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PRACTICAL GUIDARCE FOR ESTIMATING AND CONTROLLIKG EROSIOE
AT CULVERT OUTLETS

By

B. P. Fletcher and J. L. Grece, Jr.
Engineers, Hydraulics Divieion
U. S. Army Engineer Weaterveys Experiment Stetion

IRTRODUCTION

This paper summarizes the results of reeearch conducted &t the

U. S. Army Engineer Watervays Ixperiment Statiom (WES) during the past
nine years to develop pru:tiél.l éuidance ror- estimeting and controlling
erocion dovnsti'gun of culvert.. and ltom-dra.tn outlets. Initial efforts
vere concerned ;rith investigetion end developenf of meane of e‘stim;ting
the extent of sc&r to be anticipated dowvnstream of ocutlets .. Subseguent
efforts have 1nvoived investigation and evalustion of vu.ri.orns schemes of
protection for copntrolling erosion such &s horizontel bleankets of rock
riprap, preformed scour holes lined with rock riprsp end channel ex-
pansions lined with natural end ertificisl revetments. In eddition,
efforts have been made to determine the limiting discha._rges for various
energy dissi;;stors incluiing simple flered ocutlet transitiomns, stilling
vells, U. S. Bureau of Reclamstion type VI basins and St. Anthony Fells

stilling basins. Empiricel equations and charts are presented for .




estimating the extent of localized scour to be anticipeted downstreem of

culvert and storm-drain outlets, thé siie end extent of verious natural

and artificisl type revetments and the maximm recommended discharge for
each type of energy dissipetor investigated. With these results, de-
\
signere can estimate the extent of scour to be expected and select ap- ‘
|

propriate and alternative schemes of prbtection for controlling erosion

dovnstream of culverts and storm-drain outléts. ‘
SCOUR AT OUTLETS

In genérul, tvo typee of cheannel instebility can develop downstream
from & culvert and storm-drain outlet, i.e. either gully scour or
1ocaliz§d erosion termed & scour hole. Distinction between the two con-
ditions can be made by comparing thgvoriginal or ekisting slope of the
chinnel or drainage basip.downstre;n of the outlet relative to that
required for stability. Guily scour initiates at ; control point down-
stream vhere the charnnel is stable end will progress upstream if suffi;
cient difference in elevation exists betveen the'outlet and the upstreaﬁ
section of stable channel. Erosion of this type may be of considerable

extent dependiﬁg upon the vertical and horizontal distances existing |
between the stable channel section and the outlet. .

A scou% hole is to be expected dovnstream of &n outlet even if
the downstresm chennel is steble. The severity of damage to be antici-
pated depends ﬁpon the conditions existing or created at the outlet and
in general vill consist of embankment eroaién and structural damasge of

the aspron, end wall, and culvert sections if sufficient localized scour

'is experienced. Noteworthy surveys of conditions at culvert outlets
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have been eccomplished by Keeleyl'in Oklahome end Scheer® in Maontene.
The observations and empiricel methods develoyed_py Kee:l.czyl'a'k
vhich provide specific guidance relative to the conditicms thet produce
gully scour or ocnly & locelized scour hole es well as those required
for steble channels in several Cklshoma soils merit considersticn end

sfor

epplication in geqera.l. An cxurble of & chart &veloped by Bohen
design of trapezoidel channele with 1 on 2 side slopes :I.n e soi; vhich
vould deposit end erode with Froude numbers of flov less than 0.15 and
greater than 0.35, respectively, is shwn in fig. 1. Bohan é.l;o re-
ported the results of research conducted at WES to determine the ex-
tent of localized scour thet msy be snticipated dowvnstream of culvert
_and storm-drain outlets. Empirical equations were developed for esti-
mating the extent of the anticipated scour hole based on knowledge of
the design discharge, the éulvert diameter, and the duration and Froude
number of the design flow at the culvert outlet. However, the relstion-

ship between the Froude number of flov at the culvert outlet and e dis-

charge parameter, Q/DS/2 :

5 s cen be calculsted for any shape of ocutlet

and the discharge parameter is just as representetive of flow conditions
as is the Froude number. The relstions between the two pcrmeteﬁ for
partial and full pipg flov in squeare culverts are shovn in fig. 2.

Since the discharge pareameter is easier to calculate and is suitadble for
application purposes, the original data reported by Bohan wvere resnslyzed
to determine the following relxtions for estimating the extent of lo-
ca.lized scour to be enticipated dovnstream of culvert and ;tom-drtin

outlets.




