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A cross-sectional area of flow

B length of box inlet

c eoefficient of dlscharge

D depth of box inlet

g accel-eration due to gravity

E specific head; depth of flonr plus velocity head = h + h__v
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n ercponent

a dlseharge

A- apparent discharge at zero head-o

S standard error of estlmate

V mean velocity = Q/A

W width of box lnLet

W wldth of approach channelc "
S^ width of stilling basin exit

X dlstance from box inlet crest to toe of dike
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Q discharge 
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Gonditions

The box inlet drop splllway is defined as a reetangular box open

at the top and at the dovrnstream end, ltre spillway is shown in Figure 1,

Storn runoff is directed to the box by dikes and headwalls, enters over the

upstrea:n end end tvro sides, ed leaves through tfie open downstream end. An

outlet strueture ls attached to the downstream end of the box" TLre long

erest of the box inlet per:raits large flows to pass over it vrith relatively

lowheadsr Xet thewidth of the spillway need be no greater than that of the

exit channel,

The drop spillway has been extensively used as a €rr1ly control

structure grhere it 1s necessary to drop rvater from as short a distance as

2 feetr to as mueh as 12 feet" fn more recent years lt has also been used

in dralnage ditches where i-t funetions as a tile outlet and a means of

dropping exeess surface water j-nto the ditch.

For the sake of economye ai.rxiliary vegetated spillvrays are sorne-

tjmes provlded to pass part of the runoff fron the larger storrs and to
penrit the use of a smaller mechanical spJ-llway, In otder to prevent scour

of the drainage ditch banks the elevations of the vegetated spillways are

ad.justed so no water will pass over them until the downstream drainage ditch

flows bank fuJ-l" fn other words, the mechanical spillway nust have suffi-

eient capacity to fill the ditch corapletely before any flow passes over the

vegetated spiL1way. llnder these conditlons the high dovrnstream water leve1

vri1l likely submerge tlre spillway and reduce its f1ow" After the vegetated

spll1wa3rs cone into operation, the dovrnstream leve1 rises stil1 fi:rther and

submergenee of the mechanical spillway becomes greater" Spi11ways designed

in thie manner are lcnown as the ttisland damtr type because they can be corn*

pIete1-y surrounded by rater during flood periods" The necesslty for these

studies to d.etennine the eapaeity of box inlet drop spillways under sub-

nerged flow conditions thus becomes apparent"

Fre.e and

trrder

$ubmerged Flow

INltsOOUCTIO$

osolL Conservation Service Report No" [fi{*8-3*h5"

CAPACITY OF 

BOX I N LET D R 0 P S P ILL WAY S-Y<-

under 

Free and Submerged Flow Conditions 

INTRODUCTION 

The box inlet drop spillway is defined as a rectangular box open 

at the top and at the downstream endo The spillway is shown in Figure 10 

Storm runoff is directed to the box by dikes and headwalls, enters over the 

upstream end and two sides)) and leaves through the open downstream endo An 

outlet structure is attached to the doV'mstream end of the boxa The long 

crest of the box inlet permits large flows to pass over it with relatively 

low heads» yet the width of the spillway need be no greater than that of the 

exit channeL 

The drop spillway has been extensively used as a gully control 

structure where it is necessary to drop water from as short a distance as 

2 feet to as much as 12 feeto In more recent years it has also been used 

in drainage ditches where it functions as a tile outlet and a means of 

dropping excess surface water into the ditcho 

For the sake of economy)) auxiliary ve getated spillways are some­

times provided to pass part of t he runoff from the larger storms and to 

permit the use of a smal ler mechanical spillway 0 In order to prevent scour 

of the drainage ditch banks the elevations of the vegetated spillways are 

adjusted so no water will pass over them until the downstream drainage ditch 

flows bank fulL In other words~ the mechanical spillway must have suffi­

cient capacity to fill the ditch completely before any flow passes over the 

vegetated spillwayo Under these conditions the high dovmstream water level 

will likely submerge the spillway and reduce its flow o After the vegetated 

spillways come into operation9 the downstream level rises still further and 

submergence of the mechanical spillway becomes greatero Spillways designed 

in this manner are known as the "island dam!t type because they can be com­

pletely surrounded by water during flood periodso The necessity for these 

studies to determine the capacity of box inlet drop spillways under sub­

merged flow conditions thus becomes apparento 

*Soil Conservation Service Report Noo !~-R-3~45o 
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$o tests to deternine the free flow capacity of box inlet drop

spiltrways had. been made since the development of an outlet for this struc-

ture" Free flow calibration tests were made a part of the test progran

sj-nce it seened probable that the outl-et wouLd affect the capacity of the

spillway at high flows"

ltre study result€d in the developnent of a generalized method for

detennS-ning tfte free flow capacity of box inlet drop spillwayso ?he pro-

cedure is outliried ln the report" No praetical generalized method for the

d.eterminati-on of the submerged flow capacity of this structure was found;

it seemed siropler to dete:-nine the submerged flow capacity by a process of

interpolation utilizing submergence curves obtalned for a wide range of

pertinent varj-ables for this purposeo

I?ris experlmental- deternjnation of the capacity of box inlet drgp

spillways was begun in19h5 at ttre initial request of the Region 3 Engineering

Division, $oil Conservatlon Servi-ce, Untted States Departnent of Agriculture"

Alttrough i-t rras lnterrupted a nr:mber of times by special studles, it was

conpleted late in 1950, The studywas made by the staff of the Soil Conser-

vation Service located at the $t" Anthony Fal1s Hydraulic Laboratory, Uni-

versity of Minnesota, Minneapolis" There the $oi1 Conse:rration Service,

the M:innesota .0,grlcu1tura1 brperiment Station, and the St" Anthony Fal1s

Ilydraulic Laboratory cooperate in the soLution of problems concerning con-

serrration hydraulics. The experimentaL work and the analysis of the sub-

mergence data were perforned by Charl-es Ao Donne1ly, hydraulie engineer"

fhe study was direeted by Fred TlI" Blalsdell, project supervisor, who ana-

lyzed the greater part of the rating curve d.ata, with the assistance of

trtl'iss E, C" Gosslln and!drs" V" Co Schournaker. Aclmowledgenent is also nade

of the eontributlon of ttre Laborstory staff members who assisted in the

preparation of this report.

This report is broken dovrn into a nurnber of sections" Introdue-

tory sections descrlbe previous work, the test progran, and the apparatus

and procedure used in conducting ttre tests" the results of the tests are

deseribed in considerable detaj.l and sufficient inforrmation is presented to

pernit the reader i;o nake his own evaluatlon of the findings" Although

adequate information is presented here to pernit the d.esign of box lnlet
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spillways had been made since the development of an outlet for this struc­

ture. Free flow calibration tests were made a part of the test program 
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spillway at high flows. 

The study resulted in the development of a generalized method for 

determining the free flow capacity of box inlet drop spillwayso The pro­
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the Minnesota Agricultural ExperimentStation j and the St . Anthony Falls 
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servation hydraulics. The experimental work and the analysis of the sub­

mergence data were performed by Charles A. DonnellYJ hydraulic engineer. 

The study was directed by Fred W. Blaisdell, project supervisor, who ana­

lyzed the greater part of the rating curve data, with the assistance of 

Miss E. C. Gosslin and Mrs. V 0 C. Schoumaker. Acknowledgement is also made 

of the contribution of the Laboratory staff members who assisted in the 

preparation of this report. 

This report is broken down into a number of sectionso Introduc­

tory sections describe previous work j the test program~ and the apparatus 

and procedure used in conducting the tests. The results of the tests are 

described in considerable detail and sufficient information is presented to 

permit the reader to make his own evaluation of the findings. Although 

adequate information is presented here to permit the design of box inlet 
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drop spillways under free flow condlti-ons, only,typical sub,nergence curves

are included in ttris report. A conpani-on report- has been prepared for the

use of designers and the subrnergence curves for a wide variety of conditionst

as uell- as the free flow design curves, are included therein" In that report

ttre experj-mental backgror.rnd has been omitted and only suffi-cient infornation

ineluded to permi-t the design ta be prepared properly. This report on the

experimental work thus provides the support for the design report.

PREVIOUS }TORK

the earliest work on box inlet drop spi11w1fs to come to the at-

tention of the authors ie that reported by Kesslerz ln 1931+' Kesslerts

design s-as used. in some early structures but is now obsolete as far as the

$oi-1 Conservati-on $ervice prograrn 1s concerned"

A more couplete serles of experiments was reported by lluff- in

lgl+l+" The results apply particularly to entrances to chute spillways a1-

though they are applicable to drop spillways if the box inlets are suffl-

ciently deep to insure that the outlet has no backrsater effect on the flow

over the crest" As the capacity of the spillway is approached the di-seharges

tabul-ated by Huff trjJ-1 be larger than ttrose obtained with a horizontal out-

1et floor such as is used with the box inlet drop spil}way" ftre effect of

the sloping floor in the box inlet was reported by l{uff to be negligible;

he agrees with Kessler l-n this respect" I{uff and Kessler also agree wlth

respect to the effect of depth of the approach ehannel, both show1ng that a

1evel approach seryes to lower ttre capacity as conpared to a deeper approacb"

Huff gives a 1itt1e data lndicating the great effect of approaeh ehannel

width o11 the flow eapaelty and also briefly touches on the effect of sub-

mergenee. TLrese latter points are discussed fu1ly in the present report"

181*i"d"11, F" S", and Donnellyo C. Ao1 nllydrauli-c Des-ign of the Box

fnlet Drop gpili*ryrrt Unlversity of Hinaesota, Ft. Anthony Fa1ls l{ydraulic
l,aboratory Technieal Paper No' B, Series B, 1951.

zKessler, L" H", tt$rperimental Investigation of ttre Hydraulies of Drop

Inlets and Spi[*ays forErosion Control $tructuresrtt Bulletin of^t']te Uni*
versity of *isconJin, &:gineering bcperi-uent Station Serl-es No. 80, 193b,
pp " 5646 "

3Hrrff, A" No, nThe Hydrauli-e Design of Beciangulal Spillwaysr! U" $.
Department'of 4gr|culturej $o11 Conservatlon Service, Sashi-ngton, Dn Cu ,
SCS-TP-7I, February, 19it4.
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drop spillways under free flow conditions, only typical submergence curves 
1 

are included in this report. A companion report has been prepared for the 

use of designers and the submergence curves for a wide variety of conditions, 

as well as the free flow design curves, are included therein. In that report 

the experimental background has been omitted and only sufficient information 

included to permit the design to be prepared properly. This report on the 

experimental work thus provides the support for the design report. 

PREVIOUS WORK 

The earliest work on box inlet drop spillways to come to the at­

tention of the authors is that reported by Kessler
2 

in 1934. Kessler IS 

design was used in some early structures but is now obsolete as far as the 

Soil Conservation Service program is concerned. 

A more complete series of experiments was reported by Huff3 in 

1944. The results apply particularly to entrances to chute spillways al­

though they are applicable to drop spillways if the box inlets are suffi­

ciently deep to insure that the outlet has no backwater effect on the flow 

over the crest . As the capacity of the spillway is approached the discharges 

t abulated by Huff will be larger than those obtained with a horizontal out­

l e t floor such as is used with the box inlet drop spil~way. The effect of 

t he sloping floor in the box inlet was reported by Huff to be" negligible; 

he agrees with Kessler in this respect. Huff and Kessler also agree with 

r espect to the effect of depth of the approach channel, both showing that a 

level approach serves to lower the capacity as compared to a deeper approach. 

Huff gives a little data indicating the great effect of approach channel 

width on the flow capacity and also briefly touches on the effect of sub­

mergence 0 The se latter points are dis cus sed fully in the pre sent report. 

IBlaisdell, Fo Wo, and Donnelly, C. A., "HydrauliC Design of the Box 
Inlet Drop Spillway, " University of Minnesota, St. Anthony Falls Hydraulic 
Laboratory Technical Paper No.8, Series B, 1951. " 

2Kessler , Lo H., "Experimental Investigation of the Hydraulics of Drop 
Inlets and Spillways for Erosion Control Structures,tt Bulletin of the Uni­
versi ty of Wisconsin, Engineering Experiment Station Series No. 80, 1934, 
pp o 56-66 0 

3 Huff , Ao No , "The Hydraulic Design of Rectangular Spillways," U.S. 
Department of Agriculture, Soil Conservation Service, Washington, D. C., 
SCS- TP-7l, February, 1944. 
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A new outlet for box inlet drop spillways was reported. by Donne1ly4

in 19]+7. A glance at this design shows that there ri-l1 be a backriuater effect

on the flow over the box inlet erest if the drop in the box inlet is low or

if the flows are so high as to drown out the box inlet crest" This r,eans

that the diseharge tables presented by Huff are invalid for many box i-nlet

drop splllway flows. The necessity for additional ealibration studies is

readily apparent, The submergence data presented by Huff al.so become in-

valid as a reeuJ-t of the new outlet design.

An analysis of these reports shows that add:itional information

needs to be obtained to make i.t possible to compute both the free flow ca-

pacityar:d the effect of submergence on the capacity of box inlet drop spil1-

ways when the outlet developed by Donnelly is used.

TEST PROCM,AM

A test program was planned as a result of the above considerations

to produce data'which could be used to design box inlet drop spillways for

almost any field condition that nighi be experienced" TLre e:cperiences of

Huff were draum on heavily 1n deternnining the factors requiring consld,era-

tion. The test program has been broken doun into sectj-ons deallng with

the free flow tests end the submerged flow tests, the details being outlined

in the following sections. Roughl-y 121000 individual rr:ns were made to

cornplete the test program" The data obtained during these mns serve as

the background for the design eguations and curveso

, Free Flow Tests

An analysis of the dlnensions of a number of box inlets construeted

by the So11 Conservation $ervice was made as an aid in planning the test

DrogrAm, In this analysts the dlnenslons Eere expressed j-n terns of the

box width W.

The analysis and correspondence with field engineers indicated
',i|;!rat box depths D ranging fron W/B to W would eoyer the antici-pated

Irt-*Dorurelly, C" A", ttlesign of an Outlet for Box Inlet Drop Spillwayrtt
U. S. Department of Agriculture, 5oi1 Conservation Serviee, Tfashi-ngton, D.
C., SCS-TP43. November, A9147"
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A new outlet for box inlet drop spillways was reported by Donnelly4 

in 1947. A glance at this design shows that there vvill be a backwater effect 

on the flow over the box inlet crest if the drop in the box inlet is low or 

if the flows are so high as to drown out the box inlet crest. This means 

that the discharge tables presented by Huff are invalid for many box inlet 

drop spillway flows. The necessity for additional calibration studies is 

readily apparent. The submergence data presented by Huff also become in­

valid as a result of the new outlet design. 

