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APPENDICES
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NOTES |

1. USE THE SAME LINE QUALITY AS THAT SHOWN IN THE EXAMPLE
TITLE BLOCK. :

9. SEE DETAIL NO. 2 FOR LOCATION OF TITLE BLOCK.

3. LEAVE FILE NO. BLANK.
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CURVED EDGE OF
CONCRETE FOOTING—,

CONCRETE BLOCK WALL
OR PRECAST SECTIONS

COVER TO BE CAMBELL FOUNDRY
NO. 1202 W/ "WIN" PRINTED

BRICK (MAX. & COURSES)
ON THE TOP

(MIN. 2 COURSES)

A P
,5‘11“':?—:—:_1 7

LADDER RUNGS
127 STEP

CURVED BEVELED BLOCKS OR
PRECAST CONCRETE CONE

—CURVED BLOCKS OR
PRECAST SECTIONS -

VARIES

~POURED OR .
- PRECAST BASE

S0 L
SECTION A—A
TOWN OF - SCALE: , ) DATE: REVISION
/ATERTOWN STANDARD 1/2"=1-0"|  1/96 o
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1. WALLS OF ALL CATCH BASINS
OVER 10’ DEEP SHALL BE INCREASED

Z. SUMPS MAY BE REQUIRED AT
LOCATIONS SPECIFIED BY THE TOWN

3, BACKFILL BASINS WITH GRAVEL.
LEAVE \WEEP JOINTS AT LEVELS ABOVE

_ -CLASS "A” CONCRETE, PRECAST CONCRETE
UNITS OR CEMENT CONCRETE MASONRY,
WHERE BLOCK OF PRECAST CONCRETE UNITS
ARE USED, CORBELING Wil BE PERMITTED.
MAX. CORBEL TO BE 3°. NO PROJECTION
SHALL EXTEND INSIDE OF LIMITS NQTED.

END OF PIPE 70 BE CUT FLUSH WITH THE
INSIDE OF CATCH BASIN. WORK TO BER
INCLUDED IN THE COST OF CATCH BASIN.

POURED CONCRETE OR PRECAST BASE.

TOWN OF
WATERTOWN

NGINEERING DEPT.
WATERTOWN, CT

STANDARD TYPE
"C" DROP INLET

SCALE: DATE: REVISION

1/2"=1"-0" 1/96 -

DETAIL NO. CAD FILE SUBDREGS\DETS
6 APPENDIX A~ 8




|
FACE OF CURB e . 1OMAX.
A - \ — | 6 MIN.
L A | - ~CONSTRUCTION JOINT
EXPANSION JOINT (M.03.01)
- PLAN _VIEW
. SCALE: 1" = &
633
FINISHED Pégiﬁig‘é Req” | /——-PlTCH 1/47
| T
.ﬁLO -‘Aé" ‘ ﬁ%
r R =TS
:’l.’.'z.' -.-'“"‘:""'.-'." Loy s RN -9 " Eiiﬁg
T 1 R =11
TR - - T His
. e, - R T
CONCRETE | 7 24 =D
| Ci(_ASS C) T o ?‘2{@
C(M.03.01) = . LT
B T E‘—.EI 1]
LT T T
7"
SECTION A—A
SCALE: 1 1/2 =1 — 0
GENERAL _NOTES N |
1. EC;\?‘{%?AT&;B i?RAL}_ BE "CLASS €7 AND _SHALL CONTAIN § TO 7 PERCENT
2. EXPANSION JOINTS SHALL BE MADE OF PREFORMED BITUMINIOUS JOINT
FILLER 1/2" THICK AND SHALL BE INSTALLED EVERY 40 FEET.
3. ALL EXPOSED SURFACES SHALL BE FLOAT FINISHED.
4, MINIMUM LENGTH OF CURB SECTION SHALL BE € FEET.
SPECIFICATION REFERENCE: CT D.O.T. FORM 814
TOWN OF ) ‘ SCALE: DATE: '} REVISION
waTERTOWN | CEMENT CONCRETE|1.5"=1"-0" 1/96 -

DETAIL NO.

/

ENGINEERING DEPT.
WATERTOWN, CT

CURBING

CAD. FILE  SUBDREGS\DET7
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8-y, MIN
16 -0 MAX.

BACK OF WALK — f—

I~

| EXPANSION JOINT -
( 1/2 PREMOLDED \_ '
_ (M.03.01)

-....-.-.__r--.....-.-—---.......'.— mmmmm
|
|
|
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WARFED SECTION Z—RAMF’ SECTION

PLAN VIEW
1/4" = 1'-0"

BACK LINE OF WALK
TOP OF CURB

50"

6" CURBING
]

#

GUTTER uNg/ 11/2" Lp j

ELEVATION
1/2" = 1'=0'

g" 5'-g"

X _— R VX /‘g" X B” WIRE MESH

| \_ GLASS *C* CONCRETE
§770 7% AR ENTRAINED' (M.03.01)
GRAVEL FILL (M.02.01)

SE CT] ON A A | NOTE: THIS DETAIL APPLIES

1/2" = 1'=0" "WHERE CEMENT CONCRETE SIDEWALK
' ADJOINS CURBING

CLASS "C” CONCRETE —X
(M.03.01)

SPECIFICATION REFERENCE
CT D.O.T. FORM 814

“OWN OF SCALE: DATE: REVISION
WATERTOWN | STANDARD DRIVEWAY |/2Z=1 70| 1/98 -
NGINEERING DEPT. CONC. RAMF DETAIL_NO. CAD FILE ~SUBDREGS\DETS
WATERTOWN, CT | & APPENDIX A— .= 8




12% MAX. GRADE FOR RESIDENTIAL
8% MAX. GRADE FOR COMMERCIAL
OR AS DIRECTED

GENERAL NOTES:

— WELDED WIRE FABRIC

CONSTRUCT THIS SECTION

) 4" x 4" - W4 x W4 MIN. 1. DRIVEWAY ENTRANCE SHALL BE A MINIMUM OF 12' (3658)
woGwmvﬁ.mwz%qwﬂ%_,_w_zmﬁm,wﬂmmm mmmxwmw.mm_ﬁwwwxzéwe WIDE, EXCLUDING CURBING WHEN PRESENT.
R MAXIMUM 4"(100) ABOVE GUTTER DRIVEWAYS 2. SIDEWALK RAMPS SHALL BE A MINIMUM OF 36" (914) TO 40"
OADWAY SURFACE COURSE ELEVATION. VERTICAL QURVES, HAVING o o (1016) MAXIMUM, WITH A MAXIMUM SLOPE OF 12:1. THERE
CURBING WHERE A LENGTH OF AT LEAST 10'(3048) SHOULD 3'-0 5'- 0"(1524) OR SHALL BE NO LIP AT THE DRIVEWAY SIDEWALK INTERFACE.
RN p o (914) BE USED TO CONNECT TANGENTS ) | AS DIRECTED 3. WELDED WIRE FABRIC MATS WITH REINFO
_ — } § . FORCING AT CLOSER
gn OR AS DIRECTED e R=1"(25) 11346 "/FT (15%) Yo fFT. SPACING MAY BE USED.
175" (229) ; G oﬁwowmoﬁ%mm\o%@w@@o@moﬁoﬁ%@%aq 5 6] M\ 27,"(64) M (2%) — 6)
ST A0 e ® 050 og00 = 05 ole 00 — | T O
(38) mmwmoOo W@W £ye oow %%o oowo O%%oﬁo wboo.mmpw; @ d.&owoo%oooo ooooo&onoU%@% %WMWMMW.%@O mm — o L et m_ >
=T ooOo o) ooo i - A — &) m w
+ ENesYe T e @RSES JERN \L ooomowg%om__oa&%ww_ (203)
s : =18 e PSS S NG
_ \ O 3 GRANULAR FILL I— |7 USSR O TN
\ (76) 3 . @
SHOULDER BASE COURSE CONCRNOUS @ GRANULAR
DRIVEWAY PAVEMENT ~ FILL BASE
CLASS "C" CONCRETE
6'- 6" (1981) OR
SECTION / A 6. 6" (1981) -
< R=1"(25) 3- Q" 3'- 6" CLASS "C" CONCRETE SURFACE
o148 T (1067) - SHALL BE FINISHED WITH A
WOOD FLOAT OR BY OTHER
13 n
4" MAX. B T m\cp\v /FT o N APPROVED MEANS
(102) . ) | 7 Ya"[FT.(2%) 5'-0" (1524) OR
) 3 P
et ‘ SYMMETRICAL AS REQUIRED
_% = Nu\N:ﬁmw& < DAO ﬁ ”_.“_\: ”_.“_\_-
: SENEE 0 2% 2 2
n " o@ o1 OMQO o|||oO oA - 1/ n T
1" . WIDTH VARIES R ! L, - %%Bgmwmolo . 8'-0" (2438) MIN. _ m_m%._mm (38) a\m sﬁ.ﬂw%omw:m_m%%m (38)
(38) RFACE (38) PAVEMENT e LDED WIRE FABRIC o2t 6'-0" (1829) MIN. _ N\ B A O
AN & L GRANULAR oh - 727 =
2" (50) - INCREASE HMA S0.375 =~ FILL BASE X4 " W x W N (610) | _—BACK OF C% . v, = <CONCRETE WALK < = ..< | il
THICKNESS TO 3" B 02 x 102 - MW26 X MW26) :  SIDEWALK R T R R AT T R AT R T RIS =
CRALIVER || o) s Gon” e e concere BERE Fe e soon__ s e
, | SCHRO IR SR IO L AABHACOS AR 1~
_ J, S..CURBING | rf |
- i _ GRANULAR FILL BASE SHALL BE
ErTes et Ry eseseiNy SECTION \y S GUTTER LINE 303 N DErTE o SH
® e WW SRR IR IS MW C COMPACTION PLACED IN
— SO0 s T TWO COURSES
SYMMETRICAL HALF ELEVATION
GRANULAR FILL SHALL BE
8"(203) IN DEPTH AFTER SIDEWALK RAMP SECTION \_y
COMPACTION PLACED IN ADJACENT TO CURB
c SECTIO .20 6'-0" (1829) MIN. |
TYPICAL SECTION (610) |
- o~ BACK OF SIDEWALK 5'(1524) WIDE CONCRETE
BITUMINOUS CONCRETE = 2 D SECTON _ SIDEWALK WITH GRASS PLOT
| |
SIDEWALK AND DRIVE <. CURBING ! GUTTER LINE
IIIIIIIIIIIII -
SYMMETRICAL
HALF ELEVATION mw_mwém__wx ¢
o A |
] 1 |
| |
_ |
& i |
BACK OF € o | |
SIDEWALK ‘ | o8 ! |
/ , ¥ SIDEWALK _ ,
: | N D ettt — “ f
I | - m _ |
SYMMETRICAL “ | >~ Qv 6'-0" (1829) MIN. |
| : o - - -
R = 3 0" (914) ﬁ ! | N |
OR AS DIRECTED g | _ o | |
‘;GN& | rov | 6'-0" (1829) MIN. . | - —
BITUMINOUS CONCRETE | (610) | . . . |
CURBING INSTALLED AS _ | _ , © N 3
PART OF THE DRIVEWAY | | - “ W K m 5 \ RAMPED - 83
BEYOND THE PAYMENT | ﬁ g y i | i) < B \ SECTION b=
LIMIT SHOWN SHALL BE / o | o _ | > GRASS \ I
INCLUDED IN THE UNIT / ~E , o “ - oF _ PLOT VN .
mwwmﬂ%m wmmm%md,ﬁo:m /' RAMPED o2 | ¢ ! RAMPED SECTION = CURBING| X |
j— A= f e ﬂ \
SECTION = | >~ CECTION ! | \ WARPED | - L. WHEN NO CONCRETE
y; 2 E | ,/ ! ﬁ SECTION GUTTER | SIDEWALK IS PROPOSED,
/ | [ y “ ﬁ LINE CONSTRUCT THIS SECTION
C G -~ | 'y | ONLY.
URBIN ,
ad | R COEER | WHEN NO CONCRETE —
| CURBING - SIDEWALK IS PROPOSED,
|

HALF BITUMINOUS CONCRETE

DRIVEWAY PLAN

ONLY.

HALF PLAN OF

CONCRETE DRIVEWAY RAMP WHERE

SIDEWALK ADJOINS CURBING

HALF PLAN OF

CONCRETE DRIVEWAY RAMP WHERE

CURB IS SEPARATED FROM

6/01/10) REVISED BORDER TITLE

6/01/10 REVISED HALF ELEVATION DETAILS

THE INFORMATICN, INCLUDING ESTIMATED
QUANTITIES OF WORK, SHOWN ON THESE
SHEETS IS BASED ON LIMITED
INVESTIGATIONS BY THE STATE AND IS
IN NO WAY WARRANTED TO INDICATE
THE CONDITIONS OF ACTUAL QUANTITIES
OF WORK WHICH WILL BE REQUIRED.

DATE REVISION DESCRIPTION

Plotted Date: 5/21/2010

NOT TO SCALE

=227~ STATE OF CONNECTICUT &
DEPARTMENT OF TRANSPORTATION

Filename: CTDOT_HIGHWAY_STD.dgn Model: HW-921_01

SIDEWALK BY GRASS PLOT
ALL METRIC DIMENSIONS ARE IN MILLIMETERS (mm) UNLESS OTHERWISE NOTED
SUBMITTED BY: NAME/DATE/TIME: STANDARD SHEET TITLE: STANDARD SHEET NO.:
\\ - _ Leo Fontaine n.—.co-—.
JH ‘J s 2010.05.28 10:29:33 -04'00Q'
NAE/DATETE: STANDARD SHEET DRIVEWAY RAMPS AND SIDEWALKS |HW-921_01
Digitally signed by Jarnes H. Norman
DM c=US, st=CT, I=Newington, ou=Department
James H. Norman e surae iz | FFICE OF ENGINEERING
Date: 2010.06,04 08:22:04 -04'00

A—Y—0




CURBING

GUTTER

T 2'(610) DETECTABLE

WARNING

48"
(1219)

SEE NOTE 11

STRIP

CURBING

GUTTER

12"(305) CONCRETE
PROTECTION TYP.

2'(610) DETECTABLE
WARNING

/ SEE NOTE 11
& \
6565 70 N PLANTING OR OTHER

(195 W -
oW NON-WALKING
VN SURFACE

PERPENDICULAR SIDEWALK RAMP (TYPE 2)

2% MAX. WHEN
NECESSARY TO

PREVENT PONDING
OTHERWISE LEVEL.

2'(610) DETECTABLE
WARNING

DETECTABLE WARNINGS AT MEDIAN ISLAND

APPLIES TO WIDTH

APPLIES TO WIDTH

GENERAL NOTES:

OPTIONAL GRASS

SIDEWALK (TYP.)

MAXIMUM SLOPES OF ADJOINING GUTTERS AND ROAD SURFACES IMMEDIATELY ADJACENT

> 6-6"(1981) IES TO THE SIDEWALK RAMP OR ACCESSIBLE ROUTE SHOULD NOT EXCEED 20:1.
< 6'-6"(1981) N - 2. CARE SHALL BE TAKEN TO ASSURE UNIFORM GRADE ON THE RAMP, FREE OF SAGS AND
OPTIONAL GRASS ABRUPT GRADE CHANGES.
_ STRIP 3. ALL RAMPS SHALL BE CONSTRUCTED OF CLASS "C" CONCRETE IN ACCORDANCE WITH
oo CONNECTICUT STANDARD SPECIFICATIONS ARTICLE M.03.01.
4. SIDEWALK RAMPS SHALL HAVE A COARSE BROOM FINISH TRANSVERSE TO THE SLOPE OF
v THE RAMP.
" 5. DIAGONAL SIDEWALK RAMPS AT MARKED CROSSINGS SHALL BE WHOLLY CONTAINED
v \ WITHIN THE MARKINGS, EXCLUDING ANY FLARED SIDES.
V) 6. REMOVAL OF EXISTING SIDEWALK FOR NEW RAMP INSTALLATIONS SHALL BE TO THE
v v /mcjmx NEAREST EXPANSION / CONTRACTION JOINT OR DUMMY JOINT. 12:1 MAY NOT BE ACHIEVABLE
A - /mc._.:mx DUE TO SIDEWALK GRADE. IN RECOGNITION OF THIS, A MINIMUM LIMIT OF 15'(4.57m) FOR
N v A PARALLEL RAMP SHALL BE USED. REMOVAL SHALL NOT BE FURTHER THAN 2'(610) FROM
/%, w\/r v B N THE PROPOSED RAMP UNLESS DIRECTED BY THE ENGINEER. SAW CUT REQUIRED FOR DUMMY
L 2 N\ v % JOINTS SHALL BE INCLUDED IN THE COST OF "CONCRETE SIDEWALK".
\v@, L v 7o) 7. EXPANSION JOINTS IN CONCRETE SHALL MATCH THOSE IN ADJACENT SIDEWALKS BUT IN
P N LX NO CASE SHALL THE SPACING BETWEEN EXPANSION JOINTS EXCEED 12'(3.66m) UNLESS
: Vo A@% : O,» CURBING OTHERWISE NOTED.
N &, v CURBING CRIREHP 8. RAISED MEDIAN ISLANDS IN MARKED CROSSINGS SHALL HAVE SIDEWALK RAMPS AT BOTH SIDES
AL & 450 A \v%.. 020°3 AND A LEVEL AREA AT LEAST 4'(1219) LONG BETWEEN THE RAMPS. IF THIS CAN NOT BE
% %0° AL %600 ACHIEVED, THE RAISED ISLAND SHALL BE CUT THROUGH LEVEL WITH THE ROADWAY AS
078% $820%° SHOWN ON THE PLANS OR AS DIRECTED BY THE ENGINEER.
K065 12"(305) CONCRETE EDGE o, 9. SIDEWALK RAMPS, WHEN CONSTRUCTED IN CONJUNCTION WITH SIDEWALK, SHALL BE PAID FOR
o TN PROTECTION TYP. UNDER THE ITEM "CONCRETE SIDEWALK", INCLUDING CURBING WITHIN THE LIMITS OF THE NEW
I R 2' (610) SIDEWALK RAMP AND DETECTABLE WARNING STRIPS.WHEN JUST A SIDEWALK RAMP IS
R AU b S g 2'(610) DETECTABLE DETECTABLE CONSTRUCTED, IT SHALL BE PAID FOR UNDER THE ITEM "SIDEWALK RAMP" INCLUDING CURBING
— MR A WARNING WARNING WITHIN THE LIMITS OF THE NEW SIDEWALK AND DETECTABLE WARNING STRIP.
| 10. CURBING WITHIN THE LIMITS OF THE NEW SIDEWALK RAMP SHALL BE CONSTRUCTED IN
C CONFORMANCE WITH THE REQUIREMENTS OF FORM 816 SECTIONS 8.11 AND 8.13.
C SEE NOTE 11 11, TRANSITION TO FULL HEIGHT CURB. INSTALL STONE CURBING IF ADJACENT CURBING IS
SEE NOTE 11 STONE. INSTALL CONCRETE CURBING IF ADJACENT CURBING IS CONCRETE OR BITUMINOUS.
12. INSTALL THE EDGE OF THE DETECTABLE WARNING STRIP 6" (152) FROM THE EDGE OF ROAD.
DIAGONAL SIDEWALK RAMP (TYPE 4a 13, TO PERMIT WHEELCHAIR WHEELS TO ROLL BETWEEN DOMES, ALIGN DOMES ON A SQUARE
( ) DIAGONAL/PARALLEL GRID IN THE DIRECTION OF PEDESTRIAN TRAVEL. '
SIDEWALK RAMP (TYPE 4b)
hd N
MATCH SIDEWALK WIDTH — o 2 (610) -
DETECTABLE "_gn -
WARNING - > 6-6 - (1219) -
< - ﬁ_.wm“_.v ><
LV p RAMP ELEVATION AT = @ @ @
. v GUTTER IS FLUSH WITH - - N
ROADWAY PAVEMENT ~= |9
CURBING 6% MAX. _ & A
- g < m
™~
GUTTER ROADWAY ! S @ @
SUBBASE /
— GRANULAR FILL
. N
S 7
SEE NOTE 11 =)
12"(305) CONC. ED
vxoﬁ._.va.Hoz VP, 2'(610) DETECTABLE ~ = CURB WIDTH 6" (152) OR CONSTRUCT 5
WARNING THICKER PORTION WHEN SIDEWALK <
RAMP WILL NOT BUTT UP AGAINST A =
DIAGONAL SIDEWALK RAMP (TYPE 4c) STONE OR CONCRETE CURBING & .65" MIN. _ 7
(17) =
<
SECTION B ~
C DOME SPACING
RAILROAD CROSSING SURFACE SLOPED BITUMINOUS CONCRETE PAVEMENT (TYP.)
2'(610) DETECTABLE WARNING STRIP (TYP.) _ B < 6'-6"
Y, 2'(610) ~ (1981) -
. CONCRETE SIDEWALK (TYP.) DETECTABLE ]
) CURBING (TYP.) WARNING 0.45(11) MIN. _ = o
. [ RAMP ELEVATION AT / S 0.9%(23) MAX. o|~
M ™ \ / \ 1901 / \ W GUTTER IS FLUSH WITH N _ )
¢ 12 /AN - 2: u ROADWAY PAVEMENT N C. |8 N
&5 / / 6% MAX. 2% MAX. ) |
END CURBING (3% My, BEGIN CURBING — T T e e T e ] _ | 1| 0.9"(23) MIN.
9y ROADWAY | | 10 N | " 1.47(36) MAX.
ROADWAY / ROADWAY BITUMINOUS CONCRETE SUBBASE B S t |
. SIDEWALK SHALL BE B~ GRANULAR FILL
/ ¢ OF RAILROAD CONSTRUCTED FLUSH <+ (S
: CROSSING WITH ROADWAY PAVEMENT ] < -
> SURFACE (TYP.) CURB WIDTH 6" (152) OR —~t——
7 CONSTRUCT THICKER
/ PORTION WHEN SIDEWALK ) |
RAMP WILL NOT BUTT UP
AGAINST A STONE OR SECTION B DOME SECTION
PLAN VIEW CONCRETE CURBING C
BITUMINOUS CONCRETE

CURBING ﬁ._.<_u.u) CLEARANCE,

8.5'(2591)MIN, 2'(610) DETECTABLE

WARNING STRIP (TYP.)

' REQUIRED

PLM\.VP \\|mnmC._l_|m_N

12:
—~=d

g
w

1T 1 T

——d

N

ELEVATION VIEW

DETECTABLE WARNINGS AT RAILROAD CROSSING

- FLARE 12:1 48" L FLARE 12:1 -
(1219)
4 e e
—_— mc._._.m_»\ -

FACE OF CURB
SECTION \y
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PROCEDURE FCR EVALUATING SOLAR ACCESS

i

Section 1 - Data Raqgizéménts for Solar Access

Section 2 - Procedure for Evaluating Solar Access

Section 3 ~ Review and Variance‘by Planning and
Zoning

Drawings

Shadow Length Tables (Table I) |

Shadow Length for Slope 0% 431 30'. North Latitude

Specific Evaluation of gplar Access on Flat Land
(Figure #1) ‘

>



APPRNLLA

PROCEDURE FOR FUALUATING SOLAR ACCESS

Section 1. Data Reguirements for Solaxr Access gvaluation:

. mhe availapility SF south wall solar access pro-
tection shall be evaluated for all proposed build-
ing locations using rhe solar access setback over-
lay. Tn ordér to use the solar-access sethack

overlay it is necessary to first determine the

following:

1. The orientation and slope of the land to
the south side of the proposed building
site. S Co

5. The direction of true:north on the map.

3, The scale of the map.

pased on these factors the applicant shaill evalu-
ate solay access assuming the following heights
for buildings, and trees located within lines’
drawn at a 45 degree azimuth of true south from
‘£he southerly corners of the south wall of tThe

building:
Assumed Height‘féf
purposes of Evaluating
shadow Casting Obfects Splar Access
1. Buildings 35 feet
2. Evergreen Trees 50 feet

The solar access setback overlays have been develop-
ed for application on subdivision maps that have 2
scale of one inch eguals 100 feet and one inch eguals
40 feet. I1f other mapping scales are used for the
subdivision map, the applicant must develop his/nher
awn solar access setback overlays using the shadow
projection data contained in Table 1.,

Section 2. - Procsdure for Evaluating Solar Access The appli-
cant shall select the appropriate solar access

‘zetback overlay by_datermining the slope .and orien-
ration of land to the south of the proposed build-
ing. A +otal of 30 different overlays are available
for the eight points of the compass and for five
different slope conditions. Select the overlay
which comes nearest to the exact orientation and
slope of the 1and. Place the overlay on the sub=

1 APPENDIX B-1



division map so that the south arrow én the
overlay points in the opposite direction from

the true north arrow on the map. Then line up

the grid line. at che apex of the solar access
setback overlay so that it touches the corner of
the south wall of the proposed building for which
solar access is being evaluated. Next, move the
solar zccess setbackpoverlay to the opposite cor-
ner of the south wall. 1If any building falls
within the 35 fout solar access setback line using
this procedure the applicant must reconsider the
location of one uar both proposed buildings to pro-
vide uncbstructed sular access to the south wall
of the proposed Luilding for which solar access

is being evaluated. {See Figure 1.)

