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T R A C T

T h e  t h e o r y o f t h e  h y d r a u L i c s o f  c l o s e d  c o n d u i t s p i l l w a y s  h a s  b e e n  g i v e n  i n  P a r t  I o f t h i s
repor t  ser ies .  Par ts  I I  to  V I I ,  g iv ing  resu l ts  o f  tes ts  on  severa l  fo rms o f  the  c lcsed condu i t
sp i l lway  and a  d iscuss ion  o f  vor t i . ces ,  have a lso  been pub l ished.  Par ts  V I I Iand IX ,  p resented
in  th is  paper ,  repor t  the  resu l ts  o f  tes ts  on  a  number  o f  add i t iona l  fo rms o f  the  c losed con-
d u i t  s p i l l w a y .  I n c o n t r a s t  t o  t h e g e n e r a l  t e s t s r e p o r t e d  i n  p r i o r F a r t s ,  t h e  t e s t s  r e p o r t e d  h e r e
are  mode l  tes ts  o f  spec i f i c  f ie ld  s t ruc tu res  and ac tua l  f ie ld  tes ts  o f  fu lL  s ize  s t ruc tu res .  The
resu l ts  have been presented  in  such a  way tha t  they  have genera l  app l i ca t ion  to  the  des ign  o f
the  type  o f  s t ruc tu re  they  represent .

A B S

i i i

ABSTRACT 

The theory of the hydraulics of closed conduit spillways has been given in Part Iof this 
report series. Parts II to VII, giving results of tests on several forms of the closed conduit 
spillway and a discussion of vortices, have also been published. Parts VIII and IX, presented 
in this paper, report the results of tests on a number of additional forms of the closed con
duit spillway. In contrast to the general tests reported in prior Parts, the tests reported here 
are model tests of specific field structures and actual field tests of full size structures. The 
results have been presented in such a way that they have general application to the design of 
the type of structure they represent. 
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HYDRAULICS OF CLOSED CONDUIT SPILLWAYS

Results of Miscel laneous Laboratory and Field Testst

FORWARD

The theory of the hydraul ics of closed conduit spi l lways has been given in Part I* 's of

this report series. Parts I I  to VII,+8* giving results of tests on several forms of the closed

conduif spi l lway and a discussion of vort ices, have also been published. Parts VIII  and IX,

presented in this paper, report the results of tests on a number of addit ional forms of the

tlosed conduit spit fway. Di icharge coeff icients and design recommendations are recorded.

The results described here are a product of an investigation conducted by the staff of

the Agricultural Research Service, U. S. Department of Agriculture, located at the St. Anthony

Falls Hydraul ic Laboratory, University of Minnesota, Minneapoiis. There the Agricultural

Research Service, the Minnesota Agricultural Experiment Stat ion, and the St. Anthony Fal ls

Hydraul ic Laboraiory cooperate in the solut ion of problems concerning conservation hydrau-

l i ls. Some of the experiments were made at thd Laboratory, but many were made by other-s.

The source of al l  iniormation is acknowledged in the paper. AII data were reanalyzed by the

writer. Theanalyt ical methods and the computations have been checked by Robert V.Keppel.

tAgr icu l tura l  Research Serv ice Report  No.  41-505-?6.

**Fred W. Blaisdell, Hydraulics of Closed Con@q!.Qgll lways--Part I. Theory and ltsAp-
plication, St. Anthon-y-f;i
a;7Tg5B-'.

PART VIII

Miscel laneous LaboratorY Tests

I N T R O D U C T I O N

A number of laboratory tests that have been made orf closed conduit spi l lways do not fal l

into any of the categories of Parts I I  through VI, yet they are of some interest. Therefore,

discusied in this Pirt  are the results of tesls on an 1B-in. steel pipe with vert ical and hori-

zontal legs and two f ield structures that were modeled and tested in the laboratory.

1 B - I N C H  S T E E L  P I P E

DESCRIPTION OF SPILLWAY

The spi l lway consisted of a f lared entrance, a drop inlet pipe 1B ft  long, a standard 4-

piece long iadius-elbow made up in 30-degree segments, and a horizontal barrel 30 ft  long.

The total faII  through the spi l lway was 21.93 ft .

The en t rance cons is ted  o f  a  f la re  11 .04  in .  (0 .626D)  h igh  hav ing  a  top  d iametero f  21 .63

in. (1.23D). This f lare was proport ioned so that the contractionof the stream leaving the crest

would f i l i  the drop inlet.

The crest was about one foot above the approach channel f loor. A false f loor Ievel with

the crest was instal led for the ful l  width of the B-ft  wide approach and for a distance of 6 f t

upstream. Original ly the false f loor consisted of 3 f t  by 8 ft  galvanized-iron sheets. Part of

the f loor was replaced with concrete after one of the sheets was l i f ted out by the water, crump-

led into a bal l  and carr ied through the pipe.

+f*ppsd w. Blaisdel l ,
sults of Tests on Several

draul ics of Closed Condult s--Parts II throu VII .  Re-

HYDRAULICS OF CLOSED CONDUIT SPILLWAYS 

Results of Miscellaneous Laboratory and Field Tests* 

FORWARD 

The theo r y of the hydraulics of closed conduit spillways has been given in Part I** of 
this report series. Parts II to VII,*** giving results of tests on several forms of the closed 
conduit spillway and a discussion of vortices, have also been published. Parts VIII and IX, 
presented in this paper, report the results of tests on a number of additional forms of the 
closed conduit spillway. Discharge coefficients and design rec,ommendations are recorded. 

The results described here are a product of an investigation conducted by the staff of 
the Agricultural Research Service, U. S. Department of Agriculture, located at the St. Anthony 
Falls HydrauliC Laboratory, University of Minnesota, Minneapolis . There the Agricultural 
Research Service, the Minnesota Agricultural Experiment Station, and the St. Anthony Falls 
Hydrau lic L aboratory cooperate in the solution of problems concerning conservation hydrau
l ics. Some of the experiments were made at the Laboratory, but many were made by others. 
The source of all information is acknowledged in the paper. All data were reanalyzed by the 
writer. The analytical methods and the computations have be en checked by Robert V. Keppel. 

PART VIII 

Miscellaneous Laboratory Tests 

INTRODUCTION 

A number of laboratory tests that have been made on closed conduit spillways do not fall 
into any of the categories of Par ts II through VI, yet they are of some interest. Therefore, 
dis cussed in this Part are the results of tests on an 18-in. steel pipe with vertical and hori
zontal le g s and two field structures that were modeled and tested in the laboratory. 

18-INCH STEEL PIPE 

DESCRIPTION OF SPILLWAY 

The spillway consisted of a flared entrance, a drop inlet pipe 18 ft long, a standard 4-
piece long radius elbow made up in 3D-degree segments, and a horizontal barrel 30 ft long. 
The total fall through the spill way was 21.93 ft. 

The entrance consisted of a flare 11.04 in. (0 .626D) high having a top diameter of 21.63 
in. (1.23D). This flare was proportioned so that the contraction of the stream leaving the crest 
would fill the drop inlet . 

The crest was about one foot above the approach channel floor. A false floor level with 
t he c rest was installed for the full w idth of the 8-ft wide approach and for a distance of 6 ft 
upstream. Originally the fal se floor consisted of 3 ft by 8 ft galvanized iron sheets. Part of 
the floor was replaced with concrete after one of the sheets was lifted out by the water, crump
led into a ball and carried through t he pipe. 

*Agricultural Research Service Report No. 41-505-76. 

***Fred W. Blaisdell, Hydraulics of Closed Conduit SPillwaf:suparts II through VII. Re
sults of Tests on Several Forms of the Splllway, St. Anthony Fa! s Hydraulic Laboratory Tech
nical Pape r No. 18-B, March 1958. 
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An anti-vortex wall  4 f t  high by 6 ft  long (2.?2D by 4.08D) was located tangent to the

downstre: im side of the drop inlef.  This wall  was spiked to the false f loor supports with 16d

nails andwas wedgedagainst the tunnel roof. Nevertheless,the pressure behind the wall  bent

the spikes and foried the wall  upstream over the inlet.  The anti-vortex wall  was then bolted

to the concrete approach f loor.

Plon

: ; l tzry 4 f ;.7: t';a.i ^
3 N.S.

E S .

E le  vo t  ion

S t d .  l o n g
rod ius  e lbow

Fig .  V l l l - l  -  l8 - in .  S tee l  P ipe  C losed Condu i t  Sp i l l r rcy .

The form and dimensions of the drop inlet,  the elbow, and the barrel are shown in Fig.
V I I I . 1 .

The pipe was made of spira). ly welded steel tubing having a nominal diameter of 1B in.
and anac tua l  ins ided iameter  o f  l7 -5 /B  in .  A t  the  conc lus ion  o f  the  tes ts  the  p ipesur facewas
covered with a uniform rust having the appearance and feel of sandpaper. This surface is
shown in Fig. VIII-2.
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An anti-vortex wall 4 ft high by 6 ft long (2.72D by 4.08D) was located tangent to the 
downstream side of the drop inlet. This wall was spiked to the faJ se floor supports with 16d 
nails and was wedged against the tunnel roof. Nevertheless, the pressure behind the wall bent 
the spikes and forced the wall upstream over the inlet. The anti-vortex wall was then bolted 
to the conc rete approach floor. 
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Fig. VIII-l - la-in. Steel Pipe Closed Conduit Spillway . 
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The form and dimensions of the drop inlet , the elbow, and the barrel are shown in Fig. 
VIII-I. 

The pipe was made of spirally welded steel tubing having a nom inal d iameter of 18 in. 
and an actual inside diameter of 17-5/ 8 in. At the conclusion of the t ests the pipe surface was 
covered with a uniform rust having the appearance and feel of sandpaper. This surface is 
shown in Fig. VIII-2. 



APPARATUS AND PROCEDURE

The ent ranceto  thec losed condu i t  sp i l lwaywas loca ted  near  the  end o f thewaste  tunne l
for the main test channel at the St. Anthony Fal ls Hydraul ic Laboratory. This tunnel is B ft
0 in. wide by 5 ft  7 in. high. A greater width wouLd have been desirable for the purposes of
these tes ts .  Therewas a  bend in th ls  tunne l  about  35  f t  ups t ream f romthe sp i l lway  en t rance.
What effect this had on the f low condit ions is unknown since i t  was impossible to enter the
tunnel duri .ng the tests to observe the f low. The tunnel exit  was bulkheaded so al l  water was
forced through the spi l lway. The drop inlet passed through a 3/4-in, steel plate covering a
hole in the tunnel f loor. Since the tunnel at this point crossed the Laboratory turbine room
just under i ts roof, the drop inlet and the horizontal barrel were in the turbine room proper.
This provided access to the outside of the spit lway for the instal lat ionof the pi.ezometers used
to measure pressures in the spi l lway. A heavy concrete thrust block braced against the tur-
b ineroom wa l l  wasp laced a t  the  e lbow and a  heavyanchor  b lock  wasp laced.a t  the  bar re lex i t
to take care of the large forces anticipated and to prevent vibrat ion. The discharge from the
pipe was al lowed to spi l l  on the turbine room f loor and to f ind i ts way into the tai lrace.

F i g .  V l l l - 2  -  S u r f o c e  o f  l 8 - i n .  S t e e l  P l p e .

The headwater level was determined at apoint 12 ft  upstream frorn the anti-vortexwall .
Leve ls  were  read f rom a  water  manometer  and a  water  leve l  recorder  was used to  insure
tha t  a  cons tan t  water  sur face  e leva t ion  ex is ted  dur ing  each tes t .  P iezomet r ic  p ressures  were
obta ined a t  the22 po in ts  ind ica ted  in  F ig .V I I I -1 .  Pressureswereread f rommercurymanom-
e t e r s .

Discharges were measured by using the tai lgate at the end of the main test ehannel as
a  suppressed we i r .  Th is  we i r  was  ca l ib ra ted  a f te r  the  tes ts  had been comple ted .

Tes t  p rocedures  were  s i .m i la r  to  those used fo r  p rev ious  tes ts .

DESCRIPTION OF FLOW

This  descr ip t ion  is  be ing  wr i t ten  11  years  a f te r  the  tes ts  were  made.  T ime has  there-
fore taken i ts tol l  of the writerts memory of the detai ls ol the events. Vivid, though, is the
rnernory of standing on the stairs leading to the turbine room, hearing air being sucked into
the pipe at certain f lows, and feel ing the accompanying vibrat ion. This vibrat ion was quite
not iceab le in  sp i te  o f the  fac t  tha t  the  tu rb ineroom is  o f  heavyre in fo rced concre te  cons t ruc-
t ion and is founded direct ly on the underlying sandstone.

Notes obtained during the tests indicate that the f low phenomena are similar to those
observed during the tests reported previously. As the f low increased, the depth at the outlet
increased unti l  the outlet f lowed alternately ful l  and part ly ful l ,  the outlet f inal ly f lowing com-
pletely ful l  al l  of the t ime. The fuII-f low condit ion is shown in Fig.VIII-3. The white appear-
ance o f  the  je t  i s  be l ieved to  be  a  sur face  layer  o f  a  water -a i r  m ix tu re .

The i i f t ing of the false f loor and the movement of the anti-vortex wall  noted previously
are  a  d i rec t resu l t  o f  the  drop  in  the  leve lo f  the  water  as  the  ve loc i ty increased in  the  v ic in -
i ty of the inlet.  In this region the pressure head was converted to velocity head. The drop in
the  water  sur face  o fcourse  loweredthepressure  on top  o f the  fa lse  f loor .  The under  s ide  o f
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APP ARA TUS AND PROCEDURE 

The entrance to the closed conduit spillway was located near the end of the waste tunnel 
for the main test channel at the St . Anthony Falls Hydraulic Laboratory. This tunnel is 8 ft 
o in. wide by 5 ft 7 in. high. A greater width would have been desirable for the purposes of 
these tests. There was a bend in this tunnel about 35 ft upstream from the spillway entrance. 
What effect t his had on the flow conditions is unknown since it was impossible to enter the 
tunnel dur ing the tests to observe the flow. The tunnel exit was bulkheaded so all water was 
forced through the spillway. The drop inlet passed through a 3/4-in. steel plate covering a 
hole in the tunnel floor. Since the tunnel at this point crossed the Laboratory turbine room 
just under its roof, the drop inlet and the horizontal barrel were in the turbine room proper. 
This provided access to the outside of the spillway for the installation of the piezometers used 
to measure pressures in the spillway. A heavy concrete thrust block braced against the tur
bine room wall was placed at the elbow and a heavy anchor block was placed at the barrel exit 
to take care of the large forces anticipated and to prevent vibration. The di s charge from the 
pipe was allowed to spill on the turbine room floor and to find its way into the tailrace. 

Fig . VIII-2 - Surface of l8-in. Steel Pipe. 

The headwater level was determined at a point 12 ft upstream fro Il'!' the anti-vortex wall. 
Levels were read from a water manometer and a water level recorder was used to insure 
that a constant water surface elevation existed during each test. Piezometric pressures were 
obtained at the 22 points indicated in Fig . VIII-l. Pressures were read from mercury manom
eters . 

Discharges were measured by using the tailgate at the end of the main test channel as 
a suppressed weir. This weir was calibrated after the tests had been completed. 

Test procedures were similar to those used for previous tests . 

DESCRIPTION OF FLOW 

This description is being written 11 years after the tests were made. Time has there
fore taken its toll of the writer's memory of the details of the events. Vivid, though, is the 
memory of standing on the stairs leading to the turbine room, hearing air being sucked into 
the pipe at certain flows, and feeling the accompanying vibration. This vibration was quite 
noticeable in spite of the fact that the turbine room is of heavy reinforced concrete construc
tion and is founded directly on the underlying sandstone. 

Notes obtained during the tests indicate that the flow phenomena are similar to those 
observed during the tests reported previously. As the flow increased, the depth at the outlet 
increased until the outlet flowed alternately full and partly full, the outlet finally flowing com
pletely full all of the time. The full-flow condition is shown in Fig. VIII-3. The white appear
ance of the jet is believed to be a surface layer of a water-air mixture. 

The lifting of the false floor and the movement of the anti-vortex wall noted previously 
are a direct result of the drop in the level of the water as the velocity increased in the vicin
ity of the inlet. In this region the pressure head was converted to velocity head. The drop in 
the water surface of course lowered the pressure on top of the false floor. The under side of 
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the  fa lse  f loor  had access  to  the  h igher  ups t reampressures  where  the  ve loc i ty  was low.  The
d i f fe rence in  p ressure  caused the  fa lse  f loor  to  l i f t  ou t  and pass  th rough the  sp j l lway .  ln  the
case of the anti-vortex wall ,  the dropdown of water into the inlet under weir f low exposed part
o f  the  ups t ream face  o f  t l re  waI I .  The pressure  on  th is  s ide  o f  the  wa l . l  was  a tmospher lc  where

the  wa l f  wasexposed and"wasreduced be low hydros ta t i c  p ressure  in  p ropor t ion  to  the  'u 'eLoc-

i ty  head where  the  sur face  o f  the  waI I  was  wet ted .  On the  downst ream s lde  o f  the  an t l -vor tex
wl l l  the  ve loc i tywas n i land fu I I  hydros ta t i c  p ressure  ex is ted .  The d i f fe rence i .n  p ressure  on

the  two s ides  o f  the  an t i -vor tex  wa l l  caused i t s  ups t ream movement ,  Th is  i s  ment ioned here
because the designer should real ize that there is a considerable force acting on this type of
anti-vortex wall  i .n an upstream direct ion.

F lg .  V l l l - 3  -  Fu l l  F low  o t  Ex i t  o f  l 8 - i n .  S tee l  P ipe .

DISCHARGE COET'FICiENTS

I t  was  poss ib le to  ob ta in  agood va lue  fo r  the  we i rcoef f i c ien t
of the entrance Ioss coeff icient was obtainable frorn the data.

Weir Coeff icient

but no val id determination

Thed ischargecoef f i c ien t  C fo r  use  in  Eq.  l -1  i sg iven in  F ig .V I I I -4 .  Thep lo t ted  po in ts

are those obtained during the tests. The curve shown is suggested for design use, subject to
the restr ict ions indicated below. This curve has the equation

H
C = 3 . 1 0 + 1 . 6 4 -

Drc

sives

- l J
I  I r  )  q .  l o

Q  =  I  3 . 1 0  +  1 . 6 4 -  |  t -  H " '  '

L r r - ,
rc

( v I I I - 1 )

which ,  when inser ted  in  Eq.  I - i

(v I I I -2)

As ind ica ted  in  F ig .  V I I I -4  these equat ions  are  va l id  up  to  a  head H o f  0 '95D. " .

The relat ive approach channel width W"/L for this inlet is I .89. Thus, i t  wouid be

c lassed as  r rnar rowt '  accord ing  to  Reference I -11 ,  and the  coef f i c ien t  shou ld  be  mul t ip l ied  by
I /0 .97  =  1 .03  to  cor rec t  fo r  the  e f fec t  o f  the  nar row approach channe l .

Entrance Loss Coeff icient

In ordei to compute the entrance loss coeff icient, i t  is necessary to know the bend loss
and the fr ict ion loss. t t  was thought that the fr ict ion losses could be determined fromthe slope
of the hydraul ic grade l ine as measured by the piezometers and the elbow loss could be ob-
tained from the drop in the grade l ine at the elbow. However, i t  was not possible to define the
hydraul ic grade l ine with suff ici .ent precision. This is probably largely attr ibutable to the rela-
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the false floor had access to the higher upstream pressures where the velocity was low. The 
difference in pressure caused the false floor to lift out and pass through the spillway. In the 
case of the anti-vortex wall, the dropdown of water into the inlet under weir flow exposed pdrt 
of the upstream face of the wall. The pressure un this side of t he wa ll was atmosphenc whpre 
the wall was exposed and" was reduced be low hydrostatic pressure in proportion to the ve loc 
ity head where the surface of the wall was wetted. On the downstream side of the anti - vortex 
wall the velocity was nil and full hydrostatic pressure existed. The differencp in pressure on 
the two sides of the anti-vortex wall caused its upstream movement. This is mentioned here 
because the designer should realize that there is a considerable force acting on this type of 
anti-vortex wall in an upstream direction. 

Fig. VIII-3 - Full Flow at Exit of l8-in . Steel Pi pe . 

DISCHARGE COEFFICIENTS 

It was possible to obtain a good value for the weir coefficient but no valid determination 
of the entrance loss coefficient was obtainable from the data. 

Weir Coefficient • 
The discharge coefficient C for use in Eq. 1-1 is given in Fig. VIII-4. The plotted points 

are those obtained during the tests. The curve shown is suggested for design use, subject to 
the restrictions indicated below . This curve has the equation 

H 
C = 3.10 + 1.64-

D rc 

which, when inserted in Eq. 1-1. gives 

Q = [3.10 + 1.64 DH JLH
3/2 

rc 

As indicated in Fig. VIII-4 these equations are valid up to a head H of 0 . 95Drc 

(VIII-I) 

(VIII-2) 

The relative approach channel width W /L for this inlet is 1.89. Thus, it would be c 
classed as "narrow" according to Reference 1-11, and the coefficient should be multiplied by 
1/0.97 = 1.03 to correct for the effect of the narrow approach channel. 

Entrance Loss Coefficient 

In order to compute the entrance loss coefficient, it is necessary to know the bend loss 
and the friction loss. It was thought that the friction losses could be determined from the slope 
of the hydraulic grade line as measured by the piezometers and the elbow loss could be ob
tained from the drop in the grade line at the elbow. However, it was not possible to define the 
hydraulic grade line with sufficient precision. This is probably largely attributable to the rela-



t ively short lengths of pipe between the entrance and the elbow and between the elbow and the
exrT .

An attempt was made to compute the elbow and fr ict ion losses after est imating values
of the coeff icients. These computations resulted in negative entrance loss coeff icients--a
highly improbably condit ion. In order to have a zero entrance loss i t  would have been neces-
sary ,  i f  the  bend loss  coef f i c ien t  were  0 .23 ,  to  have a  Mann ingrs  n  o f  0 .009.  A  coef f i c ien t
this iow is dif f icult  to imagine for the surface shown in Fig. VIII-2.

Further attempts to evaluate the entrance loss coefficient were abandoned.

)  o . r  o.2 0.3 0.4 0,5 0.6 0,7 0.8 0.9 l ,o
H/D,c

Fig.  Vl l l -4  -  Welr  F low Dischorge Coef f ic ienf  for  ' l  8- in .  Steel  Pipe.

PRESSURE COEFFICiENTS

The dif f icult ies outl ined above also prevented the determinationof the pressurecoeff i-
c ien ts ;  good va lues  o f  the  bend and f r i c t ion  loss  coef f i c ien ts  a re  necessary  in  o rder  to  com-
pute the pressure coeff icients, so no attempt was made to determine them.

CONCLUSIONS AND RECOMMENDATIONS

Drop inlets having the form shown in Fig. VIII-1 are satisfactory and geometrical ly
similar structures are recommended for f ield instal lat ion. Vibrat ions suff icient to be felt
were  t ransmi t ted  to  the  tu rb ineroom s ta i rway 'nhen a i rwas sucked th rough thesp i l lway .  Up-
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tively short lengths of pipe between the entrance and the elbow and between the elbow and the 
exit. 

An attempt was made to compute the elbow and friction losses after estimating values 
of the coefficients. These computations resulted in negative entrance loss coefficients--a 
highly improbably condition. In order to have a zero entrance loss it would have been neces
sary, if the bend loss coefficient were 0.23, to have a Manning's n of 0.009. A coefficient 
this low is difficult to imagine for the surface shown in Fig. VIII-2. 

Further attempts to evaluate the entrance loss coefficient were abandoned. 
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Fig. VIII-4 - Weir Flow Discharge Coefficient for l8-in. Steel Pipe. 

PRESSURE COEFFICIENTS 

The difficulties outlined above also prevented the determination of the pressure coeffi
cients; good values of the bend and friction loss coefficients are necessary in order to com
pute the pressure coefficients, so no attempt was made to determine them. 

CONCLUSIONS AND RECOMMENDATIONS 

Drop inlets having the form shown in Fig. VIII-l are satisfactory and geometrically 
similar structures are recommended for field installation . Vibrations sufficient to be felt 
were transmitted to the turbine room stairway when air was sucked through the spillway. Up-



l i f t  pressures can be anticipated in the vici .nity of the inlet.  Hydrostat ic overturning forces
on the anti-vortex wall  should be anticipaled and provided for by the designer"

The capacity of the drop inlet crest act ing as a weir can be determined from Eq. I-1
and F ig .  V I I I -4  o r  f rom Eq.  V I I I -2 .

A rel iable entrance loss coeff icient could not be determined from the avai lable data.

Local pressure constants were not determined.

3 O - i N C H  S Q U A R E  D R O P  I N L E T  C U L V E R T

A drop inlet spi l lway located on the Soil  Conservation Experiment Stat ion at Mccredie,
Missouri,  is used to determine therunoff from the tr ibutarywatershed in addit ion to i ts nor-
mal  use  as  a  gu l l ycont ro l  s t ruc tu re .  I twas  there fore  necessary  toca l ib ra te  the  c res t  o f  th j .s
spi l lway ih order to obtain a rel iable relat ionship between the head on the spi l iway crest and
the discharge. This cal ibrat ion was made at the St"Anthony Fal ls Hydraul ic Laboratory on a
ful l  scale and on a one-fourth scale model.

The resu l ts  o f  these tes ts  a re  o f  some genera l  in te res t  s ince  they  show tha t  the  sp i l1 -
way may not f low ful l  and because a comparison is made between the laboratory-developed
rating and f ield determinations of the discharge.

DESCRIPTION OF SPILLWAY

The c losed condu i t  sp i l lway ,wh ich  is  shown inF ig .  V I I I -5 ,  i s  2  f l  6  in .  square  in  c ross
sec t ion  w i th  4 - in .  f i l l e ts  in  each corner .
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lift pressures can be anticipated in the vic inity of the inl et. Hydrost atic overturning forces 
on the anti-vortex wall should be anticipated and provided for by the designer, 

The capacity of the drop inlet crest acting as a weir can be determined from Eq. I-I 
and Fig. VIII-4 or from Eq. VIII-2. 

A reliable entrance loss coefficient could not be determined from the available data. 

Local pressure constants were not determined. 

3D-INCH SQUARE DROP INLET CULVERT 

A drop inlet spillway located on the Soil Conservation Experiment Station at McCredie, 
Missouri, is used to determine the runoff from the tributary watershed in addition to it s nor
mal use as a gully control structure . It was therefo r e necessary to calibrat e the crest of this 
spillway ih order to obtain a reliable relationship between the head on the spillway crest and 
the discharge. This calibration was made at the St . Anthony Falls Hydraulic Laboratory on a 
full scale and on a one-fourth scale model. 

The results of these tests are of some general interest sinc e they show that the spill
way may not flow full and because a comparison is made between the laborato r y-developed 
rating and field determinations of the discharge. 

