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PREFACE 

Th is  Technical Release presents the  s t r u c t u r a l  l a y o u t  p ropo r t i on ing  f o r  

t he  two-way b a f f l e  i n l e t  on a covered r i s e r .  The hyd rau l i c  p e r f o m -  

ance, based on model s tud ies  t h a t  were used as a bas i s  f o r  t he  propor- 

t i on ing ,  are repor ted by Wendel 1 R. Gwinn i n  the  Transact ions o f  the  

American Society  o f  A g r i c u l t u r a l  Engineering, Volume 19, No. 1, pages 

97-104 and 107, 1976. 

The idea o f  the  b a f f l e  i n l e t  was conceived by M. M. Culp, former head 

design engineer, S o i l  Conservation Service, Washington, D.C. The 

b a f f l e  i n l e t  was developed t o  overcane the  l i m i t a t i o n  o f  t he  standard 

two-way covered r i s e r  described i n  Technical Release No. 29 t h a t  does 

n o t  permi t  encroachment o f  the  ground surface, embankment o r  sediment 

pool,  i n t o  the  area o f  the  trashrack below the  w e i r  c r e s t  e leva t ion .  

Numerous v a r i a t i o n s  o f  the  o r i g i n a l  concept have been tes ted  a t  t he  

SEA-AR Hydrau l ic  Laboratory a t  S t i l  lwa ter ,  Oklahoma. Resul ts  o f  the 

i n i t i a l  model t e s t i n g  are  contained i n  t he  1970 Annual Report f o r  t he  

Water Conservat ion St ruc tures  Laboratory, S t i l l w a t e r ,  Oklahoma, au- 

thored by W. R. Gwinn, G. G. Hebaus, and W.  0. Ree. 

The i n l e t  o f  drop i n l e t  sp i l lways  f o r  r e s e r v o i r  o u t l e t s  can be designed 

w i t h  a h igh  degree o f  conf idence t h a t  performance w i l l  be s a t i s f a c t o r y .  

Th is  i s  a r e s u l t  o f  experience gained through exhaust ive model s tud ies  

and f i e 1  d performance by us ing  procedures contained i n  t h i s  Technical 

Release and i n  Technical Release No. 29. 

This  Technical Release was prepared by Robert A. Fronk, Head o f  the  

Engineering S t a f f ,  South Nat ional  Technical Center, F o r t  Worth, Texas. 

The appendix was developed by Qu in ton  K. M i l h o l l i n ,  design engineer, a t  

t he  same l o c a t i o n .  
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NOMENCLATURE 

n e t  area ( p r o j e c t i o n  on a  ho r i zon ta l  plane) through both 

s ides o f  i n l e t ,  i n  square f e e t .  

number o f  b a f f l e s  on one s ide  o f  i n l e t .  

1.5 we i r  discharge c o e f f i c i e n t  where Q = C Lw H . 
i n s i d e  w id th  o f  r i s e r  (equal t o  the  condu i t  diameter f o r  
p ipe o r  w id th  f o r  a  rec tanyu la r  box), i n  f e e t .  

depth o f  ba f f l es ,  i n  inches. 

v e r t i c a l  over lap between ba f f l es ,  i n  inches. 

staye of water surface over w e i r  c res t ,  i n  f ee t .  

entrance l o s s  c o e f f i c i e n t .  

i n s i d e  l eng th  o f  the b a f f l e  i n l e t  i n  t he  upstream-downstream 
d i r e c t i o n ,  i n  f e e t .  

l eng th  o f  cover s lab  overhang, measured frail ou ts ide  o f  r i s e r  
t o  ou ts ide  edge o f  cover slab, i n  f ee t .  

w e i r  l eng th  o f  one s ide  o f  the  r i s e r ,  i n  f ee t .  

number o f  i n t e r i o r  wal ls .  

d is tance between the  w e i r  c r e s t  and the  underside o f  the  cover 
slab, i n  f e e t .  

discharye, i n  cubic f e e t  per  second. 

pr iming discharge, i n  cubic f e e t  per  second. 

discharge when water sur face i s  5 ft. above the  top o f  the  
cover slab, i n  cubic f e e t  pe r  second. 

c l e a r  ho r i zon ta l  d is tance between ba f f l es ,  i n  inches. 

w id th  o f  the  i n t e r i o r  wal ls ,  i n  inches. 

c l e a r  v e r t i c a l  d is tance between cover s lab  and f i r s t  b a f f l e ,  i n  
i nches. 

averaye v e l o c i t y ,  i n  f e e t  per  second. 

w id th  o f  b a f f l e ,  i n  inches. 