~After evalvating.ihe possible shadows cast by
buildings the aDllLCant shall evaluate the
shadows that could be cast by evergresn trees,
Use the 50 foot zoune on the solar access setback
overlay to determine the minimum setback for ever-
green trees. No evergreen tree shall be allowed

- in the zone delineated by the 50 foot line on the
solar access sestback overlay unless the applicant
has included solar easements or rastrictive cove-—
nants with the deeds of each lot to guarantee
each lot owner control over solar zccess to +he
south wall of the proposed building between the
nours of 8:34 A.M. local time and 3:!08 P. M.
local time.

Section 3 Review and Variance by Planning and Zoning Com-
mission The Planning and Zoning Commission will
review the proposed building locations to ensure
that solar access is available for 75 percent of
the time between 8:34 A.M. and 3:08 P. M. local
time on December 2lst. Where this minimum level
of solar access protection is not available, after
due consideration has been given to locatlng the
proposed building in the most favorable area on the
lot for protecting solar access, then the Commission
may waive the solar access requirements of the su’
division regulations. All lots that do not meet
the solar access requirements of the regulations
shall be listed on the subdivision map with the no-
tation "Full south wall solar access not available

on lots..... !

D APPENDIX B-2
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Crest Vertical Curves. To design a crest vertical curve the following formulas should be used:

L= K*A or L =3*%V whichever is larger

K=_§
1329
where:
. L= minimum length of vertical curve, ft
A= algebraic difference between the two .
K= horizontal distance in fest required to effect a 1% change in gradient.
S=  stopping sight distance from Table - Appendix E, page E-4.
V= Design speed.

'd

The selection of the grade "G" to determine the appropriate "S" at a crest vertical curve will®
~depend on which grade is steeper and whether the roadway is one way or two way, On a 1-way
roadway, "G" will always be the grade on the far side of the crest when considering the direction of
travel, On a 2-way roadway, "G" will always be the steeper of the two grades on either side of the
crest.

Sag Vertical Curves. To design a sag vertical curve the followin_glfarmu] as should be uged:

L=K*A or L=3*%V whichever is larger.

Ke_ &
400 + 3.58

The selection of grade "G” to deterrnine the appropriate "S" at a sag vertical curve will depend
on which grade is flatter and whether the roadway is one way or two way. On a l-way roadway, "G"
will always be the grade on the far side of the sag when considering the direction of travel. On a 2-
way roadway, "G" will always be the flatter of the two grades on sither side of the sag.

Occeasionally, it may be warranted to design a sag vertical curve to mest tﬁe comfort criteria. This
design should only be used on fully Bghted sections of highway and where it is impractical to provide
the headlight sag distance. The formula for this criteria is:

L=_AV%:
46.5
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Intersection Sight Distance

The intersection sight distances (ISD) ara provided in Table
As illustrated in Flgure the IsD Criteria are
basaed on the alstance HY the turnlng vehicle must travel from the

"reference" line to clear +the opposing traffic. This allows the
application of the ALSD model to multi

lane h;ghnays
The designer should also conslder the following when determining
the ISD criteria: '

1. The minimum “Xx» dlspance will be 22 ft, even if the actual X
is less than thls value.

2, Each successive ‘column approxmnately represents an addltlonal'
lane of .oppesing traffic (12 f£t).
3. The eye locaticon is deSLrable '20£t and, at a nlnlmum, 10 ft
“behind the reference line. The eye locatlon is independent
Of HXH
4., The table assumes that a rlght turnlng vehicle will turn into
- the - outer travel larie in that direction. A left-turning
vehiecle ~will “turh into +the lnner travel lahe in that
dlrectlon. C : '
5. Lf the opposing direction of trayvel includes an exclusive
right—- or left-turn lane(s), these will be included in the "X
distance when reading into the table.
8. For the values of "Xt which are between colunhs, the daSLgner
© should read into the next hlghE$t column.
7.  If a divided hlghway has a medlan w1dth of 25 £t or more, the
ISD-application can be evaluated in. two movements.
8. It is assumed that the roadway being entered is relatively
level over the ISD distances. :
9. If the angle of intersectiodn is less than 60°, the designer
should adjust the "X" distance and IsSD accordlngly
10. At some lntersectlons, the designer may want to lnarease the
15D distances teo account for large numbers of busss or trucks
which may wse the lntersectxon.
1i. The helght of eye and objeéct is 3.5 ft.
1z2.

For 4-leg intersections and for minimum ISD to the right, the
desigrier must determine the applicable "X" value to read into
Table : If ¥vX" is the same for both directions of
travel, then this value will be used.

However, if the main
road.has unbalahced  lanes, the "X distance will be different

for the two directions of travel. In this case, the designer
wiil. use “Lhe larger of the two wvalues to raad into Table
for minimum ISD to the right.

£-1
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Table

INTERSECTiON SIGHT DISTANCE CRITERIA

p
application | Read D.8. ¥=Width of Opposing Lanes
Class. | (mph _
* * L3227 347 467 587 70!
Desirable I 30 310 aeD 4490 480 515
. ISD
(To the Lt. c, I 35 - 405 500 555 500 E40
and Rt.
| o ) {7 45 €35 | 755 | 820 | 875 .| 925
Minimum ISD { L 30 230 | 280 |320 [350 |375
(To the
Right) c, I 35 285 380 | 425 1460 | 490
i 45 455 1578 | 635 | 680 | 720
Minimum ISD | L 30 510 | 240 | 255 {285 | 300
(To the
Left) c, T 35 285 285 | 300 | 330 | 350
T 45 455 455 | 455 | 455 | 455

*Road ‘Class. = Road classification

#*D.S. = Design Speed
L = Local |

¢ = Commercial

I = Industrial

T = Thoroughfare
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" Chapter 3 - SITE PLANNING PROCESS

r]

Erosion and sediment contro] planning should be an integral part of the site
planning process. The potential for soil erpsion should be a significant
consideration when deciding upon the,]ayout‘of buildings, parking lots, roads
and other facilities. Costly erosion.and sediment control measures can be
minimized if the site design is adapted to existing site conditions and good
conservation principles are used. The plan should also be integrated into

plans developed for, the control or.management of storm water, :

This chapter will take the planner through the first three steps of the site .
- plarining process prior to the actual preparation of the plan: - (1) collecting
Site information and data, (2) analyzing the data, and (3) design selection
incorporating three broad categories of erosion and sediment control

measures. -- vegetative, structural, and nonstructural,
A.  DATA COLLECTION '

The data collectian process begins with preliminary site.inspections to
evaluate the physical features of the site. Prior to on-site data
collection, appropriate base maps should be assembled. Topographic, soil
survey, land use and zoning maps are particularly helpful. Consider the
use of aerial photography .for documenting existing conditions. :

1. SITE LOCATION MAP

In addition to giving the position of a property in legal terms, &

. <ite location map shows the site's ralationship to roads and other
enyironmental features sich as major drainageways and drainage '
divides. The Tocation of any drainage or utility easements on the
parcael should be shown on this mep. oo

2. TOPOGRAPHY

A small-scale topographic map of the site should be prepared to show .
the existing contour elevations at intervals of from 1 to 5 feet
depending upen the slope of the terrain. A scale of 1 inch = 100 feet
is generally suitable. Topographic maps are availahle locally from’
the Connecticut Department of Environmental Protection, Natural
Resourcas Center. On larger tracts of land (generally greater than
25 aeres in size) a photogrammetriq contour map with two-foot contour
intervals can be usefui for planning, especially for areas proposed

. .

for intensive development which have site condition Timitations.

3, SOILS

Major soil type(s) on the site should be determined and shown on the
. topographic map. General soils information can be cbtajined from a '

_ s0i1 survey published for the county. - Commercial soils evaluations,
which provide a more comprehensive 01l survey, are recommended Tor
large sites, Sofil boundaries marked in the field can then be
plotted directly onto the .map for ease of interpretation. A private
soil scientist can aiso prepare a detailed wetlands map from this
information. A map showing areas of prime farmland soils can be
developed from the soil survey map. '
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4, VEGETATION

. The existing vegetative patterns on the site should be shown., Such
features as tree clusiers, grassy areas, and unique vegetation
should be shown on the map. In addition, existing denuded or
exposed so0i1 areas, such as borrow pits, should be fndicated.

"5,  ADJACENT AREAS

Arsas adjacent. to the site should be delineated on the topographic
map. Such features as perennial-and intermittent streams, roads, ‘
houses or other buildings, or wooded areas should be shown.,
Wetlands, watercourses and downstream culverts which will receive
runoff from the site should be surveyed to determine their ability
to retain or discharge runoff. Identify sensitive downstream areas,
especially on parcels with stream flows of 5 c¢fs or greater.. -
Considar 1,000 feet downstream as & minimum, depending upon-soil
conditions, soil types, and area disturbed. Give attention to
possible future development upstream that may affect the rate and
‘volume of runoff contributing to the project site.

DATA ANALYSIS

When all of the data in Step 1 are considered together, the site's .
potentials and 1imitations can then be defined. The site planner should
be able to determine those areas which have potential erosion hazards or
areas sensitive to development, Prior to lot Jayout the following are
points to consider in the site analysis. ' o

1. _TOPOGRAPHY |

The primary topographic considérations gre stopa gradient and slope
length. The longer and steeper the slope, the greater the erosion
potential. -

Chapter-10 has an'exp]anation of the Universal Soil Loss Equation
(USLE} and its use on developing areas.

2. DRAINAGE PATTERNS

Natural drainage patterns exist on the land. These patterns, which
consist of overland flow, swales and depressions, and natural

. watercourses, should be identified in order to plan around critical:
areas where water will concentrate.. Where it is possible, natural
drainageways should be used to convey runoff through and off the
site to avoid the expense and problems of constructing an artificial
drainage system. Man-made ditches and waterways will be subject to
erosion if. they are not properly stabilized, Care should also be
taken to ensure that increased runoff from the site will not erode
or exceed the capacity of the existing natural drainage system.
Possible sites for storm water detention should be considered at this
time. Every effort. should be made to keep post-development.runoff

" rates equal to or less than predevelopment rates by on-site detention.

Soil Conservation Service Technical Releases 20 and 85, or other:
appropriate methods can be used to evaluate existing and post-
development conditions(1).
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3. SOILS ' | -
30i1 properties such as flood hazard,rnatura1 drainage, depth to
_bedrock, depth to seasonal water table, permeability, texture, and
arodibility exert a strong influence on land development decisions.

Chapter 10 contains basic guide}ines,for using the Universal Soil

Loss Fquation for site planning. ‘A'iist of Connecticut seils and

. their hydrologic soil groups are included in Chapter 8, Figure 9.9,
4. VERETATION = | |

 The vegetatjon patterns should be analyzed and a landscape plan
~praparad. Any existing vegetation which can be saved will help
prevent erosion, Trees and other vegetation protect the soil, as
well as beautify the <ite after construction. If the existing
vegetation cannatgbe‘saved,;the planner shouid consider staging
construction, and/or using temporary seéding, or temporary miiching.
Staging of construction involves stahilizing one part of the site
hefore disturbing another. In this way the entire site is not 311
disturbed at once and the time without vegetative cover is
minimized. Temporary seeding and mulching invelve seeding or
muiching areas which would otherwise 1ie open for long periods of
time. The time of exposure is 1imited, and therefore, the erosion
hazard is reduced. :

5,  ADJACENT AREAS

An analysis of adjacent properties should focus on areas downslope
From the construction project. Wetlands and watercourses which will
receive direct runoff from the site should be a major concern. The -
potential for sadiment pollution of these areas should be considered
as well as the potential for downstream channel erosion due to
increased volume, velocity and peak flow rate of storm water runoff
from the site. The potential for sediment deposition on adjacent
properties from sheet, rill, and gully erosion should also be analyzed
so that appropriate sediment trapping measures can be planned.

SITE PLANNING

After analyzing the data and determining tre site Timitations, the
planner can then develop a site plan. Town commissions should permit
planners and developers to implement innovative site plans.that locate
the buildings, roads, and parking lots, and develop landscaping plans
which exploit the strengths and overcome thellimitationS'oF the site.
The p]anner.shouid_use the principles 1isted in Chapter 2 to develcp an
erosion and sadiment control. strategy. The criteria in Chapter 4
establish a minimum 1avel of control for all projects. = The site ptenner
should determine- which of the criteria are applicable to the site, and
select appropriate conservation measures from the matrix in Chapter 5

:

The Follewing are some points to consider in making these decisions.

1. FIT DEVELOPMENT TO THE TERRAIN

The development of an area should be +ailored to the existing site
conditions. Thnis will avoid unnecessarym1and disturbance, minimizing
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the erosion hazards and costs. Limit areas of c]earing and. grading

by concentrating construction activities on the Teast critical or
sensitive areas. Align roads on the contour and consider using them

to divert surface water, thereby.reducing slope lengths and
decreasing erosive water movement. Minimize impacts of soil
limitations by planning strggtures to fit in the best suited areas.

DIVIDE THE SITE INTO DRAINAGE AREAS

Determine how runoff will travel over the site, Consider how.
erosion ‘and sedimentation can be controlled in each small drainage

area before looking at the entire site. ‘Remember, it is easier to

control erosion than to contend with sediment after it has been

carried downstream. Avoid siting buildings in drainageways.

CLUSTER BUILDINGS TOGETHER'

This minimizes the amount of disturbed area, concentrates utility
1ines and connections {n one area, &nd provides more open natural
space. -The cluster concept not-only lessens the erodible area, but
reduces runoff, and generally reduces development costs, Plan
grading and landscaping around buildings and septic systems to
divert water away from them,

MINIMIZE IMPERVIOUS AREAS

Keap paved areas such as parking lots ghd roads to & minimum. This
complements cluster developments in eliminating the need for
dupiicating parking areas, access roads, and other impervious areas.

© The more land that is kept in vegetative cover, the more water will

infiltrate into the so0il minimizing runoff and erosion. -

UTILIZE THE NATURAL DRAINAGE SYSTEM

If the natural drainage system of & site can be preserved instead of
being replaced with storm sewers or concreie channels, the potential
for downstream damages from increased runoff can be minimized,
making compliance with storm water management criteria easier.
Consider these areas for siting of temporary sediment basins during
the construction phase. Do not locate sediment basins in running
streams that carry water flow from large drajnage areas., In such
situations, sediment basins should be Tocated so that they will
intercept runoff prior to its entry into the stream. Avoid
diverting one drainage system into another without clesely
investigating whether the receiving system will be overtaxed and
create downstream flocding or erode the natural vegetation.

SELECT EROSION AND SEDIMENT CONTROL MEASURES

From the matrix in Chapter 5 erosion and sediment control” can be

divided into three broad categories: vegetative, nonstructural, and
structural measures. Chaptars 6, 7 and 8 of these guidelines should
be used for the salection and design of thess measures.
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a. Veqetative Measures

. The first and most important 1ine of defense is to prevent
erpsion. This is zccomplished by protecting the soil surface
from raindrop impact and overland flow of runoff. The best way .
+o protect the soil surface is to preserve the existing '

~ vegetation. Where 1aghd disturbance is necessary, refer to
Chapter & for measures 1o use for stabilization. ‘

Erosion and cediment control plans.must contain provisions for
permanent stabilization of disturbed areas. SeTection of
permanent vegetation should jnc1ude the following considerations:

{1) Planting requirements

(2) Adaptability of species to site conditions

(3) Aesthetic appearance of completed plantings
- {4) - Maintenance requirements : .

_b. MNonstructural Measures

During construction --or as & protective cover prior to
vegetating a site -~ inexpensive, yet highly effective
nenstructural methods can be employed ta provide rapid soil
cover. These measures caf also provide a means to establish &
growing medium for yegetation. Attention to specific uses:of
these measures and their timely application is dimportant in
minimizing erosion from wind or water and the resulting
off-site sadiment transport. '

‘o . Stpuctural Measures . -

Structures are generally more costly and less efficient than
vegetative controls. However, they are often necessary since
not all disturbed areas can be protected with vegetation.
Styuctural measures are often used as a second or third 1ine of
defense to capture suspended sediment before it ledves the
site. ' ' S

PLAN FOR STORM WATER MANAGEMENT

Where increased runoff will cause increased erosion of downstream
channels, the site planner must select appropriate storm water
management measures to reduce peak flows to predevelopment condition.
Every effort should be made to reduce increased runoff.

REFERENCES

U.S. Department of Agriculture. Computer Program for Project .
Formulation - Hydrologys Technical Release Number 20. Revised 1984,
Urban Hydrology for Small Watersheds, Technical Release Number 55
1986. Soil Conservation Service, Washington, BC.
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" Chapter 4 - REQUIREMENTS £O0R SOIL EROSION AND SEDIMENT CONTROL PLANS

DEFINITION OF PLAN

An ercsion and sediment control plan is & document which explains and
41lustrates the measures which will be taken to control erosion and
sediment problems on construction sites. The plan has a written portion
known as a narrative and an 117ustrative portion known as & map or site
plan. ‘ ‘ ‘

A plan is defined in PA 83-388 of 1983 as follows:

Sec. 3 {B) "Soil erosion and sediment control plan® means a scheme
that minimizes soil erosion and sedimentation and includes but is
not limited to & map and narrative. The map shall shew topographys
cleared and gradad-areas,‘proposed area alterations and the location
of and detailed information concerning erosion and sediment measures
and facilities. The narrative shall describe the project, the .
schadule of major activities on the land, the application of conser-.
vation practices, design eriteria, construction details and the
maintenance program for any erosion and sediment control facilities
that are instalieds:” ' :

PLAN FORMAT | - 5 o a

The soil erosion and sediment control plan should be an integral part of

the overall site plan. However, it needs to be consolidated, so it can
be separated from the site plan for review and certification.

To facilitate plan review, ceytification and {mplementafion, and the
construction inspection process, the following format is .suggested:

1. . The information needad for construction should be on the construction
drawings and not in the design calculations or background informatien.

2 The construction drawings should 211 be the same size sheets.

The soil erosion and sediment control measure construction drawings
should ba a part of the overall construction drawings for the
project.

Lo

4, The construction details for measures should be shown on a separate

sheet from the plan view sheets.

5. 'The stages of development, sequence of mqjor operatﬁuhs'oh the land,
and maintenance progranm during construction are in the narrative
portion of the planm but also should be on the construction drawings.

6, General snformation about the project and design calculations
should be in the narrative portion with the exception of a small,
simple plan. :

7. The design caiculations should be in.the narrative separate from the

construction drawings. Design calculations are normally not needed

for dinspection, but design calculations need to be available in case
revisions are necessary during construction.
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Q. ing DAaCRgrouna InvTormalion snouia DE 1navine narrative separaie Trol

the construction drawengs

PLAN OUTLINE | : B

The plan must include the ‘{tems requ1red by the law as given above The.
jtems following include those required by the law and other items that
should be considered when deve?op1ng the plan and included in the plan if
appropriate. e

This plan outline should not be used as & basis for p]an apprcva] It is
intended to be of assistance in preparing and approv1ng erosion and
sediment control plans, and o be a reminder of major 1tams that usually
need to be considered when developing a plan.

1. VICINITY MAP

Project location

Roads, streets

Horth arrow

Scale

Major drainageways -
«~ . Major land uses of surrounding areas

~h{D L O

2.  PROJECT FEATURES

Plarned and existing rcads and bu1§d1ngs wwth Lheir Tocation
and elevations

Land use of surrounding areas

Access roads; temporary and permanent

3.  NATURAL' FEATURES

a. Property lines

b. Limit and acreage of development application
c. Limit and acreage of d1sturbed area

d. North arrow

e. Scale

f. . lLegend ~

g.

h.

i.

Soils

Rock outcrops

Seeps, springs

Inland and coastal wetlands

Floddplains
"~ Streams, lakes, ponds, dra1nageways, dams
Existing vegetation ‘

Natural features of adjacent areas

L]

g H e Q. O

- . .

4.  TOPQGRAPHIC FEATURES

‘a. Contours; present and planned (normally 2 foot intervals)
b. Areas of cut or fill )
c. Planned grades and slope stespness
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DRAINAGE SYSTEM

s. Existing and planned drainage -pattern - | -

h.  Existing and planned.drainagé area map (inglude off-site areas
that drain through project) - e Lo -

c. .S8ize of drainage areas - e

d. ' Size.and location of culverts and-storm sewers

. g, - Design ca?cu?ations-and construction. details for culveris,

storm sewers, etc. : .
£. Size and locations of existing and planned channels or ‘
: waterways with design calculations and construction details to
"control erosion of the channel ‘or waterway - o

-g.- Existing peak flows with calculations

Planned peak flows with calcutations

i Off-site effects of increased peak flows or volumes :
Measures with design calculations and construction details to
control off-site erosion caused by the project :

1.  Survey and.soil information below culvérts and storm .sewer
outlets _ :

m. Measures with design calculations and construction details to
control erosion below culverts and storm sewer outlets S

n. Measures with design calculations and construction details to
control groundwater, i.e. seeps, high water table, ate.

UTILITY SYSTEM -

g
~h.
4. Changes in peak Tlows
J
k

a. location of existing and planned septic systems
h. Location and size of existing and planned sanitary sewers
c. lLocation of other.existing‘and p}anned utilities, telephone,

electric, gas, etc.. .

CLEARING, GRADING, VEGETATIVE STABILIZATION

=.  Areas to be cleared, staging and sequence of ciearing

. Disposal of cleared material

c. Areas to be graded, staging and seguence of grading

d. -Areas and acreage to be vegetatively stabilized

e.  Planned vegetation with details of ptants, seed, muich,
fartilizer, planting dates, etc.

£. Temporary erosion protection of disturbed areas

g, Temporary erosion protection when time of year or weather
prohibit establishment of permanent vagetative cover

 EROSION CONTROL MEASURES

a. Construction drawings and details for temporary and permanent .
measures

b, Design calculations - :

c. Maintenance requirements of measures during construction of

project .

d. Person responsible for maintenance during construction of
project : .

e. Maintenance reguiremenis of permanent measures when project is
complete

f. Organization or person.responsib1e for maintenance of permanent
measures when project 15 complete
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&«
NARRATIVE ' )
a, Nature, purpose and description of project
b, Potentially serious erosion or sediment problems
¢. The stages of deve?opment‘if.more than one stage is planned
d. The seguence of major operations on the land, such as finstaila-

tion of erosiom control measures, clearing, grading, temporary
stabilization, road base, road paving, building construction,
permanent stabiltization, removal of temporary erosion control
Measures . : . :
The time required for the major operations identified in the
sequence - ' ' :
The planned datss for the project. These are often subject to
change depending on markets, financing and permit approvals,
therefore the sesquence of all major operations and time required
for major operations is more important in minimizing erosion
and sediment problems.: - ‘ L
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Chapter 5 - EROSTON AND SEDIMENT CONTROL PLAN PREPARATION

A1l the necessary planning work should be done during'the_sité'pEanning
process: This step consists of consolidating the pertinent information and

developing it into a speci
oroject. -

A.

.

fic erosiqg and sediment control plan. for the

MAP AND NARRATIVE

‘The plan consists of two parts: a map and & harrative; The map

i1lustrates the topography of the area, the limits for clearing and

grading, other proposed alterations of the area, the location of the

~arosion and sediment control measures and facilities, and the location of

project components. The narrative describes the project, giving the
purposes, schedule or phasing of major construction activities, schedule
of application of measures, and measure design data and a maintenance
program for the installed measures. If the narrative is not so Tengthy
that it would clutter up the map, both the narrative and map may be on
the one pian. "

The major elements to be considered in the development of a plan are:

1. A GENERAL STATEMENT ABOUT THE PROJECT

This statement should inciude the date the project is to begin and
the expected date when final stabilization will be completed. A

description of the erosion and sediment control program to be used
should be included. B c EE -

2. TOPOGRAPHIC_FEATURES

This will show the location of sireets and highways, municipalities,
major streams, and other landmarks. Include the acreage of the
project, contours at an interval and scale that will adequately -
describe the area, critical environmental areas.such as rock outcrops,
wetlands, floodplains, groundwater recharge, streams, lakes, ponds,
and streambelts as well as the nature and extent of existing
vegetation. :

3. SOILS SHOULD BE IDENTIFIED ON fHE MAP

A11 -soils identified on the site should be shown by delineztion and
standard soil survey_symb01 on the erosion and sediment plan map.

4. THE- AMQUNT OF RUNOFF AND CHANGES IN THE AMOUNT QF RUNOFF FROM THE
PROVECT AREA SHALL BEt DESCRIBED IN THE NARRATIVE

" The metheds of calculation and worksheets shou]& be included.

5. THE MAP SHOULD SHOW THE PROPOSED ALTERATION OF THE AREA

The map shbu?d i1lustrate limits of clearing and grading, areas of
cuts and fills, roads, buildings, pond areas and other structures,
and storm water management facilities,

F-11



6.  THE NARRATIVE QUTLINES THE SEQUENCE AND STAGING OF LAND DISTURBING
- RCTIVITIES | . o -
This section includes the seduence of land cieafing'operationé,
remeval and/or stockpiling of topsoil, major earth moving and . |
grading, control facility installation and program of operations.