DESCRIPTION OF SPILLWA Y 

The closed conduit spillway, which is shown in Fig. VIII-5, is 2 ft 6 in . square in cross 
section with 4-in. fillets in each corner . 
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The drop inlet is 16 ft  3 in. high pius 4 ft  6 in. for the elbow, making a total height of
20 ft  I  in. The elbow at i ts base has a 2-ft  inner radius and a 4-ft  6-in. outer radius. There
is an anti-vortex wall  3 f t  0 in. high by ? ft  6 in. long on the downstream side of the crest.
The crest i tself  has a nominal radius of 4 in. The radius apparently was formed by troweling
and is therefore somewhat irregular. The actual crest was cross sectioned at 13 points and
temple ts  cu t  to  these c ross  sec t ions  wereused to  cons t ruc t  the  mode l  c res ts .  Leve l  read ings
showed the  c res t  to  be  leve l  w i th in  0 .04  f t .

The barrel is 65 ft  6 in. in length. A f lare 20 ft  long increases the exit  width to 6 ft  6 in.
Th i r teen fee t  o f  th is  f la re  a re  covered.  The bar re l  s lope is  0 .005.

The upstream slope of the dam is 1 on 3. I t  is covered with broken stone of about one
man size to an elevation of one foot above the spi l lway crest. Comparative views of the r ip-
rap in the vicinity of the crest are shown ln Fig. VIII-6 for the prototype "and for the two
mode ls .

The r iprap is depressed in the vicinity of the crest. Elevations of the r iprap for 20 ft
either side of the drop inlet were furnished in order to reproduce accurately the r iprap ele-
vations in the model.

The mode l  c res tswere  made o f  cement  mor ta rcare fu l l y  shaped to  conform to  the  f ie ld
measurements. Only 4 ft  of drop inlet were reproduced for the ful l 'scale model. This rncdel
was used to  check  the  resu l ts  ob ta ined on  the  one- four th  sca le  mode l  and to  accura te ly  de ter -
mine the head-discharge relat ionship for the lower heads where the effect of surface tension
might  a f fec t  thecapac i ty  o f  a reduced s ize  mode l .  The c res t  o f  theone- four th  s izemode l  was
of mortar, but the remainder of the spi l lway was of galvanized sheet metal.

APPARATUS AND PROCEDURE

A spec ia l  tes t  bas in  20  f t  square  by  5  f t  deep was bu i l t  fo r  these tes ts .  The bas in  was
loca ted  overa  10- in .square  open ing  in to  the  tunne l  lead i .ng  to  the  Labora torywe igh ing  tanks .
These tankswereused to  de termine the  f low.  Ca l ib ra t ions  haveshown them to  be  accura te  to
wi th in  0 .05  per  cent .

The water was obtained from a l2-in, supply l ine leading from t6e Laboratory supply
channel, passed through a control valve and discharged into the test basin. The water left  the
test basin through the opening into the tunnel, passed through the weighing tanks, and was re-
tu rned to  the  r i ver .

One-Four th  Sca le  Mode l

I t  i s  des i rab le ,  espec ia l l y  fo r  purposes  o f  ca l ib ra t ion ,  to  use  la rge-s ized mode ls .  The
largest complete model that could readi ly be accommodated in the Laboratory was one fourth
the size of the prototype. The barrel of this model was located in the waste tunnel, the drop
inlet project ing into the test basin through the 10-in. square hoIe. Unfortunately, suff icient
space was not avai lable between this hole and the weighing tank diverter chamber for the in-
s ta l la t ionof  the  bar re l .  In  o rder to  ge t  the  bar re l  in to  the  tunne l ,  i t  wasreversed in  d i rec t ion
with respect to the drop inlet;  that is, the barrel was directed upstream instead of downstream
as in the prototype. I t  is felt  that this dissimilari ty had no adverse effect on the f lowcharac-
te r is t i cs  o f  the  sp i l lway .

An attempt was made to hold the dimensions to within 0.01 in. of the tnle dirrension.

FuI l -Sca le  Mode l

The ful l-scale model was bui l t  over the 10-in. square opening into the waste tunnel. I t
was  rea l i zed  tha t  the  s izeo f  th is  open ingwou ld  l im i t  the  f low.  However , the  tes ts  on  the  fu l l -
scale model were planned to define accurately the head-discharge rel.at ionship only at the
Iower heads where surface tension might distort the results obtained on the one-fourth scale
mode l .  Th is  l im i ta t ion  on  the  f low tha t  cou ld  beaccomodated wasthere forenot  ser ious ;  com-
plete similari ty between the ful l  model and the prototype was obtained for the lower heads at
wh ich  th is  mode l  was  opera ted .
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The drop inlet is 16 ft 3 in. high plus 4 ft 6 in. for the elbow, making a total height of 
20 ft 9 in. The elbow at its base has a 2-ft inner radius and a 4-ft 6-in. outer radius. There 
is an anti-vortex wall 3 ft 0 in. high by 7 ft 6 in. long on the downstream side of the crest. 
The crest itself has a nominal radius of 4 in. The radius apparently was formed by troweling 
and is therefore somewhat irregular. The actual crest was cross sectioned at 13 points and 
templets cut to these cross sections were used to construct the model crests. Level readings 
showed the crest to be level within 0 .04 ft. 

The barrel is 65 ft 6 in. in length. A flare 20 ft long increases the exit width to 6 ft 6 in. 
Thirteen feet of this flare are covered. The barrel slope is 0.005. 

The upstream slope of the dam is 1 on 3 . It is covered with broken stone of about one 
man size to an elevation of one foot above the spillway crest. Comparative views of the rip
rap in the vicinity of the crest are shown in Fig. VIII-6 for the prototype .and for the two 
models. 

The riprap is depressed in the vicinity of the crest. Elevations of the riprap for 20 ft 
either side of the drop inlet were furnished in order to reproduce accurately the riprap ele
vations in the model. 

The model crests were made of cement mortar carefully shaped to conform to the field 
measurements. Only 4 ft of drop inlet were reproduced for the full-scale model. This ffi)del 
was used to check the results obtained on the one-fourth scale model and to accurately deter
mine the head-discharge relationship for the lower heads where the effect of surface tension 
might affect the capacity of a reduced size model. The crest of the one-fourth size model was 
of mortar, but the remainder of the spillway was of galvanized sheet metal. 

APP ARATUS AND PROCEDURE 

A special test basin 20 ft square by 5 ft deep was built for these tests. The basin was 
located over a 10-in. square opening into the tunnel leading to the Laboratory weighing tanks. 
These tanks were used to determine the flow. Calibrations have shown them to be accurate to 
within 0.05 per cent. . 

The water was obtained from a 12 -in. supply line leading from t ~e Laboratory supply 
channel, passed through a control valve and discharged into the test basin. The water left the 
test basin through the opening into the tunnel, passed through the weighing tanks, and was re
turned to the river. 

One-Fourth Scale Model 

It is desirable, especially for purposes of calibration, to use large - sized models. The 
largest complete model that could readily be accommodated in the Laboratory was one fourth 
the size of the prototype. The barrel of this model was located in the waste tunnel, the drop 
inlet projecting into the test basin through the 10-in. square hole. Unfortunately, sufficient 
space was not available between this hole and the weighing tank diverter chamber for the in
stallation of the barrel. In order to get the barrel into the tunnel, it was reversed in direction 
with respect to the drop inlet; that is, the barrel was directed upstream instead of downstream 
as in the prototype. It is felt that this dissimilarity had no adverse effect on the flow charac
teristics of the spillway. 

An attempt was made to hold the dimensions to within 0.01 in. of the true dimension . 

Full-Scale Model 

The full-scale model was built over the 10-in. square opening into the waste tunnel. It 
was realized that the size of this opening would limit the flow . However, the tests on the full
scale model were planned to define accurately the head-discharge relationship only at the 
lower heads where surface tension might distort the results obtained on the one-fourth scale 
model. This limitation on the flow that could be accomodated was therefore not serious; com
plete similarity between the full model and the prototype was obtained for the lower heads at 
which this model was operated. 



(a) PrototSpe.

(b) Fourth-soale
model .

(c) Fu)-L-scale
rnodel .

F ig .  V t  l l -6  -  Cres l  o f  Drop In le t  Sp i  l lwoy  o t  l ' v l cCred ie ,  Missour i  .
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Fig. VIII-6 - Crest of Drop Inlet Spillway at l'vkCredie, Missouri. 

(a) Prototype. 

'0 

(b) Four th-scale 
model. 

(c) Full-scale 
model. 



TEST PROCEDURE

The procedure for conducting a test was as fol lows: The control valve in the 12-in.
supply l ine was adjusted to give the approximate desired f low, and this f low was al lowed to
run through the model unti l  the rateof f low through the model and the weighing tanks had be-
come constant. A head readingwas then obtained,the rate of f low determined, notes made on
the operation of the model, and the head reading checked. The control valve was then opened
or closed to change the rate of f low, and the procedure was repeated. Photographs were taken
of  typ ica l  f low cond i t ions .

The rate of f low was determined by the t ime required to f i l l  the weighing tanks. The
head over  the  c res t  was  de termined w i th  the  a id  o f  a  po in t  gage wh ich  was read to  0 .001 f t .
This gage was located in a glass st i l l ingwell  whieh was connected to the headpool some dis-
tance upstream from the crest and at one side of the test basin.

A  water  leve l  recorder  was in  opera t ion  th roughout  the  tes ts .  Th is  recorder  was used
as acont ro l  on lyand noread ingswere  taken f rom i t .  Through i t suse i t  was  poss ib le todeter -
mine i f  the water levet had reached a constant elevation or i f  the water surface was f luctuating.

DESCRIPTION OF FLOW

Three condit ions of f low wefe observed for the one-fourth size model: weir f low, ori-
f ice f low at the drop inlet crest, and ful l  conduit f low. The ful l-size model was designed to
reproduce only the low heads over the crest encountered during weir f low. Head-discharge
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TEST PROCEDURE 

The procedure for conducting a test was as follows: The control valve in the 12-in. 
supply line was adjusted to give the approximate desired flow, and this flow was allowed to 
run through the model until the rate of flow through the model and the weighing tanks had be
come constant. A head reading was then obtained, the rate of flow determined, notes made on 
the operation of the model, and the head reading checked. The control valve was then opened 
or closed to change the rate of flow, and the procedure Was repeated. Photographs were taken 
('I f t ypical flow conditions. 

The rate of flow was determined by the time required to fill the weighing tanks. The 
he ad ove r the crest wa s determined with the aid of a pOint gage which was read to 0.001 ft . 
This gage was located in a glass stilling well which was connected to the headpool some dis
tance upstream from the crest and at one side of the test basin. 

A water level recorder was in operation throughout the tests. This recorder was used 
as a control only and no readings were taken from it. Through its use it was possible to deter
mine if t he water level had reached a constant elevation or if the water surface was fluctuating. 

DESCRIPTION OF FLOW 

Three conditions of flow were observed for the one-fourth size model: weir flow, ori
fice flow at the drop inlet crest, and full conduit flow. The full-size model was designed to 
reproduce only the low heads over the crest encountered during weir flow. Head-discharge 
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data from 129 runs on the one-fourth size model and 83 runs on the ful l  model are shown in

F ig .  V I I I -7 .

For  the  fu l l -sca lemode l the  nappec lungto  thecres t  and the  s idesof  the  drop  in le t  un t i l

a relat ive head H/D of 0.06 was reached. At higher heads the nappe began to spring free.

By the t ime H/O - 0.11, the nappe was completely free. Corresponding values for the one-

fourth size model are 0.12 and 0.15. Quanti tat ive similari ty was not anticipated in this re-

spect because of surface tension effects, the ful l-scale model being bui l t  so the surface tension

effects would be the same as in the prototype.

Tests on the one-fourth size model were made with both free and cl inging nappes. Up

to H/D = 0.20 no change in the f low was caused when the nappe changed from freely fal l ing

to cl inging. Between H7D = O.2O and 0.24 the discharge for the.free nappe condi.t j .on aver-

ages "5o.r l  2 per cent less than for the cl. inging nappe. Above H/D = 0.24 t lne discharge for

th-=e free nappe was considerably less than for the cl inging nappe. This can be seen in Fig.

VII-?. The inlet f inal ly became submerged with the water fal l ing freely down the drop inlet.

This results in ori f ice control at the drop inlet crest. When the water cl ings to the sides of

the drop inlet,  the weir at the inlet crest controls the head-discharge relat ionship to much

higher hows. I t  should be noted that the weir head-dischargecurvecanapply from the lowest

f low up to the discharge where ful l  conduit f low controls the head-discharge relat ionship.

It  can be seen in Fig. VIII-? that i t  is possi.ble to have two widely dif ferent discharges

at certain heads. Both freeand cl inging nappeswere observed for the one-fourth size model,

but onty the free nappe was observ"ea"for the ful l-scale model when H,/D was in excess of

0.1. The fol lowing quotation, taken from a letter writ ten by Mr. D. D. Smith, formerly Pro-
ject Supervisor aiMcCredie, Missouri,  to Mr. NeaI E. Minshatl ,  Project Supervisor at Madi-

Lon, Wisconsin, who was making the runoff studies there, is pert inent. "As I recal l ,  the naPpe

did not cl ing to the inside of the r iser for the higher heads, although i t  did on the lower. " ln

v iewof  the  fu l l -sca le tes t  resu l tsandMr .  Smi th ts  s ta tement , i t  appears  l i ke ly tha t  the  pro to-

t)rpe nappe is free at the higher heads and that the model f indings are veri f ied.

The important thing to remember inconnection with this drop inlet closedconduit spi l l -
way is that one cannot be certain whether the weir and pipe controls wil l  exist at the higher
discharges or whether ori f ice control wi l l  exist.  I f  the control is ori f ice--the more probable

situation--the capacity of the structure is much less than i f  pipe f low condit ions exist.

DISCHARGE COEFFICIENTS

Weir Coefficient

Coeff icients of discharge C for weir f low condit ions are plotted in Fig. VIII-8. These
are for use in Eq. I-1. The crest length L is the Length taken at the point of horizontal tan-
gency of the crest rounding. I t  is not the inside length of the crest. Although al l  ful l-seale
modei data are plotted in F1g. VIII-8, the ful l-scale data obtained at heads H/L in excess of
0.035 are not considered typical or similar to the one-fourth size model, as is noted be1ow.

No general equation for the coeff icient of discharge was obtained. However, the equation
for weir f low given in the project report* can be writ ten

Q  =  4 . 0 4  L H 1 ' 6 2 5 (vrrr-3)

The sol id curve in Fig. VIII-B is the variable discharge coeff icient obtained from Eq. VIII-3
for use in Eq. I-1; the coeff icient is variable because the exponent of H is 1.625 instead of
1 . 5 .

The ab i l i t y  o f  Eq,VI I I -3  to  p red ic t  the  d ischarge was tes ted  bycomput ing thed ischarge
using the equationand comparing i t  with the discharge observed during the tests. The average
ofthe percentagedifferences between the computed and the observed discharges for theone-
fourth scale model is O.tr per cent with a maximum of +5.9 per cent and a minimum of -3.9
per cent. Only three dif ferences out of 90 were greater than 4 per cent.

*Fred W. Blaisdell, Model Calibrationof Drop Inlet Culvert Located at McCredie, Mis-
souri, Soil Conservation S
G5-oratory, October 1 944.
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data from 129 runs on the one-fourth size model and 83 runs on the full model are shown in 
Fig. VIII-7. 

For the full-scale model the nappe clung to the crest and the sides of the drop inlet until 
a relative head HID of 0.06 was reached. At higher heads the nappe began to spring free. 
By the time H/D:Z: 0.11, the nappe was completely free. Corresponding values for the one
fourth size model are 0.12 and 0.15. Quantitative similarity was not anticipated in this re
spect because of surface tension effects, the full-scale model being built so the surface t ension 
effects would be the same as in the prototype. 

Tests on the one-fourth size model were made with both free and clinging nappes. Up 
to HID = 0.20 no change in the flow was caused when the nappe changed from freely falling 
to clinging. Between HID = 0.20 and 0.24 the discharge for the free nappe condition aver
ages about 2 per cent less than for the clinging nappe. Above HI D = 0.24 the discharge for 
the free nappe was considerably less than for the clinging nappe. This can be seen in Fig. 
VIII-7. The inlet finally became submerged with the water falling freely down the drop inlet. 
This results in orifice control at the drop inlet crest. When the water clings to the sides of 
the drop inlet, the weir at the inlet crest controls the head-discharge relationship to much 
higher flows. It should be noted that the weir head-discharge curve can apply from the lowest 
flow up to the discharge where full conduit flow controls the head-discharge relationship. 

It can be seen in Fig. VIII-7 that it is possible to have two widely different discharges 
at certain heads. Both free and clinging nappes were observed for the one-fourth size model, 
but only the free nappe was observed for the full-scale model when HI D was in excess of 
0.1. The following quotation, taken from a letter written by Mr. D. D. Smith, formerly Pro
ject Supervisor at McCredie, Missouri, to Mr. Neal E. Minshall, Project Supervisor at Madi
son, Wisconsin, who was making the runoff studies there, is pertinent. " As I recall, the narpe 
did not cling to the inside of the riser for the higher heads, although it did on the lower. ' In 
view of the full-scale test results and Mr. Smith's statement, it appears likely that the proto
type nappe is free at the higher heads and that the model findings are verified. 

The important thing to remember in connection with this drop inlet closed conduit spill
way is that one cannot be certain whether the weir and pipe controls will exist at the higher 
discharges or whether orifice control will exist. If the control is orifice--the more probable 
situation--the capacity of the structure is much less than if pipe flow conditions exist. 

DISCHARGE COEFFICIENTS 

Weir Coefficient 

Coefficients of diSCharge C for weir flow conditions are plotted in Fig . VIII-8. These 
are for use in Eq. 1-1. The crest length L is the length taken at the point of horizontal tan
gencyof the crest rounding. It is not the inside length of the crest. Although all full-scale 
model data are plotted in Fig. VIII-8, the full-scale data obtained at heads H/L in excess of 
0.035 are not considered typical or similar to the one-fourth size model, as is noted below. 

No general equation for the coefficient of discharge was obtained. However, the equation 
for weir flow given in the project report* can be written 

Q = 4.04 L H1. 625 (VlII-3) 

The solid curve in Fig. VIII-8 is the variable diSCharge coefficient obtained from Eq. VIII-3 
for use in Eq. 1-1; the coefficient is variable because the exponent of H is 1.625 instead of 
1.5. 

The ability of Eq. VIII-3 to predict the discharge was tested by computing the discharge 
using the equation and comparing it with the discharge observed during the tests. The average 
of the percentage differences between the computed and the observed discharges for the one
fourth scale model is 0.1 per cent with a maximum of +5.9 ~e r cent and a minimum of -3.9 
per cent. Only three differences out of 90 were greater than 4 per cent. 

*Fred W. Blaisdell, Model Calibration of Drop Inlet Culvert Located at McCredie, Mis
souri, Soil Conservation Service Project Report No. MN-R-3-25, St. Anthony Falls Hydraulic 
Laboratory, October 1944. 
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The average percentage d i f fe rence be-
tween the  equat ion  and the  observed d is -
charges  fo r  the  fu l l -sca le  mode l  i s  -2 .7  per
cent  w i th  a  max imum of  +12,1  per  cent  and
a  m i n i m u m  o f  - 2 1 . 7  p e r c e n t .  F i f t y - o n e r u n s
were used in computing the average dif fer-
ence.  The max imum head read ing  used was
0 . 1 1 D  ( 0 . 0 3 5 L )  s i n c e  t h e  t u r b u l e n c e  i n  t h e
tes t  bas in  a t  h igher  f lows was cons idered ex-
cess ive  andnot  typ ica l ,  The max imum and
minimum differences occurred at relat ive
heads t t /o  o t  0 .05  and 0 .005.  The ra t ing
could, at some loss in simplici ty, have been
cor rec ted  fo r  the  la rge  percentage d i f fe rence
at Iow heads. However, the maximum actual
d i f fe renee was on ly  about  0 .1  c fs  and a  cor -
rect ion of this magnitude would not be war-
ran ted  f rom a  prac t ica l  po in t  o f  v iew.

InApr l l  1944 Mr .  Nea l  E .  Minsha l l  p re -
pared a  f ie ld  ra t ing  fo r  the  McCred ie  d rop
inlet closed conduit spi l lway. This rat ing is
based on  s to rage dep le t ion  a f te r  ten  s to rms
tha t  occur red  in  1  94L,1942 and 1943.  The ra te
of storage deplet ion was computed from water
leve l  recorder  records  fo r  each 0 .03  f t  reduc-
t ion  in  leve l  and the  area  o f  the  pond was de-
te rmined bycare fu l  surveys .  Mr .  Minsha l l rs
rat ing curve had the equation

4 . 7
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4 . 3

4 . 2

4 . 1

Q  =  2 6 . s  H l ' 5 (vrrr-4)
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Fig. Vll l-8 - Heod-Weir Coefficient Curve for Mc-

Credie,  Missour i ,  Cloced Condui t  Spi l lwoy.
I t  can be coneluded that the rat ing equa-

t ion obtained as a result of the Laboratory
tests (Eq. VIII-3) gives a satisfactory predict ion of the prototype f low for weir control.

Orif ice Coeff icient

The or i f i ce  f lowdataobta ined f romthe one- four th  s ize  mode l  a rep lo t ted  in  F ig .V I I I -9 .
The head Ho shown is head above the crest; Ho = H in this case. The manner of plott ing

wasadopted  todetermine i f  a  head cor rec t ionwasnecessarys ince  f rom the  shapeof  the  c res t
i t  was not possible to determine the exact location of the zero head elevation. The plot indi-
ca tes  tha t  no  headcor rec t ion  is requ i red  when HfD isgrea ter  than 0 .14  (Ho =  0 .35) .  Appar -

en t ly  o r i f i cecont ro ldoesnotex is t  be lo rv  H/n  =  0 .06  (Ho =  0 .15) ,  so  tha t  be tween H/D =  0 .06

and 0.14 the data do not fol low the curve drawn for the higher heads.

4 .
c

Mr. Minshall  kindly loaned his data so
his results could be compared with the rat ing
equation developed from the Laboratory
tests. The average dif ference between the
di,scharges determined from the Laboratory
equation and from the f ield rat ing v{ias +2.8
per  cent  fo r  132 de terminat ions  o f  the  d is -
charge a t  re la t i ve  heads be tween 0 .02  and
0.2 .  The d i f fe rences  var ied  f rom a  max imum
of  +55 per  cent  to  a  min imum of  -37  per  cent .
There  was avery  cons iderab le  sca t te r  to  the
data. The trend of the dif ferences was, how-
ever ,  inc reas ing  w i th  the  head.

The discharge coeff icient Co for use in Eq. I-7 is

C o =  6 . 1 5  =  0 . ? 6 ? { t A

The area A is the cross seetional area of the drop inlet.

O /4 scole model
(  Componion runs
O Cl inging
D Not  c l ing ing

o  Fu  l l  s co le  mode l

(VI I I -5)

The average percentage difference be
tween the equation and the observed dis
charges for the full-scale model is -2.7 per 
cent with a maximum of +12.1 per cent and 
a minimum of -21.7 per cent. Fifty-one runs 
were used in computing the average differ
ence. The maximum head reading used was 
O.l1D (0.035L) since the turbulence in the 
test basin at higher flows was considered ex
cessive and not typical. The maximum and 
minimum differences occurred at relative 
heads HI D of 0.05 and 0.005. The rating 
could, at some loss in simplicity, have been 
corrected for the large percentage difference 
at low heads. However, the maximum actual 
difference was only about 0.1 cfs and a cor
rection of this magnitude would not be war
ranted from a practical point of view. 

In April 1944 Mr. Neal E. Minshall pre
pared a field rating for the McCredie drop 
inlet closed conduit spillway. This rating is 
based on storage depletion after ten storms 
that occurred in 1941, 1942 and 1943. The rate 
of storage depletion was computed from water 
level recorder records for each 0.03 ft reduc
tion in level and the area of the pond was de
termined by careful surveys. Mr. Minshaills 
rating curve had the equation 

Q = 26.5 H1.5 ( VIII-4) 
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Mr. Minshall kindly loaned his data so 
his results could be compared with the rating 
equation developed from the Laboratory 
tests. The average difference between the 
discharges determined from the Laboratory 
equation and from the field rating was +2.8 
per cent for 132 determinations of the dis
charge at relative hea ds between 0.02 and 
0.2. The differences varied from a maximum 
of +55 per cent to a minimum of -37 per cent. 
There was a very considerable scatter to the 
data. The trend of the differences was, how
ever, increasing with the head. Fig. YIII-8 - Head-Weir Coefficient Curve for Mc

Credie, Missouri, Closed Conduit Spi IIway. 
It can be concluded that the rating equa

tion obtained as a result of the Laboratory 
tests (Eq. VIlI-3) gives a satisfactory prediction of the prototype flow for weir control. 

Orifice Coefficient 

The orifice flow data obtained from the one-fourth size model are plotted in Fig. VIII-9. 
The head Ho shown is head above the crest; Ho = H in this case. The manner of plotting 

was adopted to determine if a head correction was necessary since from the shape of the crest 
it was not possible to determine the exact location of the zero head elevation. The plot indi
cates that no head correction is required when HID is greater than 0.14 (Ho = 0.35). Appar-

ently orifice control does not exist below HID = 0.06 (Ho = 0.15), so that between HI D = 0.06 

and 0.14 the data do not follow the curve drawn for the higher heads. 

The discharge coefficient C for use in Eq. 1-7 is o 

Co = 6.15 = 0.767.J2g 

The area A is the cross sectional area of the drop inlet. 

(VIII-5) 
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Entrance Loss Coeff icient

It  is not possible to determine the entrance loss coeff icient for ful l  conduit f low without
an exact determination of the fr ict ion factor for the conduit.  This fr ict ion factor was not meas-
ured. However, the Manning n \rras estimated to be 0.009 and Ku for use in Eq. I-5 com-

p u t e d o n t h a t  b a s i s .  A c c o r d i n g t o  R o u s e  [ i - 4 3 ,  p . 2 1 1 ]  f  =  0 . 0 1 9  f o r  g a l v a n i z e d  i r o n ,  s u c h  a s
was used in the model, and n * 0.0094. The agreement is close. The mean value of K" ob -

ta ined f rom 9  runs  was 0 .15 .  I f  n  =  0 .010 had been used then K"  wou ld  have been 0 .01 .  I t

appears that K^ = 0.15 is a satisfactory value for use with this drop inlet closed conduit
e

spiI lway.
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Fig. Vll l-9 - Heod-Dischorge Curve for Orif ice Control ot McCredie, Misouri , Closed Conduit Spil lwoy.

PRESSURE COEFFICIENTS

No pressure coeff icients were obtained during this study since piezometers were not
instal led.

