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PREFACE 

This Technical Release presents  t h e  hydraulic behavior of t h e  covered 
i n l e t  of two-way covered r i s e r s  as  v e r i f i e d  by both a i r  and water 
model t e s t s  conducted by Messrs. F. W. Bla isdel l ,  C .  A. Donnelly, and 
C.  G. Hebaus at  t h e  S t .  Anthony F a l l s  Hydraulic Laboratory, Minneapolis, 
Minnesota. These t e s t s  were advocated by and conducted i n  consul ta t ion  
with M r .  M. M. Culp, Chief, Design Branch, Engineering Division, who 
conceived t h e  covered i n l e t  o r ig ina l ly .  

Various c r i t e r i a  and proportions of t h e  two-way covered r i s e r  t o  be 
used f o r  Standard Covered Risers were se lec ted  at a meeting of t h e  
"Subcommittee on Standard S t ruc tu ra l  Deta i l s"  held i n  Spartanburg, 
South Carolina, during October 23 - 27, 1961. These proportions and 
c r i t e r i a ,  together  with other pe r t inen t  hydraulic and s t r u c t u r a l  stand- 
ards and c r i t e r i a ,  a r e  given i n  Engineering Standard Drawing ES-150, 
"Drop I n l e t  Spillways, Standard f o r  Covered Top Riser, " which was 
issued a s  one of t h e  attachments t o  Engineering Memorandum SCS-50 dated 
May 16, 1963. This Technical Release i s  primari ly concerned with t h e  
hydraulics of Standard Covered Risers. It a l s o  gives t h e  des i rab le  
loca t ion  and width of low s tage  i n l e t s  i n  two-way covered r i s e r s  a s  
shown by model s tud ies .  

Mr. Edwin S. All ing prepared t h i s  Technical Release under t h e  super- 
v i s ion  of Mr. Paul D. Doubt, Head, Design Unit, Design Branch, Engineer- 
ing Division at  Hyattsvil le ,  Maryland. 
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ab = a r ea  of t h e  conduit 

iii 

a. = a r ea  of opening of low s tage i n l e t  

ar = a r ea  of the  r i s e r  

Cb = discharge coef f i c ien t  f o r  pipe flow 

r& = d  ischarge coef f i c ien t  f o r  weir flow 

Co = discharge coeff ic ient  f o r  o r i f i c e  flow 

D = pipe conduit diameter 

fps  = f e e t  per second 

Hh = head over c r e s t  of t h e  covered i n l e t  of the  r i s e r  

Hl = head over c r e s t  of t h e  low s tage i n l e t  of t he  r i s e r  

H, = pressure flow head, i .e . ,  d i f ference i n  elevation between the  
water surface i n  t he  reservoir  and t he  point a t  which t he  
hydraulic grade l i n e  i n t e r s ec t s  t he  plane of the  conduit ou t l e t .  
This point i s  usually taken as 0.5D above the  inver t  of t he  con- 
du i t ,  or  a s  the  t a i lwa te r  surface, whichever i s  t he  higher eleva- 
t i on .  

ha = atmospheric pressure head 

hab = absolute pressure head 

hfc = head l o s s  between the  reservoir  water surface and t h e  mid-height 
of t h e  r i s e r  

h f t  = head l o s s  between t he  mid-height of t he  r i s e r  and t he  conduit 
ent  rance ( including conduit entrance ) 

I hpc = pressure head on t he  crown of t he  conduit at a sect ion -D down- 
stream from the  conduit entrance 2 

hvb = ve loc i ty  head i n  t he  conduit 

hvr = ve loc i ty  head i n  t he  r i s e r  

K, = c r e s t  head l o s s  coef f i c ien t  

K, = entrance head l o s s  coef f i c ien t  

Kp = f r i c t i o n  head l o s s  coef f i c ien t  f o r  c i r cu l a r  pipe flowing full .  
Its value may be obtained from ES-42. 

K t  = t r a n s i t i o n  head l o s s  coeff ic ient  

L = ins ide  length of r i s e r  

Lb = length  of t h e  conduit 

Lo = anti-vortex p l a t e  (cover s l ab )  overhang, measured from the  out- 
s i de  of t he  sidewall  

rJhc = v e r t i c a l  opening of t h e  covered i n l e t  of t he  r i s e r  

Nib = v e r t i c a l  d is tance  from t h e  pipe inver t  at t h e  r i s e r  t o  t h e  c r e s t  
of t h e  covered i n l e t  of t he  r i s e r  



NRu = ver t i ca l  opening of the low stage i n l e t  of the r i s e r  

Qhc = discharge t.hrough the covered i n l e t  of the r i s e r  

QRu = discharge through the low stage i n l e t  of the r i s e r  

vb = mean velocity of flow i n  the conduit 

vr = mean velocity of flow i n  the r i s e r  



TEHNICAL REZlEASE 

NUMBER 29 

HYDRCIULICS OF TWO-WAY COVERED RISERS 

The two-way covered r i s e r  i s  considered t o  be t h e  bes t  drop i n l e t  
s;illway r i s e r  f o r  use under a wide va r i e t y  of conditions. 