INTRODUCTION 

This techn ica l  re lease presents c r i t e r i a  f o r  t h e  design o f  b a f f l e  

i n l e t s  and discusses t h e i r  use. 

The basic  purpose o f  any sp i l lway  i n l e t  and i t s  associated trashrack i s  

t o  i n t e r c e p t  deb r i s  t h a t  could p lug  t h e  s p i l l w a y  a f t e r  passing through 

the  i n l e t .  I d e a l l y ,  t he  trashrack should pass a1 1 deb r i s  small enough 

t o  pass through a1 1 o the r  elements o f  the sp i  1 lway and i n t e r c e p t  

anything t h a t  cou ld  becane lodged. Also, i d e a l l y ,  i t  should f u n c t i o n  

w i t h  a minimum e f f e c t  on the discharge capac i ty  o f  the sp i l lway .  

Ea r l y  experiments on t rashracks f o r  drop i n l e t  sp i l lways  f o r  r e s e r v o i r  

o u t l e t s  demonstrated tha t ,  i n  the  w e i r  f l ow  range, open i n l e t s  resu l ted  

i n  a drawdown o f  the sur face o f  the  approaching f low, a t t r a c t i n g  f l o a t -  

@ i n g  debr is .  F l o a t i n g  deb r i s  has c o n s i s t e n t l y  been the  major cause f o r  

p lugging o f  drop i n l e t  sp i l lways.  When a s o l i d  w a l l  o r  s k i r t ,  extend- 

i n g  above and below the  w e i r  c r e s t  l e v e l  (F ig.  l ) ,  was placed around 

the  i n l e t  a t  a reasonable d is tance f r a n  the  w e i r  crest ,  sur face f l ow  

and drawdown outs ide  the  s k i r t  was e l iminated,  and t r a s h  accumulation 

on the  rack was reduced. The sk i  rt, therefore,  i s  a des i rab le  fea tu re  

f o r  a t rashrack.  Based on t h i s  t h ink ing ,  t he  S o i l  Conservation Serv ice 

(SCS) standard covered top i n l e t  1/ has evolved i n  which f l ow  i n t o  the  

s p i l  lway must e n t e r  through t h i s  trashrack below t h e  sk i  rt. 

Nonf loa t ing  debr is ,  such as sediment and s i m i l a r  stream bedload ma- 

t e r i a l ,  must a l so  be considered because i t  can p lug  the  i n l e t  and 

11 The standard covered top i n l e t  i s  described i n  Technical Release - 
No. 29, Hydraul ics o f  Two-way Covered Risers. 



s p i l l w a y  by encroachment upon t h e  f l o w  area below t h e  c r e s t  o f  t he  

i n l e t .  Therefore, i n  a  r e s e r v o i r  t h a t  i s  expected t o  f i l l  t o  t h e  

s p i l l w a y  w e i r  c r e s t  w i t h  sediment, t he  space between t h e  i n l e t  endwal ls 

below t h e  w e i r  c r e s t  can become f i l l e d  w i t h  t r a s h  and sediment. The 

b a f f l e  i n l e t  was developed t o  accommodate t h i s  s i t u a t i o n  by p e r m i t t i n g  

f l o w  t o  e n t e r  t he  s p i l l w a y  above t h e  l e v e l  of t he  w e i r  c r e s t  and s t i l l  

r e t a i n  t h e  advantages o f  t h e  s k i r t .  I n  t h i s  i n l e t ,  t h e  t rashrack . 
members themselves are  segments o f  a  s k i r t  ( f i g .  Z), arranged i n  s t a i r -  

s tep  fashion, which can exclude f l o a t i n g  t rash .  Model and pro to type 

t e s t s  and f i e l d  observat ions o f  actual  i n s t a l l a t i o n s  o f  b a f f l e  i n l e t s  

have demonstrated t h a t  they f u n c t i o n  we l l .  