CONCLUSIONS AND RECOMMENDATIONS

Droo inlets of the some size qs the borrel ore not recommended because i t  is possible to obtain,

a t  iden t ica l  heads ,or i f i ce  cont ro la t  the  in le t  c res t  aswe l l  aswe i r  o r  p ipe  cont ro l .  Thus  i t  i s

impossible to determine the actual f low through the spi l lway for relat ive heads in excessof

H / D  =  0 . 3 5 .

l . oo.9o.4o.3o.2o. lo
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Entrance Loss Coefficient 

It is not possible to determine the entrance loss coefficient for full conduit flow without 
an exact determination of the friction factor for the conduit. This friction factor was not meas
ured. However, the Manning n was estimated to be 0.009 and K for use in Eq. 1-5 com-e 
puted on that basis. According to Rouse [1-43, p. 211] f = 0.019 for galvanized iron, such as 
was used in the model, and n = 0.0094. The agreement is close. The mean value of Ke ob-

tained from 9 runs was 0.15. If n = 0.010 had been used then K would have been 0.01. It e 
appears that Ke = 0.15 is a satisfactory value for use with this drop inlet closed conduit 

spillway. 
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Fig. VIlI-9 - Head-Discharge Curve for Orifice Control at McCredie, Missouri, Closed Conduit Spillway. 

PRESSURE COEFFICIENTS 

No pressure coefficients were obtained during this study since piezomet.ers were not 
installed. 

CONCLUSIONS AND RECOMMENDATIONS 

Drop inlets of the same size as the barrel are not recommended because it is possible to obtain, 
at identical heads, orifice control at the inlet crest as well as weir or pipe control. Thus it is 
impossible to determine thE' actual flow through the spillway for relative heads in excess of 
HI D = 0.35. 
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The capacityof thedrop inlet crest act ing as a weircan be determined from Eq. VIII-3
or from Eq. I-1 i f  the coeff icj .ents of Fig. VIi I-B are used.

The capacity of the spi l lway, i f  the control is an ori . f ice at the cre6t of the drop inlet,
i s  g iven  by  Eq.  I -7  us ing  the  coef f i c ien t  Co= 6 .15 .

The entrance loss coeff icient K for ful l  conduit f low is about 0.15.

0 - F o o T  S Q U A R E  D R O P  r N L E T  C U L V E R T

A study was made of a 3-ftsquaredrop inlet culvert when i t  was desired to add a f lar-
ing drop inlet on to a highway culvertalready in place. The fact that the slope of the culvert,
which was 0.0667, was greater than the fr ict ion slope made i t  questionable whether the barrel
would flow full.

Some of the i .nformation obtained from the model tests is of general interest since i t
was shown that a small  change in the drop inlet dimensi.ons would greatly improve the per-
formance of the spi l lway. The tests were conducted in 1941 and therefore are among the
earl iest made with the culvert barrel on a steep slope.

Modified Drop Inlel

Sectionol Elevofion

F i g . V l l l - 1 0 - 3 - f t S q u o r e D r o p l n l e t C l o s e d C o n d u i t s p i  l l w o y , C r o w f o r d C o u n t y ,  l o w o .

DESCRIPTION OT' SPILLWAY

The culvert in question was located on the farm owned by Mrs. Margaret Malloy in
Crawfsrd County, Iowa.

A plan and section of the original culvert and the proposed drop inlet and drop outlet
a re  shownin  F ig .V I i I -10 .  The or ig ina l  concre te  cu lver t  i s  3  f t  square  by?5 f t  long .  Thepro-
posed f lared drop inlet shown is proport ioned in accordance with the designs of Hamilton*.
The modif ied drop inlet has the center of the invert radius moved two feet further upstream
than in the original design result ing in a drop inlet having a larger area and a longer crest
iength.

The new spi l lway was designed for a f low of 198 cfs.

@ @ :--==>h

%.eZ J/" slope 
LPiezometer numbers

*C. L. Hamilton, Design .rd Co^st.u"t ior of th" D"op SoiI Con-
servation Service SCS-
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The capacity of the drop inlet crest acting as a weir can be determined from Eq. VIII-3 
or from Eq. I-I if the coefficients of Fig. VIII-8 are used. 

The capacity of the spillway, if the control is an orifice at the crest of the drop inlet, 
is given by Eq. 1-7 using the coefficient Co= 6.15. 

The entrance loss coefficient Ke for full conduit flow is about 0.15. 

3.0-FOOT SQUARE DROP INLET CULVERT 

A study was made of a 3-ft square drop inlet culvert when it was desired to add a flar
ing drop inlet on to a highway culvert already in place. The fact that the slope of the culvert, 
which was 0.0667, was greater than the friction slope made it questionable whether the barrel 
would flow full. 

Some of the information obtained from the model tests is of general interest since it 
was shown that a small change in the drop inlet dimensions would greatly improve the per
formance of the spillway. The tests were conducted in 1941 and therefore are among the 
earliest made with the culvert barrel on a steep slope. 
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Piezometer numbers 

75.00' 

Sectional Elevation 

Modified 

6.5' 
5.0' 

Fig. VIII-10 - 3-ft Square Drop Inlet Closed Conduit Spillway, Crawford County, Iowa. 

DESCRIPTION OF SPILLWAY 

The culvert in question was located on the farm owned by Mrs. Margaret Malloy in 
Crawford County, Iowa. 

A plan and section of the original culvert and the proposed drop inlet and drop outlet 
are shown in Fig. VIII-lO. The original concrete culvert is 3 ft square by 75 ft long. The pro
posed flared drop inlet shown is proportioned in accordance with the designs of Hamilton*. 
The modified drop inlet has the center of the invert radius moved two feet further upstream 
than in the original design resulting in a drop inlet having a larger area and a longer crest 
length. 

The new spillway was designed for a flow of 198 cfs. 

*C. L. Hamilton, Desi~n and Construction of the Drop Inlet Soil Saving Dam, Soil Con
servation Service SCS-EP-1 , June 1937. 
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The approach to the drop inlet was modeled to reproduce
farm. A map of the pert inent topography in the vicinity of the

the topography on Mrs. Malloyrs
proposed drop inlet spil lway is
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Fig. Vl l l- l l  - Topogrophy in Vicinity of Clooed Conduit Spil lwoy ot Crowford County, lowo.

shown in F ig.VI I I -11.  There i t  can be seen that  the upstream gul ly  was dammed some 400 f t
upstream from the highway culvert and that most of the flow approached the culvert at an
angle of about 17 degrees with the culvert axis through the vegetated spil lway around theend
of the upstream dam. In the model all of the water entered the pond through this vegetated

channel,the f lows entering from the highway ditches
being so small  as to have anegligible effect on the
flow pattern.

APPARATUS AND'JO""ou*'

Fig. Vl l l -12 - Maiei oi Cir ieed Con<Jult
Spi l lwoy, Crowford County, lowo.

Elevations of the water surface and
by means o f  po in t  gages  to  0 .001 f t  (0 .01
with a 1.0 ft  type HS f lume.

1 -

The area included in the model is shown in
F ig .  V I I I -11 .  The ups t ream por t ion  o f  the  mode l
represents an area 90 ft  wide by 185 ft  long to a
sca le  o f  1  in  10 .  I t  was  necessary  to  skew the  mode l
in order to include i t  in the space avai lable. This
is a result of the f low approaching the structure
through the vegetated spi l lway from the upstream
gt ruc ture .

The completed model is shown in Fig. VI[-
12. Str ings are located along the centerl ine of the
original gul ly and the structure, along the center-
l ine of the vegetated channel, and the ground sur-
face to locate the cross sections at Stat ions 9+00,
9+50 and 10+00. The topography of both upstream
and downstream channels was shaped in concrete
sand. The water enters the model through a 4-in.
pipe l ine.

The drop inlet and culvert were fabricated
f rom No.14 gage ga lvan izedsheet  meta l .  P iezom-
eters were located in the drop inlet and along the
barrel at the points indicated in Fig. VIII-10.

the pressure heads along the barrel were measured
ft in the prototype). The rate of f low was measured
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The approach to the drop inlet was modeled to reproduce the topography on Mrs. Malloy' s 
farm. A map of the pertinent topography in the vicinity of the proposed drop inlet spillway is 
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Fig. VIII-ll - Topography in Vi cinity of Closed Conduit Spillway at Crawford County, Iowa. 

shown in Fig. VIII-II. There it can be seen that the upstream gully was dammed some 400 ft 
upstream from the highway culvert and that most of the flow approached the culvert at an 
angle of about 17 degrees with the culvert axis through the vegetated spillway around the end 
of the upstream dam. In the model all of the water entered the pond through this vegetated 

Fig. VII I-12 - Mode l of Cl osed ConduIt 
Spillway , Crawford County, Iowa. 

channel, the flows entering from the highway ditches 
being so small as to have a negligible effect on the 
flow pattern. 

APPARATUS AND PROCEDURE 

The area included in the model is shown in 
Fig. VIII-II. The upstream portion of the model 
repre sent s an area 90 ft wide by 185ft long to a 
scale of 1 in 10. It was necessary to skew the model 
in order to include it in the space available. This 
is a result of the flow approaching the structure 
through the vegetated spillway from the upstream 
structure. 

The completed model is shown in Fig. VIII-
12. Strings are located along the centerline of the 
original gully and the structure, along the center
line of the vegetated channel, and the ground sur
face to locate the cross sections at Stations 9+00, 
9+50 and 10+00. The topography of both upstream 
and downstream channels was shaped in concrete 
sand. The water enters the model through a 4-in. 
pipe line. 

The drop inlet and culvert were fabricated 
from No. 14 gage galvanized sheet metal. Piezom
eters were located in the drop inlet and along the 
barrel at the points indicated in Fig. VIII-10. 

Elevations of the water surface and the pressure heads along the barrel were measured 
by means of point gages to 0.001 ft (0.01 ft in the prototype). The rate of flow was measured 
with a 1 .0 ft type HS flume. 
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DESCRIPTION OF' FLOW

Three f lowcondit ionswere observed for the original drop inlet design:weir f low, short
tube f low, and pipe f low. Only weir and pipe f low were observed for the modif ied drop inlet.
The head-discharge data are shown in Fig. VIi l -13 and the type of control for each branch of
the curve is labeled thereon. The two'section weir f low curve obtained for the orisinal inlet
needs no furtherexplanationinviewof thediscussion given in Part Iunder the headiig "Com-

posite Head-Discharge Relat ionship" since the action is similar. A continuous weir f low curve
was obtained for the modif ied inlet.
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The original inlet acts l ike a short tube over a short range of discharges. Again the
ac t ion  has  beendescr ibed in  Par t  I .  The bu i ld -upof  head a long the lowerwe i rcurveand a long
the  shor t  tube curve ,  the  sudden increase in  f lowoccur r ingwhen thecont ru - l  jumps to  thep ipe
curve, and the drawdown along the pipe and upper weir curves have al l  been described. I t  has
been pointed out in Part I  under th-e ireading t 'The 

Composite l{ead-Discharge Relat ionshipi l
that the typeof head-dischargerelat ionshipobtained forshort tube f low i.s undesirable. In the
case of the model study discussed here, the highway would have been overtopped because the
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DESCRIPTION OF FLOW 

Three flow conditions were observed for the original drop inlet design: weir flow, short 
tube flow, and pipe flow. Only weir and pipe flow were observed for the modified drop inlet. 
The head-discharge data are shown in Fig. VIII-13 and the type of control for each branch of 
the curve is labeled thereon. The two-section weir flow curve obtained for the original inlet 
needs no further explanation in view of the discussion given in Part I under the heading "Com_ 
posite Head-Discharge Relationship" since the action is similar. A continuous weir flow curve 
was obtained for the modified inlet. 
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Fig. VII1-I3 - Head-Discharge Curve for Crawford County, Iowa, Closed Conduit Spillway. 
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The original inlet acts like a short tube over a short range of discharges. Again the 
action has been described in Part 1. The build-up of head along the lower weir curve and along 
the short tube curve, the sudden increase in flow occurring when the control jumps to the pipe 
curve, and the drawdown along the pipe and uf.per weir curves have all been described. It has 
been pOinted out in Part I under the heading 'The Composite Head-Discharge Relationship" 
that the type of head-discharge relationship obtained for short tube flow is undesirable. In the 
case of the model study discussed here, the highway would have been overtopped because the 

15 
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Fig.  Vl l l -14 -  Poper Punchings Troce Surfoce Cur-
rents Neor Originol Drop Inlet of Crowford
County, lowo, Closed Coriduit Spil lwoy. HrlD
-  0 . 8 3 .

capacity of the original drop inlet culvert
under short tube flow was less than the de-

s ign capaci ry  (q/D5/2 = t2,71,

In contrast to the conditions observed
in the original drop inlet, the capacity of the
modified drop inlet was sufficient to prevent
overtopping of the highway at the deeign flow.
The reason for this is that the inlet modifi-
cations were such that short tube flow did not
occur; only the desirable weir and pipe flow
controls were obtained for the modified drop
in1et.

The flow through the vegetated channeL
(see Figs.  VIU-11 and VI I I -12)  in to the pond
above the drop inlet caused circulation in the
pond and the water approached the drop inlet
at an angle. This can be seen in Fig. VI[-14
where paper punchings show the velocity on

ihe left to be high and that on the right to be negligible. Ail this aggravated the tendency to
circulation around the anti-vortex wall. The large quantity of water circulating behind the
anti-vortex wall fromthe ieft to the right and entering the drop inlet from the right is shown
by dye in Fig. VIII-15. An earth dike behind the anti-vortex wall prevents the circulationin
back of the anti-vortex wall in Fig. VIII- 16. The much better distribution of the velocities ap-
proaching the dropinlet is readily apparent when Fig.ViII-16 is compared with Fig. VIII-14.
A comparisonof the scouraround theinlet without and with the dike is shown in Fig. VIII-17,
the much more symmetrical pattern for the inlet with the
dike being readi ly apparent. The performance of the modi-
f ied inlet was much better than that of the original inlet
even though the dike was omitted.

The dike from the headwall  to the highway f i l l  im-
proved f low condit ions and reduced the scour around the
inlet but i ts effect on the spi l lway capacity could not be
detec ted .

DISCHARGE COEFFICIENTS

Weir Coeff icient

Fig.  Vl l l -15 -  Dye ln iected Behind
Anti-Vortex Woll Troces Poth
of Flow for Origlnol Design of
Crowford County, lowo, Cloced
Condui t  Spi l lwoy.

Coef f i c ien tso f  d ischarge C fo rwe i r f lowcond i t ions
are  p lo t ted  in  F ig .  V I I I -18 .  These are  fo r  use  in  Eq.  I -1 .
The crest length L is the inside length since there was no rounding of the crest. The curves

were determined by first plottin e lA/o,rtf /e
against H/L and determining the head-dis-
charge equations from the straight lines ob-
tained from this plot. For the original inlet
the equation is

Q = 3.e0 L(H ,  o .oozr , )3 /2 (vr r i -o l

while for the modified inlet the equation is

Q  .  4 . 2 3  L ( H  -  O . O O S " : 3 / 2  ( V I U - ? )

The equations for the discharge coefficient
C in Eq. I-1 are, for the original inlet,

Fig.  Vl l l -16 -  Poper Punchings Show HowDike From
Anfi-Vortex Wol I io Roodwoy Fil l Prevents Flow
in Bockof Woll ond lmproves Flow Distribution
,{round Drop lnlet of Crowford County, lowo,
Closed Condui t  Spi l lwoy.

C = 3 .90
L

-  0 .002 -
H ) ' ' '[ '

and, for the modified inlet,

(vrrr-8)

16 

Fig. VIII-14 - Paper Punchings Trace Surface Cur
rents Near Original Drop Inlet of Crawford 
County, Iowa, Closed Conduit Spillway. HID 
-0.83. 

capacity of the original drop inlet culvert 
under short tube flow was less than the de-

sign capacity (Q/D5/ 2 = 12.7). 

In contrast to the conditions observed 
in the original drop inlet, the capacity of the 
modified drop inlet was sufficient to prevent 
overtopping of the highway at the design flow. 
The reason for this is that the inlet modifi
cations were such that short tube flow did not 
occur; only the desirable weir and pipe flow 
controls were obtained for the modified drop 
inlet. 

The flow through the vegetated channel 
(see Figs. VIII-ll and VIII-l2) into the pond 
above the drop inlet caused circulation in the 
pond and the water approached the drop inlet 
at an angle. This can be seen in Fig. VIII-l4 
where paper punchings show the velocity on 

the left to be high and that on the right to be negligible. All this aggravated the tendency to 
circulation around the anti-vortex wall. The large quantity of water circulating behind the 
anti-vortex wall from the left to the right and entering the drop inlet from the right is shown 
by dye in Fig. VIII-l5. An earth dike behind the anti-vortex wall prevents the circulation in 
back of the anti-vortex wall in Fig. VIII-l6. The much better distribution of the velocities ap
proaching the drop inlet is readily apparent when Fig. VIII-16 is compared with Fig. VIII-14. 
A comparison of the scour around the inlet without and with the dike is shown in Fig. VIII-1 7, 
the much more symmetrical pattern -for the inlet with the 
dike being readily apparent. The performance of the modi
fied inlet was much better than that of the original inlet 
even though the dike was omitted. 

The dike from the headwall to the highway fill im
proved flow conditions and reduced the scour around the 
inlet but its effect on the spillway capacity could not be 
detected. 

DISCHARGE COEFFICIENTS 

Weir Coefficient 

Fig. VII1-15 - Dye Injected Behind 
Anti-Vortex Wall Traces Path 
of Flow for Original Design of 
Crawford County, Iowa, Closed 
Conduit Spillway. 

Coefficients of discharge C for weir flow conditions 
are plotted in Fig. VIII-lB. These are for use in Eq. 1-1. 
The crest length L is the inside length since there was no rounding of the crest. The curves 

were determined by first plotting (Q/D5;2)2/3 

Fig. VIII-16 - Paper Punchings Show HowDikeFrom 
Anti-VortexWalltoRoadwayFili Prevents Flow 
in Back of Wall and Improves Flow Distribution 
Around Drop Inlet of Crawford County, Iowa, 
Closed Conduit Spillway. 

against H/ L and determining the head-dis
charge equations from the straight lines ob
tained from this plot. For the original inlet 
the equation is 

Q = 3.90L(H - 0.002L)3/2 (VIII-6) 

while for the modified inlet the equation is 

Q III 4.23 L(H - 0.009L)3/2 (VIII-7) 

The equations for the discharge coefficient 
C in Eq. 1-1 are, for the original inlet, 

[ 
L . J3/2 

C = 3.90 1 - 0.002 Ii (VIII-B) 

and, for the modified inlet, 
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Fig.  Vl l l -17 -  Scour in  Vic in i ty  of  ln let  of  Crowford County,  lowo,
Closed Condui f  Spi l lwoy.

Equations VIII-8 and VIII-9 have been pLotted
the rather wide dif ferences between the co-
eff icients for the .originaL and modif ied inlet
is quite l ikely becausethe effect ofextending
the weir crest two feet upstream is to cause
more symmetrical f low into the inlet,  as can
be seen by comparing Fig. VIII-19 with VIII-
L 4 .

Short -Tube Coeffi.cient

Short-tube f low was observed only for
the original drop inlet.The equationfor short-

tube f low was determined by ptott ing (q/95/2f
against H/D as is shown-in Fi; .  Vttt-ZO.
Th is  method o f  p lo t t ingwasused because the
data points theoretical ly fal l  on a straight
l ine  and the  pro jec t ionof  th is  l ine  can beused
to determine the effect ive head causing short-
tube f low. In Eq. I-8 the discharge coeff icient
C"  was found to  be  1 .91 .  The area  A is

that of the vert ical section of the drop i .nlet
or 9 sq ft  in the prototype, and the head H"

is  H +  1 .50D,  where  H is  the  head on  the
crest. The equation for short-tube f low is

Q = 1 . 9 A , . / H r 1 . 5 0 D (vrrr-10)

The f lared port ion of the drop inlet is
1 .0D deep and the  ver t i ca l  por t ion  is  0 .33D
deep. Subtracting this sum from 1.50D gives
0.17D as  theef fec t i ved is tance be low the  be-
ginning of the eLbow curve at which the water
breaks away from the drop inlet wall .  Whether
or not this distance wil l  be the same for other
drop inlet heights cannot be definitely stated
fromthe avai lable data. However, i t  might be
usedto determine the effect ive head for short-
tube f low for other drop inlet heights.

Entrance Loss Coeff icient

The entrance loss coeff icient Ku for

(V I I I -9 )

as solid l ines in Fig. VI[-18. The reaeon for
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Fig. VIII-17 - Scour in Vicinity of Inlet of Crawford County, Iowa, 
Closed Conduit Spillwoy. 

r L ]3/2 
C := 4.23 L 1 - 0.009-; (VIII-9) 

Equations VIII-8 and VIII-9 have been plotted as solid lines in Fig. VIII-lB. The reason for 
the rather wide differences between the co
efficients for the original and modified inlet 
is quite likely because the effect of extending 
the weir crest two feet upstream is to cause 
more symmetrical flow into the inlet, as can 
be seen by comparing Fig. VIII-19 with VIII-
14. 

Short-Tube Coefficient 

Short-tube flow was observed only for 
the original drop inlet. The equation for short-

tube flow was determined by plotting (Q/D5/2f 
against HID as is shown in Fig. VIII-20. 
This method of plotting was used because the 
data points theoretically fall on a straight 
line and the projection of this line can be used 
to determine the effective head causing short
tube flow. In Eq. 1-8 the discharge coefficient 
C was found to be 1.91. The area A is s 
that of the vertical section of the drop inlet 
or 9 sq ft in the prototype, and the head H 

s 
is H + 1.50D, where H is the head on the 
crest. The equation for short-tube flow is 

Q = 1.9A.JH + 1.50D (VIII-10) 

The flared portion of the drop inlet is 
1.0D deep and the vertical portion is 0.33D 
deep. Subtracting this sum from l.50D gives 
0.17D as the effective distance below the be
ginning of the elbow curve at which the water 
breaks away from the drop inlet wall. Whether 
or not this distance will be the same for other 
drop inlet heights cannot be definitely stated 
from the available data. However, it might be 
used to determine the effective head for short
tube flow for other drop inlet heights. 

Entrance Loss Coefficient 

The entrance loss coefficient K for 
e 
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use in Eq.  I -5 was found to be 0.06 for  the
inlet. It is the average of eight observatione
the modified inlet.

original inlet design and 0.04 for the modified
for the original inlet and five observationa for

PRESSURE COEFFICIENTS

The pressure coefficients hrr/h.,r' for

use  i n  Eq . I -14a re  g i ven  i n  F ig .V I I I - 21 .The
points shown are based on two observations
for the original inlet and five observatione
for the modified inlet.

It is interesting to note that the lowest
values of hrr/hrro were obtained juet below

the flare (Piezometers 2, 3, 4 and 5 in Fig.
VIII-I0) in the drop inlet for the orlginal de-
eign. For tbe modified design the pressures
were posi t iveat  th ispoint .  Thepressure co-
efficient just inside the barrel at its top (Pie-
zometer  6)  isa lso lower for  theor ig inal  de-
sign than for the modified design, while the
floor pressure (Piezometer ?) is less for the
modified design than for the original design.

Iower velocities as well as the less abrupt change

Fig.  Vl l l -19 -  Poper Punchings Troce Surfoce Cur-
rents Neor Modified Droo lnlet of Crowford
Counly,  lowo,  Cloeed Condul t  Spi l lwoy.

These findings reflect the greater area and
in the flow direction for the modified inlet.

The values of h.r/hrp downstream of Piezometers 6 and ? should be zero. The values

are reasonably close to zero for the modified inlet. The reasonwhy thevalues of h-/h-,^ for
the original iniet fall below zero in the barrel is not known. 

- n' vp

Fig. Vll l-20 - Heod-Dischorge Curve
lowo,  Cloced Condui t  Spi l lwoy.

0.5 0.607 0.8
H/D

t .4

for Short Tube Flow In Crowford County,

18 

use in Eq. 1-5 was found to be 0.06 for the original inlet design and 0.04 for the modified 
inlet. It is the average of eight observations for the original inlet and five observations for 
the modified inlet. 

Fig. VIII-19 - Paper Punchings Trace Surface Cur
rents Near Modified Drop Inlet of Crawford 
County, Iowa, Closed ConduIt Spillway. 

PRESSURE COEFFICIENTS 

The pressure coefficients h /h for n vp 
use in Eq. 1-14 are given in Fig. VIII-21. The 
pOints shown are based on two observations 
for the original inlet and five observations 
for the modified inlet. 

It is interesting to note that the lowest 
values of h /h were obtained just below n vp 
the flare (Piezometers 2, 3, 4 and 5 in Fig. 
VllI-lO) in the drop inlet for the original de
sign. For the modified design the pressures 
were positive at this point. The pressure co
efficient just inside the barrel at its top (Pie
zometer 6) is also lower for the original de
sign than for the modified design, while the 
floor pressure (Piezometer 7) is less for the 
modified design than for the original design. 

These findings reflect the greater area and lower velocities as well as the less abrupt change 
in the flow direction for the modified inlet. 

The values of h /h downstream of Piezometers 6 and 7 should be zero. The values 
n vp 

are reasonably close to zero for the modified inlet. The reason why the values of h /h for 
the original inlet fall below zero in the barrel is not known. n vp 
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CONCLUSIONS AND RECOMMENDATIONS

It is.r:ecommended thot the originol f lored drop inlet design not be used. The presence of short-
tube f low 'makes i t  imposs ib le  todetermine pos i t i ve ly  thera teo f  ou t f lowor  the  water  sur face
elevation at a given rate of inf low to the pond.

The modif ied f lared drop inlet shown in Fig. VIII-10 operated satisfactori ly and i ts use
is  recommended.  Va lues  o f  the  we i r  coe f f i c ien t  fo r  inser t ion  in  Eq.  I -1  may be  taken f rom Eq.
VI I I -9  o r  f rom F ig .  V I I I -18 .  The en t rance loss  coef f i c ien t  i s  0 .04 .  The LocaL pressure  coef '
f i c ien ts  fo r  inser t ion  in  Eq.  I -14  are  g iven in  F ig .  V I I I -21 .
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Fig. VIII-21 - Local Pressures for Crawford County, Iowa, Closed Conduit Spillway. 

CONCLUSIONS AND RECOMMENDATIONS 

It is! [ecommended that the original flared drop inlet design not be used. The presence of short
tube flow 'makes it impossible to determine positively the rate of outflow or the wdter surface 
elevation at a given rate of inflow to the pond. 

The modified flared drop inlet shown in Fig. VIII-IO operated satisfactorily and its use 
is recommended . Values of the weir coefficient for insertion in Eq. 1-1 may be taken from Eq. 
VIII-9 or from Fig. VIII-lB. The entrance loss coefficient is 0.04. The local pressure coef
ficients for insertion in Eq. 1-14 are given in Fig. VIII-21. 
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Part IX

Fie ld Tests

I N T R O D U C T I O N

A number of tests have been made byothers on closed conduit spil lways. Slnce the form
of these spil lways is dj.fferent from any of those previously discussed in this paper, the infor-
mation obtained isof interest andvalue. Informationon five structures is available: (1) Tests
on four shapes of an inlet to a 24-in. concrete pipe and two drop inlets were condueted at Sti l l-
water ,Oklahoma,under thedi rect ionof  W.O. Ree.(2)  Testsona 2- f t  square drop in let  c losed
conduit spil lway located near Nelson, Wisconsin, were carried out by the Soil Conservation
Service and the University of Wisconsin. (3) Tests on an 8-in. diameter and (4) tests on a 14-
in. diameter closed conduit spil lway, both iocated near Edwardsvil le, I l l inois, were reported
by Richard P.  Weeber,  (5)  Tests on a 12- in.  d iameter  c losed condui t  sp i l lway located near
Bethany, Missouri, were conducted by A. W. Zingg. Such pertinent lnformation as can be
gleaned from these tests wil l be presented.

