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1. INTRODUCTION

1.1 Project Description

This Hydraulic Report was prepared to document the hydrologic and hydraulic
analysis for the proposed I-26 and I-95 Interchange improvements (I-26 Exit 169A-B, I-
95 Exit 86A-B). These improvements are to address the operational deficiencies of the
current interchange configuration. The scope of work includes field surveys, pipe and
box culvert inspections, and the preliminary hydraulic design of stormwater systems
(pipe culverts, ditches, and closed systems).

The proposed interchange improvements will address merge and weave
movements and are expected to involve ramp realignment for added safety.
Currently, the interchange consists of two EB and two WB lanes each 12" wide on |-26
and two NB lanes and two SB lanes 12" wide on I-95. Ramps vary in width from 16’ to
18’. An 8'x6’ concrete box culvert, three separate 6'x6’ concrete box culverts, and a
48" concrete pipe culvert have been installed since the construction of the original
inferchange in 1959. Multiple crosslines have also been installed. Hydraulic data for
these culverts and pipes is included in Section 3.

It is assumed that video inspection will occur during the design stage to assess the
condition of the existing culverts and pipes draining from the median drop inlets and
determine if replacements are required. Note that tree removal is underway within
the project area, and some pipe outlets have been damaged by equipment. See
Section 6 for examples.

1.2 Design Criteria

Hydraulic design services were provided in accordance with SCDOT “Requirements
for Hydraulic Design Studies,” dated May 26, 2009, and normal SCDOT practice,
unless directed otherwise by SCDOT. See the following page for project-specific
design criteria and standards.

1.3 Existing Watershed

The eastern half of the proposed interchange lies within the Spring Branch-Four Hole
Swamp Watershed and its western half lies within the watershed for a tributary to Four
Hole Swamp. Four Hole Swamp is itself a tributary of the Edisto River. While there have
been instances when portions of I-95 north of the project site have been closed due
to flood events, there has been no flooding within the project limits that resulted in a
road closure. See Figure 1.1 for a map of the existing watersheds around the project
site. See Figure 1.2 for an aerial map of the project site.
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Figure 1.1: Watershed Map for Four Holes Swamp
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The existing land uses within both the Spring Branch-Four Hole Swamp Watershed
and the tributary watershed consist mainly of wetlands and wooded areas, with
some isolated areas of brush and open fields. Most of the watershed, especially north
of I-26, has been managed for pine silviculture. Four Hole Swamp crosses 1-95
approximately a mile north of the interchange but several unnamed tributaries pass
underneath the interchange in various locations. These tributaries also manifest as
numerous ponded areas to the west and south of the interchange. Multiple culverts,
cross-lines, and half-lines exist to convey drainage within the interchange and
hydraulic analysis of these outfalls is presented in Section 3. The watersheds
contributing to these outfalls has been heavily modified in the past by construction of
a network of drainage channels and ditches. An additional discussion of these
outfalls is presented in Section 5.

Existing ditches impacted by proposed alternatives will need to be reconstructed to
maintain current drainage patterns. Information on alternatives can be viewed in
Section 3.5.

1.4 FEMA Flood Hazard Zone

Section 2 “PROJECT MAPS” contains the Federal Emergency Management Agency
(FEMA) effective flood hazard maps for the project area. The proposed
improvements to the interchange site are outside of the flood hazard area, so no
floodplain impacts are anticipated.

1.5 Proposed Stormwater Management

The project site falls within the Four Hole Swamp watershed of the Edisto River Basin.
The drainage area passing through the project site is 7.75 square miles (4,960 ac) as
delineated using the USGS StreamStats website. The common point of interest for the
watershed was taken where Four Hole Swamp crosses U.S. Hwy 15. At this point the
total drainage area of Four Hole Swamp is 344 sgq mi (220,160 ac).

This project consists of realigning interchange ramps which will result in a negligible
increase in impervious area when taking into consideration the total drainage area.
Furthermore, when considering the large drainage area of the common point of
interest of Four Hole Swamp and the comparatively insignificant change in land use
of the project site, stormwater management will not be required. However, should
there be a need for stormwater management, the project site has available space
within the interchange.

1.6 Sediment and Erosion Control

A description of sediment and erosion control measures will be provided during final
design by the design-build team.
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2. PROJECT MAPS
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3. HYDROLOGIC & HYDRAULIC ANALYSES
OF EXISTING OUTFALLS

The twelve total existing culverts and cross-lines spanning the [-26/1-95 interchange
were modeled in HY-8 using elevation information taken from survey. Four culverts
used peak discharges calculated with StreamStats. The Rational Method was used to
calculate peak discharges for seven cross-lines draining small watersheds less than
100 acres, where StreamStats data did not exist. The SCS Method was used for one
culvert that possessed a drainage area greater than 100 acres but less than 1 sg mi.
StreamStats information is presented in Section 3.1, SCS results are presented in
Section 3.2, Rational Method calculations are presented in Section 3.3, and HY-8
outputs are presented in Section 3.4.

A hydrology data summary table was generated for the culverts and cross-lines
(Table 3.1 in Section 3.4) and half-lines (Table 4.1 in Section 4) within the interchange.
These tables contain basic identification data, hydrology data, headwater to depth
ratios (HW/D) for the 50-year and 100-year storms, field notes, and
recommendations. Recommendations include cleaning and extending pipes based
on project alternatives. Table 3.1 also contains re-sizing recommendations based on
a HW/D ratio of 1.2 or less for the design storm. For more on assessments of project
alternatives, see Section 3.5.
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3.1 StreamStats

StreamStats outputs were available for four reinforced concrete box culverts (RCBC)
within the interchange and are displayed in Sections 3.1.1-3.1.4.

3.1.1 BC-1-8'x6’' RCBC @ 1-26 STA 3145+00

Region ID:  SC
Workspace ID: SC20221208214757759000

Chicked Point (Latitude, Longitude): 332,33089, 80.56107
Time: 2022-12=D8 16:48:18 =0500
[ ’ 4 [

e ‘: :
V-2l X

5 \ R
, e ¢

2

4 L\- .

F N 1
&
o, L
b

B2 crossing 2t Sta 3145400 Existing &' RCBC

Q Collapse A
> Basin Characteristics
P Code P Description Value Unit
DRNAREA Area that drains to a point on a stream 2,21 square miles
124H50Y 24-h precipi 1 that occurs on average once in 50 years g inches
LCosIMpP Percentage of impervious area determined from NLCD 2006 impervious dataset 129 percent
PCTREG1 Per ge of d oe area | d in Region 1 = Piedmant / Ridge and Valley 0 percent
PCTREGZ Percentage of drainage area located in Region 2 = Blue Ridge 0 percent
PCTREG3 P ge of d: ge area | d in Region 3 = Sandhills ] percent
PCTREG4 Percentage of drainage area located in Region 4 - Coastal Plains 100 percent
PCTREGS P ge of d ge area | d in Region 5 = Lower Tifton Uplands 0 percent

Generd| Disclimers

> Peak-Flow Statistics

Peak-Flow Statistics Parameters [Peak Southeast US over 1 sqmi 2009 5156)

Paramater Code Parameter Name Value Units Min Limit Max Limit
DRNAREA Drainage Area 2 square miles 1 9000
PCTREGY Percent Area in Region 1 o percent o 100
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Parameler Code Parametler Name Walue Units Miim Lirmit Max Limit
PLCTREGZ Percent Area in Region 2 o percent o oo
FLTREGE Percent Area in Hagion 3 ] parcent [+] nn
PCTREG4 Percentl Area in Region 4 100 percent o 100
FLTREGS Perceani Area in Hagion 5 o] pRrcent o oo

Peak-Flow Statistics Flow Report [Peak Southeast LS over 1 sgmi 2009 5156]

PIl: Prediction Interval-Lower, Plu: Prediction Interval-Upper, ASER: foverage Standard Error of Prediction, SE. Standard Error {other — see

repart)

Statistic Value Unit Fl Flu ASEp
Liepercant AEP fleod 1M fi*3/'s ] 17 345
Zikpercent AEP Mlood 202 fi*3se 117 349 14
T0eperoant AEP flood 83 fi*dss &1 498 LN
d-percent AEP Tleod 397 f*ase 218 723 7.5
dmpercant AEP flood 497 fi*dsrs a4 LR L]
T-percent ACP food G049 f*ass 313 1190 41.9
0. S=parcent AEF fload i3 fi*dss 354 1440 44.3
0. F-percent AEP MNaad a7a f*ass 41z 1850 477
Poak-Flow Stalislics Cifatons

Feaster, T.0., Gotvalld, A.J., and Weaver, J.C.,200%, Magnitude and Frequency of Rural Floods in the Scutheastern United States, 2006:
Velume 3, South Carolina: U.5. Geological Survey Scientific Investigations Report 200%9=5156, 226 p.
(hitpz pubs usgs, govssin/ 2009/51 56/)

USG5 Data Msclaimeer: Unless otherwise stated, ol data, metadata and related matedals ane considened to satisty tha qualiy stardainds relative to the purpose lor which the data were
collectad, Alikough these data ard associsted matagata hioe been rmviewed Tor accuracy and completeness and approved Tor rebeass by the U5, Gaclogical Survey [USGEE), ro waranty
expressed or implied is made regarding the dsplay or utlity of the data for ather perpeses, nor o all computer systems, nor shall the act of distribution constitute amy such warranty.

U=G5 Sottveare Disclaimer: This software has been approved Sor release by the U5, Geologcal Survey (WSG5]. Although the software has been subjected bo rigorous review, the USGS reserves
tha fight fo upsdate e sofiwarne as reedad pursusat o Turthar analysi and raview. bo Wwamanty, expressed of impied, | rade by e USG5 or the LS. Gowamment as 5o the functianalay of
the software and related material nor =hall the fxct of relegse consgitote any such waranty. Furtherore, the softywaere is relessed on cond tion that neither the WSGS nor the U5, Governmant
shall ke held liahle for any damages mesulting from 25 autherized of unauthorized we

UEGS Product Names Disclaimer: Any use of trade, firm, or product samas is for descriptive purpeses only and does mot imply endorsement by the LS. Gouemment.

Applcation Yersion: 4.11.1
StreamSiats Services Vergion: 1,232
MES Services Version: 2.2.1
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3.1.2 BC-2 - 6'x6' RCBC @ 1-95 NB to 1-26 EB Ramp STA 3214+28

Region ID:  5C
Workspace 10;  SC20221 208207902 TR0

Clicked Point (Latitude, Longitude):  33.31638, -50.54635
Time: 2022-12-08 15:1%:23 -0500

B collapse A
» Basin Characteristics
Faramater Coda Paramater Description Value  Unit
DRMAREA Araa that draine to a point on a stream 1.65  sguare miles
124HE0Y Maximum 24-hour precipitation that occwrs on average onee in 50 years &1 inches
LcaslMp Percentage of impervigus area determined from NLCD 2006 impervious dataset 131 percent
PCTREGT Percentage of drainage area located in Region 1 = Piedmant [ Ridge and Valley o percent
PCTREGEZ Percentage of drainage area located in Regien 2 = Blue Ridge o percent
PCTREGE Percentage of drainage area located in Region 3 - Sandhills o peroent
PCTREGH Percentage of drainage area located in Regien 4 - Coastal Plains 100 percent
PLCTREGS Percentage of drainage area located in Region 5 - Lower Tifton Uplands o percent
Geners Disclaimers

¥ Peak=Flow Statistics

PeakeFlow Statistics Parameters [Peak Southeast US over 1 sgmi 2009 5156]

Parameter Coda Paramater Nama Walue Units Min Limit Max Limit
DRHAREA Drainage Area 1.65 square miles 1 w000
PLCTREET Percent Area in Regicn 1 o percent o 100
FOTREGZ Percent &rea in Region 2 o pergent n 1on
BLCTREG2 Percent Area in Hegion 2 o percent o 100
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Parameter Code Parameter Mame Value Unins Mim Limit Max Limit
PLTREGA Percent Area in Regicn 4 oo percent o oo
FLOTREGS FPercant frea in Hagion & [ parcent [+ nn

Feak-Flow Statistics Flow Report [Peak Southeast LIS over 1 sgmi 2009 5156]

PIl: Prediction Interval-Lower, Plu: Prediction Interval-Upper, ASEp: Average Standard Error of Prediction, SE: Standard Ercar {other — gee

reparl)

Statistic Vajue Umit Fll Plu ASEp
Sfmpercent AEP flood B3.4 ft*3fs 474 148 34.5
20-percent AEP flood 168 1 3fs a7 291 34
T0=percent AEP flood 237 ft*dfs 138 417 ]
d-percent AEP fhood 133 n*ars 183 607 7.5
mpercant AEP flood ald ft*ifs ) TB% 35
T-percent AEP flood 512 Nn*are 263 ooy 418
0.S=parcent AEP flaad &0 ft*irs anr 1270 44.2
0. 3-peraant ALP Tlaad 736 n*ars 47 1560 437
Praak-Flnwr STatietics Citations

Feaster, T.D., Gotvalld, A_J., and Weaver, J.C., 2009, Magnitude and Frequency of Rural Floods in the Southeastern United States, 2006:
Volume 3, South Carolina: U.5. Geological Survey Scientific Investigations Report 2009=5158, 2246 p.
{http:pubs, usgs, goviair/ 2009,/5156/)

USG5 Data Disclairer: Unbess otherwise stated, o data, metadata and related materdals are considered to satisty the qualty standards rel ative to the purpase for which the data were
cnllestad, Alikough thse data and associated matadats b been revissed lor accuracy and completeness s approved Tor releass by the U35, Geological Surey [LUSGE), ra warmnty
axpressad or implied is made regarding the dsplay or utility of the data for other purposes, nor on all compuber systems, nor shiall the act of distribution constitube any such warranty.