An analysis of these reports shows that additional information 

needs to be obtained to make it possible to compute both the free flow ca­

pad ty and the effect of submergence on the capacity of box inlet drop spill­

ways when the outlet developed by Donnelly is used. 

TEST PROGRAM 

A test program was planned as a result of the above considerations 

to produce data which could be used to design box inlet drop spillways for 

almost any field condition that might be experienced. The experiences of 

Huff were drawn on heavily in determining the factors requiring considera­

tion. The test program has been broken down into sections dealing with 

the free flow tests and the submerged flow tests, the detai ls being outlined 

in the following sections. Roughly 12,000 individual runs were made to 

complete the test program. The data obtained during these runs serve as 

the background for the design equations and curves. 

Free Flow Tests 

An analysis of the dimensions of a number of box inlets constructed 

by the Soil Conservation Service was made as an aid in planning the test 

program. In this analysis the dimensions wez:e expressed in terms of the 

box wi dth W. 

The analysis and correspondence with field engineers indicated 

tha box depths D ranging from w/S to W would cover the anticipated 

4nonnelly, C. A., "Design of an Outlet for Box Inlet Drop Spillway, II 
. S . Department of Agriculture, Soil Conservation Service, Washington, D • 
. , S S- TP-63, November, 1947. 
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range of field conditions. the length of the box inlet B necessary to

cover antielpated field conditions ranged frorn about W/U to ZIi.o Tests

were nr:r with boxes a$ short as 01[ (overfa11 with no box in]-et) and as

long as lrg, This was done to extend the ca].lbratlon eurves beyond. the

ma:cimr::n anticipated. lfunits in or<ler to inerease their reliability"

the width of the approaeh channel

over the box inlet crest, as lluff has shoqno

little effect of channel Eidth when the ehannel

SL wicle, this length was adopted as standard.

length of the spillway or 28 + W" To evaluate

with approach channels as narron as O"htr and

W" greatly affects the flow

Sinee lluff I s results indicated

v,ras equal to or greater than

Here t is the inside crest

the effectso tests were macie

as wide as l-OL.

ft was aniicipated that the weir crest would control the head-

diseharge relationship for the 1ow relative heads (1ow lt/yl) anA relatively

deep box inletso However, the box inlet crest will be flooded out r,rhen the

relative head i.s hieh or the box inlet relatively sha11ovr, the headvralL

opening controlling the discharge under these conditions, The range of

flows used during the tesis reported here vras sufficient to evaluate the

head-discharge relationship for both the box inlet erest and the headwall

opening control sections and to detern-ine at what stage the control shifted

from one to the other.

The free flow test progran is given in Table I" Before the test

progra&was considered firm nearly 5O preliminary tests were made to deter-

mi:re the effects of minor factors. Only the free flow tests nade subse-

quent to the preliminary tests are listed in Table f'

$ubmerEed ll-ow Tests

Prj-or to comnencement of the tests reported. here ver;'littJ-e was

knorrrn regarding the effect of subnergence on the florv through box inlet drop

spillways and the effects of the various spillway elements on the suburer-

gence" l,fost of the nearly 50 preliminary tests were therefore devoted to

exploratory submergence tests" T?re preliminary tests showed that the sub-

mergence effect varies rtth the rate of flow and that the width of the out-

let also greatly j-nfluences the effect of subr,tergence" The shape of the

box i31et and its depth were considered as additi-ona1 ftrndanental varlables.
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range of field conditions. The length of the box inlet 

cover anticipated field conditions ranged from about w/4 
B necessary to 

to 2W. Tests 

were run with boxes as short as OW (overfall with no box inlet) and as 

long as 4w. This was done to extend the calibration curves teyond the 

maximum anticipated limits in order to increase their reliability. 

The width of the approach channel W greatly affects the flow c 
over the box inlet crest~ as Huff has shown. Since Huff i S results indicated 

Ii ttle effect of channel width when the channel was equal to or greater than 

31 wide, this length was adopted as standard. Here 1 is the inside crest 

length of the spillway or 2B + w. 
with approach channels as narrow as 

To evaluate the effects, tests were made 

0.41 and as wide as 101. 

It was anticipated that the weir crest would control the head­

discharge relationship for the low relative heads (low H/W) and relatively 

deep box inlets 0 However)l the box inlet crest will be flooded out when the 

relative head is high or the box inlet relatively shallow, the headwall 

opening controlling the discharge under these conditions. The range of 

flows used during the tests reported here was sufficient to evaluate the 

head-discharge relationship for both the box inlet crest and the headwall 

opening control sections and to determine a t what stage the control shifted 

from one to the other. 

The free flow test program is given in Table 10 Before the test 

program was considered firm nearly 50 preliminary tests were made to deter­

mine the effects of minor factors 0 Only the free flow tests made subse­

quent to the preliminary tests are listed in Table I. 

Submerged Flow Tests 

Prior to commencement of the t es ts reported here very little was 

known regarding the effect of submergence on the flow through box inlet drop 

spillways and the effects of the various spillway elemen,ts on the submer­

gence. Most of the nearly 50 preliminary tests were therefore devoted to 

exploratory submergence tests. The preliminary tests showed that the sub­

mergence effect varies with the rate of flow and that the width of the out­

let also greatly influences the effect of submergence. The shape of the 

box inlet and its depth were considered as additional fundamental variables. 
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TABLE I

TEST PROGRAM - FREE FIOII TESTS

Velues ot DfW

wc/L

0 . 6  o .  B  L , o  1 " 1 5 1 . 3 L . 2 2 . A  3 . 0  5 . o  1 0 . 0

1

r/2
' r /1.
Ll 4

r/B

1

t/2
r/b
a/B

1
"L/2

tlb
'r lA

I

r/2
t/l+

1/B

1

r/2
1/ll

r/B

n l
V . 4

t/2 1

t/B

1 1 1

VB t/B

1 1 1 1 1

t/B

1 1 1

t/B r/B VB

1 1 1 1 1

1

1L

r/B r/Br/B t/B

B 
Vi 

0 

1/4 

1/2 

1 

2 

3 

4 

TABLE I 
TEST PROGRAM - FREE FLOW TESTS 

Values of D/W 

7 

0.4 0.6 0.8 1.0 1015 1.3 1.5 2.0 3.0 5.0 10.0 

1 1 

1/2 

1/4 
1/8 

1 1 

1/2 

1/4 

1/8 

1 1 1 1 1 1 1 1 1 1 

1/2 

1/4 

1/8 1/8 1/8 1/8 

1 1 1 1 1 1 1 1 1 1 

1/2 

1/4 

1/8 1/8 1/8 1/8 1/8 

1 1 1 1 1 1 1 1 1 

1/2 

1/4 

1/8 1/8 1/8 1/8 1/8 

1 

1 
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lndlsations were that a very large number of tests would be re-

quired to define properly the submergerce effect" Considerable thought was

given to this phase of the test progran so as to reduce the number of. tests

to a minimum yet to cover adequately the rallge of conditions anticipated ir

the fie1d" The variables and their values utilized dwing the test program

are siven in Table fI.

TAB],E rl

TEST PROGRAI,I - SUB}EP,GM ruOT[ TESTS

Variable Values of vari-eble tested

B/w

D/w

w / T
e' a a a a a o l a o t o o o o o a

t  l a  .  6
L/ c_,  ! ,  . .

1  , / l  -  l a  a
L l 4 t  L / . e  r

1 A 1 ^ f t 1 l - 4 n
L r U g  L c ( ) 9  L c 2 t  Z o U

Q / f t t  .  o  c  .  ,  '  ,  6  .  e  o  o  o  o  !  "  0 . 6 ,  L ' 0 ,  1 . 5 ,  z . o t  3 . o ,  L . O ,  6 . 0

APPARATUS AND PROCEIURE

The e:cperlmental setup used for the box inlet drop spil.lway study

was especlally designed for making submergence tests" The special features

ineorporated into it also facilltated the rating tests. A genera-1 view of

the test setup is showrr in Figure 2 and the lnrportant features are described

in the follovrilg paragraphs.

Water for the ereeri&ents was obtalned fron the rnain l,aboratory

supply channel through a lr-inch supply lineo Since submergence tests re-

quire an absolutely constant rat€ of flow over long peri-ods of tine, a

constant-level tank was ineorporated into the system, The beneflts obtained

rrith this device were even greater than had. been anticipated, ELow fron

the eonstant-level tank was controlled by a l+-inch gate valve and tas meas-

ured by means of a l,O-foot type H flune loeated just upstream from the

test channel"

the upstream test channel was made of steel stair-st'ringer chan-

nels bolted. together ancl was 10 feet wide, 10 feet long and 1 foot deep.

8 

Indications were that a very large number of tests would be re­

quired to define properly the submergence effect. Considerable thought was 

given to this phase of the test program so as to reduce the number of. tests 

to a minimum yet to cover adequately the range of conditions anticipated in 

the field. The variables and their values utilized during the test program 

are given in Table II. 

Variable 

B/W 

D/W 

w/W e 
Qjw5/2 

TABLE II 

TEST PROGRAM - SUBNfERGED FLOW TESTS 

• 0 0 0 0 0 .0 0 0 

• 0 e 0 0 • 0 0 0 • 0 

• • • • • • • • 0 • • • • • • • 

. . . . 000 •••• 0.0 

Values of variable tested 

1/2, 1, 2 

1/4, 1/2~ 1 

1.0, 1.25, 1.5, 2.0 

0.6, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0 

APPARATUS A1~ PROCEDURE 

The experimental setup used for the box inlet drop spillway study 

was especially designed for making submergence tests. The special features 

incorporated into it also facilitated the rating tests. A general view of 

the test setup is shown in Figure 2 and the important features are described 

in the following paragraphs. 

Water for the experiments was obtained from the main Laboratory 

supply channel through a 4-inch supply line. Since submergence tests re­

quire an absolutely constant rate of flow over long periods of time, a 

constant-level tank was incorporated into the system. The benefits obtained 

with this device were even greater than had been anticipated. Flow from 

the constant-level tank was controlled by a 4-inch gate valve and was meas­

ured by means of a 1.0-foot type H flume located just upstream from the 

test channel. 

The upstream test channel was made of steel stair- stringer chan­

nels bolted together and was 10 feet wide, 10 feet long and 1 foot deep. 



Frgure 2-Test Apporotus

;'iater fror",r the type H flume dropped into a sti.l l ing pool and passed under

a solld baffle which served to quief. and distribute the f1ow. Vertical,

*ovable, false sidewalls "*rere used to simul-ate approach channel-s narrower
'uran the test channel. Ihe floor of the approach channel- was nade absolutely

level- by neans of eement rnortar. A pit 2i-r inches wide, 30 inches long and

5 inches deep was providerl in the center of the dorsnstream side of the ap-

: :cach channel.  The drop inlets were located in this pi t .

ltre exlt channel was made 5 feet wide, 10 feet long and 18 inches

iee:. The floor of this channel was set 6 incires below the floor of the
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Figure 2-Test Apparatus 

'iater from the type H flume dropped into a stilling pool and passed under 

a solid baffle which served to quiet and distribute the flow. Vertical, 

. ovable, false sidewalls were used to simulate approach channels narrower 

t21an the test channel. The floor of the approach channel was made absolutely 

evel by means of cement mortar. A pit 24 inches wide, 30 inches long and 

6 inches deep was provided in the center of the downstream s i de of the ap­

r oach channel . The drop inlets were located in this pit. 

The exi t channel was made 5 feet wi de, 10 feet long and 18 inches 

~? The floor of this channel was set 6 inches below the floor of the 
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approach channel" flre headwall separating the two channels was provided

with an opening for insertion of the models. An adjustable gate at the

dovrnstream end of the exit channel controlled the tailwater levelo

A headwater piezoneter opening was located at the center of the

channel 3 feet 6 j-nches upstrearn fron the headwaIl" The tailwater piezom-

eter was located. 5 feet 0 inehes dovmstrea:n fron the headwall. Each pie-

zometer was eonnected to two stilling wells, Point gages rivere located

over one set of we1ls for use i-n determining the water 1eve1s o TLle other

set of wre1ls was for water-level recorder floatso No readings were taken

fron the recordersl the records being used simply for control purposeso

Through their use it was posslble to tel1 when the water 1eve1s had reaehed

a constant elevatlon after some change and the tlme required to make a run

was reduced by about 5O per cent thereby. Tiith a little experience it was

also possible to tel1 by glaneing at the recorder eharts tf the connections

to the stl11lng we1ls vrere plugged by dirt or air" the reeorders thus

served to increase the rellability of the readings as well as to save ti:le"

The box inlet drop spillx'ay models were made of Luclte" fn gen-

era1, the box irdet r*as instal.led and 1-eft in place rrhile a m:mber of dif-

ferent outlets were attached and tested.

The $eethod of eonducting an experimental run was much the sa$e for

both the free flors and the submerged flow tests. For the free flow tests,

the constant-leve1 tank valve was opened to give a 1ow f1ow, the stage in

the ehanneL was allowed to become constant, and readlngs of discharge and

headwere obtailed and recorded" TLre valve opening was then changed slight-

1y and the procedwe was repeated until a eoraplete range of heads and dis-

charges had been obtained. During the submerged flow tests the control-

valve was adjusted to give the desiredflow, wirich renained constant through-

out each test. For ttre lnitia]- and final rirns the tailwatelwas so l-ow that

there was no submergence effect, For the i-nternediate runs the tailwater

was raj-sed and lowered in steps to eover the range fron zer.o submergence to

complete submergence, At each step readings of the steady headrvater and

tai-lwater eLevations were obtalned and reeorded"

TEST RESIIITS

In presenting the results of the box inlet drop spilJ.way tests

it is convenient to make a pri-raary distinction between the free flow tests
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approach channeL The headwall separating the two channels was provided 

with an opening for insertion of the models o An adjustable gate at the 

downstream end of the exit channel controlled the tailwater levelo 

A headwater piezometer opening was located at the center of the 

channel 3 feet 6 inches upstream from the headwallo The tailwater piezom­

eter was located 5 feet 0 inches downstream from the headwall. Each pie­

zometer was connected to two stilling wells. Point gages were located 

over one set of wells for use in determining the water levels. The other 

set of wells was for water-level recorder floats. No readings were taken 

from the recorders~ the records being used simply for control purposes. 

Through their use it was possible to tell when the water levels had reached 

a constant elevation after some change and the time required to make a run 

was reduced by about 50 per cent thereby. With a little experience it was 

also possible to tell by glancing at the recorder charts if the connections 

to the stilling wells were plugged by dirt or air. The recorders thus 

served to increase the reliability of the readings as well as to save time. 

The box inlet drop spillway models were made of Lucite. In gen­

eral, the box inlet was installed and left in place while a number of dif­

ferent outlets were attached and tested. 