D ’ ' 0.375 -
- 0.10
=22 = 0.80 (—?75) ¢ Teilveter < 0.5D_

D ' 0.375
=2 = 0.7 (-—9—) 910 peiivater > 0.50
o]

W 0.915
=22 = 1.00 (;?75) 2915 petivater < 0.5D,

W 0.915
e 0.15
=2 o .72 (;?75) t Teilvater > 0.50,

L 0.T1
Bﬂ = 2.ko -&—) £0-125 Tailvater < 0.5D

o 0/2

L 0.71

_sm _ 0.125

5. 4.10 <;§7§ % Tailvater > 0.5D

(o]
Volume of Scour:

'vl 2 0.37S

;3. = 0,73 D—sqrz- Tailwater < 0.51)o
o] » (] i

s = 0.62 '97' '2t°'375 “Teilveter > 0.SD
p3  \p/? : e
(o] o

The varisbles are defined in tsble 1 and comparisons of predicted

end observed values are showvn in figs. 3-6. Dimensionless profiles




elong the center lines of the scoﬁr holes to be enticipsted vith tell-
vaters less than 0.51)o end equal to or greater than 0.$D° ere presented
in figs. 7 end 8, respectively. ~ The mexdimum depth of scour occurred et

e distance 0.4 of the maximum length of scour dovnstream of the culvert

the scour hole st this location are elso shovn in ﬁgs 7 and 8. -If\ttlze
location of t;he optlet ie such-thnt & scour ‘hole ie not odbjectionedle,
it may be practical to allovw localized erosiocn aince- the zcoui' hoie acts
as an excellent energy dissipator; however, & cutoff wall vhich extends

to & depth of at least 0.7 of the maximum depth of scour expected (fig. 7)

should be provided to prevent undermining.
SCHEMES OF CONTROLLIRG EROSION AT OUTLETS

The svereage size of stone and configuration of & horizontel
blanket of riprap at outlet invert eleveation required to coatrol or
prevent localized scour downstream of an ocutlet can be estimated based
on the results reported by Bohan &nd subsequent unreported tests. For
8 given design discha':ge. culvert dismeter or vidth, end tailvater depth
relstive to the cutlet invert, the minimum sverage size of stone for &

stable horizontal blenket of protection can be estimated by the follow-

ing relation:

o"}f
o

D /3
o
= 0.020 55 (ﬁﬁ)
©

The length of stone protection required (fig. 9) can de estimated by the

equation,

l outlet for all teilveter conditioms. i)immionleis croge sections of
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The varisbles ere defined in teble 1 end the recommended configura~

tion of & borizontel blenket of riprap for control of erosiomn &t culvert

end storm-drain outlete is presented in fig. 10, Detaile of & scheme of
riprap protection térned "preformed scour hole lined with riprep" ere
shovn in fig. 11. The relative adn.ﬁtuge of providing both vertical

and latersl q.axpa.nsion dowvnstream of an outlet to permit dissipation of
excéss kinetfc energy in turbulence rather than direct' Attack of the
bounderies is shown in fig. 12 vhich indicates thet the required size of
stone may be reduced considersdly if & riprap-lined, preformed sc.our hole

is provided in lieu of & horizontal blanket at an elevation essentially
the same as the outlet invert.

LIFRED CEANNEL EXPANSIOES

A research project spongored by the Louisiana Department of High-
vays ig in prog-en‘ et WES to investigate the feasibility of lining chan-
nel expanﬁions dowvnstream of culvert outlets with either sack revetment,
cellular blo;:ks, or rock riprap. After obsu;v'ing flov conditicas vita
various gizes of model culverts and #cnetriea of chinnel expansions,
the channel expansion gecmetry shovn in fig. 13 vas selected as &
practicel configurstion. -m_diunsiem of the lined channel expansion
ere related in terms of that of square box culverts.