s t a g n a t i o n  p o i n t  \ 
s k i r t  

( a )  (b)  

Figure  1--Water sur face  f o r  f l o w  w i t h o u t  ( a )  and w i t h  (b )  a  so l  i d  s k i r t  



inter ior i n l e t  weir 

cover s l a b  

F i g u r e  2 - - I somet r i c  v iew from t o p  o f  a b a f f l e  i n l e t  



APPLICATION 

The b a f f l e  i n l e t  was developed t o  overcane the  sediment-related l i m i t a -  

t i o n s  o f  the  standard covered r i s e r .  Th is  i n l e t  i s  usable on r i s e r s  

where the  maximum sediment o r  b a c k f i l l  e l e v a t i o n  i s  a n t i c i p a t e d  t o  be 

a t  o r  near the  w e i r  c res t ,  o r  where the  r i s e r  i s  t o  be l oca ted  i n  an 

embankment w i t h  i t s .  w e i r  c r e s t  e l e v a t i o n  a t  o r  near the  embankment berm 
e levat ion .  Reservoi r  model s tud ies  i n d i c a t e  t h a t  a scour ho le  develops 

around the  b a f f l e  i n l e t  i f  i t  i s  b a c k f i l l e d  t o  the  w e i r  c res t .  The 

i n l e t ' s  performance i s  b e t t e r  i f  b a c k f i l l  ad jacent  t o  the  i n l e t  i s  kept  

t o  a t  l e a s t  one-half  o f  the  r i s e r  width, D, below the  w e i r  c r e s t  ( f i g .  

3 ) .  The b a f f l e  i n l e t  i s  e a s i l y  adapted t o  box-type low-stage i n l e t s .  

F igure 3--Longi t u d i n a l  sec t i on  a1 ong an embankment berm conta in ing  

a b a f f l e  i n l e t  r i s e r  



w e i r  crest 

Figure  4--Half  sec t i on  o f  a standard b a f f l e  i n l e t  

DESIGN 

The design o f  t he  standard b a f f l e  i n l e t  i s  d i c t a t e d  by the  f o l l o w i n g  

c r i t e r i a  (See f i g .  4 f o r  dimensions): 

1. The average v e l o c i t y  ( V )  through t h e  n e t  t rashrack area i s  no t  t o  

exceed 2.5 f t / s  when the  water sur face  i n  t he  r e s e r v o i r  i s  5 f t  

above the  top  o f  t he  cover  slab. 

2. The c l e a r  ho r i zon ta l  d is tance between b a f f l e s  ( s )  i s  t o  be no more 

than one-half  and no l e s s  than one- th i rd  t h e  r i s e r  w id th  (D).  

* 

3 .  The b a f f l e  i n l e t  i s  t o  be symmetrical about t h e  l o n g i t u d i n a l  

center1 i n e  o f  t he  r i s e r .  
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4. The i n s i d e  l eng th  o f  the  b a f f l e  i n l e t  ( L )  i n  t he  upstream-down- 

stream d i r e c t i o n  i s  t o  be equal t o  o r  g rea te r  than 3D. 

5, The v e r t i c a l  over lap ( f )  between b a f f l e s  i s  t o  be equal t o  o r  

g rea te r  than 3 i n .  

6. The clearance (u)  between the  cover s lab  and the  f i r s t  b a f f l e  i s  t o  

be no l e s s  than 2  i n  and no more than 3 i n .  

7. The w e i r  discharge c o e f f i c i e n t  ( C )  i s  3 . l l f o r  c l e a r  water (no 
__r- -' 

t rash )  - andt2.0kfor t rash- laden f low.  
r --- 

7 

8. The entrance l o s s  c o e f f i c i e n t  (Ke) based on the  v e l o c i t y  head i n  

t h e  condu i t  f o r  f u l l - c o n d u i t  f l ow  i s  0.70 f o r  c l e a r  water and 0.75 

f o r  f l ow  w i t h  t rash.  These losses are  app l icab le  t o  a  p ipe condu i t  

r i s e r  i n l e t  w i t h  a  hal f - round b o t t m  o f  w id th  D and l eng th  3D o r  

greater ,  o r  a  rec tangu lar  box condu i t  r i s e r  i n l e t  o f  w id th  D and 

l eng th  equal . t o  o r  g rea te r  than 3 t imes the  box condu i t  height .  