USG5 Soltware Disclaimer: This software has been approved bor release by the LS. Geologcal Survey (USGS] Altkough the software has been subjected to rigoeous review, P USGS resarves
tha Aght to update the solftware o read ad ursdanst e Turther analysis and reviw. Mo warmanty, expressed or implad, i mads by the LISGS or thie LS, Gawarnment & 10 the functianalay of
the software and relates material nor skall the fact of relesse constibete any @pch warenty, Furthermoees, the softvare iz relessed oo conc™tion that neither the USGES nor the L%, Gosemmant
shall ba heldd liable for any damages resulting from s authorized or unauthorized we

USG5 Product Names Disclalmer: Any use of trade, firm, or product rames Is for descorpbve purpeses only and does mot imply endorsement by the LS. Gousmment.

Apphcation Wesion: 4111
SireamSiats Sersicas Version: 1.2.77
MES Services Version: 2.2.1
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3.1.3 BC-3 - 6'x6' RCBC @ 1-95 STA 6022+50

Region ID:  SC

Workspace ID:  SC20221208194824071000
Clicked Point (Latitude, Longitude): 33 31566, <80.55096

Time:

2022-12-08 14:46:44 -0500

> Basin Characteristics

Parameter Code
DR*ARE;K o
124H50Y
Lcasivp
PCTREGY
PCTREGZ
PCTREG2
PCTREG4
PCTREGS

Genera] Disclkimers

Parameter Description

Anﬁ ﬂui duh{ tbva point on a stream

Maximum 24-hour precipitation that occurs on average once in 50 years
Percentage of impervious area determined from NLCD 2006 impervious dataset

P of drai

ge area | d in Region 1 = Pied / Ridge and Valley
Percentage of drainage area located in Region 2 = Blue Ridge

P ge of drainage area | d in Region 3-Slndhllla.

Percentage of drainage area located in Regicon 4 - Coastal Plains
Percentage of drainage area located in Region 5 « Lower Tifton Uplands

Value

1.51

g1
0.34
0

0

o
100
0

PAGE 3-6

© Collpse 21

Unit

iquire miles
inches
percent
percent
percent
percent
percent

percent

> PeakeFlow Statistics

Peak=Flow Statistics Parameters [Peak Southeast US over 1 sqmi 2009 5156)

Parameter Code
DRNAREA
PCTREGT
PCTREGZ
PCTREG2

Parameter Name Value Units
Drainage Area 1.51 square miles
Percent Area in Region 1 ] percent
Percent Area in Region 2 0 fmcont
Percent Area in Rtgionﬁ 0 percent

Min Limit
1

Max Limit
9000

100

100

100
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Parameter Code Parametler Name
FLCTREGH Percent Area in Region 4
FOTREGS Fercant frea in Hagion &

Value

Units
percant

parcent

Peak-Flow Statistics Flow Report [Peak Southeast US over 1 sgmi 2009 5156]

Min Limil

PAGE 3-7

Max Limit
oo
e

PIl: Prediction Interval-Lower, Plu: Prediction Interval-Upper, ASEp: Average Standard Error of Prediction, SE: Standard Ercar {other — see

reparl)
Statistic

SOeperoent AEP flood
zo-percent AEP flood
10=parcant AFP flood
4-pereent AEP fleod
dmperoant AEP flood
1-pereent AEP fleod
0, S=parcent AEF fload

0. F-paroent ACF [lood

Prak-Flow Statielics Citations

Vajue
TR.7
158
224
115
ER
486
564
6494

Unit

ft*dis
1t*3/s
ft*dis
f*3rs
ft*d/s
Mn*da’s
ftrirs

Mn*3's

Fll
482
a9
127
173
210
250
282
310

Plu
137
275
144
574
21
47
1150
1480

ASEp
34,5
34
=L
37.5
394
418
44.3
47.7

Feaster, T.D., Gotvalld, A.)., and Weaver, J.C., 2009, Magnitude and Frequency of Rural Floods in the Southeastern United States, 2006:

Wolume 3, Scuth Carclina: U.5. Geological Survey Scientific Investigations Report 200%9=5156, 224 p.

(http:ipubs, usgs. govialr 2009/51564)

=G5 Data Disclaimer: Unbess otterwise stated, o8 data, metadata and related materials ane considened to satiséy the qualty standards relative bo the purpose for which the data were
nllested, Alibnph thise dats and associsted meladaty hive Been revisvsed lor accuracy and completeness sl approved for releass By the 1.5, Geelegical Survey [USGS), ro warmanty
axpressed or implied is made regarding the dsplay or ublity of the data for other purposes, nor on all compuber systeres, nor shall e act of disbibution constitube any such warrany.

WSS Sofivesre Disclaimer: This software has been approved for relesse by the L5, Geologcal Survey (USG 5] Although e software has Seen subjected to rigomous review, the USES reserves

tha sight ta upsdate the seftwars as readad pursuast 1o Turther analysis and ravies. Mo Waranty, eepiessed of impiod, & made by the LISGS of the LS. Gevarnment as 1o tha functianaly of

the software and related material nor shall the fsct of relesse constitte any sech waranty. Furthermoes, the scftvere is relessed onocondSion that neither the WSGS nor the U5, Governmant
shall ba held liahle for any damages resulting from its authorized or unauthorized wie

U=G5 Product Names Disclalmer: Ary use of trade, firm, or product mames is for descripbive purpeses anly and does mot imp ly endorsernent by the LS. Gowemimend.

Apphcation Wersion: 4.11.1
SireamSiats Sersices Version: 1.72.32
MES Services Version: 2.1
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3.1.4 BC-4 - 6'x6' RCBC @ Bluff Rd STA 119+25

Region ID:  SC

Workspace |0: SC2022121 2171731654000

Clicked Point (Latitude, Longitude): 3331805, -50.54427
Time: 2022-12-12 12:17:53 -0500

0 Collipse 2l
> Basin Characteristics
Parameter Code  Parameter Description Value Unit
DRNAREA Area that drains to a polnt on a stream 171 square miles
124150 Maximum 24-hour precipitation that on ge once in 50 years g1 inches
Lcasivp Percentage of impervious area determined from NLCD 2006 impervious dataset 2,05  percent
PCTREG1 Percentage of drainage area Jocated in Region 1« Piedmant / Ridge and Valley 0 percent
PCTREGZ Percentage of drainage area located in Region 2 = Blue Ridge 0 percent
PCTREG3 Percentage of drainage area located in Regien 2 = Sandhills 0 percent
PCTREG4 Percentage of drainage area located in Region 4 - Coastal Plains 100 percent
PCTREGS Percentage of drainage area located in Region 5 = Lower Tifton Uplands 0 percent
> Peak=Flow Statistics
Peak-Flow Statistics Parameters [Peak Southeast US over 1 sqmi 2009 5156]
Parameter Code Parameter Name Value Units Min Limit Max Limit
DRNAREA Drainage Area 1.7 square miles 1 9000
PCTREGT Percent Area In Reglon 1 o percent 0 100
PCTREGZ2 Percent Area in Region 2 0 percent 0 100
PCTREG3 Percent Area In Reglon 3 0 percent 0 100
PCTREG4 Percent Area in Region 4 100 percent 0 100
PCTREGS Percent Area In Region 5 0 percent 0 100
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Peak-Flow Statistics Flow Report [Peak Southeast US over 1 sgmi 2009 5156]

PIl: Prediction [mterval-Lower, Plu: Prediction [nterval-Upper, ASEp: Average Standard Error of Prediction, SE: Standard Errar {other — see

rapart)

Statlatie Valua Unit Fll Flu ASEp
Alpercent AEP flocd B5.4 ft*3rs 19 149 4.5
2l-percent AEP flood 172 ft*dis 59,4 2454 a4
10=percant AEP flood 242 1t dre 138 AZE 5.1
dapercent AEP Flood 340 ft*3is 187 E20 37.5
=percent AEP flood 426 1i*drs 226 Bo2 396
A=percent SEP flocd 523 ft*3is 269 1020 41.9
0.5-percent AEF Tlaad 613 fi*drs 104 1240 A4.3
0. F=percent AEF flood 781 ft*3is 388 18440 477
FrakeFlow STasbes Cifaons

Feaster, T.0., Gotvalld, &.J., and Weaver, J.C_ 200%, Magnitude and Frequency of Rural Floods in the Southeastern United States, 2006:
Volime 3, South Careling: 1.5 Geologicel Survey Seientific Inveatigations Repart 2009=5156, 226 .
{http:¥fpubs.usgs. gov/sir/ 2009/5156/)

USES Data Disclairsr: Unliss otferwiss statad, a0l data, metedata and alatod matnmals oo cansidomed 1 satisty the quakty stasclards ralative 1o the purpess Tar which thio dats wore
collected, Although these data 2nd associzted matadats have been revtewesd For sccuracy and completeness and appeoved for releaze by the US Gaological Survey |USGS], no warranky
sxprassad or Impliad & mads ragarding the dsp lay of utility of the data far ather purposses, nor on all compuber sysbenmss, nor shal the act of distibation Lonstitube any such warranty.

UEE5 Sottware Disclaimar: This seftware has bedn approved for relaase by the U.S. Geological Survey (USGS]. Although thi sefiware has Dedn subected to rigorous review, th LSGS aserves
thix right to update the sofiware gy reeded pursusst to further analysis and review. Mo warranty, expressed or implied, m made by the USGS o the LS, Govemment as 8o the funceionalty of
the softwane and relabed material nor shall the fact of release constibate any ssch waranty. Furth emeane, the software |s released on concizion that nelther the USES nor the U5, Govemment

Ahall be Feld linhle lor any damages resulting ram S5 athorited or unithoriged wie
UGS Product Manmes Disckaimer: Asy ube of tade, firm, o product ramss 5 Sar deicri e purpeses anly and dies mel imply endorseeest i the 15 Gapmenen,

Applicatian Yersion: 4.11.1
SlreamSlats Servces Version: 1.LE2
MSE Services Version: 2.1
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3.2 SCS WinTR-55 Method

The SCS Method was utilized for pipe culvert EP-34, which possesses a drainage area
between the limits for Rational Method and Regression Equation calculations. The
USGS program Hydrologic Toolbox was used to create the outputs, attached below.

WinTR-55 Current Data Description

-=-- Tdentification Data ---

User: ENR Date: 1/11/2023
Project: I-26/1-85 Units: English
SubTitle: DA to 48' RCP Areal Units: Acres
State: South Carclina

County: Orangeburg NOAR-14

Filename: C:\Temp\I-26_I-9%95 Int\SCS Analysis\R29938-48-in RCP.w55

——— Sub-Area Data --—-

Name Description Reach Areal{ac) RCHN Tc

DA-1 Cutlet 4z27.77 73 3.245

Total area: 427.77 (ac)

—-—— Storm Data —-

Rainfall Depth by Rainfall Return Period

2-Yr 5-Yr 10-¥r 25-Yr 50-Yr 100-Yr 1-Yr
{in) {in) {in) (in) (in} (in} {in)
3.71 4.77 5.67 6.98 8.0% 9.3 3.06
Storm Data Source: User-provided custom storm data
Rainfall Distributicn Type: Type III

Dimensionless Unit Hydrograph: Peak Factor 100
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Hydrologic & Hydraulic Analyses of Existing Outfalls PAGE 3-11
ENR I-26/I-95
DA to 4B8' RCE
Orangeburg NOAR-14 County, South Carolina
Storm Data
Rainfall Depth by Rainfall Return Period
2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-Yr 1-Yr
(in) (in) {in) (in) (in} (in) {in)
3.71 4,77 5.67 6.98 8.09 9.3 3.06
Storm Data Source: User-provided custom storm data
Rainfall Distributiocn Type: Type III
Dimensionless Unit Hydrograph: Peak Factor 100
ENR I-26/I-95
D& to 48' RCPE
Orangeburg NOAA-14 County, South Carolina
Watershed Peak Table
Sub-Area Peak Flow by Rainfall Return Period
or Reach 2-¥Yr 5-¥r 10-Yr 25-Yr 50-Yr 100-¥r 1-Yr
Identifier ({cfs) ({cfs) ({cfs) (cfs) {cfs) ({cfs) (cfs)
SUBAREAS
DA-1 30.76 49.50 66,82 93.68 117.45 143,98 20.52
REACHES
QUTLET 30.76 459,50 66,82 93.68 117.45 143,98 20.52
ENR I-26/I-95
DA to 48' RCP
COrangeburg NOAR-14 County, South Carclina
Hydrograph Peak/Peak Time Table
Sub-Area Peak Flow and Peak Time (hr) by Rainfall Return Period
or Reach 2-Yr 5-Yr 10-Yr 25-Yr 50-Yr 100-¥r 1-Yr
Identifier (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) ({cfs)
(hr) (hr) (hr) (hr} (hr) (hr) (hr)
SUBAREAS
DA-1 30.76 49,50 66.82 93.68 117.45 143,98 20.52
17.12 16.59 16.35 16.33 16.13 15.9¢6 17.37
REACHES
QUTLET 30.76 49.50 66.82 93.68 117.45 143,98 20.52
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ENR I-26/I-85
DA to 48' RCP
Orangeburg NOAA-14 County, South Carolina

Sub-Area Summary Tabkle

Sub-Area Crainage Time of Curve Receiving Sub-Area
Identifier Area Concentration Number Reach Description
(ac) (hr)
DA-1 4z27.77 3.245 73 Cutlet

Total Area: 427.77 (ac)

ENR I-26/1-595
DA to 48' RCP
Orangeburg NOAR-14 County, South Carolina

Sub-Area Time of Concentration Details

Sub-Area Flow Mannings's End Wetted Travel
Identifier/ Length Slope n Area Perimeter Velocity Time
(ft) (ft/ft) (sq ft) (ft) (ft/sec) (hr)
DA-1
SHEET g0 0.0050 0.400 0.484
SHALLOW 3620 0.0015 0.050 1.609
SHALLOW 3138 g.o0022 0.050 1.152
Time of Concentration 3.245
ENR I-26/I-95

DA to 48' RCP
Orangeburg NOAR-14 County, South Carolina

Sub-Area Land Use and Curve Number Details

Sub-Area Hydrologic Sub-Area Curve

Identifier Land Use Soil Area Number

Group (ac)

DA-1 Paved parking lots, roofs, driveways C 2.15 98
Residential districts (2 acre) C 13.64 77
Legume/Rot . Meadow Straight row (good) B 125.9 T2
Legume/Rot. Meadow Straight row (good) C 87.81 81
Pasture, grassland or range (poor) C 15.35 86
Woods (fair) B 59.8 60
Woods ({fair) C 112.09 73
Farmsteads C 11.03 82
Total Area / Weighted Curve Number 427.77 73
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3.3 Rational Method

Seven cross-lines at the interchange possess drainage areas below 100 acres, the
threshold for use of the Rational Method. The associated time of concentration (Tc)
and flow rate (Q) calculations are displayed in Figure 3.1 and Figure 3.2.

