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PROJECT Dominion Access Road CULVERT DESIGN FORM LD-269
ROAD Fuel Farm Road COUNTY Henrico SHEET OF DESIGNER: 1IJH DATE: 3/12/2018
CULVERT 4-3 to 4-4 VA UNITS ENGLISH REVIEWER: KPO DATE:
NOAA Station 34+00 Richmond WSO Airport 0
HYDROLOGICAL DATA
Method: INPUT Roadway Width 30 ft ROADWAY ELEVATION 158.00 ft Road Length 100 Suface Type PAVED
Drainage Area: 0.78 Freeboard= 4.15 ft
Time of Concentration 8.7 Shidr. Elev. Lt. = 157.81 Shldr. Elev. Rt.= 158.38 ft
DESIGN FLOWS ELHWd= (R X S iy it N’ W
R.I. (years) FLOW (cfs) Elsf= 152.75 ft
10 Design 2.69 Eli= 153.00 ft TW DEPTH 1.20 ft
2 Check 2.11 L= 538 f& 0 AT wlTTuoe---o TW VEL. 0.00 fps
100 Max. 4.47 S=  1.58% DEPRESSION  Oin emmmeeee Channel Inv.EL. 152.15 ft
CULVERT DESCRIPTION: SKEW= 0° """ Bed 0.013 Elo= 152.15 ft
TYPE: Single/Multiple Conforming
Inlet Edge Description: TOTAL FLOW PER HEADWATER CALCULATIONS CONTROL MINIMUM
Groove End Projecting FLOW BARREL INLET CONTROL OUTLET CONTROL HEADWATER | OUTLET | SHOULDER COMMENTS
Single / Multiple Conforming / Broken Back Culverts Q Q/N HWi/D HWi FALL ELHWi ™ dc (dct+D)/2 ho ke H ELHWo ELEV VEL ELEV.
MATERIAL | SHAPE | Size (in) N Man:ings ofs ofs ft fi ft ft ft ft ft ft ft ft fps ft
Concrete Circular 18 1 0.01 2.69 2.7 0.44 0.66 0.00 153.66 1.20 0.62 1.06 1.20 0.20 0.08 153.43 153.66 5.85
2.11 2.1 0.38 0.57 0.00 153.57 1.20 0.55 1.03 1.20 0.20 0.05 153.40 153.57 5.46
4.47 45 0.62 0.93 0.00 153.93 1.20 0.81 1.16 1.20 0.20 0.22 153.57 153.93 6.74
Broken Back Culvert TAILWATER DATA: TAILWATER RESULTS: ROADWAY DATA: ROADWAY OVERTOPPING:
LENGTH Elev. SKEW © (Channel Shape Discharge | Elevation (lj?clgm Velocity | Shear force [[Roadway Width, ft 30 Discharge Oslc:;)lzgzg OET::/‘;ZZ l:g
Bottom Width, ft 0.00 "n"= 0.035 cfs ft ft fps PSF Surface Type PAVED cfs cfs ft
Side Slope Lt: (H:1V) 0.00 Design 153.35 1.20 0.00 0.00 Top of Road Elevation, ft 158 Design 0 0.00
Side Slope Rt: (H:1V) 0.00 Check 15335 | 1.20 0.00 0.00 |lLength of Road, ft 100 Check 0 0.00
Channel Slope, ft/ft 0.0100 [Max. 153.35 1.20 0.00 0.00 [Max. 0 0.00
Distance
"Elevation
=
TECHNICAL FOOTNOTES:

(1) USE Q/NB FOR BOX CULVERTS

(2) HWi/D = HW/D OR HWi/D FROM DESIGN CHARTS

(4) ELhi = HWi + ELi (INVERT OF INLET CONTROL SECTION)

(5) TW BASED ON DOWNSTREAM CONTROL OR FLOW

(6) ho = TW or (dc + D/2) (WHICHEVER IS GREATER)

