-1 284372 02JAN2012 2300 Norm-ProposedD1 8563.99 111.51 116.915 11717 0.002136 4.06 2107.57 623.40 0.39
Reach-1 284372 02JAN2012 2300 Norm-ProposedD2 8564.01 111.51 116.660 116.80 0.001243 2.99 2862.79 895.41 0.29
Reach-1 284372 02JAN2012 2300 MidPt-C 17000.01 111.51 119.464 119.62 0.000607 3.14 5418.79 924.21 0.23
Reach-1 284372 02JAN2012 2300 MidPt-ProposedD1 16999.98 111.51 119.642 119.95 0.001192 4.44 3831.39 639.96 0.32
Reach-1 284372 02JAN2012 2300 MidPt-ProposedD2 16999.99 111.51 119.549 119.70 0.000579 3.09 5497.09 924.79 0.22
Reach-1 284372 02JAN2012 2300 Crest-CorrectedC 26000.01 111.51 122.530 122.68 0.000354 3.14 8285.23 946.43 0.19
Reach-1 284372 02JAN2012 2300 Crest-ProposedD1 25999.99 111.51 122613 122.93 0.000741 4.52 5752.89 653.41 0.27
Reach-1 284372 02JAN2012 2300 Crest-ProposedD2 25999.95 111.51 122.604 122.75 0.000344 3.1 8355.67 946.99 0.18
Reach-1 284267 02JAN2012 2300 Norm-Cc 8563.92 108.23 116.480 116.60 0.000891 2.80 3063.61 826.22 0.26
Reach-1 284267 02JAN2012 2300 Norm-ProposedD1 8563.98 108.30 116.666 116.93 0.002106 4.15 2065.23 585.05 0.39
Reach-1 284267 02JAN2012 2300 Norm-ProposedD2 8564.00 108.23 116.568 116.68 0.000826 273 3136.38 827.60 0.25
Reach-1 284267 02JAN2012 2300 MidPt-C 17000.01 108.23 119.407 119.556 0.000513 3.08 5520.86 850.68 0.21
Reach-1 284267 02JAN2012 2300 MidPt-ProposedD1 17000.02 108.30 119.492 119.81 0.001187 4.54 3741.26 599.92 0.32
Reach-1 284267 02JAN2012 2300 MidPt-ProposedD2 17000.00 108.23 119.494 119.64 0.000491 3.04 5594.98 851.28 0.21
Reach-1 284267 02JAN2012 2300 Crest-CorrectedC 26000.00 108.23 122.486 122.64 0.000335 3.18 8170.70 869.99 0.18
Reach-1 284267 02JAN2012 2300 Crest-ProposedD1 26000.02 108.30 122.506 122.84 0.000761 4.67 5568.86 612.86 0.27
Reach-1 284267 02JAN2012 2300 Crest-ProposedD2 26000.03 108.23 122.562 122.72 0.000327 3.16 8236.31 870.46 0.18
Reach-1 284060 02JAN2012 2300 Norm-Cc 8564.05 108.45 116.379 116.47 0.000421 2.36 3626.01 716.56 0.19
Reach-1 284060 02JAN2012 2300 Norm-ProposedD1 8564.00 108.45 116.401 116.60 0.001065 3.61 2369.41 494.38 0.29
Reach-1 284060 02JAN2012 2300 Norm-ProposedD2 8564.00 108.45 116.473 116.56 0.000397 2.32 3693.95 718.23 0.18
Reach-1 284060 02JAN2012 2300 MidPt-C 17000.02 108.45 119.329 119.46 0.000377 2.92 5823.44 770.95 0.19
Reach-1 284060 02JAN2012 2300 MidPt-ProposedD1 17000.00 108.45 119.289 119.60 0.000890 4.45 3817.53 507.95 0.29
Reach-1 284060 02JAN2012 2300 MidPt-ProposedD2 17000.02 108.45 119.419 119.55 0.000363 2.88 5892.90 772.45 0.18
Reach-1 284060 02JAN2012 2300 Crest-CorrectedC 26000.01 108.45 122.425 122.58 0.000292 3.14 8276.19 809.11 0.17