7. - MEASURES TO BE USED DURING. CONSTRUCTION

The temporary erosion and sediment control and permanent erosion and.
sediment control measures for long-term protection are to be included
in the narrative and shown on the map. This will show the purpose,
types and Jocation of measures and facilities, dimensional details

of faciiities, design considerations and calculations for structural
measures, and the maintenance schedule. ¥

8. + A STATEMENT ABOUT THE OFF-SITE EFFECTS

Note, for example, the effects of adequate and fnadeguate sized
culverts, and downstream effects from increased peak flows.

9.  THE MAINTENANCE PROGRAM FOR THE CONTROL FACILITIES ARE TO BE
- DESCRIBED IN THE NARRATIVE

Points to cover are the inspection program including the fregquency
and schedule, restabjlization, repair or reconstruction of damaged
structural measures; :the method and frequency of removal and disposal
of solid waste materiais from the control facilities or the project
area, and the method of disposing of temporary structural measures
after they have served their purpose. '

The narrative should also explain provisions made for sediment to be
removed from the control faciiities and to be disposed of at a
tocation that will not cause additional problems to the surrounding
area. .

CONTROL MEASURE SELECTION PROCESS

The accompanying flow chart and planning matrix (Figure 5-1) can be used

- to guide the selection of soil erosion and sedimentation control measures.
Following the chart in steps from left to right, the user can identify

the potential problems and solutiens for control of these problems. To
use the fiow chart and matrix, follow Tive basic steps:

" Step 1: Identify Control Problem - On any construction site the objective
in erosion and sediment control is to prevent off-site sedimentation
damage, The three basic methods used to control erosion on construction
sites are soil stabilization, runoff control, and sediment control.
Controliing erosion should be used as the first line of .defense where
soil properties and topography of the site make the design of sediment
trapping facilities impractical or where much of the site will not be

- disturbed and much of the existing vegetation can be preserved,
Controlling erosion is very effaective for small disturbed areas such as
single 1o%ts or small areas of a development that do not drain to a
sediment trapping. facility. ' : '




L)

Sediment trapping féc{1ikies should be used on Targe developdents‘where j

major grading is planned, where it s impossible or impractical - to
controil erosion, and where sediment particles are relatively large. By
using a combination of erosion control and sedament_control measures,

costs can usually be kept to a minimum.

Step 2: Identify Problem Areas - Unce 2 method of éontro] is selected,
potential arosion and sediment problem areas are jdentified. Areas whers
erosion is to be controiled will usually fall into categories of slopes,

‘graded areas or drainageways. -Slopes include graded rights-of-way,

stockpile areas, and ail cut or £i11 slopes. Graded areas include ail
stripped areas other than-slopes. - Drainageways are areas where
concentrations of water flow naturally or artificially and the potential
for qully erosion is high.  Problem areas where sediment is to be
controlled fall into categories of large or small drainage areas. Small
drainage areas are normally one acre or less in size where filtering of

' sediment can be accomplished, ‘Large areas reguire that the sediment be

settlad rather than filtered.

step 3: Identify Required Strategy - The third step in erosion and :
sediment control pianning is to <elect the most appropriate strategy to
solve the problem. The planning matrix may facilitate the selection
process. . : : ’

There may be several strategies used individually or in combination to :
provide the solution. For example, if there is @ cut slope to be protected
from erosion, the strategies may be 1o protect the ground surface, divert
water from the slope or shorten 9t. Any combination of the above can be
used. I no rainfall except that which"falls on the slope has the- L
potential to cause erosion and 1f the slope is relatively short, protecting

© %he soil surface is often all <hat. is required to solve the problem.

Step 4: Identify Centrol Measure Group - Once required strategies to
<oive the erosion and sediment problem are jdentified, the planning
matrix leads to the group or groups of control measures that wiil accom-
plish one strategdy. Control measures within each group have similar
pUrpose, Scope, application, design eriteria, standard plans, and con-

struction specifications. Therefore, any measure within a group may

solve the probiem in question.

Step 5: Select Specific Control Measure ~ The final step in erosion and
sediment control planning can be accomplished by completing the final
design, This involves adaptation of any contro] measure within a group
to solve the specific erosion and sediment problem., Select the one ‘
measure which is most economical, practical, efficient, and adaptable fo
the site. . : '

Once. the specific control measure has been selected, the plan key symbol
given in the matrix can be placed on the erosion and sediment controf
site plan to show where the measure will be used. Standardized design,
plan, and construction specification cheets can then be completed for
each control measure. This completes the planning for soil erosion and

. sedimentation control.
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Figure 5-1 -~ Control Measure Selection Process

IDENTIFY COMTROL PROBLEM

IDENTIFY PROBLEM

IDENTIFY REQUIRED STRATEGY

IDENTIFY CONTROL SELECT SPECIFIC CONTROL MEASURE PLAN
AREAS . HEASURE CROUP ) KEY
CONTROL. 501 MOVEMENT Graded Arecas Tempotrary Vegetative Cover TV
Sheet and Riil Erosion Stopes Vegetative Permaneni Vegetation Cover Py
Wind Erosion Small Areas . Protect Surface 5011 Sedding 50
Protect Onsite Areas Exposed Areas Manage Surface Water Cover Trees; Shrubs, Vines & Ground Cover GC
Natural Resource Degradation Travel Areas Vegetative Streambank Protection  yp
' . . Borrow and Stockpile Nonvegetative Temporary Hulching - MY
Areas So0il Cover Permanent Mylching PH
Manage Site Resources Environmental Tree Protection P
Protect Amenities Enhancement Topsoiling 10
- rm:m Grading LG
-CONTROL WATER MOVEMENT Drainageways Direct Runoff _biversions Diversion DV
Gully Eresion Watercourses Grassed Waterway ow
Channel and Stream Erosion Steep Slopes Convey Runoff Waterways ﬁmaﬁonmqu Channel Lining. L
Protect Onsite and Offsite Lang Stopes Permanent Lined Waterway W
Areas ‘ Stabilize Outlets OQutlets | Qutlet Protection op
Natural =nmo:ﬂoﬁrcmm1mmmﬁmo: Intercept Ground Water Enclosed Drainage  Subsurface Drain 0
. ) : - -Riprap ’ RR
Gabionsg . , G
Stabilize Steep Slopes StabiTization Reinforced Concrete Retaining Wall RW
Stabilize Watercourses - Structures Precast Cellular Blocks ¢B
. . ’ Préfabricated Retdaining Walls i
Grade Stabilization Structure GS
CONTROL SEDIMENT MOVEMENT .rmﬂmm Areas Trap Sediment Sediment Control Sediment Basin 5B
Protect Offsite Areas Small Areas Detain Runoff Detention Basin 0B
Wind Erosion ¥Waterbodies Temporary Skream Crossing SC
Hatural Resource Degradation Travel Areas Control Sediment Mud and Dust Dust Control pe
Borrow -and Stockpiie Control Construction m:nﬂmunﬁ CE
Areas Filter Sediment Sediment Filters Sediment Barriers 5T
. , 531t Curtain si

STEP 1

Source:

" STEP 2

STEP 3

-y g

STEP &

U.5. Department of Agriculture, Soil! Conservation Service, Storrs, Connecticut,

STEP 5
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MLTERIALS FOR USE 1IN TMPROVING = ,
EROSION AND SEDIMENT CONTROL PLAN IMPLEMENTATION
Oczoher 1888

1V. CONSTRUCTION SEQUENCE

A construction sequence oOT schedule 15 a chronological Tisting of the

construction activities necessary to insta11 the development according to the
developers plan, The sequence should be developed on the "first things first"

and "Tast things last” premiss with proper attention given to the inciusion of
adequate erosion and sediment control measures. .

A pfoperiy’deve1qped construction sequence which is followed will do two basic
thihgs: : B P R

1. Provide for efficient use of labor material and equipment.
2.  Birimize cn-site disturbance and off-site impacts.

Seheduling of construction activities should include considerations such &s
sequence of construction, construction techniques, landscaping, and future
operations and maintenance. By properly sequencing the construction, beth the
extent of exposed-ground and the durztion of exposure car be minimized.
Phasing, which allows for clearing, grading, and the stabilizetion of one
portion of the site before clearing and grading begins on another, will Timit
the number and severity of erosian problems. ST :

Ergsion and sedimént control staris during the planning and design precess for’
the development. Incerpcration of z construction sequence in the erosion and
cediment control plan faciliiates the implementation of the plan resulting in
improving -erosion and cediment cortrol. Items to consider in deveioping a

. econstruction sequence and schedule include:

1.  Install the erosion and seciment control measures that will exist
during the 1ife spen of projects 8s SOOR 35 possibie.

2. Clear only what is necessafy.

3. Stockpile topseil and spoil whan appropriate. Establish temporary

: cover if the material will remzin unspread for longer than one
month. - S . : : ' '

4. Establish permanept streets, rozds, underground utilities, and
drainage systems as gquickly &s possible.

5. Establish final grades. as rapidly as possible and establish
permanent Cover,.

6. Maintain vegetative buffer strips along straams.
7. Establish temporary cover on 211 disturbed areas where Tinal grade’

or vegetation will not be established until the following
construction season.
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8. Clean out and maintzin a1l sediment control structures on 2 reguia
besis te ensure proper operation and storage capacity.

A model construction sequence is provided 1o help illustrate a typical
seqguence of construction developed to minimize erosion and sedimentatior. 1
is important to recoonize_that 411 plans and proposals are site specific and
are, therefore, unique. There'are certain operations and events that are
characteristic of nearly a1l plans and can serve as the milestores For
-enforcement. The model provided is intended as a guide for developing
construction sequences, It is not intended to be standard language for all
ercsion and sediment control plans, but rather to serve as a starting point
which to develop a construction sequence. For a specific development,
milestone dates feor all or major items can he shown to make construction
scheduling and monitoring easier, , :

.

" TYPICAL CONSTRUCTION SEQUENCE

Pre-construction review - discuss erosion ard sediment control requirements;
sensitive areas; requirements for field adjustments; procedures for .
modifications to construction seguence; bonding and coverage; pre-blast
surveysy limits of clearing; erosion and sediment control Tanguage.

Site Work:

-

Install corstruction entrance(s),
‘Flag the Timits of cie&rjng fer the phase, iT appropriste, in the fielc

‘Install temporary erosion ané sediment controls for ali criticsl zreas
not planned for grading chercss.

Clear, grub, chip, or log the site to the limits of ciearihg;

Disposal of stumps and boulders should occur in accordance with approve
plans,

Inspect the condition of temporary erosion and sediment control measure
Prepare dewatering, stilling, &nd settling basins,

Install permanent drainzge and erosion control features: swales, splas
pools, detention or retention basins. Permanenrtly stabilize prior to
usa, : .

Place rip-rap lining where required.

Install underground utiTities and storm drainage system to the phese
imits, §f approprizte.

Install outfall mechanism(s) - maintain erogion and sediment control
measures. : '
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Canstruct roads, drives, and parking areas.

Install septic systems, sewsr connections, curtain drains (shallow
sxcavaticns), and building foundatiens.

Temporarily stabilize tnose areas where Tinal grading is comp?ete;'whére
no further vehicular traffic is anticipated - i.e. septic system, yard
areas, and along drives. | 7 '
Secure building permits ~ cormence buitding construction,
Maintain erceion and sediment control measures during construction.
Ensure that all disturbed areas are permanently stzbilized prior to
jgsuance of certificate of occupancy, This includes ALL landscapinig
requirements. : '
" For Subdivisions Done in Phases:

- Return to "Flag Timits-of-clearing” - repeat entire cycle for all
subsequent phases. Parform only those functions necessary to maintaip

the integrity of the construction ssquence, and the erosion and
sedimentation control system,
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o

PLAN REVIEW WORKSHEET

. This worksheet is designed tc Tzcilitate the developmant znd review of ercesien

and sediment ‘control plans. Locz] commissions should be consulted for

. regulatory requirements concernifg erosion and sediment control planning,

Checked (- } items are those that have been provided on the current erosion
and sediment cortrol plar, Items identified with an asterisk (*) shouid he
incorporated into finsl plars. _ .

Name or Development

Materials received

Total Area Locaticr

Total Number of Lots

Engireer

Date Receivad : Site Visit Reviewed by

Subm%fted by

NARRATIVE SECTION DESCRIRING:

The development
Major land uses of adioinirc zreas
The number pf total acres and ecres to be disturbed in the project
The schedule of grading and corstruction activities including start and |
completior dates .
Application seauence of 211 E&S contro) measures
The design criteris for 211 proposed E&S cortrol measures _
Construction details and installation procedures for all proposed E&S -
control measires I T S
The operationrs and maintenance program for al] proposed E&S control
measures
The name of the person or organization that will be responsibie for the
irstailation and maintenance of the E&S. control meéasures :
Organization or person responsible for maintenarce of permanent measures
when project is completed. Measures include: .

Adepted from the Conneciicut Guidelinres for Soil Erosion and Sediment Control,
published by the Connecticut Courcil on S01) and Water Conservation,
January 1985, '
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A SITE PLAN AT A SUFFICTENT SCALE SHOMING:

Natural Featyres

Existing topography
Existing vegetation Y ' :

Soils information, including test pit dats, if available
Identification of wetlands, watercourses, major drainageways, and waier
bodies on the site _ o

. Name of soil scientist who performed wetlands delineations and flag
numbers ‘ . ‘ . Co oo -
Rock outcrop areas
Seeps, Springs
Major aquifers
Floodplairs (100 year) and floodways
Chanrel encroachment line (OEP permit required)
Coastal zone boundary ' ‘
PuBlic water supply watershed beurdaries

_Possible Army Corps Sec. 40% ¢r Sec. 10 Permit Areas (Contact Corps at

1-800-343-4789). '

mam—————

Project Features

The location of the proposad dsveliopment
A plar legend

Adjacent property

Property lines

Lot lines and setback lines

Lot aznd/or building rumbers

Planned and existinc roads

Proposed structures

Location of existing and plenred unilities
Location of wells an¢ septic sysTems
Proposad tdpography

North arrow

Clearina, Grading, Vegetative Stabitizeticon

The sequence of .grading, constructicn, and sediment and erosicn contrel |
activities ‘ : - '
_ The location of and construction details for all proposed £&S control
measures ‘ ‘ ‘ .
Recommended measuras include

Gmits of disturbed aress
Extent of areas to be graded
Dispesal procedure for cleared meterial
Locatian of stockpiled topsoil and subsoil : :
~—_ Temporary erosion contrel in method for protection of disturbed areas
when tima of yesr or weather prohibit establiishment of permanent
vegetztive cover
Seeding mixture, rates, and seeding dates
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)

Seeched preparation {including topsailing Specifiéations)
Fertilizer and 1ime 2pplication rates :

Mulch application rate

Mulch anchoring measures

Drainage System

"Existing and planned drainage pattern
Drainage areas used in desion of stormwater management system
Size and location of culveris and storm sewers :
Drainage calculztions for review by town engineer
Siormwater management mezsures &nd construction details
Groundwater control measures (footing drains, curtain drains)
- Blanned water diversions and dams (DEP permit may be required)

|

House Site Developmentis

Sediment znd ercsion contrcl mezsures for individual lot development

Additional Comments

-
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111, THSPECTIOM WORKSHEET

Thic worksheer is suggested for personne’ resgonsible for inspection.

PROJECT NAME: . | 4
LOCATION:. |

PROJECT DESCRIPTION:

{Brief description, condominiums, subdivision, etc.)

PARCEL AREA {Acres)

RESPONSIBLE PERSONNEL: NAME
{Person with.

responsibility ADDRESS
for implementing

<0il 'erosion and - CITY
sediment control

plan). =~ PHONE

EROSTON ARD SEDTMENT CONTROL PLAN PRIPARER:.

TNSTALLATION CHECKLIST:

, S INTITIALS
* B *E GF .
WORK DESCRIPTION A DATE INITIALS DATE T PERSON
E&S CONTROL MEASURE OF 1 HMEASURE REMOVING
MEASURES LOCATION _ § INSTALLEDR TNSTALLER REMOVED MEASURE

*Sequentially Tist {dates not necessary) measures to bhe installed. This list
<hould be developed. from the narrztive and must include all work fitems.

**escribe location of each proposed Measure. SO that it can be referenced to
the plan map. Use of alphabetice] measure names can be utilized here,
Abbreviated names found in guidelines are preferable - for example:
(Constructior entrance to Paxten Rozd = C.E. Paxton Read.
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CHECKLIST FOR MAINTENANCE OF MEASURES

IRTTTELS OF
. _ DATE OF RESPONSIBLE
LOCATION DESCRIPTION OR HUMBER - MAINTENANCE PERSON

PROJECT DATES:

UATE OF GROUNDBREAKING FOR PROJECT:

DATE

INITIALS

OATE OF FINAL STABILIZATION:

Appendix F-21.
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Figure 7.7 - Placement and Construction of a- Straw Bale Barrier.

,straQ hale
stake

2. Place and stake
straw bales,
two stakes per
‘bale.

- . trench | 1. Excévate a trench
' - 41 deep and the

. : bénding
width of & straw .
“bale. ;f wire or

width of bale twine

-compacted 4, Backfill and
: baCkf131 compact the

' ' excavated soil-
as shown on the
uphill side of
the barrier to
prevent piping.

v

3. Wedge Toose straw
between bales 10
create a continuous
barrier.

L
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)
oS M
" E,QTTQ MM l E.__.....A---
| oF ‘
w_“mﬂwloamﬂAea Lkﬁ__
vﬁéﬁ’

=

Elevation: Points .
should be higher th
Points B. '

N Source: U.S. Department of Agriculture, Soil Conservation Service, Storrs,
Connecticut.

v | - (Revised 2/14/86)
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U.S. Department of Agriculture, Sofi Conservation Service, Storrs,
Connecticut.
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et Connecticut.

Figure 7-9 - Piacement and Conétrhctiqn of a Synthetic Filter Barrier

v

1. Set posts and
excavate a 6"x6"
trench, -set post
downslope.

Posts

Angle 10°

upslope for
stability and
seif cleaning.

T
Z\E\E[i}\

3. Attach fiiter fabric
to the wire fencing
and extend it to

+the trench.

Bottom of
Drainageway

—

1
1
;
]
l
1

(-

| S t
PLAN VIEW -

Source: U.S. Departmént of Agricu]ture;

. compacted — [t

2. Staple the

Wire

) L ~ wire mesh
fencing - - fencing o
end post.

4, Backfill the
+rench and
compact the
excavated soil.

Bagﬁfil] i .
MEDSTE U507
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N
-
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A._j‘ Qi'J 1|-| . X
< T |
ELEVATION
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5011 Conservation-Service, Storrs,
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Figure 8-59 - Construction Entrances
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DETERMINATION OF RUNQFF BY THE RATIONAT, METHOD

The Rational Method of determining runoff ié based .on the
premise that.tha peak rate cffﬁischarge from an arsa wil be -
proportional to the rate of rainfall, modified by the size énd
.characteristics of the area. The Rational Method is to be used
for watersheds under 200 acres only. | |

A field investigation of the drainage basin should be made
 in:all_¢ases and the tiﬁe of cgncéhtraﬁion éstimaﬁed;' Tﬁe‘timé
of concentration is tﬁaqtime it would take rain water, falling
on the most distant part of the‘watershed, to reach the location
of the drainage facility being designed. Nomographs which may be
of assistance in calculating this time are included as Figures A
and B. The factor for determining the total time of |
concentration should be computed by addihg togeﬁher the estimated
times aﬁd:thé proportionate lengths of flo% over the various
conditions shown. A judgément must be made and the time of
concentration arrived at by weighing the factorsAcontributing to
runoff. In general, Figure A should be used for overland fiow
in the upper reaches of the waté;shed; and Figure B used for
lower reaches where the flow has concentrated into a channel.
ECmbining-the two timé periods will give total Tc.

~ The minimum time of conceﬁtration to be used for a
compléteiy pavaed area will be 5 minutes. Generally in fill
sections with curbing the computéd "Tct to the first structure
wili net exceed § minut955 For median and shelf areas or éﬁy

areas mostly unpaved the Tc will be a minimum of 10 minutes.
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The rainfall intensity for the storm having the appropriate
freguency and of guration equél to“the'total‘ﬁime 5f
concentration should'bg éelecteﬁ,from Figure C. |

| The Coefficient of impef@ionsnass may be estimated fr&ﬁ the

following table:

paved Areas Coe ‘ 0.9
Steep Grasseé Sleopes (>4:1) o.4
Modérate crassed 8lopes (>6:1,<4:1) 0.3
Flat Grasséd Slopas (46:1)‘ . 0.2
Rock . | 0.8
1/4 acre Residentilal : 0,45
172 Acre Residential - 0.35

The peak discharge from sn area, computed by this method is
the product of the numbe? of acres, times the rate of rainfall iﬂ
inches péf nour, times the coefficient.of impngio&$néé$. The
product is expressed in cukic feét per second. |

The procedure may be used for determination of the runoff
expectable fromlhighway surface and immediately adjacent

overlying land areas.
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TTME OF CONCENTRATION

(OVERTAND FLOW ONLY)
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SURFACE AND SUBSURFACE DRAINAGE ' |
0 two categories, surface drainage

'

- Highway drainage is divided int
anc 5¢b5urfaca grainage. The two categor1es are for different purposes but

frequently share the same fac111t1e§.

Surface'Dra1nag§

Syrface drainage shaii provide for the interception and disposal

of rainwater and snow melt originating on the nighway surface and imnegiate

[y

adjecent averlying areas. .

g and 1 1nterception of Flow

Hydrau11c

The amaunt of flow 1nuerceptad by a catch baszn is

dependent upon many factors; inciuding the type of grate, tha

amount of depressiony: poténtiai for clogg1ng and ve\ocyty of Tilow.

The pr1mary factor is the type of grate that Y5 used.

Experiéncé
with various grates indicate that the pcrt\on of the flow within
the grate will ususlly be interce

5 negﬁ\gﬁbie and should not be con

pted, tateral f?ow

the width of
S\d«

aver the stde of the grate 1

1he remawnder of fhe flow autside

‘ered on normal znstaliattons.A

the grate width will bypass to the next catch basin.

or Gutter Fiow Analysis

Procedurs f
Inlat Station - [dentify iniet by station and

location from centeriine.

Time to Inlet - Time required for surface flow

to concentralf at inlet.

Area in Acras - Area contributing runoff %

fnles.

Runoff coefficient (1) - Coefficiént of ared

cantributing to intet.
Al - The product -of the area and the runcff

coafficient.

sum of Al - The sum of the Al for the inlet.
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Total Af ~‘The Al bypassing the préviou; inlet
and the Al for the inlet. (#6 + B15 = E7) . l .‘
Rainfa%] {nténsity {R) - The intensity determined
by the Time to inlet. (#2) .
Q to inlet - The product of the Total AL, (#7),
ard the Rainfall Intensity. (#8) (G =‘#JR)
' Grade of Gutter —‘grade‘to'be e%pressed in faet

ner foot.

. Cross slope of Shoulder - §lcpe‘to be expressed in
feeﬁ per foot. | |

Depth of flow - depth of water at gutter.

H%dth of’f%ow - the width the-water will flow. ¥hen
the width of flow exceeas tﬁe shouider w%dth. det&rﬁine éepéh ofl
flow at the edge of travelway and enter the Flow Characteristic

Curves to find the width of travelway flooded. Add this width to
tha shoulder width to find total width of flow.

0 Bypasging'lnleg - the portion of flow that is
beyona the width of the grate will be used to determine the
bypass Q. No consideration will be given to the minimal amount
that enterS along the 1ongitudina? edge of the grate.

Al Bypassing Inlet - determined by dividing the "Q
bybassing the 1n1et4, {Eié).,by Rainfall Intensity {=#B}).

AI.entering'system - the "Total AI", (#7), minus
the "Al bypassingiin]et". {#15).

Computar prdgrammfng for gutter f1qw.ahéiysis'is
acceptable for use. The computer print-out should contain the

same information that is shown on the Gutter Flow Analysis Form.
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Storm Sewars
introduction
The design of Storm Sewer systems is a 1091ca1 interrela-
ticn of the techn1ca1 elements of gutter flow criteria. inlet capabilities
and pipe sizlng with the tcpographfc conditions that exist at the prngect
site. |
Desian Basis:
Storm SEWers uﬁli be ﬁesioned using the rational formula
for estwmating design discharges. Hhen the sewer system cutlet 18
combined with a culvert crossing the highway. crwter1a for the cul-
vert cressihg will apply <o the design of the outlet however the
| gesign of the system ﬁegding +o the outlet will be based -gn ihe
rational formula.
fxcept where 1nd1cated by a special study, pipes will 5e'
' designed to flow wigst full” or tess than full.
in 1ccatwons where the rcadway is in cut, consideration
chall be giveén to the. need for d\tches abave the slope Vimits,
ditches'inc1sed inta the cut slope faceg, or a comb1natwon of bﬁth.

as needed to prevent 2 concentration of overland drainage from
eroding the siope. !

selection of Factors and Outline of Drainage Araas
"The designer chould outline the general contributing
. ‘drainage area an available mapping (Q.S.G.S.1 200 scale photo-
grammetry, ate), and dafiﬁe imperviousnags factors for the indi=-
vidual aﬁeaﬁ. . H  | |
Attention shOuid.be‘direcﬁed 1o existing systemé

within the watershed which may divert po?tions 6f the area as

defined on the'mapping. The field trip should deternxne preliminary

oitlet and 'trunk 1ine {ocations,
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Inlets and other drainage structures sﬁa1l‘ccnf§r5 to
the detaxls shown en the Department's Standard Drawangs

Type 'C Catch Bas1n - Rosdway surface draznage shall

normally enter storm dra1nage systems through catch basins at the-

curb line, whare Typé 'C# Catch Basins will be the type normally

specified On stireets being re-

kxpe C L Catch Basing - will genera11y be used in

medians, swalas, negat1ve she1ves channelization islands, parking

areas and other locations where vehicles m3y traverse them. These

catch basins are usuaT]y depressed to 1ncrease ‘their capacity beysnd
that whwch would: normally pass over the w1dth of the grate.

