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PREFACE 

This technical  r e l ea se  i s  t h e  first of a s e r i e s  of technical  re leases  
envisioned by t h e  Design Branch. The s e r i e s  per ta ins  t o  t h e  propor- 
t ion ing  of ea r th  dams. The main objective of t h i s  technical  re lease  
is t o  provide a simple procedure f o r  t h e  exp l i c i t  determination of 
spillway width while sa t i s fy ing  s t a b i l i t y  and any capacity require-  
'ment s .  

This technical  re lease  i s  concerned with various aspects f o r  t h e  
dimensioning of broad-crested emergency spillways and provides t oo l s  
f o r  these  evaluations. Means a r e  furnished for  determining t h e  magnitudes 
of e r ro rs  involved i n  using various approximate procedures and r e l a -  
t ions .  The evaluation of t h e  required emergency spillway capacity i s  
not considered herein. 

A number of fu tu re  technical  re leases  w i l l  be concerned with t h e  deter-  
mination of 

a. required spillway capacity, 

b. optimum dam a t  a s i t e ,  and 

c. optimum configuration of s t ruc tures  i n  a watershed. 

Values of parameters used i n  t h e  preparation of t h e  ES-drawings were 
obtained by t h e  use of a d i g i t a l  computer. The several  programs re-  
quired f o r  t h i s  work were wr i t t en  in  FORTRAN IV by t h e  Design Unit. 
The programs were compiled and executed on IBM 360 equipment by t he  
Washington Data Processing Center, S t a t i s t i c a l  Reporting Service, USDA. 

This technical  re lease  was wr i t t en  by M r .  P a d  D. Doubt, Head, Design 
Unit, with t h e  ass is tance of :  

Edwin S. All ing Hun J. Goon 

Stephen M. Boysen Joan F. Robison 

John A. Brevard 

M r .  Brevard contributed much t o  the layout and preparation of t h e  
ES-drawings. The technical  re lease  was typed by Mrs. Dorothy A. Stewart. 
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NOMENCLATURE 

G cross-sectional area of spillway at critical depth, ft2 

E bottom width of spillway, ft - bottom width of spillway, ft (see page 17) 
G bottom width of spillway, ft (see ES-173, sheet 4) 

z depth of flow, ft 

G critical depth, ft 

= critical depth, ft (see page 17) 
z critical depth corresponding to a discharge, Q, ft 

z critical. depth correspnding to a discharge, &/i t ,  ft 

G normal depth corresponding to a discharge, Q, ft 

= normal depth corresponding to a discharge, &/4, ft 
= depth of flow at section x, ft (see ES-158, sheet 9) 
= acceleration of gravity, ft/sec2 
= friction head loss, ft-lb/lb = ft 

= friction head loss, ft (see Table 3, page 9 )  

hf,b G friction head loss in a spillway length, L, and bottom 
width, b, ft 

hf,n - friction head loss in a spillway length, L, and Manning's 
roughness coefficient, n, ft 

hfo 
= friction head loss, ft (see Table 3, page 9) 

hf, = friction head loss in a spillway length, L, and side slope, 
z, ft 

z friction head loss in a spillway length, L; bottom width, 
hJRef b = 100 ft; side slope, z = 2; and Manning's roughness 

coefficient, n = 0.0h7 ft 

Ahf = Ahf,b + Ahf,, + ahf, z, ft (see ES-179, Example 2) 

&f,b = hf,b - hf,b=100, ft 

mf,n = hf,n 
- 
hf, n-o .047 ft 

&f,z = hf,z - hf,z=27 ft 

He r specific energy head, ft 

He3 2 
= specific energy head at section 2, ft (see Es-158, &ample 2) 

He c = critical specific energy head, ft 

c -- critical specific energy head, ft (see page 1'7) 



\ 

r critical specific energy head for a spillway with side 
Z)b slope, z, and bottom width, b, ft 

z energy head of the water in the reservoir above the spill- 
way crest, ft 

energy head of the water in the reservoir above the crest 
of a spillway with a bottom width, b, ft 

z energy head of the water in the reservoir over the crest 
of a spillway with a Manning's roughness coefficient, 
n, ft 

r energy head of the water in the reservoir over the crest 
of a spillway with side slope, z, ft 

r station at the control section (see ES-158, sheet 9) 

r station at fictitious control section (see ES-158, 
Example 2) 

r station at section x (see ES-158, sheet 9) 

r length of the spillway upstream from the control section, 
ft 

r length of horizontal portioh of spillway, ft (see Table 3, 
page 9) 

E variable integer exponerk (see ES-173) 

r Manning's roughness coefficient 

G discharge per foot of spillway bottom width, cfs/ft 

E discharge, cfs 

= critical discharge, cfs 
E critical discharge, cfs (see page 17) 
r critical discharge, cfs (see ES-173, sheet 4) 
E critical discharge corresponding to a depth, d, cfs 

G critical slope, ft/ft 

critical slope corresponding to a discharge, Q, ft/ft 

critical slope corresponding to a discharge, Q/4, ft/ft 

r critical slope corresponding to a discharge, Q/4, for a Sc,~/dz, D 
spillway with side slope, z, and bottom width,. b, ft/ft 

so slope of spillway bottom, ft/ft 

Tc top width of a,, ft 

v = mean velocity of flow, ft/sec 
v c z critical velocity, ft/sec 

v~ z permissible velocity, ft/sec 

z = side slope of the spillway expressed as horizontal dis- 
tance divided by vertical distance, ft/ft 

z ' = side slope of the spillway, ft/ft (see page 17) 



HYDRAULICS OF BROAD-CRESTED SPILLWAYS 

Introduct ion 

This t echn ica l  r e l ea se  pe r t a in s  t o  t h e  hydraulics of broad-crested s p i l l -  
ways, both t rapezoida l  and rectangular .  Such spillways usual ly funct ion 
as emergency spillways and mw be ear th,  vegetated, rock, o r  s t r u c t u r a l .  

Broad-crested spillways may o r  may not have a con t ro l  sect ion.  Although 
t h i s  technica l  r e l ea se  i s  pr imari ly  d i rec ted  toward t h e  evaluat ion of 
c e r t a i n  parameters f o r  a spillway having a con t ro l  sect ion,  it contains  
i n f o m t i o n  concerning t h e  hydraul ics  of a spillway without a con t ro l  
sect ion.  

I n  t h i s  discussion, t h e  i n l e t  channel. of a spillway having a con t ro l  sec- 
t i o n  is  considered t o  have a bottom p r o f i l e  composed of a hor izonta l  s lope 
extending from t h e  con t ro l  sec t ion  t o  t h e  r e se rvo i r  o r  of a hor izonta l  
s lope immediately upstream from t h e  cont ro l  sec t ion  and a negative s lope 
( o r  s lopes)  extending from t h e  hor izonta l  sec t ion  t o  t h e  r e se rvo i r .  
Moreover, only spillways of t h e  same bottom width and s i d e  s lopes through- 
out t h e i r  l engths  a r e  considered. 

The symbol so w i l l  b e  used t o  designate  t h e  various bottom slopes of 
e i t h e r  t h e  i n l e t  o r  t h e  e x i t  channel of t h e  spillway. Wherever so is  
used, t h e  t e x t  o r  drawing indica tes  t h e  p a r t i c u l a r  s lope under considera- 
t i o n .  

This technica l  r e l ea se  considers spillways having a wide range of values 
o f :  

1. spi l lway bottom widths, b, (25 f t  5 b 5 400 ft); 

2. s ide  slopes,  z, ( 0  5 z 5 4); 

3 .  Manning's roughness coef f ic ien t ,  n, (0.02 5 n 5 0.08); and 

4. i n l e t  channel lengths,  1;. 

Procedures a r e  presented f o r :  

1. t h e  evaluat ion of t h e  permissible c r i t i c a l  spec i f i c  
energy head, Hec, corresponding t o  a permissible  
veloci ty ,  vp, and e x i t  channel bottom slope, so; 

2.  t h e  evaluation of t h e  head, Hp, i n  t h e  r e se rvo i r  over 
t h e  c r e s t  of t h e  spillway corresponding t o  t h e  c r i t i c a l  
spec i f i c  energy head, Hec; 

3. t h e  evaluat ion of t h e  required spillway bottom width, b, 
corresponding t o  t h e  c r i t i c a l  spec i f i c  energy head, Gc, 
and t h e  required discharge, Q; and 

4. t h e  evaluation of t h e  c r i t i c a l  slope, s ~ , ~ ~ ,  corresponding 
t o  t h e  discharge ~ / 4  where Q is  t h e  discharge corresponding 
to Hec 



The procedures y i e l d  answers quickly and with s u f f i c i e n t  accuracy f o r  
f i n a l  design. Since r e s u l t s  can be obtained quickly, t h e  procedures 
can be used equally advantageously f o r  planning. 

Although numerous ES-drawings a r e  presented i n  t h i s  t echn ica l  re lease ,  
t h e  usual  spi l lway design requires  t h e  use of only one sheet  from each 
of t h e  ES-drawings 170, 171, and 174. Other graphs and ES-drawings 
have been included f o r  two reasons; 

1. t o  a i d  i n  t h e  evaluation of design parameters f o r  spi l lways 
of unusual dimensions, and 

2. t o  provide a method of e s tab l i sh ing  t h e  magnitude of e r r o r  
incurred by t h e  various approximations employed. 

A subsequent t echn ica l  r e lease  w i l l  give procedures f o r  evaluating, 
p r i o r  t o  t h e  determination of t h e  spil lway width, b, t h e  required 
capacity,  Q, corresponding t o  a head, Hp, over t h e  c r e s t .  This evalu- 

a t i o n  involves rese rvo i r  routing.  

Relat ion of  Hp vs %, is  near ly  independent of Q and b 

Usually, a spi l lway has a con t ro l  sec t ion.  When a spil lway has a con t ro l  
sec t ion,  t h e  depth of flow and t h e  s p e c i f i c  energy head at  t h e  con t ro l  
sec t ion  f o r  a discharge, Q, a r e  equal. t o  t h e  c r i t i c a l  depth and t h e  c r i t i -  
c a l  spec i f i c  energy head corresponding t o  Q, respect ively .  The c r i t i c a l  
s p e c i f i c  energy head, He,, i s  t h e  minimum spec i f i c  energy head f o r  t h e  d i s -  

charge, Q. Thus, f o r  the  discharge, Q, t he  spec i f i c  energy head, He, a t  any 

sec t ion  upstream ( o r  downstream) from t h e  con t ro l  sec t ion  is g rea te r  
than He,. Moreover, it can be shcwn t h a t  t h e  f r i c t i o n  head loss ,  hf, i n  

conveying t h e  discharge, Q, from t h e  rese rvo i r  t o  t h e  con t ro l  sec t ion  i s  
t h e  d i f fe rence  i n  t h e  head, Hp, over t h e  c r e s t  and t h e  c r i t i c a l  s p e c i f i c  

energy head, G,, i . e .  