Figure 3.1: Time of concentration (Tc) Calculations

JOB: 1-95/1-26 Interchange |
cDM CDM Smith SUBJECT: Time of Concentration Calculations

1441 Main Street, Suite 1000 CALCD BY: ERP DATE: 17-Jan-23
m I Columbia, SC 29201 CHEKD BY: CM DATE: 17-Jan-23
TIME OF CONCENTRATION
WS Sheet Shallow Concentrated Open Channel Time Of | Time Of
Conc. Conc.
D | siope [Length] n | P2 | Time | Siope [Length|raved| v | Time Elevation | Length| Siope | n | ssit] sswri| aw [peptn] v [ Time | Te (min) | Te (min)
ftift ft hr fift ft ft's hr To From ft fUft z1 z1 ft. ft. fi/s hr >=5min
EP-22e | 0.001 100 ]0.40| 3.8 | 1.09 | 0.003 | 3300 u 0.88| 1.04 127.6 127.6
— e
EP-19 ]| 0.020 | 100 Jo0.40] 3.8 | 0.33 | 0.002 | 936 u |0.72] 0.36 41.3 41.3
EP-12 | 0.010 100 ]0.40| 3.8 | 0.43 | 0.004 576 u 1.02| 0.16 35.4 35.4
e —
EP-11 0.00 | 0.001 347 u 0.51| 0.19 11.3 11.3
t—— — e — — e
EP-3 | 0.030 | 100 Jo.40[ 3.8 | 0.28 | 0.004 | 1408 u [1.02] 0.38 39.8 39.8
EP-27 | 0.005 | 100 J0.40| 3.8 | 0.57 ]| 0.002 | 2057 u 0.72| 0.79 81.8 81.8
B — — et
EP-36 | 0.001 100 ]0.40| 3.8 | 1.09 | 0.013 560 u 1.84| 0.08 70.4 70.4
Slope in ft/ft.
Length in feet.

n is TR55 method for Sheet and Shallow concentrated flow, Mannings method for open channel flow.
(P)aved refers to paved or unpaved velocity.

Vis velocity in fi/s.

Ttis TR55 travel time in hours.

Tc is TR55 time of concentration in minutes.
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Figure 3.2: Flow (Q) Calculations

PAGE 3-14

I JOB: T-O5/1-26 Interchange
CDM CDM Smith SUBJECT: Runoff Discharge Calculations
Sm I t h 1441 Main Street, Suite 100( cALcDBY:  ERP DATE: 17-Jan-23
Columbia, SC 29201 CHEKD BY: CM DATE: 17-Jan-23
Rational Method
Culvert Area Tc Cralue Q2 Q5 Q10 Q25 Q50 Q100
ID Post (min) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
EP-226 57.60] _ 128.0] _ 0.10] 6.0 7.5 9.2 12.4 15.9 19.2
EP-19 17.60 41,0 0.10] 4.2 4.9 5.7 7.3 9.0 10.3
EP-12 2.00 35.0 0.10] 0.5 0.6 0.7 0.9 1.1 1.3
EP-11 0.80 11.0]  0.10] 0.4 0.4 0.5 0.6 0.7 0.8
EP-3 30.30 40.0 0.10] 7.3 8.5 10.0 12.7 15.6 18.0
EP-27 27.00 82.0]  0.10] 3.9 4.8 5.8 7.6 9.5 11.3
EP-36 2.70 70.0 0.10] 0.4 0.5 0.6 0.8 1.0 1.2
Orangeburg, SC i=al/(b+tc)*c Q=C*I"A*Cf
Rainfall Intensity
freq a b c i(tc=5) i(tc=10)  |factor Cf
2 65.73000] 11.50000]0.83900 5.44 4.82 1
5 54.95000] 9.97200{0.75930 6.42 5.66 1
10 49.59000] 8.48600]0.69830 712 6.25 1
25 42.52000] 6.69600]0.62780 8.16 7.14 1.1
50 39.71000] 5.70300{0.58180 9.03 7.86 1.2
100 35.32000] 4.21500]0.52940 9.88 8.57 1.25
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3.4 HY-8 Analysis

The HY-8 outputs for all seven cross-lines and five culverts are presented in Sections
3.4.1-3.4.12, arranged in increasing order of stationing. The box culvert on Bluff Road,
a frontage road adjacent to the interchange, is placed last. Pertinent information for
these culverts and cross-lines is summarized in Table 3.1.
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Table 3.1: Existing Culverts and Cross-Lines with Proposed Flow Rates

Existing Culverts and Cross-Lines with Proposed Flow Rates

Culvert Data 100-Year Storm

Q )
) Elevation

50-Year Storm
HW

Hydrology Data 50-Year

Height Field Notes Hydraulic Recommendation

Length Inlet [ Q Over- Over-

Station Alignment Method HW/D HW/D

Size
Type () Us/DS

: Elevati : : i
(in) (ft) EL. (min)  (cfs) e\(lf?)lon topping () topping Analysis Notes
Good condition. Some .
minor debris. Fence 50' (A:/\rﬁg;risodemgn
EP-22e | 3123+00 I-26 RCP 48 48 272 91.91 | 91.75 57.6 Rational 128 15.9 93.72 0.45 19.2 93.91 0.50 away. Ditch : None
- Headwaters
approximately within ROW
rectangular.
Good condition. 3" of Ig/:ﬁ:;risodemgn
EP-19 | 3137+00 [-26 RCP 24 24 264 96.41 | 96.07 17.6 Rationall 4] 9.0 98.14 0.87 10.3 98.31 0.95 sediment in pipe, wings Heodwﬁ’rers None
damaged on north side o
within ROW
Gooq c?ndmon. Minor Does not meet
debris, 3" drop at slab, HW/D = 1.2 Replace with (2)
BC-1 | 3145+00 1-26 RCBC | 8x6 72 365 93.74 | 93.22 | 1414.4 | Regression - 497.0 102.98 1.54 609.0 105.13 1.90 fence at outlet. - o
Equipment blockage DS Headwaters 7'x6' RCBC
side within ROW
25% full of stagnant I(\:Arﬁ:;risodesign g\g(—;s EienelL &R
EP-12 | 3184+00 [-26 RCP | 18/24 18 300 96.18 | 95.88 2.0 Rationall 35 1.1 96.80 0.41 1.3 96.86 0.45 water. Ground level 4" Headwat Alt 2 Extend L Sid
higher than inlet. eaawaiers - exen e
within ROW Alt 3: Extend L Side
Almost entirely filed with | Mee1s deSIaN | clean. Extend for
EP-11 | 3186+00 1-26 RCP 18 18 291 96.83 | 96.59 0.8 Rationall 11 0.7 97.26 0.29 0.8 97.29 0.31 debris on south end. Pipe . all alternative
very steep Headwaters plans
) within ROW
. . . Does not meet
95 NB fo |- . erosion behind wingwalls. | hw/b=1.2. | Replace with (1)
BC-2 | 3214+28 RCBC | 6x6 72 1038 91.75 | 90.28 | 1056.0 | Regression - 417.0 100.46 1.45 512.0 100.73 1.50 Moderate debris and o
26 EB Ramp SecirnET SEmEm USEE Headwaters 9'x6' RCBC
P * | exceed ROW
North side buried by tree | Meets design Alf 1: Extend R side
. debris. South side in good | criteria. Alt 2: Extend R side
EP-3 | 3243+50 1-26 RCP 24 24 211 923 | 91.80 | 30.3 Rationall 40 15.6 94.75 1.23 18.0 953 1.50 condition and well- Headwaters At 3 Extend L & R
drained. within ROW sides
Upstream filled 50% with gﬁg:izdes'gn Clean. Extend for
EP-27 | 5989+00 I-95 RCP 24 24 334 92.29 | 92.00 | 27.0 Rationall 82 9.5 94.19 0.95 11.3 94.47 1.09 sediment. Ground level is : all alternative
6" higher than invert HEs e plans
) within ROW
. . Does not meet
1-26 EB to I- . Heavy debris blocking DS | /5 = o Replace with (1)
BC-3 | 6022+50 RCBC | 6x6 72 412 92.78 | 92.46 | 966.4 | Regression - 396.0 102.74 1.66 486.0 105.07 2.05 opening. US opening 50% o
95 SB Ramp blocked horizontall Headwaters 9'x6' RCBC
v exceed ROW
. . Does not meet
Heovy debiris blocking DS HW/D = 1.2. Replace with (3)
EP-34 | 6047+30 [-95 RCP 48 48 283 9458 | 94.19 | 427.8 SCS 195 117.0 101.90 1.83 144.0 104.17 2.40 opening. No blockage or Headwat 48" RCP
damage on US side. caawaiers
exceed ROW
Meets design
. 25% blockage of debris criteria. Alt 2: Extend R side
EP-36 | 6060+00 I-95 RCP 42 42 219 96.04 | 95.83 2.7 Rationall 70 1.0 96.50 0.13 1.2 96.54 0.14 on DS side Headwaters Alt 3- Extond R side
within ROW
Good condition. Well- Does not meet
. * defined channel that HW/D = 1.2. Replace with (1)
BC-4 119+25 Bluff Rd RCBC | 6x6 72 52 90.6 | 90.59 | 1094.4 | Regression - 340.0 98.47 1.31 523.0 100.54 1.66 bends 1o DS left. Vines Headwaters 9'x6' RCBC
hanging at US inlet. exceed ROW

*Bluff Rd has a 25-yr design storm
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3.4.1 EP-22e - 1-26 STA 3123+00 - 48" Concrete Pipe Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 0.00 cfs
Design Flow: 15.90 cfs
Maximum Flow: 19.20 cfs

Table 1 - Summary of Culvert Flows at Crossing: 3123+00

Headwater Total Culvert 1 Roadway Iterations
Elevation (ft) Discharge Discharge Discharge
(cfs) (cfs) (cfs)
91.91 0.00 0.00 0.00 1
92.55 1.92 1.92 0.00 1
92.81 3.84 3.84 0.00 1
93.00 5.76 5.76 0.00 1
93.17 7.68 7.68 0.00 1
93.31 9.60 9.60 0.00 1
93.45 11.52 11.52 0.00 1
93.57 13.44 13.44 0.00 1
93.72 15.90 15.90 0.00 1
93.80 17.28 17.28 0.00 1
93.91 19.20 19.20 0.00 1
105.00 200.82 200.82 0.00 Overtopping
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Rating Curve Plot for Crossing: 3123+00

Total Rating Curve
Crossing: 3123+00

Headwater Elevation (ft)

0 20 40 60 80 100 120 140 160 180 200
Total Discharge (cfs)
Culvert Data: Culvert 1
Table 2 - Culvert Summary Table: Culvert 1
Total Culve Head Inle Outl FI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity
(cfs) (ft) Dep Dep (fty (fvy (fy) (ft/s (ft/s)
th th )
(ft)y (ft)

0.00 0.00 91.91 0.00 0.00 0- 0.00 0.00 0.0 0.00 0.00 0.00
cfs cfs 0 NF 0
1.92 1.92 9255 053 064 2- 061 040 04 0.28 296 1.25
cfs cfs 3 M2 0

¢
3.84 3.84 9281 076 0.89 2- 086 057 05 043 354 1.60
cfs cfs 6 M2 7

(o
5.76 5.76 93.00 094 1.09 2- 1.05 069 06 054 394 1.84
cfs cfs 1 M2 9

¢
7.68 7.68 93417 1.09 125 2- 122 080 0.8 0.64 4.26  2.02
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cfs

9.60
cfs

11.52
cfs

13.44
cfs

15.90
cfs

17.28
cfs

19.20
cfs

cfs

9.60
cfs

11.52
cfs

13.44
cfs

15.90
cfs

17.28
cfs

19.20
cfs

93:31

93.45

93.57

93.72

93.80

93.91

1.22

1.34

1.45

1.59

1.66

1.76

1.40

1.53

1.66

1.81

1.89

1.99

M2

2k
M2

2-
M2

2
M2

9%
M2

2L
M2

9
M2

1:37

1.51

1.65

1.81

1.90

2.02

0.90

0.99

1.07

117

1.22

1.29

0.73

0.81

0.88

0.97

1.02

1.08

4.52

4.75

4.96

5.20

5.33

5.49

217

2.30

241

2.54

2.61

2.69

Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 91.91 ft,

Outlet Elevation (invert): 91.75 ft

Culvert Length: 272.00 ft,

Culvert Slope: 0.0006
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1

(e8] [4]
Inlet Control Elev Outlet Control Elev

Headwater Elevation (ft)

0 20 40 60 80 100 120 140 160 180 200
Total Discharge (cfs)
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 3123+00. Design Discharge - 15.9 cfs
Culvert - Culvert 1, Culvert Discharge - 15.9 cfs

104

102

1004

98

Elevation (ft)

94

| S ST T S i I B B U B S 5 i e Y B
T T T

£
o S T 1N el ] e o ol I

50 0 50 100 150
Station (ft)

Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 91.91 ft
Outlet Station: 272.00 ft
Outlet Elevation: 91.75 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular

Barrel Diameter: 4.00 ft
Barrel Material: Concrete
Embedment: 0.00 in

Barrel Manning's n: 0.0120

200 250 300 350
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Culvert Type: Straight