Reach-1 284060 02JAN2012 2300 Crest-ProposedD1 25999.99 108.45 122.331 122.69 0.000687 4.83 5381.69 520.06 0.26
Reach-1 284060 02JAN2012 2300 Crest-ProposedD2 25999.98 108.45 122.502 122.65 0.000285 3.12 8338.35 809.82 0.17
Reach-1 283820 02JAN2012 2300 Norm-Cc 8563.97 107.22 116.336 116.39 0.000192 1.89 4538.03 697.66 0.13
Reach-1 283820 02JAN2012 2300 Norm-ProposedD1 8564.00 107.22 116.312 116.43 0.000401 271 3156.71 485.85 0.19
Reach-1 283820 02JAN2012 2300 Norm-ProposedD2 8563.99 107.22 116.433 116.49 0.000183 1.86 4605.95 698.51 0.13
Reach-1 283820 02JAN2012 2300 MidPt-C 16999.98 107.22 119.286 119.39 0.000223 2.57 6626.93 717.15 0.15
Reach-1 283820 02JAN2012 2300 MidPt-ProposedD1 17000.00 107.22 119.218 119.43 0.000471 3.71 4585.43 496.80 0.22
Reach-1 283820 02JAN2012 2300 MidPt-ProposedD2 16999.97 107.22 119.378 119.48 0.000216 2.54 6692.57 717.67 0.15
Reach-1 283820 02JAN2012 2300 Crest-CorrectedC 25999.98 107.22 122.384 122.52 0.000210 2.93 8871.71 731.91 0.15
Reach-1 283820 02JAN2012 2300 Crest-ProposedD1 26000.03 107.22 122.278 122.56 0.000434 4.25 6120.85 506.84 0.22
Reach-1 283820 02JAN2012 2300 Crest-ProposedD2 26000.01 107.22 122.462 122.59 0.000206 291 8928.51 732.25 0.15
Reach-1 283636 02JAN2012 2300 Norm-C 8563.95 105.24 116.310 116.36 0.000153 1.79 4783.16 669.06 0.12
Reach-1 283636 02JAN2012 2300 Norm-ProposedD1 8564.00 105.24 116.279 116.37 0.000269 2.36 3628.06 510.39 0.16
Reach-1 283636 02JAN2012 2300 Norm-ProposedD2 8564.02 105.24 116.409 116.46 0.000146 1.77 4849.23 669.71 0.12
Reach-1 283636 02JAN2012 2300 MidPt-C 17000.02 105.24 119.253 119.35 0.000195 2.51 6778.98 686.60 0.14
Reach-1 283636 02JAN2012 2300 MidPt-ProposedD1 16999.99 105.24 119.187 119.36 0.000346 3.31 5129.71 521.96 0.19
Reach-1 283636 02JAN2012 2300 MidPt-ProposedD2 17000.04 105.24 119.346 119.44 0.000189 248 6842.71 687.11 0.14
Reach-1 283636 02JAN2012 2300 Crest-CorrectedC 26000.02 105.24 122.350 122.48 0.000188 291 8931.81 703.61 0.14
Reach-1 283636 02JAN2012 2300 Crest-ProposedD1 25999.98 105.24 122.258 122.49 0.000335 3.85 6750.30 533.27 0.19
Reach-1 283636 02JAN2012 2300 Crest-ProposedD2 26000.00 105.24 122.429 122.56 0.000185 2.89 8987.13 704.03 0.14
Reach-1 283611 02JAN2012 2300 Norm-Cc 8563.96 105.38 116.302 116.36 0.000176 1.87 4572.01 664.33 0.13
Reach-1 283611 02JAN2012 2300 Norm-ProposedD1 8564.00 105.38 116.271 116.36 0.000288 2.38 3604.28 528.48 0.16
Reach-1 283611 02JAN2012 2300 Norm-ProposedD2 8564.00 105.38 116.400 116.45 0.000168 1.85 4637.67 664.84 0.12
Reach-1 283611 02JAN2012 2300 MidPt-Ce 17000.00 105.38 119.241 119.35 0.000216 2.60 6547.38 679.52 0.15