Writers  d iscuss ing t h e  hydraulics of spi l lways have o f ten  r e l a t e d  % t o  

Q e i t h e r  t h e  parameter q = - o r  t h e  parameter dC,Q . Since t h e  r e l a t i o n  
b 

of Hec vs IEp i s  more near ly  independent of t h e  values of Q and b than 

t h e  r e l a t i o n  of q vs Hp o r  vs Hp, t h i s  t echn ica l  r e lease  uses He, 

a s  t h e  fundamental parameter ins tead of q o r  dc,Q . Ins igh t  i n t o  t h e  

reason f o r  t h e  near independence of t h e  r e l a t i o n  of qc vs IEp with r e -  

spect  t o  Q and b, a s  compared t o  t h e  r e l a t i o n  of e i t h e r  q vs  % or  

dc,Q vs %, can be obtained by observing 



From Eq. ( 2 )  it is evident t h a t  f o r  a given He,, t h e  value of Hp 

i s  affected by t he  parameters which a f f ec t  hf; f o r  a given d C t Q ,  t h e  

value of Hp is affected by t h e  parameters which a f f e c t  t h e  c r i t i c a l  

'" and hf; and f o r  a given q, t h e  value of Hp i s  ve loc i ty  head, - 
2g a: ' 

af fec ted  by t he  parameters which a f f e c t  d C J Q ,  '" and hf .  
2g a? ' 

The near independence of t h e  r e l a t i on  of i& vs Hp from Q and b i s  

des i rab le  s ince  e i t h e r  Q, b, o r  both a r e  of ten  unknown p r i o r  t o  a 
rese rvo i r  routing.  Although t he  r e l a t i on  of Gc vs Hp is nearly in- 

dependent of Q and b, one should observe the re  i s  a d e f i n i t e  r e l a t i on  
of QC, Q, and b. 

Reference Section (b  = 100 f t ,  z = 2, n = 0.04) 

Many of t h e  parameters needed i n  spillway design can be  read i ly  evalua- 
t ed  f o r  a preselected cross  section.  Writers have o f ten  evaluated para- 
meters f o r  spillways on t h e  bas i s  of a preselected cross sec t ion  of in -  
f i n i t e  width. In t h i s  technical  r e lease  a preselected spillway cross 
sect ion of b = 100 f t  and z = 2 with n = 0.04 w a s  chosen as more nearly 
representa t ive  of acts spillways. This preselected cross  sect ion is  
ca l l ed  t h e  Reference Section. 

Using t h e  Reference Section it i s  poss ible  t o  obtain values of c e r t a i n  
parameters which a r e  approximately correct  f o r  the  ac tua l  cross sect ion.  
The values of these  parameters can be ea s i l y  refined i f  thought des i r -  
able.  

Pr incipal  Graphs 

Some parameters f o r  t he  Reference Section can be evaluated by t he  four  
p r inc ipa l  drawings described below. 

1. Permissible H,, vs e x i t  channel bottom slope, so, with 

a family of permissible velocity,  vp-curves. (ES-170 ) 

2. Hp vs %, with a family of spillway length, L-curves, f o r  

se lec ted  bottom p ro f i l e s  . (ES-171) 

3 .  C r i t i c a l  slope, s, ,~,,  vs GG. (ES-172) 

4. Q vs H,, with famil ies  of spillway bottom widths, b, 

and c r i t i c a l  depths, dc,, . (ES-174) 

Additional graphs a r e  included t o  show the  e f f ec t s  on these  parameters 
when b, z, o r  n d i f f e r s  from t h a t  of t he  Reference Section. 



Permissible He, f o r  Various so  and vp (ES-170) 

Velocit ies i n  s t r u c t u r a l  spillways and spillways constructed i n  com- 
petent  rock of ten a r e  not of magnitudes which require  a t t en t ion .  An 
ea r th  o r  a vegetated spillway can have ve loc i t i e s  i n  i t s  e x i t  channel 
of magnitudes which cause i n s t a b i l i t y  and require  some forethought dur- 
ing design. The graphs of ES-170 per ta in  t o  t h i s  aspect of spillway 
design . 
The values given by ES-170 a r e  t h e  r e s u l t  of determining t h e  c r i t i c a l  
spec i f i c  energy head, Kc, corresponding t o  a discharge, Q, which i s  

equal t o  t h e  normal discharge having a veloci ty  of vp i n  an e x i t  channel 

defined by t h e  parameters so, n, z ,  and b. This %c i s  t h e  permissible 

He, o r  t he  permissible c r i t i c a l  spec i f i c  energy head corresponding 

t o  t h e  permissible velocity,  vp, and e x i t  channel bottom slope, so. 

The value of t h e  permissible He, is increased by any one o r  any com- 

binat ion of t h e  following changes i n  parameters: 

1. decreasing so, 

2. increasing vp, and 

3. increasing n. 

The stage-discharge r e l a t i o n  of a spillway is  required i n  problems of 
rese rvo i r  routings.  This r e l a t i o n  is  read i ly  obtained through t h e  
range of discharges f o r  which t h e  spillway has a control  section.  In 
t h i s  technical  release,  when a spillway has a control  sect ion t h i s  
range i s  frequently taken a s  ~ / 4  t o  Q. 

To ensure t h a t  a spillway, with z 2 1, has a control  sect ion over t h e  
range of discharges from 6114 t o  Q ( see  He, vs sc,p/4 - ~~-172), the  

slope, so, immediately downstream from t h e  control  sec t ion  must be 

equal t o  o r  greater  than sClq4 and be of su f f i c i en t  length t o  pre- 

vent t a i lwa te r  e f f ec t s  at  t h e  control  sect ion.  The maximum values of 
vp and n a r e  established by t he  spillway s i t e .  Thus, given vp and n, 

a spillway with a control  sect ion f o r  t h e  range of discharges being 
considered has a maximum value of permissible Q, when so = sc,q4. 
Frequently t h e  value of so  i s  not required t o  be greater  than 0.04. 

Thus, if s ,,db > 0 .04 and so i s  taken as  0.04, t h e  break i n  grade i s  

not a control  sect ion f o r  a l l  discharges i n  t h e  in te rva l  ~ / 4  t o  Q. 

Table 1 shows, f o r  a spillway having a control  sect ion f o r  a range of 
discharges and f o r  n = 0.04, t h e  minimum values of so and t h e  maxi- 

mum values of permissible I&, corresponding t o  various values of vp. 



Values of t h e  e x i t  channel bottom slope, so, were taken a s  s c ,q4  

except when s C , Q / ~  > 0.04 i n  which case so was taken as 0.04. The 

values of t h e  permissible He, and minimum so f o r  t h e  Reference Sec- 

t i o n  a r e  shown i n  t h e  shaded blocks. 

Table 2 shows, f o r  a spillway having a control  sect ion f o r  t h e  range of 
discharges and f o r  n = 0.04, t h e  value of permissible He, obtained by 
using so = s ~ , ~ ~  of t h e  Reference Section i n  place of  of a 

non-Reference Section. 

Reference Section 
For t h e  Reference Section, t he  r e l a t i on  of permissible &,, vp, and 

so i s  given by ES-170, sheet 1. The drawing contains a curve which 

gives t he  r e l a t i on  of t h e  c r i t i c a l  spec i f i c  energy head, I&,, and 

t h e  c r i t i c a l  slope, s , , ~ ~ ,  where Q is t h e  discharge corresponding 

t o  . This curve was obtained by equating t h e  normal depth of flow, 

dn,Bj47 t o  t h e  c r i t i c a l  depth, dc,dl,, t o  e s t ab l i sh  t h e  value of 

is given by ES-170, sheet  2. The graph permits t h e  evaluation of t h e  
permissible I&, f o r  spfllways with n = 0.02 i n  t h e  e x i t  channel. The 

t h r ee  curves labeled sc,v1, f o r  n = 0.02, n = 0.03, and n = 0.04 a r e  
superimposed on t h i s  graph. The values of n = 0.02, n = 0.03, and 

n = 0.04 were used i n  determining the  normal depth of flow, dn, 0,4, 

which was equated t o  t h e  c r i t i c a l  depth, dc,q4to es tab l i sh  t h e  v d u e  

SC,Q/4 where Q i s  i n  correspondence with t h e  c r i t i c a l  spec i f i c  

energy head, lLc . 
n f 0.04 o r  0.02. - When t h e  value of n is  ne i ther  0.04 nor 0.02, t h e  
r e l a t i on  of t h e  permissible I&,, vp, and so is given by ES-170, sheet 1 

by redesignating t he  abscissa as [O;4l2so - o r  sheet  2 by redesignating 

t h e  abscissa  a s  

z + 2, b + 100 ft. - The permissible Hec values f o r  in te rva l s  of 

25 I b I 400, 0 5 z 5 4, 2 5 vp 5 15, and wide ranges of so and n can 

be evaluated by use of t h e  information given i n  ES-177. 



Table 1. Maximum values of permissible Hec where n = 0.04 and 
so ' sc,Q/4 but  not > 0.04. 
vg = f t / sec ,  b = f t ,  z = ft/ft, He, = ft, so = f t / f t  

2 100 400 25 100 400 
0.203 0.202 0.202 0.402 0.398 0.396 
0.04 0.04 0.04 0.04 0.04 0.04 



Table 2. Maximum values of permissible He, where n = 0.04 and 
so = but not > 0.04. ' ' jg l '  ] 2=2, b=100 
vp = ft/sec, b = ft, z = ft/ft, He, = ft, so = ft/ft 



Approximate values of permissible He,, when 25 6 b 5 400 and 0 5 z 5 4, 
may be obtained from ES-170, sheet 1. When they a r e  so obtained, the  
maximum e r ro r  can be ascertained from Table 1 f o r  2 5 vp 6 10. For ex- 

ample; i f  b = 30, z = 3 and vp = 6.0, ES-170 gives maximum permissible 

He, = 1.42 f t .  Table 1 shows t h a t  maximum permissible H,, is l e s s  than 

1.52 f t  since 25 < (b  = 30) < 100. The e r ror  i n  the  maximum permissible 
Gc i s  l e s s  than 0.1 f t .  The e r ror  i n  obtaining the  maximum permissible 

He, from ES-170, sheet 1 is the  greates t  f o r  t he  higher values of vp and 

lower values of b. 