Nhen these bagins are designed with water ponded 6v§r
the grate, the capacity is Lsuetly restricted due g 1ffter,

Teaves, etec. and a percentzge of clogging must be considerad .

Llogging Percentage

50% ~ Depressad - sag catch basin,
parking lets. and other locations
20% - medians and swales where
| hfnimaT tree growth is expected,
Double Type ‘C-L' Catch Basias Double Grate can be uséd where
greatef capacity is needed. Check whether the grate opening or
the pipe opening is the hydraulic control.

Type 'D' & 'D-G' Endwalls - have to be located beyond

fhe area that can be traversed by vehicles. Tha|capac1ty of these

- endwalls are computed by the weir Tformula, Q = CLA 3/2, where 'C?,

1s the coefficient, is equal to 3.33; L {s the ]ength of the weir in
feet and H {s height of water above weir in feet. Caution must be

- used to prevent the water surface deve]oped by the out]et pipe

from submerging the weir.

Endwalls and End Sections - must be locatad similar to

the 'D* anpd ‘ﬁ—G‘ Endwalls. The czpacities of these are described
in K.E.C. No. 5. Precast end sections will normaE1y‘be us &d

instead of endwalls.
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Adjacant area dralnage sseve -

e o

-

or cruss culverts through culvert ends, endwalls of various
‘types or catch basins as required to provide a proper entrance
for the water and an adequate safeguard to persons and progerty
The sglection shall be made in accordance with sound engineerwnq
practice, consader1ng the amount of discharge to be accommodated,
the topegraphy of the, inlet 1ocat10n, the skew, if any, of the
culverﬁ with respect £ the embankment and the potent1a1 hazard

Coto the traveiing public.

Sumps in catch Basins ~ notmal practice is to_extand

the depth of 3 catch basin THO feet below the outlet flowline.
1his provides a sump for the sand and silts tn deposit and be re-
moved by mawnteﬂance forces. The sand and si1t would otherwise be
conveyed to the putiet yhere it gou\d cause 2 biockgge_or environ-
mental damage.

catch basins located on Watercourses or pipes Jarger
than 36" diameler. shall not have sumps and will be designated as
Cl&. w/0 SUmp. The reasons for the de1et10n of sumps with
large pipes 1s that the volumes of water are usually large

and turbulent which will not ailow for sand to settle out.

Spac1nq and Locating inlets

inlefs are located to 1ntercept concantration of
flows, 0 1imit the amsunt of flooding, or to cantrol the

moverent of water.

Catch gasins in @ defired gutter shall be genar-
ally spated in accordance watn the Gutter Ficw Ana\yszs and the
permissible inundation of shoulder and travelway as prav10u51y
. noted.

Cateh 8as1ns shouid be generéﬂly located imnediaéé%y
precadiqg a bridge structure to “intarcept flow before {1t entzrs
the bridge joiat. Also, catch basins should be 1ocated beiow a
bridge Hherelthere {s no extgnsion of the curb ta prevent contﬁnuous
sccuringxl
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feat from driveway returns to prevent loss of vehicular traction
Catech Basing are required at intersections where
the ¢rades may cause pockexs, To determine the exact lecation of

these catch basins and to determine thelir capacity‘if will be

necessary to develop conﬁpufs of these intersections which can

be incorparated in the Final design.

The capacity of a catch basin in a sag location will

be determined by Hydraulic Capacity of Grate Inlets.

-

The Type ‘C* Catch Bas1n, Doub!e Grate-Type II,
wh1ch allows much greater capacity in a sag ]ocat?oﬂ W1 be used

wherg warranted by the gutter analysis.

Deswan1ng Storm Sewers

After Tocat1cns of inlets, .pipe rurs and outfalls have
been determined the next step s the computation of discharge to
be conveyed by esach pipe run and to determine =g size and gradient

w

of pipe for each run. It should be remembs:cz that the gquantity
of water in a sysLem 15 not necessarily the s,= cf the interception
of the inlets but as a ruTa is somewhat le.- :nzs this total. It

s well to be aware that as the time of cancentration increases in
the system, the rainfall intensity decreaseq. For a?] ordinary
conditions, p1pes sheuld be sized on the assumption that they will
flow full or practica]]y full under-design corditions but wi{l1l

not be placed under a pressure head.

For uniformity. of method of'hycrailgc'analysié it is
recommande& that the Hanning modification of the Chezy flow for-
mula be used for comput1ng flow character‘stics ~¥ open channals
and conduits. Flow charactaristics at invets end other restrictions
should be calculated by the use of appropricte veriations of the
Bernoullq equation. Grabhié solution of these procedures can be

faciiitated and.expedited by the use of pertinent charts and graphs

published by various government agencies ard by manufacturers or

manufacturers associations. :
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Miscellaneous Requirements Storm Sewer Pipe Desiagn

Storm Sewers will be designed to flaw "jusg'full“[
The headwaters in structures shall be limited to one foot below
the top of'grate, ﬁaking into consideration the possible affect
of headwater in the next dcwnstre%m strycture. -

Where a change in size of pipe is made at a siruc-

»

ture the crowns of these pipes ‘will normally. be aligned on_grade;

Underdrain pipes of 6" size should-be laid in

stra1ght segments or gradual curves if pcssib?e Where bends of

: underdrain arg nacessary to gnter a structore they should be no

greater than 30 degreas.

tong skew crossings of storm sewer iaterals under

pavement should be avoided.

Hhe%a it is necessary to lay storm sewer pipz or
culverts on 2 slope greater than 10 parcent, C.C.H.P. shall be used.
c.C.H. Pipes down fill siopes chall have an elbow at the bottom

(but not at the top where there {s a structure near ths top of the

£411 -unless this will result in excessive depth of trench)

All roadway drainage, including the side and slope
ditches shall be carried to 2 suitable outlet, preferably an exist-
ing stream. Where outletting to an existing stream {s {mpractical,
or where no stream {s available, appropriate drainage rights must be

cbtained.

A1l existing pipes to be abandgned -under thé

travelway are ta be removed. _ -

In all cases where drainage is diverted from oné
watershed area to another, &s ig frequently the cdse in incised
highways, the desﬁgner shall nota the diversicds in his computa-

txons and on hig pre?smwnary plans

Utﬁlﬁty cnnflicts may raquire desxcn changes. Hew

1nstai1ations shoqu be kept at least one foot from anay utilities.
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F.

Fach cutlet must be carefully designed with erosion
protection as needed and carried down steep slopes to lesser slopes
where outlet erosien wiil not occur. Riprap or mad{fied riprap

shall be used at all qﬂ%?éts not fiowing over exposed rock or into

- watércourses or ponds.

Subsurface Orainage -

pdequate provisions for subsurface drainage will be included

.in rhe design.

1) Underdra?ns shall consist of a trénch cut~béiow the elevation

of the bottom of the subbase, containiné a suitable perforated or slotied

pipe and backfilled with a pervious material in accordance with the Standard

Specifications and/or the recommandations of the Engineer of Scils and
Foundations.

2) -The pipe shall be not less than & inches in nominal diameter
and may carry surface drainage. Where the pipe carries surface drainage
in addition to subsurface drainage, the size shall be not. less than 12 inches
At 1gcations where the capacity required exceeds the capacity of the largest
underdrain pipes of the appropriate type, the sqbsurface water and the supr-
face drainage sh#l]_be carried in separate ﬁipes.

37 Outlets for underdrain p%pe shall be connected directly to
drainage structures where practical. If no drainage structure is available,

the outlet pipe 'shall be terminated wjth 2 standard underdrain outlet endwall

as shown in the Standard DraRings. Uphill. ends of.underdrains carrying aniy

subsurface drajnage shall be extended into a drainage structure, {f one is

available within 25 feet, and plugged.
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12.
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14.

 Procedure for Storm Seﬂér System Desiqgn

Line Segment - 1dentification of 1ine usually between
inlets by stationing and offset. ’

Time to Inlet - Time for surface flow to concentrate for

first inlet. 1f the area is such that it takes less than

‘tne minimum time o;,S'minutes then 5 minutes shall be
used until the accumulated time exceeds B minutes.

. . Time in pipe - time required 1o pass through line segment.

Accumulated Time - Time of concentration gffective at
Tocation. Tha longest time ig to be used.  This can be
overland fiow to an inlet; accumulation of timein pipe;
or a branch lting antaring & system. ! '

AT entering. Catch Basin - Al determined by “Gutter Flow

analysis Form".

sum of Al in system‘w‘sum of the Als entering iﬁlats
effective at locatioen. S

rainfall Intensiﬁg - The intensity determined by the
Accumulated Time 4. .

‘Q* in system - The product of sum of Al in system, {7)
and the Rainfall intansity, (8).

Pipe size - self-expianatory.

Length of Pipe - self-explanatory.

Slope - to be expressed to the nearest thousandths of
a foot. . '

Average velocity - «hat which will be ohtained in pipe
of size, type and siope specified at design discharge.

Full Capacity - discharge which can be carried by pipe
of size and type specified, Fflowing full.

Headwater - hefght water w111 reach above the flowling
shat will develop at the design discharge in the structure.

‘n' - roughness coefficient:  n = 012 for R.C.P.3
n « .019 for C.C.M.P. with paved invert.
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CAPACITY OF GRATE INLETS IN A SAG

'

A grate inlet in 2 sag operates first as @ weir having a crest length
roughly equal to the outside perimeter. (P) a1ong which the flow enters.

Bars are d1sregarded and the side aga1nst the curb is not included in

computing P. Weir operation continues to a depth {d) of about 0.4 foot : b

above the top of_gra;e'and the discharge 1ntercepted by the grate is:

g, = 3.0 Pd‘-S A ()
Nheré Q; = rate of discharge into the grate opening,
in cubic feet per second
p o= perwmeter of grate opening, in feet dig~-
‘ regarding bars and neglecting the side
against the curb
d = depth of water at grate, in feet

When the depth at the grate excoeds about 1.4 feet, the grate begins
to operate as an orifice and the discharge intercepted by the grate is:

Q4

#

0.674 (234)0-5 = 5.37ad0-5 (2)

 Where Qq = rate of discharge into the grate open1ng, in cabic fast
. _ per second

A = clear 0pen1ng of the grate, in square feet

g .= acceleration of gravity, 32.2 feet per seccnd2

d

n

depth of ponded water above top of grate, in feet

Between depths over the grate of about 0.4 and about 1.4 feet the

‘operatwon Qf the grate inlet {s 4indefinite due 10 vortices and other dis~

=urbances. Tne capacity of the grate {5 some where between that given by

squations (1) and (2). _
Because of -the vortices and the tendency of trash to coilect on the

grate, the clear opening or perimeter of & grate iniet shouid be at least

twice that required by equations (1) and (2} in crder to remain below the
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design depth over the grate. Where daqger.of cltogging is slight a factor
of safety less than two might be used. -If a combination inlet ig used:,
the grate need only be as large as givén by equations (1) and (2) because
the curb opeﬁiqg provides the safety factor from clogging.

Equations (1) 2nd (2) can be solved graphically with the following -
charts., | '

The dashed linas represent the rénge where neither weir nor

orifice operation is fully effective.:
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METRIC CONVERSION FACTORS

For thoss mtcrcsted in using the mcmc system, the inch-pound units used in thxs
manual may be converted to mctnc units by the following {actors.

‘Emrﬁ Multiply To obtain
by ‘
ﬁnit Abbrev. Unit Abbrev.
cubic foot £13/s | 0.02832 cubic meter ms/s.
per second per second
foot ft 0.3048 meter m

.séumr'c.: foot . fro 0.0929 .. sguare meter m"

. cubic foot £ 0.0283 cuble meter mt
inch in 2.54 centimeter cm
square mile miZ. 2.59 square kilometer km?
acre 0.4047 hectare
foot pe;r éccond fi/s 0.3048 meter per second "m/s
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CLOSSARY

a Cross-sectional area of orifice, f1t
a' Constant in rainfall mtensny"/formulu
Full CT 085" «sectional aread of culvcrt barrel or channel, ft?

Ay " Area of bend section of slope~ tapercd iniet, ft? - i

Ay Area of inlet face section of tapered inlet, ft2 * '

A, Aren of flow prism, ft?

Ay ~Area of tapered inlet throat sectiom, ft2

Ay Watersh d area, acres ‘

b Face dimension Qf"éide bevel, in

=¥ Constant in rainfall intensity formuia

B Span of culvert barrel, {t

By Width of bend section of a siope-tapered inlet, ft

B, ' Wldth af face section of a tapered inlet, ft

¢ Cocfflcmnt for subme:gcd inlet control equation

C Runoff coefficient for use in the Rational eguation

Cy Discharge coefficient for bend section control

Cy Coefficient of discharge for flow over-al embankment

Cs Discharge coefficient for face section control

C, Free flow coelficient of discharge for flow over an embankment

Cy Discharge coefficient for throat section control

CMP Corrugated metal pipe

d Face dimension of top bevel, in

d, Critical depth, ft

D Interior height of culvert barrel, {t

D, Eqmvalcnt diameter, D, = 4R, It

.Dso : Size of strcambed matcrml Wthh exceeds 30% of the matemal by welght
the meduan §ize, in or ft ‘

E Height of face of tapered inlet, excluding bevel, ft

EL, Elevation of weir crest, ft

EL; Invert elevation at face, ft:

ELy. Headwater elevation r'cqinired for flow to pass crest in crest control, ft

Elya Design headwater clevation, ft

ELyy Headwater elevation required for flow to pass face section in facé control, ft

by



GLOSSARY (Cont.)

Headwater elevation required for culvert to pass flow in inlet control, ft
Headwater elevation required for culvert to pass flow in outlet control, It

Headwater elevation required for flow to pass throat section in throat con-
trol, ft 5

Invert elevation at outlet, ft

Stream bed elevation at face of culvert, ft

Stream bed eleévation at outlet of culvert, [t

Invert elevation at throat, ft

Tailwater elevation, ft

Darcy resistance factor

Froude number

Depression of inlet control section below the stream bed, ft. (Measured
from stream bed to face invert for culvert, to throat invert for culvert
with tapered inlet.)

The number of different materials (roughnesses) in the perimeter of a conduit
with ¢omposite roughness

Acceleration due to gravity, 322 £/s/s

Hydraulic grade line

Height of hydrauli¢ grade line above centerline of orifice, ft
Friction head loss, {t . ‘

Height of hydraulic gradé line above outlet invert, It

Hejght of tnilwater above crown of submerged road, ft

Sum of inlet loss, friction loss, and velocity head in a culvert, ft

Total encrgy required to pass & given discharge through a culvert, £t
Head loss at bend, ft

Specilic head at critical depth (d, + ¥V %/2g), ft

Entrance head Joss, 't

Friction head loss in culvert barrel, ft

Head loss at bar grate, ft

Head loss at junction, ft

Friction head loss in tapered inlet, £t

_Exit head loss, £t

Velocity head = V¥/2g, ft

Dépth from inlet invert to upstream total energy grade line, ft
Headwater depth above the bend section invert, ft

Headwater depth above the weir crest, ft

xvi



HW,
BW,
© HW,
HW,
HW,

HW,

GLOSSARY (Cont.)

Design headwater depth, {t 1

© Headwater depth abovc m}et control section mvert £t

Beadwater depth above the cuivcrt inlet face mvert ft
Headwater depth above the culvert outlet mvert ft

Total head of flow over embankment, ft {Measured from roadway ¢crest to up-
stream surface level)

Depth from throat inveri to upstrcan—i total energy grade line, It
Rate of inflow into a storage basin, ft3/3 '

Rainfali intensity; in/hr

Flow constant for an orifice, Q = kahGs ft° §/s

Entrance loss coeff1c1ent _

Correction factor for downstream submargcncc durmg roadway overtopp.mg
Coefficient for unsubmerged inlet control ‘equation

Dimensionless effective prcssure term for bend section control
Dimensionless effective pressurc term for inlet face section control
Dimensionless bar shape factor for caleulating grate head losses
Dimensionless effective pressurs term for inlet throat control
Actual cui‘vcrt 1ength,,ft o |

Approximate length of culvert, including tapercd ihlét;.but”excluding' wing-
walls, 't . :

Width of roa-_dway prism crest, ft

Dimensions relating to tapered inlets, [t

Expopent in unsubmerged inlet control equation.
Manning roughness coefficient

Weighted Manning o value

“_Numbcr of barrels

Rate of outfiow from a storage basin, ft3/s

Wcttcd penmcter, £t .

Wettcd pcrzmetcr of tapcrsd intet face, ft-

Wetted perimeter of tapercd inlet throat, £t

Length from crest of depression to face of culvert, {t
Discharge over segment of embankment, £t%/3
Discharge, £t¥/s .

Flow through culvert as opposed to flow over embankment, f13/s

xvii
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GLOSSARY (Cont.)

HWy Design headwater depth, ft. i

HW, Headwater depth above inlet control section invert, fi

HW, Headwater depth above the culvert inlet face invert, £t

HW, Headwater depth above the cul¥ert outlet invert, ft

HW, ' Total head of flow over embankment, £t (Measured from roadwas-r crest to up- -
stream surface level) ‘

HW, Depth from throat invert to'upsltrcam total energy gradé line, t

1 Rate of inflow into a storage basin, £13/s

Rainfall intensity, in/hr

k ' Fiow constant for an orifice, Q = kah9, 105/

k,  Entrance loss coefficient ' ‘
| K, Correction factor for downsiream submergence during roadway overtopping
K Coefficient for unsabmerged inlet control equation )

Ky Dimensionless effective pressure term for bend section control

Ky Dimensionless ef fective pressure term for inlet face section control

X,  Dimensionless bar shape factor for calculating grate head losses

K Dimensionless effective pressure term for inlet throat conirel

L Actuai culvert length, ft

L, Approximate length cﬁ"culvcrt, including tapered inlet, but excluding wing-

walls, f't : . ‘
L, Width of roadway prism crest, {t

Ly Ly, Dimensions relating to tapered inlets, ft

Exponent in unsubmerged inlet control equation

M

o - Manning roughﬁcss' coefficient
T Weighted Manning n value

N Number of barrels
O
P

. Rate of outflow from a storage. basin, £t3/s
Wetted perimeter, [t : i
Py Wetted perimeter of tapered inlet face, ft

D Wetted perimeter of tapered inlet throat, ft
‘ P Length from crest of depression to face of czﬁve%t, ft
- Qe ' Discharge over segment of embankment, {t*/s
Q Discharge, [1%/s . _
Qs Flow through culvert as opposed to flow over embankment, ft3/s -
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GLOSSARY (Cont.)

Discharge at critical depth, {t%/s

Design‘ discharge, ft¥/s '

Discharge over total length of embankment, £13/s

Peak flow rate, £1%/s d |

Routed (reduced) peak flow, Ft¥/s

Total of Qy + Qg f1%/5

Discharge for 50-year return period (sn:nﬂar for other return pcnods), fed/s

Hydraulic radms = cross-sectional area of flow through culvert or channci
divided by wetter perimeter, {1

Rainfall runoff, £
Rainfall, in

Reinforced concrete pipe
Storage in a storage basin, {12
Slope of culvert barrel, ft/f‘t

Stope of embankment or face of e’xcavht%on, expressed a5 Sgl,.
horizontalivertical, ft/ft

Slope of fall at culvert inlet, expressed as Sgl, horizontalvertical, ft/ft
Friction slope of full flow HGL, {t/ft

Siopé of channel bed, {t/{t

Time, min or sec i

Time of concentration for Rational equation, min

Time to peak of a runoff hydrograph, min or sec

Depth of depression, It

Rainfail duration, min

C’ritica} storm duration, min

Top width of flow prism, ft

Cotangent of angle of sidewalls in tapercd inlet with respect to an extensmn
of the culvert s:dewaus, fL/et, .

Tailwater dcwth measured from culvert outlet 1nvert ft
Mean velocity of flow, ft/s '
Channel velocity downstream of culvert, fi/s

Velocity of flow between bars in a2 grate, ft/s

.Vclocity at outiet of culvert, ft/9 ;

Approach velocity upstream of culvert, ft/s

Maximum cross-sectional width of the bars facing the flow, ft
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W Length of weir crest for slope tapered inlet with mitered face, 1t
WV, Len;cgth of weir crest of fzll, excluding sides of depression, ft A
WW Wingwall of culvert entrance -

X Minimum clear spacing between bars, ft

" X4.X4X 4 Lengths of overflow sections along embankment, ft

Ly Depth of flow, {t

y' Change in hydraulic grade line thro‘ugh_ a2 junction, ft

Y Additive term in submerged inlet control equation

Yy - Hydrauhc dcpth A /T ‘

Z ‘ The difference in clcvatxon between the crest and face sectxon ‘of = sIope—
tapered inlet with a mitered fade, ft

S, -Angle of bar grate with respect to the horizontal, degrees

= Flare angles of side walls of tapered inlet with respect to extension of
culvert side wall, degrees

8, Angle of departure of the top 'slab from a planme parallel to the bottom slab,
degrees

&, Flare angle of wingwalls with respect to extension of culvert side wall,
degrees

aj Angle between outfall and lateral at 2 junction, degraes

D oxix






U.S. DEPARTMENT OF TRANSFORTATION
FEDERAL HIGHWAY ADMINISTRATION

HYDRAULIC DESIGN OF HIGHWAY CULVERTS

1. INT{RODUCTION

A. General.

_The purpose of this publication is to
provide information for the planning and
hydraulic design of highway culverts and
inlet improvements for culverts. (figure
I-1)  Design methods are- included for
special shapes including long-span cul-
verts. (figure I-2) . Detziled informa-
tion is provided on 'the routing of flow
through culverts, Guidance and refer-
ence sources are furnished for environ-
mental, safety, structural, . economic,
and other consideration.

e PRt — P AREE --_-‘u_:-—-u.r =
e e T ]
3

oo

Figure I-1--Typical concrete pipe culvert.

The check. lists, design charts an'd
tables, and calculation {forms of_thzs
publication .should provide the designer

with the necessary tools to perform cul-

vert designs ranging from the most basic
culverts to more complex improved inlet
designs. Figure I-3 is a flowchart of
the culvert design procedure followed iz;
this manual

AT
4 ”ﬂ*‘_*"

/. Figure I-2--Long span culveri.

The methodology of culvert design
presented in this publication is in a
clear, usable format. It is iniended
for those with a good understanding of
basic hydrologic and hydraulic methods
and with some experience in -the design
of hydraulic structures. The experi-
enced designer is assumed to be able tc
understand the variety of flow condi-
tions which are possible in these com-
plex hydraulic structures and make ap-
propriate adjustments. The inexperienc
ed designer and those unfamiliar witk
hydraulic phenomena shouwld use this publ
cation with caution.

This publication combines the
information and methodology contained ir
Hydrdulic Engineering Circular (HEC

Number 35, Hvdraulic Charts for the
Selection of Highwav Culverts, HEC
Number 10, Capacity Charts for the

Hvdraulic Desien of Highwav Culverts

APPENDIX I-1



and HEC Number 13, Hydraulic Desien of
Improved Inlafs for Culverts with other
more recent culvert information devels
oped by governmental agencies, universi-
ties, and culvert manufacturers to produce

a comprehensive culvert design publica-

tion. (1,2,3)

HYDROLOSIC
AMALYSIS

» "
1 . sivE 0ATA
AQUISITION

L. -

CULVERT DESIGN ‘

TAPERED INLET
DESIGH

TAPERED
tNLETS

: C STORAGE ROUTING
ANALYSIS

' &

I

DEBIGH
DOCUMENTATION

Figure I-3--Culvert
design procedure flowchart.
!
B, Overview Of Culverts.

A culvert is a hydraulicslly short
conduit which conveys stream {loW through

e

‘s roadway embankment or past some other

type of flow obstruction. Culverts are
constructed from a variety of materials
and are available in many different shapes
and configurations. Culvert selection
factors include roadway profiles, channel

“charasteristics, flood damage evaluations,

construction and maintenance costs, and
estimates of service life.

1. Shapes. Numerous cross-sectional
shapes are available. The most commonly
used shapes, depicted in figure 1-4,
inctude  circular, box (rectangular),
elliptical, pipe-arch, and ‘arch. The
shape selection is based on ‘the cost of
construction, the limitation on upstrezm-
water surface elevation, roadway embank-
ment height, and hydraulic performance.

5 Materials. The selection of &

- culvert materialmay depend upon structural

strength, hydraulic roughness, durability,
and corrosion and abrasion resistance.
The thres raost common culvert materials
are . concreie (reinforced - and

. _nonreinforced), corrugated aluminum, and
- gorrugated steel. Culverts may also be
lined with other materials to

inhibit
corrosion and ‘abrasion, or to reduce
hydraulic Tesistance, For example, ¢0f-
rugated metal culverts ‘may be lined with
asphaltic concrete. A ‘concrete DOX cul-
vert and a corrugated metal arch culvert
are depicted in figures I-5 and 1-6 res-
pectively.