The method of conducting an experimental run was much the same for 

both the free flow and the submerged flow tests. For the free flow tests, 

the constant-level tank valve was opened to give a low flow, tne stage in 

the channel was allowed to become constant, and readings of discharge and 

head were obtained and recorded. The valve opening was then changed slight­

ly and the procedure was repeated until a complete range of heads and dis­

charges had been obtained. During the submerged fl ow tests the control 

valve was adjusted to give the desired flow, which remained constant through­

out each test. For the initial and final runs the tailwater was so low that 

there was no submergence effect. For the intermediate runs the tailwater 

was raised and lowered in steps to cover the range from zero submergence to 

complete submergence. At each step readings of the steady headwater and 

tailwater elevations were obtained and recorded. 

TEST RESULTS 

In presenting the results of the box inlet drop spillway tests 

it is convenient to make a primary distinction between the free flow tests 
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and the subnerged flow tests. therefore, a separate section will be devoted

to each portion of this study"

Free Flow Tests

the box lnlet weir crest ls the control section at the lower flows

uh11e at the higher faows the control section shifts to ttre headwall opening.

Since different rnethods for computing the discharge are employed, the flow

past eaeh eontrol u:ill be treated in separate subsections. Ilowever, the

nethod used ln ihe jnitial analysis of the data i-s the same for bottr control

sections.

Analysis of Data

A nr.mber of formulas were investigated before deciding on the

rnethod to be used in enalyzing the data. the method adopted w:i11 be des-

cribed first; ttre results obtained wj-th other foruulas w:iII be presented

il a second subsection.

Melhod Adopted: Bot"tr the flow over the box inlet crest and through

the headwall opening are theoretically proportional to the three-halves pow-

er of the head or

Q q w3/z

(tn tiris report FI is the piezoroetric head plus the velocity head. ) Use

was nade of this fact, to plot all the data for each test on a single sheet.

Ttris has the advantage that the poilt 'shere the fJ.ow control section shifts

from the box inlet crest to the headwall opening can be readlly deternined,

A1so, if the data points fa11 on a straieht l"j"ne it is an indication that

the theoretical exponent is correct,

A typical plot of data is shovvn in Figure 3" To simplify the

analysis, both sides of Equation (t) were raised, before plotting, to ttre

tro-thirds power so the ordinate becomes Q-" and ttre absclssa beeomes

I:. the lower or steeper seetion of the rating eurve applies to the box

inl-et crest and tJre upper or flatter portion to the headwall openi-ng. A

nr:mber of polnts faIl on aeither curve in the vlcini-ty of their i-ntersection.

These points, rnhich are probably influenced by both the lreir crest and the

( f ,
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and the submerged flow tests. Therefore, a separate section will be devoted 

to each portion of this study. 

Free Flow Tests 

The box inlet weir crest is the control section at the lower flows 

while at the higher Dows the control section shifts to the headwall opening. 

Since different methods for computing the discharge are employed, the flow 

past each control will be treated in separate subsections. However, the 

method used in the initial analysis of the data is the same for both control 

sections. 

Analysis of Data 

A number of formulas were investigated before deciding on the 

method to be used in analyzing the data. The method adopted will be des­

cribed first; the results obtained with other formulas will be presented 

in a second subsection. 

Method Adopted: Both the flow over the box inlet crest and through 

the headwall opening are theoretically proportional to the three-halves pow­

er of the head or 

(1) 

(In this report H is the piezometric head plus the velocity head.) Use 

was made of this fact to plot all the data for each test on a single sheet. 

This has the advantage that the point where the flow control section shifts 

from the box inlet crest to the headwall opening can be readily determined. 

Also, if the data points fallon a straight line it is an indication that 

the theoretical exponent is correct. 

A typical plot of data is shown in Figure 3. To simplify the 

analysis, both sides of Equation (1) were raised, before plotting, to the 

two-thirds power so the ordinate becomes Q2/3 and the abscissa becomes 

Eo The lower or steeper section of the rating curve applies to the box 

inlet crest and the upper or flatter portion to the headwall opening. A 

number of points fallon neither curve in the vicinity of their intersection. 

These points, which are probably influenced by both the weir crest and the 
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headwall opening, Tlrere not used. in conputing the rating curves. IJr addi-

tion, a few of the lowest points were discarCed when they feI1 off the curve,

probably as a result of sr:rface tenslon.

The constants in the equati-ons for the discharge were detennj-ned

by the nethod of least squares after it was for:nd that fittlng the curves

by eye resulted in intolerable personal €rrorso the equations used had

the for"n

Q = c1 L rE tlr nor)t/' ( 2 )

for the box inlet crest portion of the rating curve, and

Q = c2 tt VZe (It - Haz)3/2

for the headrvall opening portion of the rating cur\re. Referring to Figure

3, it Trill1 be noticed that the data polnts fa1L on straight lfures except

for those near the interseetion of the two curves and for one or two of

ttre lowest f1ows. this observation, wittr minor exceptions, is eharacter-

istic of al-1 the data obtained during the tests. The deduction fron this

observatj.on is that the theoretical exponent is correct,

It rrrill be noticed that neither of the cr:rves- shovrn in Figure l

pass through the origin of coordinates. this had been anticipated. for the

headwall opening portlon of ttre rating curve because the assr:mptj-on of the

origin of heads at the crest of the box inlet is obviously incorrect and

ttre forn of the equation was adopted, for one reason, so the correcti-on

HOe could be obtained. However, t*rere was no reason to believe tbat HOt

in Equation (2) would be other than zero" ltre fact renains that HOt '!!ras

consistently found to be greater than zero lo a degree that left no doubt

as to its statistical signific€nceo Much study was devoted to this point

in an attenpt to arrj-ve at a satisfactory explanation for the head corr€c-

tion. All efforts in this direetion proved to be of no avail. Practical

neatls to sr.:rmount this difficulty are presented in a following seetion of

this report.

the head-discharge curve coeffieients, zero-flow head corrections,

and nr:mber of runs used in deteraining the constants are listed in Table lff

for reference purpos€so

(3)
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headwall opening, were not used in computing the rating curves. In addi­

tion, a few of the lowest points were discarded when they fell off the curve, 

probably as a result of surface tension. 

The constants in the equations for the discharge were determined 

by the method of least squares after it was found that fitting the curves 

by eye resulted in intolerable personal errors. The equations used had 

the form 

for the box inlet crest portion of the rating curve, and 

(3) 

for the headwall opening portion of the rating curve. Referring to Figure 

3, it will be noticed that the data points fallon straight lines except 

for those near the intersection of the two curves and for one or two of 

the lowest flows. This observation, with minor exceptions, is character­

istic of all the data obtained during the tests. The deduction from this 

observation is that the theoretical exponent is correct. 

It will be noticed that neither of the curves. shown in Figure 3 

pass through the origin of coordinates. This had been anticipated for the 

headwall opening portion of the rating curve because the assumption of the 

origin of heads at the crest of the box inlet is obviously incorrect and 

the form of the equation was adopted, for one reason, so the correction 

H02 could be obtained. However, there was no reason to believe that HOI 

in Equation (2) would be other than zero. The fact remains that Hal was 

consistently found to be greater than zero to a degree that left no doubt 

as to its statistical significance. Much study was devoted to this point 

in an attempt to arrive at a satisfactory explanation for the head correc­

tion. All efforts in this direction proved to be of no avail. Practical 

means to surmount this difficulty are presented in a following section of 

t.'1is report. 

The head-discharge curve coefficients, zero-flow head corrections, 

and number of runs used in determining the constants are listed in Table III 

for reference purposes. 
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TABLE TII

SU}&{ARY OF HEAD-DISCHARGE CI]I?VE DATA

!..t lubr"

lqutloD e tqlattoa ,

c2 %e ha

o.lrlb -o.l7o -0.71|0 I
o.trl8 -o.ll5 -0.570 lo
o.l{39 -o.rro -o.sq 1l
o.[6r -o.!rs -o.5r5 1o
o.\\t 4.jtz -0.56I Lz

z.o 0.l[6 0.006 9
0.399 0.0o? 22
o.]9o o.oo8 24
0.178 0.m8 4
o.;55 o.oos 16

o.rl{5 0.010 22
0.107 0.007 20
0'2llr o'0o5 Lt
0.215 0.001 9
0.157 O.OO5 24

, .0

r . t
r . l
I  t F

l .o
0 .8
0 .5
o .5
o .b

2.0rr9
77
78
19
&

6l
8?.
Et
8r.
8f

o. \12 4.255 -o.lo6 9
o.\el 4.251 -o.F! lo
o.\r, a.z* -o.P4 2l
o.$5 4.219 -o.[7q 7
o.\6s -o.2rl -o.l{25 I

o. , t  4,197 -o.19!  7
0.16\ -o.rql -0.]65 rl
0.393 -0.159 -o.rtt l1
o.t9\ -o.r.5o -o.lz9 1l
o. l9s -o.r 'E -0.116 r l

o.lo5 o.ooo 7 o.l€! -o.ot9 -o.lrs $
o.lgi -o.oo,
o-rrai o.ool 2\ o.l+21 o.oo2 o.mt 25
o.t+tr5 o.ool 25 o.\\6 o.m7 0.014 25
o.lgz o.ool+ tE o.r5r 4.227 -0.908 17

o.ulr+ -o.l6b -0,728 9
o.lh -0.216 -o.r+72 '
- - - - X o i l s t r o b t a l D b l .

l l l

r t l

- - - - l a a s f f l c l a D t d a t a
- - - - Io itatt obtalubl. - - - -

t a r

o.l+lb -o.al9 -o.\98 I
o.trio -o.zso -o.l5o 5

o.\o2 4.152 -o.lo4 5
- - - - Xo ilata obtalEbl. - - - -

t t l

o.t+lr -o.t19 -O.219 ll
o.l+lo -0.142 -0.284 lr

o.t56 -o. r99 o.795 19
o.i5r -o.rl5 o.54! 2a

3:i3h i:31?" i:31! "Z?
o:i;P -o.oi[t -o.o55u ir.b
o.ll\ -o.rr5 4.928 tl

o.l!o -o.u, -o.9ou 9-
0.152 -0.085 -0,!8O 2b
o.l5\ -o.o5o -o.lr8o 22
0.158 -0.014 -0.112 27

o.llg -o.oo7 -0.112 ,r

0.004 14
o.oo\ 15
o.0o5 rl
0.006 ll
o.oo5 r,

o.oo5 r5
0.007 25
o.oo5 rl
o.oo5 tz
o.0o5 ll

0.B6 o.oo5 9
o.zt\ o.oog 2,
o.lo2 0.004 2'
0.16l+ o.oo5 ro
o.y6 0.@6 6

o.bto o.m6 5
o.\ar o.oo5 11
o.\19 o.oo7 7
o.\r, o,oo\ 6
0.4U5 0.005 rt

0.ol,o 10
o.oll *
o.oll lo
0 .012 1
o.olz 6

0.012 A
0.010 l2
0.0u l0

0.014 1
o.oll l l
o.oo9 l1
o.o11 10
o.orl 9

o.oo2 2!
0.004 18

0. lr59
o.208
o.jj!
o.lla
0.1'{7

o.2t5
o.2r9
o.2y
o.?t ,
o. r57

0.158
o. r4J
o.t:9
o.lqo
o.rlra

0.429
o. ur6
0.1|o7
o.l|oo
o.15\

o.lol
o.228
0.r51
o.165
0.411

l .o

r .5
r.t
1.0

o.6
0.6
o . \
1.r5
5.o

lo.o
o.6
o .8
1.O
r.  r5

r . ,
r . 5
2.O
5.0
,.o

3.0
2.0
,.0
2.O
t.0

0.125

1.0
0 .5
1 n

1 E

J:0

0.5

! B

,.9
o '4

o.l.
0 . 5
1 6

r . 5
5.0

l.o ?.o
1.0 2.0

1.0,ii
l la" t t
r.17

0.co5 lr

o.m\ 17
o.oo5 15
0.00L lr

o.ooa t5

0.\I9
o.II7
o.b?9
o.\2o
o.l|ll

0.168 0.002 l0
o.l{57 0.007 12
o.\75 o.oo5 6
o.\t5 o.oo5 r)
0. \17c O.mJc rl
o.\o5 o.oo7 1

o.?,

0.0

2.O

1.0
o.5
o.2,
o.o

2.O

1.O

1.O

o.5

o .5o.5

rt6
t19
t20
l?l
l�2?

12,
r2f
tz,
rz5
L27

128
L4
1ro
rrr
Ly

o.2,

0.0

Ir.o

e.0
1.O
0 .5
0.o

6.0

4.O
t d

l . o

2.O
4.0

1.0
o .5
o.25
o.0

o.?,
o .5

t .0

L65
155
161
r58
169 i r69a

226
221
2r2
25t
2*

267
t2'|
t o
ttr
t 2

t t
tllr
tt2
llb
t 7

"E
1lq

t$
llr
342

t\,
,IrI

1
t47

,!5
t9

o.]lrr -o.oJ2 -o.5r? 4
o. i r r l  o.o i r  0.175 55
0.156 -o.ol5 4.175 28
0.11|5 -o.oJs -o.Qq to
o.1l[ -o.or9 -0.524 t2

o.3rg -o.ol+z -0.612 25
o.lr0 -o.c\5 4.7-36 28
0.ll+5 -0.01+2 -0.672 ,r
0.141 -o.c42 -0.672 3t
- - - - l{o ilata obialDabl.