He, vs I$ f o r  Various Lengths, L (ES-171 ) 

Except f o r  t he  higher values of vp and the  lower values of so, the  r e l a -  

t i o n  of t h e  permissible J&, and the  corresponding nexus of parameters 

( v ,  so, b, z, n )  used i n  design of an ear th  o r  a vegetated spillway is  

nearly independent of Q and b. The re la t ion  of &, and Hp is also nearly 

independent of Q and b. 

Reference Sect ion 
For an He, and a length of spillway upstream from t he  control  section, 

t he  corresponding value of Hp i s  obtained from ES-171. The drawing con- 

s iders  only spillways having the  Reference Section. Each sheet is  f o r  
a bottom p ro f i l e  a s  specified by the  case number. 

Effect of bottom prof i les .  - For a spillway with t he  Reference Section 
and of length, L, t he  e f fec t  of varying the  bottom p r o f i l e  on the  
value of % corresponding t o  a par t icu la r  value of He, can be ascer- 

tained from the  various sheets of ES-171. Table 3 gives t h e  values of 
f r i c t i o n  head loss ,  hf, f o r  spillways of various bottom prof i les  when 

the  spillway length is  400 f t  and He, = 4 f t .  



Table 3. Values and t h e  d i s t r i bu t i on  of f r i c t i o n  head 
loss ,  hf, f o r  spillways of various bottom p ro f i l e s  

L, = l  ength of hor izontal  port ion of spillway - f t  

kf = t o t a l  f r i c t i o n  head l o s s  i n  L, hf = hfo 

hfo f r i c t i o n  head l o s s  i n  Lo - f t  
1 - ft 

hfl 
r f r i c t i o n  head l o s s  i n  L - Lo - f t  

The value of $ var ies  between t h e  extreme values of 4.47 f t  (case 3 )  

and 4.91 f t  (case 6 ) .  

The f r i c t i o n  head loss ,  hf, va r i e s  between 0.47 f t  and 0.91 f t .  The 

major port ion of t h e  f r i c t i o n  head loss ,  as is  of ten t rue ,  occurs i n  
conveying t h e  discharge through t h e  horizontal  pa r t  of t h e  spillway. 
For Case 3 and Case 6, t he  head loss ,  hfo, required t o  convey t h e  d i s -  

charge through t he  hor izontal  port ion of t h e  spillway is h  = 0.28 f t  
fo  

and hf = 0.65 ft, respectively.  For Cases 3 and 6, hfo i s  over 
0 

50 percent of t h e  t o t a l  head l o s s  i n  t h e  400 f t  long spillway. In 
Case 3 t h e  head l o s s  upstream of t he  horizontal  pa r t  of t h e  spillwqy 

i s  % = 0.19 f t  while i n  Case 6 t h i s  head l o s s  is  hf = 0.26 f t .  
1 1 

The left-most curve of ES-171 labeled e i t h e r  L = 30, 50, o r  100 is 
re la ted  t o  t h e  upstream sect ion of t he  horizontal  pa r t  of t he  spillway. 
A t  any pa r t i cu l a r  He,, t h e  r a t i o  of t h e  distance from the  left-most 

curve t o  t h e  l i n e  f o r  L = 0 t o  t h e  distance from t h e  curve fo r  t h e  

hfo spillway length, L, t o  t h e  l i n e  f o r  L = 0 is  t h e  r a t i o  -. For 
f  



example, using Case 6 and He, = 4.0 f t ,  t h e  values of Hp at  L = 100 f t  
h 

fo 0 . G  
and L = 400 f t  a r e  4.65 f t  and 4.91 f t .  Thus - = - hf 0.91 = 71 percent. 

The r a t i o  of t h e  distance from t h e  curves f o r  L = l o 0  f t  and L = 400 f t  
t o  t h e  l i n e  f o r  L = 0 is  a l so  71 percent at He, = 4.0. These graphs 

hfo give v i sua l ly  t h e  proportion -. 
f 

From Table 3 one can observe t h a t  t h e  var ia t ion  i n  t h e  depth of t h e  
forebay upstream from t h e  horizontal  port ion of t h e  spillway of ten has 
a negl igible  influence on t h e  $ value. For example, when L = 400 f t  

and He, = 4.0 f t ,  t h e  $ value f o r  Case 8 i s  0.10 f t  smaller than t h e  

Hp value f o r  Case 4. 

&, vs % f o r  bottom p ro f i l e s  d i f f e r i ng  from those i n  ES-171. - The re -  

l a t i o n  of He, vs Hp f o r  spillways with bottom p ro f i l e s  d i f f e r i ng  from 

those given by ES-171 may be approximated by t h e  use of ES-171; however, 
i f  a c loser  evaluation is desired, t h e  r e l a t i on  may be obtained from 
t h e  basic  information given i n  ES-158 and ES-159. 

ES-158 and ES-159 a r e  f o r  spillways with t h e  Reference Section. The 
drawings, ES-158 and ES-159, can be used i n  determining t he  r e l a t i on  
of He, vs Hp f o r  spillways not having a control  section.  

Non-Reference Section 
The f r i c t i o n  head loss ,  hf, occurring i n  a spillway having a non-Reference 

Section and a bottom p ro f i l e  of e i t h e r  Case 1 or  Case 2, a s  defined by 
ES-171, may be obtained from ES-176. In ES-176, t h e  e f f ec t  on t h e  f r i c t i o n  
head l o s s  i s  considered when t h e  parameters n, b, and z a re  varied i n  t h e  
following ranges: 

1. 0.02 5 n 5 0.08, 

2.  25 5 b 5 400, and 

Observe t h a t  f o r  some curves i n  ES-176 t h e  maximum hf ex i s t s  at values 

of i& < 15 f t .  For example, see  ES-176, sheet 2, t h e  curve labeled 

n = 0.04, L = 3 0  f t  shows a maximum f o r  kf at  Hec < 1 5  f t .  The f i r s t  

react ion by some is  t h a t  t h i s  curve might be i n  error ,  s ince  erroneously, 
"More water can be conveyed at l e s s  f r i c t i o n  l o s s  f o r  H = 10 f t  than 
f o r  He, = 5 f t .  " One should r e c a l l  t h a t  although t h e  a t 8  of hf a r e  

generally given and viewed a s  f ee t ,  hf i s  ac tua l ly  a r a t e  of energy 

l o s s  per  pound of water being conveyed, i .e .  f t - lb / lb .  Normally, 



hydraulic computations involving energy r e l a t i ons  a r e  made on t h e  bas i s  
of per  pound of water and t h e  term t o t a l  energy l o s s  usually r e f e r s  t o  
t h e  t o t a l  energy l o s s  f o r  each pound of water. The t o t a l  energy l o s s  
through t h e  spillway i n  one second of time f o r  all t h e  pounds of water 
being conveyed is ac tua l ly  62.4 Q hf . 

EPfect of Manning's n. - From ES-176, sheets 1-3, one can observe t h a t  
t h e  value of Manning's roughness coefficient ,  n, has considerable e f f ec t  
on t h e  value of hf and hence Hp. Sheets 1, 2, and 3 of ES-1-76 can be 

used f o r  t h e  evaluation of t h e  f r i c t i o n  head loss ,  hf, when n # 0.04. 

When n f 0.04 and so = 0, t he  abscissa, (1, - R,), of ES-158, sheet 1 

may be redesignated 

t o  evaluate t h e  depth of flow a t  a section a distance, (1, -a,), up- 

stream from a control  section. A s imilar  redesignation of t h e  abscissas 
of t h e  sheets 2-8 of ES-158 would be incorrect .  

Effect  of bottom width, b. - As previously mentioned, f o r  a pa r t i cu l a r  
value of He,, t h e  value of b within t h e  i n t e rva l  of 25 5 b 5 400 has 

minor e f f ec t  on t h e  value of Hp. For Cases 1 and 2, t h e  value of hf 
can be ascertained from ES-176, sheets 4 and 5 f o r  any b within t h e  
i n t e rva l  25 5 b 5 400. 

Figure 1 shows, f o r  z = 2 and Case 1, t h e  maximwn values of 

(%lb - 5Jb=lOO 
) f o r  b = 25 f t  and 400 f t ,  f o r  t he  i n t e rva l  

0.45 5 He, 5 15 and f o r  various spillway lengths, L. For Case 1, t h e  

maximum e r ro r  i n  taking 
5 l b  = loo 

i s  l e s s  than 0.10 ft  within t h e  

region 25 5 b 5 400, 30 5 L 5 1000, and 0.45 5 He, 5 15. 

Figure 2 shows, f o r  z = 2 and Case 2, t h e  maximum e r ro r  in taking 

4 b  = 5 I l O O  
i s  l e s s  than 0.04 f t  within t he  region 25 5 b 5 400, 

30 5 L 5 750, and 0.45 5 He, 5 15. 



H f e c t  of s ide  slope, z. - For a par t icular  value of Qc, the  value of 

z, within the  interval  1 5 z 5 4, has a minor effect  on the  value of Hp. 

For Cases 1 and 2, the  value of hf can be ascertained f o r  any z, within 

the interval  1 5 z 5 4, from ES-176, sheets 6 and 7. Figure 3 shows, 
f o r  b = 100 and Case 1, the maximum values of ( 4 2 - Hij,=2 ) f o r  z = 1 

and 4 f o r  the  intervals  0.45 5 H,, 5 4.0 and 0.45 5 I-& 5 15  and f o r  

various s p i l l w q  lengths, L. Figure 4 shows, for b = 100 and Case 2, the 
maximum er ror  i n  taking = q, i s  l e s s  than 0.09 ft within the 

region 1 5 z S 4, 30 5 L S 750, and 

Spillway Length, L, f t  

Figure 1. Maximum values of ( 
"hlb - %] ) for  z = 2 and Case 1 

b=100 
s p i l l w ~ s  of varpous lengths and i n  the  interval  

0.45 S He, 5 15.0 



Spillway Length, L; ft 

Figure 2. Maximum values of ( H  i!I b - Hplb=loo 
) f o r  z = 2 and Case 2 

spillways of various lengths and i n  t h e  i n t e rva l  
0.45 5 5 15.0 

Spillway Length, L, ft 

Figure 3 .  Maximum values of (HJ , - ~d Z=,) f o r  b = 100 f t  and 

Case 1 spillways of various lengths and i n  t h e  
indicated i n t e rva l s  of 4, 



Spi l lww Length, L, f t  

Figure 4. Maximum values of ( H d  - H J , = ~ )  f o r  b = 100 ft and 

Case 2 spillways of various lengths  and i n  t h e  
indicated i n t e rva l s  

C r i t i c a l  Slope Corresponding t o  ~ / 4  (ES-172) 

A control  sect ion e x i s t s  at  a break i n  grade i f ;  

1. t h e  slope upstream from the  break i n  grade i s  l e s s  than 
c r i t i c a l  s lope and is su f f i c i en t l y  long, and 

2. t h e  slope downstream from the  break i n  grade i s  grea te r  
than o r  equal t o  t h e  c r i t i c a l  slope, and i s  su f f i c i en t l y  
long t o  prevent t a i lwa te r  e f f ec t s  a t  t h e  control  section.  