9. The d is tance (N) between the  we i r  c r e s t  and the  underside o f  the  

cover s lab  i s  t o  be equal t o  o r  g rea te r  than the  head over the  w e i r  

c r e s t  when the  condu i t  primes f u l l  f l o w  f o r  " w i t h  t rash"  condi- 

t i ons ;  i .e. ,  Ke = 0.75 and C = 2.0. 

10. An i n t e r i o r  t ransverse wa l l  may be used t o  1  i m i  t the  s i ze  o f  r i g i d  

t r a s h  t h a t  can en te r  the  sp i l lway .  I n l e t s  on r i s e r s  w i t h  a  D o f  36 

i n  and g rea te r  i nc lude  an i n t e r i o r  t ransverse w a l l .  

11. B a f f l e  i n l e t s  on r i s e r s  i n s t a l l e d  i n  t he  embankment should be 

1  ocated w i t h i n  a  depressed sec t i on  o f  t he  berm ( f i g .  3 ) .  The 

depression should be D/2 below the w e i r  c r e s t  and extend l e v e l  f o r  

a  d is tance 2L0 out  from the  r i s e r .  The depression should be l i n e d  

w i t h  rock r i p rap ,  having a  mean diameter (DS0) n o t  l e s s  than 6 i n .  



The fo l l ow ing  a re  equations der ived from t h e  design c r i t e r i a  f o r  the  

cunponent p a r t s  o f  the  b a f f l e  i n l e t .  

1. Determine the  w e i r  l eng th  (Lw), f o r  one s ide  o f  t he  r i s e r ,  i n  feet ,  

Eq. 1 

where L  = i n s i d e  l e n g t h  o f  r i s e r ,  i n  feet ,  

rn = number o f  i n t e r i o r  wal l s ,  and 

t = w id th  o f  i n t e r i o r  wal l s ,  i n  inches. 

2. Determine the  he igh t  o f  cover s lab  above w e i r  c r e s t  (N), i n  feet ,  

where Q = pr iming discharge f o r  an i n l e t  w i t h  f l ow  
P 

en te r i ng  on two sides, i n  cubic f e e t  per  second. 

When C = 2.0, f o r  a  s i n g l e  ba r re l  condu i t  s p i l l w a y  having f l ow  

enter ing  a  r i s e r  i n l e t  f r a n  two sides, 

Eq. 2 

3 .  Determine the  number o f  b a f f l e s  (B )  on one s ide  of i n l e t ,  



where A = ne t  i n l e t  area ( i nc lud ing  both  s ides)  pro jec ted 

on a  ho r i zon ta l  plane through which f l ow  passes, 

i n  square f e e t  and 

s  = spacing between ba f f l es ,  i n  inches. 

By equating t h e  discharge t o  t h e  ne t  f l ow  area t imes t h e  a l lowable 

v e l o c i t y ,  a  r e l a t i o n s h i p  f o r  t he  number o f  b a f f l e s  can be de- 

vel  oped, 

where Q = discharge, i n  cubic f e e t  pe r  second and 

V = v e l o c i t y  through the  ba f f l es ,  i n  f e e t  pe r  second. 

When the  v e l o c i t y  (V) i s  equal t o  t h e  maximum al lowable o f  2.5 

f t / s  and 

Q = Q5 = discharge when water sur face i s  5 f t  above 

top  o f  cover slab, 

determi ne the  m i  nimum number o f  ba f f l es ,  

Eq. 3 

where Bmin = minimum number o f  b a f f l e s  on one s ide  of t he  

i n l e t .  

Determine t h e  minimum number o f  b a f f l e s  (Bmin) f o r  t h e  maximum 

a1 lowable spacing (s )  . 