3. Inlets. A multitude of different
inlet configurations are utilized on
culvert barrels. These include bath
prefabricated and " constructed-in-place
installations. Commonly, used  inlet coms
figurations include projecting culvert
barrels, cast«in-place concreéte headwails,
precast or prefabricated end sections,
and culvert ends imitered to conform 1o
the fill slope. (figure I-7) Structural
stability, aesthetics, erosion control,

and fill retention are considerations in
the selection of various inlet configura-

t100s.
APPENDIX -2 /



v

GIRCULAR

BOX (RECTANGULAR)

"ELLIPTICAL

PIPE ARGCH

METAL BOX

ARCH

Figure I-4--Commonly used culvert shapes,

Figure [-5--Precast concrete box culvert
(American Concrete Pipe Association).

The hydraulic capacity of a culvert
may be improved by appropriate inlet selec-
tion. Since the natural channel is usu-
ally wider than the culvert barrel, the
culvert inlet edge represents 2 flow
contraction and 'may be the primary flow

control. The provision of 2 more gradual
flow transition will lessen the energy
loss and thus create a more hydraulically
efficient inlet condition, (figure I-8)
Beveled edges are therefore more efficient
than ~sguare edges. Side-tapered and
slope-tapered imlets, commonly referred
to as improved inlets, further reduce
the flow contraction., Depressed inlets,
such. as slope-tapered inlets, increase the

effective head on the flow control sec-

tion,” thereby further increasing the
culvert efficiency. Figures I-5 and
I-10 depict & side-tapersd and a slope-
tapered inlet respectively.

C. Culvert Hvdraulics.

A complete theoretical anpalysis of
the hydraulics of a particular cuivert
installation is time-comsuming and dif-
ficult. Flow conditions vary from culvert
to culvert and they also vary over time
for "any given culvert. The barrel of
the culvert may flow full or partly full
depending upon upstream and downstream
conditions, barrel characteristics, and
inlet geometry. '

APPENDIX I-3



- Figure Lé»—Corrugﬁteé metal

Research by the National Bureau of
Standards {NBS) sponsored and supported
by the Federal Highway Administration
(FHWA), formerly the Bureau of Public
Rozds (BPR), began in the early 19507
and resulted in a series of seven reports.
(4 to 10) These reports provided a com-
prehensive analysis of culvert hydraulics
under various flow conditions. These
data were used by the BPR staff to develop
culvert design aids, called nomographs.
These nomographs are the basis of the
- culvert design procedures in' HEC No. 3,
HEC No, 13, and this publication. '

The approach presented in HEC No. 5
is to analyze a culvert for various types
of flow control and then design for the
control which produces the minimum ‘per-
formance. Designing for minimum perfor-
mance ignores transient conditions which
might result in periods of better per-
formance, The benefits of designing for

arch culvert (ARMCO).

minimum performance are ease of design
and assurance of adequate performance
under the least favorable hydraulic con-
ditions, ' '

1. Flow Conditions. A culvert barrel
may flow full over all of jts length or
partly fuil.  Full flow in a, culvert
narrel is. rare. QGenerally, at least
part of the barrel flows partly full. A
water surface profile caleulation is the
only way to accurately determine how
much of the barrel flows full

o Full Flow. The hydraulic con-
dition in 2 culvert flowing full is called

pressure flow. If the cross-sectional
area of the culvert in pressure flow
were increased, the {low area would

expand. One condition which can creaie
pressure flow in a culvert ig the back-
pressure caused by 3 high downstream
water surface elevation. A high upstream.

APPENDIX I-4
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CAST-IN-PLACE CONCRETE.

PRECAST END SECTION

HEADWALL & WINGWALLS

END MITERED TO THE SLOPE"

Figure I-7--Four standard inlet types (schematic).

water surface elevation may also produce
full flow. (figure I-11) Regardless of
the cause, the c¢apacity
operating under pressure flow is affected
by upstream and downstream conditions
and by the hydraulic characteristics of
the culvert.

b: Partly Full (Free Surface) Flow.
Free surface flow or open cHannel {low
may be categorized as suberitical, cri-
tical, or supercritical. A determina-
tion of the appropriate fiow regime is
accomplished by evaluating the dimen-

of a culvert

sionless number, F
number:

;» called the Froude

CF o= V(a0

In this eguaticn, V is the average
velocity of flow, g is the gravitational
acceleration, and y, is the  hydraulic
depth. The hydraulic depth is calculated
by dividing the cross-sectional flow
area by the width of the free water sur-
face. When F, » 1.0, the flow s
supercritical and is  characterized as
swift. When F, < 1.0, the flow is sub-
critical and characterized as smonoth aad
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,Contracticn Of Flow Reduces - | ‘:'-;‘ /Minlmal Flow Contraction

Effective Barrel Slzg
r

' \ % -
* SQUARE EDGE. /. R CURVED EDGE
2 ENTRANGE TARE ENTRANCE
";:"_ / .
g b
Flgure I-8--Entrance contracilon (schematle),
Faca Sectlon T
: Fanou Sueehon

Wingwalls

!

Figure I-9--Side-tapered inlet.
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Figure I-10--Slope-tapered imlet.
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Figure I-11--Culvert {lowing full .
(no tailwater at cutlet end).

tranquii, iIf F, = 1.0, the flow .is said
to be ¢ritical.

The three flow regimes are illustrai-
ed in the depiction of z small dam in
figure 1I-12.  Subcritical flow
" upstream of the dam crest where the water
is deep and the velocity is low, Super-
critical flow occurs downstream of the
dam crest where the water is shallow and
the velocity is high. Critical flow
gecurs &t the ddm crest and represents
the dividing point between the subcr:tical
and supercritical flow regimes.

To ‘analyze free surface flow condi-
tions, 2 point of known depth and flow
(conirol section) must first be identi-
fied, A definable relationship exists
between critical depth and critical flow
at the dam crest, making it a convenient
¢ontrol section.

Identification of subcritical or super-
eritical flow is required continue
the znalysis of free surface fiow condi-
tions. The example using the dam of
figure I-12 depicts both flow regimes,
Subcritical  flow characteristics, such
2s’ depth and velocity, can be affected
by ‘downstream disturbances or restric-
tions. For example, if an obstruction
is placed on the dam crest (control sec-
tign), the water level upstream will
rise. In the supercritical flow regime,
filow characteristics are not affected

occcurs’

by downstream disturbancés, For exampie,
an obstruction placed at the toe of the
dam does mot affect upstream water levels.

The sdme type of flow illustrated by
the smzall dara may occcur in a ste¢p culvert -
flowing partly full (figure I-13)  In~
this  sitwation, critiecal .
occur at  the culvert imlet, ~subcritical
flow could exist in the upstream channel '
and supercritical flow would exist
the culvert barrel. ' :

A special type of free surface flow
is called "just-full flow” This is =2
special condition where a pipe flows
full with no pressure. The ‘water surface
just touches the crown of the pipe. The
analysis of this type of f{low is the
same as for free surface flow,

2, Types of Flow Control. Inlet and
outlet control are the two basic types
of flow control defined in the research.
conducted by the NBS and the BPR., The
basis for the classification system was

the location of the control section.
The characterization of pressure, suberi-
tical, =and supercritical flow regimes

played an important role in determining
the location of the control section and
thus the type of control. The hydraulic
capacity of & culvert depsnds upon a
different combination of facters for
each type of control.

& Inlet Control Inlet control
occurs when the culvért barrel is capable
of conveying more flow than the inlet
will accept. The control section of a
culvert operating under inlet control is
located just inside the entrance. Cri-

tical depth occurs at or mnear this loca-

tion, and the flow regime immediately
downstream i supereritical. Figure
1-13 shows one typical inlet control

flow condition. Hydraulic characteristics
downstream of the inlet comtrol section

_do not affect the culvert capacity. The

upstream water suirface elevation and the
inlet geometry represent the major flow

controls. The inlet geometry includes
the barrel shape, cross-sectional ares,
and the inlet edge. (table 1)

APPENDIX I-7
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- Water Surface
de = Cntlcal Depth’

Fxgure 1-13--Typical inlet control flow condition.

b. Qutlet Comrol. -Qutlet control
flow occurs when the culvert barrel is not
capable of conveying as much flow as the
inlet opening will accept. The coontrol
section for outlet control flow in 3
culvert is 1ocatcd at thc barrcl exit or

" furthes

subecritical

Either
or pressure flow exists™ ia the culvert

downsirean. -

conditions. Figure
‘outlet control
geometric
the

barrel under these
I-14° shows two typical
flow conditions. All of the
and hydraulic characteristics of
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M ~.LOSES THROUGH CULVERT .
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 Figure I-14--Typical outlet control flow conditions.

culvert play a role in determining its
capacity. These characteristics include
all of the factors governing inlet con-
trol, the water surface elgvation at the
outlet, and the slope, length, and hydrau-
lic roughness of the culvert barrel.
{table 1)

3. Headwater. Energy is required to
force flow through a culvert. This encrgy

takes the form of an increased water’

surface elevation on the upstream side

of the culvert. The depth of the upstream.

water surface measured from the invert
at the culvert entrance is generally
referred to as headwater depth. (figures
I-13 and I-14) |

A considerable volume of water may be

'pondad upsiream of a culvert installation.

under high fills or in areas with flat
ground slopes. The pond which is created
may attenuate flood peaks under such
conditions. This peak discharge attenua-

_case,

tion may justify a reduction in the re~
quired culvert size.

4, Tailwater. - Tailwater is defined
as the depth of water downstream of the
culvert measured from the outlet imvert
(figure 1-14) It is an importent factor
in determining culvert capacity under
outlet control conditions. Tailwatet
may be caused by an obstruction in the
downstréeam channel or by the hydraulic
resistance of the channel. In either
backwater - calenlations from the
downstream control point are required.to
precisely define tailwater. When appro-
priate, normal depth approximations
may be used instead of backwater calcula~

" . tions.

'5, Qutlet Velocity. Since a culvert
usually constriets the awvailable channel
area, flow velocities in the culvert are
likely to be higher than in the ¢hannel.
These increased velocities can cause
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Table 1
Factors influencing culvert performance.

Qutlet
Control

Inlet

factor Control

Headwater
Elevation

Inlet Area
Iinlet Edge
Configuration
Inlet Shape

W oW »

Barrel Roughness |
Rarrel Area ol
Barrel Shape

Barrel Length
Barrel Slope *

Mpppipd MM MW

Tailwater
Elevation

7

-

sBarrel slope affects inlet control peér-
formance to a small degree, but may Dbe
neglected. R

streambed scour and bank erosion im the
vicinity of -the culvert outlet. Minor
problems <an occasionally be avoided by
increasing the barrel roughness, Energy
dissipators and outlet protection devices
are sometimes required to avoid excessive
scour at the culvert - outlet.
culvert is operating under inlet control
and the culvert barrel is nmot operating
at capacity, it is often beneficial to
flatten the barrel slope or add a rough-
. enied section to reduce outlet velocities.

6. Performance Curves. A performance
curve is a plot of headwater depth or
elevation versus flow rate. The resulting
graphical depiction of culvert operation
s useful in evaluating the hydraulic
capacity of a culvert for various head-
waters. Among its uses, the performance
surve displays the consequences of higher
flow rates at the site and the benefits
of inlet improvements.

When &

10

“gervica life.

In developing a culvert performance
curve, both ' inlet and outlet control
curves must be plotted.” This is necessary '
becausé the dominant control at a given
neadwater is hard to predict.  Alsor

- control may shift from the inlet to the

outlet, or vice-versa over a Tange of
flow rates. Figure I-15 illustrates 2
typical culvert performance ‘curve., At
the design headwater, the culvert operates
under inlet control. With inlet improve-
ment the culvert performance can be in-
creased to take better advantage of the
culvert barrel capacity. : '

*“: ~ Qutiet Control

‘:____E_fesign
Meadwater
/!

HEADWATER ELEVATION (ft)
W

Inlet Control Flo

Outlet Control Flo

FLOW (ft¥s)

Figure I—IS«»CuIvert performance Curve. ‘

D.

Economics.

The hydraulic design of = culvert
installation always includes an economic
svaluation. A wide gpectrum of flood
flows with associated probabilities will
occur at the culvert site during its
The benefits of construcs
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ting & large  capacity culvert to
accommodate all of these events with no
detrimental flooding effscts are normally
outweighed by the iaitial construction
costs. Thus, an economic analysis of
the trade-offs is performed with varying
degrees of effort and thoroughness.

1. Benefits and Costs. The purpose’
of a highway culvert is to coavey water
througharoadwayembankment., Themajor
benefits of the culvert are decreased
traffic interruption time due to roadway
fivoding and increased driving safety,
The major costs are associated with the
construction of the roadway émbankment
and the culvert iiself. M=aintenance of
the facility aad flood damage potential
must also be factored into the cost an-
alysis, '

2. Analysis,  Traditional economic
evaluations for minor stream crossings
have been somewhat simplistic, Culvert
desizn flows are based on the importance
of the roadway being served with little
attention given to other economic and
site . factors, A more rigorous
investigation, termed 2z risk amnalysis,
is sometimes performed for large culvert
instaliations,  The objective of the
risk- analysis is to find the optimum
culvert capacity based on. z comparison
of benefits and costs. (figure I-16)
The designer should be aware of the risk
analysis process and consider using it to
analyze altermatives where flood damage
is large or culvert cost is significant,

11

COST+ RISK (ECONOMIC RESPONSE], §

RIS oy -y
COST 8 RISK e

CULVERT AREA

Figure I-16--Risk znalysis
.benefit versus cost curve,
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4 DESIGN CONSIDERATIONS

* A. Hvdrology.

1. General. Hydrelogic analysis “in-
volves the estimation of a design flow rate

based on climatological and watershéd

characteristics,  This analysis is one
of the most important aspects of culvert
design. Since statistical uncertainties
are inherent in hydrologic analysis, the
results of the analysis are not as accurate
ag the results of the hydraulic anzalysis
of a culvert. Nonetheless, both of these

analyses are required, and the hydrologic:

study “must be performed first. FHWA
Hydraulic Engineering Circular (HEC)
Number 19, Hydroleogv, is an excellent
reference for gaining information and
insight into most of the hydrolegic methods
mentioned in this publication. (1 1)

A statistical concept often associated
with hydrologic analysis is the return
period. The term return period is used
when referring to the freguency of cccur-
rence of rare events such as floods.
Mathematically, the return period is the
reciprocal of frequemey. For example,
he flood which has a 5 percent chamce
of occurring (frequency) in 2ny given
year also has a return period of 20 years;
ie, 1/0.05 = 20 years. In other words,
this fiood event will be exceeded on the
average cf once every 20 years over 2
long period of time, Hence, the 20 year
flood event is likely to De exceeded
five times during a 100-year peried.
These events will be randomly spaced

‘over the 100 years.

Large and expensive culvert
installations may warrant extensive hydro-
logic analysis. This increased level of
effort may be necessary in order to per-
form risk analysis and/or storage routing
calcuiations.  Risk analysis requires
the computation of {lows for several
different return periods. Storage routing
calculations reguire the dcf%nition of
the entire flood event or hydrograph.

13

~ Considerable study of the use of risk.
analysis in culvert design has occurred
over the past 10 to 20 years. Risk amal-
ysis ‘balances the culvert cost with the
damages associated with inadequate culvert
performance., These studies bave been
fruitful in relating ' culvert desizn to
economic theory and in defining the mo-
netary consequences of both over-design
and under-design. The limitations of
culvert design based solely on arbitrary
return periods have been duly exposed in
the process. . o :

Storage routing is the attenuation of

“the flood flow due to the storage volume

upstream of the culvert Risk analysis
studies often include storage routing as
an ‘integral part of the culvert sizing
process. . Consideration of storage routing
in these studies often reduces the design
culvert size. THence, storage 7outing
has been inciuded as am optional part of
the design procedure presented in this
manual. . .

2. Peak Design Flow. As 2 flood wave
passes a point along a stream, the flow
thcreases to 4 maximum and then recedes,
The maximum fiow rate is called the peak
flow. The peak flow has been, and con-
tinues to be, a major factor in the cul-
vert design process.

In traditional culvert design, & struc-
ture is sized to pass a peak flow f{rom
one side of the roadway embanpkment 10
the other with an acceptable headwater
elevation. - The -magnitude of the peak
fiow Is dependent upon the selection of
a return period. The assignment of a
return period is generally based on the'
importance of theroadway and flood damage
potential. 2

For gaged sites, statistical analyses
can be performed on the recorded stream
flow to provide an estimated peak design
flaw for & given return period. The
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Figure II-1.--Flood hydrograph. -

accuracy of the estimate improves as the
length of the record increases. For
cuivert sites significantly removed from
the gage, the peak design flow may have
to be adjusted.

A typical statistical analysis for
data from a gaged site proceeds as fol-
lows. First, the annuval peak flows for
the site are arranged in descending or-
-der.. Then, the ' plotting position s
calculated by one of several available
formulas. (11) The peak floods are then
plotted on a probability paper to define
the frequency relationship for the gage
site. If Gumbel paper (Type I extremal
distribution) is used to plot the data,
the mean of the data (mean annual flood)
will plot at a frequency of 0.429. This
equates to a retura period of 2.33 years.
Other return periods can be read [rom
the freguency plot, because the return

period is the inverse of the frequency.

Ungaged sites present more of a design
problem. Stream gage data for particular
regions have been utilized to -develop
statistical  regression equations . for
most areas of the country, These equa-,
tions generally require basic watershed
parameters such as drainage ares and
average stream slope. Using the required

data, peak design flows can be determined

for ungaged sites within that region..
Deterministic methods are also available
which attempt to model the rainfall-runoff
process. The key input parameter in
these methods is rainfall which must be

~related to a return period, The amount

14

of watershed datz reguired is dependent
upon the sophistication of the model.
Table 2 lists some of the commonly em-
ployed methods of peak flow generation for
gaged and ungaged sites.
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Table 2--Peak determination methods.

Gaged Sites

1) Normal Distribution

2) Log-Normal Digtribution
- 3) Gumbel Extremse Yalue

4) Log-Pearson Type 11l Distribution

3, Cheek Flows. Culvert operation
shounld be evaluated for flows pther than
the peak design flow because (1) It is
good design practice 10 check culvert
performance through a range of discharg-
es to determine acceptable operating
éonditions, (2) flood plain _.regulations
may require the delineation of the 100-year
flood plain, and (3) in performing flood
risk analyses, estimates of the damages
caused by headwater levels due to floods
of various frequencies are required.

Check flows are determined in the
same manner as the peak design f{low.
The hydrologic procedures used should be
consistent unless unusual circumsiances
dictate otherwise, For example, &8 stream
gage record may be long enough to estimate

a 10-year peak design flow but too short

Distribution

to accurately generate & 100-year check

flow. Under these circumstances the
check flow should be evaluated by another
method.

4. Hydrographs., The entire f[lood
hydrograph at the culvert site must be
defined if upstream storage is to De
considered in culvert design. Passing
the peak design flow through a culvert
negiects the attenuating effects of up-
stream storage. If this storage is taken
into account, the required culvert size
may be substantially reduced. - Since
volume considerafions are nowW involved,
the flood hydrograph becomes an integral
part of the design process.

- A flood hydrograph is a plot of dis-
- ¢harge versus time.

rise and fall of stream flow over time
as the flood passes. Actual flood hydro-
graphs can be obtained using stream gage

Figure 1I-1 depicts.
a typical flood hydrograph showing the.

i35

Unzaged Sites

1) USGS Regression Equations
2) FHWA Regression Equations
3) Regional Peak Flow Methods
4) SCS Peak Discharge Method
5} Rational Method

records, These measured storm cvents can
then .be used to develop design flood
hydrographs. In the absence of sIrearh gage
data, empirical or mathematical mérhods,
such as the Snyder and SCS synthetic hydro-
graph methods, are ugsed to generale &
design flood hydrograph,

‘“The unit hydrograph technique is o
popuiar procedure for determining the
response of a watershed to a specified
design rainfall. A unit hydrograph repre-
sents the runcff response of a watershed
to 2 uniform l-inch rainfall of a given
duration. A unit hydrograph may be gener-
ated from data for a gaged watershed or
synthesized from reinfall and watershed
parameters for an ungaged watershed.
Both methods are briefly described below.

) a. ‘Unit Hvdrpgraph Formulation -
Gased Watershed, To develop & unithydro-
graph for a gaged watershed, the designer
should have streamflow and rainfall re-
cords for & number of storm events. The
rainfail data must be representative of
the rainfall over the watershed during
each storm event. In addition, the rain-
fall events should have relatively con-
stant intensities over the  duration of
the storm. -

. Unit 'hydrograph generation involves

“foyr steps which are illustrated in figure
- IT-2.

{1} The groundwater or low flow
contribution of the gaged flood hydrograph
is estimated and removed from volume
consideration. This groundwater or low
flow contribution’ is generally regarded

“ag constant and estimated to be the amount

of stream flow prior to the siorm event.
(2) The voiume of the remaining runoff
hydrograph is caleulated. This is termed
the direct runoff volume. (3) The direct

APPENDIY I-15~



Q : S /DEPTH OF RA

&

- VOLUME. O e
% RUNDFF RUNOFF WATERSHED AREA | DELERMINED OF

DURATION "t*
;-

/////

REMOVE GROUNDWATER

Figure I1-2.--Unit hydrograph determination procedure.

runoff volume is then distributed over The unit hydrograph can be used with
the entire watershed {(divided by the  thé concepts of linearity and superposi-
watershed area) to determine the equiva- tion to predict the watershed response
lent runoff depth. (4) The ordinates of to a design rainfall with a specified
the tunoff hydrograph are divided by return  period. * Linearity implies that
this runoff depth to produce the unit if the unit hydrograph represents a basia's
hydrograph for the storm duration. response to l-inch of runoff for a given
LINEARITY ' ' _ ' ‘ SUPERFOSITION
TIME
A A
20p e TN
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Figure II-3.--Linearity and superposition concepts.
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P

specified

storm duration, 2-inches of runoff over
the same duration doubles the discharge
at -each point in time. . Superpositien
allows for the accumulation of individual
runoff .responses. For example,

if =

storm event which generates {-inch of -

runoff over a given duration is follow€d
immediately by eamother l-inch runoff
storm event of the same duration, the
basin response will be the accumulation
of the individual -effects over . time.
(figure 1I-3) C

A unit hydrograph is derived for a
storm duration. Since storm
durations vary, many gifferent unit hydro-
graphs exist for any particular water-

shed, Technigues exist to vary the dura-

wgt Curve (Summalion Curve) approach,
(11} These methods are useful in matching
the design unit hydrograph to the duration
increment of a design rainfall. Methods
are alsoc available to formulate design
reinfails  using US Weather  Service
data, (12,13)

b. Synthetic Unit. Hvdrosraph. A
synthetic unit hydrograph may be developed
in the absence of stream gase data. The
methods used to develop syhthetic nnit
hydrographs are generally empirical and
depend upon various watershed parameters,
such as watershed size, siope, land use,
and soil type. Two synthetic procedures
which have been widely used are the Snyder
Method and the Soil Conservation Service
(SCS) Method. The Snyder Method uses
empirically defined terms and physiogra-
phic characteristics of the drainage
basin as input for gmpirical equations
which characterize the timing and shape
of the unit hydrograph, The SCS method
atitizes dimensionless: hydrograph P2
ametars based on the analysis of a large
number of watersheds to develop & unit
hydrograph. The only parameters required
by the method are the peak discharge and
the time to peak. A variation of the
SCS synthetic unit hydrograph is the SCS
synthetic triangular hydrograpi.

c. Comoutc? Mbdeis. Hydrologic
computer models are becoming popular for

‘tion of a2 unit hydrograph such as the .

17

increase their validity.

generating flood hydrographs. Some com-
puter models merely solve empirical hand
methods more quickly, Other models are
theoretical and solve the runoff cycle
in its entirety using continuous simula-
tion over short time increments.. Results
are obtained using mathematical equations
to represent each phase of the rtunoff
cycle such as interception, surface reten-
tion, infiltration, and overiand flow.

In most simulation models, the drainage
area is divided into subareas with similar
hydrologic characteristics. A design
rainfail is synthesized for each subarea,
and abstractions, such as interception
and infiltration, are removed. An.over-
land flow toutine simulates the movement’
of the remaining surface water Adiacent
channels receive this overland flow from
the subareas. The channels of the water-
shed are linked together and the channel
flow is routed through them to complete
the basin's response -to the design rain-
fall.

Computer models are available which

simulate a single storm event of coatinuous

runoff over a long period of time. The
cranford Watershed model was oRe of the
earliest simulation wmodels. It i3 a
continuous simulation model using hourly
rainfall. and potential evapotranspiration -
as input dats, The output is in the
form of mean daily flows, hourly ordinates
of the hydrograph, and monthly totals of
the water balance. The EpPA Spongored
Storm Water Management Model (SWMIM)

permits the simulation of a single sterm
event. An assumption inherent in these
models is that the return period of the
computed flood is the same . as that of
the input rainfall, All simulation models:

require calibration of modeling parame-

ters using measured historical evenis to
Most simulation
models require a significant amount of
input data and user experience to assure
reliablé results. E

§ Pasics of Storage Routing. Mea~
surement of a [lood hydrograph 2132 stream
location i3 analegous 10 recording the
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passage of a high amplitude, Jow frequency
wave. As this wave moves downsiream,
its shape broadens and f{lattens provided
there is no zdditional inflow along tk.xe
reach of the stream. This change 1n
shape is due to the channel storage be-

tween the upstream and downstream loca-

tions. If the wave encounters 2 signifi-
cant amount of storage at a given location
in the stream, such as a reservoir, t}Ec
attenuation of  the f{lood wave IS
increased. Figure II-4 depicts the effects
graphically.