(7)H=[1 +ke + (29n°L)R"**v*/2¢g
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(3) FALL = HWI - (ELHWd - ELsf); FALL IS ZERO FOR CULVERTS ON GRADE DEPTH IN CHANNEL
SUBSCRIPT DEFINITIONS: COMMENTS / DISCUSSION: CULVERT BARREL SELECTED
HWd DESIGN HEADWATER i INLET SIZE: 18 in. n: 0.013
HWi HW IN INLET CONTROL o OUTLET SHAPE: Circular MATERIAL: Concrete
HWo HW IN OUTLET CONTROL sf Streambed ENTRANCE:
@ culvert face
CULVERTSOFT by ENSOFTEC, INC.
PROJECT Dominion Access Road CULVERT DESIGN FORM LD-269
ROAD Dominion Access Road COUNTY Henrico SHEET 1 OF DESIGNER: UH DATE: 5/3/2018
CULVERT EX7 - EX8 VA UNITS ENGLISH REVIEWER: KPO DATE: 5/3/2018
NOAA Station -- Richmond WSO Airport -
HYDROLOGICAL DATA
Method: RATIONAL Roadway Width 24 ft ROADWAY ELEVATION 152.10 ft Road Length 100 Suface Type PAVED
Drainage Area: 5.63 Acres Freeboard= 1.50 ft
Time of Concentration 19.1 Minutes Shidr. Elev. Lt. = 152.08 ft Shidr. Elev. Rt.= 152.04 ft
DESIGN FLOWS ELHWd= 150.54 ﬂ_/'V’ """""""""""""""""""""""""""""""""""""
R.I. (years) FLOW (cfs) Elsf=  149.00 ft i
10 Design 9.25 Eli=  149.00 ft TW DEPTH 1.60 ft
2 Check 6.72 = 167 & 0 AT olTTeeee--a %‘fefr_“_‘ief‘_ ™ TW VEL. 0.00  fps
100 Max. 15.71 S= 0.30% DEPRESSION 0 in. 3" ________________________ Channel Inv.EL. 14850  ft
CULVERT DESCRIPTION: SKEW= 0° "n" Bed 0.013 Elo= 148.50 ft
TYPE: Single/Multiple Conforming
Inlet Edge Description: TOTAL FLOW PER| HEADWATER CALCULATIONS CONTROL MINIMUM
Groove End Projecting FLOW BARREL INLET CONTROL OUTLET CONTROL HEADWATER | OUTLET | SHOULDER COMMENTS
Single / Multiple Conforming / Broken Back Culverts Q Q/N HWi/D HWi FALL ELHWi ™ dc (dctD)/2 ho ke H ELHWo ELEV VEL ELEV.
MATERIAL | SHAPE | Size (in) N Man:i“gs ofs ofs ft ft fi fi ft ft ft ft ft ft fps ft
Concrete Circular 24 1 0.01 9.25 9.3 0.77 1.26 0.00 150.26 1.60 1.09 1.55 1.60 0.20 0.44 150.54 150.54 432
6.72 6.7 0.67 1.01 0.00 150.01 1.60 0.92 1.46 1.60 0.20 0.23 150.33 150.33 4.02
15.71 15.7 1.24 2.17 0.00 151.17 1.60 1.43 1.72 1.71 0.20 1.27 151.48 151.48 5.00
Broken Back Culvert TAILWATER DATA: TAILWATER RESULTS: ROADWAY DATA: ROADWAY OVERTOPPING:
LENGTH Elev. SKEW © Channel Shape Discharge | Elevation il(;n/] Velocity | Shear force |[Roadway Width, ft 24 Discharge Ogllzzszzg OETR?:E)I:E’
Bottom Width, ft 0.00 "' = 0.035 ofs ft ft fos PSF  [Surface Type PAVED cfs cfs ft
Side Slope Lt: (H:1V) 0.00 Design 150.10 1.60 0.00 0.00 Top of Road Elevation, ft 152.1 Design 0 0.00
Side Slope Rt: (H:1V) 0.00 Check 150.10 1.60 0.00 0.00 Length of Road, ft 100 Check 0 0.00
Channel Slope, ft/ft 0.0100 Max. 150.10 1.60 0.00 0.00 Max. 0 0.00
Distance
"Elevation
[
TECHNICAL FOOTNOTES:
(1) USE Q/NB FOR BOX CULVERTS (4) ELhi = HWi + ELi (INVERT OF INLET CONTROL SECTION) (6) ho=TW or (dc + D/2) (WHICHEVER IS GREATER)
(2) HWi/D = HW/D OR HWi/D FROM DESIGN CHARTS (5) TW BASED ON DOWNSTREAM CONTROL OR FLOW (7)H=[1+ke + (29n°L)R"**/2g
(3) FALL = HWI - (ELHWd - ELsf); FALL IS ZERO FOR CULVERTS ON GRADE DEPTH IN CHANNEL
SUBSCRIPT DEFINITIONS: COMMENTS / DISCUSSION: CULVERT BARREL SELECTED
HWd DESIGN HEADWATER i INLET SIZE: 24 in. n: 0.013
HWi HW IN INLET CONTROL o OUTLET SHAPE: Circular MATERIAL: Concrete
HWo HW IN OUTLET CONTROL sf Streambed ENTRANCE:
@ culvert face

CULVERTSOFT by ENSOFTEC, INC.

PROJECT  Dominion Access Road CULVERT DESIGN FORM LD-269
ROAD Fuel Farm Road COUNTY  Henrico SHEET OF DESIGNER: UH DATE: 3/12/2018
CULVERT 4.3 (0 4-4 VA UNITS ENGLISH REVIEWER: KPO DATE:
NOAA Station 34+00 Richmond WSO Airport 0
H.W. ELEV V/S DISCHARGE OUTLET VELOCITY V/S DISCHARGE
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CULVERTSOFT by ENSOFTEC, INC.
PROJECT  Dominion Access Road CULVERT DESIGN FORM LD-269
ROAD Dominion Access Road COUNTY  Henrico SHEET 1 OF 1 DESIGNER: UH DATE: 5/3/2018
CULVERT EX7 - EX8 VA UNITS ENGLISH REVIEWER: KPO DATE: 5/3/2018
NOAA Station -- Richmond WSO Airport --
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CULVERTSOFT by ENSOFTEC, INC.
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