0.116 -o.o[5 -o.7eo 4
o.r\5 -o.04\ -o.7ou t3
o.il+g -o.o\\ -o.7ol+ 4
o.ll+l -o.o4, -0.688 tB
o.lrs -o.0\7 -0.752 9

2.O 16.o

2t4.O
l .o

lr.0
5.o

o.{r -0.459 -0.916
o.g9 -0.\51 -0.605

o.t89
o.196
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TABLE III 

SUM1~RY OF HEAD-DISCHARGE CURVE DATA 

I I I) "c " • IquaUOD 2 IqlaaUOD 3 
, .. t _be .. i i i L W 1102 cl 1101 IL c2 1102 D " II<) 2.0 2.0 1.0 3.0 2.0 0.416 0.006 9 0.414 -0.370 -0.740 8 

77 2.0 0.399 0.007 ~~ 0.449 -O . ~~ -0.670 10 
7S 1.5 0.390 0. 008 0.439 -0.3 -0.6&J 11 
79 1.3 0.378 0.008 29 0.461 -0.318 -0.636 10 
80 1.15 0.366 0.008 16 0. 445 -0.332 -0.664 12 

81 1.0 0.346 0.010 22 0.414 -0.364 -0.728 9 
82a 0.8 0.307 0. 007 20 0.560 -0.236 -0.472 5 
83 0.6 0.234 0.005 13 - - - - Bo data obt .. laable - - - - -

~ 0.6 0.235 0.007 2~ • • · 0.4 0.157 0.006 

1~~ 1.0 1.0 1.0 3.0 0.429 0.004 14 0.432 -0.253 -0.506 9 
2.0 0.416 0.004 16 0.423 -0.263 -0.526 10 

1156 115& 1.5 0.407 0.005 13 0.~3 -0.252 -0.504 21 
116 1.3 0.400 0.006 11 o. 6 -0.239 -0.478 7 
117 1.0 0.364 0.006 13 0.468 -0.213 -0.426 8 

118 0.8 0.304 0.005 16 - - - - luutClcleDt clat .. - - - - -
119 0.6 0.228 0.007 23 - - - - 110 dat .. obt&luble - .... -
120 0.4 0.153 0.006 13 • • • 
121 1.15 0·a85 0.006 12 0.434 -0.211<) -0.498 8 
122 5.0 O. 31 0.005 11 0.410 -0.280 -0.560 6 

12, 0.5 0.5 1.0 10.0 0.436 0.005 9 0.402 -0.152 -0.304 6 
12 0.6 0.234 0.008 23 - - - - 110 dat .. obt&lnabl. -- .... 
125 0.8 0.302 0.004 25 · • • 
126 1.0 0.364 0.006 10 0.457 -0.119 -0.238 11 
127 1.15 0.396 0.006 8 0.430 -0.142 -0.284 11 

128 1.3 0.410 0.006 6 0.377 -0.197 -0.394 7 
129 1.5 0.421 0.006 11 0.384 -0.183 -0.366 13 
130 2.0 0.439 0.007 7 0. 39, -0.169 -0.338 11 
131 5.0 0.~3 0.004 6 0.39 -0.1.60 -0.320 11 
132 3.0 o. 5 0.006 13 0.398 -0.158 -0.316 13 

165 0.?5 0.25 1.0 3.0 0.405 0.000 7 0.424 -0.059 -0. U8 15 
166 2.0 0.~7 -0.003 8 ... 0.434 -0.060 -0.120 17 
167 0.0 0.0 1.0 3.0 o. 3 0.002 24 0.423 0.002 0.004 25 
168 2.0 0.446 0.007 25 0.446 0.007 0.014 25 
169 6 169a 2.0 4.0 0.5 3.0 0.392 0.004 16 0.351 -0.227 -0.908 17 

226 1.0 2.0 0.419 0.004 17 0.356 -0.199 -0.796 19 
227 0.5 1.0 0.447 0.005 15 0.351 -0.136 -0.544 28 
252 0.25 0.5 0.429 0.001 11 0'Z61 -0.079 -0.316 33 
253 0.0 0.0 0.420 0.002 36 O. 2Q& 0.002" 0.008" 3G-

0.386b _0 .014b -o .o56b 34b 
254 2.0 8.0 0.25 0.411 0.005 11 0.334 -o.u6 -0.928 37 

28~ 1.0 4.0 0.~8 0.002 10 0.340 -0.113 -0.904 30 
32 0.5 2.0 o. 7 0.007 12 0.352 -0.085 -0.680 26 
330 0.25 1.0 0.476 0.005 6 0.354 -0.060 -0. 480 22 
331 0.0 0.0 0.456 0.006 1, 0.368 - 0. 014 -0.112 27 

332 0.125 
0.417 c 0.003c 

0.349 -0.007 -0.112 31 0.406 0. 007 7 

33~ 0.25 2.0 3.0 0.459 0.010 10 0.,41 -0.032 -0.512 29 
33 0.5 4.0 0.6 0.208 0.011 56 o. 15 0.011 0.176 56 
335 1.0 0.337 0.011 10 0.356 -0.036 -0.576 28 
336 1.5 0. 3,4 0 . 012 7 0.346 -0.038 -0.608 30 
337 3,0 0.3 7 0.012 6 0.341 -0.039 -0.624 32 

338 1.0 S.O 0.6 0.235 0.013 12 0.349 -0.042 -0.672 25 

~~ 1.0 0. 239 0. 011 10 0.340 -0.046 -0.736 28 
1.5 0.252 0. 012 8 0.345 -0.042 -0.672 31 

341 3. 0 0.235 0 .010 12 0.343 -0.042 -0.672 33 
342 0.4 0 .167 0.011 10 ...... .. No data obtainable - - .... -

5~ 2.0 16.0 0.4 0.158 0.014 7 0.346 -0.045 -0.720 29 
0.6 0.143 O. OU 11 0.346 -0.044 -0.704 33 

~~ 1.0 0.1~ 0.009 11 0.343 -0.044 -0.704 29 
1.5 0.1 0.011 10 0.343 -0. 043 -0.688 38 

347 3.0 0.142 0.011 9 0.338 -0.047 -0.752 30 

348 4.0 4.0 1.0 2.0 0.389 0.002 24 0.361 -0.459 -0.918 23 
311<) 3.0 3.0 1.0 2.0 0.396 0.004 18 0.399 -0.463 -0.806 21 

a,.. •• Depp. ~o air under nappe "110 ond .111 
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Other Fornulas: A nr:mber of additlonal forraulas were carefully

consj-dered before abandoning then in favor of Equations (2) and (3). These

equatlons w111 be discussed briefly" The comparisons of results are based

on a least squares analysi-s of the data obtained from the nine tests nr:m-

bered b9 ana ?7 to Bl+, inclusive, llsted in Table fII" The same nodel was

used for each of these tests but the approach channel was different in rridth

for eaeh test"

An equati.on which i-s frequently used has the form

Q = " 3  1 , i f (1+ )

the theoretical value of the exponent n is 1.5" For the nine tests n

variedfronl,5Tto 1.70" the coeff ieient "3 alsovaried. The variat ions

of both .3 and n were qui.te erratic and no relationshi-p between eitJrer

of then and any other variable was discovered,

ftsas thought the interference to the flow at the upstrearn eorners

of the box lnlet might possibly have some j"nfluence on the flow over the

crest, ltris influence was presumably a function of t'he head which could

be taken into aceount by using an equation having the form

Q = cL t e1/2 rf/z * "' et/z #/z $)

No trend could be di-scovered for the eoefficients of Equation (5) nor for

those of EquatS-on (6), ri'hich is the sa&e as Equatlon (5) except for the

addition of a zero correction.

Q = c6, r ra/z tf/' * ", er/z tf /2 * ao (6)

The standard error of estimate S was computed for each of these

equations and for Equation (2)" the val-ue of S, averaged for the nine

tests is

Equation

Equation

Equation

Equation

(2)
(i+ )
$)

and

(6)

0"0031,

o.ooh6,
o"0056,

o"0052"
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Other Formulas: A number of additional formulas were carefully 

considered before abandoning them in favor of Equations (2) and (3). These 

equations vdll be discussed briefly. The comparisons of results are based 

on a least squares analysis of the data obtained from the nine tests num­

bered 49 and 77 to 84, inclusive, listed in Table III. The same model was 

used for each of these tests but the approach channel was different in width 

for each test. 

An equation which is frequently used has the form 

Q=cJLIf (4) 

The theoretical value of the exponent n is 1.5. For the nine tests n 

varied from 1.57 to 1. 70 0 The coefficient c
3 

also varied. The variations 

of both c3 and n were quite erratic and no relationship between either 

of them and any other variable was discovered. 

It was thought the interference to the flow at the upstream corners 

of the box inlet might possibly have some influence on the flow over the 

crest. This influence was presumably a function of the head which could 

be taken into account by using an equation having the form 

Q L 1/2 H3/ 2 1/2 H5/ 2 , = c4 g ~ c5 g (5) 

No trend could be di scovered for the coefficients of Equation (5) nor for 

those of Equation (6) , which is the same as Equation (5) except for the 

addition of a zero correction. 

Q L 1/2 H3/2 1/2 H5/ 2 . Q 
= c6 g +- c7 g+-o (6 ) 

The standard error of estimate S was computed for each of these 

equations and for Equation (2). The value of S, averaged for the nine 

tests is 

Equation (2 ) 0.0031, 

Equation (4) 000046, 

Equation (5) 0.0056, 

and 

Equation (6) 0.0052. 
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the standard eror of estimate for Fquati.on (2) is the lowest of thos€ coltp

puted for the four equations and is one signlficant reason this equation

i-s used herein. Another equaJ.J.y important sonsideration is that the coeffi-

cient in Equation {2) varies consistently veith approaeh channel width. It

is noted above that no reliable trend was observed for the coeffi-cients of

Equations (l+), (5) and (5)"

Control at Crest of Box fnlet

Four factors are discussed below *rich affeet the f3-ow throagh

box inlet drop spi11-ways rnrhen the control section ls the crest of the box

inlet" A separate subsection is devoted to each factor and to the nethod

of correeting for its effect. In the concluding subsection corrections to

the dlscharge coefficient are made to demonstrate the precision of the cor-

rections adopted" Although it was shown by Kessler and l{uff that the 1eve1

of the approaeh ehannel sril1 affect the discharger no tests were made to

evaluate this effect. The approach channel was made l.evel $:ith the box in-

let crest to simulate a natural approach ehannel silted 
'level 

ful1.

Effect € Position of Dike: As the dike is moved closer to ihe

crest of the box inlet free aceess io pari of the box inlet crest is cut

off. Althoughveryli-tt1e datawere obtained" information vrhich can be uti-

1lzed to evaluate the dike effect vo'iIl be presented for its qualitative

value,

fhe closeet position of the dike to the box inlet is the point

ai which the toe of the dike just touches the crest" At this point X = 0.

tests were nade with X/W = 0e o.|u 1.1+, 2.9, 5'7, and o {no dike) where

H is the head. for r*rieh the spillway ls designed. the relatlve head HlT

for r*hieh tests were made was 0,35" Since the dike slope was 1 6n 3r the

toe of the dike also projected upstrean by 3H" The tests were conducted

for onl_y a single box inlet having a relative length B/W = 2,

I?henplotting the results it was discovered that the dike position

did not affect the discharge ehen the conirol was at the headwall openi-::g"

Therefore, the conspnts in this section apply only to the box inlet erest

eontrol portion of the rating curv€r fhe ratio of t'he discharges at identical

16 

The standard error of estimate for Equation (2) is the lowest of those com­

puted for the four equations and is one significant reason this equation 

is used herein. Another equally important consideration is that the coeffi­

cient in Equation (2) varies consistently with approach channel width. It 

is noted above that no reliable trend was observed for the coefficients of 

Equations (4)~ (5) and (6). 

Control at Crest of Box Inlet 

Four factors are discussed below which affect the flow through 

box inlet drop spillways when the control section is the crest of the box 

inlet. A separate subsection is devoted to each factor and to the method 

of correcting for its effect. In the concluding subsection corrections to 

the discharge coefficient are made to demonstrate the precision of the cor­

rections adopted. Although it was shown by Kessler and Huff that the level 

of the approach channel will affect the discharge, no tests were made to 

evaluate this effect. The approach channel was made level with the box in­

let crest to simulate a natural approach channel silted level full. 

Effect of Position of Dike: As the dike is moved closer to the 

crest of the box inlet free access to part of the box inlet crest is cut 

off. Although very little data were obtained, information which can be uti­

lized to evaluate the dike effect will be presented for its qualitative 

value. 

The closest position of the dike to the box inlet is the point 

at which the toe of the dike just touches the crest. At this point X = o. 
Tests were made with X/H = o~ 0.7,1.4,2.9,5.7, and (l) (no dike) where 

H is the head for which the spillway is designed. The relative head H/W 

for which tests were made was 0.35. Since the dike slope was 1 on 3, the 

toe of the dike also projected upstream by 3H. The tests were conducted 

for only a single box inlet having a relative length B/W = 2. 

When plotting the results it was discovered that the dike position 

did not affect the discharge vmen the control was at the headwall opening. 

Therefore, the comments in this section apply only to the box inlet crest 

control portion of the rating curve. The ratio of the discharges at identical 



heads rith a dike to that nith no dike rras

positlons with the following results:

t7

eonputed for each of the dike

v h t
L / n  o  o  o  o  o  o  o

Relatlve discharge . "

o,0  0"7  1 .1+ 2"g  5"7  oc

o" Bl+ 0" 85 a "g3 o "g7 o "gg 1.00

TlTe reduction in discharge resulting when the toe of the dike is located

close to the crest is quite large--and this is for one of the lonqer box

lnlets tested" Apparently ihe toe of the dike shodd be located from 3n

to 5W fron the box inlet crest i-n order to rninimize the dike effect"

If the effect of the dike for other box inlets can be assr:med

to be inversely proportional to the length of the crest, then for a box

i::let shape of B/W = 1, where the crest length ls 3W as compared to $,TtI
'dien BfW = 2, the decrease fu the relative discharge obtained above vril1

be SvillW or 1"? tirnes as great, The corresponding figure for B/W = A"5

is ffi/z$ or 2"$" the inportance of keepingthe toe of the dike well away

from the box inlet erest is quite apparent fron these figr:res"

In using the above values to deternrine the dike effect it shou-ld

be kept in mind that the data are too few to peruit ttre deterreinatj-on of

arty eompletely reliable figures" the data are presented here in the absence

of any better lnfornation prinarily for their qualitati.ye valueo

Effggl of Approach Channel tr{idth: ftwas sho'wn by ttuffS that the

width of the approach channel has a large effest on the discharge" Ore

phase of the present test program was designed to deterrni-ne this effect

quantitati-vely end accurately" the results are presented in Figr:re ! in

dlmensionless forrn" The diseharge coefflcient "1 was divj-ded by the av-

erage discharge coeffl-cient for channel widths equal to or greater than

three crest lengths cIrW./L

values would be proportional to the coeffici-ents obtained. for the wider

channels and would Cirectly indi.cate the throttiing effect of the narrower

approach channel" The tests ruith the deeper box inlets (larger D/T) are

the nosi reJ-iable since they cover a larger range of discharges than did

/ l f r . f  f  n i  *
r r l A r ,  v ! , o  v ! v o
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heads with a dike to that with no dike was computed for each of the dike 

positions with the following results: 

X/H 000 0 0 0 0 1.4 

Relative discharge 0.93 1.00 

The reduction in discharge resulting when the toe of the dike is located 

close to the crest is quite large--and this is for one of the longer box 

inlets tested. Apparently the toe of the dike should be located from 3H 

to 5H from the box inlet crest in order to minimize the dike effect. 