Reach-1 283611 02JAN2012 2300 MidPt-ProposedD1 17000.00 105.38 119.180 119.35 0.000355 3.30 5158.39 539.82 0.19
Reach-1 283611 02JAN2012 2300 MidPt-ProposedD2 17000.02 105.38 119.334 119.44 0.000210 257 6610.40 679.97 0.15
Reach-1 283611 02JAN2012 2300 Crest-CorrectedC 26000.00 105.38 122.337 122.48 0.000204 3.00 8673.12 693.33 0.15
Reach-1 283611 02JAN2012 2300 Crest-ProposedD1 25999.99 105.38 122.256 122.48 0.000335 3.80 6835.24 550.54 0.19
Reach-1 283611 02JAN2012 2300 Crest-ProposedD2 26000.00 105.38 122.416 122.55 0.000200 2.98 8727.49 693.68 0.15
Reach-1 283601 02JAN2012 2300 Norm-C 8563.96 105.38 116.295 116.35 0.000200 1.95 4398.66 662.93 0.13
Reach-1 283601 02JAN2012 2300 Norm-ProposedD1 8563.99 105.38 116.260 116.36 0.000328 2.48 3457.88 525.20 0.17
Reach-1 283601 02JAN2012 2300 Norm-ProposedD2 8563.99 105.38 116.394 116.45 0.000190 1.92 4464.38 663.54 0.13
Reach-1 283601 02JAN2012 2300 MidPt-C 17000.00 105.38 119.233 119.34 0.000236 2.67 6369.65 677.91 0.15
Reach-1 283601 02JAN2012 2300 MidPt-ProposedD1 17000.00 105.38 119.166 119.35 0.000390 3.40 5002.15 537.02 0.20
Reach-1 283601 02JAN2012 2300 MidPt-ProposedD2 17000.03 105.38 119.326 119.43 0.000229 2.64 6432.71 678.32 0.15
Reach-1 283601 02JAN2012 2300 Crest-CorrectedC 26000.00 105.38 122.329 122.47 0.000218 3.06 8490.08 691.69 0.15
Reach-1 283601 02JAN2012 2300 Crest-ProposedD1 26000.01 105.38 122.241 122.48 0.000360 3.90 6670.32 548.01 0.20
Reach-1 283601 02JAN2012 2300 Crest-ProposedD2 26000.02 105.38 122.408 122.55 0.000214 3.04 8544.47 692.03 0.15
Reach-1 283574 02JAN2012 2300 Norm-Cc 8563.97 105.18 116.270 116.35 0.000329 2.26 3785.97 662.64 0.17
Reach-1 283574 02JAN2012 2300 Norm-ProposedD1 8563.98 105.18 116.270 116.35 0.000329 2.26 3785.97 662.64 0.17
Reach-1 283574 02JAN2012 2300 Norm-ProposedD2 8563.99 105.18 116.370 116.45 0.000311 222 3852.53 663.17 0.16
Reach-1 283574 02JAN2012 2300 MidPt-C 17000.01 105.18 119.202 119.34 0.000332 2.96 5751.79 677.66 0.18
Reach-1 283574 02JAN2012 2300 MidPt-ProposedD1 16999.99 105.18 119.202 119.34 0.000332 2.96 5751.79 677.66 0.18
Reach-1 283574 02JAN2012 2300 MidPt-ProposedD2 17000.04 105.18 119.296 119.43 0.000320 2.92 5815.51 678.09 0.18
Reach-1 283574 02JAN2012 2300 Crest-CorrectedC 26000.01 105.18 122.301 122.47 0.000281 3.30 7872.33 690.91 0.17
Reach-1 283574 02JAN2012 2300 Crest-ProposedD1 26000.03 105.18 122.301 122.47 0.000281 3.30 7872.33 690.91 0.17
Reach-1 283574 02JAN2012 2300 Crest-ProposedD2 26000.02 105.18 122.380 122.55 0.000274 3.28 7926.99 691.24 0.17
Reach-1 283490 02JAN2012 2300 Norm-C 8564.04 104.94 116.205 116.31 0.000525 2.60 3297.06 662.92 0.21