2 4 - I N C H  D I A M E T E R  C L O S E D  C O N D U I T  S P I L L W A Y

A T  S T I L L W A T E R ,  O K L A H O M A

The following information is taken from the unpublished report by W. O. Ree entit ledrrHydraul icTest6 oT a Pipe Out let  Spi l lway"dated February 1954 1 i -+Z1w-tr ic i r  descr ibes tests
made at the Agricultural Research Servicets Sti l lwater Outdoor Hydraulic Laboratory, Sti l l-
water, Oklahoma, in 1951. This is not a complete summary of Mr. Reets report; important
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Part IX 

Field Tests 

INTRODUCTION 

A number of tests have been made by others on closed conduit spillways. Since the form 
of these spillways is different from any of those previously discussed in this paper, the infor
mation obtained is of interest and value. Information on five structures is available: (1) Tests 
on four shapes of an inlet to a 24-in. concrete pipe and two drop inlets were conducted at Still
water, Oklahoma, under the direction of W.O. Ree.(2) Testsona 2-ft square drop inlet closed 
conduit spillway located near Nelson, Wisconsin, were carried out by the Soil Conservation 
Service and the University of Wisconsin. (3) Te:;;ts on an 8-in. diameter and (4r tests on a 14-
in. diameter closed conduit spillway, both located near Edwardsville, Illinois, were reported 
by Richard P. Weeber. (5) Tests on a 12-in. diameter closed conduit spillway located near 
Bethany, Missouri, were conducted by A. W. Zingg. Such pertinent information as can be 
gleaned from these tests will be presented. 

24 - IN C H D I A MET E R C LOS E D CONDUIT SPILLWAY 

AT STILLWATER, OKLAHOMA 

The following information is taken from the unpublished report by W. O. Ree entitled 
"Hydraulic Tests of a Pipe Outlet Spillway" dated February 1954 [1-42] which describes tests 
made at the Agricultural Research Service's Stillwater Outdoor Hydraulic Laboratory, Still
water, Oklahoma, in 1951. This is not a complete summary of Mr. Ree' s report; important 
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Fig. IX-l - Closed Conduit Spillway at Stillwater, Oklahoma. 
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Fig. lX-3 - Concrete Pipe Groove Enlronces,
Exper iment  l ,  St i l lwoter ,  Oklohomo.

Fig. lX-4 - Rounded Pipe Enironee, Experlmentr
2 ,3 ,5  ond  6 ,  S t i l lwo te r ,  Ok lohomo.

Fig. lX-5 - Debris Guord, Experiment 3,
Sti l lwoter, Oklohomo .

subjects omitted here include elbow losses,
of the stream bed at the outlet.

Fig. lX-6 - Squore-Edged Pipe Entronce,
Experiment 4, Sti I lwoter, Oklohomo .

friction factors, leakage of the pipe, and scour

DESCRIPTION OF SPILLWAY

The spi l lway consists of an entrance structure, 108.3 ft  of 24-in. concrete tongue-and-
groove pipe, a 24-tn. corrugated metal,bituminous-coated pipe elbow having an 84-degree de-
f lect ion, and 222.1 to 262.5 ft  of 24-in. corrugated metal,bituminous-coated, paved invert
pipe. Heads on the inlet invert up to 14 ft  can be obtained. The total fal l  of the pipe is 10.94
ft for the longer and 9.?0 ft  for the shorter corrugated pipes. The slope of the concrete pipe
is  0 .0185 and the  s lope o f  the  cor rugated  p ipe  is  0 .0334.  The sp i l lway  is  shown in  F ig .  IX-1 .
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Fig. IX-3 - Concrete Pipe Groove Entrances, 
Experiment 1, Stillwater, Oklahoma. 

Fig. IX-5 - Debris Guard, Experiment 3, 
Sti IIwater, Oklahoma. 

Fig. IX-4 - Rounded Pipe Entrance, Experiments 
2, 3, 5 and 6, Stillwater, Oklahoma. 

Fig. IX-6 - Square-Edged Pipe Entrance, 
Experiment 4, Stillwater, Oklahoma. 

subjects omitted here include elbow losses, friction factors, leakage of the pipe, and scour 
of the stream bed at the outlet. 

DESCRIPTION OF SPILLWAY 

The spillway consists of an entrance structure, 108.3 ft of 24-in. concrete tongue-and
groove pipe, a 24.-in. corrugated metal,bituminous-coated pipe elbow having an 84-degree de
flection, and 222.1 to 262.5 ft of 24-in. corrugated metal,bituminous-coated, paved invert 
pipe. Heads on the inlet invert up to 14 ft can be obtained. The total fall of the pipe is 10.94 
ft for the longer and 9.70 ft for the shorter corrugated pipes. The slope of the concrete pipe 
is 0.0185 and the slope of the corrugated pipe is 0.0334. The spillway is shown in Fig. IX-I. 
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Six dif ferent entrances were used. The inlet structure
for al l  entrances but was hydraul ical ly pert inent to only the

shown in Fig. IX-1 was in Place
f i rs t  four  en t rances  tes ted .

The concrete pi.pe groove entrance shown in
Fig. IX-3 and detai led in Fig. IX-2a was used for
Experiment 1. The groove was f i l ied with mortar
and f inished to a 3-in. radius for Experiment 2, as
shown in Fig. IX-4 and detaited in Fi.g.IX-2b. The
same rounded pipe entrance was used for Experi-
ment 3, but a debris guard was placed over the en-
trance structure, as shown in Fig. IX-5 and detai led
in Fi.g. IX-2c. The debris guard was removed for
Experiment 4 and the pipe entrance given a square
edge, as shown in Fig. IX-6 and detai led in Fi 'g.
iX-2d .  The rounded p ipe  in le t  shown in  F igs . IX-4
and IX-2b was restored for Experiments 5 and 6,
but was used together with the drop inlet shownin
F ig .  IX-?  and de ta i led  in  F ig .  IX-2e .

The concrete pipe used for these experiments
was culvert pipe in 4-ft  lengths. Mortared joints
were used--admittedly a poor practice where
water-t ightness is important--and some of the
mortar dripped into the pipe, which added to i ts
roughness. The texture of the pipe and the appear-
ance of a joint are shown in Fig. IX-8. The paved
invert,  corrugated metal pipe had been stored out-
doors and was about 4 years old. The bituminous
coating had shrunk, cracked, and checked. Some
of the cracks were wide enoughto admitthe f ingers.
This cracking undoubtedly contr ibuted to an in-
crease in the fr ict ion coeff icient. The appearance
of this coating is shown in Fig. IX-9. The 24-in, corrugated pipe was 262.5 ft  long for the
first four experiments. The last 40.4 ft  of corrugated pipe were removed for Experiments 5

and 6 because this length of pipe was unpaved, had a dif ferent roughness than the paved pipe,

and theexperimental arrangement did not permit adetermination of thedifferent fr ict ion co-

eff icients. .

Fig. lX-7 - Drop Inlet Entronce, Experimenf
5,  St i l lwoier ,  Oklohomo.

Fig. lX-8 - Textureof ConcrefeCulvertPipe
ond Joint ,  St i l lwoter ,  Oklqhomo.

Fig. lX-9 - Crocking of Bituminous Cootlng
of 2{-in.Corrugoted Metol Pipe, Sti l l-
woter ,  Oklohomo. n = 0.0218.

The e lbowis  descr ibed by  Mr .  Ree[ I -42 ,  p .49 ] :  "The lcor rugated l  e lbow a t  the  junc t ion

of the concrete and the corrugated pipes is a f ive-piece miter-cut elbow. I ts construction is
relat ivelyrough with pipe edges project inginto the inside of the bend. The invert of the elbow
is paved.l t
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Six different entrances were used. The inlet structure shown in Fig. IX-1 was in place 
for all entrances but was hydraulica lly pertinent to only t he first four e ntrances te sted. 

The concrete pipe groove entrance shown in 
Fig. IX-3 and detailed in Fig. IX- 2a was used for 
Experiment 1. The groove was filled with mortar 
and finished to a 3-in. radius for Experiment 2, as 
shown in Fig. IX-4 and detailed in Fig. IX-2b. The 
same rounded pipe entrance was used for Experi
ment 3, but a debris guard was placed over the en
trance structure, as shown in Fig. IX-5 and detailed 
in Fig. IX-2c . The debris guard was removed for 
Experiment 4 and the pipe entrance given a square 
edge, as shown in Fig. IX-6 and detailed in Fig. 
IX-2d . The rounded pipe inlet shown in Figs. IX-4 
and IX-2b was restored for Experiments 5 and 6, 
but was used together with the drop inlet shown in 
Fig . IX- 7 and detailed in Fig. IX-2e. 

The concrete pipe used for these experiments 
was culvert pipe in 4-ft lengths. Mortared joints 
were used--admittedly a poor practice where 
water-tightness is important--and some of the 
mortar dripped into the pipe, which added to its 
roughness. The texture of the pipe and the appear
ance of a joint are shown in Fig. IX-S. The paved 
invert, corrugated metal pipe had been stored out
doors and was about 4 years old. The bituminous 
coating had shrunk, cracked, and checked. Some 
of the cracks were wide enough to admit the fingers. 
This cracking undoubtedly contributed to an in
crease in the friction coefficient. The appearance 

Fig. IX-7 - Drop Inlet Entrance, Experiment 
5, Stillwater, Oklahoma. 

of this coating is shown in Fig. IX-9. The 24-in. corrugated pipe was 262.5 ft long for the 
first four experiments. The last 40.4 ft of corrugated pipe were removed fo r Experiments 5 
and 6 because this length of pipe was unpaved, had a different roughness than the paved pipe, 
and the experimental arrangement did not permit a determination of the different friction co
efficients. 

Fig. IX-8 - Texture of Concrete Culvert Pipe 
and Joint, Stillwater, Oklahoma. 

Fig. IX-9 - Cracking of Bituminous Coating 
of 24-in .Corrugated Metal Pipe, Still
water, Oklahoma. n: 0.0218. 

The elbow is described by Mr. Ree [1-42, p. 49]: "The [corrugated] elbow at the junction 
of the concrete and the corrugated pipes is a five-piece miter-cut elbow. Its construction is 
relatively rough with pipe edges projecting into the inside of the bend. The invert of the elbow 
is paved." 
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The discharge from the corrugated pipe was free and unaffected by downstream water
levels. No outlet was used.

APPARATUS AND PROCEDURE

The closed conduit spil lwaywas built on the grounds of the Stil lwater Outdoor Hydraulic
Laboratory. A forebay or reservoir was formed by excavating the sides of a hil l  and using
theexcavated material tobuild an earth embankment. The surface area of this reservoir was
about ?,000 sq ft at Elevati.on 911(the invert of the pipe at the inlet was at Elevation 910) and
30,000 sq f t  a t  Elevat ion 924.  Water for  theexper iments wasobta ined f rom Lake Car l  B lack-
well, carried through the dam in siphons, transported in canals to the site of the reservoir,
and entered the reservoir through a mrrdified 4-ft Parshall measuring flume. The arrangement
is  shown in F ig.  IX ' i0 .

' , , ' i

Fig . lX-l0 - Test Site ot Sti  l lwoter, Oklohomo . Dom on Loke Corl
Blockwell ,  5lphons, ond Volve House in Bockg-round; Porshol l
Flume ond Gote in Upper Center Dischorging 20 cfs; Heodwoll
for Experlment 5 in Foreground; Stoff Goge ond Stl l l ing Well
o t  R i g h t .

Flow through the closed conduit spi l lway was measured in two dif ferent ways. A cal i-

brated,rnodif ied Parshall  f lumewas used todeterminethe rate of f low for part-ful l  pipe f low
and for weir f low discharges, and the headpool level was steady. I t  took so long to achieve
steadypool levels whenthe spi l lway was f lowing ful l  that the ful l  f lowdischargeswere deter-
mined "on the run" for most tests. This was accomplished as fol lows: A f low greatlyexceeding

the capacity of the spi l lway was turned into the reservoir unti l  the reservoir was ful l .  The
inf low was ihen completely stopped and the reservoir al lowed to drain through the spi l lway.

Water  leve ls  weremeasured and the  t imenoted  a t  f requent  in te rva ls .  Th is  permi t tedcompu-

tat ions of the rate of change of reservoir level.  Entering a curve giving the reservoir area at

dif ferent elevations, the rate of change of stage was converted to rate of discharge.

Pool levels were recorded by an automatic water level recorder mounted on the st i l l ing

weII shown in Fig, IX-10. However, the levels actual ly used in the analysis were determined

by an electr ic 
"pi int" gage to 0.001 ft .  This instrument consisted of a plumb bob attached to

a steel tape, a vernier to permit accurate readings, and a glow l ight to indicate when the plumb

bob touched the water surface.

Pressures within the pipe l ine were measured by piezometers located as shown in Fig.
IX-1 and open water manometer columns. The manometers for the concrete pipe, one of the
corrugated pipe manometers, and a headpool manometer were grouped on a single manometer

board. Dye was added to the columns to make them more readi ly visible and the readings

'*it
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The discharge from the corrugated pipe was free and unaffected by downstream water 
levels. No outlet was used. 

APPARATUS AND PROCEDURE 

The closed conduit spillway was built on the grounds of the Stillwater Outdoor Hydraulic 
Laboratory. A forebay or reservoir was formed by excavating the sides of a hill and using 
the excavated material to build an earth embankment. The surface area of this reservoir was 
about 7,000 sq ft at Elevation 911 (the invert of the pipe at the inlet was at Elevation 910) and 
30,000 sq ft at Elevation 924. Water for the experiments was obtained from Lake Carl Black
well, carried through the dam in siphons, transported in canals to the site of the reservoir, 
and entered the reservoir through a modified 4-ft Parshall measuring flume. The arrangement 
is shown in Fig. IX-10. 

Fig. IX-10 - Test Site at Stillwater, Oklahoma. Dam on Lake Carl 
Blackwell, Siphons, and Valve House in Background; Parshall 
Flume and Gate in Upper Center Discharging 20 cfs; Headwall 
for Experiment 5 in Foreground; Staff Gage and Stilling Well 
at Right. 

Flow through the closed conduit spillway was measured in two different ways. A cali
brated, modified Parshall flume was used to determine the rate of flow for part-full pipe flow 
and for weir flow discharges, and the headpool level was steady. It took so long to achieve 
steady pool levels when the spill way was flowing full that the full flow discharges were deter
mined "on the run" for most tests. This was accomplished as follows: A flow greatly exceeding 
the capacity of the spillway was turned into the reservoir until the reservoir was full. The 
inflow was then completely stopped and the reservoir allowed to drain through the spillway. 
Water levels were measured and the time noted at frequent intervals. This permitted compu
tations of the rate of change of reservoir level. Entering a curve giving the reservoir area at 
different elevations, the rate of change of stage was converted to rate of discharge. 

Pool levels were recorded by an automatic water level recorder mounted on the stilling 
well shown in Fig. IX-10. However, the levels actually used in the analysis were determined 
by an electric "point" gage to 0.001 ft. This instrument consisted of a plumb bob attached to 
a steel tape, a vernier to permit accurate readings, and a glow light to indicate when the plumb 
bob touched the water surface. 

Pressures within the pipe line were measured by piezometers located as shown in Fig. 
IX-l and open water manometer columns. The manometers for the concrete pipe, one of the 
corrugated pipe manometers, and a headpool manometer were grouped on a single manometer 
board. Dye was added to the columns to make them more readily visible and the readings 
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Fig .  lX- l l  -  Typ ico l  Hydrou l i c  Grode L ine  ond Heod Losses  o t  Ent ronce ond E lbow,  S t i  l lwo ter ,  Ok lohomo

Fig. lX-12 - Flow Condit ion ot Concrete Pifr
Groove Entrcnce, Sti  I  lwoter, Oklohomo .

were recorded photographical ly. The manom-
eters for the corrugated pipe were located on
individual boards adjacent to the piezometer
connection and were read manually.

Standard procedures were used in the
conduct of the tests and in the analysis of the
data. Hydraul ic grade l ines were plotted for
each test. From thern, the entrance loss, the
elbow loss, and the fr i .ct ion loss in both con-
crete and corrugated metal pipe were deter-
mined. A typical hydraul ic grade l ine plotted
by  Mr .  Ree is  shown in  F ig .  IX- l1 .

Fig.  lX-13 -  F low Coni i t ion ot  Rounded Pipe
Enfronce,  St i l lwoter ,  Oklohomo .

DESCRIPTION OF FLOW

Fig. IX-11" shows the hydraul ic grade
line to be above the pipe and the pressures

Fig.  lX-14 -  F low Condi t ion ot  Squore-Edged
Pipe Entronce,  St i l lwoter ,  Oklohomo.

within the pipe to be posit ive (greater than atmospheric except for a short distance near the
outlet.  This was theusual condit ionwhenthe pipe was ful l .  Theminimum slopeof the hydrau-
l ic grade l ine in the corrugated pipe, which occurred only for the lowest f lows with the pipe
fu l l ,  was  0 .0372.  Th is  compares  w i th  a  p ipe  s lope o f  0 .0334.  S ince  zero  pressure  is  taken a t
the centerl ine of the pipe at i ts exit ,  the top of the corrugated pipe was under negative pressure
(less than atmospheric) for i ts entire l"ength. For this part i .cular test, the slope of the hydraul ic
grade l ine  in  the  concre te  p ipe  was 0 .0111,  wh ich  is  less  than the  p i .pe  s lope o f  0 .0185.  How-
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Fig. IX-11 - Typical Hydraulic Grade Line and Head Losses at Entrance and Elbow, Stillwater, Oklahoma. 

Fig. IX-12 - Flow Condition at Concrete Pipe 
Groove Entrance, Stillwater, Oklahoma. 

were recorded photographically. The manom
eters for the corrugated pipe were located on 
individual boards adjacent to the piezometer 
connection and were read manually. 

Standard procedures were used in the 
conduct of the tests and in the analysis of the 
data. Hydraulic grade lines were plotted for 
each test. From them, the entrance loss, the 
elbow loss, and the friction loss in both con
crete and corrugated metal pipe were deter
mined. A typical hydraulic grade line plotted 
by Mr. Ree is shown in Fig. IX-11. 

DESCRIPTION OF FLOW 

Fig. IX-ll shows the hydraulic grade 
line to be above the pipe and the pressures 

'*' 
Fig. IX-13 - Flow Condition at Rounded Pipe 

Entrance, Stillwater, Oklahoma. 

Fig. IX-14 - Flow Condition at Square-Edged 
Pipe Entrance, Stillwater, Oklahoma. 

within the pipe to be positive (greater than atmospheric except for a short distance near the 
outlet. This was the usual condition when the pipe was full. The minimum slope of the hydrau
lic grade line in the corrugated pipe, which occurred only for the lowest flows with the pipe 
full, was 0.0372. This compares with a pipe slope of 0.0334. Since zero pressure is taken at 
the centerline of the pipe at its exit, the top of the corrugated pipe was under negative pressure 
(less than atmospheric) for its entire length. For this particular test, the slope of the hydraulic 
grade line in the concrete pipe was 0.0111, which is less than the pipe slope of 0.0185. How-
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( c )  H o a d  o n  e r e s t  i s  1 . p !  f t .
u i s a  + ' l ^ r r  ^ ^ # , o 1 .

(e) Head on crest is 1.0O ft .  Weir f lovr
control or near €nd of transit ion
frora pipe to weir control.

(a)  Head on crest  is  f . /0  f t .
Ptpo flow oontrol.

(b )  Head on  ores t  i s  2 ,2 j  f t ,
Plpe f low ootrbrol.

(d) I lead on crest is l :25 tt .  Pipe f low
control or beginning of transit ion
frorn pipe to weir f lovr control.

( f )  Head on  c res t  i s  O. / !  f t .
Tieir f low control.

F i g "  l X - | 5  -  F l o w o t  E n t r o n c e  l o  D r o p  I n l e t  4 " 3  F i  D e e p ,  S t i l l w o t e r ,  O k l o h o m q .
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(a) Head on crest is 5.70 ft. 
Pipe flow control. 

(c) Head on crest is 1.95 ft. 
Pipe flow control. 

(e) Head on crest is l.00 ft. Weir flow 
control or near end of transition 
from pipe to weir control. 

(b) Head on crest is 2.25 ft. 
Pipe flow cont rol. 

(d) Head on crest is 1 : 25 ft. Pipe flow 
control or be5inning of transition 
from pipe to weir flow control. 

(f) Head on crest is 0.75 ft. 
Weir flow control. 

Fig. IX-15 - Flow at Entrance to Drop Inlet 4.3 Ft Deep, Stillwater, Oklahoma. 
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(a) Pipe f lorrr control with
very sl ight depr.ession
ovor drop inlet.  Head
over  c ras t  i s  1 .91  f t ,

(b) Pipe f lovr contro] with
snall  dePressj.on over
droP inlet.  Head ovor
or€s t  i s  1 .h l  f t .

(c) End of pipe f low controL
or beginning of transition
to woir f lo 'w control.
Head over crest is 1.21 ft .

(d) Probably near end of tran- (e) Ireir f low control w:i th (f)  weir f low control.  lYater
s i t ion  f ron  p ipe  f low con-  r , ra te r  a lmost  f i l l i ng  d rop  jus t  shows in  d rop  in le t .
trol to weir f low control.  inlet.  Head over cr.est Head over crest is O.91 ft .
Head over  c res t  i s  1 .11  f t .  i s  O.9$  f t .  D ischarge fo r  ( f )  i s  on ly

0 .1  c fs  less  than fo r  (e ) .

Fig. lX-16 - Tronslt ion from Pipe to Weir Control ot Enironce
to  Drop ln le t  8 .4  f t  Deep,  S t i l lwo ter ,  Ok lohomq.

ever, the elbow loss raised the hydraul ic grade l ine so that negl igible negative pressures
(-0.08 ft)  existed in the top of the concrete pipe for about 11 ft  at the entrance. Because the
pipe was under only sl ight negativepressures for this low f lowand because the fr ict ionslope
and the pressure increase with the ftow, i t  is evident from this discussion that the pipe was
under posit ive pressure for most of the ful l  f low tests.

I t  was observed during the tests that the pipe f i l led as soon as suff icient f low was ad-
mj.t ted to the pond; there was no evidence of ori f ice or short-tube f low at any t ime, the control
passing direct ly and smoothly from weir control at low f lows to pipe control as the f low in-
c reased.  The t rans i t ion  f rompipe  cont ro l  towe i rcont ro l  fo rdecreas ing  f lowswas a lsod i rec t
and posit ive for al l  inlets.

Flow condit ions at the entrance with the pipe f lowing part ly ful l  are sho$/n in Figs.IX-
12 ,  IX-13 ,  IX-5 ,and IX-14 .  Mr .Reeshows tha t  the ins ide  d iametergoverns thehead-d ischarge
relat ionship, as wil l  be shown later. Close inspection of Fig. IX-12 shows a contraction at the
entrance of the groove and an addit ional contraction at the base of the groove, which confirms
Mr. Reers observati .on in this part icular instance.

F lowcond i t ions  a t  the  drop in le t  4 .3  f t  deep are  shown in  F ig . IX-15  as  a  ser ies  o f  p ic -
tures taken as the pond level decreased. A similar series for the 8.4 ft  deep drop inlet is

(a) Pipe flow control with 
very slight depression 
over drop inlet. Head 
over crest is 1.91 ft. 

(d) Probably near end of tran
sition from pipe flow con
trol to weir flow control. 
Head over crest is 1.11 ft. 

(b) Pipe flow control with 
small depression over 
drop inlet. Head over 
crest is 1.41 ft. 

(e) Weir flow control with 
wa te r almos t filling drop 
inlet. Head over crest 
is 0.96 ft. 
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(c) End of pipe flow control 
or beginning of transition 
to weir flow control. 
Head over crest is 1.21 ft. 

( f) Weir flow control. Water 
just shows in drop inlet. 
Head over crest is 0.91 ft. 
Disoharge for (f) is only 
0.1 cfs less than for (e). 

Fig. IX-16 - Transition from Pipe to Weir Control at Entrance 
to Drop Inlet 8.4 ft Deep, Stillwater, Oklahoma. 

ever, the elbow loss raised the hydraulic grade line so that negligible negative pressures 
(-0.08 ft) existed in the top of the concrete pipe for about 11 ft at the entrance. Because the 
pipe was under only slight negative pressures for this low flow and because the friction slope 
and the pressure increase with the flow, it is evident from this discussion that the pipe was 
under positive pressure for most of the full flow tests. 

It was observed during the tests that the pipe filled as soon as sufficient flow was ad
mitted to the pond; there was no evidence of orifice or short-tube flow at any time, the control 
passing directly and smoothly from weir control at low flows to pipe control as the flow in
creased. The transition from pipe control to weir control for decreasing flows was also direct 
and positive for all inlets. 

Flow conditions at the entrance with the pipe flowing partly full are shown in Figs. IX-
12, IX-13, IX-5, and IX-14. Mr. Ree shows that the inside diameter governs the head-discharge 
relationship, as will be shown later. Close inspection of Fig. IX-12 shows a contraction at the 
entrance of the groove and an additional contraction at the base of the groove, which confirms 
Mr. Reels observation in this particular instance. 

Flow conditions at the drop inlet 4.3 ft deep are shown in Fig.IX-15 as a series of pic
tures taken as the pond level decreased. A similar series for the 8.4 ft deep drop inlet is 
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shown in Fig. IX-16 for decreasing heads in the vicinityofthe change from pipe flow control
to weir f low control. Through comparisons with this series of pictures, one can determine
the probable tJpe of f low in other drop inlets by visual observation.

Flow ot criiicol
deoih ihrorroh

\-diomeier D
I  t o
t l

^J

^4

a
f)

2 
alouo* 

5 6

Fig.  lX- l8-Heod-DischorgeCurveforPort  Ful l  F low
with Rounded Pipe Enironce, Experiments 2 ond
3 (wi th Trosh Rock) ,  St i l lwoter , 'Oklohomo.

Vortices are apparent in Figs. IX-15 and IX-16, Vortices were aLso observed for each
of the otherinlets tested. At t imes airwas sucked into the spil lwaywith anoise that wasaud-
ible for a considerable distance away eventhough the depthof the waterover the crown of the
pipe was as much as 11 ft. The vortices were not sufficiently strong to cause a large reduc-
tion in the spil lway capacity. However, Mr. Ree ingeniousLy shows that the vortices do have

some effect on the spi l lway capacity and that
this effect increases as the observedvortex
intensity increases.

Fig. lX-17 - Heod-Dlschorge Curve for Port Full Flow
with Concrete Pipe Groove Entronce, Experiment
l ,  St i l lwoter ,  Oklohomo.
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Fig.  lX-19-  Heod-Dischorge CurveforPort  Ful l  F low
with Squoro-Edged Pipe Enironce, Experiment
4,  St i  l lwoter ,  Oklohomo.