If the effect of the dike for other box inlets can be assumed 

to be inversely proportional to the length of the crest, then for a box 

inlet shape of B/W = 1, where the crest length is 3W as compared to 5w 

when B/W = 2, the decrease in the relative discharge obtained above V'.rill 

be 5W/3W or 1.7 tL~es as great. The corresponding figure for B/W = 0.5 

is 5W/2W or 2050 The importance of keeping the toe of the dike well away 

from the box inlet crest is quite apparent from these figures. 

In using the above values to determine the dike effect it should 

be kept in mind that the data are too few to permit the determination of 

any completely reliable figureso The data are presented h~re in the absence 

of any better information primarily for their qualitative value. 

Effect of Approach Channel Wi dth: It was shown by Huff5 that the 

width of the approach channel has a large effect on the discharge 0 One 

phase of the present test program was designed to determine this effect 

quantitatively and accurately. The results are presented in Figure 4 in 

dimensionless form. The discharge coefficient c
l 

was divided by the av­

erage discharge coefficient for channel widths equal to or greater than 

three crest lengths cl , W /L ~ 3 before plotting. This was so the plotted 
c 

values would be proportional to the coefficients obtained for the wider 

channels and would directly indicate the throttling effect of the narrower 

approach channel. The tests with the deeper box inlets (larger D/W) are 

the most reliable since they cover a larger range of discharges than did 
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Figure 4-Relotive Effuct of Approoch Chonrplwdth

Control ot Box Inlet Crest
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those for ttre shallower box lnIets. lhe

d.ata obtalned on the deeper box inlets were

therefore given thegreatest weight ln draw-

ing the crrFe€so

Ttre relatlve discharge coeffl-

cient ls unaffected by approach channel

rridths equal to or great€r than three times

the length of the box inlet crest. There-

fore, all design criteria are based on wide approach channels and the curve

of Figure l+ or the factors llsted in Table fV, wtrich are taken fron the

curve, ere suggested for use in correcting for ttre effect of narrow channels.

Ttre very rapid reduction in relatlve discharge as Wc/L decreases below 1

ls readily apparent. ft appears that under these eonditions the longer box

inlets become rpeconomical and a shorter box inletr whlch would operate

lnder a slighu-y greater head and a much higher discharge coefficientr should

be investi.gated.

S y m b o l r
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Figure 4-Relative Effect of Approach Channel Width 

Control at Box Inlet Crest 

9 10 

those for the shallower box inlets. The 

data obtained on the deeper box inlets were 

therefore given theg eatest weight jn draw-

ing the curves. 

The relative discharge coeffi­

cient is unaffected by approach channel 

widths equal to or greater than three times 

the length of the box inlet crest. There­

fore, all design criteria are based on wide approach channels and the curve 

of Figure 4 or the factors listed in Table IV, which are taken from the 

curve, are suggested for use in correcting for the effect of narrow channels. 

The very rapid reduction in relative discharge as WclL decreases below 1 

is readily apparent. It appears that under these conditions the longer box 

inlets become uneconomical and a shorter box inlet, which would operate 

under a slightly greater head and a much higher discharge coefficient, should 

be investigated. 



"lL 0"1 u . t

o.oo o"o9 o"1B

o.8 l+ o"B7 0"90

o.  gB o.9B a "99

o"27 O"35

0,  g2 0.93

a"g9 0"99

TABTE IV

CORRECTION FOR APPROACH CI{ANNEI, WID$I

Control at Box ln1et Crest

&{u1tiply c1 or "B bY correction

a l
a l
U " 4 n A ^ ' 7 0 " 8  0 " 9

a"53 0,62 0.71 O.Bo

a"g5 0.g6 o"g7 o.g7

1"00  1 "00  1 "00  1 "00

0. lrl+

U "Y4

0.99

Effect of Shape of Box Inletr llhen analyzing the results it was

observed that the coefficient of d.i-scharge "1 in Equation (2) was a fr:nc-

ti-on of the shape of the box inlet B/W" the discharge coefficients are

plotted in Figiire 5" In preparing Figure ! opea circlee were used when the

relative channel width was equal to or greater than 3" * Tests made with a

relative approach ehannel width of 2 were corrected. for t'he effect of ap-

proach channel tcidtft and used to locate the curve for the longer boxeso

The corrected. eoeffisienis are plotted. as crosses ln Figure !" fhe daia

obtaj-nedfor the shallowest box inlets (nlW = 1/B) were not plotted. because

the end sill caused submersence of the weir crest at all flows'

ft is intended that the cunre drawn in Figure 5 or the correetions

given in Table V be used for design purposeso Because of the scatter in

data there is some question as to the correct position of the curve, parti-

crrlarlyfor the short box inlets (low B/W)" Ilowever, it is felt that values

taken lrom the curve are valid io within * 10 per cent. A correction scale

has been added at the right side of Figure 5. this scale is based on the

assunption that no eorecti-on is required to the discharge coeffieient of

O.LZ75 when BN = t but that a correction is required for other box inlet

shapes. The use of this correction curve ?ril1 b discussed i-n the fo1l-oring

subsection"
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TABLE IV 

CORRECTION FOR APPROACH CHANNEL WIDTH 

Control at Box Inlet Crest 

Multiply cl 
or c8 by correction 

W /L 000 001 002 003 004 005 006 0.7 008 0 09 c 

0 0000 0009 0018 0027 0035 0044 0053 0. 62 0.71 0080 

1 0084 0. 87 0090 0.92 0093 0 094 0095 0.96 0.97 0.97 

2 0.98 0098 0.99 0.99 0 099 0099 1.00 1.00 1.00 1.00 

3 1.00 

Correction is constant when W L exceeds 3000 
c 

Effect of Shape of Box Inlet: Vliben analyzing the results it was 

observed that the coefficient of discharge cl in Equation (2) was a func­

tion of the shape of the box inlet B/W. The discharge coefficients are 

plotted in Figure 5. In preparing Figure 5 open circles were used when the 

relative channel width was equal to or greater than.3. Tests made with a 

relative approach channel width of 2 were corrected for the effect of ap­

proach channel width and used to locate the curve for the longer boxes. 

The corrected coefficients are plotted as crosses in Figure 5. The data 

obtained for the shallowest box inlets (B/W = 1/8) were not plotted because 

the end sill caused submergence of the weir crest at all flows o 

It is intended that the curve drawn in Figure 5 or the corrections 

given in Table V be used for design purposes. Because of the scatter in 

data there is some question as to the correct position of the curve, parti­

cularly for the short box inlets (low B/W) • However, it is felt that values 

taken from the curve are valid to va thin ± 10 per cento A correction scale 

has been added at the right side of Figure 50 This scale is based on the 

a ssumption that no correction is required to the discharge coefficient of 

0 . 4275 when B/W = 1 but that a correction is required for other box inlet · 

shapes. The use of this correction curve will be discussed in the following 

subsection. 
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TABLE V

CORRECTTON FOR BOX INLET SHAPE

Control at Box fnlet Cbest

[{u1tipLy "1 or "B by correction

0.3 0 .b o.5 0.6

0

1

2

3

b

0.98  1 .01

1.O0 A.gg

o.96 a.96

0.9b 0.gl+

o.g3

1.03 1.03

o.gg o,g8

o.g5 a.g5

0.911 0.9L

1.03  1 .02

O,97 O.97

o,95 o.95

o.9l+ 0.91+

1 .01  1 .01

o.96 0.96

o.9h o.9l+

o.g3 0.93

Elirnination of Zero-Flow Head C_orrection: The use of Equation (2)

w:ith lts zero-flow head correction is open to some obJectlon. Accordinglyt

a neans was sought to elimlnate ttre zero-flow head corection altogether.
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Figure 5-Effect of Box Inlet Shape on Discharge Coefficient 

B/W 0.0 0.1 

0 0.98 1.01 

1 1.00 0.99 

2 0.96 0.96 

3 0.94 0.94 

4 0.93 

Control at Box Inlet Crest 

WC~3 
L 

TABLE V 

CORRECTION FOR BOX INLET SHAPE 

Control at Box Inlet Crest ~ 

Multiply cl or c8 by correction 

0.2 0.3 0.4 0.5 0.6 

1.03 1.03 1.04 1.04 1.03 

0.99 0.98 0.98 0.98 0.97 

0.95 0.95 0.95 0.95 0.95 

0.94 0.94 0.94 0.94 0.94 

0.7 

1.02 

0.97 

0.95 

0.94 

1.1 

0.9 

4 

0.8 0.9 

1.01 1.01 

0.96 0.96 

0.94 0.94 

0.93 0.93 

Elimination of Zero-Flow Head Correction: The use of Equation (2) 

with its zero-flow head correction is open to some objection. Accordingly, 

a means was sought to eliminate the zero-flow head correction altogether. 



ftwas found possible to do this.

the box ln1et crest has the form

27

Tkre resulting equation for discharge over

where "B now varies with the head"

must be applied the correctlons for

shape.

Q = c B t  & f t ' l ' 7 \
\ r , /

To the eoefficient ln Equation (7)

approach channel $"idth and box i-nlet

To deternine the coefficient of discharge and the reliabllity of

gquation (?)r cB Tras conputed for each run of all pertinent tests" Ttre

coefficient cB was *ren corrected for the effect of approach channel Tridth

andbox jnletshE:e. The correct*d discharge coefficients are plotted in

Figure 5 against relatj-ve head I1/W. The only data not appearing ia Figure

6 are tJrose obtained for the shallow boxes r'vhere submergence from the end

sill affeets the discharge even at very 1ow flows" Some shallow box data

have been ingluded for n:ns vrhere the end s111 was removed, Data fron 51

of the 62 tests listed in Table III appear in Flgure 5.

A mean curre has been drarm as a so1ld line in Figure 5" The

coefflcient of discharge for a given relative head rnay be taken fron this

cuf,-v'e, multiplied by the approach channel r!:idth cor:iection and the box in-

let shape correction, and substituted in Equation (?) to- a*tut*ite the ca-

paclly of the box inlet drop spi11-way when the box ln1et crest controls

the dj-scharge, A second nethod" for determ:ining the dischlrge is outllned

in the following paragraph asing the correction seal-e at the right of Fig-

ure 6 or tfte corrections given in fable Vf"

It $:i11 be noticed that the discharge coefficient is constant in

Figure 6 when H/W is greater tftan 0'5o Therefore, Equation (l) can be

written

Q = o"l+2?5 I {2s f/2 1 8 \

or, in &:glish unitst

Q = 3 ,ltl t' tf/z $ )

Equations (B) ana {g) x. valid when B/w = l, 'lrc/r > 3, and H/w > 0'6o

For other box inlet lengths, nanorrer approach channeLs and lower headst
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It was found possible to do this. The resulting equation for discharge over 

the box inlet crest has the form 

(7) 

where Cs now varies with the head. To the coeffiCient in Equation (7) 

must be applied the corrections for approach channel width and box inlet 

shape. 

To determine the coefficient of discharge and the ,reliability of 

Equation (7), cs was computed for each run of all pertinent tests. The 

coefficient Cs was then corrected for the effect of approach channel width 

and box inlet shape. The corrected discharge coefficients are plotted in 

Figure 6 against relative head H/W. The only data not appearing in Figure 

6 are those obtained for the shallow boxes where submergence from the end 

sill affects the discharge even at very low flows. Some shallow box data 

have been included for runs where the end sill was removed. Data from 51 
of the 62 tests listed in Table III appear in Figure 60 

A mean curve has been drawn as a solid line in Figure 6. The 

coefficient of discharge for a given relative head may be taken from this 

curve, multiplied by the approach channel width correction and the box in-
.-

let shape correction, and substituted in Equation (7) to determine the ca-

pacity of the box inlet drop spillway when the box inlet crest controls 
• • the discharge. A second method for determining the d~scharge is outlined 

in the following paragraph using the correction scale at the right of Fig­

ure 6 or the corrections given in Table VI. 

It will be noticed that the discharge coefficient is constant in 

Figure 6 when H/W is greater than 0.6. Therefore, Equation (7) can be 

written 

Q = 0.4275 1 V2i H3/ 2 (8) 

or, in English units, 

Equations (8) and (9) are valid when B/W= 1, 

(9) 

W /1 ~ 3, and H/W ~ 0.6. c 
For other box inlet lengths.ll narrower approach channels and lower heads, 
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the corrections gI-ven

listed in ?ables fV, V

by the cunres

and YI nust be

of Figures h, 5 and 5 or

applled"
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bhe flgures

o"o8 o"og

TABLE VT

CORNECTIO}I T'OR HEA!

Control at Box In1et Crest

l,{uJ.tlp1y cg bY coreetion

0"00 0"01 0"02 0"03 0.01+ 0"05 n n A 0.07E/v

0 .0

0"1

o.2

0.3

O.l+

n (

n A

o.B7 o"BB

0,g3 o"gl

o ,g7 a.97

o.gg 4"99

1.00 1"00

1"00

0"90 0 .91

o.g5 0"95

a "g7 o.9B

a.99  0 ,99

1.00  1 .00

o"75 o"Bo

0"91 a"92

a"g5 a"g5

o.gB o .gB

o "99  0 .99

a nn a nn
I O U U  I O V V

o"B2 o"8L 0.86

o"g2 o.g3 a"g3

a"g6 0"g6 0.96

o"gB o .gB  o .gB

0"99 a,99 1.00

1.00 1"00 1"o0

0 " B g

u " y 4

o.g7

a"gg

1"O0

s eons

Frecision of Results: Figure 6 has ben prepared to a very large

scale in order to faellitate plotting the data. Tlrerefore, the scatter j-s

not as great as might be assumed at first glance. Lightweight lines have

been drarun 5 per cent above and belory the urean line to pernit an evaluation

of the reliability of the methods, It can be seen that rnost of the observed

data fal1 srithj$ t 5 per cent of the nean 1ine. Therefore, Figure 5 nay be

consj-dered as veri.fyrng Equation (l) when cR is taken fron Fi-gure 6 and

corrected by means of Flgr:res l+ and 5 or Tabl"J fV and V" Similar couments

apply to Equatlons (B) and (9) *ren corrected by neans of Figures L, 5 and

6 or ?ables fY, V and VI"

Control at l{eadwa1l Openj-ng

At the higher flows the box inlet beeomes flooded out and the

section controlling the flow shi-fts from the box inlet erest to the opening
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the corrections given by the curves of Figures 4, 5 and 6 or the figures 

listed in Tables IV, V and VI must be applied. 

TABLE VI 

CORRECTION FOR HEAD 

Control at Box Inlet Crest 

Multiply c8 by correction 

H/W 0.00 0001 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 

0.0 0.76 0.80 0082 0.84 0.86 

0.1 0.87 0.88 0.89 0.90 0091 0.91 0.92 0.92 0.93 0.93 

0.2 0.93 0.94 0.94 0095 0095 0.95 0.95 0.96 0.96 0.96 

0.3 0.97 0097 0097 0.97 0.98 0.98 0.98 0.98 0.98 0.98 

0.4 0.99 0.99 0099 0.99 0.99 0.99 0.99 0.99 0.99 1.00 

0.5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

0.6 1.00 

Correction is constant when HW exceeds O. . 