C r i t i c a l  s lope corresponding t o  t h e  discharge, Q, is  defined as t h a t  
s lope which causes t h e  discharge, Q, t o  be conveyed as uniform flow at 
a depth equal t o  c r i t i c a l  depth ( i . e .  dn, = dC,p ). 

The c r i t i c a l  s lope is associated with a discharge, Q, and when t h e  d i s -  
charge i s  changed, t h e  c r i t i c a l  s lope is changed. Further, t h e  depth of 
flow at t h e  control  sec t ion  i s  t h e  c r i t i c a l  depth corresponding t o  t h e  
discharge, Q. 

For t h e  range of b ' s ,  2's and depths of flow being considered i n  t h i s  
technical  r e lease  t h e  c r i t i c a l  s lope usually decreases as t h e  discharge 
is increased. When t h i s  is t rue ,  a control  sect ion is ensured f o r  a 
range of discharges from ~ / 4  t o  Q i f  t h e  slope immediately downstream 
from the  control  sect ion i s  g rea te r  than o r  equal t o  t h e  c r i t i c a l  s lope 
corresponding t o  Q/&. Symbolically t h e  c r i t i c a l  s lope corresponding t o  
Q/4 is wr i t t en  s , , ~ ,  and i s  i n  correspondence with %, where Hec i s  i n  

correspondence with Q. 



Reference Sect ion 
For an QC t h e  corresponding value of scJd4 i s  obtained from ES-172. 

Non-Reference Sect ion 
A control  sect ion is ensured f o r  t h e  range of discharges of Q/4 t o  Q 
i n  t h e  regions 

(1) 1 5  z 5 4, 25 5 b 5 400, and 0.45 5 Hec 5 1 5 ;  

( 2 )  z = 0, 40 5 b 5 400, and 0.45 5 He, 5 15; and t h e  region 

( 3 )  z = 0, 25 5 b 5 400, and 0.45 r He, 5 9.8 
by taking t h e  ex i t  channel bottom slope so 2 s c,d4. 

When z = 0, b < 40, and 9.8 s I& 5 15, taking so = scJd,, does not 

ensure a control  sect ion f o r  t h e  range of discharges from Q/4 t o  Q. 

The r e l a t i on  of H,, vs s 
C J Q P  

f o r  t h e  lower values of He, but greater  

than 0.45, is  nearly independent of Q and b f o r  t h e  range of values 
25 5 b 5 400 and 0 5 z 5 4 .  

Effect  of n. - When t h e  value of n # 0.04, z = 2, and b = 100, t h e  
c r i t i c a l  slope, sCJq4, corresponding t o  an He, can be obtained by 

redesignating t h e  abscissa  of ES-172, sheet  1 as  

When t h e  value of n # 0.04, z = 0, and 25 I b 5 400, t h e  c r i t i c a l  slope, 

sCaQI4 ,  corresponding t o  an H,, can be obtained by redesignating t h e  
, - 

0.04 
abscissa  of ES-178, sheet 1 as  scJq,, 

The value of s cJg/4 ]z,b f o r  any n can be obtained from ES-178, sheet 2, 

within t he  region 1 5 z 5 4, 25 5 b 5 400, and 0.45 5 He, 5 15.  

Effect  of b and z . - The value of scJq4, a s  obtained from ES-172, i s  

i n  e r ro r  by l e s s  than 0.001 within t he  region 25 5 b 5 400, 2 5 z 5 4, 
and 0.45 5 He, 5 15.0. 

The value of scJy, f o r  z = 0 and within t he  region 25 5 b 5 400 and 

0.45 5 He, 5 1 5  is given by sheet 1, ES-178. 

The value of  for any n and within t he  region 25 5 b % 400, 

1 5 z S 4, and 0.45 5 He, 5 1 5  i s  shown by sheet 2 of ES-178. 

Values of sClQ,,, , along with scJQ, f o r  t he  extremes of t he  region 

25 5 b 5 400, 0 5 z 5 4, and 0.45 5 He, 5 1 5  a r e  given i n  Table 4. 



Table 4. Corresponding values of He,, sCtq4 and s ~ , ~  

n = 0.04 

He, vs Qc,d f o r  various bottom widths, b 

(ES-173, 174, and 175) 

The c r i t i c a l  discharge, Qc,d, corresponding t o  t h e  c r i t i c a l  spec i f i c  

energy heady Gc, and bottom width, b, i s  shown by ES-173, 174, and 
175 when the  s i de  slopes a r e  z = 0, 2, and 3, respectively.  The corres-  
ponding c r i t i c a l  depth, dCJg,  is  a l so  given. Thus, f o r  a broad-crested 

spillway containing a control  section,  t he  discharge, Q, i s  equal t o  tRe 
c r i t i c a l  discharge, Qc,d, corresponding t o  He,. When the  spillway width, 

b, and t h e  correspondence of % and Hec ( a s  given by ES-171) a r e  known 

f o r  a pa r t i cu l a r  spillway, t he  correspondence of Hp and Q ( i . e .  spillway 

r a t i ng )  is  read i ly  obtained. 

The fundamental r e l a t i ons  involving Hec, %,a, b, a,nd z a r e  

For z = 0 t h e  last r e l a t i on  reduces t o  

3 
H e  = 5 dCJQ (when z = 0 )  (7  



Further, 

(when z = 0 )  

(when z = 0 )  

When z # 0 ,  2, o r  3 
The parameters, z and b, can have considerable e f fec t  on the  value of 
Q,-+ d- corresponding t o  a -  par t icu la r  c r i t i c a l  specif ic  energy head, He,. 

When the  c r i t i c a l  discharge corresponding t o  a given &,, b, and z i s  

t o  be determined, a d i rec t  solution may be made by solving Eq. (6)  for  
and then solving Eq. ( 4 )  fo r  %,a. The solution f o r  Hec corres- 

ponding t o  Qc,d, z, and b  is implic i t .  Both of these solutions can be 

simplified by an approximation. The approximation is; i f  two trape- 
zoidal sections have equal c r i t i c a l  spec i f ic  energy heads, then the  
r a t i o  of t h e i r  corresponding c r i t i c a l  discharges is  approximately 
equal t o  t he  r a t i o  of t h e i r  average width a t  c r i t i c a l  depth.' When 
the  s ide  slopes of t he  t r apezo idd  section a re  equal, t h i s  approxima- 
t i on  becomes, 

(when Hec = H&) 

When the  approximation is based on a rectangular section ( z  ' = 0 )  of 
width b 1  = l o o f ,  obtain from EQ. (7) 

and subst i tut ing in to  Eq. (10) in  which the approximation dc = d; is  
used, obtain 

2 
&, + Z(T  ~ e c )  1.5b + z He, - =  - - 
Q: 100 150 

When the  approximation is based on a rectangular section of width 
b 1  = 100 ft, the  e r ror  in the  c r i t i c a l  discharge, Q,, i s  readi ly  ob- 
tained from ES-173, sheet 4, Figure 1. 

Ekamples a r e  usually given with each ES-drawing i n  t h i s  technical  
re lease  i l l u s t r a t i n g  the  use of t he  drawing. Two examples a r e  given 
i n  ES-179 i l l u s t r a t i n g  the  in te r re la t ion  of the  ES-drawings. 

'This approximation, i n  another form, w a s  proposed by M r .  M. M. Culp, 
Chief, Design Branch, Engineering Division, SCS. See Tentative 
Technical Release No. 2. 
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SPILLWAYS: Su bc r i t i ca l  Water Surface Prof i les 

NOrnCLATURE 

d, r aepth of flow a t  sec t ion  x 

1, - s t a t i o n  a t  t h e  control  sec t ion  

1, E s t a t i o n  a t  sect ion x 

Given: - 
Emergency spi l lway bottom p r o f i l e  as  shown i n  f i g u r e  
Q = 3500 c f s  
b = 100 f t  
2 = 2  
n = 0.04 

Determine: 
The depth of flow, ax, a t  sec t ion  x .  

I - W a t e r  Surface 
C o n t r o l  Section 

EXAMPLE 2 

Given : - 
Elnergency spi l lway bottom p r o f i l e  a s  shown i n  f igure  
Q = 5000 c f s  
b = 100 f t  
2 = 2 
n = 0.04 

ater Surface 

C o n t r o l  Section 

Determine : 
I. The depth of flow, dB, and 
11. The s p e c i f i c  energy head, %I9, a t  sec t ion  2. 

Solut ion : 
I. Determine d, 

A. Considering t h e  50 f t  reach of so = 0.00 immediately upstream from 
t h e  con t ro l  sect ion,  use ES-158, sheet  1. For (!,-mi) = 50 f t  

and q = = = 50 c f s / f t ,  read dl = 5.40 f t .  
b 100 

B. Considering t h e  150 f t  reach of so = -0.04, use ES-158, shee t  5. 
1. For d, = 5.40 f t  and q = 50 c f s / f t ,  read ( 1 i - 1 ~ )  = 9 f t .  

I -Water Surface 

Control Sect ion  

2. For (I;-,!,) = 150 + 9 = 159 f t  and q = 50 c f s / f t ,  

read d2 = 12.57 f t .  

11. Determine H 
vz 

To ob ta in  t h e  ve loc i ty  head, 2, use ES-159, shee t  1. - 
v ii 

For q = 50 c f s / f t  and d, = 12.57 f t ,  read $ = 0.16 f t .  

vZ 
- 

-Then H,] = d, + 2 =  12.57 + 0.16 = 12.73 f t .  ,. 

2 2g i 

I DATE 4 - 67 
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SPILLWAYS: Subcr i t ical  Water Surface Profi les 

Given : - 
lbergency spillway bottom p r o f i l e  a s  shown i n  f igure  
b = 100 ft 
2 = 2  
n = 0.04 

Determine : 
The r a t i n g  curve (Ifp vs Q r e l a t i o n )  f o r  t h e  given emergency spillway. 

Reservoir - - 

Water Surfac 

Contml Section 

Solut ion : 
I. Determine t h e  death of flow. d- 

' 2  

A. Considering t h e  50 ft reach of  so = 0.00 immediately upstream from 
t h e  con t ro l  sect ion,  use ES-158, sheet  1. For (kC-k1) = 50 ft an& 
f o r  various q values,  read d, values. 