Inlet Configuration: Beveled Edge (1:1) (Ke=0.2)
Inlet Depression: None

Tailwater Data for Crossing: 3123+00

Table 3 - Downstream Channel Rating Curve (Crossing: 3123+00)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
0.00 91.75 0.00 0.00 0.00 0.00
1.92 92.03 0.28 1.25 0.10 0.43
3.84 92.18 0.43 1.60 0.14 0.46
5.76 92.29 0.54 1.84 0.18 0.47
7.68 92.39 0.64 2.02 0.22 0.48
9.60 92.48 0.73 217 0.24 0.49
1152 92.56 0.81 2.30 0.27 0.49
13.44 92.63 0.88 2.41 0.30 0.50
15.90 92.72 0.97 2.54 0.33 0.50
17.28 92.77 1.02 2.61 0.34 0.51
19.20 92.83 1.08 2.69 0.36 0.51

Tailwater Channel Data - 3123+00
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 5.00 ft

Side Slope (H:V): 1.50 (_:1)
Channel Slope: 0.0054

Channel Manning's n: 0.0350
Channel Invert Elevation: 91.75 ft

Roadway Data for Crossing: 3123+00
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 105.00 ft
Roadway Surface: Paved

Roadway Top Width: 159.00 ft
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3.4.2 EP-19 - 1-26 STA 3137+00 - 24" Concrete Crossline

HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 0.00 cfs
Design Flow: 9.00 cfs
Maximum Flow: 10.30 cfs

Table 1 - Summary of Culvert Flows at Crossing: 3137+00

Headwater Total Culvert 1 Roadway Iterations
Elevation (ft) Discharge Discharge Discharge
(cfs) (cfs) (cfs)
96.41 0.00 0.00 0.00 1
96.94 1.03 1.03 0.00 1
97.16 2.06 2.06 0.00 1
97.35 3.09 3.09 0.00 1
97.50 412 412 0.00 1
97.65 5715 5215 0.00 1
97.79 6.18 6.18 0.00 1
97.92 7.21 7.21 0.00 1
98.05 8.24 8.24 0.00 1
98.14 9.00 9.00 0.00 1
98.31 10.30 10.30 0.00 1
105.00 33.36 33.36 0.00 Overtopping
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Rating Curve Plot for Crossing: 3137+00

Total Rating Curve
Crossing: 3137+00
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Culvert Data: Culvert 1

Table 2 - Culvert Summary Table: Culvert 1

35

Total Culve Head Inle Outl FlI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity
(cfs) (ft) Dep Dep (fty (fvy (fy) (ft/s (ft/s)
th th )
(ft)y (ft)
0.00 0.00 96.41 0.00 0.00 0- 0.00 0.00 0.0 0.00 0.00 0.00
cfs cfs 0 NF 0
1.03 1.03 9694 047 052 2- 046 035 03 0.13 280 1.29
cfs cfs 7 M2 5
¢
2.06 2.06 9716 067 075 2- 0.66 050 05 0.20 337 1.68
cfs cfs 3 M2 0
(o
3.09 3.09 97.35 084 093 2- 082 061 06 025 378 1.95
cfs cfs 5 M2 1
¢
4.12 4.12 97.50 097 1.09 2- 096 071 0.7 0.30 411 217
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9
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1.10

1.23

1.38

1.53

1.68

2.00

0.80

0.88

0.95

1.02

1.07

1.15

0.34

0.38

0.41

0.45

0.47

0.51

4.39

4.65

4.88

5.10

5.26

5.51

2.35

2.51

2.65

2.78

2.86

3.00

Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 96.41 ft,

Outlet Elevation (invert): 96.07 ft

Culvert Length: 264.00 ft,

Culvert Slope: 0.0013
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 3137+00, Design Discharge - 9.0 cfs
Culvert - Culvert 1, Culvert Discharge - 9.0 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 96.41 ft
Outlet Station: 264.00 ft
Outlet Elevation: 96.07 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular

Barrel Diameter: 2.00 ft
Barrel Material: Concrete
Embedment: 0.00 in

Barrel Manning's n: 0.0120
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Culvert Type: Straight

Inlet Configuration: Beveled Edge (1:1)
Inlet Depression: None

Tailwater Data for Crossing: 3137+00

Table 3 - Downstream Channel Rating Curve (Crossing: 3137+00)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
0.00 96.07 0.00 0.00 0.00 0.00
1.03 96.20 0.13 1.29 0.12 0.64
2.06 96.27 0.20 1.68 0.18 0.68
3.09 96.32 0.25 1.95 0.23 0.71
4.12 96.37 0.30 217 0.28 0.73
5.15 96.41 0.34 2:35 0.32 0.74
6.18 96.45 0.38 251 0.35 0.75
7.21 96.48 0.41 2.65 0.38 0.76
8.24 96.52 0.45 2.78 0.42 0.77
9.00 96.54 0.47 2.86 0.44 0.77
10.30 96.58 0.51 3.00 0.48 0.78

Tailwater Channel Data - 3137+00
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 6.00 ft

Side Slope (H:V): 1.50 (_:1)
Channel Slope: 0.0150
Channel Manning's n: 0.0350

Channel Invert Elevation: 96.07 ft

Roadway Data for Crossing: 3137+00
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 105.00 ft
Roadway Surface: Paved

Roadway Top Width: 159.00 ft
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3.4.3 BC-1-1-26 STA 3145+00 - 8’x6’ Concrete Box Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 283.00 cfs
Design Flow: 481.00 cfs
Maximum Flow: 591.00 cfs

Table 1 - Summary of Culvert Flows at Crossing: 3145+00

Headwater Total Culvert 1 Roadway Iterations
Elevation (ft) Discharge Discharge Discharge
(cfs) (cfs) (cfs)
99.66 283.00 2B3.00 0.00 1
100.07 313.80 313.80 0.00 1
100.45 344.60 344.60 0.00 1
100.83 375.40 375.40 0.00 1
101.20 406.20 406.20 0.00 1
101.63 437.00 437.00 0.00 1
102.66 481.00 481.00 0.00 1
103.01 498.60 498.60 0.00 1
103.64 529.40 529.40 0.00 1
104.29 560.20 560.20 0.00 1
10497 591.00 591.00 0.00 1
105.00 592.47 592.47 0.00 Overtopping
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Rating Curve Plot for Crossing: 3145+00
Total Rating Curve
Crossing: 314500
1055
105.0—5
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Culvert Data: Culvert 1
Table 2 - Culvert Summary Table: Culvert 1
Total Culve Head Inle Outl Fl Nor Criti Out Tailw Outl Tailw
Disch =t water t et ow mal cal let ater et ater
arge  Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth  h(ft) city ity
(cfs)  (ft) Dep Dep (ft) () (fr) (ft/s (ft/s)
th th ]
(ft) (ft)
283.0 283.0 99.66 5.24 592 3- 4556 339 47 475 745 341
0 cfs 0 cfs & M1 5
t
313.8 3138 10007 564 632 7- 494 363 49 499 7.86 3.50
0 cfs 0 cfs G M1 9
t
3446 3446 10045 603 671 3- 531 386 52 521 8.26 3.59
0 cf= 0 cfs 5 M2 1
t
3754 3754 10083 644 709 3- 567 409 54 543 8.64 3.67
0 cfs 0 cfs 1 M2 3
t
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Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 93.74 ft,

Outlet Elevation (invert): 93.22 ft

Culvert Length: 363.00 ft,

Culvert Slope: 0.001%
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Culvert Performance Curve Plot: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 3145400, Design Discharge - 481.0 cfs
Cubvert - Cubvert 1, Cubvert Discharge - 481.0 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 93.74 ft
Dutlet Station: 3635.00 ft
Outlet Elevation: 93.22 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Earrel Shape: Concrete Box
Barrel Span: 8.00 ft

Earrel Rise: 6.00 ft

Earrel Material: Concrete

Embedment: 0.00 in
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Barrel Manning's n: 0.0120

Culwvert Type: Straight

Inlet Configuration: Square Edge (30-752 flare) Wingwall (Ke=0.4)
Inlet Depression: None

Tailwater Data for Crossing: 3145+00

Table 3 - Downstream Channel Rating Curve [Crossing: 3145+00)

Flow [cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev [ft)
283.00 97.97 475 341 047 0.24
313.80 08.21 4.99 3.50 0.50 0.34
344.60 08.43 5.21 3.59 0.52 0.35
375.40 08.65 543 3.67 0.54 0.33
406.20 98.85 5.63 .74 0.56 0.35
437.00 99.03 5.83 3.81 0.58 0.33
481.00 99.32 6.10 391 0.61 0.35
498.60 99.42 6.20 3.94 0.62 0.33
529.40 99,59 6.37 4.01 0.64 0.36
560.20 99.76 6.54 4.06 0.65 0.36
591.00 99.92 6.70 412 0.67 0.36

Tailwater Channel Data - 3145+00
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 8.00 ft

Side Slope [H:V): 2.00 [_:1)
Channel Slope: 0.0016
Channel Manning's n: 0.0350

Channel Invert Elevation: 93.22 ft

Roadway Data for Crossing: 3145+00
Roadway Profile Shape: Constant Readway Elevation

Crest Length: 100.00 ft
Crest Elevation: 105.00 ft
Roadway Surface: Paved

Roadway Top Width: 157.00 ft
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3.4.4 EP-12 - 1-26 STA 3184+00 - 18" Concrete Pipe Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 0.00 cfs
Design Flow: 1.10 cfs
Maximum Flow: 1.30 cfs

Table 1 - Summary of Culvert Flows at Crossing: 3184+00

Headwater Total Culvert 1 Roadway Iterations
Elevation (ft) Discharge Discharge Discharge
(cfs) (cfs) (cfs)
96.18 0.00 0.00 0.00 1
96.39 0.13 0.13 0.00 1
96.48 0.26 0.26 0.00 1
96.55 0.39 0.39 0.00 1
96.60 0.52 0.52 0.00 1
96.65 0.65 0.65 0.00 1
96.70 0.78 0.78 0.00 1
96.75 0.91 0.91 0.00 1
96.80 1.10 1.10 0.00 1
96.83 117 1.17 0.00 1
96.86 1.30 1.30 0.00 1
105.00 16.24 16.24 0.00 Overtopping
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Rating Curve Plot for Crossing: 3184+00

Total Rating Curve
Crossing: 3184+00
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Table 2 - Culvert Summary Table: Culvert 1

Total Culve Head Inle Outl FlI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity
(cfs) (ft) Dep Dep (fty (fvy (fy) (ft/s (ft/s)
th th )
(ft)y (ft)
0.00 0.00 96.18 0.00 0.00 0- 0.00 0.00 0.0 0.00 0.00 0.00
cfs cfs 0 NF 0
0.13 0.13 9639 0.18 021 2- 019 013 0.1 0.04 1.70 0.62
cfs cfs 3 M2 3
¢
0.26 0.26 96.48 025 0.29 2- 027 019 01 0.06 204 0.81
cfs cfs 8 M2 9
(o
0.39 0.39 96.55 031 036 2- 033 023 02 0.08 2.26 095
cfs cfs 6 M2 3
¢
0.52 0.52 96.60 036 042 2- 038 027 02 0.10 244  1.06
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Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 96.18 ft,

Outlet Elevation (invert): 95.88 ft

Culvert Length: 300.00 ft,

Culvert Slope: 0.0010
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Culvert Performance Curve Plot: Culvert 1

Performance Curve

Hydrologic & Hydraulic Analyses of Existing Outfalls

Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 3184+00, Design Discharge - 1.1 cfs
Culvert - Culvert 1, Culvert Discharge - 1.1 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 96.18 ft
Outlet Station: 300.00 ft
Outlet Elevation: 95.88 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular

Barrel Diameter: 1.50 ft
Barrel Material: Concrete
Embedment: 0.00 in

Barrel Manning's n: 0.0120
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Culvert Type: Straight
Inlet Configuration: Beveled Edge (1:1) (Ke=0.2)

Inlet Depression: None
Tailwater Data for Crossing: 3184+00

Table 3 - Downstream Channel Rating Curve (Crossing: 3184+00)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
0.00 95.88 0.00 0.00 0.00 0.00
0.13 95.92 0.04 0.62 0.04 0.54
0.26 95.94 0.06 0.81 0.06 0.57
0.39 95.96 0.08 0.95 0.08 0.60
0.52 95.98 0.10 1.06 0.09 0.61
0.65 95.99 0.11 1.15 0.10 0.62
0.78 96.00 0.12 1.24 0.11 0.64
0.91 96.01 0.13 1.31 0.12 0.65
1.10 96.03 0.15 1.41 0.14 0.66
117 96.04 0.16 1.44 0.15 0.66
1.30 96.05 0.17 1.50 0.15 0.67

Tailwater Channel Data - 3184+00
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 5.00 ft

Side Slope (H:V): 1.50 (_:1)
Channel Slope: 0.0150
Channel Manning's n: 0.0350

Channel Invert Elevation: 95.88 ft

Roadway Data for Crossing: 3184+00
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 105.00 ft
Roadway Surface: Paved

Roadway Top Width: 178.00 ft
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3.4.5 EP-11 - 1-26 STA 3186+80 - 18” Concrete Pipe Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 0.00 cfs
Design Flow: 0.70 cfs
Maximum Flow: 0.80 cfs

Table 1 - Summary of Culvert Flows at Crossing: 3186+80

Headwater Total Culvert 1 Roadway Iterations
Elevation (ft) Discharge Discharge Discharge
(cfs) (cfs) (cfs)
96.83 0.00 0.00 0.00 1
96.98 0.08 0.08 0.00 1
97.04 0.16 0.16 0.00 1
97.09 0.24 0.24 0.00 1
97.12 0.32 0.32 0.00 1
97.16 0.40 0.40 0.00 1
97.19 0.48 0.48 0.00 1
97.22 0.56 0.56 0.00 1
97.24 0.64 0.64 0.00 1
97.26 0.70 0.70 0.00 1
97.29 0.80 0.80 0.00 1
105.00 51.68 51.68 0.00 Overtopping
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Rating Curve Plot for Crossing: 3186+80

Total Rating Curve
Crossing: 3186-80
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Culvert Data: Culvert 1