Precision of Results: Figure 6 has been prepared to a very large 

scale in order to facilitate plotting the data. Therefore, the scatter is 

not as great as might be assumed at first glance. Lightweight lines have 

been drawn 5 per cent above and below the mean line to permit an evaluation 

of the reliability of the methods. It can be seen that most of the observed 

data fall wi thin ± 5 per cent of the mean line. Therefore, Figure 6 may be 

considered as verifying Equation (7) when c8 is taken from Figure 6 and 

corrected by means of Figures 4 and 5 or Tables IV and V. Similar comments 

apply to Equations (8) and (9) when corrected by means of Figures 4, 5 and 

6 or Tables IV, V and VI. 

Control at Headwall Opening 

At the higher flows the box inlet becomes flooded out and the 

section controlling the flow shifts from the box inlet crest to the opening 
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in the headwall" The change from one control section to ttre other is fairly

quick, as can be seen by referring to the typlcal plot presented ln Fig:r:re

3" Equation (J) i-s used to define that porti.on of the rating eurve ldri-ch

represents the head-dlscharge relati-onship when the headwall opening controls

t'he flotru-.

A detailed analytical study was made to deternlne the factors

shich affect the discharge eoefficient and the zero-flow head eorrecti-on in

Equatlon (J)" It was discovered that the dike posltlon, the box inlet shape,

and the approach ehannel rridth had no effect on the discharge coefficient

c^ but that the soefficient was a function of the de'pth of the box inlet.
1 -

With regard to the zero-flow head correction H02, it was dlscovered that

HOe was independent of the approach chaanel widt& and the dike posltion

butwasafunetion of both the relative length B/W and the relative depth

D/W of the box inlet. Separate subsectlons of the report are devoted to

the effect of the relative depth of the box ln1et on the di-scharge coeffi-

eient and on the head correction"

Effect of Depth of Box Inlet on Discharge Coefficient: Ithen the

discharge eoefficient .Z in Equation (3) is plotted against the relative

depth of the box inlet DfW it is fowrd that .Z increases with D/V.

this ls shown in Figure f " ftre i:rdivi-duaI points. plotted at each of four

values of D/W represent di-fferent box shapes BIW and different approach

channel widths We/L" lfhile there is considerable spread tn the data, other

plots not presented here show that cZ is independent of both BN and

Wc/L and it s€ems unlikel-y that tJre spread can be decreased,

For design purposes the solid cur"\re drawn il Figure 7 is suggested

for use i.:n deternining thre eoefficient of discharge in Equation (3). Ihe

discharge coefficients are also listed irrl Table VIf for those who prefer to

use tables.

Head Correctionr ft was anticipated that t'he zero-flor,lr head eor-

rection HOZ in Equation (3) rsould be quite large relative to the box j-nlet

depth because the head H was measured from the crest of t,l.e box inlet

while the effective headwall opening had a depth on the order of H + Do

ftwas realized that the upstream crest of the box inlet would affeet H02,

the effect varying rrlth the ratio B/D of box inlet length B to box in-

1et depth D" Itwas anticipated that HOZ woul-d vary from possibly zero,
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in the headwall. The change from one control section to the other is fairly 

quick, as can be seen by referring to the typical plot presented in Figure 

30 Equation (3) is used to define that portion of the rating curve which 

represents the head-discharge relationship when the headwall opening controls 

the flow. 

A detailed analytical study was made to determine the factors 

which affect the discharge coefficient and the zero-flow head correction in 

Equation (3). It was discovered that the dike position, the box inlet shape, . 
and the approach channel width had no effect on the discharge coefficient 

c2 but that the coefficient was a function of the depth of the box inlet. 

With regard to the zero-flow head correction H02 ' it was discovered that 

H02 was independent of the approach channel 'width and the dike position 

but was a function of both the relative length B/W and the relative depth 

D/W of the box inlet. Separate subsections of the report are devoted to 

the effect of the relative depth of the box inlet on the discharge coeffi­

cient and on the head correction. 

Effect of Depth of Box Inlet on Discharge Coefficient: When the 

discharge coefficient c2 in Equation (3) is plotted against the relative 

depth of the box inlet D/W it is found that c2 increases with D/W. 

This is shown in Figure 7. The individual points. plotted at each of four 

values of D/W represent different box shapes B/W and different approach 

channel widths W /L. While there is considerable spread to the data, other c 
plots not presented here show that c 2 is independent of both B/W and 

Wc/L and it seems unlikely that the spread can be decreased. 

For design purposes the solid curve drawn in Figure 7 is suggested 

for use in determining the coefficient of discharge in Equation (3) 0 The 

discharge coefficients are also listed in Table VII for those who prefer to 

use tables. 

Head Correction: It was anticipated that the zero-flow head cor­

rection H02 in Equation (3) would be quite large relative to the box inlet 

depth because the head H was measured from the crest of the box inlet 

while the effective headwall opening had a depth on the order of H + D. 

It was realized that the upstream crest of the box inlet would affect H02 ' 

the effect varying .dth the ratio B/D of box inlet length B to box in­

let depth D. It was anticipated that H02 "'[ould vary from possibly zero, 
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TABLE VII 

COEFFICIENT OF DISCHARGE 
Control at Headwall Opening 

• 
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3.5 

3.0'5. 

2.5 

D/W 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0. 7 0.8 0.9 1.0 

C2 0.34 0.34 0.35 0.35 0.35 0.36 0.36 0.37 0.39 0.40 0.43 



as *,he box inlet length approached. zeTa, to a ruinirnr:n of -D for rela-

tively longo shallow box inlets" Furthermore, sj-nee the contraction of the

Jet at the headnall opening would be suppressed W the sides of the box

below the level- of the box inlet erest, ii seemed reasonable to expect that

this latter effect would be reflected in the value of HO2" Therefore,

some l€ans would have to be for:nd to rationalize HOZ and to devise a method

whereby its value could be deteruined ln the design office"

An analysis of the data shosed that the head corection is j:rde-

pendent of the approach cherurel vridth and. of the rv"idth of the box inlet

but ttrat 1t is a function of the rati-o of the box inlet length to its depth

B/D. In Figure I ttie ratio HAZ/D has been plotted against B/D' there

it w:i11 be noiiced. that the data for box inlets having relative depths D/W

of 1, LfT and.l/li f"ff on a single curve but that for a relative box inlet

depth of 1/B the data fal1 on a separate well-defined cr:rve o ILre reason

for this has not been discovered'

In view of the fact that shallow boxes wil-1 be uneconomical in

most ceses for the higher flows where the headwall openlng controls the

discharge, the solid curve of Figure B is presented for desi-gn purposes for

box inlets equal to or greater in depth than W/b" Ihe cunre of Figure B

is also presented i-tl tabular form in Table VIfi" In order to cover the

relati-ve box inlet depths between I/b and L/8, as well as the deeper box

inlets, the data has been plotted in a differeni forn j-n Fi-gure 9' Although

Figure B and Table VIII are simpler to use than Figure 9, Figure 9 may be

used. in place of Figure I or Table VIII for deslgn purposes and nrust be used

for the shallower boxes"

Frecision of Resultsl nashed fllrYes have been added to Figure 7

parallel to the solj-d curve and 5 per cent and 10 per eent above and below

it to indicate the spread of the data. It wil1 be noticed that n:ost of the

d.ata fa1l within a range of aboui 5 per eent from the design eurrre, Althou$r

occasional data points fa1l or:tside the 10 per cent limitsr suffi-cient data

fal1 inside this range to lndicate that the eoefficient of discharge reason-

ably can be expected to be 'rs-ithin about 10 per cent of the value given by

the desig'n curveo
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as the box inlet length approached zero, to a minimum of -D for rela­

tively long~ shallow box inlets. Furthermore, since the contraction of the 

jet at the headwall opening would be suppressed by the sides of the box 

below the level of the box inlet crest, it seemed reasonable to expect that 

this latter effect would be reflected in the value of H02 • Therefore, 

some means would have to be found to rationalize H02 and to devise a method 

whereby its value could be determined in the design office. 

An analysis of the data showed that the head correction is inde­

pendent of the approach channel width and of the width of the box inlet 

but that it is a function of the ratio of the box inlet length to its depth 

BID. In Figure 8 the ratio H02/D has been plotted against BID. There 

it will be noticed that the data for box inlets having relative depths D/W 

of 1, 1/2 and 1/4 fallon a single curve but that for a relative box inlet 

depth of 1/8 the data fallon a separate well-defined curve. The reason 

for this has not been discovered. 

In view of the fact that shallow boxes will be uneconomical in 

most cases for the higher flows where the headwall opening controls the 

discharge, the solid curve of Figure 8 is presented for design purposes for 

box inlets equal to or greater in depth than w/4. 'The curve of Figure 8 

is also presented in tabular form in Table VIIL In order to cover the 

relative box inlet depths between 1/4 and 1/8, as well as the deeper box 

inlets, the data has been plotted in a diff erent form in Figure 9. Al though 

Figure 8 and Table VIII are simpler t o use than Figure 9, Figure 9 may be 

used in place of Figure 8 or Table VIII for design purposes and must be used 

for the shallower b oxes. 

Precision of Results: Dashed curves have been added to Figure 7 
parallel to the solid curve and 5 per cent and 10 per cent above and below 

it to indicate the spread of the data. It will be noticed that most of the 

data fall wi thin a range of about 5 per cent from the design curve. AI though 

occasional data points fall outside the 10 per cent limits, sufficient data 

fall inside this range to indicate that the coefficient of discharge reason­

ably can be expected to be l~thin about 10 per cent of the value given by 

the design curve. 



27

I
I

S y m b o l s

D / W
f f i - i z - t

h' o.o
o.25
o . 5
r . o
2 .O
3 . O

4 .O

a

i)

^
v

o

a

o

A

v

o

!

o

A

v

o

o
A

V

T

x

\ \ .

\

\

\

,O lW =  t l g

y 'o /w = t 4 , t /2  |

€.
d
o

t

o 2 4 6 8 r O t 2
u . s  o . r o ' r i . . r  s o {  c . i l . ' r . r . .  r  /  r

e t t v,

Figure 8-Relotive Heod Correction for D/W2l/4

Control ot Heodwoll OPening

A

-  o . 4

=

q
r

0 2 4 6  I  r O  t Z

8 / D
Figure 9- Relotive Heod Correction

Conlrol ot Heodwoll Opening

D w
t

,/

4

K/

a I
S y m b o l s

B w o / w
t / 8  t / 4  t t z  I

\ /

\

o . o

o . 2 5

o . 5
r . o
z.o
3 . O

4 . O

E

o
A
v
o

I

a
A

V

a

!

o
A

v
o

o
A

v
o

I

\

0.0 

I 
I~ 

Sy mbols 

B 01 W 

W 1/8 1/4 112 
-0.2 

~ 
0 .0 • II II 

0 . 25 • ~ ~ 

l!. ' 

0 . 5 ... A d 

/I. \ 1.0 ~ V V 

~" 
2.0 • () () 

3.0 
...... 4.0 

.................. 

~~ =-- /O/W= 118 ---- ------- ------_l 

-0. 4 

-0.6 

~ 
------- ------- --------

-0.8 

~~ 
-1.0 

o 2 4 
u.s. Dt, .. . I", •• ' of " g,' e yl '.,., $0 11 Co • •• , . o! io. S. 'fl u _ Ih .. o , c ~ 

1ft Cu,lutlu . II ~ thl l1li 10 .1 '''' '' A,tlc.l lu . oJ [.ptr ; ", ," ' Sl olion on ' 
thl S t. ".'l'Ion, f oil . 'lydlG uli e ~ o bo' o to r " Uni ..... It , 01 "II". I. 0'. 

,O/W= 1/4.1/2. I 

I 
6 8 10 12 

BID 

Figure 8- Relative Head Correction for D/W ~ 1/4 

Control at Headwall Opening 

A 
0.0 

~ O/W 
1 

').~ I 8 • 

~ ~ ~ ~ -O~ --.-- 114 
~ 

~ y,-: .&: 

A /. ~I 

-0.2 

- 0 . 4 

:t r ~ ~ 112 
......... 

'" Q 

I 

- 0 .6 
/ 

\ V , 
" 110..... 

-0.8 

-1.0 
a 2 4 

U.S. 0. , •• 1",'0' of .. 'ric .. ' '' .... SOli c .. . . .. .. 1' ... III"'C. - .. ..... . c ft 

I. C",.'ltt • • 0111'11-. .' •••• "10 "'''c .. U .. ra l [op., I .. ,. 1 S t o" on .. n d 
II .. St. AU_Oft, f o lll H,d."utlc Loborolo r" U nl •• ,, !!, 01 III l on. ' ~' · 

B/W 

0.0 

0 . 25 

0 . 5 

1.0 

2.0 

I 
3.0 

4.0 

6 8 10 12 

BID 
Figure 9- Relative Head Correction 

Control at Headwall Opening 

14 

Symbols 

O/W 

118 114 112 

• 11 II 

• ~ ~ 

A I. 4 

T V "T 

• () .0 

14 

27 

I 

c 

~ 

l!. 

" I--
0 

+ 
X 

-

16 

I 

c 
¢ 

A 

V I--
0 

+ 
)f 

16 



2B

TABTE VIII
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With regard to the head eorrection, it appears t'hat the curve of

Fi-gure B ean be er<pected to give this correction to withjn about 10 per

cent, 1n general. At the lovr va-lues of B/D the curve is steep and it

seems 1ikely that there the head correction may vary by as much as 20 per

cent from the cu"rve. Ihese acclracies also apply to Table VIII. l,ittle

can be said regarding the accuracies obtainable through the use of Figure 9

but it seems likely that the corsnents reade regarding Figure 8 also apply

to Figure 9.

Tt was noted during the tests that the coefficj"ent of discharge

and the head correction yary in such a manner as to indicate that a devia-

tion of one from the curve was at least partially corrected by a eompensating

deviati-on of the other. To some degree at least the variations frora the

design curves of Figr:res ? and B are therefore quite likely compensating.
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TABLE VIII 

HEAD CORRECTION H02/D FOR D/W .~ 1/4 

Control at Headwall Opening 

H02/D is negative 

B/D 0.0 0.1 0.2 0. 3 0 .4 0.5 0 .6 0.7 0.8 0.9 

0 0.00 0.07 0.13 0.20 0.25 0.30 0.35 0 .39 0.42 0.46 

1 0.49 0.52 0.54 0.56 0.59 0.61 0.63 0.65 0.67 0 .68 

2 0.70 0.71 0.72 0.74 0.75 0.76 0.77 0.79 0. 80 0.81 

3 0.82 0.83 0.84 0.85 0.86 0.87 0.87 0.88 0. 89 0.90 

4 0.90 0.91 0.91 0.92 0.92 0.92 0 . 92 0.92 0.92 0.92 

5 0.92 0.92 0.92 0.92 0.93 0.93 0.93 0 .93 0.93 0.93 

6 0.93 0 .93 0.93 0 .93 0.93 0.93 0 .93 0.93 0.93 0.93 

7 0.93 0 .93 0.93 0.93 0.93 0.93 0 . 93 0.93 0.93 0.93 

8 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0 .93 0.93 0.93 
... 