Data on Two-way Covered Risers 

Figure 1. Definit ion sketch f o r  two-way covered r i s e r s .  



The v e r t i c a l  distances and other dimensions required t o  define t he  
two-way covered r i s e r ,  w e  i l l u s t r a t e d  by Figure 1 i n  which: 

D = pipe conduit diameter and ins ide  width of r i s e r  

Hh = head over c r e s t  of t he  covered i n l e t  of t he  r i s e r  

L = ins ide  length  of r i s e r  

Lo = anti-vortex p l a t e  (cover s l a b )  overhang, measured 
from the  outside of t h e  sidewall  

Nhc = v e r t i c a l  opening of t he  covered i n l e t  of t he  r i s e r  

N.jh = v e r t i c a l  distance from the  pipe inver t  at t he  r i s e r  
t o  the  c r e s t  of t he  covered i n l e t  of t he  r i s e r  

Qhc = discharge through the  covered i n l e t  of t h e  r i s e r  

Limiting Values 
Numerous model t e s t s  have been conducted t o  es tab l i sh  l imi t ing  values 
and t o  determine t he  hydraulic behavior of two-way covered r i s e r s .  
The range of values t e s ted ,  o r  t he  l imi t ing  v d u e s  a r e  given below. 

Length of r i s e r ,  L: 

Height of r i s e r ,  Nib: 
N.jh 2 3 D  

Conduit slope: 

slope 5 40 percent 

Anti-vortex p l a t e  overhang, Lo : 
Vortices, assuming su i t ab le  v e r t i c a l  openings Nhc, w i l l  not form i f  Lo 

is made 2 Lo(min.). Vortex formation may occur if Lo is  made < Lo(min.). 

LID Lo(min. )/D 

1.5 1.0 

Ver t ica l  opening of i n l e t ,  Nh,: 
The v e r t i c a l  opening, Nhc, may range between two l imi t ing  values, 

Nhc (max . ) and Nhc (min . ) : 
Nhc(max. ) i s  equal t o  t he  head at  the  in te r sec t ion  of t he  weir 
flow curve (extended) and t he  pipe flow curve as shown on Figure 2. 
If Nhc i s  made greater  than t h i s  maximum value, vortex formation 
may not be prevented. 

Qhc 
D5 /2 

- 5.1 when Nhc(min.) is  equal t o  t h e  weir flow head a t  which - - 

 h his c r i t e r i on  i s  not va l i d  f o r  values LID < 2, f o r  example, if 
Qhc LID = 1.5 t h e  value of Nhc(rnin. ) i s  t he  head at which - D5 l2 

= 6.7 t o  7.4.) 



I f  Nh, is  made l e s s  than t h i s  minimum value, t h e  conduit may not 
flow full. 

Read-discharge Relations 
The head-discharge r e l a t i on  may consis t  of port ions of four curves as 
described below and as shown i n  Figure 2. The port ions are :  

(a)  Weir flow f o r  t he  range of heads from the  c r e s t  of the  
covered i n l e t  t o  the  bottom of t h e  anti-vortex p l a t e .  

&hc = ( & ( ~ L ) H ~ ~ / ~  = 3.1 ( ~ L ) H ~ ~ / ~  

( b )  A hor izonta l  l i ne ,  a constant-head curve, at a head equal t o  t h e  
v e r t i c a l  opening of the  covered i n l e t ,  ( N ~ , ) ,  f o r  t h e  range of 
discharges from the  weir flow curve t o  t he  curve ( c )  next defined 
o r  t o  ( d )  t he  pipe flow curve, whichever i s  f i r s t  in te r sec ted  by 
curve ( b ) .  

( c )  A s t r a i gh t  l i n e  f o r  t he  range of discharges from t h e  hor izonta l  
l i n e  a t  t h e  head equal t o  Nhc t o  an in te r sec t ion  with ( d )  t he  
pipe flow curve. The equation of t h i s  l i n e  is :  

where 
Lo (0 .1  - 0.05 F) i s  taken equal t o  zero 

- 
La when - 2 2, and D 

0.2 Lo - 0.1 g o  ) i s  taken equal t o  zero 

Thus the  term, 

0.2 Lo (rn - 0.1 logl0 -jj-), i s  never taken l e s s  than zero. 

(d l  Pipe flow for  heads and discharges l a rge r  than those defined in  
( b )  and ( c )  above. 

where 

Cb = a coeff ic ient  which depends on t he  charac te r i s t i c s  of 
t he  r i s e r  and conduit 

ab = area  of t he  conduit 

H, = pressure flow head, i . e . ,  d i f ference i n  elevation 
between the  water surface i n  t h e  reservoir  and the  
point at which t he  hydraulic grade l i n e  i n t e r s ec t s  
t he  plane of t h e  conduit ou t l e t .  This point  i s  usually 
taken as 0.5D above t h e  inver t  of t h e  conduit, or  as 
the  t a i lwa te r  surface, whichever is  t h e  higher elevation.  