B. Considering t h e  150 f t  reach of so = -0.03, use ES-158, shee t '4 .  
1. For t h e  d u e s  of d, and t h e  corresponding q, read values of  

(k;-ll)- 

Water Surface 

2. Then (1;-12) = 150 + ( l&-i , ) .  For t h e  values of  ( 1 ; - I , )  and 

corresponding q, read d, values.  

11. Determine the energy head of the water in the reservoir above the 
spillway crest,  Hp. 

A. To obtain values of v.locity bead, g, use ES-1%. 
..2 

Fbr the values of d2 and corresponding q, read 12 values. 
2g 

v'2 s, s, B. Then $ = d2 + - lsO1(ll-f,) = dg + - - 0.03(150) = d2 + - - 4.50 
214 2R 

Knowing $ and Q, plot the rating curve. 

EFERENCE I I STANDARD DWG. NO. 
U 8 DEPART?dENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ENGINEERING DMSlON - DEEIlN UNIT 

ES 
SHEET O F X  

DATE 4- 67 



v z  
Velocity Head,= , f t  

SPILLWAYS: Velocity Head Chart 

0: 2 
FEREHCE I I STANDARD DWG NO 

b =  100ft 
z = 2  

I U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE ES- 159 
ENGINEERING DMSION - DESIGN UNTI 

I DATE 2-67 



-- 

SPILLWAYS: Velocity Head Chart 

v - Velocity Head, G ,  f t  
b 

b z = = 2 100 ft 

REFERENCE 

U S DEPARTMENT OF A G R I c U L r n  

SOIL CONSERVATION SERVICE 
ENGWEERING DIVISION - DESIGN UNlT 

STANDARD DWG NO 

ES- 159 

DATE 2- OF 67 



b = 100 ft 
SPILLWAYS: Permissible Hec for Various so and vp ~ = 2  

n = 0.04 

EFERENCE STANDARD DWG. NO. 

U. S. DEPARTMENT OF AGRICULTURE re 17n 
L d - l l u  

SOIL CONSERVATION SERVICE 
SHEET I OF% 

ENGINEERING DMSION - DESIGN UNIT 
DATE 1-68 



SPILLWAYS: Permissible Hec for Various so and vp 2 . 2  I n = 0 . 0 2  

Bottom Slope of Exit Channel, so, f t l f t  

STANDARD DWG. NO 

ES- 170 

SHEET 20~4 

DATE 1 -68  
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;PILLWAYS: Examples-Permissible Hec for Various so and vp  

EXAMPLE 1 

Given: 
Emergency spillway bottom profile as shown in figure 
z = 2  
b = 100 ft 
n = 0.04 
vp = 6.5 ft/sec 

r- Water Surface 

Determine: 
I. Permissible &, 
11. If the exit channel bottom slope, so, is greater than or 

sc, Q/4 

Solution: 
I. lktermine permissible 4, 

Use ES-170,. sheet 1. 
For n = 0.04, vp = 6.5 ft/sec, and sb = 0.038, read 
permissible He, = 1.5 ft. 

11. Determine if so h sc, Q / ~  

Use ES-170, sheet 1. 
For He, = 1.5 ft, read s,, Q/4 = 0.032. 

so > s,,~/+; therefore, a control section exists at section 
(1) for discharges in the interval ~ / 4  to Q. 

I ENGINEERING DIVISION - DESIGN UNIT 

tEFERENCE STANDARD DWG. NO. 

ES-170  
4  SHEET^ OF - 

DATE 2 - 6 8  

U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 



;PILLWAYS: Examples-Permissible He, for Various so and vp 

EXAMPLE 2 

Given: 
Emergency spillway bottom p ro f i l e  a s  shown i n  f igure  f o r  Example 1 
except t h a t  the  e x i t  channel bottom slope, so, i s  equal t o  0.025 
z = 2  
b = 100 f t  
vp = 4.0 f t / s ec  

Determine: 
I. Permissible He, when n = 0.02 

11. I f  so 2 s,, Q,,, when the  value of n i n  the  e x i t  channel i s  

Solution: 
I .  Determine permissible He, 

Use ES-170, sheet  2. 
For n = 0.02, v 4.0 f t / sec ,  and so = 0.025, read 

P = 
permissible He, = 0.41 f t .  

11, Determine i f  so 2 sC, Q/4  

A. When n = 0.02 
Use ES-170, sheet 2 .  
For n = 0.02 and He, = 0.41 f t ,  read 

so = 0.0122 = s,, &/4. 

Thus, the  e x i t  channel bottom slope, so, i s  g rea te r  than 

sc, Q/4' 

B.  When n = 0.03 
Use ES-170, sheet  2. 
For n = 0.03 and He, = 0.41 f t ,  read 

so = 0.0275 = sC, 

Thus, the  e x i t  channel bottom slope, so, i s  smaller than 

Sc, Q/4' 

Therefore, i f  the  value of Manning's n i s  a l t e red ,  say by 
vegetat ive growth, from a value of 0.02 t o  0.03, Section (1) 
i s  no longer a control  sect ion f o r  a l l  discharges i n  the  
i n t e rva l  ~ / 4  t o  Q. 

lEFERENCE I U. S. DEPARTMENT OB AGRICULTUPII: I SOIL CONSERVATION SERVICE 

I ENGINEERING DIVISION - DESIGN UNIT 

STANDARD DWG. NO. 

ES- 170 
4 S H E E T  0 ~ 4 -  

DATE 2-68 



b =I00 f t  
SPILLWAYS: Hec vs Hp for Various Lengths, L z = 2  Case I 

n = 0.04 

Values of Hp, f t  

REFERENCE 
U. 9. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

ENGINEERING DMSION - DESIGN UNIT 

STANDARD DWG. NO. 

ES- 171 
SHEET 1 OF 10 



b=  100 f t  
SPILLWAYS: He, vs lip for Various Lengths, L z = 2 Case 2 

n = 0.04 

Reservoir - ,-Control 

NOMENCLATURE 

5 Cr i t i ca l  spec i f ic  energy 
head - f t  

Hp = Energy head of t he  water 
i n  t he  reservoir  above the  
spillway cres t  - ft 

Hp 
= Difference i n  the  elevation 

of t he  water surface i n  t he  
reservoir  and the  spillway 
c re s t  - ft 

L = Length of t he  spillway 
upstream from the  control  
sect ion - f t  

Values of  Hp, f t  

REFERENCE STANDARD DWG. NO. 
U. 9. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ES- 171 
SHEETLOFL 

ENGINEERING DMSION - DESIGN UNIT 
DATE 2-67 



b =  loo f t  
SPILLWAYS: HeCvs Hp for Various Lengths,L z = 2  Case 3 

n = 0.04 

I 

Control 
L Sect ion 

NOrnCLATURE 

I& = C r i t i c a l  specif ic  energy 
head - f t  

Hp = Ehergy head of the  water 
in  the  reservoir above the 
spillway c res t  - ft 

Hp = Difference i n  the  elevation 
of the  water surface i n  the 
reservoir and the  spillway 
c res t  - f t  

L = Length of the  spillway 
upstream from the control 
section - f t  

Values of  Hp, ft 

FERENCE 
U. S. DEPARTMENT OF AGRICULTURE 

STANDARD DWG. NO. 

SOIL CONSERVATION SERVICE ES- 171 
ENGINEERING DMSION - DESIGN UNlT SHEET 3 OF 10 

DATE 2-67 



SPILLWAYS: He, vs Hp for Various Lengths, L z =  2 I Case 4 
n = 0.04 

Values of Hp, f t  

STANDARD DWG. NO. 

ES- 171 
SHEETL OFL 
DATE 2-67 

REFERENCE 
U. 8. DEP- OF AGRICULTURE 
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b=100 f t  
SPI LLWAYS: He, vs Hp for Various Lengths, L z =2 Case 5 

n = 0.04 

NOMENCLATURE 

H,, = Cri t i ca l  specific energy 
head - f t  

Hp = lbergy head of the  water 
in the reservoir above the 
6 D i l l W a v  cres t  - ft 

Values o f  Hp, f t  

IEFERENCE STANDARD DWG. NO. 

U. 9. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

ES- 171 
SHEET 5 OF 10 

ENGINEERING DIVISION - DESIGN UNIT DATE 2-67 



b=100 f t  
SPILLWAYS: Hec vs Hp for Various Lengths,L z = 2  Case 6 

n =0.04 

Control 

L Section 

NOMENCLllTURE 

f?& = Cri t ica l  specif ic  energy 
head - f t  

Hp = Energy head of the  water 
in  the  reservoir above the 

Values of Hp, f t  

U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

ENGINEERING DMSION - DESIGN UNIT 

STANDARD DWG. NO. 

ES- 171 
SHEET 6 OF 10 

DATE 2-67 



SPILLWAYS: He, vs Hp for Various Lengths, L 2'2 Case 7 
n = 0.04 

Control 

L Section 

NOMENCLATURE 

I& m Cri t ica l  specific energy 
head - ft 

Hp = Shergy head of the  water 
i n  the reservoir above the 
spil lway crest  - ft 

Values of Hp, f t  

ZEFERENCE 
U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

ENGINEERING DMSION - DESIGN UNIT 

-- 

STANDARD DWG. NO. 

ES- 171 
SHEET_L_OF 10 
DATE 2-67 



b = 100ft 
SPILLWAYS: Hec vs Hp for Various Lengths, L z =2 Case 8 

n = 0.04 

Reservoir 7 

Values of H,,, f l  

EFERENCE 
U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

ENGINEERING DIVISION - DESIGN UNIT 

STANDARD DWG. NO. 

ES- 171 
SHEETL OFL 
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b=lOOft  
SPILLWAYS: He, vs Hp for Various Lengths. L 1 = 2  1 Case 9 

n = 0.04 

NOMENCLATURE 

I& I C r i t i c a l  s p e c i f i c  energy 
head - f t  

H, = lbergy head of the w a t e r  

Values of Hp, f t  

REFERENCE 
U. 9. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

ENGINEERING DIVISION - DESIGN UNIT 

STANDARD DWG. NO. 

ES- 171 
S H E E T A O F &  

DATE 2-67 



I SPILLWAYS: Example-He, vs Hp for  Various Lengths, L 

Given : 
Emergency spillway bottom p ro f i l e  as shown i n  f i gu re  

Determine : 

2. Fr ic t ion  head loss ,  hf, i n  t h e  distance,  L 

Control Section 

Case 8 

Solution : 
1. Determine Hp 

Use ES-171, sheet 8. 
For qc = 3.1 f t  and L = 500 f t ,  read Hp = 3.66 f t .  

2. Compute hf 

NOTE : 
The Hp corresponding t o  an He, remains near ly  constant regardless of t h e  

bottom width (where. 25' S b S 400') and s ide  slope of t h e  emergency spill- 
way. 