At s = 0.5D and by s u b s t i t u t i o n  i n  Eq. 3, then, 

Since B must be a p o s i t i v e  in teger,  use t h e  next l a r g e r  whole 

number above Bmi f o r  B. Use t h i s  value o f  0 and solve f o r  t h e  

spacing (s )  corresponding t o  a v e l o c i t y  o f  2.5 f t / s  through the  

i n l e t .  

Eq. 3a 

Use t h i s  value o f  t h e  spacing i f  s i s  g reater  than D/3. I f  the  

value o f  s i s  l e s s  than D/3, use D/3 as the  spacing. 

. 
4. Determine t h e  depth (d) o f  ba f f l es ,  i n  inches, 

d - f  u N = B - t -  
12 12 

where N = he igh t  o f  cover s lab  above w e i r  crest ,  i n  fee t ,  

B = number o f  b a f f l e s  on one s ide  o f  t he  i n l e t ,  

f = b a f f l e  overlap, i n  inches, and 

u = clearance between f i r s t  b a f f l e  and cover slab, i n  

inches. 



From t h i s  re la t i onsh ip ,  t h e  b a f f l e  depth can be determined by 

Eq. 4 

The a p p l i c a t i o n  o f  equat ion 4 may r e q u i r e  some t r i a l  and e r r o r  t o  

match d t o  t h e  depth o f  a standard s t r u c t u r a l  member. Varying the  

values o f  f, u, and N may be necessary t o  g i v e  a p r a c t i c a l  combi- 

n a t i o n  o f  these var iab les .  The over lap  ( f )  o f  3 i n  i s  a minimum 

and may be increased; t h e  c learance (u )  may be va r i ed  between t h e  

values o f  2 and 3 i n  and N may be increased i f  a s a t i s f a c t o r y  

l ayou t  cannot be accomplished by  vary ing  f and u. 

5. Determine t h e  l e n g t h  o f  cover s l ab  overhang (Lo) by t h e  r e l a t i o n -  

s h i p  

Eq. 5 

where s = b a f f l e  spacing, i n  inches and 

w = b a f f l e  width, i n  inches. 



FABRICATION OF THE BAFFLES 

American Standard and m i  scel laneous channel s, s t r u c t u r a l  tubing, o r  

re in fo rced  concrete beams can be used f o r  b a f f l e s  i n  t h e  i n l e t .  Both 

the  American Standard (C) and the  miscellaneous (MC) channels have a 

narrow a p p l i c a t i o n  because o f  the  l i m i  ted s e l e c t i o n  o f  member depths. 

When a channel shape i s  selected, the  minimum web thickness should be 

no t  l e s s  than 0.375 i n .  The f langes i n  a channel b a f f l e  should be 

or ien ted toward t h e  r i s e r .  

S t ruc tu ra l  tub ing (TS) i s  the  most v e r s a t i l e  s t r u c t u r a l  shape f o r  

ba f f l es .  A p a r t i c u l a r  tub ing s i ze  may be used by i t s e l f  o r  i n  ccnnbina- 

t i o n  w i t h  o ther  tub ing sizes. Thus, i f  a b a f f l e  depth o f  14 i n  i s  

required, i t  can be obtained by fastening a 6 x 3 - i n  p iece o f  tubing t o  

an 8- x 3 - in  piece. The w a l l  thickness o f  s t r u c t u r a l  s tee l  tub ing 

members should n o t  be l e s s  than 0.375 i n .  

B a f f l e s  a1 so can be made o f  cast- in-place o r  precast  re in forced con- 

c re te .  



SPECIAL DESIGNS 

Riser  i n l e t  sp i l lways  w i t h  hyd rau l i c  f l ow  cond i t ions  c rea t i ng  pressures 

l ess  than atmospheric w i l l  r e s u l t  i n  c a v i t a t i o n  and poss ib le  e ros ion  o f  

the  s p i l l w a y  s t ruc tu re .  These types o f  sp i l lways  can a l so  develop f l ow  

cond i t ions  t h a t  cause f l ow  separat ion and nappe f l u t t e r  a t  t he  w e i r  

c r e s t  and sloshing, gulp ing,  and v i b r a t i o n s  i n  t he  r i s e r .  To e l i m i n a t e  

these problems, specia l  design s izes  and shapes are recommended when 

the  v e l o c i t y  i n  t he  condu i t  exceeds 30 f t / s .  C r i t e r i a  p rev ious l y  

presented are  appl i cab le ,  and the  f o l  low i  ny add i t i ona l  requirements 

should be met. 