Seck revetment vith 1en5ﬁ:. vidth, and thickness of 2 ft, 1.5 ft,

end 0.33 ft, respectively, and veighing 120 1b vas simulated at & scele




of 1:8 &s showvn in fig. 1k. Cellular blocke roughly 0.66 ft by 0.66 ft
and 0.33 ft thick vhich veigh 14 1b vere simuleted at e scele of 1:k es
shown in fig. 15. Rock of 6 to 8 inch aiemeter veigﬁing 17 1b ves
gimulated et & scale of lh es shovn in fig. 16. The re'sﬁlts of tests
“to determine the conditione of di'schu-ge" end teilveter required to &fe-
plece or fail each of the revetmente are gshowvn in fig. 17 and indicate
that the tﬁickneu of geometricelly similar revetments can be cealculsted

by means of the following empirical equation:

a T T D L/3
-+ O -]
Do or Do or Do = 0.016 ~ ;grz-

°
The varisbles ere defined in tedle 1. The relative effectiveness

of the lined chénnel expansion relastive to the other -_aéheus of riprep
protection descrided previsusly is shown in fig. 12. 'The relstioms
presented in fig. 12 are recommended for selection of either the size
of revetment for & given scheme of protection, discherge, tailvater
depth, and. culvert (ﬁmsion or for the selection of the size of culvert
with vhich & given revetment and scheme of protecticn vill remein steble
under anticipsted conditions of discharge end teilveter depth.

The maximum discharge parsmeters, Q/Dle o  of various schemes of
protection can be calculated besed on the results preo?nted herein and
comparisons relative to the cost of eech type of protection cen be mede
to determine the most practicel design ot. providing effective drainage
and erosion c<.>ntro1 fecilities for e given site. There vill be condi-
tions vhere the design discharge and economical size of culvert or

storm-drein vwill result ic e value of Q/D‘S’/2 » the discharge parsmeter,
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greater then the maximum velue permissible with feesible schemee of

protection discussed previously end some form of energy dissipator will

be required. In other caces, the vglue of Q/Dg/2 mey be less than
thet of the sforementioned feasible schemes of protection and &

simpler more economicel form of protection may be indicsted.
FLARED OUTLET TRANSITIOKRS

Tests vere conducted to determine the maximum values of the
discharge parameter (table 2) that were considered satisfactory with
various conditions of teilveter and 3-, 5=, &nd 8—D°-lo'ng simple flared
outlet transitions vhose details are shown in fig. 18. Results of the
tests of these simple outlet transitions vith the apron &t the same
elevetion es the culvert invert a.re showvm in fig. 19 which indicate

that the maximum discharge perameter for & given culvert, length of

transition, and tailwater can be calculated by the ei;uation.

D \1/3
- ™ (L \0Y ('Ewg) '
572~ 1.60 5= (b‘)

o ©
e}

Similarly, the length of transition for & given situation can be calcu-
lated by the equation,

1/3
' p \2 2.5 (&)
D ¢ ™ 5/2
(Y D
_ o .
Verisbles are defined in table 1 and from fig. 19 it cea be seen thsat
this type of protection is satisfectory only for low values of anzla .

The arbitrary extent of scour depth equal to or less than 0.51)o vas used

to classify satisfactory conditions.




Attempts vere mede to invertigete the effectiveness of recessing
the spron of these flared outlet transitioﬁs and providing an end i1l
st the downstream end; hovever, fig. 20 indicetes thet this modificetion
did not significently improve energy dissipetion or incresse the eppli-

ceble meximum velue of the discherge parameter, Q/Dg/2 .
COMMORLY USED ERERGY DISSIPATORS

Grace and Pickerings have reported the resultes of nbdel tests to
evaluate the meximum values of the discharge puméter. sz /2 s &ppli-
cadble to various sizes of three camonly used energy dissipators; |
stilling vells, U. 5. Bureeu of Reclemstion Type VI Besins end Et. An-

‘ thony Falls stﬁiing beeins. |

The stilling vell consiste of & verticel section of circuler éipe

affixed to tﬁe outlet end of & storm drein s shown in fig. 21. The

recommended depth of the well below the invert of the indoming pipe is

dependent on the slope &nd diameter of the incoming pipe and can be
determined from the plot shown in fig. 21. The.recom:eﬁded height 61"
stilling vell ebove the invert of the incoming pipe is twvo times the.
diameter of the incoming pipe. Thei top of the vm should dbe locsated
at the elevation of the invert of e stedblé channel or drainage basin.
The ares adjé.cent to the vell m be protected by riprap or paving;
hovever, if there is no adjecent ercdidble ezbenkment within two well
diemeters of the periphery of the stilling well, _t.here is no need for

protection. Energy dissipetion is accomplished without the necessity

of meinteining a specified teilveter depth in the vicinity of the outlet.