See ES-176 fo r  t h e  e f f ec t  of n, z, o r  b on %. 

REFERENCE 

I ENGINEERING DMSION - DESIGN UNIT I DATE 6 - 67 

U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

STANDARD DWG. NO. 

ES- 1 7 1  
SHEETAOF 10 



S P I L LWAYS : Critical Slope Correspondinq to Q/4 

Woter Surfoce 7 ir Control Section 

/ I Woter Surfoce - 
d~,0/4-ppp + 

10 

9 8 l\t Control Section 

7 Q/4 is the discharge used to determine sc,o14 

6 NOTES: 1. Chart gives t h e  minimum bottom s lope  of e x i t  channel necessary t o  

ensure t he  existence of a cont ro l  sec t ion  f o r  a discharge = f. 
7 

2. s ~ , ~ / ~  - c r i t i c a l  s lope  corresponding t o  a discharge of 2. 
3 .  The maximum devia t ion  from t h e  value of s C , Q / 4  obtained from t h e  

4 
curve i s  l e s s  than * 0.001 wi th in  t he  region 2 5 z 5 4 and 

25 5 b 5 400. 

MAMPLE 

3 Given : - 
%c = 5.0 f t  
b = l o o f t  
z = 2  
n = 0.04 

Determine : 

2 The minimum so  of t h e  e x i t  channel necessary t o  

ensure a contro l '  s ec t ion  f o r  all discharges 2 $ 
Solution : 

Use ES-172, sheet 1. For He, = 5.0 f t ,  read 

sc ,Q/4  = 0.0214 f t / f t  = minimum so.  

0.015 0.02 0.03 

Values of sc, f t / f t  

IFERENCE 

U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ENGINEERING DIVISION - DESIGN UNIT 

STANDARD DWG. NO. 
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HYDRAULICS: Hec vs Qc,d for Various Bottom Widths, b Z =O 

Critical Discharae.Q, A .  cfs 

B /Oo 
60*/o* -**/o* O*/o* so*/0* ' *lo* 

Crit ical  Discharge,Q,,,j, cfs - 



. -- 

HYDRAULICS: He, vs Qc,d for Various Bottom Widths, b Z=O 

Critical Discharge, Qc.d, cfs 

? Critical Discharge, Qc,d, cfs 

SHEETA OFL 



HYDRAULICS: Hec vs Qc.d for Various Bottom Widths, b and Side Slopes, z 

An approximate r e l a t i o n  of c r i t i c a l  discharges f o r  a t rapezoidal  channel and f o r  
a channel of bottom width = 100 f t  and s ide  slope = 0 having the  same %c a s  t h e  
t rapezo ida l  channel i s  

Qc 1.P + Z&, - =  
% 150 

Equation 1 

where: Q; - t h e  c r i t i c a l  discharge f o r  a channel of bottom width = 100 ft and 
s ide  slope = 0. 

GC - the  c r i t i c a l  spec i f ic  energy head corresponding t o  t h e  c r i t i c a l  
discharges, Q& and G. 

A. When Qc i s  t o  be determined, 

Qc - t h e  f i r s t  approximation of t h e  c r i t i c a l  discharge, as  obtained from 
Equation 1, f o r  a channel of bottom width, b, and s ide  slope, 2 .  

B. When b i s  t o  be determined, 
b - t h e  f i r s t  approximation of t h e  bottom width, as  obtained horn 

Equation 1, associated wi th  a c r i t i c a l  discharge, G, and s i d e  
slope, z. 

When a second and c loser  approximation of c r i t i c a l  discharge i s  required, t h e  
following equation may be used. 

Qc 
Q;: = Equation 2 

100 

where: Q: = the  second and c loser  approximation of t h e  c r i t i c a l  discharge f o r  a 
channel of bottom width, b, and s i d e  slope, z. , 

When a second and closer  approximation of bottom width i s  required, the  following 
equation may be used. 

b" = b 
- $ Error  

100 
Equation 3 

where: h" % t h e  second and c loser  approximation of t h e  bottom width associated 
with a c r i t i c a l  discharge, Qc, and s ide  slope, z .  

The value of '$ Error may be obtair.ed from Figure 1 o r  from t h e  approximate 

Figure I. Error in P C  where PC i s  determined by the 6.0--. 

approximate relation % + H~ 
0; I50 

Cr i t icol  Speci f ic  Energy Head,  He,, f t  

U. S. DEPARTMENT OF AGRICULTLIRE 
SOIL CONSERVATION SERVICE 

ENGINEERING DMSION - DESIGN UNIT 

STANDARD DWG. NO. 

ES- 173 
SHEET 4 OF 6 



HYDRAULICS: Examples  - He, vs Qc,d  f o r  Var ious B o t t o m  Widths ,  b and  Side Slopes, z 

Given : - 
&, = 8.0 f t  
z = o  

Control Section 

Determine : 
I. Cri t ica l  depth, d, 

11. Bottom width, b, where &,a = 200, 2,000, and 20,000 cfs 

Solution : 
Use ES-173, sheet 3. 
I. Determine d, 

For I&, = 8.0 ft, read d, = 5.3 ft. 

11. Determine b 
A. Where B, = 200 = 2,000 x 10mj m = -1 

For %c 5 8.0 f t  and Qc,d = 200, read 

b = 28.5 x 10m = 28.5 x LO-' = 2.85 f t .  

B. Where Qc,d = 2,000 = 2,000 x l@'j m = 0 

Then b = 28.5 x 10m = 28.5 x l o 0  = 28.5 f t  

C. Where = 20,000 = 2,000 x l P ;  m = 1 

Then b = 28.5 x 1P = 28.5 x 101 = 285 f t  

Given : - 
A trapezoidal channel 
z = 4  
IT.=., = 4.5 f t  

= 4400 cfs 

Determine : 
I. The f i r s t  approximation of the  bottom width, b, by the use of 

Equation 1. . The second approximation of the  bottom wfdth, b", by the  use of 
Figure 1. 

Solution : 
I. Determine b 

A. Use ES-173, sheet 2. 
For %, = 4.5 f t  and b = 100 f t ,  read Q$ = 2950 cfs.  

B. From Equation 1, 

11. Determine b " 
A. Use Figure 1. 

For Qc = 4.5 f t ,  b = 137 f t ,  and z = 4, estimate Error = 0.1. 

B. Then substi tuting into Equation 3 

- 

U. 9. DEPARTMENT OF AGRICULTURE 

S O U  CONSERVATION SERVICE 

I ENGINEERING DIVISION - DESIGN UNIT 

STANDARO DWG. NO. 

ES- 173 
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HYDRAULICS: Examples - H e c  vs Qc ,d  fo r  Var ious B o t t o m  Widths,  b and Side Slopes,  z 

Given : - 
A trapezoidal channel 
b = 5 0 f t  

Determine : 
I. The f i r s t  approximation of t he  corresponding c r i t i c a l  discharge, g, by t h e  

use of Eauation 1. 
11. The second approximation of the  corresponding c r i t i c a l  discharge, Qg, 

A. By t he  use of Figure 1 
B. By the  use of Equation 4. 

Solution : 
I. Determine Qc 

Use ES-177, sheet 3. 
For &, = 7.5 ft and b = 100 ft, read Q = 6340 cfs.  

Prom Equation 1 

,& =pag ,q 

Subst i tu t ing 

% =F5(50)1;02'5(7'53 6340 = 3963 cfs  

11. Determine Q: 

A. By use of Figure 1 
1. Use Figure 1 t o  prepare a p lo t  of b vs $ Error 

For Qc = 7.5 ft, 

b = 25 ft, and z = 2 and 3; 
b = 100 f t ,  and z = 2 and 3; and 
b = 400 ft, and z = 2 and 3, 

read $ R r o r  values. 

Plot b vs $ R r o r  with z = 2 and z = 3 limes. 
2. Use p lo t  of b vs $ Error t o  obtain $ Error fo r  z = 2.5 and 

b = 50 ft. 
F o r b  = 50 ft and z = 2, read $ n T o r  = 0.44. 
F o r b  = 50 ft and z = 3 ,  read $ E r r o r  = 0.80. 

Then f o r b  = 50 ft and z = 2.5, $ Error = 0'44 = 0.63. 

3. Then subst i tu t ing i n to  Equation 2 

= = = 3988 cfs - Error 
100 - % 

B. By use of Equation 4 
1. Substituting i n to  Equation 4 

1.1 + .59 - 0.156 

$ Error = 2.27 rd 

1.327 
$ Error = 2.27[0.3751 = 2.27[0.272] = 0.618 

2. Then subst i tu t ing i n to  Equation 2 

REFERENCE 
U. 6. DEPARTMEWT OF AGRICULTURE STANDARD 

SOU CONSERVATIO~ SERVICE ES- 173 
S H E E T ~ O F  6 

ENGINEERING DIVISION - DESIGN UNIT 
DAE 6 - 67 



Critical D i ~ c h a r g e , Q ~ , ~ ,  cfs 
MAMPLE 

HYDRAULICS: He, vs Qc,d for Various Bottom Widths, b 

Given : 
7. = 2  
He, = j .4 ft 
Qc,d = 900 cfs  

Determine: 
The spillway bottom width, b 

Sol.ution : 
Use ES-174, sheet 5 .  
For He, = 3.4 f t  and Qc,d = 900 cfs ,  

r e a d  b = 42 f't. 