Fig. lX-20 - Heod-Coefficient Curve for Weir Flow
over Drop Inlet Crests, Experiments 5 ond 6,
St i l lwoter ,  Oklohomo .
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shown in Fig. IX-1B for decreasing heads in the vicinity of the change from pipe flow control 
to weir flow control. Through comparisons with this series of pictures, one can determine 
the probable type of flow in other drop inlets by visual observation. 
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Fig. IX-17 - Head- Discharge Curve for Part Full Flow Fig . IX-18 - Head-Discharge Curve for Part Full Flow 
with Concrete Pipe Groove Entrance, Experiment with Rounded Pipe Entrance, Experiments 2 and 
1, Sti IIwater, Oklahoma . 3 (with Trash Rack), Sti IIwater, Oklahoma. 

Vortices are apparent in Figs. IX-l5 and IX-lB. Vortices were also observed for each 
of the other inlets tested. At times air was sucked into the spillway with a noise that was aud
ible for a considerable distance away even though the depth of the water over the crown of the 
pipe was as much as 11 ft. The vortices were not sufficiently strong to cause a large reduc
tion in the spillway capacity. However , Mr . Ree ingeniously shows that the vortices do have 
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Fig. IX-19 - Head-Discharge Curve for Part Full Flow 
with Square-Edged Pipe Entrance , Expe riment 
4, Stillwater, Oklahoma. 

some effect on the spill way capacity and that 
this effect increases as the observed vortex 
intensity increases. 
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Fig. IX-20 - Head-Coefficient Curve for Weir Flow 
over Drop Inlet Crests, Experiments 5 and 6, 
Stillwater, Oklahoma. 
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DISCHARGE COEFFICIENTS

The control passed smoothlyand directly from weir control to pipe eontrol so only these
eontrols wil l be discussed.

Weir Coefficient

As mentioned in Part I, the theoretical equation for part full flow at the entrance to a
pipe is so complicated that the presentation of coeff ici .ents becomes impractical from the

Inlot

standpoint of application. Therefore, the re-
sults of the tests are presented in Fj.gs. IX-
1?,  IX-18,  and IX-19 in the form of  semi-
dimensionless curves copied fromReerg re-
port for the concrete pipe groove entrance,
the rounded pipe entrance, and the square-
edged pipe entrance respectively. A caution
should be observed in using these curves:
The curves should not be extropoloted beyond the
limifg shown becallse the head increases rapidly
with further increase in discharge. Also
shown in these figures are head-discharge
curves computed by Ree on the assumption
that crit ical depth occurs at the entrance.
These curves are based on the inside diam-
eter of the pipe, and show that the pipe diam-
eter rather than the maximum entrance di-
ameter governs the head-discharge relation-
ship. The curves which represent the data

TABLE IX.1

ENTRANCE LOSS COEFFICIENTS

Stillwate r, Oklahoma, Experiment s

K
6

l4axinm UininE Aven€6

concrete pip€ groow

Rouilod

Rouded, rith trush nck

Squar 6dged

Drop, 1., ft deep

Drop, 8.,l+ ft deep

0.tt
o.1t't
O,25

o.6o

o.2t

d ) 1

o.6!
u . ) l

o.4r

o,27

o .52

may be used to predict the discharge of pipes having similar entrances if the dj.mensions of
the entrance in terms ot. t lgoPtP" diameter and H/D are mul.t iplied by the pipe diameter

measured in feet and H/D"/' is multiplied by the five-halves power of the pipe diameter.

The drop inlet crest has the form shown
in Fig. I-3b so the crest length was taken as
L = 2Bt * Wr = 9.50 ft. Coefficients for use in
Eq. I-1 may be computed from Fig. IX-20. The
curve drawn in Fig. IX-20 is based on the equa-
tion presented by Ree

TABIJE IX.z

RECOMMENDED VALUES OF THE

LOCAL PRESSURE DEVIATION

AT THE TOP OF THE PIPE 0.5 D

DOWNSTREAM FROM THE ENTRANCE

Stil lwate r, Oklahoma, Experiment s

EutHoe
n  / b

r Y p

( rx-1)

Entrance Loss Coeff icient

'Entrance 
loss coefficients were computed

by ReE for all tests in which the pipe flowed com-
pletely full. Since Ree determined the hydraulic
grade line for each test, no assumptions of the
friction factor or the position of the hydraulic
grade line at the conduit exit are necessary. It
may be aesumed therefore that Mr. Reers values
of K- are accurate. The maximum, minimum,e

a  L r H  f l z_ = 3 . 8 7 _ l _ _  0 . 0 1 6  1
a s l z  D L D  I

ConcFta pipo grcova

Roundod

Rourded, rith tEEh mck

Squaro edBed

Drop inlet l+., ft doep

Drop i.llet 8.1+ ft deeP

0 . 0

o .o

-0 .8

-0.8

and averageobservedvalues of K" are given in TableIX-1. It isrecommended that theaver-

age value of K" be used in Eqs. I-4 and I-5 for purposes of design.

The lower average value of K" obtained with the trash rack in place compared with

the trash rack absent is shown to be plausible by Mr. Ree whose explanation, based on Dr.
Keuleganrs analysis [I-30], shows that the turbulence created by ihe trash rack can result in
a smaller entrance loss. 

-The 
turbulence caused by the trash rack can be seen in Fig. IX-5.
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DISCHARGE COEFFICIENTS 

The control passed smoothly and directly from weir control to pipe control so only these 
controls will be discussed. 

Weir Coefficient 

As mentioned in Part I, the theoretical equation for part full flow at the entrance to a 
pipe is so complicated that the presentation of coefficients becomes impractical from the 

TABLE IX-1 

ENTRANCE LOSS COEFFICIENTS 

Stillwater, Oklahoma,Experiments 

standpoint of application. Therefore, the re
sults of the tests are presented in Figs. IX-
17, IX-lB, and IX-19 in th'e form of semi
dimensionless curves copied from Reels re
port for the concrete pipe groove entrance, 
the rounded pipe entrance, and the square
edged pipe entrance respectively. A caution 
should be observed in using these curves: 

Inlet Ke The curves should not pe extrapolated beyond the 
___________ =Ma=x:::i::;mum=._....:M:::i::;ni::::m:::um=-~A:.:.ve:.:ra=e;e I imits shown because the head increases rapidly 
Concrete pj,pe groove o.U 0.23 0.33 with further increase in discharge. Also 
Rounded 0.34 0.18 0.27 shown in these figures are head-discharge 
Rounded, with . trash rack 

Square edged 

Drop, 4.3 ft deep 

0.25 

0.74 

0.21 

0.64 

0.23 curves computed by Ree on the assumption 
0.70 that critical depth occurs at the entrance. 

0.57 0.64 These curves are based on the inside diam-
Drop, 8.4 ft deep 0.41 0.52 eter of the pipe, and show that the pipe diam-
-----------~----.....,__----- eter rather than the maximum entrance di

ameter governs the head-discharge relation
ship. The curves which represent the data 

may be used to predict the discharge of pipes havin~ similar entrances if the dimensions of 

0.60 

the entrance in terms of the pipe diameter and HID are multiplied by the pipe diameter 

measured in feet and H/D5/ 2 is multiplied by the five-halves power of the pipe diameter. 

The drop inlet crest has the form shown 
in Fig. I-3b so the crest length was taken as 
L = 2BI + WI = 9.50 ft. Coefficients for use in 
Eq. 1-1 may be computed from Fig. IX-20. The 
curve drawn in Fig. IX-20 is based on the equa
tion presented by Ree 

TABl£ IX-2 

RECOMMENDED VALUES OF THE 

LOCAL PRESSURE DEVIATION 

Q L [ H J3/2 
-- = 3.87 - - - 0.016 
D5/2 D D 

(IX-l) 

AT THE TOP OF THE PIPE 0.5 D 

DOWNSTREAM FROM THE ENTRANCE 

Stillwater, Oklahoma, Experiments 

Entrance Loss Coefficient Entrance 

-,r' 
-Entrance loss coefficients were computed Concrete pipe groove 

by Ree for all tests in which the pipe flowed com- Rounded 

pletely full. Since Ree determined the hydraulic Roumed, with trash rack 

grade line for each test, no assumptions of the Square edged 

friction fador or the position of the hydraulic Drop inlet 4.3 ft deep 

grade line at the conduit exit are necessary. It Drop inlet 8.4 ft deep 

0.0 

0.0 

0.0 

-1.0 

-0.8 

-0.8 
may be assumed therefore that Mr. Reels values -------------------
of Ke are accurate. The maximum, minimum, 

and average observed values of K are given in Table IX-I. It is recommended that the aver
e 

age value of K be used in Eqs. 1-4 and 1-5 for purposes of design. 
e 

The lower average value of K obtained with the trash rack in place compared with 
e 

the trash rack absent is shown to be plausible by Mr. Ree whose explanation, based on Dr. 
Keuleganls analysis [1-30], shows that the turbulence created by the trash rack can result in 
a smaller entrance loss. The turbulence caused by the trash rack can be seen in Fig. IX-5. 
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PRESSURE COEFFICIENTS

Average values of the local pressure deviations hrr,/hrr' computed for full flow in a

hypothetical, horizontal, fr ictionless pipe are given in Table IX-2. These values are for use
in  Eq .  I - 14 .

Values of h-/h_-- along the conduit that are unaffected by local disturbances should be
n' vp

zero. The fact that they average above zero is quite likely because the datum plane was as-
sumed to pass through the center of the conduit exit whereas it should have been taken above
the center of the exit, as can be seen by referring to Reers data plotted in Fig. X-32.* It is
interesting to note that the elDow--a local disturbance--did not cause significant variatione
in the meaeured values of hrr,/hrro.

For purposes of design, it ls suggested that the value of hrr/hrro be taken as zero at

all locations along the conduit except for the top of the pipe 0.5D downstream from its en-
trance. Suggested values of hrr/hrro for this location are given in Table IX-2.

CONCLUSIONS AND RECOMMENDATIONS

Closed conduit spil lways similar to that shown in Fig.IX-1 having entrances geometri-
cally similar to those shown in Fig. IX-2 are recommended for use. The control changed
smoothly from weir control to pipe control as the flow increased and from pipe control to
weir control as the flowdecreased. Noundesirable flowcharacteristicswere observed. How-
ever, results of tests by others indicate some of these entrance-s may exhibit orif ice control
under certain conditions, anditisruggectedthottheuseofthesquore-edgedentroncerotleostrbeovoided.

Curves for determining the part full f low capacity of the concrete pipe groove, rounded,
and square-edged entrances aregiven in F igs. IX-17,  IX- l8,  and IX-19 respect ive ly .  Theca-
pacity of the drop inlet acting as a weir is given by Eq. IX-1. Values of the full f low entrance
losscoef f ic ients foruse in Eqs. I -4 and I -5 are g iven in Table IX-1 for  each entrance tested.

Values of the local pressure deviation tr-/h--- for use in Eq.
n' vp

I -14  shou ld  be  taken as

zero except near the entrance to the pipe. At that location, values of
from Table IX-2.

h ' /h  mav be  taken
n' vp

2 . F O O T  S Q U A R E  D R O P  I N L E T  C L O S E D  C O N D U I T

S P I L L W A Y  N E A R  N E L S O N ,  W I S C O N S I N

I n  1936  CCC CampSCS-WIS- l 5comp le ted  p l ans tocons t ruc t  a  tw in6x6  d rop in l e t  so i l - sav i ng
dam on the Martha Johnson farm near Nelson,  Wisconsin.  Because of  pecul iar ly  favorable condi-
t ions i t  appeared feasib le to construct  a 2 x 2 drop in let  under the same earth dam with the twix

[ s i c ]  6  x  6  t o  be  used  t o  conduc t  a  f u l l  s ca le  f i e l d  mode l  t es t ,

The  tw in  6  x  6 , t he  2x2  mode l ,  and  ea r t h  f i l l  we re  comp le ted  du r i ng  t he  summer  o f  1936  and
on Apr i l  B,  1937, af ter  the pond had f i l led the f i rs t  test  run was made.. . .

This quotation is from the anonymous mimeographed report which is reproduced in the

section t'Original. Reports.tt An unsuccessful atteirpf was mide to locate th-e original data.
IVIr.  R. E. Reinke, Soi lConservationist,  Soi lConeervationService, wasoneof those contacted.
He wrote on March 2, 1953: ". . . I  have learned that the old CCC Camp records have been de-
stroyed. From what I  can gather, the f i les destroyed included...even technical data. With re-
ference to technical data, I  bel ieve we can sincerely regret that this type of f i le was destroy-
ed... ." Mr. Edwin Freyburger, Regional Engineer for the Soil  Conservation Service, fur-
nished on October 23, 1953, the Regional Off ice engineering f i le which contained the mimeo-
graphed report referred to above, the original computations for that report, a typewritten

*Fred W. Blaisdell and Charles A. Donnelly, Hydraulics of Closed Conduit Spil lways--
P a r t X . T h e H o o d I n l e t , S t . A n t h o n y F a t l s H y d r a u 1 i �
ffi
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PRESSURE COEFFICIENTS 

Average values of the local pressure deviations h /h computed for full flow in a n vp 
hypothetical, horizontal, frictionless pipe are given in Table IX-2. These values are for use 
in Eq. 1-14. 

Values of h /h along the conduit that are unaffected by local disturbances should be n vp 
zero. The fact that they average above zero is quite likely because the datum plane was as
sumed to pass through the center of the conduit exit whereas it should have been taken above 
the center of the exit, as can be seen by referring to Ree's data plotted in Fig. X-32.* It is 
interesting to note that the elbow--a local disturbance--did not cause significant variations 
in the measured values of h / h . n vp 

For purposes of design, it is suggested that the value of h /h be taken as zero at n vp 
all locations along the conduit except for the top of the pipe 0.5D downstream from its en-
trance. Suggested values of h /h for this location are given in Table IX-2. . . n vp 

CONCLUSIONS AND RECOMMENDATIONS 

Closed conduit spillways similar to that shown in Fig. IX-1 having entrances geometri
cally similar to those shown in Fig. IX-2 are recommended for use. The control changed 
smoothly from weir control to pipe control as the flow increased and from pipe control to 
weir control as the flow decreased. No undesirable flow characteristics were observed. How
ever, results of tests by others indicate some of these entrances may exhibit orifice control 
under certain conditions, and it is suggested that the use of the square-edged entrance, at least, be avoided. 

Curves for determining the part full flow capacity of the concrete pipe groove, rounded, 
and square-edged entrances are given in Figs. IX-17, IX-1B, and IX-19 respectively. The ca
pacity of the drop inlet acting as a weir is given by Eq. IX-I. Values of the full flow entrance 
loss coefficients for use in Eqs. 1-4 and 1-5 are given in Table IX-1 for each entrance tested. 

Values of the local p ressure deviation h / h for use in Eq. 1-14 should be taken as n vp 
zero except near the entrance to the pipe. At that location, values of h ,p/ h may be taken 
from Table IX-2. n vp 

2-FOOT SQUARE DROP INLET CLOSED CONDUIT 

SPILLWAY NEAR NELSON, WISCONSIN 

In 1936 CCC Camp SCS - WIS-1 5 completed plans to construct a twin 6 x 6 drop inl et soil - saving 
dam on t he Martha Johnso n farm near Nelson, Wiscons in . B ecause of peculiar ly favorable condi
tio ns it appeared feasible to construct a 2 x 2 drop inlet under the s a m e earth dam with the twix 
[sic ] 6 x 6 to be u sed t o conduct a full scale fie ld model test. 

The twin 6 x 6, the 2 x 2 model, and earth fill were completed during t h e summer of 1936 and 
on April 8, 1937 , after the pond had filled the first test run was made .... 

This quotation is from the anonymous mimeographed report which is reproduced in the 
section "Original Reports." An unsuccessful attempt was made to locate the original data. 
Mr. R. E. Reinke, Soil Conservationist, Soil Conservation Service, was one of those contacted. 
He wrote on March 2, 1953: " ... 1 have learned that the old CCC Camp records have been de
stroyed. From what I can gather, the files destroyed included ... even technical data. With re
ference to technical data, I believe we can sincerely regret that this type of file was destroy
ed .... " Mr. Edwin Freyburger, Regional Engineer for the Soil Conservation Service, fur
nished on October 23. 1953, the Regional Office engineering file which contained the mimeo
graphed report referred to above, the original computations for that report. a typewritten 

*Fred W. Blaisdell and Charles A. Donnelly. Hydraulics of Closed Conduit Spillways-
Part X. The Hood Inlet, St. Anthony Falls Hydraulic Laboratory Technical Paper No. 20-B, 
April 1958. 
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description of the spitlway performance by an unknown writer, a copy of a letter from E. F.
Gahnz to Professor L. H. Kessler giving measured elevations and dimensions, as well as
other correspondence and plans. On March 8, 1955, Mr. H. F. Smith, SoiI Conservation Ser-
vice Area Co.nservationist at Eau Claire, Wisconsin, who apparently was responsible for in-
stalling the spillwayr 6ent his file containing blueprints of the dam site, the drainage area,
gullycioss sections and longi.tudinal sections, the 6 by 6 twindrop inlet spil lway plans, plotted
crois sections recording areas at 1-ft vertical intervals, and a tracing of the experimental
installation. Moving pictures of the tests were obtained from Mr. Reinke and from Mr. Neal
E. Minshall, Project Supervisor forthe Agricultural ResearchService at Madison, Wisconsin.
It is regretted that the original data could not be obtained. However, because noth,rng better
was available, the data used in the preparation of the mimeographed report and data points
taken from Professor E. R. Dodgers Fig. 2 [I-16] were employed in this analysis.

I  n  l e t  D e l o i  l s B o r r e l  S e c l i o n

Fig. lX-21 - Mortho Johnson Cloced Conduit Spil lwoy.

DESCRIPTION OF SPILLWAY

The closed conduit spil lway is composed of a flared inlet, a riser, an elbow, a barrel,
and a flared outlet. Fig. IX-21 has been prepared fromthe tracingfurnished by Mr.Smithand
Professor Dodgers Fig. 1 tI-161. Fig. IX-22 shows the spil lway on May 23, L944,

The crest of the drop inlet is rounded, as in Fig. I-3b,on about a 4-in. radius. Thig
radius was scaled from the original tracing. The crest dimensions are therefore taken to be
3 ft 4 in. by 4 ft B in. giving a 6rest length-of 1i ft 4 in. T?re elevation of the crest is 124.5.

i l r .61
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description of the spillway performance by an unknown writer, a copy of a letter from E. F. 
Gahnz to Professor L. H. Kessler giving measured elevations and dimensions, as well as 
other correspondence and plans. On March 8, 1955, Mr. H. F. Smith, Soil Conservation Ser
vice Area Conservationist at Eau Claire, Wisconsin, who apparently was responsible for in
stalling the spillway, sent his file containing blueprints of the dam site, the drainage area, 
gully cross sections and longitudinal sections, the 6 by 6 twin drop inlet spillway plans, plotted 
cross sections recording areas at 1-ft vertical intervals, and a tracing of the experimental 
installation. Moving pictures of the tests were obtained from Mr. Reinke and from Mr. Neal 
E. Minshall, Project Supervisor for the Agricultural Research Service at Madison, Wisconsin. 
It is regretted that the original data could not be obtained. However, because nothing better 
was available, the data used in the preparation of the mimeographed report and data points 
taken from Pro.fesso.r E. R. Do.dge's Fig. 2 [1-16) were emplo.yed in this analysis. 
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Fig. IX-21 - Martha Johnson Closed Conduit Spillway. 

DESCRIPTION OF SPILLWAY 

The closed conduit spillway is co.mposed of a flared inlet, a riser, an elbo.w, a barrel, 
and a flared o.utlet. Fig. IX-21 has been prepared from the tracing furnished by Mr. Smith and 
Pro.fessor Dodge's Fig. 1 [1-16]. Fig. IX-22 shows the spillway on May 23, 1944. 

The crest o.f the drop inlet is rounded, as in Fig. I-3b, on about a 4-in. radius. This 
radius was scaled from the o.riginal tracing. The crest dimensio.ns are therefo.re taken to. be 
3 ft 4 in. by 4 ft 8 in. giving a crest length o.f 11 ft 4 in. The elevation of the crest is 124.5. 
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(a) Experirnental 2 ft by
only headwall shows

2 ft  spi l lway has boen
boyond tw"in 6 ft by 6 ft

capped and
spil lnay.

(b )  ou t le t  has  s i l ted  in .

Fig, lX-22 - } lortho Johnson Closed Conduit Spi l lwoys in Moy 1944.

The f lare of the inlet was at a rate of 1 f t  horizontal ly in 3 f t  vert ical ly, the height of
the f lared section being 3 ft  0 in.

The computed height of the 2 ft  square r iser is 5.89 ft .

The elbow has an inner radius of 2 f t  0 in. and an outer radius of 4 f t  0 in.

Thebar re l  i s  70  f t0  in .  Iongand iscons idered to te rmina tea t  the  beg inn ingof  the  f la red
outlet section. The barrel invert elevation at the end of the elbow is 1 I  I  .6 1 and at the begin-
n i n g o f t h e  f l a r e  i s  L L 0 . 2 2  a c c o r d i n g t o  G a h n z .  T h e  d r o p o f  1 . 3 9  f t  r e s u l t s  i n a b a r r e l  s l o p e
of 0.0198, whichchecks the f igure given byGahnz. The barrel crown elevationat the beginning
of the f lareis 112.26 result ingin ameancenterl ineelevation of LLL.24. The drop Z through
the spi l lway is 13.26 ft .  The cross sectional area at the beginning of the f lare is 4.11 sq ft ,
the  min imumcrosssec t iona la rea  is  4 .00  sq  f t ,  and theaveragearea is  4 .054 sq  f t .  Thecrosa
section is not a square, ascan be seen in Fig.IX-21. The f i l letsat the top shown on the orig-
inal tracing were scaled to be 2 in. on a side.

The f lared outlet section is 20 ft  long.

APPARATUS AND PROCEDURE

The crest of the 2 by 2 spl l lway was 3.5 ft  lower than the crest of the twin 6 by 6 spi l l -
way_so -"a heavy.rnetal cover,- sealed with felt  and loaded down with sandbags was set over
the  2  x  2  in le t . . . . "  ByApr i l  8 ,  193?, the  pond had f i l l edsothe  coverwasremovedand thesp i l l -
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(a) Experimental 2 ft by 2 ft spillway has been capped and 
only headwall shows beyond twin 6 ft by 6 ft spillway. 

(b) Outlet has silted in. 

Fig. IX-22 - Martha Johnson Closed Conduit Spillways in May 1944. 

The flare of the inlet was at a rate of 1 ft horizontally in 3 ft vertically, the height of 
the flared section being 3 ft 0 in. 

The computed height of the 2 ft square riser is 5.89 ft. 

The elbow has an inner radius of 2 ft 0 in. and an outer radius of 4 ft 0 in. 

The barrel is 70 ft 0 in. long and is considered to terminate at the beginning of the flared 
outlet section. The barrel invert elevation at the end of the elbow is 111.61 and at the begin
ning of the flare is 110.22 according to Gahnz. The drop of 1.39 ft results in a barrel slope 
of 0.0198, which checks the figure given by Gahnz. The barrel crown elevation at the beginning 
of the flare is 112.26 resulting in a mean centerline elevation of 111.24. The drop Z through 
the spillway is 13.26 ft. The cross sectional area at the beginning of the flare is 4.11 sq ft, 
the minimum cross sectional area is 4.00 sq ft, and the average area is 4.054 sq ft. The cross 
section is not a square, as can be seen in Fig. IX-21. The fillets at the top shown on the orig
inal tracing were scaled to be 2 in. on a side. 

The flared outlet section is 20 ft long. 

APPARATUS AND PROCEDURE 

The crest of the 2 by 2 spillway was 3.5 ft lower than the crest of the twin 6 by 6 spill
way so "a heavy metal cover, sealed with felt and loaded down with sandbags was set over 
the 2 x 2 inlet .... " By April 8, 1937. the pond had filled so the cover was removed and the spill-
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way wae tested on that date. Instructions for preparations prior to the test were transmitted
to Mr. Smith by E. J. Peterson, Supervising Engineer, on September 11, 1936, ae follows:

1. Af ter  you have cornpleted comput ing the pond area f rom your cross sect ions I  would l ike
to p ick i t  up and have another complete and independent computat ion made by one of  the engineel .s
at  Independence wi . th the j .dea of  get t ing a check.  Al l  we wi l l  need is  the tota l  pond volume and the
pond volume at  each foot  interval  between elevat ion 128.00 and 124'5.

2.  AI1 obstruct ion should be c leared f rom the rnside of  the 2 x 2 barrel .  By that  I  mean that
al I  smal . l  chunks of  concrete that  might  have s lopped over in pour ing shouLd be removed, a l l  pro-
t r ud ing  w i res  shou ld  be  cu t  o f f ,  e t c ,

3.  The areaof  the barrel  should be determined at  5- foot  intervals a long the barrel  by care-
fuL measurement.  These S-foot  intervalsshould extend f rom the beginningof  the f lare to the begin-
n i n g  o f t h e  e l b o w .  T h e  r i s e r  s h o u l d  a l s o  b e  m e a s u r e d  a t  e l e v a t i o n s  \ 2 2 . 5 , 1 2 0 . O , 1 l ? . 5 ,  a n d  1 1 5 . 0 8 .
Measure the prof i le of  the elbow sect ion.  Cross sect ions of  the f lared sect ion at  the discharge end
can al 'so be taken at  the 5- foot  i .nterval ,

4 .  When  t hey  had  comp le ted  t he  f l oo r  sec t i on ,
he shouid have that .  Recheck aI I  e levat ions of  the 2
at  several  points to see that  the whale Is ic]  in let  is

I  asked Gahnz to take a prof i ie of  the s lab so
x 2.  Take readings around the l ip of  the 2 x 2
l eve l .  Recheck  a l l  p i ezome te r  t ube  d i s t ances ,

Heads were apparently measured by a f loat gage located in a st i l l ing weII and read
against a braas scale local ly graduated to 0.005 ft .  The location of the gage can be seen in
F ig .  IX-23 .

Fig. lX-23 - Mortho Johnson Pond on April 8, 1937.

Dodge [ I -16]  says:

The test  was star ted by pul l ing the cover f rom the in let  wi th a t ruck and bLock-and-tackle.
Pond  e l eva t i onwas  de te rm ineda t  1 -m in  i n t e r va l sw i t h  a  f l oa tgage  read ing  t o  0 ,01  f t .  Ave rage  head
and dlscharge over successive 2-min intervals were computed and plot ted in Fig.  2 as c i rc les.  Flow
caLculat ions were based upon pond storage as previously determrned by two independent methods:
(  1)  p lanimeter ing a topographic rnap,  and (2)  a l lowing the pond to d ischarge through two 8- in.  sharp-
edged or i f ices whi le the pond elevat ion was read at  measured t ime lntervals,

The or ig inal  
t rpond 

volume cal ibrat ion chartr r  was made a part  of  the mimeographed

report  and is  reproduced in the sect iont tOr ig inal  Reports."  Notes on a photograph indicate

that  the pond volume was based on cross sect ions taken at  10-f t  in tervals.