9
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Details cf the U. S. Buresu of Reclamstion Type VI besin and the
St. Anthony Falls stilling basin sre presented in figs. 22 end 23. Maxi-
mum values of the discharge parameter, Q/D2/2_, considered satisfactory
for various sizes of each of the energy dissipators ere presented in
table 3. These date are satisfied by the folloving equations vhich
may be used tg compute the dlameter or width of eech type of energy

dissipator relative to that of the incoﬁihg pipe:

DH - 1.0
— = 0.53 stilling well
D 5/2
o D
4 o
w ) 1-0 .
. gAF = 0.30 '%ﬁ? St. Anthony Falls stilling basin
o Do -
W, 0.55 ‘
Vi, 1.30 —?ZE U. S. Bureau of Reclamation Type VI basin
o] D
o

It is recommended thet the size of stone protection to be provided down-

stream of these energy dissipators be estimated by the following relations:

d ¥ L
50 . o020 ' (g _\"/3
VED ™ W S/2

ED

or

d ‘)
-ge.l.o( R
Ver

" Guidance other than engineering Judgment for estiiating the leﬁgth of

stone protect;on required downstream of an energy dissipator is not
available due to the lack of systemstic investigations of this aspect

of the prodblem.
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TABLE 1
DEFIEITION OF VARIABLES

o

Cross-sectionsal ares of flow, ’ﬁz
Base wvidth of channel,. £t
Depth 5:_ flov in chennel, ft
Dismeter or width of culvert, ft

Depth of scour, ft

Maximum depth of scour, ft

Diameter of stilling well, ft

Depth of uniform flov in culvert, ft

Diameter of aversge size stonme, ft

Froude number of flov at culvert outlet, F = Q/A f?d_
Froude number of flov in cheanel, F_, = @/ ,’ gh3/T
Acceleration due to gravity, t‘t/sec2

Depth of recessed apron and height of end sill, ft
Length of flared ocutlet trensition, ft

Length -'ot scour, ft

Maximum length of scour, ft

Length of stone protection, ft

Manning's roughness coefficient
Discherge, cfs

Slope o'r chennel bottom and energy gradient
Top vicith of flov in channel, ft
Tbickness of celluler bdlock, ft

Thickness of sack reve;aent, b ¢

(Continued)
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TABLE 1 (Continued)

<

w0

g:l:

%

Vi

(9]

SM

Teilvater depth ebove invert of culvert, ft

Duretion of flov, minutes

Average velocity of flov in chennel, ft/sec |
Volﬁne of scour, 23
Width of energy dissipator, ft

Width of St. Anthony Felle stilling vesin, ft

Width of U. S. Buresu of Reclametion tfpe VI besin,
One-helf totel width of scour, tt.

One-half maximum width of scour, ft

£t
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TABLE 2

MAXTMUM DISCEARGE RECOMMENDED FOR
VARIOUS FLARED OUTLET TRANSITIOKS

Limiting Velues of anglé
: 5/2
L/D h/'D° Tﬁ’/Do Q/Do

[*)

3 0 0  0.88
3 0 0.50 1.78
3 0 1.00 2.56
3 0.25 0.25 1.28
3 0.25 0.50 1.78
3 0.25 1.00 2.56
'3 0.50 0.25 1.58
3 0.50 0.50 2.00
3 0.50 1.00 2:56
¢ 0 0.25 - 1.20
5 0 0.50 2.40
5 0 1.00 3.20
S 0.25 0.25 1.58
§ 0.25 0.50 2.78
5 0.25 '1.00 3.47
§ 0.50 0.25 1.47
S 0.50 0.50 2.77
S 0.50 1.00 3.46
8 0 0.25 1.68
8 0 0.50 2.40
8 0 1.00 3.75
8 0.25 0.25 2.17
8 0.25 0.50 3.36
8 . 0.25 1.00 4.44
8 0.50 0.25 2.46
8 0.50 0.50 3.65
8 1.00 4.SS

14




TABLE 3

MAXIMUM DISCHARGE RECOMMENDED FOR VARIOUS
TYPES AND SIZES OF ENERGY DISSIPATORS

Reletive Vidin end Type . u' /2
of Energy Dissipator . ' ©

Stilling Well

1D Diameter . 2.0
2 D, Diameter . 3.5
3 D_ Diemeter 5.0
S D, Dismeter 10.0

USBR Type VI Basin

1 D, Kide 0.6
2 D, Wide 2.2
3 D, Wide 4.5
4 D, Wide 7.6
5 D, Wide 11.5
7 Dy Wide 21.0

SAF Stilling Basin

1 D, Wide 3.5

2 D, Wide 7.0

3 D, Wide 9.5
13
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Fig. 16. Channel expansion lined with riprap
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