0 

2 = 2  
~ t t  5 b Z l O n  

02n z4,z ion 

Critical Discharge,Qc,d,cfs 



Critical Discharge,Qc,d,cfs 

HYDRAULICS: Hec vs Qc,d for Various Bottom Widths, b 
z = 2 
10 n 5 b 5 100 n 
0.2 ft 5dC,Q51.0ft 

'EFERENCE 

U. S. DEPARTMEXT OF AGIUCULmE 

SOIL CONSERVATION SERVICE 
ENG~TEERING DMSION - DESIGN UNIT 
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HYDRAULICS: Hec vs Qc,j  for Various Bottom Widths, b 

Critical Discharge,Q, rl, cfs 

I I DATE "-'/ 

- . --,- 
CEFERENCE 

U. S. DEPARTMEW OF AGRICUL'IWRE 

SOLL CONSERVATION SERVICE 

ENGINEERING DIVlSION - DESIGN UNIT 

STANDARD DWG NO 

ES 
sH~ETLoFL . . - -  



Critical Discharge.Qc,d, cfs k 

HYDRAULICS: tiec vs Qc,d for Various Bottom Widths, b 
2 = 2  
I ft S ~ Z I O  ft 
1.0 ft Sd& 4.2 fl 

Critical Discharge,Qc,d, cfs 

ZFERENCE 

u s DEF'ART~IENI OF AGRICULTURE 
SOU CONSERVATION SERVICE 

ENGINEERING DIVISION DESIGN UNIT 

STRNDARD OWG NO 

ES 174 
S H E E T ~ O F ~  
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Critical Discharge,Qc,d, cfs 

HYDRAULICS: Hec vs Qc,d for Various Bottom Widths, b 

Critical Discharge, Qc,d, cfs b 

z = 2  
i o n  s b z i w n  
1.0 ft 5 d c , ~ 5  4.2 11 

'EPENCE 

U S DEPARTMENT OF AGRlCULTUKe 
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2 = 2 HYDRAULICS: Hec vs Qc,j for Various Bottom Widths, b 1ft 5 b  ' loft  
4.2 ft Sdc,p5 15ft 

Critical Discharge, Qc,d, cfs 

"W . 
Critical Discharge,Qc,d, cfs 

FERENCE 

U. S. D E P A R ~ N T  OF A m I c r n m  STANDARD DWG. No. 

SOIL CONSERVATION SERVICE ES . 174 

ENGWEERING DIVISION - DESIGN UNl!l' 
sHE'T10F4 

0~~~11-67 



Critical Dkcharge,Qc,d, cfs 
EFERENCE 

I I STANDARD DWG NO 

U. S. DEPARTMEhT OF AGRICULTURE ES . 174 I ^ ^  

I 
2 = 2  HYDRAULICS: He, vs Qc,d for Various Bottom Widths, b 
10 4.2 n ft 5 5 d c , ~ 5  b 5 loo 15 ft ft 



Critical Discharge,Qc,,j, cfs 

HYDRAULICS: Hec vs Qc,d for Various Bottom Widths, b 

Cr~t~ca l  Dscharge, Qc,d, cfs 

ERENCE 

U S DEPARTMENT OF AGRICULlImE 
SOU CONSERVATION SERVICE 

ENGINEERING DIVISION DESIGN UNIT 

2 = 2  
loo ft 5 b 5 1000 ft 
4.2 ft Sdc,~515 ft 

STANDARD DWC. NO. 

ES - 174 



2 = 3  
HYDRAULICS: Hec vs Qc,d for Various Bottom Widths, b 

Critical Discharge, QcId, cfs 

IRENCI  

U. S. DEPmTMEm OP AGRICULTURE 

8OU CONSERVATION SERVICE 
ENGMEERING DMSION DFSIGN rn 



0.2 ft 5dCmQ5 1.0 ft 

Critical Discharge,Q,d , cfs 

-ERENCE 

U. S DEPARTMENT OF AGRICULTURE STANDARD DWG NO. 

SOIL CONSERVATION SERVICE ES . 



z = 3  
HYDRAULICS: Hec vs g,, j  for various ~ o t t o m  Widths, b loo ft 5 b 5 1000 ft 

0.2 ft 5dc,~5 1.0 ft 

Critical Discharge,QCkd ,cfs 

REFERENCE 
U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ENGINEEFXNG DMSION - DESIGN UNIT 

STANDARD DWG. NO 

E:Ei:y OF 

DATE 11-67 



Critical Discharge. Qc,d ,cfS 

2 = 3  HYII?AULICS: He, vs Qc,d for Various Bottom Widths, b 
lft ~ b ~ 1 0 f t  
1.0 ft 5 dCrQ4 4.2 ft 

- , XL,", - - 
REFERENCE 

I I 

U. 9 DEPARTMENT OF AGRlCULTURF STANDARD DWG. NO 1 SOIL CONSERVATION SERVICE 

I ENGINEERING DIVISION - DESIGN UNIT 



Critical Discharge, Qc,d, cfs 

I I STANDARD PWG. NO 

U. 8. DEPARTMEhT OF AGRICULTURE ES - 175 
SOIL CONSERVATION SERVICE SHLE~LLOFL 

ENGI-G DMSION . DESIGN m 
o m 1 1 6 7  



Critical Discharee. 0, A .cfs 

HYDRAULICS: He, vs Qc,d for Various Bottom Widths, b 

FERENCE I 

Z = 3  
100R 5 b  5imn 
1.0 R 5dc& 4.2 ft 

U S DEPARTMEm OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ENGINEEFXNG DMSION - DESIGN TINTI 

STANDARD DWG. NO. 

ES- 175 



Critical Discharge, Qc,d ,cfs 

1 REFERENCE 1 I 

HYDRAULICS: He, vs Qc,d for Various Bottom Widths, b 
z = 3 
l f t  5 b 5 1 0 f t  
4.2 ft 4 d c , ~ C  15.0 ft 

U. 9. DEPARTMEW OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ENGINEERING D-ION - DESIGN UNIT 

STANDARD OWG' 

ES-17 
SnEET_LOFL 
DATE 11-67 



HYDRAULICS: H, vs Qc for Various ~ o t t o m  Widfhq b z = 3  
IOfi 5 b  c 100fi 
4.2 ft C d c ~ 5  15 ft 

Critical Discharge,Q,,,, cfs 

1 
t> I / >  SOIL CONSERVATION SERVICE 
sHEm 8 g 

ENGWEERING DIVLSION DESIGN UNIT 1 1-67 

I 



2 = 3  
HYDRAULICS: He, vs Qctd for Various Bottom Widths, b loon s b 5 1 ~ 0 f t  

4.2 ft 5 d c . p ~  15.0 ft 

ERENCE 

U S DEPARTMEW OF AGRICULTURE 
STANDARD DWG NO 

SOIL CONSERVATION SERVICE ES 175  
ENGINEER~UC DIVISION DESIGN UNIT SHEETA OFL 

DATE 



Reservoir 
Water Control 

SPILLWAYS: Effect of n on Frict ion Head Loss 

I !  I l l  
0.45 0!5 0.6 0.7 0.8 0.9 1 2 3 

Cri t i  ca l Specif ic Energy Head, Hec, f t  

Case 1 
~ = I O O  f t  
z = 2  

lEFERENCE I STANDARD DWG. NO. 

I DATE 2-67 

U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ENGINEERING DIVISION - DESIGN UNIT 

ES- 176 

SHEET I OF 13 



NOMENCLATURE 

0.04 - Friction head loss in a spillway , of length, L, and roughness coef- 
ficient of 0.04 - ft 

f,0.04 = Hp - Hec 

SPILLWAYS: Ef fect  of n on Frict ion Head Loss 
for n=  0.04 

I Crit ical  Specif ic  Energy Head,  He,, f t  

Case 2 
b = 100 f t  
z = 2  

REFERENCE I STANDARD DWG. NO. 

U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

ENGINEERING DMSION - DESIGN UNIT 

ES- 176 
SHEET 2 OF 13 

DATE 2-67 



S ~ ~ L L W A Y S -  Ef fec t  of n on Fr ic t ion Head Loss Case 2 

for n = 0 . 0 2  and 0.08 b = 1 0 0  f t  
z = 2 

Crit ical  Specific Energy Head,  He, , f t  

IFERENCE I I STANDARD DWG. NO. 
U. S. DEPARTMENT OF AGRICULTURE ES- 176 
SOIL CONSERVATION SERVICE SHEET 3 OF 13 

ENGINEERING DMSION - DESIGN UNIT 
DATE 2-67 



Reservoir  7 

SPILLWAYS: Effect of b on Friction Head Loss 

I Cr i t ica l  Specific Energy Head, Hec, f t  

Case I 
n = 0.04 
z =  2 

ES- 176 
 SHEET^  OF^ 

DATE 2 - 6 7  

REFERENCE 

U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

ENGINEERING DMSION - DESIGN UNIT 



Case 2 
SPILLWAYS: Effect  of b on Friction Head Loss n = 0 . 0 4  

z = 2  

Maximum Deviation of 
for ~ = 7 5 0 '  curve. 

Reservoir  

E:::ce A-- Control 

L 

0.45 0.5 0.6 0.7 0.8 0.9 1 2 3 4 5 

Critical Specific Energy Head, Hec, 

3EFERENCE STANDARD DWG. NO. 
U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE ES- 176 
SHEET 5 OFK 

ENGINEERING DIVISION - DESIGN UNIT 
DATE 2-67 



I I case I I SPILLWAYS: Effect  o f  z on Friction Head Loss 

NOMENCLA!rrn 

of length,  L, and s i d e  slope, z - f t  

h f , z  = Hp - He, 

Crit ical Specific Energy Head, Hec, f t  

STANDARD DWG. NO. 

ES. 176 

SHEET 6 OF LiL 
DATE 2-67 

REFERENCE 
U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ENGINEERING DIVISION - DESIGN UNIT 



Reservoir 7 

SPILLWAYS: Effect  of z on Friction Head Loss 

Woler 
Surface / t L 

Control 
Section 

Case 2 
b = 100 ft 
n = 0.04 

Critical Specific Energy Head, Hec, ft 

EFERENCE 

U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ENGINEERING DIVISION - DESIGN UNIT 

STANDARD DWG. NO. 

ES- 176 
SHEET 7 OF 13 
DATE 2-67 



SPILLWAYS: Examples-Ef fect  of  n ,  b, and  z on  F r i c t i on  
Head Loss 

EXAMPLE1 

Given : 
Emergency spillway bottom p r o f i l e  as shown i n  f igure  
G, = 4-50 f t  

z = 2  
b = 1 0 0 f t  
L = 2 0 0 f t  

= 5.51 f t  (obtained from ES-171, sheet  1 )  "dl n=o -04 

Reservoir Water Surface Control Section 

=PI 

so = 0.00 

Determine : 

n=o . 08 

Solution : I h f > 0 * ~ 4  = 'P]n=o.04 - QC = 5.51 - 4.50 = 1.01 ft 

2. Use ES-176, sheet 1. 

For qc = 4.50 f t ?  n = 0.08, and L = 200 f t ,  read hf90*08 = 2.15. 
hf,0.04 

Then hf,o.08 = 2-15 (hf,o.04) = 2.15(1.01) = 2.17 ft 

= %C + hf,0008 = 4-50 + 2.17 = 6.67 f t  %I n=0.08 

I I ENGINEERING DIVISION - DESIGN UNIT I DATE 6 - 67 

STANDARD DWG. NO. 

ES- 1 76 
SHEDL OF& 

REFERENCE 
U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 



SPILLWAYS: Examples-Effect of n, b, and z on Fr ic t ion 
Head Loss 

Given : - 
Ehergency spillway bottom profile as shown in figure 
&, = 4.50 f t  

z = 2  
b = 100 ft 
L = = O f t  

\Reservoir Water Surface  control Section 

Determine : 
where n = 0.02, 0.04, 0.08, and 0.05. 