DESCRIPTION OF FLOW

The mostapt description isgiven by one whohas actuallyobserved the phenomena. The
unknown author of the typewritten report has written:

A,, .cover, . .was removed by rneans of  a cable system hooked to a t ractor .  A sudden, s l ight
dep ress ionove r  t he  i n l e tand  whoosh , - - a  so l i d  s t r eam o f  wa te r sho t  ou t  a t  t he  d i scha rge .  I twas  t he
f i rst  t ime any of  us had ever seen a drop in let  actual ly  f lowing fu l l .

.. 
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way was tested on that date. Instructions for preparations prior to the test were transmitted 
to Mr. Smith by E. J. Peterson, Supervising Engineer, on September 11, 1936, as follows: 

1. After you hilve completed computing the pond ilreil from your cross sections I would like , 
to pick it up and have another complete and independent computation made by one of the engineeys 
at Independence with the idea of getting a check. All we will need is the total pond volume and the 
pond volume at each foot interval between elevation 128 .00 and 124.5. 

2. All obstruction should be cleared from the inside of the 2 x 2 barrel. By thilt I mean that 
il ll small chunks of concrete that might have sloppe d over in pouring should be removed, all pro
truding wires should be cut off, etc. 

3. The area of the barrel should be determined a t 5 - foo t intervals along the barrel by care
ful measurement . These 5-foot intervals should extend from the beginning of the flare to the begin
ning of the elbow. The riser should also be measured at e levations 122.5,120 .0, 117.5, and 115.08. 
Measure the profile of the elbow section. Cross sections of the flared section at the disc harge end 
can arso be taken at the 5-foot interval. 

4. When they had completed the floor section, I asked Gahnz to take a profile of the slab so 
he should have that. Rechec k all elevations of the 2 x 2. Take readings around the lip of the 2 x 2 
at several points to see that the whale [sic] inlet is leve l. Recheck all piezometer tube distances . 

Heads were apparently measured by a float gage located in a stilling well and read 
against a brass scale locally graduated to 0.005 ft. The location of the gage can be seen in 
Fig. IX-23. 

Fig . IX-23 - Martha Johnson Pond on April 8, 1937. 

Dodge [1-16] says: 

The test was started by pulling the cover from the inlet with a truck and bloc k-and-tackle. 
P o nd elevation was determined at I - min intervals with a float gage reading to 0.01 ft. Ave rage head 
and discharge over succe s s ive 2-min inte r vals were computed and plotted in Fig. 2 a s circles. Flow 
calculations were based u pon pond storage as previou s ly determined by two independe nt methods: 
(I) planimetering a topographic m a p, and (2) allowing the pond to discharge through two 8 -in. sharp
e dged orifices while the pond elevation was read at measured time intervals. 

The original "pond volume calibration Chart" was made a part of the mimeographed 
report and is reproduced in the section "Original Reports." Notes on a photograph indicate 
that the pond volume was based on cross sections taken at 10-ft intervals. 

DESCRIPTION OF FLOW 

The most apt description is given by one who has actually observed the phenomena. The 
unknown author of the typewritten report has written: 

A ... cover . .. was removed by means of a cable system hooked to a tractor. A sudden, slight 
depression over the inlet and whoosh, --a solid stream of water shot out at the discharge . It was the 
first time any of us ha d ever seen a drop inlet actually flowing full. 
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Fig. lX-24 -  Mortho Johnson 2-Ft  Squore Drop ln let  5pi  l lwoy on Apr i l  8n
1937. Heod Over Crest is About 2 Ft. Dischorge Aboui 100 cfs.

(a) tfote or pioture roads, ttThis view shotrs oublet conditior with
s'bnrcturo flovrl:tg fuII or approxinato discharge of 1OO c.f.B.
Note the turbulence beyoud. the end of aproa which oausod. a
hole about l-g tt. aeep to be cut in this one tost run.rl

(b) Note on piotur€ reads, "This visw shqvrs outlet condition when
the shrature is carrying about L0 cu. ft. per socond. Note
that the hyclraulic jur{r is forming at about the end of the
ooncrete apron.rr

F ig .  lX-25  -  Mor tho  Johnson 2-F t  Squore  Drop In le t  Sp i  l lwoy  on  Apr i  |  8 ,1937.
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Fig. IX-24 - Martha Johnson 2-Ft Square Drop Inlet Spillway on April 8, 
1937. Head Over Crest is About 2 Ft. Discharge About 100 cfs. 

(a) Note on pioture reads, "This view shovTS outlet oonditio!! with 
struoture flovring full or approximate discharge cf 100 c.f.s. 
Note the turbulence beyond the end of apron which oaused a 
hole about 4 ft. deep to be cut in this one test run." 

(b) Note on picture reads, "This view shoVis outlet condition when 
the struoture is carrying about 10 ou. ft. per second. Note 
that the hydraulic jump is fOrming at about the end of the 
ooncrete apron." 

Fig. IX-25 - Martha Johnson 2-Ft Square Drop Inlet Spillway on April 8,1937. 
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Thepond overthe in letappeared to be undisturbed unt i l  thecr i t ical  head wasreached. At  th is
point  a srna} l  drawdown appeared wi th some turbulence,  Later ,  more or  less gent le surging took
place unt i l  the vacuum broke,  At  th is point ,  of  course,  we are below the design head and weir  f low
takes  p l ace .

At  the maximum dl .scharge i t  appeared that  the barrel  d id not  f low fu1l ,  s ince the surface of  the
discharging water f lowed about 6 inches below the top of  the end of  the barrel .  From this point  the
water fo l iowed, very c losely,  the s lope of  the apron wal ls  and about 6 inches f rom the top of  the
wa I I s ,

A reviewof Mr. Minshallrsmoving pictures shows this to be agood description of what
took place. The rapid scouring of the hole and the side whirls are especially noticeable. Mr.
Minshallrs movies correspond to Figs. IX-24 and lX-25. Mr. Reinkets movies correspond to
Fig. IX-22 which shows the piles along the side of the channel, but otherwise the two movies
show thesame phenomena. This is an indication that two tests weremadeontheexperimental
2 by 2 closed conduit spil lway, but no mention of, or data on, the second test has been discov-
ered. Mr. Reinkers movie shows an observer taking measurements of the piezometric pres-
sure, indi.cating that data was taken during the second test.

DISCITARGE COEFFICIENTS

The head-discharge data used in the preParation of the rrrimeographed report and the
dataread from Dodgets Fig.2 [I-16]were qsed to determine the coefficients for the weir and
the entrance. The mimeographed report data were also recomputed by the author using the
pond volume calibration determined by cross sections. (The original computations were ap-
parently made using the average of the volumea determined by the orif ice a1d by cross sec-
tions.) 

-The 
authorri incremen{al volumes were also smoothed to give a uniform rate of pond
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The pond over the inlet appeared to be undisturbed until the critical head was reached. At this 
point a small drawdown appeared with some turbulence. Later, more or less gentle surging took 
place until the vacuum broke. At this point, of course , we are below the design head and weir flow 
takes place. 

At the maximum discharge it appeared that the barrel did not flow full, since the surface of the 
discharging water flowed about 6 inches below the top of the end of the barrel. From this pOint the 
water followed, very closely, the slope of the apron walls and about 6 inches from the top of the 
walls. 

A review of Mr. Minshall's moving pictures shows this to be agood description of what 
took place. The rapid scouring of the hole and the side whirls are especially noticeable. Mr. 
Minshall's movies correspond to Figs. IX-24 and IX-25. Mr. Reinke's movies correspond to 
Fig. IX-22 which shows the piles along the side of the channel, but otherwise the two movies 
show the same phenomena. This' is an indication that two tests were made on the experimental 
2 by 2 closed conduit spillway, but no mention of, or data on, the second test has been discov
ered. Mr. Reinke's movie shows an observer taking measurements of the piezometric pres
sure, indicating that data was taken during the second test. 

DISCHARGE COEFFICIENTS 

The head-discharge data used in the preparation of the mimeographed report and the 
data read from Dodge's Fig. 2 [1-16] were \.)sed to determine the coefficients for the weir and 
the entrance. The mimeographed report data were also recomputed by the author using the 
pond volume calibration determined by cross sections. (The original computations were ap
parently made using the average of the volumes determined by the orifice and by cross sec
tions.) The author's incremental volumes were also smoothed to give a uniform rate of pond 
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volume change with change in elevation. This resulted in greater dischargee than were com-
puted originally, the increase being particularly noticeable for fuII pipe flow.

Weir Coeff icient

The weir f low data are plotted in Fig. IX-26. The curve has the equation

Q -  3.6? un3/z (rx-2)

giving a coefficient of 3.67 in Eq. I-1. Curves have been drawn 5 per cent above and below
the head-discharge curve to indicate the precision of the data. Most of the data as originally
computed fall within the 5 per cent limits. However, if the reader places more reliance in the
pond volumes as determined by cross sectioning, the curve is about 5 per cent low. For these
condi t ions a bet ter  coef f ic ient  is  3.85.  Ree 1t1+21 g ives C=0.488 n i@ =3.8? for  h is  drop
inlet s .

Entrance Loss Coefficient

It was necessary to rnake assumptions in order to compgrte the entrance loss coefficient
because thepressure data, whichwould have permitted adetermination of the hydraulic grade
line and the frictional resistance, could not be located.

The data were plotted as in Fig. IX-27. The equation of the curve is

Q = A (rx-3)
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volume change with change in elevation. This resulted in greater discharges than were com
puted originally, the increase being particularly noticeable for full pipe flow. 

Weir Coefficient 

The weir flow data are plotted in Fig. IX-26. The curve has the equation 

Q = 3.67 L H3/ 2 (IX-2) 

giving a coefficient of 3.67 in Eq. 1-1. Curves have been drawn 5 per cent above and below 
the head-discharge curve to indicate the precision of the data. Most of the data as originally 
computed fall within the 5 per cent limits. However, if the reader places more reliance in the 
pond volumes as determined by cross sectioning, the curve is about 5 per cent low. For these 
conditions a better coefficient is 3.85. Ree [1-42) gives C=O.486.[2g=3.8"7 for his drop 
inlets. 

Entrance Loss Coefficient 

It was necessary to make a.ssumptions in order to compute the entrance loss coefficient 
because the pressure data, which would have permitted a determination of the hydraulic grad~ 
line and the frictional resistance, could not be located . . 

H 

The data were plotted as in Fig. IX-27. The equation of the curve is 
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By comparison with Eq. I-5, the denominator under the radical is seen to be made up of the
entrance and elbow, exit ,  and fr ict j .on losses or

L
K  + K  a f  -  =  l - 7 5e o D

(Ix-4)

Ko is usually assumed to be 1.0 and K" nust be positive. If f is greater than 0.0187 (n

greater  than 0.0114),  Ku becomes negat ive.  Ree [ I -42]  has found that  n = 0.011? for  Z- f t

diameter concrete pipe so the 0.0114 value obtained when Ku = 0 appears to be on the right

order of magnitude. If n is Iess than 0.0114, then K" becomes greater than zero. For ex-

ample,  i f  n  = 0.0105,  f  = 0.0162 and K,  = 0.10.  The condi t ion of  the concrete at  the t ime

of the test is unknown. However, an entrance loss coefficient of 0.10 is not unreasonable,
and its use is recommended.

If the data rec_o-mputed by the author is used, n = 0.0098 if Ke - 0. For K" to be
0 .10 ,  n  mus t  be  0 .0089 .

PRESSURE COEFFICIENTS

No data from which pressure coefficients might be computed is available.

CONCLUSIONS AND RECOMMENDATIONS

Dropinletssimilarin forrn to that shown in Fig. IX-21 have only the desirableweir and
pipe controls. They are recommended for f ield use.

The weir coefficient for use in Eq. I-1 is 3.67 or, if the user has more confidence in
the pond volume determination by cross sections, the coefficient may be increased to 3.85.

An entrance loss coefficient of 0.10 is suggested for use in Eq. I-5.

No data was available with which to compute the local pressure cJnstants.

ORIGINAL REPORTS

Two of the unpublished reports covering the Martha Johnson closed conduit spi l lway
tests arereproduced here to place them on record. The authorsofboth reports areunknown.

Mimeographed Report

UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

Pro jec t  O f f i ce  -  I ndependence ,  W is .

Drop In let  Culvert  F ie ld Model  Located at  Nelson,  Wisconsin

In June 1933, erosion contrc l  work was made a part  of  the Emergency Conservat ion Work.
Dur ing the preceding f ive years,  Professor O. R.  Zeasman (Soi ls  and Agr icul tural  Engineer ing,
Col lege of  Agr icul tu le)  had carr ied on considerable extension work,  construct ing gul ly  contro l
st ruciuresusing large sewer p ipeand corrugated culvert  p ipe for  drop in let  culverts through earth
f i I I  dams. When Civ i l ian Conservat ion Corps Camps were assigned to erosion contro l  work i t  ap-
peared that  re inforced concrete would be the most pract icable and sat is factory mater ia l  to use for
gul ly  contro l  worksince plentyof  labor wasthusmadeavai lable but  comparat ively i i t t le  money was
provided for  rnater ia ls.

L i t t Ie or  nrr  research data was avai lable cover ing the types of  st ructures contemplated and
dur ing the ear ly weeks of  the ECW act iv i t ies Prof  ,  L.  H,  Kessler  (Hydraul ics and Sani tary Engin-

eer ing,  Col lege-of  Ehgineer ing,  Univers i ty  of  Wisconsin)  assisted by eight  engineers and designers
hurr iedly completed hydraul lc  tests on smal l  scale models and prepared tentat ive designs.
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By comparison with Eq. 1-5, the denominator under the radical is seen to be made up of the 
entrance and elbow, exit, and friction losses or 

.£ 
K + K + f - = 1.75 

e 0 D 
(IX-4) 

K is usually assumed to be 1.0 and K must be positive. If f is greater than 0.0187 (n o e 
greater than 0.0114). K becomes negative. Ree [1-42] has found that n = 0.0117 for 2-ft e 
diameter concrete pipe so the 0.0114 value obtained when K = 0 appears to be on the right e 
order of magnitude. If n is less than 0.0114, then K becomes greater than zero. For exe 
ample, if n = 0.0105, f", 0.0162 and K = 0.10. The condition of the concrete at the time 

e • 
of the test is unknown. However, an entrance loss coefficient of 0.10 is not unreasonable, 
and its use is recommended. 

If the data recomputed by the author is used, n = 0.0098 if Ke '" O. For Ke to be 
0.10, n must be 0.0089. 

PRESSURE COEFFICIENTS 

No data from which pressure coefficients might be computed is available. 

CONCLUSIONS AND RECOMMENDATIONS 

Drop inlets similar in form to that shown in Fig.IX-21 have only the desirable weir and 
pipe controls. They are recommended for field use. 

The weir coefficient for use in Eq. 1-1 is 3.67 or, if the user has more confidence in 
the pond volume determination by cross sections, the coefficient may be increased to 3.85. 

An entrance loss coefficient of 0.10 is suggested for use in Eq. 1-5. 
". 

No data was available with which to compute the local pressure constants. 

ORIGINAL REPORTS 

Two of the unpublished reports covering the Martha Johnson closed conduit spillway 
tests are reproduced here to place them on record. The authors of both reports are unknown. 

Mimeographed Report 

UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

Project Office - Independence, Wis. 

Drop Inlet Culvert Field Model Located at Nelson, Wisconsin 

In June 1933, erosion control work was made a part of the Emergency Conservation Work. 
During the preceding five years, Professor O. R. Zeasman (Soils and Agricultural Engineering, 
College of Agriculture) had carried on considerable extension work, constructing gully control 
structures using large sewer pipe and corrugated culvert pipe for drop inlet culverts through earth 
fill dams. When Civilian Conservation Corps Camps were assigned to erosion control work it ap
peared that reinforced concrete would be the most practicable and satisfactory material to use for 
gully control work since plenty of labor was thus made available but comparatively little money was 
provided for materials. 

Little or no research data was available covering the types of structures contemplated and 
during the early weeks of the ECW activities Prof. L. H. Kessler (Hydraulics and Sanitary Engin
eering, College of Engineering, University of Wisconsin) assisted by eight engineers and designers 
hurriedly completed hydraulic tests on small scale models and prepared tentative designs. 
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.  Dur ing the winter  of  1933-34,  a group of  engineers,  under the di rect ion of  Prof '  KessLer and

Mr.  Neal  E.-Minshal l ,  carr ied on a more detai led extension of  the studies begun by Prof .  Kessler .

The resul ts of  these tests are covered in Prof .  Kesslerrs Bul let in of  the Univers i ty  of  Wisconsin,

Engineer ing Exper iment Stat ion Ser ies No. 80,  ent i t led 
I 'Exper imental  Inwest igat ion of  Drop In lets

at td 'Spi t t*" lys for  Erosion Control  Structurestr .  Standard designs of  re inforced concrete drop in let

culvei ts were also prepared by th is group of  engineers largely guided by the f ie ld _exper iences of

the surnmer of  1933. These d6signslave s ince been revised and included in a handbook compi led

by the Technical  Uni t  of  the Engineerrng Sect ion of  the Soi l  Conservat ion Service,  Uni ted States De-

plr tment of  Agr icul ture,  ent i t fed 
"DeEign and Construct ion of  the Drop In let  Soi l . -Saving Dam",

( S C S - E P - 1 4 ,  J u n e  1 9 3 ? ) .

In 1936 CCC Camp SCS-Wis-15 completed plans to construct  a twin 6 x 6 drop in let  soi l -saving

dam on the Martha Johnion farm near Nelson,  Wisconsin.  Because of  pecul iar ly  favorable condi t ions

i t  appeared feasib le to construct  a 2 x 2 drop in let  under the same earth dam with the twix Is ic]
6 x 6 to be used to conduct  a fu l l  scale f ie ld model  test .

The twin 6 x 6,  the 2 x 2 model ,  and earth f i I I  were completed dur ing the summel of  1936 and

on Apr i }  B,  193?, af ter  the pond had f i l led the f i rs t  test  run was made. This test  showed that  the

f ie ld model  carr ied almost  exact ly  the quant i tyof  water computed f rom the smal l  scale laboratory

The discharge through the fu l l  scale f ie ld model  was measures Is ic]  by comput ing the pond

volumes at  var ioui  e levat ions f rorn a detai l  topographic map and then t iming the drop inelevat ion
of  the pond dur ing the test  run.  The pond volume was checked later  by measur ing the discharge

through two B inch or i f ices placed in the r iser  of  the twln 6 x 6.

The at tached "Pond Volume Cal ibrat ion Chart i l  indicates the pond volumes at  var ious eleva-
t ions as computed f rom the topog map and the or i f ice test .  The t 'Diagrammatic Sketchrr  shows the

standard lavouts for  aI I  drop in let  culverts and gives the elevat ions of  in let  and discharge of  the

f ie ld model ."The "Sketch Showing Relat ive Posi t i5ns of  Twin 6x6 and 2x2 drop In lets"  a lso shows

the posi t ion of  p iezometer connect ions.  The two or i f ices are located ln the f ront  face of  the twix

[ s i c ] 6 x 6 r i s e r .

The 
"Discharge Curvet '  at tached hereto was plot ted f rom data obtained in the f i rs t  test  run

made on Apr i l  8,  193? and indicates the discharge character is t ics of  th is type of  st ructure.  Weir
f low appeais to hold up to a head over l ip  of  f rom 1.25 to 1.5 feet  for  th is part icular  tota l  head.
Beyond a head of  1,?5 feet  the structure appears to f low as a draf t  tube and. .very l i t t le  c.apaci ty is
gainea by increaslng the head beyond th is point ,  This i .s  what is  termed the 

"design head".

This f ie ld model  test  had served as a check on the smal l  scale laboratory tests and has caused

enqi .neers in th j .s  Service to have fu l l  conf idence in the designs now in use.
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DIAGRAMMATIC SKETCH
EXPERIMENTAL 2'X 2 '  DROP INLET

M.  JOHNSON FARM,  NELSON,  WISCONSIN
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During the winter of 1933-34, a group of engineers , under the direction of Prof. Kessler and 
Mr. Neal E. Minshall, carried on a more detailed extension of the studies begun by Prof. Kessler. 
The results of these tests are covered in Prof. Kessler's Bulletin of the University of Wisconsin, 
Engineering Experiment Station Series No. 80, entitled "Experimental Investigation of Drop Inlets 
and Spillways for Erosion Control Structures". Standard designs of reinforced concrete drop inlet 
culverts were also prepared by this group of engineers largely guided by the field experiences of 
the summer of 1933. These designs have since been revised and included in a handbook compiled 
by the Technical Unit of the Engineering Section of the Soil Conservation Service, United States De
partment of Agriculture, entitled "Design and Construction of the Drop Inlet Soil-Saving Dam", 
(SCS-EP-14, June 1937). 

In 1936 CCC Camp SCS- Wis-15 completed plans to construct a twin 6 x 6 drop inlet soil-saving 
dam on the Martha Johnson farm near Nelson, Wisconsin. Because of peculiarly favorable conditions 
it appeared feasible to construct a 2 x 2 drop inlet under the same earth dam with the twix [sic] 
6 x 6 to be used to conduct a full scale field model test. 

The twin 6 x 6, the 2 x 2 model, and earth fill were completed during the summer of 1936 and 
on April 8, 1937, after the pond had filled the first te st run was made. This test showed that the 
fi e ld model car ried a lmost exactly the quantity of water computed from the small scale laboratory 
te st s. 

The disc harge through the full scale fie ld model was measures [sic] by 'computing the pond 
volumes at various e levations from a deta il topogr aphic map and then timing the drop in elevation 
of the pond during the te s t run. The pond volume was chec ked later by measuring the discharge 
through two 8 inch orifices placed in the riser of the twin 6 x 6. 

The attached "Pond Volume Calibration Chart" indicates the pond volumes at various eleva
tions as computed from the topog map and the orifice test. The "Diagrammatic Sketch" shows the 
standard layouts for all drop inlet culverts and gives the e levations of inlet and discharge of the 
field model. The "Sketc h Showing Relative Positions of Twin 6 x 6 and 2 x 2 drop Inlets" also shows 
the position of piezomet er connections. The two orifices are located in the front face of the twix 
[sic] 6 x 6 riser. 

The "Di scharge Curve" attached hereto was plotted from data obtained in the first test run 
made on April 8, 1937 and indicates the discharge c haracteristics of this type of structure . Weir 
flow appears to hold up to a he ad over lip of from 1.25 to 1.5 feet for this particular total head. 
Beyond a head of 1. 7 5 feet the structure appears to flow as a draft tube and very little capacity is 
gained by increasing the head beyond this point. This is what is termed the "design head". 

I~ 

This field model test had served as a check on the sm:).ll scale laboratory tests and has caused 
engineers in this Service to have full confidence in the designs now in use. 
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SKETCH DIAGRAMMATIC 
EXPERIMENTAL 2' X 2' DROP INLET 

M. JOHNSON FARM, NELSON, WISCONSIN 

·1 



3 9

6 t x 6 '
M.

Fi l l  Linc

Twin
n5.oo

2 ' x  z t

il o.50

SKETCH SHOWING RELATIVE
POSITIONS OF TWIN

AND EXPERIMENTAL 2, X 2, DROP TNLETS
JOHNSON FARM, ' �NELSON, tVtSCONStN

39 

Platform 
'. 

128.00 

""""-~- Fill Li ne 

2' X 2' 

110.50 

109.90 

. SKETCH SHOWING RELATIVE 
POSITIONS OF TWIN 

6' X 6' AND EXPERIMENTAL 2' X 21 DROP INLETS 
M.JOHNSON FARM,, · NELSON, WISCONSIN 



40

|D

.E
c
o
c,
g
lrj

too,ooo 2oo,ooo
Volums in Gu. Ft.

POND VOLUME CALIBRATIOI{
EXPERIMENTAL 2, X 2' DROP I.N]-ET

too,ooo

40 

-., 
&f 
.5 
c 
0 

'';:: 
0 
> 
.!! 
LLJ 

128,0~------~------~------~~--~~~~~--~--~----

126.5 

126.0 

Legend, 

o ·~ Orifice 
i/O 

l::A- Crp~s Sections 
125.5 

125.0 t--~~-+-----+-----+--'-------+....,.....,..--..--..+---,-,~ 

124.5----.... -----........ ----'---__ ~--.......... --"-----~ o 100,000 . 200,000 300,000 

Volume in Cu. Ft. 

POND VOLUME CALIBRATION 
EXPERIMENTAL 2' X 2' DROP INLET 



4 L

o
'E

;
oo
-

o
e,
tr-

.5
c
o
o
o

lrj

t27.5

t27.O

t265

!26.0

r25.5

r25.O

t24.5
2A 40 60

Dischorge in c. f. t.

DISCHARGE CURVE
EXPERIMENTAL 2, X 2, DROP

I st RUN 4/ I 137

,
t o

INLET

127.5 3.0 

127.0 2. 5 

126.5 2. 0 

-., 126.0 -; if 
if 

I. 5 

c:: 
.5 

c:: 
0 '0 

'';:: 0 
0 CD 
> 125.5 :I: 
CD 0 I. 

L&J 

125.0 5 

124.5 n -o 

0 , 

, 

0 

o~ 
Surging -z.,.. - ~ -

Action ,," 0 

~" 

"" 0 " i"" -
P 

/ 
- -

/ 

\ 

20 40 60 80 

Discharge in c. f. s. 

DISCHARGE CURVE 
EXPERIMENTAL 21 X 21 DROP INLET 

1st RUN 4/8/37 

41 

) 

100 



42

Typewritten Report

E r i m e n t a l  2 x 2 T e s t

On Apr i l  8 the Exper imental  2 x 2 at  Nelson was opened and a test  run mqde. Mr,  Wood, As-
s istant  Regional  Engineer;  Mr.  Slavin,  Head of  the Regional  Nuraery Sect ion,  and Mr.  Kennard,  Pro-
ject  Manag-er of  the Missour i  Dubois Creek Project  were there,  and apparent lywere favorably im-
p ressed  by  t he  s i gh t .

This structure is  Iocated alongside the twin 6 x 6 which contro ls the main gul ly  of  the 2600
acre Cascade Val ley watershed. The f lared in let  of  the 2 x 2 is  ebout 3,5 feet  lower than the twin
6 x 6 in let  and is  Iocated about 15 feet  to the s ide of  the larger st ructure.

A heavy metal  cover,  sealed wi th fe l t  and loaded down wi th sand bags was set  over the 2 x 2
in let  and was removed by means df  a cable system hooked to a t ractor . .  A sudden, s l ight  depression
over the iniet and whoosh, --asol,id streamof watershot out at the disch.arge,.lt lrras the first ti.me
any of  us had ever seen a drop in let  actual ly  f lowing fu l l .

The pond over the in let  appeared to be undisturbed unt i l  the ct" i t ica- I  head was reached, At  th is
point ,  a smal l  drawdown appeared wi . th some turbulence.  Later ,  more or  less gent le sur:g ing took
place upt i l  the vacuum broke,  At  th is point ,  of  course,  we are below the design head and weir  f low
takes  p l ace .

At the maximum discharge it appeared that the barrel did not flow full, since the surface of
the discharging water f lowed about 6 inches below the top of  the end of  the barrel .  From this point
the water fo l lowed, very c losely,  the glope of  the apron wal ls  and about 6 inches f rom the top of  the
wa I  I s .