1. The w e i r  c r e s t  i s  rounded o r  streamlined, as shown i n  f i g u r e  5, t o  

prevent  w e i r  f l ow  separat ion and nappe f l u t t e r .  Refer t o  t he  

Appendix f o r  t he  specia l  c r e s t  development. 

Divider wall 
(D24.0 ft) 

Radius = 0.30N '7 1 

F igure 5--Special w e i r  c r e s t  

J-g-bd 
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2. A l o n g i t u d i n a l  d i v i d e r  w a l l  i s  t o  be placed i n  t h e  i n l e t  as shown 

i n  f i g u r e  5 t o  prevent s loshing a t  c r e s t  dur ing  pr iming o f  

Because o f  r i s e r  access l i m i t a t i o n s ,  t h e  d i v i d e r  w a l l  shou 

be placed i n  r i s e r s  t h a t  are a t  l e a s t  4.0 f t  wide. 

3. The t r a n s i t i o n  f r a n  the  r i s e r  t o  the  condu i t  should be des 

shown i n  f i y u r e  6. 

r i s e r .  

d  on ly  

gned as 

Special Transition 

t- Riser section , -  Round conduit 
I 

I I ~ e c t a q u l a r  conduit 

CENTERLINE SECTION OF CONDUIT AND R I S E R  

Sec. A Sec. B Sec. C Sec. D 

ROUND CONDUIT 

Sec. A ~ e c .  B ~ e c .  c 
RECTANGULAR CONDUIT 

Figure 6--Special e l  bow and t r a n s i t i o n  sec t i on  



Example No. 1 1 

Design a b a f f l e  i n l e t  w i t h  f l o w  en te r i ng  from two s ides f o r  a drop i n l e t  

s p i l l w a y  w i t h  a s i n g l e  4 f t  6 i n  square condu i t  and a Dx3D r i s e r .  The 

i n l e t  i s  t o  have one 10 - in  t ransverse w a l l .  The maximum discharge (Q,,,) 
3  through the  i n l e t  i s  700 f t  1s; t h e  pr iming discharge ( Q  ) i s  600 f t 3 / s ;  

P 
and the  discharge (Q5) where t h e  water sur face i s  5 f t  above the  top o f  the  

3 cover  i s  630 f t  /s. 

Maximum average v e l o c i t y  i n  t he  condu i t  i s  

700 = 34.57 f t / s  > 30 f t / s  (Provide f o r  spec ia l  design 
( 4 . 5 1 ~  considerat ions.) 

Detennine t h e  b a f f l e  i n l e t  layout .  

1. Detennine the  w e i r  l e n g t h  (Lw) . 

When L = 3D = 13.5 f t  

m =  1 

t = 10 in .  

Then, 

lo - 12.67 ft. L, = 13.5 - - - 12 

2. Determine the he igh t  of the  cover  s lab  (N). 

Eq. 1 

Eq. 2 



N = l,T$!%J-) 'I3 = 5.20 ft. 
(Use 5 f t  3 i n . )  

3. Determine t h e  minimum number 

L e t  s = 0.5D = 27 i n .  

Then, 

Adjust  t h e  b a f f l e  spacing. 

6(Q5) 
S = 2.5 BL, 

o f  b a f f l e s  (B).  

A check shows t h i s  i s  v a l i d ,  s ince  

D/3 < 24 i n  c D/2 

(18 i n )  (27 i n )  (OK)  

4. Determine t h e  depth o f  b a f f l e s  (d ) .  

Eq. 3 

= 4.42 (Use 5.) 

Eq. 3a 

(Use 24 i n . )  



Try u = 

d = 

Try u = 

d = (Use 15 in. )  

B a f f l e  Member Select ion. 

a. St ruc tura l  Steel Tubing. 

Fasten a TS 7 x 3 x 0.375 on top o f  a TS 8 x 3 x 0.375. Then, 

canbined depth = 15 in ,  width = 3 in ,  and member wal l  thickness = 

0.375 i n .  