Table 2 - Culvert Summary Table: Culvert 1

30

35

Total Culve Head Inle Outl FlI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity
(cfs) (ft) Dep Dep (fty (fvy (fy) (ft/s (ft/s)
th th )
(ft)y (ft)
0.00 0.00 96.83 0.00 0.00 0- 0.00 0.00 0.0 0.00 0.00 0.00
cfs cfs 0 NF 0
0.08 0.08 9698 0.12 0.14 2- 014 0.09 0.0 0.04 1.40 0.45
cfs cfs 9 M2 9
¢
0.16 0.16 97.04 017 021 2- 020 013 01 0.05 1.67 0.59
cfs cfs 1 M2 3
(o
0.24 0.24 97.09 021 025 2- 024 016 01 0.07 1.85 0.69
cfs cfs 5 M2 6
¢
0.32 0.32 9712 024 029 2- 027 018 0.1 0.08 1.99 0.78

PAGE 3-42

[-26 at 1-95 System Interchange Improvement | HYDROLOGIC STUDY AND HYDRAULIC ANALYSIS REPORT



3 | Hydrologic & Hydraulic Analyses of Existing Outfalls

cfs

0.40
cfs

0.48
cfs

0.56
cfs

0.64
cfs

0.70
cfs

0.80
cfs

cfs

0.40
cfs

0.48
cfs

0.56
cfs

0.64
cfs

0.70
cfs

0.80
cfs

97.16

97.19

97.22

97.24

97.26

9729

0.27

0.30

0.32

0.35

0.36

0.39

0.32

0.35

0.38

0.41

0.43

0.46

M2

2k
M2

2-
M2

2
M2

9%
M2

2L
M2

9
M2

0.30

0.33

0.36

0.38

0.40

0.42

0.20

0.22

0.24

0.26

0.27

0.29

0.09

0.10

0.11

0.12

0.13

0.14

Y g B |

2.21

2.30

2.38

2.44

2:53

0.84

0.91

0.96

1.01

1.05

1.10

Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 96.83 ft,

Outlet Elevation (invert): 96.59 ft

Culvert Length: 291.00 ft,

Culvert Slope: 0.0008
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 3186+80, Design Discharge - 0.7 cfs
Culvert - Culvert 1, Culvert Discharge - 0.7 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 96.83 ft
Outlet Station: 291.00 ft
Outlet Elevation: 96.59 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular

Barrel Diameter: 2.50 ft
Barrel Material: Concrete
Embedment: 0.00 in

Barrel Manning's n: 0.0120
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Culvert Type: Straight

Inlet Configuration: Beveled Edge (1:1) (Ke=0.2)
Inlet Depression: None

Tailwater Data for Crossing: 3186+80

Table 3 - Downstream Channel Rating Curve (Crossing: 3186+80)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
0.00 96.59 0.00 0.00 0.00 0.00
0.08 96.63 0.04 0.45 0.02 0.43
0.16 96.64 0.05 0.59 0.03 0.46
0.24 96.66 0.07 0.69 0.04 0.47
0.32 96.67 0.08 0.78 0.05 0.49
0.40 96.68 0.09 0.84 0.06 0.50
0.48 96.69 0.10 0.91 0.06 0.51
0.56 96.70 0.11 0.96 0.07 0.51
0.64 96.71 0.12 1.01 0.08 0.52
0.70 96.72 0.13 1.05 0.08 0.52
0.80 96.73 0.14 1.10 0.09 0.53

Tailwater Channel Data - 3186+80
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 5.00 ft

Side Slope (H:V): 1.50 (_:1)
Channel Slope: 0.0100

Channel Manning's n: 0.0350
Channel Invert Elevation: 96.59 ft

Roadway Data for Crossing: 3186+80
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 105.00 ft
Roadway Surface: Paved

Roadway Top Width: 200.00 ft
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3.4.6 BC-2-1-95 NB to 1-26 EB Ramp STA 3214+28 - 6'x6’
Concrete Box Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data
Mischarge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 237.00 cfs
Design Flow: 417.00 cfs
Maximum Flow: 512.00 cfs

Table 1 - Summary of Culvert Flows at Crossing: 3214+28

Headwater Total Culvert 1 Roadway Iterations
Elevation [ft) Discharge Discharge Discharge
[cfs) [cis) (cfs)
ag.18 237.00 237.00 0.00 1
a8.69 264.50 264.50 0.00 1
99,17 292.00 292.00 0.00 1
100.07 319.50 31394 5.41 4]
100.22 347.00 31692 2983 7
100,32 374,50 319.85 54,29 5
100,41 402.00 2321.73 80.06 5
100.46 417.00 322,57 94,07 4
100.58 457.00 323.87 133.00 5
100.65 484.50 32408 160.16 4
100.73 512.00 323.52 188.28 4
100,00 311.56 311.56 (.00 Overtopping
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Rating Curve Plot for Crossing: 3214+28

PAGE 3-48

Total Rating Curve
Crossing: 3214+28
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Culvert Data: Culvert 1

Table 2 - Culvert Summary Table: Culvert 1

Total Culve Head Inle Outl FI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity
(cfs) (ft) Dep Dep (ft)y (fvy (fy) (ft/s (ft/s)
th th )
(f)y (fy
237.0 237.0 98.18 566 643 7- 545 365 3.6 3.50 108 2.89
0 cfs 0 cfs 2 M2 5 3
c
264.5 2645 98.69 614 693 7- 6.00 392 39 373 11.2 299
0 cfs 0 cfs 7 M2 2 4
c
292.0 292.0 99.17 6.62 742 7- 6.00 419 41 395 11.6 3.08
0 cfs 0 cfs 5 M2 9 2
G
319.5 3139 100.07 7.03 832 7- 6.00 440 44 417 119 317
0 cfs 4 cfs 1 M2 0 0
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Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 91.75 ft,

Outlet Elevation (invert): 90.28 ft

Culvert Length: 1038.00 ft,

Culvert Slope: 0.0014
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 3214+28, Design Discharge - 417.0 cfs
Culvert - Culvert 1. Culvert Discharge - 322.6 cfs

100

Elevation (ft)

93

92+

914

LRSS 5 F P P T R L S 1 SV L B 9 R

-200 0 200 400 600 800 1000 1200
Station ()

Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft

Inlet Elevation: 91.75 ft
Outlet Station: 1038.00 ft
Outlet Elevation: 90.28 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box

Barrel Span: 6.00 ft
Barrel Rise: 6.00 ft
Barrel Material: Concrete

Embedment: 0.00 in
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Barrel Manning's n: 0.0120

Culvert Type: Straight

Inlet Configuration: Square Edge (30-75¢2 flare) Wingwall
Inlet Depression: None

Tailwater Data for Crossing: 3214+28

Table 3 - Downstream Channel Rating Curve (Crossing: 3214+28)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
237.00 93.78 3.50 2.89 0.26 0.29
264.50 94.01 3.73 2.99 0.28 0.29
292.00 94.23 3.95 3.08 0.30 0.30
319.50 94.45 4.17 3:17 0.31 0.30
347.00 94.65 437 3.26 0.33 0.30
374.50 94.85 4.57 3.33 0.34 0.30
402.00 95.05 4.77 341 0.36 0.30
417.00 95.15 4.87 3.44 0.36 0.30
457.00 95.41 513 3.54 0.38 0.30
484.50 95.59 5:31 3.61 0.40 0.30
512.00 95.76 5.48 3.67 0.41 0.30

Tailwater Channel Data - 3214+28
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 20.00 ft

Side Slope (H:V): 1.00 (_:1)
Channel Slope: 0.0012

Channel Manning's n: 0.0350
Channel Invert Elevation: 90.28 ft

Roadway Data for Crossing: 3214+28
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 100.00 ft
Roadway Surface: Paved

Roadway Top Width: 976.00 ft
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3.4.7 EP-3 - 1-26 STA 3243+50 - 24" Concrete Pipe Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 0.00 cfs
Design Flow: 15.60 cfs
Maximum Flow: 18.00 cfs

Table 1 - Summary of Culvert Flows at Crossing: 3243+50

Headwater Total Culvert 1 Roadway Iterations
Elevation (ft) Discharge Discharge Discharge
(cfs) (cfs) (cfs)
92.30 0.00 0.00 0.00 1
92.96 1.80 1.80 0.00 1
93.26 3.60 3.60 0.00 1
93.50 5.40 5.40 0.00 1
93.71 7.20 7.20 0.00 1
93.92 9.00 9.00 0.00 1
94.12 10.80 10.80 0.00 1
94.33 12.60 12.60 0.00 1
94.56 14.40 14.40 0.00 1
94.75 15.60 15.60 0.00 1
95.30 18.00 18.00 0.00 1
100.00 34.04 34.04 0.00 Overtopping
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Rating Curve Plot for Crossing: 3243+50

Total Rating Curve
Crossing: 324350
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Culvert Data: Culvert 1
Table 2 - Culvert Summary Table: Culvert 1
Total Culve Head Inle Outl FlI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity
(cfs) (ft) Dep Dep (fty (fvy (fy) (ft/s (ft/s)
th th )
(ft)y (ft)

0.00 0.00 9230 0.00 0.00 0- 0.00 0.00 0.0 0.00 0.00 0.00
cfs cfs 0 NF 0
1.80 1.80 9296 0.63 066 2- 052 046 04 023 325 149
cfs cfs 4 M2 6

¢
3.60 3.60 9326 091 095 2- 075 066 06 034 395 191
cfs cfs 9 M2 6

(o
5.40 5.40 93.50 115 119 2- 094 082 08 043 445 2.20
cfs cfs 9 M2 2

¢
7.20 7.20 93.71 1.36 141 2- 112 095 09 051 488 243
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Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 92.30 ft,

Outlet Elevation (invert): 91.80 ft

Culvert Length: 211.00 ft,

Culvert Slope: 0.0024
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Culvert Performance Curve Plot: Culvert 1
Performance Curve

Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 3243+50. Design Discharge - 15.6 cfs

Culvert - Culvert 1, Culvert Discharge - 15.6 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 92.30 ft
Outlet Station: 211.00 ft
Outlet Elevation: 91.80 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular

Barrel Diameter: 2.00 ft
Barrel Material: Concrete
Embedment: 0.00 in

Barrel Manning's n: 0.0120
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Culvert Type: Straight

Inlet Configuration: Beveled Edge (1:1)
Inlet Depression: None

Tailwater Data for Crossing: 3243+50

Table 3 - Downstream Channel Rating Curve (Crossing: 3243+50)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
0.00 91.80 0.00 0.00 0.00 0.00
1.80 92.03 0.23 1.49 0.14 0.57
3.60 92.14 0.34 191 0.21 0.60
5.40 92.23 0.43 2.20 0.27 0.62
7.20 92.31 0.51 243 0.32 0.64
9.00 92.39 0.59 2.62 0.37 0.65
10.80 92.45 0.65 2.78 0.41 0.65
12.60 92.51 0.71 2.92 0.44 0.66
14.40 92.57 0.77 3.05 0.48 0.67
15.60 92.60 0.80 3.13 0.50 0.67
18.00 92.67 0.87 327 0.54 0.68

Tailwater Channel Data - 3243+50
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 5.00 ft

Side Slope (H:V): 1.50 (_:1)
Channel Slope: 0.0100
Channel Manning's n: 0.0350

Channel Invert Elevation: 91.80 ft

Roadway Data for Crossing: 3243+50
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 100.00 ft
Roadway Surface: Paved

Roadway Top Width: 158.00 ft
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3.4.8 EP-27 - 1-95 STA 5989+00 - 24"” Concrete Pipe Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 0.00 cfs
Design Flow: 9.50 cfs
Maximum Flow: 11.30 cfs

Table 1 - Summary of Culvert Flows at Crossing: 5989+00

Headwater Total Culvert 1 Roadway Iterations
Elevation (ft) Discharge Discharge Discharge
(cfs) (cfs) (cfs)
92.29 0.00 0.00 0.00 1
92.87 1.13 113 0.00 1
93.12 2.26 2.26 0.00 1
93.33 3.39 3.39 0.00 1
93.50 4.52 4.52 0.00 1
93.67 5.65 5.65 0.00 1
93.82 6.78 6.78 0.00 1
93.98 7.91 7:.91 0.00 1
94.19 9.50 9.50 0.00 1
94.29 10.17 10.17 0.00 1
94.47 11.30 11.30 0.00 1
102.00 3291 3291 0.00 Overtopping
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Rating Curve Plot for Crossing: 5989+00

Total Rating Curve
Crossing: 5983+00
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Culvert Data: Culvert 1

Table 2 - Culvert Summary Table: Culvert 1
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Total Culve Head Inle Outl FlI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity
(cfs) (ft) Dep Dep (fty (fvy (fy) (ft/s (ft/s)
th th )
(ft)y (ft)
0.00 0.00 92.29 0.00 0.00 0- 0.00 0.00 0.0 0.00 0.00 0.00
cfs cfs 0 NF 0
1.13 1.13 9287 049 058 2- 053 037 03 0.21 287 1.01
cfs cfs 4 M2 7
¢
2.26 2.26 9312 071 083 2- 077 052 05 032 346 130
cfs cfs 5 M2 2%
(o
3.39 3.39 93.33 088 1.03 2- 096 064 06 040 388 149
cfs cfs 5 M2 4
¢
4.52 4.52 93.50 1.03 121 2- 115 0.75 0.7 048 4.22  1.65
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cfs
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cfs
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cfs
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cfs
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93.82

93.98
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94.29

94.47

132

1.44

1.60

1.67

1.78

1.37

1.53

1.68

1.90

2.00

217

M2

2k
M2

2-
M2

2
M2

9%
M2

L
M2

G
M2

1:33

1.54

2.00

2.00

2.00

2.00

0.84

0.92

1.00

1.10

1.14

1.21

0.55

0.61

0.66

0.74

0.77

0.82

4.52

4.78

5.03

5.36

5.49

5.71

1.78

1.89

1:99

201

2.15

2.23

Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 92.29 ft,

Outlet Elevation (invert): 92.00 ft

Culvert Length: 334.00 ft,

Culvert Slope: 0.0009
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 5989+00, Design Discharge - 9.5 cfs
Culvert - Culvert 1, Culvert Discharge - 9.5 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 92.29 ft
Outlet Station: 334.00 ft
Outlet Elevation: 92.00 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular

Barrel Diameter: 2.00 ft
Barrel Material: Concrete
Embedment: 0.00 in

Barrel Manning's n: 0.0120
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Culvert Type: Straight
Inlet Configuration: Beveled Edge (1:1) (Ke=0.2)