Reach-1 283490 02JAN2012 2300 Norm-ProposedD1 8564.02 104.94 116.205 116.31 0.000525 2.60 3297.06 662.92 0.21
Reach-1 283490 02JAN2012 2300 Norm-ProposedD2 8563.99 104.94 116.309 116.41 0.000492 2.54 3366.17 663.61 0.20
Reach-1 283490 02JAN2012 2300 MidPt-C 17000.00 104.94 119.138 119.30 0.000483 3.23 5268.69 679.98 0.20
Reach-1 283490 02JAN2012 2300 MidPt-ProposedD1 17000.01 104.94 119.138 119.30 0.000483 3.23 5268.69 679.98 0.20
Reach-1 283490 02JAN2012 2300 MidPt-ProposedD2 17000.00 104.94 119.235 119.39 0.000465 3.19 5334.27 680.45 0.20
Reach-1 283490 02JAN2012 2300 Crest-CorrectedC 26000.02 104.94 122.247 122.44 0.000402 3.51 7405.77 695.04 0.19
Reach-1 283490 02JAN2012 2300 Crest-ProposedD1 25999.99 104.94 122.247 122.44 0.000402 3.51 7405.77 695.04 0.19
Reach-1 283490 02JAN2012 2300 Crest-ProposedD2 25999.99 104.94 122.327 122.52 0.000394 3.48 7461.60 695.38 0.19
Reach-1 283342 02JAN2012 2300 Norm-C 8564.03 107.64 116.147 116.24 0.000433 242 3541.01 690.43 0.19
Reach-1 283342 02JAN2012 2300 Norm-ProposedD1 8564.01 107.64 116.147 116.24 0.000433 242 3541.01 690.43 0.19




HEC-RAS River: Congaree River Reach: Reach-1

Profile: 02JAN2012 2300 (Continued

Reach River Sta Profile Plan Q Total Min Ch EI W.S. Elev CritW.S. E.G.Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (fuft) (ft/s) (sq ft) (ft)
Reach-1 283342 02JAN2012 2300 Norm-ProposedD2 8563.99 107.64 116.256 116.34 0.000405 237 3615.82 691.15 0.18
Reach-1 283342 02JAN2012 2300 MidPt-C 16999.99 107.64 119.093 119.24 0.000386 3.03 5603.11 709.81 0.19
Reach-1 283342 02JAN2012 2300 MidPt-ProposedD1 17000.00 107.64 119.093 119.24 0.000386 3.03 5603.11 709.81 0.19
Reach-1 283342 02JAN2012 2300 MidPt-ProposedD2 16999.99 107.64 119.191 119.33 0.000371 3.00 5672.91 710.38 0.19
Reach-1 283342 02JAN2012 2300 Crest-CorrectedC 26000.01 107.64 122.213 122.38 0.000335 3.32 7842.52 761.87 0.18
Reach-1 283342 02JAN2012 2300 Crest-ProposedD1 25999.96 107.64 122.213 122.38 0.000335 3.32 7842.52 761.87 0.18
Reach-1 283342 02JAN2012 2300 Crest-ProposedD2 26000.02 107.64 122.294 122.46 0.000327 3.29 7901.46 763.39 0.18
Reach-1 283203 02JAN2012 2300 Norm-Cc 8564.01 106.22 116.114 116.19 0.000299 2.15 3974.19 697.17 0.16
Reach-1 283203 02JAN2012 2300 Norm-ProposedD1 8563.98 106.22 116.114 116.19 0.000299 2.15 3974.19 697.17 0.16
Reach-1 283203 02JAN2012 2300 Norm-ProposedD2 8564.00 106.22 116.224 116.29 0.000281 211 4050.92 698.06 0.15
Reach-1 283203 02JAN2012 2300 MidPt-Ce 17000.02 106.22 119.064 119.19 0.000299 2.80 6061.01 764.84 0.17
Reach-1 283203 02JAN2012 2300 MidPt-ProposedD1 16999.99 106.22 119.064 119.19 0.000299 2.80 6061.01 764.84 0.17