With regard to the head correction, it appears that the curve of 

Figure 8 can be expected to gi ve this correction to wi thin about 10 per 

cent, in general. At the low values of B/D the curve is steep and it 

seems likely that there the head correction may vary by as much as 20 per 

cent from the curve. These accuracies also apply to Table VIII. Little 

can be said regarding the accuracies obtainable through the use of Figure 9 

but it seems likely that the corrnnents made regarding Figure 8 also apply 

to Figure 9. 

It was noted during the tests that the coefficient of discharge 

and the head correction vary in such a manner as to indicate that a devia­

tion of one from the curve was at least partially corrected by a compensating 

deviation of the other. To some degree at least the variations from the 

design curves of Figures 7 and 8 are therefore quite likely compensating. 
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One other poi.:nt needs rnentioni.::g. After plotting the rating eurves

(as in !'igure 3) it was noticed that for a few of the curwes the data points

at the highest heads fe11 slightly above the straight llne. fhese points

were discarded. wtren conputing the diseharge eoefficient c2 and the head

correetion H02" fney deviated fron the rating curves at a relaiive head

filW in excess of about 1.2, The deviation was not observed for the deeper

boxes when t/W exeeeded O.25 and, for onl.y about hal.f the tests vrhere DN

equaled O"25, One reason this deviation was not notj-ced was that the heads

seldorn reached that high a value of H/W" The deviation rias particularly

noticeable'.nrhen n/W equaled CI.L25, although 1t did not exceed 3 per cent

in discharge. Since the higher heads probably are outside the practlcal

range of use of this type of spi11way, no attempt was made to correct for

the deviation from the cu.rves" fhe deviation is i-n a direction to give a

capacity greater than vras compuied for the spillway and in this respeet is

on the safe sideo fn any case, ihe deviation ls so small v'rhen compared to

other uncertainties as to be unimportant, at least over the range in heads

covered by the tesis. The test setup did not permit the use of heads greater

tjran IIA = 1.1+"

$ubmerged Flow ?ests

At rnany field loeatl,ons it is possible to have b dovrnstream vrater

leve1 so high as to subnerge the box inlet crest. This is particularly

true of the lrislalld da:nil type of design* $ince the high tailwater level

lowers the eapacity of tJre box inlet drop spillway, tests were made to eval-

uate the effect of submergenceo

ft was suspected that a nurnber of factors worrld requi-re investi-

gation. Beeause the relative importance of the varj-ous factors was unknovrn,

prelininary tests were run to deter:nine the effect of each facior" the

following section of the report is devoted to a diseussion of the preliminary

tests. A second section discusses the submergence calibration tests, wirich

were volurnlnous because no simple nethod was dj-seoveredby which the results

could be systematized,

P.relininary fests

the prelini-nary tests and analyses cover the effect of banks in

the exit channel, the effect of varying the length of the straight section
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One other point needs mentioning. After plotting the rating curves 

(as in Figure 3) it was noticed that for a few of the curves the data points 

at the highest heads fell slightly above the straight line. These points 

were discarded when computing the discharge coefficient c2 and the head 

correction H
02

0 They deviated from the rating curves at a relative head 

H/W in excess of about 1.20 The deviation was not observed for the deeper 

boxes when D/W exceeded 0.25 and for only about half the tests where Dj\f 

equaled 0.25. One reason this deviation was not noticed was that the heads 

seldom reached that high a value of H/W. The deviation was particularly 

noticeable when D/W equaled 0.125, although it did not exceed 3 per cent 

in discharge. Since the higher heads probably are outside the practical 

range of use of this type of spillway, no attempt was made to correct for 

the deviation from the curves. The deviation is in a direction to give a 

capacity greater than was computed for the spillway and in this respect is 

on the safe side. In any case, the deviation is so small when compared to 

other uncertainties as to be unimportant, at least over the range in heads 

covered by the tests. The test setup did not permit the use of heads greater 

than H/W = 1.4. 

Submerged Flow Tests 

A t many field locations it is possible to have a downstream water 

level so high as to submerge the box inlet crest. This is particularly 

true of the tlisland dam" type of design. Since the high tailwater level 

lowers the capacity of the box inlet drop spillway, tests were made to eval­

uate the effect of submergence. 

It was suspected that a number of factors would require investi­

gation. Because the relative importance of the various factors was unknown, 

preliminary tests were run to determine the effect of each factor. The 

following section of the report is devoted to a discussion of the preliminary 

tests. A second section discusses the submergence calibration tests, which 

were voluminous because no simple method was discovered by which the results 

could be systematized. 

Preliminary Tests 

The preliminary tests and analyses cover the effect of banks in 

the exit channel, the effect of varying the length of the straight section 
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in the outlet, the effect of the Bridth of the outlet, the effect of varying

the rate of flow, and attenpts to systematize and condense the results"

A separate subseciion is devoted. to eaeh of these effects'

Effect, of Barrks in Erit Channel: Ditches and natursl streams

of course have banks whieh may or may not affect the flow througlr the box

inlet drop spillwayat higtr tailvrater level-s" In condueti-ng submerged flow

studies it j-s more convenj-ent iJ it is not necessary to shape ihe exit chan-

nelo A test wae therefore raade to deternnine if the submergence curve was

affected by the presence or absenee of the shaped' dovrnstream ehannel"

Tn Figure 10 the data poi-nts shown as triangles were obtained

riv-ith a do'wnstream channel filled with sand, the shape belng f ormed by water

runnlng over it with the tailwater at about its normal 1eve1" The data

points shown as circles were obtained with no sand in the downstream ehaa-

ne1. Fron this figure it can be seen that the presence or absence of the

bed and banks in the dovmstrearn channel had no effect on t'he submergence

eurve" As a result, all subsequent subrnergence curves were obtained witb-

cut stream banks in the downstrearn channel. This greatly facilitated the

study rryithout detracting from its value.

Ef.feet of l,engtl: of straight section: ftre outlet for the box

inlet drop spillway has a straight or para11e1 sided sectl;n between the

box inlet and the stilling basin, which may have flaring Trallso The length

of this straight section nay be varj-ed. to fit the site eonditions and it

was tJ:ought, tlrat the varying lengihs might modify the submergence effect"

Tests were therefore made to deternine if the different lengths of straight

section had an effect on ihe submergense curve'

Data obtajned with straight sections having lengths eQual to three

and five tlmes the rsjniniurn lengths given by the design equations are plotted

in Figure 11, There ii may be seen th.at the points fal1 on a single curve

within the linits of experj-raental precision" lio comparable data are avall-

able for the ninjmun length of straight seciion but all available data in-

dicate no effect of straight section length' It is concluded that the length

of the straight seetion does not affect the submergence cr1.Y€o

Effect of TJidttr of 0utlet: The stilling basin proper can be con-

structed with either para11e1 sidewalls constructed as extensions of the

straight section wa1ls orrnith flaring sldevralls" The choice depends largely
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in the outlet, the effect of the width of the outletJ the effect of varying 

the rate of flow, and attempts to systematize and condense the results. 

A separate subsection is devoted to each of these effects. 

Effect of Banks in Exit Channel: Ditches and natural streams 

of course have banks which mayor may not affect the flow through the box 

inlet drop spillway at high tailwater levels. In conducting submerged flow 

studies it is more convenient if it is not necessary to shape the exit chan­

nel. A test was therefore made to determine if the submergence curve was 

affected by the presence or absence of the shaped do~nstream channel. 

In Figure 10 the data points shown as triangles were obtained 

with a downstream channel filled with sand, the shape being formed by water 

running over it with the tailwater at about its normal level. The data 

points shown as circles were obtained with no sand in the downstream chan­

nel. From this figure it can be seen that the presence or absence of the 

bed and banks in the doV'mstream channel had no effect on the submergence 

curve. As a result, all subsequent submergence curves were obtained with­

out stream banks in the downstream channel. This greatly facilitated the 

study without de tracting from its value. 

Effect of Length of Straight Section: The outlet for the box 

inlet drop spillway has a straight or parallel sided section between the 

box inlet and the stilling basin, which may have fl aring walls. The length 

of this s traight section may be varied to fit the site conditions and it 

was thought that the varying lengths might modify the submergence effect. 

Tests were therefore made to determine if the different lengths of straight 

section had an effect on the submergence curve. 

Data obtained with straight sections having lengths e~ual to three 

and five times the minimu.'1l lengths given by the design equations are plotted 

in Figure 11. There it may be seen that the points fall on a single curve 

wi thin the limits of experimental precision. No comparable data are avail­

able for the minimum length of straight section but all available data in­

dicate no effect of straight sec tion length. It is concluded that the length 

of the straight section does not affect the submergence curve. 

Effect of Width of Outlet ~ The stilling basin proper can be con­

structed with either parallel sidewalls constructed as extensions of the 

straight section walls or wi th flaring sidewalls. The choice depends largely 
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ln the outlet, the effect of the sridth of the outlet, the effeet of varying

the rate of f1ow" and attempts to systenatlze and. eondense the results"

A separate subsection is devoted to each of these effeets"

Effeei of Sanks in kit Channel: Ditehes and natural streass

of eourse have banks whicb. may or may not affect the flow through t'ire box

inlet drop spillwayat high tailnater levelso In conducting submerged fl-ow

studles it is more convenient if it 1s not necessary to shape the exj-t ehan-

ne1. A test was therefore made to deterraine if the submergence curve was

affected by the presence or absence of the shaped downstream channel"

In Fi-gure 10 the data points shown as triangles were obtained

with a downsiream channel fllled wiih sandu the shape being forned by waier

running over it wlth the tailwater at about its norxral leve1" The data

polnts shown as circles were obtained with no sand in the dovnstream chan-

ne1" F'ron this figure lt can be seen that ihe presence or absenee of the

bed and banks in the downstream channel had no effect on the submerg9nee

eurve" As a result, all subsequent subnergenee curves were obtained with-

oui stream banks in the dovrnstrearn channel" lbis greatl-y facilitated the

study wiihout detracting from its value"

Uf-et "{ l,-"e!,} "f Str : the outlet for the box

inlet drop spillvray has a straight or para1le1 sided sectioh between the

box inlet and the stilling basin, v&ich nay have flaring walls" The length

of this straight section may be varied to fit the site condltions and it

was t&:ought that the varying lengths night nodify ti:e subnergence effeet'

Tesis were therefore nade to detertine if the different lengths of straight

seetion had an effeet on the submergenc€ curve.

Data obtained with straight sestio*s having lengihs eQual to three

and flve times the ninimu:ll lengths gtven by the desiga equations are plotted

in Figure 11" there it may be seen th.at the points fal1 on a slngle curve

within the lj*rits of experirnental precision" llo comparable data are avail-

able for the mini:rn:n length of stralght section but all available data in-

d"j-cate no effest of straight seeti-on length, It is concluded that the length

of the strai-ght section does not affect the submergence curye"

Effect of Widtii of Outletc ?be stilling basin proper can be con-

structed nritJ: either para11e1 sidewalls eonstructed as extensions of the

straight seetion wal1s orwith flaring sidewalls" The choice depends largely
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in the outlet, the effect of the width o~ the outlet9 the effect of varying 

the rate of flow, and attempts to systematize and condense the resul tso 

A separate subsection is devoted to each of these effects. 

Effect of Banks in Exit Channel: Ditches and natural streams 

of course have banks which mayor may not affect the flow through the box 

inlet drop spillway at high tail water levels. In conducting submerged flow 

studies it is more convenient if it is not necessary to shape the exit chan­

nel. A test was therefore made to determine if the submergence curve was 

affected by the presence or absence of the shaped downstream channel. 

In Figure 10 the data points shown as triangles were obtained 

with a downstr eam channel filled with sand, the shape being fonned by water 

running over it with the tailwater at about its normal level. The data 

points shown as circles were obtained with no sand in the downstream chan­

nel. From this figure it can be seen that the presence or absence of the 

bed and banks in the downstream channel had no effect on the submergence 

curve. As a result, all subsequent submergence curves were obtained with­

out stream banks in the downstream channel. This greatly facilitated the 

study without detracting from its value. 

~_ffect of Length of Straight Section: The outlet for the box 

inlet drop spillway has a straight or parallel sided section between the 

box inlet and the stilling basin, which may have flaring walls. The length 

of this s traight section may be varied to fit the site conditions and it 

was thought that the varying lengths might modify the submergence effect. 

Tests were therefore made to determine if the different lengths of straight 

section had an effect on the submergence curve. 

Data obtained with straight sections having lengths e~ual to three 

and five times the minimum lengths given by the design equations are plotted 

in Figure 11. There it may be seen that the points fall on a single curve 

within the limits of experimental preCision. No comparable data are avail­

able for the minimum length of straight section but all available data in­

dicate no effect of straight sec tion length. It is concluded that the length 

of the straight section does not affect the submergence curve. 

Effect of Width of Outlet ~ The stilling basin proper can be con­

structed with either parallel sidewalls constructed as extensions of the 

straight section walls or wi th flaring sidewalls 0 The choice depends largely 
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on the site selected for the structure. If flaring sidewalls arre used it

is 11kely there will be a recovery of velocity head in the outlet that rnay

nitigate the subnergence effeet. Therefore, the influence of flaring out-

1et sidewalls was investi-gated.

A study of the data indlcates that the rate of flare of the out-

1et- sidewalls, within reasonable linits, does not affect the subnergence

curves. Flares tested varied fron 1 in o to 1 in 2.

ft is apperently the vridth of the outlet at its doymstream end

fr^ that detcrnines the anount of enerey recovered in the outlet. This ise
shom ln Flgure 12, where it ean be readily seen that the i:rcrease in up-

stream head AH due to a given tailwater level Ht dininishes rapidly

as the outlet is widened. As woul"d be anticipated, the effect of width de-

creases as the v-ldth increases until, in the case cited 1n Figure 12, ttrere

is no benefi-t in using outl-ets wider ttran about 1.5W.
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on the ' site selected for the structure. If flaring sidewalls are used it 

is likely thBre will be a r ecovery of velocity head in the outlet that may 

mitigate the submergence effect. Therefore, the influence of flaring out­

let sidewalls was investigated. 