Inlet Depression: None
Tailwater Data for Crossing: 5989+00

Table 3 - Downstream Channel Rating Curve (Crossing: 5989+00)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
0.00 92.00 0.00 0.00 0.00 0.00
1.13 92.21 0.21 1.01 0.07 0.40
2.26 92.32 0.32 1.30 0.10 0.42
3.39 92.40 0.40 1.49 0.13 0.44
4.52 92.48 0.48 1.65 0.15 0.45
5.65 92.55 0.55 1.78 0.17 0.45
6.78 92.61 0.61 1.89 0.19 0.46
7.91 92.66 0.66 1.99 0.21 0.46
9.50 92.74 0.74 211 0.23 0.47
10.17 92.77 0.77 215 0.24 0.47
11.30 92.82 0.82 2.23 0.25 0.48

Tailwater Channel Data - 5989+00
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 5.00 ft

Side Slope (H:V): 1.50 (_:1)
Channel Slope: 0.0050
Channel Manning's n: 0.0350

Channel Invert Elevation: 92.00 ft

Roadway Data for Crossing: 5989+00
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 102.00 ft
Roadway Surface: Paved

Roadway Top Width: 184.00 ft
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3.4.9 BC-3-1-26 EB to I-95 SB Ramp STA 6022+50 - 6'x6’
Concrete Box Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 224,00 cfs
Design Flow: 396.00 cfs
Maximum Flow: 486.00 cfs

Table 1 - Summary of Culvert Flows at Crossing: 6022+50

Headwater Total Culvert 1 Roadway Iterations
Elevation (ft)  Discharge Discharge Discharge
[cfs) [cfs) [cf=)
98.95 224.00 224.00 .00 1
99.42 25020 250,20 0.00 1
99.87 276.40 276.40 0.00 1
100.31 302,60 302,60 0,00 1
100.97 328.80 32880 0.00 1
101.64 355.00 355.00 0,00 1
102.34 381.20 381.20 0.00 1
102.74 396.00 396,00 .00 1
103.77 433.60 433.60 0.00 1
104,51 459,80 459,80 .00 1
105.07 486.00 479.78 5497 11
105,00 477,14 477,14 0,00 Overtopping
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Rating Curve Plot for Crossing: 6022+50

Total Rating Curve
Crossing: 6022+50
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Culvert Data: Culvert 1
Table 2 - Culvert Summary Table: Culvert 1
Total Culve Head Inle Outl FI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity
(cfs) (ft) Dep Dep (ft)y (fvy (fy) (ft/s (ft/s)
th  th )
(f)y (fy
224.0 2240 9895 545 6.17 7- 6.00 351 35 263 10.6  2.37
0 cfs 0 cfs 2 M2 1 3
c
250.2 2502 9942 589 6.64 7- 6.00 378 3.7 276 11.0 244
0 cfs 0 cfs 0 M2 8 3
c
2764 2764 9987 635 7.09 7- 6.00 4.04 40 289 114 250
0 cfs 0 cfs 1 M2 4 0
G
302.6 3026 10031 682 7.52 7- 6.00 429 42 3.02 11.7 2.56
0 cfs 0 cfs 8 M2 9 5
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Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 92.78 ft,

Outlet Elevation (invert): 92.46 ft

Culvert Length: 412.00 ft,

Culvert Slope: 0.0008
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 6022+50, Design Discharge - 396.0 cfs

6
Culvert - Culvert 1. Culvert Discharge - 396.0 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 92.78 ft
Outlet Station: 412.00 ft
Outlet Elevation: 92.46 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box

Barrel Span: 6.00 ft
Barrel Rise: 6.00 ft
Barrel Material: Concrete

Embedment: 0.00 in

400 450 500
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Barrel Manning's n: 0.0120

Culvert Type: Straight

Inlet Configuration: Square Edge (30-75¢2 flare) Wingwall
Inlet Depression: None

Tailwater Data for Crossing: 6022+50

Table 3 - Downstream Channel Rating Curve (Crossing: 6022+50)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
224.00 95.09 2.63 2.37 0.26 0.32
250.20 95.22 2.76 2.44 0.28 0.33
276.40 95.35 2.89 2.50 0.29 0.33
302.60 95.48 3.02 2.56 0.30 0.33
328.80 95.59 3.13 2.62 0.31 0.33
355.00 95.70 3.24 2.67 0.32 0.33
381.20 95.81 3.35 2.72 0.33 0.34
396.00 95.87 341 2.75 0.34 0.34
433.60 96.01 3,55 2.81 0.35 0.34
459.80 96.10 3.64 2.86 0.36 0.34
486.00 96.20 3.74 2.90 0.37 0.34

Tailwater Channel Data - 6022+50
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 15.00 ft

Side Slope (H:V): 8.00 (_:1)
Channel Slope: 0.0016

Channel Manning's n: 0.0350
Channel Invert Elevation: 92.46 ft

Roadway Data for Crossing: 6022+50
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 105.00 ft
Roadway Surface: Paved

Roadway Top Width: 367.00 ft
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3.4.10 EP-34 - 1-95 STA 6047+30 - 48" Concrete Pipe Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data

Discharge Selection Method: Specify Minimum, Design, and Maximum Flow
Minimum Flow: 68,00 cfs

Design Flow: 117.00 cfs

Maximum Flow: 144.00 cfs

Table 1 - Summary of Culvert Flows at Crossing: 6047+30

Headwater Total Culvert 1 Roadway Iterations
Elevation [ft) Discharge Discharge Discharge
[cfs) [cfs) [cf=)
98.81 HE.00 68.00 0.00 1
9916 7560 7560 0.00 1
99,54 83.20 83.20 0.00 1
100.02 S0.80 90.80 0.00 1
100.54 QH.40 98.40 0.00 1
101.07 106,00 106,00 0.00 1
101.90 117.00 117.00 .00 1
102.23 121.20 121.20 (.00 1
102.85 128.80 128.80 0.00 1
103.50 13640 136.40 0.00 1
10417 144.00 144.00 0.00 1
105.00 152.99 152,99 0,00 Overtopping
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Rating Curve Plot for Crossing: 6047+30

Total Rating Curve
Crossing: 6047+30
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Culvert Data: Culvert 1
Table 2 - Culvert Summary Table: Culvert 1
Total Culve Head Inle Outl FI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity

(cfs) (ft) Dep Dep (ft)y (fvy (fy) (ft/s (ft/s)

th th )
(f)y (fy

143.0 143.0 104.08 7.79 949 4- 400 354 4.0 4.02 113 395
0 cfs 0 cfs 8 FFf 0 8
158.2 1529 105.07 853 104 4- 400 3.62 4.0 423 121  4.05
0 cfs 6 cfs 89 FFf 0 i
173.4 151.7 105.17 844 105 4- 400 3.61 4.0 443 12.0 4.15
0 cfs 6 cfs 94 FFf 0 8
188.6 150.3 10525 833 106 4- 400 3.60 4.0 462 119 4.24
0 cfs 5 cfs 74 FFf 0 6
203.8 1489 10532 822 10.7 4- 4.00 359 40 481 11.8 4.32
0 cfs 0 cfs 43 FFf 0 5
219.0 1474 10538 811 108 4- 400 357 40 498 11.7  4.40
0 cfs 2 cfs 04 FFf 0 3
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234.2 1459 10544 8.00 108 4- 400 356 4.0 5.15 11.6 4.48
Ocfs 7cfs 61 FEf 0 2
245.0 1449 10548 793 108 4- 400 355 4.0 527 11.5 4.53
Ocfs 6cfs 99 FFf 0 4
264.6 143.1 10554 7.79 109 4- 4.00 354 4.0 547 113 4.62
Ocfs 3cfs 64 FFf 0 9
279.8 141.7 10559 7.70 11.0 4- 400 353 4.0 562 11.2 4.68
Ocfs 4cfs 12 FFf 0 8
295.0 1403 10564 7.60 11.0 4- 400 351 4.0 577 111 4.75
Ocfs 8cfs 58 FFf 0 7
Culvert Barrel Data
Culvert Barrel Type Straight Culvert
Inlet Elevation (invert): 94.58 ft,
Outlet Elevation (invert): 94.19 ft
Culvert Length: 283.00 ft,
Culvert Slope: 0.0014
Culvert Performance Curve Plot: Culvert 1
Performance Curve
Culvert: Culvert 1
[®] [Aa]
Inlet Control Elev Outlet Control Elev

L o _——&'_"‘A
1055 *ﬁ';‘__ﬁ_‘__,_‘_,_.- A

: il
1050 .

B /

- /
£1045 o
c N /
2 A
S 10404 L
ko B
%103.5—:
T B
10304
1025

: 1 L 1 1 Ll 1 L il L Ll L 1 L Ll L L il 1 Ll 1

140 160 180 20 240 260 280 300

PAGE 3-73

[-26 at 1-95 System Interchange Improvement | HYDROLOGIC STUDY AND HYDRAULIC ANALYSIS REPORT



3 | Hydrologic & Hydraulic Analyses of Existing Outfalls PAGE 3-74

Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 6047+30, Design Discharge - 245.0 cfs
Culvert - Culvert 1. Culvert Discharge - 145.0 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 94.58 ft
Outlet Station: 283.00 ft
Outlet Elevation: 94.19 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular

Barrel Diameter: 4.00 ft
Barrel Material: Concrete
Embedment: 0.00 in

Barrel Manning's n: 0.0120

[-26 at 1-95 System Interchange Improvement | HYDROLOGIC STUDY AND HYDRAULIC ANALYSIS REPORT



3 | Hydrologic & Hydraulic Analyses of Existing Outfalls PAGE 3-75

Culvert Type: Straight

Inlet Configuration: Square Edge with Headwall
Inlet Depression: None

Tailwater Data for Crossing: 6047+30

Table 3 - Downstream Channel Rating Curve (Crossing: 6047+30)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
143.00 98.69 4.02 3.95 0.75 0.42
158.20 98.90 4.23 4.05 0.79 0.42
173.40 99.10 4.43 4.15 0.83 0.42
188.60 99.29 4.62 4.24 0.87 0.42
203.80 99.48 4.81 4.32 0.90 0.42
219.00 99.65 498 4.40 0.93 0.43
234.20 99.82 HdH 4.48 0.96 0.43
245.00 99.94 5.27 4.53 0.99 0.43
264.60 100.14 5.47 4.62 1.02 0.43
279.80 100.29 5.62 4.68 1.05 0.43
295.00 100.44 570 4.75 1.08 0.43

Tailwater Channel Data - 6047+30
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 5.00 ft

Side Slope (H:V): 1.00 (_:1)
Channel Slope: 0.0030

Channel Manning's n: 0.0350
Channel Invert Elevation: 94.67 ft

Roadway Data for Crossing: 6047+30
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 105.00 ft
Roadway Surface: Paved

Roadway Top Width: 98.00 ft
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3.4.11 EP-36 - 1-95 STA 6060+00 - 42” Concrete Pipe Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 0.00 cfs
Design Flow: 1.00 cfs
Maximum Flow: 1.20 cfs

Table 1 - Summary of Culvert Flows at Crossing: 6060+00

Headwater Total Culvert 1 Roadway Iterations
Elevation (ft) Discharge Discharge Discharge
(cfs) (cfs) (cfs)
96.04 0.00 0.00 0.00 1
96.20 0.12 0.12 0.00 1
96.27 0.24 0.24 0.00 1
96.32 0.36 0.36 0.00 1
96.36 0.48 0.48 0.00 1
96.40 0.60 0.60 0.00 1
96.43 0.72 0.72 0.00 1
96.46 0.84 0.84 0.00 1
96.50 1.00 1.00 0.00 1
96.52 1.08 1.08 0.00 1
96.54 1.20 1.20 0.00 1
105.00 122.35 122.35 0.00 Overtopping
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Rating Curve Plot for Crossing: 6060+00

Total Rating Curve
Crossing: 6060-00
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Culvert Data: Culvert 1
Table 2 - Culvert Summary Table: Culvert 1
Total Culve Head Inle Outl FI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity
(cfs) (ft) Dep Dep (fty (fvy (fy) (ft/s (ft/s)
th th )
(ft)y (ft)

0.00 0.00 96.04 0.00 0.00 0- 0.00 0.00 0.0 0.00 0.00 0.00
cfs cfs 0 NF 0
0.12 0.12 96.20 0.13 0.15 2- 014 010 0.1 0.06 149 043
cfs cfs 9 M2 0

¢
0.24 0.24 96.27 019 022 2- 021 014 01 0.08 1.77 0.56
cfs cfs 6 M2 4

(o
0.36 0.36 96.32 024 0.27 2- 025 018 01 0.11 196 0.66
cfs cfs 7 M2 8

¢
0.48 0.48 9636 027 031 2- 029 020 02 0.13 211 0.73
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Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 96.04 ft,

Outlet Elevation (invert): 95.83 ft

Culvert Length: 219.00 ft,

Culvert Slope: 0.0010
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Culvert Performance Curve Plot: Culvert 1
Performance Curve

Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 6060+00, Design Discharge - 1.0 cfs
Culvert - Culvert 1, Culvert Discharge - 1.0 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 96.04 ft
Outlet Station: 219.00 ft
Outlet Elevation: 95.83 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular

Barrel Diameter: 3.50 ft
Barrel Material: Concrete
Embedment: 0.00 in

Barrel Manning's n: 0.0120
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Culvert Type: Straight

Inlet Configuration: Beveled Edge (1:1)
Inlet Depression: None

Tailwater Data for Crossing: 6060+00

Table 3 - Downstream Channel Rating Curve (Crossing: 6060+00)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
0.00 95.83 0.00 0.00 0.00 0.00
0.12 95.89 0.06 0.43 0.02 0.32
0.24 95.91 0.08 0.56 0.03 0.35
0.36 95.94 0.11 0.66 0.03 0.36
0.48 95.96 0.13 0.73 0.04 0.37
0.60 95.97 0.14 0.80 0.05 0.38
0.72 95.99 0.16 0.85 0.05 0.38
0.84 96.01 0.18 0.90 0.06 0.39
1.00 96.03 0.20 0.96 0.06 0.39
1.08 96.04 0.21 0.99 0.06 0.40
1.20 96.05 0.22 1.03 0.07 0.40