Figure 2. Head-discharge r e l a t i on  f o r  two-way covered r i s e r s .  

Note t h a t  t he  ac tua l  head-discharge re la t ion ,  f o r  spec i f i c  r i s e r  propor- 
t ions ,  may take one of several  forms. 

&ample (1) :  If L,/D 2 2, then curve ( c )  is  horizontal  and hence i s  not 
a p a r t  of t h e  head-discharge re la t ion .  

Example (2): If H, i s  su f f ic ien t ly  small, then t he  pipe flow curve ( d )  
may in te r sec t  curve (b )  t o  t he  l e f t  of curve ( c )  since curves ( a ) ,  ( b ) ,  
and ( c )  are independent of %. 

Example (3 ) : If NhC i s  made equal t o  i t s  m a x i m u m  value, then curves 
(b )  and ( c )  a r e  not a p a r t  of t h e  head-dischasge re la t ion .  



The Standard Covered Riser 

Refer t o  Engineering Standard Drawing EX-150, "Drop In l e t  Spillways, 
Standard f o r  Covered Top Riser", and t o  Technical Release No. 30 
"Structural  Design of Standard Covered Risers " . Q d r a u l i c  aspects  
and s t r u c t u r a l  aspects  of two-ww covered r i s e r s  were considered 
during t he  se lec t ion  of t he  c r i t e r i a  and proportions es tabl ishing the  
Standard Covered Riser. 

Proportions Selected 
Length of r i s e r ,  L: 

Plate (cover slab) overhang, Lo: 
Selected t o  provide adequate t r a s h  rack net  area .  

Vertical opening of i n l e t ,  Nhc: 
Evaluating Nhc (max. ) 

The maximum allowable mean ve loc i ty  i n  the  pipe conduit of 
s tandwd r i s e r s  i s  s e t  a t  vb(-.) = 30 fps ,  thus 

and, equating t h i s  t o  weir flow 

thus 

Hh = NhC(-.) = 1 . 1 7 ~ ~ / ~  

which gives 

Nhc (max . ) 
= C 0.93 f o r  D = 2.0 f t  

D 0.74 f o r  D = 4.0 ft 

and, equating t h i s  t o  weir  flow 

5 . 1 ~ ~ 1 ~  = 3.1(6~) H ~ ~ / ~  



thus 

Hh = Nhc (rnin. ) = 0 . 4 2 ~  

Nhc selected 

Head-discharge Relations 

Lo The term (0.1 - 0.05 5-), i n  the  equation of curve ( c ) ,  equals zero 

Lo s ince  - = 2. Therefore curve ( c )  i s  horizontal  and the  head-discharge D 
r e l a t i on  f o r  Standard Covered Risers consis ts  of port ions of only three  
curves : 

(a)  weir flow curve 
(b )  constant-head curve 
( d )  pipe flow curve 

as shown i n  Figure 3. The constant-head curve and t h e  weir curve in te r sec t  

and 

Q = 3 . 1 ( 6 ~ )  Hh3I2 = 3 . 1 ( 6 ~ ) ( 0 . 5 0 ~ ) ~ / ~  = 1 . 0 9 6 ( 6 ) ~ ~ / ~  

The locat ion of the  in te r sec t ion  of t he  constant-head curve and the  pipe 
flow curve depends on t he  pa r t i cu l a r  r i s e r  and conduit. 

Pipe F ~ O W  I 

Weir Flow 

Constant -head Curve 

Figure 3. Head-discharge r e l a t i on  f o r  Standard Covered Risers. 



Thus as t h e  reservoir  water surface r i s e s  above t he  c r e s t  of the  
covered i n l e t  of t he  Standard Covered Riser,  the  i n l e t  functions 
as a  weir f o r  t he  range of heads from zero t o  0.50D above t he  c r e s t .  
The r i s e r  primes when the  head over t he  c r e s t  of t he  covered i n l e t  
becomes equal t o  0.50D and flow changes from weir control  t o  pipe 
control .  