Reach-1 283203 02JAN2012 2300 MidPt-ProposedD2 17000.01 106.22 119.163 119.28 0.000288 277 6131.76 766.85 0.17
Reach-1 283203 02JAN2012 2300 Crest-CorrectedC 26000.00 106.22 122.190 122.34 0.000251 3.12 8323.98 824.68 0.16
Reach-1 283203 02JAN2012 2300 Crest-ProposedD1 26000.00 106.22 122.190 122.34 0.000251 3.12 8323.98 824.68 0.16
Reach-1 283203 02JAN2012 2300 Crest-ProposedD2 25999.98 106.22 122.271 122.42 0.000245 3.10 8383.41 826.12 0.16
Reach-1 283179 02JAN2012 2300 Norm-C 8564.00 106.20 116.116 116.18 0.000241 2.02 4232.75 693.67 0.14
Reach-1 283179 02JAN2012 2300 Norm-ProposedD1 8564.01 106.20 116.116 116.18 0.000241 2.02 4232.68 693.67 0.14
Reach-1 283179 02JAN2012 2300 Norm-ProposedD2 8564.01 107.82 116.179 116.29 0.000436 2.62 3264.91 564.42 0.19
Reach-1 283179 02JAN2012 2300 MidPt-Ce 17000.00 106.20 119.067 119.18 0.000260 2.70 6307.53 756.49 0.16
Reach-1 283179 02JAN2012 2300 MidPt-ProposedD1 16999.98 106.20 119.067 119.18 0.000260 2.70 6307.53 756.49 0.16
Reach-1 283179 02JAN2012 2300 MidPt-ProposedD2 17000.01 107.82 119.090 119.27 0.000451 3.45 4926.68 622.05 0.21
Reach-1 283179 02JAN2012 2300 Crest-CorrectedC 26000.01 106.20 122.192 122.34 0.000227 3.04 8556.81 834.29 0.16
Reach-1 283179 02JAN2012 2300 Crest-ProposedD1 26000.01 106.20 122.192 122.34 0.000227 3.04 8556.81 834.29 0.16
Reach-1 283179 02JAN2012 2300 Crest-ProposedD2 25999.99 107.82 122.182 122.41 0.000384 3.86 6727.78 694.81 0.20
Reach-1 283169 02JAN2012 2300 Norm-Cc 8564.00 106.15 116.115 116.18 0.000232 2.00 4277.10 692.45 0.14
Reach-1 283169 02JAN2012 2300 Norm-ProposedD1 8564.01 106.15 116.115 116.18 0.000232 2.00 4277.10 692.45 0.14
Reach-1 283169 02JAN2012 2300 Norm-ProposedD2 8564.01 107.38 116.176 116.28 0.000423 2.60 3295.96 564.31 0.19
Reach-1 283169 02JAN2012 2300 MidPt-C 16999.99 106.15 119.066 119.18 0.000254 2.68 6348.98 755.29 0.16
Reach-1 283169 02JAN2012 2300 MidPt-ProposedD1 16999.98 106.15 119.066 119.18 0.000254 2.68 6348.98 755.29 0.16
Reach-1 283169 02JAN2012 2300 MidPt-ProposedD2 17000.00 107.38 119.088 119.27 0.000441 3.43 4959.15 622.09 0.21
Reach-1 283169 02JAN2012 2300 Crest-CorrectedC 26000.01 106.15 122.191 122.33 0.000223 3.02 8595.31 832.19 0.15
Reach-1 283169 02JAN2012 2300 Crest-ProposedD1 26000.01 106.15 122.191 122.33 0.000223 3.02 8595.31 832.19 0.15
Reach-1 283169 02JAN2012 2300 Crest-ProposedD2 26000.00 107.38 122.181 122.41 0.000378 3.84 6762.90 694.52 0.20
Reach-1 283139 02JAN2012 2300 Norm-C 8564.00 104.58 116.104 116.17 0.000257 2.07 4136.81 687.25 0.15
Reach-1 283139 02JAN2012 2300 Norm-ProposedD1 8564.00 104.58 116.104 116.17 0.000257 2.07 4136.81 687.25 0.15
Reach-1 283139 02JAN2012 2300 Norm-ProposedD2 8564.01 10