A study of the data indicates that the rate of flare of the out­

letv- sidewalls, wi thin reasonable limits, does not affect the submergence 

curves. Flares tested varied from 1 in <Xl to 1 in 2. 

It is apparently the width of the outlet at its downstream end 

that determines the amount of energy recovered in the outlet. This is 71 e 
shown in Figure 12, where it can be readily seen that the increase in up-

stream head .6H due to a given tailwater level Ht diminishes rapidly 

as the outlet is widened. As would be anticipated, the effect of width de­

creaSBS as the width increases until, in the case cited in Figure 12, there 

is no benefit in using outlets wider than about 1.5w. 
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The results of this investigation show the great ef{ect of ridth
of outlet and indicate the neeessity of consldering outlet ridth as one of
the variables in a study of submergence effects on flow through box inLet
drop spillways.

Effect of Varying Disglrarge.: Because the effect of subnergence
sometimes varies with the discharge, several submergence cur\res lyere ob-
talned urith discharge as the only controlled variable. The results of this
study are shown h Figure 13, where it can be seen that the submergence
effect lncreases with the discharge up to the point where qyw|/z = 1r. At
still higher discharges the subnergence effect decreases.

An excellent ccrrelation was obtalned showing that the discharge
which produced the greatest submergence effect corresponds to the discharge
on the free flow rating curve where the control ehanges from the box inlet
crest to the headwall opening. This discharg-e is apparently independent of
the width of the outlet but varies greatly with the d.epth of the box inlet
and apparently to a minor degree with the length of the box inIet.
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The results of this investigation show the great ef~ect of width 

of outlet and indicate the necessity of considering outlet width as one of 

the variables in a study of submergence effects on flow through box inlet 

drop spillways. 

Effect of Varying Discharge: Because the effect of submergence 

sometimes varies with the discharge, several submergence curves were ob­

tained with discharge as the only controlled variable. The results of this 

study are shown in Figure 13, where it can be seen that the sUbmergence 

effect increases with the discharge up to the point where Q/w5/2 = 4. At 

still higher discharges the submergence effect decreases. 

An excellent correlation was obtained showing that the discharge 

which produced the greatest submergence effect corresponds to the discharge 

on the free flow rating curve where the control changes from the box inlet 

crest to the headwall opening. This discharge is apparently independent of 

the width of the outlet but varies greatly with the depth of the box inlet 

and apparently to a minor degree with the length of the box inlet. 
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As a result of this phase of the study it can be seen that the

submergence effect is a function of the discharge.

Attenpts to Systeraatize- Besults: It has been poi-nted out that a

large mmber of signi-ficant variables are involved in this subrnergenoe study.

lf the resplts of these tests could be systematized in some mannerr it would

not only be possible to reduce the number of tests required but would also

si-uplify the presentation of the results and facilitate tl:eir use.

A gc'eat deal of tine and thought was devoted to this study" The

results were d.iscouraging. S'hile a 1itt1e progress was made 1l reducing

sorue of the variables to a si-ngle curve, the conrplications and reduction

in accuracy resultlrrg from nultlp1e correctl-ons indlcated t'hat it would be

simpler and more accurate if the d"esigner made his ovrn ilierpolations from

the original subnergence curves. Therefore, all attempts io systenatize

the data were abandoned and efforts were dj-rected toward obtaini-ng suffi-

cient submergence data to cover the anti-cipated range of fiel-d conditi-ons"

Subnergence Calibr?tion Tests

The preli-ninary tests discussed in the foregoing paragraphs bear

out the comments made by Ki-ng rrhen cornmenting on the subrgerged weir experi-

ments made by Bazln. King" says, trBach type of weir is a problem in itsel-f

and if the laws governing [sutmrerged] flow over it are to be determined^,

each requires an extensive e4perimental j-nvestigation, coverirg a wj-de range

of conditi-ons "rr

fhe test program was designed to provide the trextensive experi-

nental investigationll which King says is required" Ihe range of variables

covered is glven in ?ab1e II" ltre data for each of the J5 rnodels or vari-

ations'vrere plotted on separate sheets, each of the six constant discharges

reeorded on each sheet being represented by a different curve" Figure 1J

1s representative of these p1ots" There seemed insufficj-ent justification

to go to the iime and expense requi-red to plot eaeh of the approxlmately

?500 points and prepare 36 flgures for this report. However, the 216 sub-

mergence curves minus the data points have been prepared for desi-gn use

6n*u, llorace Si11iams, trHandbook of
New York: I{cGraw-Hlll Boolt Con'q:arry, L929,

Hydraulicsrn ( Second Eciition ) .
p "  162 .
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As a r e sult of this phase of the study it can be seen that the 

submer gence effect is a function of the discharge. 

Attempts t o Systematize Results: It has been pointed out that a 

large number of significant variables are involved in t his submergence study. 

If t he results of the se tests could be systematized in some manner, it would 

not only be possible to reduce the number of tests required but would also 

simplify the presentation of t he results and facilitate their use. 

A great deal of time and thought was devoted to this study. The 

resul ts were discouraging. While a little progress was made in reducing 

some of t he variables to a single curve, the complications and reduction 

in accuracy r e sulting fr om multiple corrections indicated that it would be 

simpler and mor e accurate i f the designer made his own interpolations from 

the original submergence curves. Therefore, all attempts to systematize 

the da ta were abandoned and eff orts were directed toward obtaining suffi­

cient submer gence da t a t o cover the anticipated range of field conditions. 

Submergence Calibrati on Tests 

The preliminary t ests discussed in t he f oregoing paragraphs bear 

out the comments made by King when commenting on the submerged weir experi­

ments made by Bazin. King6 says, "Each t ype of weir is a problem in itself 

and if the laws governing [submerged] flow over it are to be determined, 

each requires an extensive experimental investigation, covering a wide range 

of conditions." 

The test program was designed to provide the "extensive experi­

mental investigation" which King says is required. The range of variables 

covered is given in Table II. The data for each of the 36 models or vari­

ations were plotted on separate sheets, each of the six constant discharges 

recor ded on each sheet being represented by a different curve. Figure 13 

is representative of these plots. There seemed insufficient justification 

to go to the time and expense required to plot each of the approximately 

7500 points and prepare 36 figures for this report. However, the 216 sub­

mer gence curves minus the data points have been prepared for design use 

6King~ Horace Williams, "Handbook of Hydraulics,1I (Second Edition) • 
New York: HcGraw-Hill Book CompanY9 1929, p. 162. 
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and are presented in a conpani-on ""port? prepared especially for use W
those rvho bave oceasion to deterrnine the flow through box inlet drop spi11-

ways under subrnerged. flow eonditions.

SUMMAAY OF RESUTTS

the resul-ts of the tests made on box inlet drop spillways are

summari-zed in the following outlirre:

f. Free Flow Tests

A. Cont::o1 at Crest of Box Inlet

1. The toe of the dike should be located a nininr:n distance of

3lt to 59, from ttre box inLet crest to minirnize its effect on

the flow over the erest. Indications are that locating the dike

close to the crest may reduce the eapaeity by as nnuch as 15 per

cent wl:en B/W = 2, 25 per cent when B/W = l, and l+0 per cent

dren B/T = A,5"

2, the ur:idth of the approaeh channel has a very large effect on

the d.ischarge coefficlent when Wc/L is less than 3.0. Conec-

tions for the effect of approach channel rridth may be taken fron

the curve of Figr.re l+ or from Table fV. .

. 3. the coefficient of d.i-scharge varies with the box 1nlet shape

B/W as shonn ln Figure 5. Corrections for the effect of box in-

Iet shape may be obtained either fron Fig:r:re 5 or from Table V.

lr. ft is possible to ellmi-nate ttre zero-flow head. correction in

Equation (2) ff the coefficient of d.ischarge is varied rith the

head. Goeffj-cients of discharge *g for use in the equation

Q = cB tr -,lTe IP/z

ean be obtained from the cur\re of Figure 6.

5" the discharge over ttre box inlet crest can be conputed frona

the equation

e -o .UzT |L  f f i f t '

0)

7B1"i"d*11 and Donnel15 op. eito

(B)
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and are presented in a companion report 7 prepared especially for use by 

those who have occasion to determine the flow through box inlet drop spill­

ways under submerged flow conditions. 

SUMMARY OF RESULTS 

The results of the tests made on box inlet drop spillways are 

summarized in the following outline: 

I. Free Flow Tests 

A. Control at Crest of Box Inlet 

1. The toe of the dike should be located a minimum distance of 

3H to 5H from the box inlet crest to minimize its effect on 

the flow over the crest. Indications are that locating the dike 

close to the crest may reduce the capacity by as much as 15 per 

cent when B/W = 2, 25 per cent when B/W = 1, and 40 per cent 

when B/W = 0.5. 

2. The width of the approach channel has a very large effect on 

the discharge coefficient when W /L is less than 3.0. Correc­c 
tions for the effect of approach channel width may be taken from 

the curve of Figure 4 or from Table IV. ~ 

3. The coefficient of discharge varies with the box inlet shape 

B/W as shown in Figure 5. Corrections for the effect of box in­

let shape may be obtained either from Figure 5 or from Table V. 

4. It is possible to eliminate the zero-flow head correction in 

Equation (2) if the coefficient of discharge is varied with the 

head. Coefficients of discharge c8 for use in the equation 

(7) 

can be obtained from the curve of Figure 6. 

5. The discharge over the box inlet crest can be computed from 

the equation 

(8) 

7B1aisde1l and Donnelly, Ope cit. 
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or, in Snglish units,

Q = 3.i+3 r, #/2

wlren B/T =lo $rc^ > 3, and H/'Ff > 0"6" For other box lengths,

narro-#er approach channels and lower heads, the corrections ob-

tained from the curves of Figure t bo 5 and 6 or from Tables W,

V and Vf nust be applied"

5. The di-scharge oyer the box inlet crest can be determined vrith-

!r about 7 per cent of the true value j-f the speclfied linits of

-*h1-ia^t.i-r{tyof results are recognized and the foregoing correc-d.PyarvdwrrJ

tions are applied"

B, Control at Headwall 0peni-ng

1o the position of the dike, the shape of the box in1et, and the

. riridth of the approach channel do not affect the discharge coef-

ficient"

2" the discharge coefficient c, in the equation

q = c r w  ' ' E A G - H o z ) 3 / 2

is a functlon of the relative depttr of the box

coefficient raay be obtained fron the curve of

Table VIf"

3. ltre zero-flow head correction is i-ndependent, of the approach

ehannel rrridth, the width of the box lnlet, and the dike position.

)'- The ratio of the zero-flovr head correcti.on EI^^ in Equation+ c  - - 4 2

(3) to the box inlet depth D is a frurction of the ratio B/D

of box 1nlet length B to its depth D for box inlets having

relative depths Dlw of I-o t/z ana t/\" zero-f1orry head corree-

tions may be obtained fron Figure B or from Table YIfI rThen D/W

lies within the specified linits.

5. For shal-low box inlets the relationships of Figi:re B and Tabfe

VIII beeome i-nva1i-d. Figure 9 nay be used to obtain the zero-f]ow

head correction for any box inlet proportions wj-thin the experi-

mental linits.

f ? l
\ J /

inlet D/w. the

Figure 7 or fron
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or, in English units, 

Q = 3 .. 43 1 H3/2 (9) 

when B/W = 1, W /1 ~ 3, and H/W ~ 0.6. For other box lengths, c 
narrower approach channels and lower heads, the corrections ob-

tained from the curves of Figures 4, 5 and .6 or from Tables IV, 

V and VI must be applied. 

6. The discharge over the box inlet crest can be determined with­

in about 7 per cent of the true value if the specified limits of 

applicabili ty of results are recognized and the foregoing correc­

tions are applied. 

B. Control at Headwall Opening 

1. The position of the dike, the shape of the box inlet, and the 

width of the approach channel do not affect the discharge coef­

ficient. 

2. The discharge coefficient c
2 in the equation 

Q = c 2 W -{2g (H - H )3/2 
02 (3) 

... 
is a function of the relative depth of the box inlet D/W. The 

coefficient may be obtained from the curve of Figure 7 or from 

Table VII. 

3. The zero-flow head correction is independent of the approach 

channel width, the width of the box inlet, and the dike position. 

4. The ratio of the zero-flow head correction H02 in Equation 

(3) to the box inlet depth D is a function of the ratio B/D 

of box inlet length B to its depth D for box inlets having 

relative depths D/W of 1, 1/2 and 1/4. Zero-flow head correc­

tions may be obtained from Figure 8 or from Table VIII when D/W 

lies within the specified limits. 

5. For shallow box inlets the relationships of Figure 8 and Table 

VIII oocome invalid. Figure 9 may be used to obtain the zero-flow 

head correction for any box inlet proportions within the experi­

mental limits. 
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6. Tlre discharge through the headwall opening can be deterrlined

to within about 10 per cent of the true value if the above coef-

ficients and corrections are applied and the lirrrits eovered by

the experi.ments are not exceeded.

Submerged Flow Tests

A. Conditions Mfecting Suhnergence

1. The l-ocation of the banks or even the conplete absence of a

dournstrea^m channel does not affect ttre submergence.

2. fhe length of the straJ.ght section between the box inlet and

the outlet does not affect the submergence.

3. the width of ttre sti11lng basj-n at its exit has a very impor-

tant effect on the submergence-the wider outlets, within certai-n

li:mits, eontributing to a reduction in the effect of subnergence.

1+. the submergence effect is a fi.rnction of the disch&rg€o Appar-

ently the greatest submergence effect oceurs at that free flow

discharge rvhere the eontrol changes fron the box inlet crest to

the headwa1l opening.

B. Attenpts to strrstenatize and condense the test resr:lts proved un-

profitable, maklng it necessary to run tests on each varidble for the

fu11 range of anticipated field conditlons.
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6. The discharge through the headwall opening can be determined 

to within about 10 per cent of the true value if the above coef­

ficients and corrections are applied and the limits covered by 

the experiments are not exceeded. 

II. Submerged Flow Tests 

A. Conditions Affecting Submergence 

1. The location of the banks or even the complete absence of a 

downstream channel does not affect the submergence. 

2. The length of the straight section between the box inlet and 

the outlet does not affect the submergence. 

3. The width of the stilling basin at its exit has a very impor­

tant effect on the submergence--the wider outlets, within certain 

limits, contributing to a reduction in the effect of submergence. 

4. The submergence effect is a function of the discharge. Appar­

ently the greatest submergence effect occurs at that free flow 

discharge where the control changes from the box inlet crest to 

the headwall opening. 

B. Attempts to systematize and condense the test results proved un­

profitable, making it necessary to run tests on each varia Ie for the 

full range of anticipated field conditions. 