Storage routing is the numerical trans-
location of .a flood. wave (hydrograph).
This process is applicable to reservoirs,

FLOW
A

e DOW

Reservoir roufing is dependent only upon

~ storagein modifyinga flood wave. Channel

routing is dependent upen inflow and
outflow as well a5 'storage in =2 stream
reach. - Watershed routing incorporates
the rumoff atterinating effects
watershed and is of importance in scme
hydrograph generation methods: Reservoir
routing is of specidl interest in culvert

design, and it will be discussed further
in chapter V.

B. Site Data :

1. General. The hydraulic design of
a culvert installation requires the eval-
uation of & large amount of data including
cilvert location, waterway data, roadway

B UPSTREAM HYDROGRAPH

NSTREAM HYDROGRAPH {after channei routing)=
RESERVOIR INFLOW HYDROGRAPH

“f———— RESERVOIR QOUTFLOW
HYDROGRAPH

{tter reservoir routing)

Figure IT1-4.--Fiood hydrograph shape ﬁmdif%catiou.

channels, and watersheds. The effects
of the routing are threefold: volume
conservation, peak reduction, and time Tag,
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datz, and the design headwater. Each
of these items and its importance 18
discussed in the following paragraphs.
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5. Cunlvert Location. A culvert should
ideaily be located in the existing channel
ped to minimize costs associated with-
structural excavation and channel wotk,

cations for culvert alignments have been
successful unless the natural channel
was already unstable. {15)

However, this is not always possibie.
Some streambeds are sinuocus and cannot 3. Waterway Data., The instzllation
= sccommodate a stralght culvert. In other of = eculvert to convey surface water .

situations, & stream channel may bave to

pe relocated to avoid the installation

- of an inordinately long culvert.
relocating & siream channel, it is best

transitions at
either end of the culvert. Figure 1I-3
displeys two examples of culvcrt.location
procedures. (14) In one case, the culvert
channel alignment..
In the second case, the channel has been

relocated to reduce the culvert tength. .
Brice concluded that minor chanpel relo-

+o avoid abrupt stream

follows the natural

-G, OF HIGHWAY

through a highway embankment signifi-
cantly constricts the flood plain. To
predict the consequences of this altera-.
tion, accurats preconstruction Waterway
data must be collected. These data in-
ctude cross-sectional information, stréeam
slepe, the hydraulic resistance of the
stream channel and floodplain, any condi-
tion affecting the downsiream water sur-
face elevation, and the storage capacity -
upstream of the culvert. i
site conditions are often beneficial.

N

A

When

CHAsNEL'

ALTERNATE
CULVERT
LOCATION —

-

RELOCATED __.- f— N ATURA
~ CHANNEL—" )\ /‘ AANNEL

Figure 1I-5.--Culvert location methods.
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a. Cross Sections, Stream cross
sectional data .zcquired from a field
survey at the site are highly desirable.
At least three cross sections should be
taken to -establish the stream slope, the
culvert -inlet, the culvert outlet, znd
the configuration of.the natural channel,
{figure II-6) Sections should be taken
{1y about 100 ft (30 m) upstream f{rom
the crossing, (2) ~at the centerline of
the roadway, and (3) about 100
ft (30 m) downstream from the crossing.
The mnaturz] streambed width and side
slopes, and the floodplain width may be
ebtained from these cross sections. The
cross-sectional data will also help to
verify. the accuracy of existing topo-
graphic maps, If significant ponding is

CHANNEL

CROSS
~SECTIONS

. ral channel is
~used 28 the typical cross section.

sary to establish -downstream water level
(tailwater) conditions,

If only one cross section of the natu-
available, it will be
This
assumption should be checked using topo-
graphic maps and aerial photos. Addition-
2]l information on stream slope znd up-
stream storage volume should also be

. obtained from the topographic maps.

b. Stream_ Slope. The longitudinal
slope of the existing channel in the
vicinity of the proposzd culvert should-
be defined in order to properly position
the gulvert in vertical profile and to
define flow charactéristics in the natural

.

& OF HIGHWAY

e CROSS
PROPOSED I SECTION
CULVERT ' \ 1 P
- g
. ) : ,/f
f‘;“\\

Figure 1I-6.--Cross section locations.

likely, additional sections may be neces-
sary to determine the storage capacity
upstream of the culvert. Likewise, addi-
tional downstream sections may be neces-

20

stream. Often, the proposed culvert is

‘positioned at the same longitudinal slope

as the streambed, Cross sections will
provide streambed elevations at the deep-
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est point of the stream. From these

elevations znd the distances between the.

. cross sections the stream slope may be
. caleulated.

¢. Resistance, The hydraulic resis-
tance coefficient of the gatural channel
must. be evaluated in order to calculate
preproject. flow conditions, This resis-
tance coefficient is usually taken 1o be
the Manning o value.” Various methods
are available to evaluate’ resigtance
coefficients for natural streams, includ-
ing comparisons withphotographs of streams

. with known resistance values of sabular

methods based on stream characteristics
(16 to 18). Table 11, appendix D, provides

Manning o values for selected netural

channels.

“d. Tailwater. Culvert performance
is likely to Dbe affected by the down-
strean water surface elevation or tailwa-
ter. Therefore, conditions which might
promote high tailwater elevations during
flood events should be investigated.
Downstream impoundments, obstructions,
channel  constrictions, tidal  effects,
and junctions with other Waiercourses
should be investigated, pased on field
observations and -maps, in order to eval-
uate their impact on the resultant tail-
water elevation. Lacking these condi~
tions, tallwater elevations should be
based on water surface elevations in the
natural channel. These elevations c¢an
be accurately determined from water sul-
face elevation calculations oF estimated
using simplified approximations of water
depth. For most culvert iastaiiations,
an approximation is sufficient. '

e. Upgtream Storage. The storage
capacity available upstream from & culvert
may  have an impact upon its design.
Upstream storage capacity can be obtained
from large scale contour maps of the
upstream area, but a a.foot (0.5m) contour
interval map is. desirable. If such maps
are not available, 8 pumber of ¢ross
sections should be obtained upstream of
the proposed culvert. These sections
must be referenced horizontally. as well
as vertically. The length of upstream

21

channel to be cross-sectioned will depend
on the headwater expected and the stream
slope., The ‘cross sections can be used
to develop contour maps or the Cross
sectipnal areas can be used to . compute
storage. The topographic information

_should extend fromthe channel bed upward

to an elevation equal to at least the
design headwater elevation in the area
upstream of the culvert.

‘4, Roadway Data. . The proposed or
existing roadway affects the culvert
cost, hydraulic capacity, and aligament.
Roadway profile and the roadway Cross
section information ¢an oe obtained from
preliminary roadway drawings of from-
standard detalls on. roadway sections,
When the culvert must be sized prior 1o
the development of preliminary plans, &
hest estimate of the roadway section can
be used, but the culvert design must be
checked after the roadway plans are coms
pleted. :

a. Cross Section. The roadway CT08S
section normal to the centerline is typi-
cally available from highway plans.
However, the cross ssction needed by the
culvert designer is the section at the
stream crossing. This section may be
skewed with reference to the roadway
centerline, For 2 propeosed ~culvert,
the roadway plan, profile, and cross-sec-
tional data should be combined as neces-
sary to obtain this desired. section. A
schematic roadway plan and section with
important elevations is shown in figure
11-7.

b.- CulvertLength. Importantdimen-
cions and features of the culvert will
become evident when the desired roadway
eross section is measured OF established.
The dimensions are obtained DY superimpos-
ing the estimated culvert barrel on the
roadway Cross gection and the streambed
profile. (figure 11-7) This superposition
establishes the inlet- and outlet invert
elevations, These alevations and the
resulting culvert length are approximate
since the final culvert barrel size must
still be determined.
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Figure II-7.--Roadway cross section and culvert lengtﬁ.

¢. Longitudingl Roadway Profile.
The roadway profile represents the ob-
struction encountered by the flowing
stream. The embankment containing the
culvert acts much like a dam. The culvert
is similar to the normel release struc-
ture, and the roadway crest acts as an
emergency spillway in the event that
the upstream pool (headwater) attains a
sufficient elevation. The location of
initirl overtopping is dependent upon
the roadway geometry, (figure 1I-3)

The profile contained in highway plans
generally represents the roadway center-
line profile. These elevations may not
represent the high point in the highway
cross section. The culvert designer
should extract the profile which estab-
lishes roadway flooding and roadway over-
flow elévations from the highway plans
available. The low point of the profile
is of critical importance, since this is
the point at which roadway overtopping
will first eccur. '

5, DesignHeadwater. Themosteconom-
ical culvert is one which would utilize
all of the available headwater to Dpass
the design discharge. Since the discharge
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capacity increagses with increasing head,
the available headwater elevation must
be determined. This design hezdwater
elevation generally hinges on one of
three factors; economic considerations,
regulatory  constraints, or  arbitrary
constrainis,

An increase in available headwater
can be obtained at some sites by depress.
ing ({(burying) the culvert imlet, This
procedure is advantageous for steep cul-
verts which operate under ‘inlet control.

" Additional information on this procedure

is contained in chapter II1.

a. Economic Considerations. As
ponding elevations increase uUpstream
from a culvert, detrimental economic
consequenices can occur., Although for
major structures it may be advantagedus
to perform a flood risk analysis (chapter
YI), site-specific conmstraints are some-
times adopted in liew of a full risk
analysis. Such constraints are based on
some designated elevation that is not to
be exceeded within a specified return
period. This elevation moay correspond
to some critical point on the roadway
such as the roadway shoulder or the road-
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way overtopping elevation. Amnother cri-
teriz might be the flood damage elevation
of an upstream building. Possible loss
of life and the importance of the highway
are likewise considered. While all of
these factors pertain 10 risk analysis,
a détailed risk apalysis 18 generally
not performed.

B, Regulatory Constraints. The
requirements of the National Fload Insur-

ance Program are 2 major consideration
~in culvert design, -Most communities are
now participating in this program. The

imitation on flood plain construction
as it affects the base (100-year) flood
elevation ‘iz of primary importance.
Depending upon the culvert location,
existing floodway encroachments, and
whether there is 2 specified floodway,
the allowable water surface elevation
increase varies from g to 1 foot (0.3m).
Regardless of the return period utilized

in the culvert design’ for the particular
roadway, the 100-year raturs period flood
must be checked to ascertain the effects
of the culvert on the base flood eleva-
tion. (19)

) ¢. Arbitrary Constraints. Some
state or local agencies place arbitrary
.constraints on the dedign headwater pro-
duced by a culvert, For example, the
headwater depth may not pe allowed to
exceed the barrel height or some multiple
of the barrel height. Although these
constraints will severely limit the flex-
ibility inherent in culvert design, they
must be followed unless the controlling
agency can be convinced to relax the
restrictions or grant &n exemption.

¢, Symmary of Data Nezeds.

Table 3 summarizes the various data
needed for culvert design.
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Table 3--Data Requirements for Culvert Dasign.

DATA

HYDROLOGY
Peak Flow . <r”

Check Flows

Hydrographs (if storage routing is
utilized)

SITE DATA
Culvert Location

*Waterway Data

: Cross Sections
Longitudinal Slope
Resistance

Tailwater
Upstream storage

- Roadway Data
Cross Section
Profile
Culvert Length

Design Headwater
Critical points on rocadway
Surroundiag buildings or
gtructures

Regulatory Constraints

Arbitrary Constraints

- 24

SOURCE

Stream gage analysis or calculated using
Rational Formula, SCS Method,
regression equations, ete,

Same as for peak.flow

From stream gage information or. synthetic
developmentmethodssuchasSCSMethod,
Snyder Methed, or compuzter models

Based on site characteristics inciuding
natural stream section, slope, and
alignment

Field survey or topographic maps

Fleld survey or topographic maps

Observation, photographs, or calculation
methods

Field survey, maps

Field survey, maps

Roadway plans
Roadway plans
Roadway plans

Roadway plang
Aerial photographs, surveys, or
topographic maps

Floodplain and f{lood insurance regu-
lations for stream reach of interest

State or local regulations for culvert

installations
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111, CULYERT DESIGN

A. Culvert Flow.

1. General, An exact theorgﬂcal
analysis of culvert flow is extremely
complex because the flow is usually non-
uniform with regions of both gradually
varying and rapidly varying flow., An
exact analysis imvolves backwater and
drawdown calculations, energy and mo-
mentum balance, and application of the
results of hydraulic model studies, For
example, ‘the U.S. Geological Survey has
defined 18 different culvert flow types
_bBased on inlet and outlet submergence,

the flow regime -in the barrel, and the

downstream brink depth. (20) Often,
hydraulic jumps form inside or downstream
of the culvert barrel. In addition, the
flow types chapge in a given culvert as
the flow rate and teilwater elevations
change.

In order to systematically analyze
culvert flow, the procedures of
publication have been developed, wherein
the various types of flow are classified
and anslyzed on the basis of control
section. A control section is a location
" where there is a unique relationship
between the flow rate and the upstream
water surface elevation. Many different
fiow conditions exist over time, but at
a given time the flow is either governed
by the inlet geometry (inlet control};
or by a combination of the culvert inlet
configuration, the _characteristics  of
the barrel, and the tallwater (outlet
control). Control may oscillate from
inlet to outlet; however, in this publica~
tion, the concept of "minimum perform-
ance" applies. That is, while the culvert
may operate more efficiently at times (more
flow for a given headwater level), it
will never operate at a lower level of
performance than caldulated.

The culvert design method presented
in this publication is based on the use
of design charts and nomographs. These

this
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charts and nomographs are, in turn, based
on data from numerous hydraulic tests
and on theoretical calculations. At each
step of the process, some error is iatro-
duced, For example, there is scatter in
the test data and the selection of 2
best fit design equatiom involves some
error. Also, the correlation between
the design equations and the design nomo-
graphs is not exact ‘Reproduction - of
the design charts introduces additional
error. Therefore, it should be assumed
that the results of the procedure 2re
accurate to within plus or minus ten per-
cent, in terms of head. Additional infor-
mation on the precision of the design
charts is provided in appendix A,

:I“abic i in chapter I shows the factors
which must be considered in culvert design

for inist and outlet' control. In inlet
control, only the inlet ares, the edge
configuration, and the shape influence

the culvert performance for a given head-
water elevation. The headwater depth is
measured from the inlet inver: and the
tailwater elevation has no iafluence on
performance. In outlet control, all of
the factors listed in table 1 affect
cuivert pérformance. Headwater depth is
measured from the outlet invery, and the
difference between headwater and tailwater
elevation represents the energy’ which
conveys the flow through the culvert.

2. Types of Control. A general
description of the characteristics of
inlet and outlet control flow is given
below. A culvert flowing in imlet control
has shallow, high velocity flow categor
ized a5 "supercriticalt For supercriti-
cal flow, the control section is at the
upstream end of the barrel (the inlet).
Conversely, a culvert flowing in outlet
control will have relatively deep, lower
velocity flow termed nguberitical”™ flow.
For subcritical flow the control is at the
downstream end of the culvert (the
outlet). The tailwater depth s either
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critical depth at the culvert outlet or
the downstream channel depth, whichever
is higher. In a given culvert, the typs
of flow is dependent on all of the factors
listed in table 1.

a. Inlet Control ;’f
of Inlet Contrel
Figure IIi-1 depicts several different
examples of inlet control flow. The
type of flow depends on the submergencs
of the inlet and outlet ends of the cul-
vert. In all of these examples, the
control section is .at the injet end of
the culvert., Depending on the tailwa-
ter, 2 hydraunlic jump may pecur down-
stream of the inlet. -

1) Examples

Figure III-1-A depicts 2
where neither the imlet mor the outiet
end of the culvert are submerged, The
flow passes through critical depth just
downstream of the culvert entrance and
the flow in the barrel is supercritical.
The barrel flows partly full over its
length, and the flow approaches norimal
depth at the outlet end. :

. Figure I1I-1-B shows that submergence
of the outlet end of the culvert does
not assure outlet control, In this case,
the flow just downsircam of the imlet is
supercritical and a hydraulic jump forms
in the culvert barrel.

Figure [11-1-C is a more typical design
situation. The inlet end is submerged
and the outlet end flows freely. Again,
the flow is supercritical and the barrel
flows partly full over its length. Crit-
ical depth is located just downstreain of
the culvert entrance, and the flow is
_approaching normal depth at the down-
stream end of the culvert.

Figure III-1-D is an pnusual condi-
tion illustrating the fact ‘that
submergence of both the inlet and the
outlet ends of the culvert dees not assure
full flow. In this case, 2 hydraulic jump
will form in the barrel The median
inlet provides ventiiation of the culvert
warrel. If the barrel were not venti-
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condition

even,

inted, sub-atmospheric pressures could
develop which might c¢reate an unstable
condition during which the barrel would
alternate between full flow aad. partly
full flow.

2) Factors Iafluencing Inlet
Control. Since the control is &t the
upstream end in inlet control, only the
headwater and the inlet configuration
affect the culvert performance. {table
1) The headwater depth is measured from
the invert of the inlet contrel section
to the surface of the upstream pool.
The inlet area is the cross-sectional

area of the face of the culvert.. General-
ly, the inlet face area  is the same. 8§’
the barrel area, but for tapered inlets
" the face area is enlarged, and the control
throat., The

section 13 at the inlet

Figure I1XI-2-~ Flow contractions
for various culvert inlets.
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edse configuration describes the entrance
type.” Some typical inlet edge configu-
rations are thin edge projecting, mitered,
square edges in a headwall, and beveled
edge., The inlet shape is usually the
same as the shape of the culvert barrel;

however, it may be enlarged as in the

case of a tapered inlet. Typical shapes
are rectangular, circular, and elliptical
Whenever the inlet face is a different
size or shape than the culvert barrel,
the possibility of an additional control
section within the barrel exists.

An additional factor which influences
inlet control performance is the barrel
slope. The effect is  small, however,
and it can be ignored or a small slope
correction factor c¢an be inserted in the

The inlet edge configuration is a
major factor in inlet control performance,
and it can be modified to improve perfor-
mance. Various inlet edges are shown in
figure III-2. - Figure III-2-A is a thin
edge projecting inmlet typical of metal
pipe, figure III-2-B iz 2z projecting
thick-walled inlet (about the same perfor-
mance as a square edge in a headwall)
which is typical of conmcrete pipe without
a groove end, and. figure III-2-C ' is a
groove end or socket inlet which is typical
of a concrete pipe joint, Note that as

. the inlet edge condition improves (from
figure III-2-A to II1.2-C), the .fiow
contraction 2t thé inlet decreases.
"This reduced flow contraction indicates
increased. inlet performance and -more
flow through the barrel for the same

inlet control eguations,” (appendix A) hcadwater._
1.5 11 TOP BEVEL 33.7°70P L5 SIDE BEVEL
W/3l3.?°ANGLE i« AND SIDE W/33. 7" ANGLE
- BEVELS L
lin/tt OF . ' L3 ;
bt W 1
i
. o }s
[’} TOP BEVEL 45° TOP 1.1 SIDE BEVEL
W/A5ANGLE ¥ AND SiDE W/45° ANGLE
/ BEVELS ~_
lin/-ﬂ t';)FL -
BARREL )
HEIGHT | t N |
o (T i [T
Tl L {4 5;’ wioTH el :
0 ! B
NG B T\r :
' 1

Figure I11-3--Beveled edges.
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A method of increasing inlet pe}for-
mance is the use of beveled edges at the
entrance of the culvert Beveled edges

reduce the contraction of the flow Dby
effectively enlarging the face of the
culvert. - Although ary peveling will

‘help  the hydraulics, design charts AATe
available for two bevel angles, 45 degre-
es and 33.7 degrees, as shown in figure
I11-3. o

The larger, 33.7-degree bevels require
some structural modification, but they
provide slightly better inlet performance
than the 45-degree bevels. The smaller,
45-degree bevels. require very minor struc-
tural modification of the culvert headwall
and increase both imiel and outlet con-
trol ‘performances. Therefore, the use
of 45 degree bevels is recommended on
all culverts, whether in inlet or outlet
control,. unless the culvert hag & groove
end, (The groove end provides about
the same performance as 2 beveled edge)

3) Hydraulics of Inlet Control
Inlet control performance is defined by
the three regions of flow shown in Figure
11]-4: unsubmerged, transition and sub-
merged. For low headwater conditions,
as shown in figures T11-1-A and III-1-B,
the entrance of the culvert pperates as
a weir, A welr is an unsubmerged flow
control section where the upstream water
surface elevation can be predicted for a
given flow rate. The relationship between
flow and water surface elevation must be
determined by model tesis of the weir
geometry or by measuring prototype dis-
charges. These tesis  oOF measurcmcnts
are then used to develop equations for
unsubmerged inlet control flow. Appendix
A contains the equations which were devel-
oped from the NRS model test data.

For headwaters submerging the culvert
entrance, a§ are shown in figures III-1-C
“and 1II-1-D, the entrance of the culvert
operates as an ¢rifice. AR orifice is
an opening, submerged on the upstream
side and flowing freely on the downstream
side, which functions 2as 2 control sec-
tion. The relationship between fiow and
headwater can be defined based on results
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from model tests. Appendix A con_ta.insl
the submerged flow equations which were
developed from the NBS test data.

The flow transition zone between the
tow headwater (weir control) and the
high headwater flow conditions (orifice
?ontrol) is poorly defined. This zone
is approximated by plotting the unsub-
merged and submerged flow equations and
connecting them with 2 line tangent to
both curves, as shown in figure 111-4,

QVERALL INLET

CONTROL CURVE ’1,«-‘""'*

SUBMERGED {ORIFIGE} FLOW TJ/

HEADWATER

TRARSITION

juasuamaﬁeau(wsm} FLOW

—>

FLOY

Figure III-t{»-Inlet flow comtirol curves.

The inlet control flow versus headwater
curves which are established using the
above. procedure are the basis for con-
structing the  inlet control  design
nomographs. Note that the approach velo-
city head can be included as a part of

the available. headwater in the inlet
control relationships.
4) Inlet Depressions. The inlet

control equations or nomographs provide
the depth of headwater above the inlet
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invert required to convey a given discharge
through the inlet, This relationship
remains constant regardless of the elev-
ation of the inlet invert.  If the entrance
end of the culvert is depressed below the
stream bed, more head can be exerted on
the inlet for the samé headwater eleva-
tion, ‘ ' 4

Two methods of depressing the entrance
ends of culverts zre shown ia figures
I13-5 and III-4
the use of a depressed approach apron
with the fill retained by wingwalls.
Paving the apron is desirable. Tigure

. I11-6 shows a sump constructed upstream

of the culvert face. Usually the sump

S0 e . D
| AN
T : —— 1 [ p—
D/2
ELEVATION
21 | Y% 5
(MIND

PLAN

Figure III«5~—CuIvert. with 'depressed apron and wingwalls.
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Figure I1I-6--Culvert with inlet sump.

is paved, but for small depressions, an
uppaved excavation may be adequsate.

When & ﬁulvert is depressed below the |

stream bed at the inlet, the depression
g called the FALL., For culverts without
tapered inlets, the FALL js defined as
the depth. from the natural stream bed at
the face to the inlet invert. For culverts
with tapered inlets, the FALL is defined
as the depth from the natural stream bead
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‘control flow conditions.

at the face to the throat invert. Tapered
inlets will be discussed further in chapter
iv. :

b. OQutlet Control

1) Examples of Outlet Control.
1I1-7 illustrates various outlet
In all cases,
the control section is at the -cutlet end

Figure

of the culvert or further downsiream.
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For the partly full flow situations, the
flow in the barrel is suberitical.

 Condition III~7-A represents the clas-
sic full flow condition, with both inlet
and outlet submerged. The parrel is in
pressure flow throughout its length.
This condition isoften assuméd in caleula-
tions, but seldom actually exists.

Condition III-7-B depicts the outlet
submerged with the inlet unsubmerged. For
this case, the headwater is shallow s0
that the inlet ¢rown is exposed as the
flow contracts inte the culvert.

Conditicn III-'FC shows the eatrance
submerged to such 2 degree tha..t ‘the c:.zl-.
vert flows full throughout ity entlre

‘length while the exit is unsubmerged.

This is a rare condition, It requires
an extremely high headwater to maintain
full barrel {low with Do tailwater. The
outlet velocities are usually high uvnder
this ¢ondition.

Condition III-7-D is more typical. The

.culvert entrance is submerged by the
headwater and the outlet end flows freely

with a low tailwater. For this condition,
the barrel flows partly full over. at
least part of 1its iength
flow) and the {low passes through critical
depth just upstream of the outlet,

Condition 1II-7-E is  also typical,
with neither the inlet nor the outiet
end of the culvert submerged. The barrel
flows partly full over its entire -length,
and the flow profile is suberitical.