Mr.  Minshal l  obtained some excel lent  p ictures of  the test  run,  In fact  there were so many
photographers on the loose,  expert  and other opt imists,  we had to county Is ic]  noses before we lef t
to make sure we hadntt  lost  a couple inthe mud. Mr.  Minehal l ts  p ictures showed the in i t ia l  d ischarge
and themanner in which the large hole just  below the apron is  formed. A holeaboqt 4 feet  deepwas
cut,  but  a-sandbarkIs ic]  was bui l t  up about 80 feet  downstream which ponded water back to the end

Dur ing the run,  pond elevat ions and t ime intervals were recorded. These were imrnediately
plot ted roughlyand the resul ts appeared to check very c losely wi th Mr,Minshal ls  1934model  test i
which were made at  the Univers i ty  of  Wisconsin.  These or ig inal  rnodel  tests are the basis for  our
p resen t  d rop  i n l e t  des ign .

A  t opog raph i c  map  was  used  as  t he  bas i s  f o r compu t i ng  pond  vo lumesand  i t  seemsqu i t e  ev i -
dent  that  we wi l i  need a more accurate pond measurement in order to ref ine the-resul ts.  Accord-
ingly two 8inch or i f ices havebeen instai led in the r iser  of  the twin 6x6.  The q"r l i  t i - "  the pond is
fu l l  i t  wi l l  be empt ied through these twin or i f ices.  Pond elevat ions,  and t ime intervals wi l l  be re-
corded. Knowing the or i f ice coef f ic ients we can then compute pond volumes at  var ious elevat ions.

Mr ,  Pe te r son ,  dese rves  a  I o t  o f  c red i t  f o r  push ing  t h i s  f i e l d  mode l  t es t .  A I so  Mr .  Sm i th  and
his cohorts at  Camp Nelson,  deserve a lot  of  credi t  for  the excel lent  work they have done in insta l l ing
the structure and prepar ing for  the tests.  We understand that  Mr.  MinshaLl  has al ready used the
resul ts of  th is in i t ia l  test  to sel l  our Wisconsin Drop In lets to the Washington Off ice for  the new
Serv i ce  Handbook .
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Typewritten Report 

Experimental 2 x 2 Test 

On April 8 the Experimental 2 x 2 at Nelson was opened and a test run ma,de. Mr. Wood, As
sistant Regional Engineer; Mr. Slavin, Head of the Regional Nursery Section, and Mr. Kennard, Pro
ject Manager of the Missouri Dubois Creek Project were there, and apparently were favorably im
pressed by the sight. 

This structure is located alongside the twin 6 x 6 which controls the main gully of the 2600 
acre Cascade Valley watershed. The flared inlet of the 2 x 2 is a,bout 3.5 feet lower than the twin 
6 x 6 inlet and is located about 15 feet to the side of the larger structure. 

A heavy metal cover, sealed with felt and loa,ded down with sand bags was set over the 2 x 2 
inlet and was removed by means of acable system hooked to a tractor. A sudden, slight depression 
over the inlet and whoosh, --a solid stream of water shot out at tl:J.e discha,rge.Itytas the first time 
any of us had ever seen a drop inlet actually flowing full. 

The pond over the in~et appeared to be undisturbed until 'thecritica,l head wa,s rea,ched. At this 
point, a small drawdown appeared with some turbulence. Later, more or less gentle surging took 
place u,ntil the vacuum broke. At this point, of course, we are below the design Bead and .weir . flow 
takes place. 

At the maximum discharge it appeared that the barrel did not flow full, since the surface of 
the discharging water flowed about 6 inches below the top of the end of the barrel. From this point 
the water fOllowed, very closely, the slope of the apron walls and about 6 inches from the top of the 
walls. 

Mr. Minshall obtained some excellent pictures of the test run. In fact there were so many 
photographers on the loose, expert and other optimists, we had to county [sic] noses before we left 
to make sure we hadn't lost a couple in the mud. Mr. Minshall'spictures showed the initial discharge 
and the rnanner in which the large hole just below the apron is formed. A hole about 4 feet deep was 
cut, but a -sa,ndbark [sic J was built up about 80 feet downstream which ponded water back to the end 
of the apron. 

During the run, pond elevations and time intervals were recorded . . These were immediately 
plotted roughly and the results appeared to check very closely with Mr. Minshalls 1934 model tests 
which were made at the University of Wisconsin. These original model tests are the basis for our 
present drop inlet design. 

A topographic map was used as the basis for computing pond volumes and it seems quite evi
dent that we will need a more accurate pond measurement in order to refine the ' results. Accord
ingly two 8 inch orifices have been installed in the riser of the twin 6 x 6. The ne tt time the pond is 
full it will be emptied through these twin orifices. Pond elevations, and time intervals will be re
corded. Knowing the orifice coefficients we can then compute pond volumes a,t various elevations. 

Mr. Peterson, deserves a lot of credit for pushing this field ·modeltest. Also Mr. Smith and 
his cohorts at Camp Nelson, deserve a lot of credit for the excellent work they have done in installing 
the structure and preparing for the tests. We understand that Mr. Minshall has already used the 
results of this initial test to sell our Wisconsin Drop Inlets to the Washington Office for the new 
Service Handbook. 
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8 - I N C H  D I A M E T E R  C L O S E D  C O N D U I T

S P I L L W A Y  N E A R  E D W A R D S V I L L E ,  I L L I N O I S

The following information is taken from an unpublished report by Richard P. Weeber
entit led"nesuttsot-fieta Tests on Incline'd Pipes Used in Earth Dam Construction.rr The re-
port was written at Soil Conservation Service ProJect I l l inois-2, Edwardsvil le, I l l inois, and
ie dated March 30,  1940.

DESCRIPTION OF SPILLWAY

The ctosed conduit spil lway consists of a 3 ft by 3 ft concrete box iqlet about 1.6? ft
deep fromwhich an B-in.vit l i f led-claytite pipe 120ft long carries the flow to'anoutlet struc-
ture. The total fall in the structure is about 13.27 ft. The pipe slope is 0.10. A cross section
through the spiltway is shown in Fig. IX-28. Since this structure was located on the farm of
Henry Love, it wil l be diecuesed as the Love spil lway.

Fig. lX-28 - Love Closed Conduit Spi l lwoy.

APPARATUS AND PROCEDURE

Inpreparation for the tests, a metal l ic staff  gage was instal led about ?5 ft  from the in-

let and, quoting Mr. Weeber, tra careful survey of both ponds [Love and Young ponds] was made

to ascertain t [eir su!.fsce areas at norrnal pond levels as well  as at higher stages... ."

The pipe entrance was blocked by a manhole cover on Apri l  25, 1939,to permit natural

runoff to fiU the pond. The pond had filled sufficiently by August 14, 1939, to permit a test to

be made. The test was started byremoving the manhole cover from the inlet.  Readings of the

staff gage were taken at two-minute intervals, t imed by a stop watch.

The method of analysis of the data is described by Mr. Weeber as fol lows:

The basis on which data on the carrying capaeity of these pipes could be arr ived at from the
field tests, is the fact that by knowing the volume of.water carr ied through the pipes during a cer-
tain t ime and gageheight interval,  the discharge may be determined.

t- of pipe
E l . 1 o 5 . 2 7

8-INCH DIAMETER CLOSED CONDUIT 

SPILLWAY NEAR EDWARDSVILLE, ILLINOIS 
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The following information is taken from an unpublished report by Richard P. Weeber 
entitled "Results of Field Tests on Inclined Pipes Used in Earth Dam Construction." The re
port was written at Soil Conservation Service Project Illinois-2, Edwardsville, Illinois, and 
is dated March 30, 1940. 

DESCRIPTION OF SPILLWAY 

The closed conduit spillway consists of a 3 ft by 3 ft concrete box inJet about 1.67 ft 
deep from which an 8-in. vitrified clay tile pipe 120 ft long carries the flow to an outlet struc
ture. The total fall in the structure is about 13.27 ft. The pipe slope is 0.10. A cross section 
through the spillway is shown in Fig. IX-28. Since this structure was located on the farm of 
Henry Love, it will be discussed as the Love spillway. 

Fig. IX-28 - Love Closed Conduit Spi Ilway. 

APP ARATUS AND PROCEDURE 

t of pipe 

EI.93.33 

6'-0" ~ 

In preparation for the tests, a metallic staff gage was installed about 75 ft from the in
let and, quoting Mr. Weeber, "a careful survey of both ponds [Love and Young ponds] was made 
to ascertain their surface areas at normal pond levels as well as at higher stages .... " 

The pipe entrance was blocked by a manhole cover on April 25,1939, to permit natural 
runoff to fill the pond. The pond had filled .sufficiently by August 14,1939, to permit a test to 
be made. The test was started by removing the manhole cover from the inlet. Readings of the 
staff gage were taken at two-minute intervals, timed by a stop watch. 

The method of analysis of the data is described by Mr. Weeber as follows: 

The basis on whic h data on the carrying capacity of these pipes could be arrived at from the 
field tests, is the fact that by knowing the volume of water car ried through the pipes during a cer
tain time and gageheight interval, the disc harge may be determined. 
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'  The surface area of  the pond surface at  each gage height  had been determined by a careful
survey of  the shore I ine.  Fromthe staf fgage and t ime observat iong (or  the hydrographof the water-
stage recorder) ,  we know the t ime interval  ( in seconds) i t  took to lower the pond Eurface a certa in
gageheight  interval  ( infeet)  [s ic ] .  The mean surface area based on the upper and lower I imi t  qf  the
gageheight  interval  mul t ip l ied by the gage height  interval  g ives the volume in cubic feet .  Div id ing
this volume in cubic feet  by the t ime in seconds i t  took to lower the pond th is certa in gageheight
interval ,  we obtain the discharge in cubic feet  for  Is ic ]  second (cfs)  corresponding to th is gage height .

An example probably servea best  to i l lustrate the method of  analysls:  On the Love pond at
3:54 P.M. August  18,  the outs ide staf fgage reading gave a G.D.E. of  9,425,  which corresponds to a
pond surface area of  41750 sq f t  as obtained f rc im survey and prepared stage-area tabie or  curve.
A t  3 :56  P .M .  t he  G .D .E .  was  9 .410 ,  equa l  t o  41511  sq  f t .  Mean  su r f ace  a rea  i s  41633  sq  f t ;  w i t h  a
s tage  i n t e r va l  o f ( 9 .425  -  9 .410 )  =  0 .015  f t ,  Weob ta i nas  " vo lume  fo r  s t age  i n t e r va l " ( 41633  x  0 .015 )
= 624,5 cf t .  The elapsed t ime was 2 minutes or  120 seconds.  Hence: 624.5 + 120 = 5.20 cfs is  the
d i s c h a r g e  a t  G . D . E .  9 . 4 1 7 .

Computat ions,  in tabular  form were made of  the observed data of  each test  run and the re-
sui ts p lot ted on graph paper wi th the G,D.E. as ordinate and the discharge in cfs as abscissa.  Suf-
f rc ient  poi .nts were plot ted and a mean curve drawn through these point6,  resul t ing in the "stage

d i scha rge  cu rves  f r om f i e l d  t es t . . . .

A second test wa6 made on August 18, 1939, readinge being taken unti l darknesa made
it diff icult to read the staff gage.

At temptsweremade to locate the or ig inalsurvey and teEt  data inorder  to make dcorn-
plete reanalysis. AII efforts in this dir.ection were unsuccessful.

DESCRIPTION OF FLOW

The cover wasremoved fromthe pipe entrance of the Lovespil lway onAugust 14, 1939,
at 11:15 a.m. The head over the crest of the box inlet was 1.94 ft and the total depth above
the p ipe inver tat  the entrancewas about  3.60 f tor  5,4D. The pond hada sur face area of0.?83
acres at this elevation, The pipe began to run full almost instantaneouely. The pipe ran full
unti l the head on the inlet was 0.49 ft, when air poqkets were first observed and the pipe ran
0.8 to 1.0 full. The following times, heads and flow conditions u/ere reported by Mr. Weeber.

Time
August  14-  1939

I lead on crest
It

FIow condition

1 1 : 1 5  A . M .
1 : 3 5  P . M .
L : 4 2  P , M .
1 : 4 4  P . M .
1 : 5 5  P . M .
2 : 0 0  P . M .
2 t O 2  P . M ,
2 : 0 6  P . M .
2 : 1 1  P . M .
2 r  1 B  P . M .
2 : 2 7  P , M ,
2 1 3 8  P . M .
3 : 0 0  P , M .
4 : 0 0  P . M .
5 : 0 0  P . M .
6 :00  P .M.
7 ; 0 0  P . M .

1  .940
0 .490
0  . 4 1 0
0 . 3  9 0
0 . 2 9 5
0 . 2 6 0
0 . 2  5 0
0 . 2 3 0
0 . 2 0 5
0 . 1 8 0
0 . 1 5 8
o . L 4
0 .  1 0 0
0 .0  80
0 . 0 6 0
0 . 0 5 0
0 .045

Begin test. Pipe full
Pipe 0.8 to 1.0 full; air pockete.
Pipe 3/4 full.
Pipe 0.5 to 0.75, occasionally back to full again.
Pipe 0.5 fu l l .
Pipe t/4 to L/2 fuLt.
eiire t/+ rutt.
Pipe 1/4 full.
Pipe 1/4 fuil.
P ipe  0 .10 .
P ipe  0 .10 .
End of staff gage readings at two minute intervals.

A ra in f rom ?:35 p.m. on August  17,  1939,  to ?;30 a.m. on August  18,  1939,  ra ised the
pond J.evel  toa head over  the box in letof  3.34 f t .  The pond sur facearea was 1.289 acre6.  The
depth over the pipe entranceat the invert was about5.0 ft or ?.5D. TheBecond testwa6 begun
at 1:12 p.m. on August 18 and continued unti l 6 p.m. when darknesscalled a halt to the read-
ings. No observational data are given for this test.

The time-discharge curve for the test of August 14, 1939, as drawn by Mr. Weeber is
shown in Fig. IX-29. This curve exhibits some peculiarities that cannot be -xplained. Until
1:40 p.m. there is a steady decrease in discharge white the pipe flows full under decreasing
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The surface area of the pond surface at each gage height had been determined by a careful 
survey of the shore line. From the staffgage and time observations (or the hydrograph of the water
stage recorder), we know the time interval (in seconds) it took to lower the pond surface a certain 
gageheight interval (infeet) [sic). The mean surface area based on the upper and lower limit of the 
gageheight interval multiplied by the gage height interval gives the volume in cubic feet. Dividing 
this volume in cubic feet by the time in seconds it took to lower the pond this certain gageheight 
interval, we obtain the discharge in cubic feet for [sic) second (efs) corresponding to this gage height. 

An example probably serves best to illustrate the method of analysis: On the Love pond at 
3:54 P.M. August 18, the outside staffgage reading gave a G.D.E. of 9.425, which corresponds to a 
pond surface area of 41750 sq ft as obtained from survey and prepared stage-area table or curve. 
At 3: 56 P.M. the G.D.E. was 9.410, equal to 41511 sq ft. Mean surface area is 41633 sq ft; with a 
stage interval of{9.425 - 9.410) = 0.015 ft. Weobtainas "volume for stage interval" {41633 x 0.015) 
= 624.5 eft. The elapsed time was 2 minutes or 120 seconds. Hence: 624.5 + 120 = 5.20 efs is the 
discharge at G.D.E . 9.417. 

Computations, in tabular form were made of the observed data: of each test run and the re
sults plotted on graph paper with the G.D.E. as ordinate and the discharge in efs as abscissa. Suf
ficient points were plotted and a mean curve drawn through these points, resulting in the "stage 
discharge curves from field test. ... 

A second test was made on August 18, 1939,readfngs being taken until darkness made 
it difficult to read the staff gage. 

Attempts were made to locate the original survey and test data in order to make a com
plete reanalysis. All efforts in this direction were unsuccessful. 

DESCRIPTION OF FLOW 

The cover was r 'emoved from the pipe entrance of the Love spillway on August 14, 1939, 
at 11:15 a.m. The head over the crest of the box inlet was 1.94 ft and the total depth above 
the pipe invert at the entrance was about 3.60 ftor 5.4D. The pond had a surface area of 0.783 
acres at this elevation. The pipe began to run full almost instantaneously. The pipe ran full 
until the head on the inlet was 0.49 ft, when air pockets were first observed and the pipe ran 
0.8 to 1.0 full. The following times, heads and flow conditions were reported by Mr. Weeber. 

Time 
August 14, 1939 

11: 15 A.M. 
1:35 P.M. 
1:42 P.M. 
1:44 P.M. 
1:55 P.M. 
2:00 P.M. 
2:02 P.M. 
2:06 P.M. 
2:11 P.M. 
2:18 P.M. 
2:27 P.M. 
2:38 P.M. 
3:00 P.M. 
4:00 P.M. 
5:00 P.M. 
6:00 P.M. 
7:00 P.M. 

Head on crest 
ft 

1.940 
0.490 
0.410 
0.390 
0.295 
0.260 
0.250 
0.230 
0.205 
0.180 
0.158 
0.14 
0.100 
0.080 
0.060 
0.050 
0.045 

Flow condition 

Begin test. .Pipe full. 
Pipe 0.8 to 1.0 full; air pockets. 
Pipe 3/4 full. 
Pipe 0.5 to 0.75, occasionally backto full again. 
Pipe 0.5 full. 
Pipe 1/4 to 1/2 full. 
Pipe 1/4 full. 
Pipe 1/4 full. 
Pipe 1/ 4 full. 
Pipe 0.10. 
Pipe 0.10. 
End of staff gage readings at two minute intervals. 

A rain from 7:35 p.m. on August 17, 1939, to 7:30 a.m. on August 18, 1939, raised the 
pond level to a head over the box inlet of 3.34 ft. The pond surface area was 1.289 acres. The 
depth over the pipe entrance at the invert was about 5.0 ft or 7.5D. The second test was begun 
at 1:12 p.m. on August 18 and continued until 6 p.m. when darkness called a halt to the read
ings. No observational data are given for this test. 

The time-discharge curve for the test of August 14, 1939, as drawn by Mr. Weeber is 
shown in Fig. IX-29. This curve exhibits some peculiarities that cannot be explained. Until 
1:40 p.m. there is a steady decrease in discharge while the pipe flows full under decreasing 
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head as the pond level drops. This is to be
expected .  A lso  to  be  expec ted  is  the  t rans i -
t ion f rompipe  to  we i r  con t ro l  f rom about  1 :40
p.m.  to  about  2 :00  p .m.  The drop  in  leve l  a f te r
2 :00  p .m.  a t  a  decreas ing  ra te  i s  a lso  expec  -

ted  as  the  head over  the  c res t  decreases  under
weir control.  However, the sudden breaks at
3 :00  p .m.  and 3 :20  p .m.  a re  i l l og ica l  on  the
basis of the information avai lable.

DISCHARGE COEFFICIENTS

The head-discharge curve contained in
Weeber ts  repor t  i s  p resented  in  F ig .  IX-30 .
This curve was used in determining the dis-
charge coeff icients.

Welr Coefficient

When data extracted from the curve of
Fig. IX-30 is plotted on logarithmic paper, a
straight l ine is obtained for weir control but
the l ine has a slope (exponent of H in Eq.
I-1) of about 2.9. This is nearly the exponent
for a semi-cubic weir and almost twice the
exponent expected for a rectangular weir,
such as  ac tua l l y  ex is ts .  However ,  i t  w i l l  be
noted that the head-discharge curve shown
in  F ig . IX-30  shows a  head read ing  o f  0 .08  f t
when there is no f low. I f  H is plotted against

t / ?
Q-'" a straight l ine is obtained having the
equatlon

Q  *  2 . ? 6 L ( H  -  o . o z o f / 2 ( IX -5 )

indicating that the zero head reading is in
error by 0.0?0 ft .  I t  may have changed between
the t ime the staff gage was set and the t ime
the observations were made.
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head as the pond level drops. This is to be 
expected. Also to be expected is the transi
tion from pipe to weir control from about 1: 40 
p.m. to about 2:00 p.m. The drop in level after 
2:00 p.m. at a decreasing rate is also expec
ted as the head over the crest decreases under 
weir control. However, the sudden breaks at 
3:00 p.m. and 3:20 p.m. are illogical on the 
basis of the information available. 

DISCHARGE COEFFICIENTS 

The head-discharge curve contained in 
Weeber's report is presented in Fig. IX-30. 
This curve was used in determining the dis
charge coefficients. 

Weir Coefficient 

When data extracted from the curve of 
Fig. IX-30 is plotted on logarithmi.c paper, a 
straight line is obtained for weir control but 
the line has a slope (exponent of H in Eq. 
I-i) of about 2.9. This is nearly the exponent 
for a semi-cubic weir and almost twice the 
exponent expected for a rectangular weir, 
such as actually exists. However, it will be 
noted that the head-discharge curve shown 
in Fig. IX-30 shows a head reading of 0.08 ft 
when there is no flow. If H is plotted against 

Q2/ 3 a straight line is obtained having the 
equation 

Q = 2.76 L (H _ 0.070 )3 / 2 (IX-5) 
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indicating that the zero head reading is in 
error by 0.070 ft. It may have changed between 
the time the staff gage was set and the time 
the observations were made. 

Fig. IX-30 - Head-Discharge Curve for Love Closed 
Conduit Spillway . Tests of August 14& 18,1939. 
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The weir discharge
data, it is suggested that

coefficient is very low. Because of the low precision of the basic
this value be not used for design purposes.

Entrance Loss Coeff icient

Aithough the entrance loss coefficient was computed, the values obtained wil l not be
presented here. The value of K" requires an accurate evaluation of the friction loss. The

condition of the pipe is not known so it is not possibte to evaluate the friction loss and K"
with sufficient precision.to permit the recommendation of a design value of K".

The peculi.ar S-shape of the head-discharge curve (Fig. IX-30) at the highest heads
should be noted. Thetime-dischargecurve (Fig.IX-29)does not exhibit this peculiari ly. Data
for checking the head-discharge curve are not available and no reason is advanced forthe S-
shape.

PRESSURE COEFFICIENTS

No data are available for the computation of the pressure coefficients for this spil lway.

CONCLUSIONS AND RECOMMENDATIONS

The fact that a closed conduit spi l lway on a steep slope wil l  f low ful l  is confirmed by

these experiments. The least head over the invert of the pipe when the spi l lway began to f low

ful l  was 5.5D. This isclose to the minimum depth found in Part V* that wi l l  insure ful l  pipe

flow, so ful l  f low should be expected.

The we i r  coe f f i c ien t  C,  2 ,76 ,  fo r  use  in  Eq.  I -1  i s  low and probab ly  unre l iab le .  I t s

use is not recommended.

No rel iable values of the entrance loss coeff icients or pressure coeff icients could be

determined.

The discharge curves presented here exhibit  someunexplained pecul iari t ies. However,
the  sp i l lwayseemsto  haveper fo rmed we l l .  I f  th is  typeof  sp i l lway  is  used,  i t  i s recommended
that design values be taken from similar structures reported in Parts I \Fand V.*

It  is recommended thot spi l lwoys similor fo the Love spi l lwoy not be constructed because, although

thr! pipe did f i l l  at the high init ial  heads, previous tests indicate that the drop inlet should be
5D d6ep in order to insure ful l  f low at minimum heads over the spi l lway crest. The Love

drop in le t  was  on ly  2 .5D deeP.

1 4 - I N C H

S P I L L W A Y

D I A M E T E R  C L O S E D  C O N D U I T

N E A R  E D W A R D S V I L L E ,  I L L I N O I S

The information on this structure, located on the C.G. Young farm near Edwardsvi l le,
I l l inois, is taken from the report by Richard P. Weeber mentioned in the previous section.

DESCRIPTION OF SPILLWAY

The spi l lway consists of a concrete box inlet 4 f t  by 4 ft  in plan and about 1.71 ft  deep.

There is a headwail  about 6 in. high on the box. A 14-in. metal pipe (old boi ler tube) 103 ft  long
carries the f low fromthe box inlet to an outlet structurecontaining two cross si l ls. A photo-

graph taken in 1954 shows that the pipe entrance is square edged. The_t-otal-fal l  through the

Etructure, including the outlet,  is 2L.7 ft .  The slope of the barrel is 0.1??. The surface area

of the pond at the elevation of the inlet was 3.67 acres. A cross section along the centerl ine

o f  the  sp i l lway  is  shown in  F ig .  IX-31 .

+Fred W.  B la isde l l ,  H draul ics of Closed Conduit s--Parts  I I  thr VI i .  Re-
sults of Tests on Several
nlca

rms o l  t wa
Ilw

s Evoraul lc ratory
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The weir discharge coefficient is very low. Because of the low precision of the basic 
data, it is suggested that this value be not used for design purposes. 

Entrance Loss Coefficient 

Although the entrance loss coefficient was computed, the values obtained will not be 
presented here. The value of K requires an accurate evaluation of the friction loss. The e 
condition of the pipe is not known so it is not possible to evaluate the friction loss and K 
with sufficient prec ision to permit the recommendation of a design value of Ke' e 

The peculiar S-shape of the head-discharge curve (Fig. IX-3~) at the highest heads 
should be noted. The time-discharge curve (Fig. IX-29) does not exhibit this peculiarily. Data 
for checking the head-discharge curve are not available and no reason is advanced for the S
shape. 

P RESSURE COEFFICIENTS 

No data are available for the computation of the pressure coefficients for this spillway. 

CONCLUSIONS AND RECOMMENDATIONS 

The fact that a closed conduit spillway on a steep slope will flow full is confirmed by 
these experiments. The least head over the invert of the pipe when the spillway began to flow 
full was 5.5D. This is close to the minimum depth found in Part v* that will insure full pipe 
flow, so full flow should be e xpected. 

The weir coefficient C, 2. 76, for use in Eq. 1-1 is low and probably unreliable. Its 
use i s not recommended. 

No reliable values of the entrance loss coefficients or pressure coefficients could be 
determined. 

The discharge curves presented here e xhibit some unexplained peculiarities. However, 
the spillway seems to have performed well. If this type of spillway is used, it is recommended 
that design values be taken from similar structures reported in Parts IV" and V.* 

It is recommended that spillways similar to the Love spillway not be constructed because, a lthough 
fhe plpe did fill at the high initia l he ads, p r evious tests indic ate that the drop inlet should be 
5D deej.> in orde r t o insure full flow a t minimum heads over the spillway crest. The Love 
drop inlet was only 2. 5D de ep. 

14-INCH DIAMETER CLOSED CONDUIT 

SPILLWAY NEAR EDW A RDSVILLE, ILLINOIS 

The information on this structure, located on the C. G. Young farm near Edwardsville, 
Illinois, is taken from the report by Richard P. Weeber mentioned in the previous section. 