Then, 

- 5(24 = 11.25 ft. 
Lo - 12 (Use 11 f t  3 in. )  

b. American Standard Channel 

Use (C15 x 33.9). Then, depth = 15 in ;  w id th  = 3.4 i n .  

Lo = = 11.417 ft. (Use 11 f t  5 in . )  



Weir c r e s t  th ickness - 

Use the  specia l  w e i r  c r e s t  shown i n  f i g u r e  5. 

R i se r  t r a n s i t i o n  t o  the  box condu i t  - 

Use the  specia l  elbow shown i n  f i g u r e  6. 



I n  summary, t h e  drop i n l e t  s p i l l w a y  and standard b a f f l e  i n l e t  l a y o u t  

parameters are: 

Lw = 12.67 ( w i t h  one 10- in  i n t e r i o r  w a l l )  

N = 5 f t 3 i n  

B = 5  

S = 2 4 i n  

Maximum condu i t  v e l o c i t y  = 34.6 f t / s .  

B a f f l e  B a f f l e  shape and s i z e  

dimension 

& l ayou t  

S t r u c t u r a l  s tee l  t u b i  ng S t r u c t u r a l  channel 

a  TS7 x 3  x 0.375 w i t h  

R iser :  Special  w e i r  c r e s t  and spec ia l  elbow. 



APPENDIX 

DEVELOPMENT OF THE SPECIAL WEIR CREST 

Background Mater i  a1 

The U. S. Army Corps o f  Engineers tes ted  several types o f  w e i r  c r e s t s  

f o r  the  o u t l e t  works f o r  Branched Oak Creek, Nebraska, and Cottonwood 

Springs Creek, South Dakota. The r e s u l t s  o f  these t e s t s  repor ted i n  

Technical Report H-72-1 fu rn ished the  idea f o r  designing a curved w e i r  

c r e s t  f o r  drop i n l e t  r i s e r s  t o  e l i m i n a t e  t h e  p e r i o d i c  nappe f l u t t e r  

observed dur ing  f l o w  over a square o r  sharp-edged we i r .  Later ,  du r ing  

the  t e s t i n g  o f  t he  stepped b a f f l e d  trashrack by the  A g r i c u l t u r a l  Re- 

search Serv ice (ARS), i t  was observed t h a t  t he  nappe would c l i n g  t o  the  

w e i r  c r e s t  du r ing  a r i s i n g  stage up t o  a r a t i o  o f  t he  head above the  

c r e s t  (H) t o  the  c r e s t  th ickness (t,), equal ing 1.9. Above t h i s  point ,  

the  nappe would separate from the  c res t .  The w e i r  c r e s t  used i n  t he  

trashrack t e s t s  had a square upstream corner  and a one-quarter round on 

the  i n s i d e  o r  downstream face o f  the  weir.  The rounding had a radius 

equal t o  t c / 2  Th is  one-quarter round w e i r  was a l s o  one o f  t he  we i rs  

tes ted  by  the  Corps o f  Engi neers. 

Determi n a t i  on o f  Crest  Thickness 

Flow separa t ion  and the  accanpanying undesi rable f l o w  cond i t ions  may be 

avoided by p ropo r t i on ing  the  w e i r  c r e s t  so t h a t  f u l l  p ipe o r  condu i t  

f low w i l l  occur be fore  exceeding the  H/tc l i m i t  o f  1.9. Using a w e i r  

c o e f f i c i e n t  o f  3.8, as determined frm t h e  i n l e t  hydrau l ics  o f  t he  

trashrack tes ts ,  one can determine t h e  minimum requ i red  value f o r  tc by 

s e t t i n g  t h e  equat ion f o r  w e i r  f l ow  equal t o  t he  pr iming d i  scharge (Q,.,) 

o f  t he  s p i l l w a y  condui t .  



By s u b s t i t u t i o n  o f  C = 3.8 and H = 1.9 t, and by rearranging 

r e s u l t s  i n  t h e  equation: 

Lw i s  t h e  l e n g t h  o f  w e i r  on one s i d e  o f  a Dx3D i n l e t .  