2} Factors Influencing Qutlet
Control., All of the factors infiuencing
the performance of ~a culvert in infet
control also influence culverts in outlet
control. In addition, the barrel charac-
teristics {roughness, area, shape, length,
and slope) and the sailwater elevation
affect culvert performance . in outlet
control, (table 1)

The barrel roughness is & function of
the material used to fabricate the bar-
rel.  Typical materials include concrete

{subcritical .
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and corrugated metal. The roughness is
represented by a hydraulic resistance
coefficient such as the Manpning 2 value,
Typical Manning n values for culverts
are presented in table 4, Additional
discussion on the sources and derivations
of the Manning n values are contained in
appendix B, o : ‘

The barrel area and barrel shapg are
selfl explanatory.

The barrel length is the total culvert
length from the entrance to the exit of
the culvert. Because the design height
of the barrel and the slope influence
the actual length, an approximation of
barrel length is usually necessary to
begin the design process. =~

The harrel slope is the actual slope
of the culvert barrel. The barrel slope
is often the same as the natural stream
slepe. However, when the culvert inlet
is raised or lowered, the barrel slope
is different from the stream slope.

The tailwater elevation is based on
the downstream water surface elevation.. .
Backwater calculations from.a downstream
contrel, a normal depth approximation,
or field observations are used to define
the tailwater elevation.

3} Hydraulics of Outlet Control.
Full flew in the culvert barrel, as
depicted in figure III-7-A, is the best
type of flow for describing outlet control
hydraulics.

_ Qutlet control flow conditions can he
calculated based on energy balance. The
total energy (Hy) required to pass the

" flow through the culvert barrel is made

up of the entrance loss (H,), the friction
losses through the barrel (Heh and the
exit loss (H,). Other losses, inclu@ing
bend losses (H), losses at junctions
(Hj), and loses at grates (H)) should bs
inciuded as appropriate, hese losses
are discussed in chapter Y1

Hy = H, + Hy + Hy + Hy, + Hy¥ H, (D
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Tahle 4. Manning n valﬁes far culverts,

Type of
- Conduis

Concrete Pipe

Cencrete Box

Corrugated Metal

- Pipes and Boxes,
Annular Corrugations
(Manning n varies
with barrel size)

Corrugated Metal

~ Pipes, Helical
Corrugations,

Full Circular Flow

Spiral Rib Metal Pipe

Wall & Joint
Descrintion

s
Good joints, smooth
walls

Good joints‘, rough

walls

Poor joints, rough
walls

Good joints, smooth

-~ - finished walls

Poor joints, rough,
unfinished walls

2-2/3 by 1/2
in corrugations

6 by 1 inch '
corrugations

5 by 1inch

. gorrugations

3 by 1 inch
corrugations

6 by 2 inch
structural
plate corrugations

Sby21/2
inch structural
plate corrugations

2+2/3 by 1/2
inch corruga~
tions, 24 inch

plate width

3/4 by 3/4 in

. recesses 2t

12 inch spacing,
good joints

-Mannine n

0.011-0.013
0.014-0.016
0.016-0.017
0.012-0.015
0.014-0.018 -
0.027-0.622
0.025-0.022
0.026-0.025
o.ozs-o.oﬁ '

0.035-0.033

0.037-0.033

- 0.012-0.024

0.012-0.013
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The barrel velocity is ealoulated as
follows: '

--------

is the average velocity in
the culvert barrcj:l,_lft-/s {m/s)

is the flow rate, £1%/s (m®/s)
is the full cross sactional

area of the flow, ft? (m?)

The velocity head is

v? :
Hv= """"" (3)
28
g is the acceleration due 10
gravity, 322 ft/s/s (9.8
m/s/s)

2 -
4

The ‘entrance loss iz a function of

the velocity head jn the barrel, and can
be expressed as B8 coefficient times the
veloeity head. :

v
H, =k, | — (da) -
28
Values of k.- based on various imlet
configurations are given in table 12,

appendix D,

in the barrel i
head. Based

The friction loss
also a function of the velocity
on the Manning equation,
loss is:

(45)

n is the Manning roughness coeffi~
cient (table 4)

the friction

33

L is the length of the culvert
barrel, ft (m) -
R is the hydraulic radius of the
full culvert barrel = A/p, £t (m)
A is the-cross-sectional area of
the barrel, ft? (m?)
p is the perimeter of the barrel,

ft (m)

V is the velocity in the barrel,

ft/s (m/s5)

The exit loss is a. function of the
change in velocity at the outlet of the
culvert barrel. For a sudden expansion
such a5 an endwall, the exit loss is!

V2 '_de
Hy = 10 j o e
2g Zg

Vgqis the channel velocity down-
stream of the culvert, ft/s {m/s)

(40).

Equation (4c) may overestimate exit losses,
and a muitiplier of less than 1.0 can be -
used. {(40) The downstream velocity is
usually neglected, in which case the
exit ioss s equal to the full flow velo-
city head in the barrel, as shown in
equation (4d). '

Vz
H, = H,= = {4d)
28
Bend losses, junction losses, grate

losses and other losses are discussed in

"chapter VI, These other losses are added

to the total losses using equation (1.

Inserting the above relationships for
entrance loss, friction loss, and exit loss

(equation 4d) into equation (1), the
following equation for loss is obtained:
29 n L7} V*
H =1 + kg # seeeosesmmen leme (5)
Rl 33 2g
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Figure II1-8--Full flow energy and hydxjaulic grade lines.

Figure III-8 depicts the energy grade
line and the hydraulic grade line for
full flow in a culvert barrel. The energy
grade line represents the total energy
at any point along the culvert barrel.
HW is the depth from the inlet invert to
the energy grade lineThe hydraulic grade
line is the depth to which water would
rise in vertical tubes connected 1o the

sides of the culvert barrel In {ull
flow, the energy grade line and the hyd-
raulic grade line are parallel straight

lines separated by the velocity head lines
except in the vicinity of the inlet where
the flow passes through a contraction.

The headwater and tailwater condi-
tions as well as the entrance, {riction,
and exit losses are also shown in figure
111-8. Eguating the total energy at
seciions 1 and 2, upstream and downstream
of the culvert .barrel in figure 111-8,
the following relationship results: '

: ©

HW, is the headwater depth above
the outlet invert, ft {m)

Vv, s the approach velocity, ft/s’
(m/s)
TW is the tailwater depth above
. the outlet invert, {t (m)
V4 s the downstream velocityy

ft/s (m/s)
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SECTION (25

is the sam of all losses im-
cluding entrance (H,), friction
(Hp, exit (H,) and other
losses, (Hy), {(Hp. et
ft (m)

Hy,

Note that the totzl available upsiream
energy (HW) includes the depth of the
upstream water surface above the outlet
invert and the approach velocity head.
In most instances, the approach velocity
is low, and the approach velocity head is
neglected. Howsver, it can be considered
to be a part of the available headwater
and used to convey the flow through the
culvert,

Likewise, the velocity downstream of
the culvert (V) 1is usually mneglected.
When both approach and downstream veloci-
ties are neglected, equation (§) becomes:

CHW, = TW + Hy, (7)

In this case, Hy is the difference in
elevation between the water surface eleva~-
tion at the outlet (tailwater elevation)
and the water surface elevation at the
inlet (headwater elevation). If it is
desired to include the approach and/or
downstream velocities, use equation (4¢)
for exit losses and equatiod (&) instead
of equation (7) to calculate the headwater.

APPENDIX I-36



ENTRAN-

CE LOSS £ _ \_ g .
- : HG L —7%/)5 \‘; .
HEADWATER 3 S j 0SSy
| TAILWATER
o

A, FULL FLOW

R T R

¢. FREE SURFACE FLOW

[

P = ,

5. HYDRAULIC GRADE LINE APPROXIMATION

Figure 111-9--0

utlet control energy and hydraulic grade lines,

37
APPENDIX I-37




Q=Qp+ Qg

7
Hw
I r . Qg =~ . 3%
i R R e e T
Y N
4 d
. 4 B
- ¢ e \
Q - y
4 b
4 )
4 !
i

Figure IIi-lO-‘Roadway overtoppiﬁg.

Equations (1) through (7) were devel-

oped for full barrel flow, shown in figure

I1I-7-A,  The equations also apply to
the flow situations shown iz figures
111-7-B and C, which are effectively

full flow conditions., Backwater calcu-
lations may be required for the partly
full "flow .conditions shown in figures
i11-7-D and E. These calculations begin
at the water surface at the downstream
end of the culvert and proceed upstream
to the entrance of the culvert. The
downstream water surface is based on

critical depthk at the culvert outlet or
o the iailwater depth, whichever is
higher. If the calculated backwater

profile intersects the top of the barrel,
as in figure III-7-D, a straight, full
flow hydraulic grade line extends from
that point upstream to the culvert en-
trance. From equation (4b), the full
flow friction slope is:

------------------

In order to avoid tedious backwater
calculations, approximate methods have
been developed to. analyze partly full
flow conditions. Based on numerous back-
water calculations performed by the FHWA
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staff, it was found that a downstream
extension of the full flow hydraulic
grade line for the flow condition shown
in figure III-9-B pierces the plane of
the culvert outlet &t 2 point one-half
way between critical depth and the top
of the barrel. Therefore, it is possible
to begin the hydraulic grade line at a
depth of (d. + D)/2 above the outlet
invert and extend . - the straight, full
flow hydraulic grade .line upstream to

the inlet of the culvert at a slope of
5o (figure I11-9-I) If the tailwater
exceeds (d, + D)/2, the tailwater is

used to set the downstream end-of the
extended full flow hydraulic grade line.
The inlet losses and the velocity head
are added to the elevation of the hydraulic
grade line at the inlet to obtain the
headwater elevation.

This approximate method works best

- when the barrel flows. full over at least

part of its length. (figure  III-9-B)
When the barrel is partly full over irts
entire length (figure III-9-C), the method
becomes increasingly inaccurate as the
headwater falls further below the top of
the barrel at the inlet. Adequate results
are obtained down to a headwater of 0.75D,
For lower headwaters, backwater calcu-
lations "are required to obtain accurate
headwater elevations.
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Figure 11I-11--Discharge coefficients for roadway overtopping.

The outlet control nomographs in appen-
dix D provide soiutions for equation (3)
for entrance, friction, and exit losses
in full barrel flow. Using the approximate

‘packwater method, the losses (H) obtained
- from the nomographs can be applied for

the partly full flow conditions showa in
figures I1I-7 and 11I-9. The losses are
added to the elevation of the extended
full flow hydraulic grade line at the
warrel outlet in order to obtain the
neadwater elevation. The extended hy-
draulic grade line s ser at the higher
of (d, + D)/2 or the taifwater elevation
at the culvert outlet. Again, the aphroxi-
mation works best when the parrel {lows
full over at least part of ity length.

‘ 3, Roadway Overtopping, Overtop-
ping will begin when the headwater rises
to the elevation of the roadway. (figure
111-10) The “overtopping Wil usually

. secur at the low point of a sag .vertical

curve on the roadway. The flow will be
similar to flow over @ broad crested
welr. Flow coefficients for flow over-
topping roadway embankments are found in
HDS No. §, Hvdraulics of Bridge WaterWavs
(21), as well as in the documentation of
HY-7, the Bridzge Waterwavs Analvsis Model
(32). Curves from reference (22) are
shown in figure 111-11, Figure 111-11-A.
jg for deep overtopping, figure 111-11-B
is for shallow avertopping, and figure
111-11-C is & correction factor for down-
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stream submergence.
the flow across the roadway.
(8)
Q, is the overtopping flow rate
in £t3/s (m%/s)

Qo = Ca L erl'ﬁ

"Equation (8) defines

L

Cyis the overtopping discharge
" coefficient

1L is the length of the roadway
erest, £1 (m)
HW .

. is the upstream depth,

measured from theroadway
crest to the water surface
upstream of the weir draw-
down, It (m)

SEGMENT 1.1 SESMENT 2 1SEGMT

% %2

ELEV. 2 b]

ROADWATY VERTICAL CLRYE

AMETHOO |+ SUBDIVISION INTQ SEGHENTS

X

i3
e ] :
Nm FELEVATION OF CREST gt

AR T e p— e e T

B.METHOD 2 USE OF A SINGLE SEGMENT

Figure III-12--Weir crest length
determinations for roadway overtopping.

The length and elevation of the_roadway
crest are difficult to determine when
the crest is defined by a roadway sag
vertical curve, The sag vertical curve
can be broken into a series of horizontal
segments as shown in figure III-12-A.
Using cquatzon (8), the flow over each
segment is caleulated for a given head-
water. Then, the incremental flows for
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“the

cuch segmcnt are addcd togcthcr, rcsult-

ing in the totzl flow across the roadway.

Representing the sag vertical curve
by. a single horizontal line (one segment)
is ‘often adequate for culvert design.
(flgurc I11-12-B) The length of the

- welir ¢an be taken as the horizontal length

of this segment or it c¢an be based on
the roadway profile and azn acceptable
variation zbove and below the horizontal
line. In effect, this method utilizes
an average depth of the upstream pool

~above the roadway crest for the flow

ezleulation.

It is a simple matter to calculate
the flow across the roadway feor & given
upstream water surface elevation using .
equation (8). The problem is that the
roadway overflow plus the culvert flow
must equal the total design flow. A
trial and error process is necessary to
determine the amount of the total flow
passing through the culvert and the amount
flowing across the roadway. Performance
curves may also be superimposed for the
culvert flow znd the road overflow to
yield an overall solution as is discussed
later in this chapter,

Culvert outlet

4. Outlet Velocity.

- velocitics should be calculated to deter-

mine the need [or erosion protection at
the culvert exit. Culverts usually result
in outlet velogities which are higher than
natural stream velocities.  These
outlet veloeities may require . flow
readiustment or energy dissipation to
prevent downstream erosion.

In inlet control, backwater (also
called drawdown) calculations may be
necessary  to determine the  outlet
velocity, These caleculations begin at

‘the culvert entrance and proceed down-

stream to the exit. The flow velocity
is obtained from the flow and the
cross-sectional area at the exit.
{equaticn (2))

An approxzmﬂtxon may be used to aveid
backwateér calculations in determining
the outlet velocity for culverts oper-
ating in ialet control. The water surface
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Figure I1I-14--Outlet velocity - outlet con‘tz;oll.

profile converges toward normal depth as culverts, normal depth can be assumed
calenlations proceed down the cuivert and - used to define the area of flow at
barrel, Therefore, if the culvert is of the outlet and obtain the outlet velo-
adequate length, normal depth will exist city. (figure III-13) The velocity
at the culvert outlet. Even in short calculated in this manner may be slightly
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higher than the actual velocity at the

outlet, Normal depth in common culvert
shapes may be caleulated using & trial
and error solution of the Manning equa-
tion. The known inputs are flow rate,
barrel resistance, slope and geometry.
Normal depths may zlso be obtained from
design aids in publications such as HDS
No. 3, (23)

In cutlet control, the cross section-
al area of the flow is defined by the
geometry of the outlet and either critical
depth, tailwater depth, or the height of
the conduit, (figure I11-14)

Critical depth is used when the tail-
water is less than critical depth and
the tailwater depth is used when tailwater
is greater than critical depth but below
the top of the barrel. The total barrel
area is used when the tailwater excseds
the top of the barrel,

B. Performance Curves,

Performance. curves are representas
tions of flow rate versus headwater depth
or elevation for a given flow contral
device, such as a weir, an orifice, or a
culvert. A weir constricts open channel
flow so that the flow passes through
critical depth just upstream of the weir,
An orifice is a flow control device,
fully submerged on the upstream side,
through which the flow passes, Performance
curves and equations for these two basic
types of flow control devices are shown
in figure III-15.

When a tailwater exists, the controi

device may be submerged so that more
than one f{low-versus-e¢levation relation-
ship exists. Then, the performance curve
is dependent on the variation of both
tailwater and headwater. In the case of
a weir or orifice, the device is called
a submerged weir or a2 submerged orifice,
respectively, For some cases, submergence
effects have been analyzed and correction
factors have been developed, (21,22,24)

‘Culvert performance curves are similar

to weir and/or orifice performance curves,
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In fact,

‘culvert,

cuiverts often behave as weirs
or omf;ccs However, due to the fact
that & culvert has scveral possible control
sections (inlet, outlet, throat), a glven
installation will have = performance

curve for each control section and one

for roadway overtopping. The overall
culvert performance curve is made up of .
the controlling portions of the individual

’ pcrformancc curves for each control secx

tion.

1. Inlet Control. The inlet control
performance curves are dcveiopcd using
either the inlet control equations of
appendix A or the inlet control nomographs
of appendix D. - If the eaquations of
appendix A are used, both unsubmerged
(weir) and submerged (orifice) fiow head-
waters must be calculated for a series
of flow rates bracketing the design flow,
The resultant curves are then connected
with a line tangent to both curves (the
transition zone),  If the inlet control
nomographs are used, the headwaters corre-
sponding to the series of flow rates are
determined and then plotted. The transi-
tion zone is inherent in the nomographs.

2. Outlet Contrel, The outlet control
performance curves are developed wusing
equations (1) through (7) of this chapter,
the outlet contro! nomographs of appendix
D, or backwater calculations, Flows
bracketing the design flow are selected.
For these flows, the total losses through
the barrel are calculated or read from
the outlet control nomographs. The losses
are added to the elevation of the hydraulic

‘grade line at the culvert outlet to obtain

the headwater,

If backwater calculations are performed
beginning at the downstream end of the
friction losses are accounted
for in the calculations. Adding the
inlet loss to the ¢nergy grade line in
the barrel at the inlet results in the
headwater elevation for each flow rate,

3. Roadway Overtopping. A perfor-
mance curve showing the culvert flow as
weil as the flow across the roadway is a
useful analysis tool. Rather than using
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L = length of weir, £t (m)
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ELEVATION (R}

FLOW RATE (Q)

ORIFICE

ORIFICE

Equation: Q = kahl/2

flow rate, ft5/s (m¥/s)
coefficient
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Figure I7I-15--Performance curves
and equations for weirs and orifices.

a  trial and error procedure 10 determine
the flow division between the. gvertop-
ping flow and the culvert flow, ail gverall
performance curve can be developed. The
parformance curve depicts the sum of the

flow through the culvert and the flow

across the roadway.

The overall performance curve can be
determined by performing the following
steps. : ‘ : '

1. Select a range of flow rates and
determine the corresponding headwater
elevations for the culvert flow alone.

© yations exceed the
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These flow -rates should fall above and

" below the design discharge and cover the

entire flow range of interest. Both

. {nlet and outlet control headwaters should

be calculated.

5. Combine the inlet and outlet control -
performance curves to define 2 single

performance curve for the culvert.

3. When the culvert headwater ele-
roadway crest’ eleva~
tion, overtopping will begin. Calculate

the egquivalent upstream water surface

depth above the roadway (crest of weir)
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for each selected flow rate. Use these
. water surface .depths and equation (8) to
‘calculate flow rates across the roadway.

4. Addtheculvertflowand theroadway
overtopping flow at _
headwater elevations to obtain the Qvgfall
culvert performance curve,

Using the combined culvert perfor-
miance curve, it is an easy matter to
determine the headwater elevation for
any fiow rate, or to visualize the per-
formance of the culvert installation
over a range of flow rates. When roadway
overtopping begins, the rate of headwater
increase - will flatten severely. .The
headwater will rise very slowly from
that point on. Figure III-16 depicts an
overall culvert performance curve with
roadway overtopping. Example problem
I1-4 illustrates the development of an
overall culvert performance curve.

A
z | -
o CULYERT PLUS
ROADWAY
= 4 GYERTOPHING
° sl L
o ROAOWAY LREST P i '
< #
v
L
-4
s
UTLETY (HLET CONTROL
Py CGHTRGL"L_,..,
ut
e .
-
Ed
o 1. Tter or
o CULYERT
w
=
s SVERALL
PER FGRWALE
- . CuRvE

FLOW RATE [ft>s)

Figure I11-16--Culyert performance
curve with roadway overtopping.

C. Culvert _Desiqu Method,

The culvert design method provides a
convenient and organized procedure for

the corresponding -
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structurea,

designing  culverts, considering  inlet
and outlet control, While it is possible
to follow the design' method without an
understanding of culvert . kydraulics,
this is not recommended., The result
could be an inadequate and possibly unsafe

1. Culvert Design Form. The Culvert
Design Form, shown in figure 1II-17, has
been formulated to guide the user through
the design process. Summary blocks are
provided at the top of the form for the
project description, and the designer's
identification. Summaries of hydrologic
data of thé form are also included, At
the top right is a small sketch of the
culvert with blanks for inserting important
dimensions and elevations,

. The central portion of the design form
contains lines for inserting the trial
culvert description and calculating the
inlet control and outlet controt headwater
elevations. Space is provided at the
lower center for comments and at the-
lower right for a description o6f the
culvert barrel selected.

The first step in the design process
is to' summarize all known data for the
culvert at the top of the Culvert Design

Form. This information will have been
collected or calculated prior to per-
forming the actual culvert design, The

mext step is to select a preiiminary
culvert material, shape, size, and entrance
type. The user then enters -the design
flow rate and proceeds with the inlet
control calculations.

2. Inlet Control. The inlet control
calculations determine the headwater
elevation required to pass the design
flow through the selected culvert configu-
ration in inlet ‘comtrol.- _The approach
velocity head may be included zs part of
the headwater, if desired. The inlet con-
trol nomegraphs of appendix D are used
in the design process. For the following
discussion, refer to the schematic inlet
control nomograph shown in figure I11-18.
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Figure 111-17--Culvert design form.

a, Locate the setected culvert
size (point 1) and flow rate (point 2)
on the appropriate scales of the inlet
control nomograph. (Mote that for box
culverts, the flow rate per foot of barrel
width is used.)

L, Using a straightedgcgcarcfuliy
extend a straight iine from the culvert
size (point 1) through the flow rate
(point 2) and ‘mark a point on the first
headwater/culvert height (FW/D) scale
{(point 3). The first HW/D scale is also
& turning line.

(NOTE: If the nomographs are put into &
notebock, a clean plastic shest with 2
matte finish can be used to mark on SO
that the nomographs can be preserved.)

¢. Ifanother HW/D scale iz required,
extend a porizontal line from the first
 HW/D scale (the turning line) to the
desired scate and read the result.
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d, Maltiply HW/D by the culvert
height, D, to obtain the required head-
water {HW) {rom the invert of the control
gection to the energy grade line. If
the approach velocity is neglected , HW
equals the required headwater depth (HW)).
If the approach velocity is included in
the calculations, deduct the approach
velocity head from HW t0 determine HW;

e. Calcutate the required depres-
sion (FALL) of the inlet control section
below the stream bed as [ollows:

FALL= HW, - HW,
BV, is the design headwater
depth, ft {m)
}’;‘th is the design headwater

elevation, £t (m)
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“ depth, £1 {m)

ELis the elevation of the
streambed at the face, It (m)

HW,is the required headwater
Possible results and consequences’ of
this calculation are

1) If the FALL is negative or

“zero, set FALL equal to sero and proceed

to step £,

~2) If the FALL is positive, the
inlet control section jpyart must Dbe

‘depressed below the  streambed at the

face by that amount. If the FALL is
acceptable, proceed to step f.

3) If the FALL is positive and
greater than i3 judged to be acceptable,
select anather culvert configuration and
begin again at step a.- '

£ Calculate the - inlet control
section invert elevation as follows:

EL, = EL, - .FALL

where EL;is the invert clevation at

the face of a culvert (ELp or at the
throat of a culvert with 2 tapered inlet
(EL).

3. Outlet Control. The outlet control
calculations result in  the headwater
elevation required to convey the design
discharge through the selected culvert
in outlet control. The approach and
downstream velocities may be included
in the design process, if desired. The
critical depth charts and outlet control
nomographs of appendix D are used in the

' design process., For {ilustration, refer

to the schematic critical depth chart
and outlet control nomograph shown in
figures 111-19 and III-20, respectively.

a. Determine the failwater depth
above the outlet invert (TW) at the design
flow rate. This is obtained from backwater

or normal depth calculations, or from-

field observations. -
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Figure 111-19--Critical depth
¢hart (schematie).

b. Enter the appropriate critical

depth chart (figure IiI-19) with the

‘flows rate and read the critical depth

(d). d,cannot exceed DI

{Note: The d, curves are truncated
for comvenience when they converge. If
an accurate d.-is required for d. > 8D
consult the Handbook of Hvdraulicgs or
other hydqaulic references. (24))

¢. Caleulate (d, + D)/2

d. Determine the depth from the
culvert outlet invert to the hydraulic
grade line (h,). -

h,= TW or (d, + D/2), whichever is
larger.

|

e. From table 12,2ppendiz D, obtain
the appropriate entrance 0SS coefficient,
k, for the culvert inlet configuration,
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 f, Determine the losses thréugh the
eulvert barrel, H, using the outlet control
nomograph (figure 111-20) or equation
(5) or (&) if outside the range of the
nomograph. .

1) If the Manning n value giv"c;x 3

in the outlet conirol nomograph is dif-
ferent than the Manning n for the culvert,

adjust the culvert length using the
formuia: '
‘11;' . |
L}. o= L ''''''' (9)
"

L, is the adjusted culvert length,
- fr(m)
I is the
it (m) _
n, is the desired Manning n value
o is the Manning n value from the
cutlet control chart.

actual - culvert length,

‘ Then, use Ly rather than the actual
culvert length - when using the outlet
control nomograph.