DESCRIPTION OF SPILLWAY 

The spill way consists of a concrete box inlet 4 ft by 4 ft in plan and about 1. 71 ft deep. 
There is a headwall about 6 in. high on the box. A 14-in. m etal pipe (old boiler tube) 103 ft long 
carries the flow from the box inlet to an outlet structure containing two cross sills. A photo
graph taken in 1954 shows that the pipe entrance is square edged. The total fall through the 
structure, including the outlet, is 21. 7 ft. The slope of the barrel is 0.177. The surface area 
of the pond at the elevation of the inlet was 3.67 acres. A cross section along the centerline 
of the spillway is shown in Fig. IX-31. 
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APPARATUS AND PROCEDURE

The methods employed to conduct the tests and make the analysis were similar to those
for the Love spil lway described previously and reference is made to the previous subseetion
forthedetails. In addition toastaff gage located about48 ft from the inlet, a Friez type FW-1
water level recorder was installed about 60 ft from the inlet. A time scale of 1 in. equals 50
min and a stage scale of 5 in. equals 1 ft was used. A sti l l ing well was installed for the re-
corder float and a graduated float tape with an index pointer was used to check the recorder
pen markings. A photostat ofthe recorder chart is appended to Weeberls report.

The pipe entrance was blocked by a manhole cover on May 5, 1939.

As for the Love spillway, all attempts to locate the original data ended in failure.

98.29

t':5r1tr;

80.o8

E r . 7 8 . 3
El' 78'6

Fig. lX-31 - Young Closed Conduit Spil lwoy.

DESCRIPTION OF FLOW

Inflow into the pond had built up a head over the box inlet crest of 2.32 tt byAugust 15,
1939.  The pond sur face area was 5.305 acres.

The cover was removed from the pipe entrance and the pond started to drain at 10:54
a.m. Mr. Weeber reports (Elevations reported by Mr. Weeber have been changed to head on
the crest of the inletJ:

At the beginning of  the test  run of  the Young pond, the pipe was f lowing about 0.8 fu1l .  How-

eve r ,  by  t f : 18 i . .M ,  
" i t  

s t a r t ed to  f l ow  f u1 l .  The  -hang ing_s lope  o f t he  hyd rog raph  as  t r aced  on the

cfrar l  Uy the recording pen c lear ly indicates th is increased pipe carry ing capaci ty.  The f i rs t  reduc-

t ion in i t te fut l  p ipe f l6w was obs6rved at  3:40 P.M. when occasional  a i r  pockets could be observed

at the out let  end of  the pipe.  The pond had lowered by th is t ime f rom [a head of  2.32 f t  to 0 '90 f t ] .

A t  3 :50  p ,M ,  t he  p i pe  was  0 .9  f u l l .  F rom 4 :08  P .M .  t o  4 :20  P ,M .  t he  p i pe  was  f l ow ing  o -ne -

hal f  fu l l ,  wi th rather i r iegular  f low, running at  t imes to as much as 0.8 fu l l .  At  4:30 P.M. the f low

was 0.4 fu i l .  The last  v is"ual  observat ion wis made at  8:11 P,M. The pipe was f lowing about 0.10

ful l  wi th a [headof 0.3 f t ] .  The at tached pr int  of the waterstage recorder chart  shows the complete

hydrograptr  wi th regard to gageheight  and t ime. The chart  was removed onAugust  17, ,  1939, at  watch

t ime  S - ' : 93  A .M .  Ou ts i de  s ta l f gage  read ing  10 .025 ;  cha r t [ ne  10 .032 ;  i ndex  po in t  10 ' 031 '

,d3i
ic-d'ltr-tl
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APP ARATUS AND PROCEDURE 

The methods employed to conduct the tests and make the analysis were similar to those 
for the Love spillway described previously and reference is made to the previous subsection 
for the details. In addition to a staff gage located about 48 ft from the inlet, a Friez type FW-1 
water level recorder was installed about 60 ft from the inlet. A time scale of 1 in. equals 50 
min and a stage scale of 5 in. equals 1 ft was used. A stilling well was installed for the re
corder float and a graduated float tape with an index pOinter was used to check the recorder 
pen markings. A photostat of the recorder chart is appended to Weeber's report. 

The pipe entrance was blocked by a manhole cover on May 5, 1939. 

As for the Love spillway, all attempts to locate the original data ended in failure. 

t.:S 
~~9i'\ 

EI.IOO.O 

EI. 78.6 

Fig. IX-31 - Young Closed Conduit Spillway. 

DESCRIPTION OF FLOW 

EI. 78.3 

Inflow into the pond had built up a head over the box inlet crest of 2.32 ft by August 15, 
1939. The pond surface area was 5.305 acres. 

The cover was removed from the pipe entrance and the pond started to drain at 10:54 
a.m. Mr. Weeber reports (Elevations reported by Mr. Weeber have been changed to head on 
the crest of the inle~: 

At the beginning of the test run of the Young pond, the pipe was flowing about 0.8 full. How
ever, by 11: 18 A .M. it started to flow full. The changing slope of the hydrograph as traced on the 
chart by the recording pen clearly indicates this increased pipe carrying capacity. The first reduc
tion in the full pipe flow was observed at 3 :40 P.M. when occasional air pockets could be observed 
at the outlet end of the pipe. The pond had lowered by this time from [a head of 2.32 ft to 0.90 ft]. 

At 3:50 P.M. the pipe WdS 0.9 full. From 4:08 P.M. to 4:20 P.M. the pipe was flowing one
half full, with rather irregular flow, running at times to as much as 0.8 full. At 4:30 P.M. the flow 
was 0.4 full. The last visual observation was made at 8: 11 P.M. The pipe was flowing about 0.10 
full with a [head of 0.3 ft]. The attached print of the waterstage recorder c hart shows the complete 
hydro graph with regard to gage height and time. The chart was removed on August 17, 1939, at watc h 
time 8: 33 A.M. Outside staffgage reading 10.025; chart line 10.032; index pOint 10.031. 
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At 11:18 a.m, when the pipe f i l led, the headon the creet was about 2.26 ft  and thedepth
over the pipe invert at the entrance was 3.9? ft  or 3.4D. This is signif icantly lese thanthe
minimumdepth found necessaryin Part V* to insure ful l  f low. Therefore,posit ive aeaurance
that the pipewould f low ful l  could not be expected. Thefact that the pipe f i l ledonlyafter run-
ning for 24 min is further evidence that drop inlets should have the minimum depth indicated
in Part V.

According to Mr. Weeberrs descript ions, i t  is possible that ori f ice control existed from
10:54 a .m.  un t i l  11 :18  a .m. ,  p ipe  cont ro l  f rom 11:18  a .m.  to  3 :40  p .m. ,  t rans i t ion  f rom p ipe
to weir from 3:40 p.m. to sometime preceding 4:20 p.m., and a definite weir control after
4 : 3 0  p . m .

A curve of t ime vs. discharge for the Young spi l lway is shown in Fig. IX-32. The very
errat ic nature of the curve for the f irst hour probably ref lects the dif f iculty of obtaining ac-
curate discharges from computations of pond volume increments and t ime increments. I t  is
also probable that the smooth curveis drawn through points whichexhibit  considerable scat-
ter. I t  is for this reason that attempts were made to secure the original data and recompute
them. The irregulari t ies in the curve at about ?:00 p.m. and midnight are probably not rep-
resentative of actual condit ions. Similar irregulari t ies are not apparent on the water level
recorder chart.  Al l  this indicates that the data as presented exhibit  a very low degree of pre-
cision.
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Fig. lX-32 - Time-Dischorge Curve for Young Clocd Condui? Splltwuy.

DISCHARGE COEFFICIENTS

The head-discharge curve piotted by Weeber is presented in Fig. IX-33. This is not a
complete curve, since the data for ori f ice control during the f irst 24 min are not presented.

I A M

*Fred  W.  B la isde l l ,
sults of Tests onSeveral

ldraulics of Closed Conduit Spil lways--Parts II through VII. Re-
@
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At 11: 18 a.m. when the pipe filled, the head on the crest was about 2.26 ft and the depth 
over the pipe invert at the entrance was 3.97 ft or 3.4D. This is significantly less than the 
minimum depth found necessary in Part V* to insure full flow. Therefore, positive assurance 
that the pipe would flow full could not be expected. The fact that the pipe filled only after run
ning for 24 min is further evidence that drop inlets should have the minimum depth indicated 
in Part V. 

According to Mr . Weeber's descriptions, it is possible that orifice control existed from 
10:54 a.m. until 11:18 a.m., pipe control from 11:18 a.m. to 3:40 p.m., transition from pipe 
to weir from 3:40 p.m. to sometime preceding 4: 20 p.m., and a definite weir control after 
4:30 p.m. 

A curve of time vs. discharge for the Young spillway is shown in Fig. IX-32. The very 
erratic nature of the curve for the first hour probably reflects the difficulty of obtaining ac
curate discharges from computations of pond volume increments and time increments. It is 
also probable that the smooth curve is drawn through points which exhibit considerable scat
ter. It is for this reason that attempts were made to secure the original data and recompute 
them. The irregularities in the curve at about 7: 00 p.m. and midnight are probably not rep
resentative of actual conditions. Similar irregularities are not apparent on the water level 
recorder chart. All this indicates that the data as presented exhibit a very low degree of pre
cision. 
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Fig. IX-32 - Time-Discharge Curve for Young Closed Conduit Spillway. 

DISCHARGE COEFFICIENTS 

The head-discharge curve plotted by Weeber is presented in Fig. IX-33. This is not a 
complete curve, since the data for orifice control during the first 24 min are not presented. 

*Fred W. Blaisdell, Hydraulics of Closed Conduit Spillways--Parts II through VII. Re
sults of Tests on Several Forms of the Spillway, St. Anthony Falls Hydraulic Laboratory Tech
meal Paper No. lS-B, March 1955. 
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This curve and the curve of Fie. IX-32 were used as sources
alvses.

of data for the subsequent an-

Weir Coeff icient

Weir f low existed during the period after perhaps 4:00 p.m. However,water must have
flowed over the low headwall  unti l  the head dropped to 0.5 ft  at about 6:00 p.m. Reference to
F ig .  IX-32  shows tha t  the  t ime-d ischarge curve  takes  a  pecu l ia r  shape a f te r  6 :00  p .m.  Be-
cause of this, the head-discharge data are assumed to be unrel iable and no attempt is made
to present weir coeff icients.

Or i f i ce  Coef f i c ien t

Or i f i ce  f low ex is ted  f rom 10:54  a .m.  to  11 :18  a .m.  The or i f i ce  head a t  the  beg inn ing  o f
the  per iod  was3.45  f t  and a t  the  end o f  the  per iod  was 3 .39  f t .  F rom F ig .  IX-32 i t  can  beseen
that the discharge during the period averaged about 9 cfs. Using these f igures, the value of
C^  in  Eq.  I -7  averages  4 .55  w i th  ex t reme va lues  o f  4 .0  and 4 .8 .  These va lues  o f  C^  are- o  o
adm j t ted ly  o f  low prec is ion .

Ent rance Loss  Coef f i c ien t

The entrance loss coeff lcient was not computed. The questionable head-discharge data
and the heavy dependence of K" on an accurate evaluation of the pipe fr ict ion factor made

computations of K inadvisable.' e

PRESSURE COEFFICIENTS

data are available for the computation of the pressure coefficients for this spil lway.

The use
drop inlet is

z.?

CONCLUSIONS AND RECOMMENDATIONS

of spil lwoys similor to the Young spil lwoy is not recommended. Th8 small depth of the
not suffjcient to assure full f low beyond reasonable doubt.

4 f o i l l 2 1 3 l 4 1 5 1 6
Q  - c f s -

Fig. lX-33 - Heod-Dischorge Curve for Young Closed Condult Spil lwoy.
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This curve and the curve of Fig . IX-32 we re used as source s of data for the subsequent an
alyses. 

Weir Coefficient 

Weir flow existed during the period after perhaps 4 :00 p.m. However, water must have 
flowed over the low headwall until the head dropped to 0.5 ft at about 6:00 p.m. Reference to 
Fig. IX-32 shows that the time-discharge curve takes a peculiar shape after 6:00 p.m. Be
cause of this, the h e ad-discharge data are assumed to be unreliable and no attempt is made 
to present weir coefficients. 

Orifice Coefficient 

Orifice flow existed from 10:54 a.m. to 11 : 18 a.m. The orifice head at ' the beginning of 
the pe riod was 3.45 ft and at the end of the period was 3.39 ft. From Fig. IX-3 2 it can be seen 
that the discharge during the period averaged about 9 c fs. Using these figures, the value of 
Co i n Eq. 1-7 averages 4.55 with extreme values of 4.0 and 4.8. These values of Co are 

admitte dly of low pre cision . 

Entrance Loss Coefficient 

The entrance loss coefficient was not computed. The questionable head-discharge data 
and the heavy dependence of K on an accurate evalua tion of the pipe friction factor made e 
computations of Ke inadvisable. 

PRESSURE COEFFICIENTS 

No data are a vailable for the computation of the pressure coefficients for this spillway. 

CONCL USIONS AND RECOMMENDATIONS 

The use of spillways similar to the Young spillway is not recommended. Th~ small depth of the 
drop inlet is not su{:(icient to assure full fiow beyond reasonable doubt. 
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Fig. IX-33 - Head-Discharge Curve for Young Clased Conduit Spillway. 
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L 2 - I N C H  C L O S E D  C O N D U i T  S P I L L W A Y

A T  T H E  S O I L  C O N S E R V A T I O N  E X P E R I M E N T

S T A T I O N ,  B E T H A N Y ,  M I S S O U R I

The informationpresented here onthe closed conduit spii lwayat the retentionreservoir
dam located on the Soil Conservation Experiment Station at Bethany, Missouri, was obtained
from D.D. Smith, formerly Projeet Supervisor, Agricultural Research Service. The experi-
ments were performed under the direction of A. W. Zingg, now Chief, Watershed Technology
Research Branch, Soil and Water Conservation Research Division, Agricultural Research
Service. Mr. Smith furnished the original pond survey notes used in determining the pond
area; the original water level recorder chart; Mr. Zinggts origi.nal plots of pond slage-area,
stage'volume, head-time, and discharge-time; the scale drawings prepared'by Mr, Zingg;
and photographs. Mr. Zinggte test was carried out in 1939.

Et. 87.950

In le t  Ds to i l s

Er. 76.580

Sectionol Elovotion on t

Fig. lX-34 - Bethony, Missouri ,  Clqed Conduit  Spi l lwoy.

DESCRIPTION OF SPILLWAY

The closed conduit spi l lway consists of a concrete elbow entrance with rounded erest
and headwall ,  about 85.5 ft-  of 12-in. diameter vitr i f ied clay t i le pipe, and a masonry outlet

Et. 90.270

Slope = O.127
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12-INCH CLOSED CONDUIT SPILLWAY 

AT THE SOIL CONSERVATION EXPERIMENT 

STATION, BETHANY, MISSOURI 

The information presented here on the closed conduit spill way at the retention reservoir 
dam located on the Soil Conservation Experiment Station at Bethany, Missouri, was obtained 
from D. D. Smith, formerly Project Supervisor, Agricultural Research Service. The experi
ments were performed under the direction of A. W. Zingg, now Chief, Watershed Technology 
Research Branch, Soil and Water Conservation Research Division, Agricultural Research 
Service. Mr. Smith furnished the original pond survey notes used in determining the pond 
area; the original water level recorder chart; Mr. Zingg's original plots of pond stage-area, 
stage-volume, head-time, and discharge-time; the scale drawings prepared by Mr. Zingg; 
and photographs. Mr. Zingg's test was carried out in 1939. 

EI. 90.270 

EI. 87.950 
EI. 87.540 

Inlet Details 

EI. 76.680 
Slope=O.l27 
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Fig. IX-34 - Bethany, Missouri, C l05ed Conduit Spi Ilway. 

DESCRIPTION OF SPILL WAY 

The closed conduit spillway consists of a concrete elbow entrance with rounded crest 
and headwall, about 85.5 ft of 12-in. diameter vitrified clay tile pipe, and a masonry outlet 
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structure. Itwas built in 1936.* An auxiliary spillway with a crest 4 ft above the closed con-
duit spillway crest wae provided for flowe which exeeeded the capacity of the closed conduit
epil lway. The pond area wa6 l.6acresat the emergencyspil lwaycrestelevationand 0.4 acres
at the inlet crest elevation.

A gection through the inlet ig shown in Fig. IX-34. It is noted that the vertical distance
from the inlet crest to the crown of the pipe scales 0.31 ft, while the measured distance, ob-
tained from the original srurvey notes, is 0.41 ft. The length of crest is computed from the
diameter scaled from Fig. IX-34. Its length is 4,24 ft, computedusing the formula of Fig. I-3d
but substituting for D" the D"" "" shown in Fig. I-3c. No allowance was made for the fact

that the headwall is set back about 4 in. from the crest. A picture of the inlet is shown inFig.
IX-35.

The slope of the conduit is 0.12? and the
total drop from the inlet crest to the center of
the pipe at the outlet is 11.77 ft. Asectionthrough
the spillway is shown in Fig. IX-34.

APPARATUS AND PROCEDURE

No description of the flow conditions dur-
ing the tests is available. Notes on the water
level recorder chart indicate that the test was
started at 9:38 a.m. and ended at 4:40 p.m. Ap-
parently the same methods were used as for the
Young spillway; that ie, the inlet was apparently
plugged and the plug removed suddenly to start
the test. The pond was full to the emergency
spil lway crest when the test was begun.

In preparation for the analysis, the pond
surveydata was plotted, 1-ft contoursfrom EIe-
vation 88 to Elevation 92 inclusive were drawn,
and the area of each contour was planimetered.
The pond elevation-area curve thus obtained
checked within 1.5 per cent of that computed by
Zingg.

In analyzing the data, the stage was read
from the water level recorder chart at 5-min
intervals, increments of time and stage between
readings were computed, and the rate of change
of pond" surface elevati.on determined. The mein Flg. lX-35.- Enfronce to.Bethony, Mllsouri,
heidon the inlet crest foreachintervalwas com- Clqed Condulf Spil lwoy.
puted and the pond area for this head was read
from the elevation-area curve previouslyplotted.
The pond area multiplied by the rate of change of pond surface elevation gives the rate of
diseharge through the spillway. The method of analysis is thus similar to that used for rnany
of the Stil lwater, Oklahoma, tests described by W. O. Ree II-42].

DESCRIPTION OF FLOW

No observations of f low conditions during the test are available. Reference to Fig. IX-
36 shows however that both pipe and weir f low controls wereobtained. Apparentlythechange
from pipe control to weir control was abrupt and definite.

DISCHARGE COEFFICIENTS

The head-discharge data are plotted in Fig. IX-36. It wil l be noted that the data points

*ttA 20-Year Appraisal of Engineering Practices in Soi l  and Water Conservation," by
Dwight D. Smith, Agricultural Engineering, September 1952, p. 553.
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structure. It was built in 1936 .... An auxiliary spillway with a c rest 4 ft above t he closed con
duit spillway crest was provided for flows which exceeded the capa c ity of t he closed conduit 
spillway. The pond area was 1.6 acres at the emergency spillway crest elevation and 0.4 acres 
at the inlet crest elevation. 

A section through the inlet is shown in Fig . IX-34. It is noted t hat the vertical distance 
from the inlet crest to the crown of the pipe scales 0.31 ft, while the measured distance,ob
tained from the original survey notes, is 0.41 ft. The length of crest is computed from the 
diameter scaled from Fig. IX-34. Its length is 4.24 ft, computed using the formula of Fig. I-3d 
but substituting for D the D as shown in Fig. 1-3c. No allowance was made for the fact r rc 
that the headwall is set back about 4 in. from the crest. A picture of the inlet is shown in Fig. 
IX-35. 

The slope of the conduit is 0.127 and the 
total drop from the inlet crest to the center of 
the pipe at the outlet is 11.77 ft. A section through 
the spillway is shown in Fig. IX-34. 

APPARATUS AND PROCEDURE 

No description of the flow conditions dur
ing the tests is available. Notes on the water 
level recorder chart indicate that the test was 
started at 9:38 a.m. and ended at 4:40 p.m. Ap
parently the same methods were used as for the 
Young spillway; that is, the inlet was apparently 
plugged and the plug removed suddenly to start 
the test. The pond was full to the emergency 
spillway crest when the test was begun. 

In preparation for the analysis, the pond 
survey data was plotted, 1-ft contours from Ele
vation 88 to Elevation 92 inclusive ·were drawn, 
and the are.a of each contour was planimetered. 
The pond elevation-area curve thus obtained 
checked within 1.5 per cent of that computed by 
Zingg. 

In analyzing the data, the stage was read 
from the water level recorder chart at 5-min 
intervals, increments of time and stage between 
readings were computed, and the rate of change 
of pond surface elevation determined. The mean 
head on the inlet crest for each interval was com
puted and the pond area for this head was read 
from the elevation-area curve previously plotted. 

Fig . IX-35 - Entrance to Bethany , Missouri, 
Closed Conduit Spil lway . 

The pond area multiplied by the rate of change of pond surface elevation gives the rate of 
discharge through the spillway. The method of analysis is thus s imilar to t hat used for many 
of the Stillwater, Oklahoma, tests described by W. O . Ree [1-42]. 

DESCRIPTION OF FLOW 

No observations of flow conditions during the test are available. Reference to Fig. IX-
36 shows however that both pipe and weir flow controls were obtained. Apparently the change 
from pipe control to weir control was abrupt and definite. 

DISCHARGE COEFFICIENTS 

The head-discharge data are plotted in Fig. IX-36. It will be noted t hat the data points 

*"A 20-Year Appraisal of Engineering Practices in Soil and Water Conservation," by 
Dwight D. Smith, Agricultural Engineering, September 1952, p. 553. 
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H
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fluctuate considerably but that the curves shown represent the average quite well and follow
the trend of the data.

Weir Coeff icient

Two curves of weir f low are shown in Fig. IX-36. The actual equations of these curves
werederived fromthe plot shown in Fig. IX-3?. It can be seen from Fig. IX-3? that the upper
curveapplies between heads of 0.9and 1.4 ft while the lower curve applies from heads of 0.0
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Fig. lX-36 - Hcod-Dicchorge Curve for Bcthony, Mlsrouri, Clqed Conduit Splllwoy.

ft to 0.? ft. The reason for the change can only be a matter of conjecture in the absence of
supporting data. Both curves seem well defined. It should be noted that neither eurve passes
thiough the origin, there being an indicated head of 0,10 ft at zero discharge. The equation
for the lower curve is

Q = 3 . 2 5 L ( H - 0 . 1 0 ) 3 / 2  f o r  0 < H < 0 " ?  ( I X - 6 a )

and for the upper curve is

e ,  =  2 .40L  (H  -  0 .10  )3 /2  f o r  0 .9  <  H  <  1 .4  ( IX -6b )
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fluctuate considerably but that the curves shown represent the average quite well and follow 
the trend of the data. 

Weir Coefficient 

Two curves of weir flow are shown in Fig. IX-36 . The actual equations of these curves 
were derived from the plot shown in Fig. IX-37 . It can be seen from Fig. IX-37 that the upper 
curve applies between heads of 0.9 and 1.4 ft while the lower curve applies from heads of 0.0 
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Fig. IX-36 - Head-Discharge Curve for Bethany, Missouri, Closed Conduit Sptllway. 

ft to 0.7 ft. The reason for the change can only be a matter of conjecture in the absence of 
supporting data. Both curves seem well defined. It should be noted that neither curve passes 
through the origin, there being an indicated head of 0.10 ft at zero discharge. The equation 
for the lower curve is 

Q = 3.25L(H - 0.10)3/2 for 0< H< 0 .7 (IX-6a) 

and for the upper curve is 

Q = 2.40 L (H - 0.10) 3 / 2 for 0.9<H<1.4 (IX-6b) 
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For  0 .?<H<0.9 ,  the  d ischarge shou ld  be  somewhere  be tween the  va lues  g iven by  Eqs .  IX-6a
and IX-6b .

Entrance Lo ss lQggllic:iegl

The pipe flow portionofthe head-discharge curve shown in Fig.IX-36 has the equation

Q = 5.o1AnfE=-ff i7 = 5.01o{q ( ix-?)

This is the correct theoretical form of the pipe f low equation; i t  indicates that the trend of
the data is theoretical ly correct.
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Fig . lX-37 - Weir Flow Heod-Dischorge Curve for Bethony, Missouri, C lsed Conduit 5pi l lwoy.

If Eq. IX-? is put into the form of Eq. I-5, it becomes

(rx-8)

Since Ko= 1.0,  Ke *  t+= 1.5?.  The value ot  L/D is  85.5.  A reasonablevalue of  Manningrs
n  m i g h t b e  0 . 0 0 8 ,  f r o m  K u = 0 . 5 4 .  I f  n = 0 . 0 0 9 ,  K " = 0 . 2 g ,  a n d i f  n = 0 . 0 1 0 ,  K " = 0 . 0 0 .
Therefore, it is apparent that the friction in the conduit must be known with good accuracy if
K" is to be reliably determined. The values of K" areglven hereonly to shdw theirpossible
range, and they are given without recommendation.

PRESSURE COEFFICIENT

No dataareavailable for the computationof the pressure coefficients for this spil lway.
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For 0.7<H<0.9, the discharge should be somewhere between the values given by Eqs. IX-6a 
and IX-6b. 

Entrance Loss Coefficient 

The pipe flow portion of the head-discharge curve shown in Fig. IX-36 has the equation 

Q = 5.01A..J H + 11.77 = 5.01A..J H
t 

(IX-7) 

This is the correct theoretical form of the pipe flow equation; it indicates that the trend of 
the data is theoretically correct. 
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Fig. IX-37 - Weir Flow Head-Discharge Curve for Bethany, Missouri, Closed Conduit Spillway. 

If Eq. IX-7 is put into the form of Eq. 1-5, it becomes 

F9gH
t 

Q =A --
2.57 

(IX-8) 

Since Ko = 1.0, Ke + f ~ = 1.57. The value of .lID is 85.5. A reasonable value of Manning's 

n might be 0.008, from Ke = 0.54. If n = 0.009, Ke = 0.29, and if n = 0.010, Ke = 0.00. 

Therefore, it is apparent that the friction in the conduit must be known with good accuracy if 
Ke is to be reliably determined. The values of Ke are given here only to show their possible 

range, and they are given without recommendation. 

PRESSURE COEFFICIENT 

No data are available for the computation of the pressure coefficients for this spillway. 
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CONCLUSIONS AND RECOMMENDATIONS

Insufficient information ig available to permit definite conclusione regarding the per-
formance of the Bethany closed conduit epillway. Based on such information aa ls avallable,
itappears that the spillway has a formthat permits only thedesirableweirand pipe flowcon-
trole to exiet in spite of the fact that the height of the entrance is only 1.4D. However, the
inlet is well shaped and this undoubtedly contributes to the apparently good performance.

No recommendorlon ls mode rcgordlng the wc of thlr form of rplllwoy, either for or against, eince
information on which a definite recommendati.on can be baeed is not available.
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CONCLUSIONS AND RECOMMENDATIONS 

Insufficient information is available to permit definite conclusions regarding the per
formance of the Bethany closed conduit spillway. Based on such information as is available, 
it appears that the spillway has a form that permits only the desirable weir and pipe flow con
trols to exist in spite of the fact that the height of the entrance is only 1.4D. However, the 
inlet is well shaped and this undoubtedly contributes to the apparently good performance. 

No recommendation Is made regarding the use of this form of spillway I either for or against, since 
information on which a definite recommendation can be bas-ed is not available. 
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