Riser Head Losses 
Head l o s s  coef f i c ien t s  f o r  pipe flow conditions a r e  defined a s  follows: 

hfc 
K, = - = c r e s t  head l o s s  coef f i c ien t  

hvr 

h f t  K t  = - = t r an s i t i on  head l o s s  coeff ic ient  
hvb 

hfc + h f t  
Ke = h,b 

= entrance head l o s s  coef f i c ien t  

where : 

hfc = head l o s s  between t h e  reservoir  water surface and t he  
mid-height of t h e  r i s e r  

h f t  = head l o s s  between t he  mid-height of the  r i s e r  and the  
conduit entrance ( including conduit entrance).  

hvb = t h e  veloci ty  head i n  t he  conduit 

From 

hvr = t h e  ve loc i ty  head i n  the  r i s e r  

t e s t s ,  f o r  t he  Standard Covered Riser: 

K, = 2.0 

Kt = 0.55 

Since 
2 f l ~ ~  

+/ab = 3D = 3.82 

then 

For design, it has been recommended t h a t  K, = 1.0 be used. 



Pipe Flow, Energy and Wdraul ic  Grade Lines 
The pipe flow equation f o r  Standard Covered Risers may be derived from 
t h e  r e l a t i ons  shown i n  Figure 4. Thus, f o r  f u l l  pipe flow: 

and 

where 

K - f r i c t i o n  head l o s s  coeff ic ient  f o r  c i r cu l a r  pipe flowing f u l l .  
- I t s  value may  be obtained from ES-42. 

Lb = length of the  conduit 

Reservoir water surf  ace 

. . . . a * . *  

. . , . . . A , .  . . . . , . . - 
a * . . . . . .  . , . . . . . . . . . . # .  . . . , . l .  . .  . 

( I . .  . . I .  .. , . .  S . . . '  . . . . . . . ' 
I . .  . . . . . 

at t h e  crown of t he  conduit = 

head on crown of conduit) 

Figure 4. Pressure flow re la t ions  i n  Standard Covered Risers. 



Contractions i n  the  conduit near t he  entrance cause l o c a l  deviat ions 
of t he  hydraulic grade l i n e  from i t s  normally computed posi t ion.  Tests 
show t h a t  t he  m a x i m m  deviat ion occurs a t  t he  crown of t h e  conduit at a 
dis tance  of about D/2 downstream from the  conduit entrance. As indi -  
cated by Figure 4, negative pressures (below atmospheric) a r e  poss ible  
i n  t h i s  region. From the  f igure ,  t he  pressure head on the  crown of t h e  
conduit (hpc) a t  a dis tance  of D/2 from the  r i s e r  m y  be wr i t t en  as :  

hpc = ( H ~  + Nib) - (1 + Ke + 1.2)  - yb2 - D 
2g 

or,  with Ke = 1.0  

Upon subs t i tu t ion  of values, a pos i t ive  r e s u l t  means the  absolute 
pressure i s  g rea te r  than atmospheric, a negative r e s u l t  means t he  
absolute pressure i s  l e s s  than atmospheric. 

To avoid cavi ta t ion,  t h e  absolute pressure must be g rea te r  than t he  
vapor pressure corresponding t o  t he  temperature of the  water. The 
absolute pressure head at  t h e  crown of t he  conduit at D/2 downstream 
from t h e  conduit entrance i s  given a lgebra ica l ly  by: 

where ha is  t he  atmospheric pressure head. 

Low Stage In l e t s  - 

It w a s  o r i g ina l l y  believed t h a t  low s tage i n l e t s  should be located i n  
t he  r i s e r  endwalls and t he  width should equal t he  c l e a r  width of t h e  
endwall. Subsequently, model t e s t s  showed such i n l e t s  had a detr imental  
e f f ec t  on t he  hydraulic behavior of two-way covered r i s e r s .  

Tests with openings i n  t he  sidewalls  and t e s t s  with openings i n  the  end- 
walls  showed low s tage i n l e t s  should be located i n  the  endwalle and t he  
width should equal ( 3 1 4 ) ~  and be centered i n  the  w a l l .  

As  t h e  rese rvo i r  water surface r i s e s  above t h e  e levat ion of t h e  c r e s t  
of t h e  low s tage i n l e t ,  t h e  i n l e t  f i r s t  functions as a weir, then with 
increasing water l eve l ,  t h e  i n l e t  functions a s  an o r i f i c e .  Weir flow 
i s  given by: 

3 Qlu = J.l(-@l) H ~ ~ / ~  

where 

HP = head over c r e s t  of t he  low s tage i n l e t  of t he  r i s e r .  

QPU = discharge through the  low s tage i n l e t  of t h e  r i s e r  

Or i f i ce  flow i s  given by: 

where 

N r u  = v e r t i c a l  opening of t he  l ~ w  s tage  i n l e t  of t he  r i s e r .  