_ 2) Using a straightedge, connect
the culvert size (peint 1) “with the cul-

vert length on the appropriate X, scale

{point 2). This defines a point on the
turhing line (point 3).
3) Again uzing the gtraight-

edge, extend 2 line from the discharge

_{point 4) through the point on the turning

line (point 3) to the Head Loss (H) scale.
Read H. H is the energy loss through
the culvert, including entrance, friction,
and outlet losses. .

Careful

- Note: alignment of the

“straightedge in necessary to obtain good

results from the outlet control nomo-
graph. '

g, Calculate the required outlet
control headwater elevaticn,
ELy, = EL, + H + h, (10}

where EL_ is the invert glevation at
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the outlet. (If it 15 desirea 1w FYTTOINIINe:
the appreach and downstream velocities
in the calculations, add the downstream
velacity head and subtract the approach
velocity head from the right side of
equation (10). Also, use equation (4¢)
instead of equation (4d) to calculate
the exit losses and equation (1) to cal-
culate total losses.) '

h. If the outlet control headwater
elevation exceeds the design headwater
elevation, a new culvert configuration
must be sclected and the process repeated,
Generally, an enlarged barret will be
necessary since inlet improvements are
of limited henefit in outlet control.

4. Eyaluation of Results. Compare

+he headwater elevations calculated for

iniet and outlet control. The higher of
the two is designated the controliing
headwater elevation, The culvert can be
expected O operate with that higher
neadwater for at least part of the time.

The outlet velocity 1is calculated as
follows:

s If the controlling headwater is
pased on inlet control, détérmine the
normal depth and velocity in the culvert
barrel. The velocity at normeal depth is
assumed to be the outlet velocity,

k. If the controlling headwater is
in outlet control, determine the 2réa of
flow at the outlet based on the barrel
geometry and the foliowing:

1) Critical depth if the tail-
water is below critical depth.

2} The tailwater depth if the
tailwater i3 Dbetween critical depth and
the top of the barrel.

3) The height of the barrel if
the tailwater is above the top of the
barrel.

Repeat the design process until an

acceptable culvert configuration ig deter-
mined. Oace the barrel i selected it
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must be [itted into the roadway cross
section. The culvert barrel must have
adequate cover, the length should be

close to the -approximate length, and the

headwalls and wingwalls must be dimen-
sioned. ‘ -

. . B
If outlet control governs and the headwater
depth (referenced to the inlet invert)
is -less than 12D, it is possible that
the barrel flows partly full though its
entire ‘length. In this .case, ' caution
should be used in applying the approximate
method of setting the downstream elevation
based on .the greater of tailwater or
(d, + D)/2. " If an accurate headwater is
necessary, backwater calculations should
be used to check the result from the
approximate method. If the headwater
depth falls below 0.75D, the epproximate
method should not be used,

If the selected culvert will not fit the
site, return to the culvert design pro-
cess and select another culvert. If
neither tapered inlets nor flow routing
are to be applied, document the design.
An ‘acceptable design should always be
accompanied by 2 performance curve which
displays culvert behavior ~over a range
of discharges, If tapered inlets are to
be investigated, proceed t¢ chapter IV.

©or bends are discussed

If storage routing  will be utilized,
praocesd to ¢chapter V, :

Special  culvert installations, suck as
culverts "with safety grates, junctions,
in chapter VI
Unusval culvert configurations such as
"broken-back" culverts, siphons, and low
head installations are also discussed,

5. Example Problems. The following
example problems illustrate the wuse of
the design methods and charts for selected
culvert configurations ang hydraulic
conditions. The problems cover the fol-
lowing situations: :

Problem No. It Circular pipe cul-

‘vert, standard 2-2/3 by 1/2 in (68 by

1.3 ¢cm) CMP with beveled edge and rein-
forced concrete pipe with groove end,
No FALL.

"Problem No, 2: Reinforesd cast-
in-place concrete box culvert with square
cdges and with bevels, No FALL.

Problem No, 3 Elliptical pipe
culvert with groove end and a FALL,

Problem No. 4: Analysis of an ‘

existing reinforced .concrete box culvert
with square edges.
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peak flow rate of 200 £t3/s.

Example Problem No. 1

A culvert at a new roadway crossing
must be designed to pass the 25-year
flood. Hydrologic analysis indicates a

following site information: . e

1

Elevation at Culvert Facel 100 1

Nat’ﬁra’a Stream. Bed Sloper 1
= 0.01 ft/ft

percent

" Tailwater for n5-Yeéar Eloodf 3.5 [t

Approximate Culvert Length: 200 ft

Use the.

Shoulder Eievationz 110 £t

Design a circular pipe culvert for
this site. Consider the use of a corru-
gated metal pipe with standard 2-2/3 by
1/2 in corrugaticns and beveled edges
and concrete pipe with a groove end.
Rase the design headwater on the shoulder
elevation with a two ft freesboard (eleva-
tion 1080 ft). Set the inlet imvert at
the natural streambed elevation (no FALL).

Note: Design charts used in this example
are reproduced on the following pages.
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Exampls Problem No. 2

A new culvert at a roadway crossing
is required to pass & 50-year fiow rate

of 300 ft%/s. Use the following site

conditions:

ELyq ¢ 110 ft based on adjacent stpuc-
tures

Shoulder Elev: 1135 ft

Elevation of Stream Bed at Culvert Fé.cc:
100.0 ft :

Natural Stream Slope: 2 percent

+

.

Tailwater Depthi 4.0 ft

‘Approximate Culvert Length: 250 ft

Design a reinforced concrete box culvart
for this installation.  Try both square
edges and 43-degree beveled edges in a
‘headwall, Do not depress the inlet (no
FALL) » '

Note: Design charts 8, 10, 14, znd 15
are used in this solution.
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Example Problem No. 3
B Design & culvert to pass a 23-year Tailwater Depth: 4 {t
flow of 220 ft3/s. Minimum depth of
cover for this culvert is 2 ft. Approximate Culvert Length: 150 ft
—— . N .
EL,g 105 ft based on adjacegat structures Due to the low available cover
‘ , . the conduit, use an elliptical <o
R Shoulder Elev.: 1055 ft - pipe. Use of a small depression (I
of about 1 ft at the inlet is a
Elevation of Stream Bed : able,
at Culvert Face (EL,): 100 ft ' .
: NQOTE: Charts 29, 31, and 23 are u
Original Stream Slope: 5 percent this solution.
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Example Problem No. 4

An existing 7 ft by 7 [t concrete box.
culvert was designed for a 50-year flood
of 600 ft3/s and a design headwater ¢leva-
tion of 114 ft. Upstream development
has incréased the 50-year runoff to 1,900
f13/s. The roadway is gravel with a
width of 40 ft. The roadway profile may
be approximated as a broad crested weir
200 £t long. Use figure III-11 to
caleulate overtopping flows, and the
following site data: '

Inlet Invert Elevation: 100 ft

Entrance Condition: Square Edges
Siope: 5 percent

Roadway Centerline Elevation: 116 ft

Culvert Length: 200 ft

Tailwater Information

Flow, Ft3/s TW, ft
400 2.6
600 3.1
800 3.8
1000 4.1

Prepare a performance curve for this
installation, including any roadway over-
topping, up to a flow- rate of 1,200 ft3/s.

NOTE: Charts 8, 14, and 15, and figuré
I11-11 are used in this solution.
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Figure I11-21--Inlet control curves - cireular
or elliptical structural plate corrugated metal conduits.

7. Desien Methods for Culveris Without
Siandard Design Charts. :

Some culvert ' sizes, shapes, and
materials do not have design nomographs
and critical depth charts. For example,
long span, structural plate, corrugated
metal conduits do not have standard design
charts. Developing -~ design charts for
all possible conduit shapes and sizes is
not practical because they are SO BUMEIOUS
and new shapes are consiantly heing pro-
duced. Also, the large size conduits
tend to fall outside the nomograph scales.
With some modification, uscal culvert
hydraulic techniques ¢an be used to analyze
these culverts,

For outlet control, the analysis
includes pressure flow and backwater

calculations to determine the headwa-
ter. Since the inlet hag not been modeled,
the inlet control equations are necessarily
based on hydraulic test results from
similar tested conduit shapes. Appendix
A contains approximate inlet control
equations for nonrectangular conduits
with a varicty of edge conditions.

1. Inlet Control. In order to facili-.
tate the design process, the appropriate
inlet control equations of appendix A
have been used to develop dimensionless
inlet control design curves for selected
conduit shapes and edge configurations.
The curves of figures III-21 and II-22
are for nonrectangular, structural plate
corrugated metal conduits of two basic
shapes and four inlet edge conditions.
Figure I11-21 is for circular or ellipti-
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cal conduits’ with the long horizontal
axis at the mid-point of the barrel.
Figure III-22 is-used for kigh and low
profile structural plate arches.

The curves in these figures are for

four different inlet edge conditions: thin
edge projecting, mitered, square-edge,
- and 45-degree bevels. The horizontal
‘axis of the chart is flow rate divided
- by the arca times the square root of
barrel height (Q/AD%5) and. the vertical
axis is headwater depth divided by barrel
~ height (HW/D), Figure T1I-21 will provide
adequate results’ for any conduit with
curved surfaces, including pipe-arches
and underpasses. Figure II[-22 is used

for conduits similar to arches with flat
bottoms. . - ) ' .
To use the figures, pefform the fol-

lowing steps:

‘a. From manufacturers’ informa-

tion, sclect a barrel size, shape and

60

Obtain  the
“height, D, for

injet edge configuration.
arez, A, and the interior
the seglected barrel

b, Calcilate ADO5,

¢ Divide the design filow rate, Q,
by ADSS,
d. Enter the a‘pprbp:iate design

chart with Q/AD%S,'and for the selected
edge condition, read HW/D,

Multiply HW/D by D  to obtain
control headwater, HW,

e,
the [ace

£ If it is desired to take credit
fer the approach velocity (V,) in the
caleulations, deduct the approach velocity
héad (V,%/2g) from HW to obtain the face

- control headwater, HW. If V,, is neglect-

ed, set HW, equal to HW.

g. If the inlet control headwater
is higher than the design. headwater,
or if the ‘conduit is oversized, select
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another co}zdui.t size and/or inlet edge

condition and return to step 3.

7. Outlet Control

a. Partly Full Flow. lLarge éon-_

duits, such as long span culverts, usuglly
' flow partly full throughout their lengths.
In addition, the invert of the culvert
35 oftén unlined. In these situations
it is advisable to perform backwater
~caleulations to determine the -headwater
elevation.

The backwater calculationé Bcéin at

or at critical depth
whichever is higher.

the tailwater level
at the culvert exit,

Hydraulic resistance values for the back-

contained in
Factors _for

water calculations are
Hvdraulic Flow Resistance
Carrugated Metal Conduit. (25) Data
from +that reference are included In
_appendix B. Selected resistance values
for patural channels are found in table
.11 of appendix D. Note that when the
perimeter of the conduit is constructed
of two or more materials, a composite
resistance value should be used. Methods
of ca}culating composite resistance values
are discussed in appendix B. L

if the conduit flows
full or nearly full throughout its length,
equation (7) may be used to calculate
the outlet control headwater depth.

b. Full Flow.

HW, = TW+ Hy, (7

Y is the total loss through the culvert
barrel which is calculated using equation
(1) or equation (5). TW is either the
tailwater depth or (d, + D)/2, whichever
is larger. VYalues of critical depth for
most conduits are- provided in the
" manufacturers’ information. In eguation
(5), the hydraulic radins and velocity
are full flow values. The Manning n
value is. 2 composite value when more
than one material is used in the perimeter
of the conduit. '

- 3, Discussion of Resulis.

The inlet control headwater obtained
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from figure 1I1.21 or figure 11122 in-
ctudes the approach velocity head. There-
fore, credit may be taken for the approach
velocity head in determining the required
headwater pool depth,

in ‘outlet control, the same limi-
tations on use of the approximate packwater
method apply as for culverts with design
charts. That is, if the headwater (ref-
erenced to the inlet invert) falls between
12D and 075D, use the results with
caution. = For large, expensive installa-
tions, check the results using backwater
calculations. If the Theadwater falls
below 0.75D do not use the approximate
method. Perform backwater calculations
as illustrated in the following example
problem. . '

4, Example Problem,
Problem No, 5: Design of 2

span structural plate
elliptical culvert,

long
corrugated metal

Use a long span culvert to pass the
25-year flood of 5,500 fi3/s under 2
high roadway fill.. The design flow should
be below . the crown of the conduit at the
inlet, but the check flow (100Q-year flow)
of 7,500 ft%/s may exceed the cCrown by
not more than 5 feet. Use the following
gite conditions:

EL, g 240 ft

Elevation of Stream Bed
at Culvert Face (EL gt 220 ft

Shoulder Elevation: 260 fr

Stream Slope (Sajz 1.0 percent
Appro;cimate Culvert Length: 200 ft.
Tailwater Depth: 16 ft for Q = 350 ©
£13/s, 19 ft for Q = 7500 ft¥/s

Design an elliptical structural plate
corrugated metal conduit for this site.
Use & headwall to provide 2 square edge
condition. Corrugations are é-in by 2-im.
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SOLUTION TO EXAMPLE PROBLEM no, 5

Try a 30 foot {span) by a 20 foot
(rise) elliptical structural plate conduit
From manufacturer’s infor-

for this site.

mation, A = 4875 ft* and D = 20 ft. Neg-

lect the approach velocity.

INLET CONTROL:
ADOS = (487.5)(20)0% = 2,180
Q/ADOS = 2.52 '

.- Rased on chart 51, HW/D = 0.90,
thereforer ‘ .

HW = HW, = (0.90)(20) = 18 ft
ELy = 220 + 18 = 238.0 f¢

For the check flow:

Q/ADYS = 3.44
Based on figure III-21, HW/D = 1.13,
therefore:
HY = HW, = (1.13)(20) = 226 £t

= (
ELy, = 220 + 22.6 = 242.6 {t .

OUTLET CONTROL:

Backwater calculations will be neces-

sary to check Outlet Control

Backwater Calculations

From Eydraulic tables for
conduits (60%

124 ft
14.6 ¢

for Q = 5,500 {t3/s, d,
for Q = 7,500 £t¥/s, d

I d

Since TW > d_, start backwater caleula-

tions at TW depth,

Determine normal
hydraulic tables.

for Q = 5,500 ft3/s, n = 0.034 ;
R T kS -

for Q = 7,500 £18/s,n = 0.034 ;
d = 167 ft

eliiptical

depths {d,) using

¥
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since d_, > d,,

flow is subcritical

since TW> d, ,water surface hes an

M-1 profile

Piot Area and Hydraulic Radius vs. debt

from data obtained from tables.

d/0.

d_ " A/BD A R/D
0.65 13.0- 0.5337 3322 0.3642
£.70 140 0.6013 3608 0.3781
0.75 15.0 0.6472 3883 0.3886
0.80 16.0 0.6908 4145 0.3950
0.85 17.0 07313 4388 . 03959
0.90 180 0.7671 4603 0.3870
S 0.95  15.0 . 0.7953 4772 0.3649
1.00 20.0 0.8108 . 486.5 0.3060

h
"R

7.28
7.56 -
177
7.90
1.92

1.74 -

7.30
£.12

Complete Water Surface Computations (see

attached calculation sheet, p 64},
HW = specific head (H) + k, (V#/2g)

Neglecting appreach velocity head :

for Q = 5,500 £t3/s:
BY = 18.004 + (0.5)(3.208)
= 196t :
EL;, = 220+ 19.6 = 239.6 {1
for Q = 7,500 ft3/s:
HWf = 22,627 + {0.5)(3.89)
= 24,6 {t
EL,, = 220 + 24,6 = 244.6 {t
SUMMARY:
DESIGN G
Elyg ELy Ely,
240.0 238.0 239.6
CHECK O
ELy. - ELw  Eby
245.0 242.6 2446
This culvert design _meets the reguire-

rnents stated in the nroblém,
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iv. TAPERED INLETS

A. Introduction.

. . P

A tapered iplet is a flared culvert
inlet with an enlarged face section and
a hydraulically efficient throat sectiom
A tapered inlet may have 2 depression,
or FALL, incorporated into the inlet

. structure or located upstream of the
“The depression is used to exert

inlet.
more head on the throat section for &
given headwater elevation. Therefore,
tapered inlets improve.culvert performance
by providing a more efficient control
section (the throat). Tapered inlets
with FALLs also improve performance by
increasing the head on the throat.

Inlet edge configuration is one of

the prime factors influencing the perfor-
mance of a culvert operating in inlet
control. Inlet edges can ¢ausé & SEVEIC
contraction of the flow, as in the case
of a thin edge projecting inlet. In a
flow “contraction, ‘the effective-cross-sec-

tional arez of the barrel may be reduced -

to about one half of the actual aveilable
barrel area. As the inlet edge configura+
tion is improved, the flow contraction
is reduced, thus improving the performance
of the culvert. As an example, inlet edge
improvement cin be achieved by the instal-
lation of a concrete headwall with . a
square edged entrance on a thin edge
projecting inlet. Additional perfor-
mance increases are possible by the instal-
tation of beveled edges or by retaining
the groove end on & concrete pipe culvert.

In outiet control, -the inlet edge
configuration is just one of many factors
affecting culvert performance. Improved
edge conditions reduce the inlet loss
coefficient, k, which is multiplied Dby
the velocity head to determine the energy
iosses at the culvert inlet as shown in

equation (4a).

Values of k, vary from 0.6 for thin
edge projecting entrances to 0.2 for
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‘obtain

gular box

beveled edges or groove ends. Still
lower k, values can be obtained by using
specially designed inmlets -with rounded
edges.  Unfortunately, the construction
difficulties for these inlets -often out-
weigh the hydraulic benefits. '

The entrance of any culvert operating
in inlet coatrol can be “depressed to
better performance, regardless
of the inlet configuratién. However,
edge conditions are normally ‘improved
first and then an inlet- depression is
applied. The purpose is to provide more
head on the inlet control section for a
given headwater elevation. This design
technique utilizes part of the available
elevation head to force the flow into
the culvert entrance, Otherwise, the
tead s expended in accelerating the
flow down the steep culvert barrel, pos-
sibly causing erosionm at the dowasiream
end of the culvert. :

Tapered inlets improve culvert perfor-
mance primarily by reducing the contrac-
Hion at the inlet control section which
is located at the throat Secondarily,
some tapered inlet configurations also

" depress the inlet control section below,

the stream bed. The hydraulic perfor-
mance of tapered inlets is Dbetter than
the performance of beveled edges for
culverts operating in inlet. control in
outlet control the performance of tapered
inlets is effectively the same as’ for
inlets with beveled edges. Amn entrance
loss coefficient (k) of 0.2 is used for
both tapered inmlets and beveled edges.
Tapered inlets are not recommended for
use o culverts flowing in outlet control
because the simple beveled edge iz of
equal benefit. _

Design criteria and methods have heen

developed for two basic tapered imlet
designs:  the side-tapered inlet =and
the slope-tapered inlet. Tapered inlet

design charts are available for rectan-
culverts and circular pipe
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culverts, The same prlnczples apply to
other culvert barrel shapes, but no design
chazts are presently -available for other
shapes. . The side-tapered. inlet can be
instalied with or without a depression
upsiream of the face,
configurations of the slope-tapered inlet,
one with a vertical face and one with
its face mitered to the {ill slope,

)

BEVELIOPTIONALY
THACAT SECTION

ELEVATION

SYMETRICA
YIRGWALL runa
ANBLES FRO a

POV
/ TAPER {4,170 611)
PLAN ’

Figure IV—l--«Side»‘ta‘pered inlet.

The inlet configurations presented in
this manual are based on research con-
ducted at the National Bureau of Standards
(NBS) under the sponsorship of the Bureau
of Public Roads. (7, 9, 10) Many improved

inlet configurations were tested; however,

only those determined to best satisfy
the criteria of hydraulic efficiency,
economy of matferials, simplicity of con-
struction, and minimization of maintenance
problems were selected. For example,
while the use of curved surfaces rather
than plane surfaces might result in siight-
ly improved hydraulic efficiency at times,
the advantages are outweighed by the
consiruction difficulties. Therefore,
only plane surfaces are utilized in the

There are two .
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. walls,
-the floor of the barrel should extend

recommended designs,

B. Descrintions of Tapered Inlets.

1, Side-tapered.  The side-tapered
inlet has an enlarged face section. with
the transition to the culvert barrel ze-
complished by tapering the side walls,
{figure IV-1) The face section is about
the same height as the barrel height and
the inlet floor is an extension of the
barrel floor. The inlet roof may slope
upward slightly, provided that the face
height does not exceed the barre! height
by more than 10 percent (1.I1D). The
intersection of the tapered sidewalis
and the barrel is defined as the throat
section,

Thcrc are two possible control see-
tions, the face and the throat. HW,
shown in figure IV-l, {5 the hcadwatcr
depth measured from the face section
invert and HW, is the headwater depth
measured from the throat section invert.

The throat of a side-tapered inlet
is 8 very efficient econtrol section,
The flow contraction is nearly eliminat.
ed at the throat. In addition, the throat
is always siightly lower thin the face
50 that more head is exerted on-the throat
for a2 given headwater zlevation.

The beneficial effect of depressing
the throat section below the stream bed
can be increased by installing a depression
upstream of the side-tapered inlet.
Figures IV-2 and 1V-3 show two methods
of constructing the depression. Figure
IV-2 . depicts a side-tapered inlet with
the depression contained batween wing-
For this 'type of depression,

upstream from the face @ minimum distance
of D/2 before sloping upward more steeply.
Figure IV-3 shows a side-tapered inlet
with a sump upstream of the face. Dimen-
sional limitations for. the designs are
shown. In both cases, the length of the
resultant upstream c¢rest where the siope
of the depression meets the stream bed
should be checked to assure that the
crest will not control the flow at the
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Figure IV-?.—-Sic_ie-tapered iplet with
ppsiream depression contained . .
between wingwalls.

design flow and hweadwater. 1f the crest

length is too short, the crest may act
as a weir control section. For depressed
gide-tapered inlets, both the face section
and the throat section have more head
exerted on them for 2 given headwater
elevation. The increased head results
in a smaller required throat section.
Likewise, the required size of the face
ig reduced by the increased head. Beveled

edges or other favorable edge conditions’

also reduce the required size of the face.

The slope-tapered
tapered inlet, has
with tapered

2. Slope-tapered.
inlet, like the side
an enlarged face section
sidewalls meeting the culvert barrel
walls at -the throat section. (figure
Iv-4) In addition, 2 vertical FALL is
incorporated into the inlet between the
face and throat sections. This FALL
concentrates OIS head on the throat
section. At the location where the steeper

slope of the ‘inict intersects the flatter
slope of the barrel, a third section,
designated the bend section, is formed.

A slope-tapered inlet has three possible
control sections, the face, the. bend,
and the throat. Of these, only the dimen-
sions of the face and the throat gection
are determined by the design procedures
of this manual. The size of the bend
section is established by locating it &
minimum distance upsiream from thethroat

The slopc¥tapcred inlet combinés an -

~ efficient throat section with additional

head on the throat. The face section
does not benefit from the FALL betweel

| fr——— ——

Dy, timin}
EL T
D/-&

THROAT
/—secw:m

2

1]

Bf v+ T { M3
[t

-

FACE SECTION

Figure Iv-3--Side-tapered inlet with
upstream SUmP-
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/ BEVEL(OPTIONAL)

M

>~ BEND

- TS<g_ SECTION
-, | FACE . " - ,~THROAT
. SECTION SECTION .

S D /-

=~ /

//, D
— L3 T Ly
L

SYMETRICAL <
WINGWAL L By I8
FLARE ANGLES |
FROM 15° TO 90° / ]

" Figure 1V-4--Slope-tapéred inlet with vertical face.
the face and throat; therefore, the face ed side-tapered inlets, The required
sections of these.inlets arc larger than face size can be reduced by the use of
the face sections of ecquivalent depress- bevels or other favorable edge conligura-
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HW¢ } : ,
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| (41 70 &1)
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Figixre'IVuS'n-SIope-tapered inlet with mitgred face.
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' "ti”bxifs."""'i‘_hé vertical -face slope-tapered

inlet design.is shown in figure 1V-4 and
the mitered face design is shown in figure
1V.5, .

The mitered face slope-tapered inlet
design is more complicated than the ver-
tical face design. A hypothstical face
section is located downstream of the
weir crest formed where the extension of
the fill slope meets ‘the stream  bed,
The face section is defined by a perpendic-
ular line extending to the FALL 'slope
from the top edge of the inlet, neglecting
bevels,

The slope-tapered inlet is the most
complex inlet improvement recommended in
this manual.  Construction difficulties
are inherent, but the benefits in increased
performance can be great. With proper
design, a slope-tapered  inlet passes
more flow at a given héadwater elevation
than any other configuration.

Slope-tapered inlets can be applied
to both box culverts and circular pipe
culverts. For the latter application, a
square to round transition is normally
used {o connect - the rectangular slope-
fapered inlet to the circular pipe.

C. Hydraulics.

1. Inlet
have severn]

inlets
sections

Tapered
control

Contrbl.
possible

including the face, the bend (for slope- .

tapered inlets), and the throat. In addi-
tion, a depressed side-tapered inlet has
a possible control section at the crest
upstream  of the depression. Each of
these inlet control sections has an i