Tailwater Channel Data - 6060+00
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 5.00 ft

Side Slope (H:V): 1.50 (_:1)
Channel Slope: 0.0050

Channel Manning's n: 0.0350
Channel Invert Elevation: 95.83 ft

Roadway Data for Crossing: 6060+00
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 105.00 ft
Roadway Surface: Paved

Roadway Top Width: 142.00 ft
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3.4.12 BC-4 - Bluff Rd STA 119+25 - 6’x6’ Concrete Box Culvert

HY-8 Culvert Analysis Report

Crossing Discharge Data
Discharge Selection Method: Specify Minimum, Design, and Maximum Flow

Minimum Flow: 242.00 cfs
Design Flow: 426.00 cfs
Maximum Flow: 523,00 cfs

Table 1 - Summary of Culvert Flows at Crossing: 119+25

Headwater Total Culvert 1 Roadway Iterations
Elevation (ft)  Discharge Discharge Discharge
[cfs) [cfs) [cfs)
96.93 242.00 242.00 0.00 1
97.39 270,10 270,10 0.00 1
97.83 298.20 298.20 0.00 1
98.26 326,30 326,30 .00 1
98.68 354.40 354.40 0.00 1
99.06 382.50 382.50 0.00 1
99,69 410.60 410.60 0.00 1
100.02 426.00 424,84 093 13
100.30 466,80 423,66 4276 6
100.43 494,90 419.65 75,11 4]
100.54 523.00 414.73 107.96 5
100.00 424,12 424,12 0.00 Overtopping
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Rating Curve Plot for Crossing: 119+25

Total Rating Curve

Crossing: 119+25

PAGE 3-83
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Culvert Data: Culvert 1
Table 2 - Culvert Summary Table: Culvert 1
Total Culve Head Inle Outl FI Nor Criti Out Tailw Outl Tailw
Disch rt water t et ow mal cal let ater et ater
arge Disch Elevat Cont Cont Ty Dep Dep De Dept Velo Veloc
(cfs) arge ion rol rol pe th th pth h(ft) city ity
(cfs) (ft) Dep Dep (ft)y (fvy (fv) (ft/s (ft/s)
th th )
(fy (f

242.0 2420 9693 575 632 7- - 370 45 457 8.83 281
Ocfs Ocfs 7 H2 1.00 7

t
2701 2701 9739 624 678 7- - 398 48 484 9.30 290
0 cfs 0cfs 6 H2 1.00 4

t
298.2 2982 9783 674 723 7- - 425 51 510 9.74 297
Ocfs Ocfs 0 H2 1.00 0

t
326.3 3263 98.26 726 7.66 7- - 451 53 535 10.1  3.05
0 cfs 0 cfs 1 H2 1.00 5 Z
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Culvert Barrel Data
Culvert Barrel Type Straight Culvert

Inlet Elevation (invert): 90.60 ft,

Outlet Elevation (invert): 90.59 ft

Culvert Length: 52.00 ft,

Culvert Slope: 0.0002
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Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 119425, Design Discharge - 426.0 cfs
Culvert - Culvert 1. Culvert Discharge - 424.8 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station: 0.00 ft
Inlet Elevation: 90.60 ft
Outlet Station: 52.00 ft
Outlet Elevation: 90.59 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Concrete Box

Barrel Span: 6.00 ft
Barrel Rise: 6.00 ft
Barrel Material: Concrete

Embedment: 0.00 in
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Barrel Manning's n: 0.0120

Culvert Type: Straight

Inlet Configuration: Square Edge (30-752 flare) Wingwall
Inlet Depression: None

Tailwater Data for Crossing: 119+25

Table 3 - Downstream Channel Rating Curve (Crossing: 119+25)

Flow (cfs) Water Velocity Depth (ft) Shear (psf) Froude
Surface (ft/s) Number
Elev (ft)
242.00 95.16 4.57 2.81 0.29 0.27
270.10 95.43 4.84 2.90 0.30 0.27
298.20 95.69 5.10 297 0.32 0.27
326.30 95.94 5.35 3.05 0.33 0.28
354.40 96.17 5.58 3.12 0.35 0.28
382.50 96.39 5.80 3.18 0.36 0.28
410.60 96.61 6.02 324 0.38 0.28
426.00 96.72 6.13 3.28 0.38 0.28
466.80 97.02 6.43 3.36 0.40 0.28
494.90 97.21 6.62 3.41 0.41 0.28
523.00 97.40 6.81 3.46 0.42 0.28

Tailwater Channel Data - 119+25
Tailwater Channel Option: Trapezoidal Channel

Bottom Width: 12.00 ft

Side Slope (H:V): 1.50 (_:1)
Channel Slope: 0.0010
Channel Manning's n: 0.0350

Channel Invert Elevation: 90.59 ft

Roadway Data for Crossing: 119+25
Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 100.00 ft
Crest Elevation: 100.00 ft
Roadway Surface: Gravel

Roadway Top Width: 33.00 ft
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3.5 Assessment of Alternatives

PAGE 3-88

There are three Alternatives proposed for the 1-26/1-95 interchange improvements. A
summary of the impact(s) to each of the culverts is described in Table 3.22. Sections
3.5.1-3.5.3 provide more detail for each Alternative.

Table 3.2: Impacts of Alternatives on Existing Culverts

Culvert Station Alignment ‘ Description  Alternative 1 Alternative 2 Alternative 3
BC-1 3145+00 1-26 8'x6' RC Box No Impacts No Impacts No Impacts
Extend inlet to
Extend inlet to accommodate
accommodate | new ramps: |-
new ramps: I- 95 NB to I-26
95 NB to |-26 WSB, I-95 SB to I-
Extend inlet to WB, 1-95 SB to I- 26 EB, I-26 EB to
mm te | 26 EB, I-26 EB to | I-95 NB.
£ e e ramps. I+ | 95 NB.
BC-2 3214+28 [-26 EB 6'x6' RC Box 95 NB 10 1-26
Ramp Extend outlet
WB, I-:95SBto |- | Extend outlet to
26 EB to accommodate
accommodate | new ramps: I-
new ramps: |- 26 WB to I-95
26 WB to I-95 NB and SB, and
NB and SB Bluff Rd
realignment
Extend inlet to
accommodate
new ramp |-26
EB to I-95 SB.
[-26 EB to Extend outlet
BC-3 6022+50 [-95 SB 6'x6' RC Box | to No Impacts No Impacts
Ramp accommodate
new ramps: |-
95 NB to I-26
WB, 1-95 SB to I-
26 EB
EP-34 6047+30 [-95 48" RC Pipe | No Impacts No Impacts No Impacts
New RCBC
g with potential
BC-4 119+25 Bluff Rd 6'x6' RC Box No Impacts Extend Outlet channel
realignment

Each alternative interchange design will also require the addition of new culverts
and/or alteration of existing culverts to maintain existing drainage patterns due to
new alignments. These additional recommendations are summarized in Table 3.33

below.
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Table 3.3: New Culvert Crossings by Proposed Alternative

Alignment Alternative 1 ‘ Alternative 2 Alternative 3
[-26 EB to I-95 SB N/A New RASEEOOT STA New RASEE;OOT STA
26 WB to 1-95 SB N/A N/A New RCBC 0T STA
1-26 WB to 1-95 NB N/A Ex’rengsli(égc STA New RQC;E%:OOT STA
195 NB to 1-26 EB New RQCOE(SZOCIT STA New RASE(O:OOT STA New RA%ECOZOOT STA
I-95 NB to I-26 WB N/A New R3%Eg00’r STA New R3%E%OOT STA
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3.5.1 Alternative 1

The proposed Alternative 1 has several new ramps on a new alignment that will
impact the existing ditch either by obstructing or completely filling in the existing
channels that drain to the culverts. These channels will need to be relocated to
ensure hydraulic conductivity throughout the project.

To see the additional culvert(s) required for this alternative, please reference Table
3.33 and Figure 33.

Figure 3.3: Alternative 1 New Culvert Location

The following channels will need to be constructed due to the Alternative 1 Ditch
Impacts:

e [|-26 EB to I-95 SB: Trapezoid channel on the right side from ramp Sta 24+00 to
Sta 43+00

e [|-95 NB to I-26 EB: Trapezoid channel on the right side from ramp Sta 12+00 to
Sta 28+00
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3.5.2 Alternative 2

The proposed Alternative 2 has several new ramps on a new alignment that will
impact the existing ditches either by obstructing or completely filling in the existing
channels that drain to the culverts. These channels will need to be relocated to
ensure hydraulic conductivity throughout the project.

To see the additional culvert(s) required for this alternative, please reference Table
3.33 and Figure 34.

Figure 3.4: Alternative 2 New Culvert Location

The following channels will need to be constructed due to the Alternative 2 Ditch
Impacts:

e [|-26 EB to I-95 SB: Trapezoid channel on the right side from ramp Sta 21+00 to
Sta 42+80

e |-95NB to I-26 EB: Trapezoid channel on the right side from ramp Sta 35+00 to
Sta 49+00

e |-95NB to I-26 EB: Channel from proposed culvert at Sta 42+10 to the I-25 NB to
I-26 WB right side channel
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e |-95NB to I-26 WB: Channel from existing culvert to proposed culvert at Sta
38+50

e [|-95 NB to I-26 WB: Trapezoid channel on the right side from ramp Sta 38+70 to
Sta 43+30
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3.5.3 Alternative 3

The proposed Alternative 2 has several new ramps on a new alignment that will
impact the existing ditches either by obstructing or completely filling in the existing
channels that drain to the culverts. These channels will need to be relocated to
ensure hydraulic conductivity throughout the project.

To see the additional culvert(s) required for this alternative, please reference Table
3.33 and Figure 35.

Figure 3.5: Alternative 3 New Culvert Location

The following channels will need to be constructed due to the Alternative 3 Ditch
Impacts:

e |-26 EB to I-95 SB: Trapezoid channel on the right side from ramp Sta 21+00 to
Sta 42+80

e [|-95 NB to I-26 EB: Trapezoid channel on the right side from ramp Sta 35+00 to
Sta 49+00

e |-95NB to I-26 EB: Channel from proposed culvert at Sta 42+10 to the I-25 NB to
I-26 WB right side channel
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e |-95NB to I-26 WB: Channel from existing culvert to proposed culvert at Sta
38+50

e [|-95 NB to I-26 WB: Trapezoid channel on the right side from ramp Sta 38+70 to
Sta 43+30
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4. HALF-LINE PIPE ASSESSMENT

Several half-line pipes draining under both I-26 and I-95 from the median drop inlets
will need to be extended due to the proposed fill limits on the new ramp and
roadway alignments. As noted in Section 1.1, the current free removal project has
caused damage to some of the existing pipe outlets that will need to be repaired. A
summary table containing information pertaining to these half-lines is presented
below in Table 4.1. This summary table includes recommendations for cleaning and
extending the pipes based on project alternatives.
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Table 4.1: Existing Half-Line Pipes with Proposed Flow Rates

Existing Half-Line Pipes with Proposed Flow Rates

100-Year Storm 50-Year
Hydraulic
Analysis

Notes

Culvert Data Hydrology Data 50-Year Storm

Field Notes Recommendation

HW HW

. Over- Exceeds .
Elevation toopin Capacity? Elevation

. Height
Size Us/DS Length Inlet

® iy () El. B, (ac)

Over- Exceeds
topping Capacity?

Outlet DA Tc

Station Alignment Type Method

(€]
(min) | (cfs)

3262+96.56

I-26

RCP

100.02

89.55

89.47 2.01 | Rational 5 7.13 91.34 No Yes

7.67

91.47

No

Yes

No inspection
notes available.

Insufficient
Capacity

Clean; Increase
size

EP-2

3251+97.06

1-26

RCP

81.17

92.77

92.55 2.48 | Rational 5 8.69 94.27 No No

9.36

94.34

No

24" pipe culvert
dammed with a
straw dam. Trees
recently, cleared,
o

drop to ditch. Top
has been
damaged by
equipment. [Bluff
Road] 24" wide
concrete

pipe with straw
dam. Trees
recently cleared.

Hydraulic
Grade Line
retained in
Pipe

Clean; Retain

EP-5

3233+98.64

I-26

RCP

82.62

93.13

92.91 1.22 | Rational 5 4.25 94.13 No No

4.57

94.17

No

[South] 24" wide
concrete pipe.
Half full of water,
slowly draining. No
debris. [North]
Severely buried by
free clearing
delbris on north
end and
damaged by
equipment.
Almost 100%
blockage.

Hydraulic
Grade Line
retained in
Pipe

Clean; Extend for
Alternates 2 and 3

EP-6

3233+97.90

1-26

RCP

99.84

92.87

92.55 | 1.21 | Rational 5 4.14 93.85 No No

4.46

93.89

No

[South] 24" wide
concrete pipe.
Half full of water,
slowly draining. No
delbris. [North]
Severely buried by
tree clearing
delbris on north
end and
damaged by
equipment.
Almost 100%
blockage.

Hydraulic
Grade Line
retained in
Pipe

Clean; Extend for
Alternate 1

EP-
14

3178+09.28

I-26

RCP

112.40

97.63

96.92 1.92 | Rational 5 6.72 102.46 No Yes

7.24

103.19

No

Yes

Could not find,
possibly buried.
Heavy debris from
free clearing but
undamaged.

Insufficient
Capacity

Clean; Increase
size
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Existing Half-Line Pipes with Proposed Flow Rates

Culvert Data Hydrology Data 50-Year Storm 100-Year Storm 50-Year

HW HW Field Notes HYdrOUlIC

. Over- Exceeds . Over- Exceeds Analysis
Elevation Elevation Notes

. o) . o)
(f) topping Capacity? (f) topping Capacity?