Canparison us ing Cottonwood Springs Tes t  Data 

The w e i r  c o e f f i c i e n t  developed by  the  U. S. Army Corps o f  Engineers i s  

no t  compatible w i t h  the  r e s u l t s  o f  t he  ARS t e s t s  s ince no t rashrack was 

used i n  t h e  Corps tes ts ;  however, t h e  two t e s t s  f o r  t h e  one-quarter 

round w e i r  may be compared s ince  t h e  discharges f o r  each are known. The 

most c r i t i c a l  t e s t  i n  the  Cottonwood Springs t e s t s  i n  terms o f  head over 

t he  c r e s t  ( t h e  l a r g e s t  H/t, r a t i o )  was on a 2DxD r i s e r  w i t h  a pr iming 
3 discharye equal t o  435 f t  /s  and a p ipe  diameter o f  4.0 ft. The w e i r  

flow equat ion a t  condu i t  pr iming discharge i s :  

3 By s u b s t i t u t i n g  Q, = 435 f t  /s  and Lw = 20 = 8.0 f t  and us ing  C = 3.8 

and H = l . Y t c ,  t h e  requ i red  value o f  tc i s  1.95 ft. Th is  i s  approxi-  

mately equal t o  t he  tes ted  tc value o f  2.0 ft, which had s a t i s f a c t o r y  

t e s t  performance. 



A second check can also be made by examining of the centripetal force 
fo r  flow over the weir, tending t o  break the nappe f ree  from the crest .  
To test  for  dynamic equilibrium, the centripetal force (F) a t  c r i t i ca l  
velocity (Vc) divided by the mass ( M )  should be equal t o  the c r i t i ca l  
velocity squared divided by the radius of curvature ( R ) :  

By substituting q = Q /2Lw and using t e s t  values as before, F/M was 91.5 
2 P 2 f t / s  which i s  approximately equal t o  the l imit  of 93.7 f t / s  canputed 

u s i n g  q = C H ~ / '  and R = tc /2  w i t h  C = 3.8 and H = 1.9 tc. 

1/ The approximate centrifugal pressure over the weir c res t  i s :  - 

[Ven Te Chow, Open-Channel Hydraulics, (New York : 
McGraw, Hi l l ,  1959), p. 311. 

The c r i t i ca l  depth over a rectangular weir i s :  

The uni t  discharge q = Vcdc; therefore, 

Vc 
1/3 = 9 = A and Vc = (gq) . 



Since the  performance o f  t he  Corps o u t l e t  was s a t i s f a c t o r y  i n  a1 1 

respects, us ing  the  l i m i t i n g  r a t i o  o f  w e i r  head t o  c r e s t  th ickness 

(H/tc) as equal t o  1.9 f o r  t he  stepped b a f f l e d  trashrack w e i r  appears t o  

be v a l i d .  

Propor t ion ing  o f  the  Weir Crest  

The Corps model i n v e s t i g a t i o n s  d i d  show t h a t  a compound curve c r e s t  

shape was l e s s  l i k e l y  t o  permi t  separat ion o the r  than the  c r e s t  shapes 

tested; therefore,  a s i m i l a r l y  shaped c r e s t  w i t h  an upstream curve 

radius equal t o  0.125 tc and a downstream curve radius o f  0.875 tc i s  

recommended f o r  use on a l l  i n l e t s  r e q u i r i n g  a specia l  w e i r  c res t .  Since 

the  Corps t e s t s  d i d  n o t  determine the  p a r t i c u l a r  H/tc r a t i o  where nappe 

separat ion occurred, t he  value o f  H/tc equal t o  1.9 determined by ARS 

f o r  the  one-quarter round w e i r  c r e s t  should be used t o  s i z e  the compound 

curve. 

The r e l a t i o n s h i p  o f  tc t o  the  he igh t  o f  the cover s lab  (N)  may be 

determined by equating t h e  discharge f o r  t rash- laden f l ow  t o  the  w e i r  

formula used t o  determine the  c r e s t  thickness 

With H = 1.9 tc, the requ i red  minimum value f o r  tc i s  0.34N. 

ISU.  S. Government Printing Office : 1983 - 420-931/348 