Height Recommendation
Station Alignment Type US/DS

(in)

Length Inlet Outlet | DA Method Te

(€]
(ft) El. El. (ac) (min) | (cfs)

18" concrete pipe Hydraulic
almost completely Grade Line
3171+51.43 1-26 RCP = 18 90.26 96.84 95.98 | 2.58 | Rational 5 9.31 98.63 No No 10.02 98.72 No N buried. Ground retained in Clean; Retain
elev. ~6" higher alll -

Pipe
around.
24" concrete pipe
w/ debris at exit.
Another 15”
concrete pipe 10'
away
is half full of Hydraulic
EP- | 3158+01.95 126 | RCP | - | 24 | 10922 | 97.40 | 96.63 | 1.85 | Rational | 5 | 647 | 98.65 No No 697 | 98.70 No N sediment. Only | Grade Line
16 goes to median. retained in
North side has Pipe
heavy delbris from
free
clearing but
remains
undamaged.
24" concrete pipe
w/ debris at exit.
Another 15"
concrete pipe 10'
away
is half full of Hydraulic
EP | 3158+02.20 26 RCP | - 24 | 10628 | 97.43 | 9694 | 174 | Rational | 5 | 607 | 98.63 No No 653 | 98.68 No No sediment. Only Grade Line
17 goes to median. retained in
North side has Pipe
heavy debris from
free
clearing but
remains
undamaged.

EP-
15

Clean; Retain

Clean; Retain

Hydraulic
EP- 1 3150+02.45 26 RCP | - 18 | 9885 | 97.18 | 9583 | 207 | Rational | 5 | 726 | 9870 No No 782 | 9877 No No 18" concrete Grade Line | ot in
18 pipe. retained in

Pipe

18" concrete
pipe. 40% filled
with detboris.
Ground level is 3"
higher than Hydraulic
P | 313047799 | 126 | RcP | - | 18 | 9227 | 97.47 | 9648 | 1.58 | Rational | 5 | 560 | 9877 No No 603 | 9883 No No | Mvert-Another18" | Grade Line
21 concrete pipe retained in
located 10" away | Pipe
5% full of stagnant
water and
ground level is 3"
higher than invert.

Clean; Retain
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Station

Culvert Data

Height

Alignment Type US/DS

Length
()

Inlet
El.

Outlet
El.

Existing Half-Line Pipes with Proposed Flow Rates

Hydrology Data

DA
(ac)

Method

Tc (€]
(min) | (cfs)

50-Year Storm

HW

Elevation

Over-

Exceeds

topping Capacity?

100-Year Storm

o) Over-

Elevation

Exceeds
Capacity?

Field Notes

50-Year
Hydraulic
Analysis
\[e] (=13

Recommendation

(in) (f) () 'oPPind

24" pipe culvert.

5% full of Hydraulic Clean; Repair to
| sess+0136 | 195 | RCP | - | 24 | 15484 | 8886 | 8854 | 6.66 | Rafional | 5 | 9.85 | 90.53 No No 1061 | 90.61 No No | sediment Crade line | designed.
23 damaged and retained in specifications, or

last segment has Pipe replace

fallen off.

24" pipe culvert.

40% full of

sediment, Hydraulic Clean; Repair to
P | 5958+0295 | 195 | RCP | - | 24 | 15924 | 8889 | 8830 | 674 | Rafional | 5 | 1128 | 90.6] No No 1215 | 90.70 No No | d9moagedand ) Cradeline | designed
24 last segment has retained in specifications, or

fallen off. Does Pipe replace

not appear to

facilitate flow

Hydraulic
7 | 597941156 195 | RCP | - | 18 | 14905 | 92.89 | 9133 | 3.18 | Rational | 5 | 830 | 94.54 No No 894 | 9443 No No | Noinspection Grade Line | petain
6 notes available. retained in
Pipe
Insufficient
Capacity,
HGL is
above
roadway
shoulder
elevation,

15" concrete however

pipe, half full of the median
P | 602749599 | 195 | RCP | - | 15 | 16242 | 9553 | 9509 | 322 | Rafional | 5 | 1319 | 10897 | Yes* Yes | 1420 | 10519 | Yes* Yes | Water/sediment. | ditch Increase size
30 Ground elev. 3 provides

higher at sufficient

outlet. storage

volume to
limit the HW
elevation to
below the
incipient
overtopping
elevation.

18" concrete pipe .

nofched between Hydroullp
EP- . Grade Line Extend for
31 6033+94.75 [-95 RCP - 18 139.00 97.02 96.31 1.15 | Rational 5 5.11 98.25 No No 5.50 98.30 No No two trees. Half full retained in Alternates 1 and 2

of water but -

. Pipe

draining.

15" concrete pipe

100% filled with
B | 6040+61.81 195 [ RCP | - | 15 | 14459 | 9523 | 9520 | 1.11 | Rational | 5 | 358 | 9667 No Yes 386 | 9678 No Yes | Wofer. Channel —Insufficient o ose size
32 full and <1' deep, Capacity

20'

wide.
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4 | Half-Line Pipe Assessment PAGE 4-5

Existing Half-Line Pipes with Proposed Flow Rates

Culvert Data Hydrology Data 50-Year Storm 100-Year Storm 50-Year

Field Notes Hydraulic
HW' over Exceeds Q o Over- Exceeds Analysis
Elevation

topping Capacity? (cfs) AR topping Capacity? Notes

Height Recommendation
US/DS Outlet DA Method Tc

Size (€]
El. (ac) (min) | (cfs)

Station Alignment Type (f)

(in) (ft) (ft)
18" concrete pipe,
half buried with .
. . Hydraulic
EP- standing water in Grade Line Clean; Extend for
6044+46.68 1-95 RCP - 18 135.86 | 97.17 96.30 | 1.21 | Rational 5 3.57 98.17 No No 3.85 98.21 No No pipe. Ground - . '
33 clev. rgfcuned in Alternates 1 and 2
~ 4" higher than Pipe
invert.
18" pipe almost Hydraulic
EP- : completely ull of | e Line :
35 6048+97.53 I-95 RCP - 18 141.57 95.59 95.23 1.70 | Rational S 5.06 96.88 No No 5.45 96.95 No No sediment. Ground retained in Clean; Retain
elev. ~6" higher Pipe
than invert.
On |-95 SB to 1-26
WB ramp. Drop
inlet on south side.
EP- 18" concrefe pipe Insufficient Replace for all
5996+94.80 Line 1 RCP - 18 200.33 93.52 93.28 | 4.51 | Rational 5 14.34 98.98 No Yes 15.45 99.66 No Yes on north side w/ .
38 . Capacity Alternates
wingwalls, low
flow but no
sediment
blockage.
On |-26 EB to I-95
SB ramp. 18"
concrete pipe,
half full of
EP- | 401749621 | Line3 | RcP | - 18 | 25055 | 9372 | 9333 | N/A | Rational | 5 | 808 | 9619 No Yes 8.62 | 96.44 No Yes Seignel weien, | ITsuilislsm | Repiees feral
42 Heavy debris. Has | Capacity Alternates
drop inlet on N
side, maybe same
one as connects
to Sta 6013+00.
Hydraulic
EP- | 599547394 | Lines | RCP | - 18 | 4275 | 9876 | 9855 | 033 | Rational | 5 | 1.82 | 99.45 No No 196 | 99.48 No No Could Not Inspect | Grade Line | Replace for all
46 due to traffic. retained in Alternates
Pipe
Hydraulic
EP" | 599849770 | Line2 | RCP | - | 18 | 6436 | 10233 | 9881 | 0.37 | Rational | 5 | 200 | 103.06 No No 215 | 103.09 No No Could Not Inspect | Grade Line | Replace for al
47 due to traffic. retained in Alternates
Pipe
Hydraulic
B | 602141732 | Line6 | RCP | - | 18 | 4020 | 97.59 | 97.06 | 0.38 | Rational | 5 | 181 | 9828 No No 195 | 9831 No No | CouldNotinspect | Cradeline ) Replace foral
52 due to traffic. retained in Alternates
Pipe
Hydraulic
BP- 1 4014+1236 | Line4 | RCP | - 15 | 12628 | 11534 | 10501 | 0.41 | Rational | 5 | 218 | 116.16 No No 235 | 11619 No No Could Netlnsgaet | crade Une | [keslees ior el
54 due to fraffic. retained in Alternates
Pipe
Hydraulic
BP- | 4018+65.15 | Line4 | RCP | - 18 | 6077 | 10216 | 9892 | 045 | Rational | 5 | 257 | 103.00 No No 277 | 103.03 No No Could Not Inspect | Grade Line | Replace for al
55 due to traffic. retained in Alternates
Pipe
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Existing Half-Line Pipes with Proposed Flow Rates

Culvert Data Hydrology Data 50-Year Storm 100-Year Storm 50-Year
9 Hydraulic q
: Field Notes s Recommendation
Station Alignment Type SHE Iilj?/%hst Inlet  Ouflet DA ' 4\ thod L 2 Elecrt’ion Sty 2L Ele\l-llrf’ion ey 2L LS
(D] (in) El. El. (ac) (min) | (cfs) ) topping Capacity? ) topping Capacity? Notes
Hydraulic
EP- | 6023+0449 | Linea | RCP | - | 18 | 3832 | 9683 | 9385 | 0.44 | Rational | 5 | 245 | 97.64 No No 263 | 97.68 No No | GouldMotinspect | Gradeline | Replace fordll
56 due to traffic. retained in Alternates
Pipe
Hydraulic
B | 312343249 126 | RCP | - | 18 | 3409 | 93.43 | 9211 | 1.58 | Rational | 5 | 563 | 95.00 No No 607 | 9516 No No | CoudNotinspect | Gradeline | ooy,
22a due to traffic. retained in
Pipe
Hydraulic
EP | 312006082 | 126 |[RcP | - | 18 | 3357 | 9343 | 9211 | 218 | Rational | 5 | 7.87 | 9523 No No 848 | 95.42 No No | CouldNotinspect | Gradeline | pqy,
22b due to traffic. retained in
Pipe
48" concrete
pipe. Good
condition. Some Hydraulic
Ep- debiris. Fence 50 Grade Line
29¢ 3122+91.55 [-26 RCP - 48 48.51 91.87 91.75 | 0.84 | Rational 5 30.35 93.89 No No 32.62 93.97 No No away. Ditch retained in Clean; Retain
approx. Pipe
rectangular. Has
drop inlet on N
side.
Hydraulic
EP- . Grade Line .
3122+59.02 [-26 RCP - 15 33.06 93.43 91.87 0.32 | Ratfional 5 1.28 94.04 No No 1.38 94.07 No No Could Noft Inspect : . Increase size
22d retained in
Pipe
48" concrete
pipe. Good
condition. Some Hydraulic
EP- debris. Fence 50 Grade Line
276 3122+98.80 I-26 RCP - 48 108.00 92.38 92.11 1.34 | Rational 5 4.89 94.76 No No 5.26 94.88 No No away. Ditch retained in Clean; Retain
approx. Pipe
rectangular. Has
drop inlet on N
side.
48" concrete
pipe. Good
condition. Some Hydraulic
Ep- delbris. Fence 50 Grade Line
00f 3122+93.90 I-26 RCP - 48 108.12 | 92.11 91.87 | N/A | Rational 5 26.05 94.75 No No 27.99 94.87 No No away. Ditch retained in Clean; Retain
ApPpProx. Pipe
rectangular. Has
drop inlet on N
side.
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Half-Line Pipe Assessment

PAGE 4-7

Station

Alignment

Culvert Data

Type

Size

()

Length

Inlet
El.

Outlet
El.

Existing Half-Line Pipes with Proposed Flow Rates

Hydrology Data

DA
(ac)

Method

Tc
(min)

(€]
(cfs)

50-Year Storm

HW
Elevation

W)

Over-
topping

Exceeds
Capacity?

Q
(cfs)

100-Year Storm

HW
Elevation

(ft)

Over-
topping

Exceeds
Capacity?

Field Notes

[East] 24"
concrete pipe. 5%
full of sediment,
damaged and

50-Year
Hydraulic
Analysis
\[e] (=13

Recommendation

segment fallen
off. No flow and
40%

full of sediment.

last segment Hydraulic
EP- | 5970+16.41 95 RCP | - 24 | 16276 | 9003 | 8885 | 476 | Rafional | 5 | 495 | 91.14 No No 495 | 91.14 No No fell off. [West] 24" | Grade line | |0 1o size
25a concrete pipe. retained in

Broken with last Pipe

segment fallen

off. No flow and

40%

full of sediment.

[East] 24"

concrete pipe. 5%

full of sediment,

damaged and

last segment Hydraulic
QEP' 5972+16.41 195 RCP | - 24 | 17043 | 89.93 | 8873 | N/A | Rational | 5 | 495 | 91.04 No N 495 | 91.04 No No ek s 265 | Creeeline || Lo oo g

5b concrete pipe. retained in
Broken with last Pipe
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5. OUTFALL ANALYSIS

As previously mentioned in Section 1.5 Proposed Stormwater Management,
preliminary analysis of the post construction discharges based on the three
Alternatives does not require Stormwater Management. The watersheds for Four
Holes Swamp that flows through the project site are larger than 1 square mile. Even
though the project alternatives include additional impervious area from the
pavement added for longer access ramps, the change in land use is insignificant
compared to the larger drainage area upstream of the project.

Under this scenario, detention within the project site could have an adverse impact
downstream if the timing of the peak is delayed to coincide with the timing of the
peak for the total watershed.

Should design reveal an increase in peak flow from the project site, infield and gore
areas within the project limits can be used for detention volume.
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6. SITE PHOTOS

-
B T

Culvert 2 (Sta 6022+50) US Inlet

-

Culvert 1 (Sta 3145+00) DS blocked by
equipment
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Culvert 3 (Sta 3214+28) US erosion behind
wingwalls
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Site Photos

6

(Sta 119+25) DS Outlet

Culvert 4

UsS Inlet

)

Culvert 4 (Sta 119+25

Culvert 5 (Sta 6047+30) US Inlet
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Culvert 5 (Sta 6047+30) DS Outlet
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. 3 - 'y

Damaged pipe Sta 6018+25 DS end

el v
PN AL

Damaged pipe Sta 3252+00
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Damaged pipe Sta 5958+00 (I-95 NBL)
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