Solution : 
' , Determine &, 

n=o .02 

Use ES-176, sheet 3. 
For &, = 4.50 f t ,  n = 0.02, and L =  200 ft, read hf,o.os = O . X ,  fi. 

%3 n=o. 0, 
= + hf,o,02 = 4.50 + 0.20 = 4.70 f t  

Determine H PI n=o .04 
Use ES-176, sheet  2. 
For He, = 4.50 ft, n = 0.04, and L = ZOO ft, read hf,o,o+ = 0.60 ft. 

For n = 0.04, H = G, + hf,o.04 = 4.50 + 0.60 = 5.10 f t .  PI n=o .o4 

Determine H PI n=o.os 
Use ES-176, sheet 3. 
For Q, = 4.50 f t ,  n = 0.08, and L = 200 ft, read hf,o.o, = 1.54 f t .  

men  H ~ ]  = %, + hf,o.08 = 4.50 + 1.54 = 6.04 f t .  n=o .08 

Determine $1 n=0.05 
Prepare p l o t  of hf,, vs n. 

From p l o t  read hf,o.05 = 0.83 f t .  

Then H ~ ]  = %c + hf,o.os = 4.50 + 0.83 = 5.33 ft. n=o . 0s 

LEFERENCE STANDARD DWG. NO. 
U. S. DEPARTMENT OF AGRICULlZTRE 

SOIL CONSERVATION SERVICE ES- 1 76 
13 SHEETL OF- 

ENGINEERING DMSION - DESIGN UN'IT 



SPILLWAYS: Examples-Effect of n, b, and z on Fr ic t ion 
Head Loss 

Plot of hf ,"  vs n 

Values of hf,,,ft 

Given : 
Emergency spil lway bottom p r o f i l e  as shown i n  f i g u r e  
He, = 4.50 f t  
z = 2  
L = X ) O f t  
n = 0.04 

] = 5.51 f t  (obtained from ES-171, sheet  1 )  
b=loo 

Reservoir Water Surface 

Determine : 

'1 b=400 

Solution : 
1. hf,loo = %] - Gc = 5.51 - 4.50 = 1.01 it 

b=100 

2. Use ES-176, sheet  4. 

For Hec = 4.50 f t ,  b = 400 f t ,  and L = 230 f t ,  read hf ,400 
= 0.985. 

hf ,  loo 
Then hf7400 = 00985(hf,loo) = 0.985(1.01) = 0.99 f t .  

H ~ ] ~ = _ ~  = Hec + hf,400 = 4-50 + 0.99 = 5.49 ft  

ENGINEERING DIVISION - DESIGN UNIT 

STANDARD DWG. NO. 

ES- 1 76 
SHEET= OF& 

iEFERENCE 
U. S. DEPARTMENT OF AGRICUL- 

SOIL CONSERVATION SERVICE 



SPILLWAYS: Examp les -E f fec t  of  n, b, a n d  z o n  F r i c t i o n  
Head Loss  

Given : 
Emergency spiUwqy bottom prof i le  as shown i n  f i m e  

Reservoir Water Surface Control Section 

1 

Determine: 

~ p ]  where b = 25, 100, and 400 f t  

Solution : 
1. Use ES-176, sheet 5, 

For L = 300 f t  and 
b = 25 f t ,  read hf,25 = 0.73 ft; 

b = 100 f t ,  read hf,loo = 0.72 f't; 

b = 400 f t ,  read hf,400 = 0.70 f't. 

2. Then where 
b = 25 f t> H ~ ] ~ = ~ ~  = Hec + hf,25 = 6-00 + 0.73 = 6.73 f t ;  

b = 100 f t ,  H 
p 1 b=lOO = &, + hf,loo = 6.00 + 0.72 = 6.72 ft; 

b = 400 f t ,  H - 
P] b=400 - %c + hf,4.0 = 6.00 + 0.70 = 6.70 f t .  

ES- 1 76 
SHEETL OF- 

DATE 6 -  

:FERENCE 
U. S. DEPARTMENT OF AGRICULTUlW 

SOIL CONSERVATION SERVICE 

ENGINEERING DMSION - DESIGN UNIT 



SPILLWAYS: Examp les -E f fec t  o f  n, b, a n d  z o n  F r i c t i o n  
H e a d  Loss  

Given : - 
Ehergency spillway bottom p ro f i l e  as shown i n  figure 
He, = 4.50 f t  
b = 100 f t  
L = X ) o f t  
n = 0.04 

= 5.51 f t  (obtained f r o m  ES-171, sheet 1 )  

Reservoir Water Surface <Control Section 

Determine : 

z=4 

Solution : 
hf,2 = HP] - G, = 5.51 - 4.50 = 1.01 f t  

z=2 

2. U E ~  ES-1-76, sheet 6. 
For %, = 4.50 ft, z = 4, and L = 200 ft, read h f 9 4  = 0.996. 

hf,2 

Then hf,4 = 0 . 9 9 6 ( h ~ , ~ )  = 0.996(1.01) = 1-01  ft* 

H~] = 
+ hf,4 = 4.50 + 1.01 = 5.51 ft 

z=4 

STANDARD DWG. NO. 

ES- 176 
13 SHEET% OF- 

DATE 6 - 67 

3EFERENCE U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

ENGINEERING DMSION - DESIGN UNIT 



SPILLWAYS: E x a m p l e s - E f f e c t  o f  n ,  b, a n d  z o n  F r i c t i o n  
H e a d  L o s s  

Given : 
Ehergency spil lway bottom p r o f i l e  as shown i n  f igure  
Hec = 7.50 ft 
b = 1 0 0 f t  
L = 300 f t  

\-Reservoir Water Surface  control Section 

Determine : 
-re z = 1, 2, and 4 

Solution : 
1. Use  ES-176, sheet 7. 

For L = 300 ft and 
z = 1, read h = 0.80 ft; 

f,l 

z = 2, read hf,* = 0.78 f t ;  

z = 4, read h f j 4  = 0.76 f t .  

2. Then where 

= 1, Bp] z=l 
= + hf , l  = 7.50 + 0.83 = 8.30 f t ;  

z = 2, ~ p ]  = H,, + hf,2 = 7.50 + 0.78 = 8.28 ft; 
z=2 

z = 4, %] = He, + hf 4 = 7.50 + 0.76 = 8.26 f t .  
z=4 

EFERENCE STANDARD DWG. NO. 
U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE ES- 1 76 
s ~ ~ r r 1 3  OF& 

ENGINEERING DMSION - DESIGN UNIT DATE 6 - 67 





SPILLWAYS: Effect of b and z on Permissible Hec 

Permissible Velocity, vp, ft/sec 

iFERENCE I I STANDARD DWG. NO. 
I 

U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

I ENGINEERING DMSION - DESIGN UNIT 

ES-177 

SHEETAOF 8 
DATE - 



SPILLWAYS: Effect of b and z on Permissible Hec I Z = 0, 1, 2, 3, and 4 

Permissible Velocity, vp, ft/sec 

STANDARD OWG NO 

ES-177 
SHEET~OFL 
 DATE^-^^ 

REFERENCE 

U. S. DEPARTMENT OF AGRICULTUFtE 
SOIL CONSERVATION SERVICE 

ENGINEERING DIVISION . DESIGN UNIT 



SPILLWAYS: Effect of b and z on Permissible Hec z = 0 and 1 

Permissible Velocity, vp, ftlsec 

EFERENCE STANDARD DWG. NO. 

U. 5. DEPARTMENT OF AGRICULTURE ES-177 
SOIL CONSERVATION SERVICE SHEETAOF 8 

ENGINEERING DIVISION - DESIGN UNlT DATE 1-68 



SPILLWAYS: Effect of b and z on Permissible Hec 

Permissible Velocity, vp, ft/sec 

STANDARD DWG. NO. 

ES-177 

S H E E T A  OFL 
~~~1-68 

EFERENCE 

U. S. DEPARTMENT OF AfXiICULTURE 
SOIL CONSERVATION SERVICE 

ENGINEERING DMSION . D E ~ G N  mrr 



SPILLWAYS: Effect of b and z on Permissible Hec " - 0.08 1 T- 
Z = O and 1 

Permissible Velocity, vp, ft/sec 

U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ENGINEERING DMSION - DESIGN UNIT 

STANDARD DWG. NO. 

ES-177 
S H E E T ~ O F ~  

DATE - 



SPILLWAYS: Effect of b and z on Permissible Hec 

Permissible Velocity, vp, ft/sec 

3EFERENCE 

U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

ENGINEERING DlVISION - DESIGN UIWT 

ES-177 
S H E E T ~ O F ~  

DATE 
- 



SPILLWAYS: Examples-Ef fec t  o f  b a n d  z o n  Pe rm iss ib l e  He, 

He J 2,100 
E the  permissible c r i t i c a l  s p e c i f i c  energy head f o r  a spil lway with 

z = 2 and b = 100 f t  - f t  

E the  permissible c r i t i c a l  s p e c i f i c  energy head f o r  a spil lway with 
Heaz'b s ide  slopes, z ,  and bottom width, b - f t  

so E the  e x i t  channel bottom slope - ft/ft 

EXAMPLE 1 

Given: 
Emergency spil lway bottom p r o f i l e  a s  shown i n  f i g u r e  
z = 3  
b = 50 f t  
n = 0.04 
vp = 8 f t / s e c  

Heel 2,100 
= 2.06 f t  (obtained from ES-170, sheet  1) 

<Contra1 Section 

Water Surface- I 

Determine: 
I 

Permissible He,] 
3 9 5 0  

Solution: 
2 n 

1. Compute 
0 

2 .  Use ES-177, sheet  4 .  

For z = 3, b = 50 f t ,  and vp = 8 f t / sec ,  read 

H e c ~  z, b p e  J 2, loo 
= 1.025. 

EFERENCE 
U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

I ENGINEERING DIVISION - DESIGN UNIT 

STANDARD DWG. NO. 

ES-177  
8  SHEET^ OF - 

DATE 2 - 68 



I SPILLWAYS: Examples-Effect of b and z on Permissible Hec 

Given: 
Emergency spillway bottom p r o f i l e  a s  shown i n  f igure  f o r  Example 1 except 
t h a t  the  e x i t  channel bottom slope, so, i s  equal t o  0.052. 
z = 4  
b = 70 f t  
n = 0.04 
vp = 6.0 f t / sec  

J 2,100 
= 1.12 f t  (obtained from ES-170, sheet 1 )  

Determine : 
Permissible GJ 4, 70 

Solution: 
n2 1. Compute - 
so 

2. Use ES-177. 
For z = 4, b = 70 f t ,  and vp = 6 f t /sec ,  read values of 

- 

n2 
&A z, b / G ~  f o r  - values of 0.002, 0.02, 0.04, and 0.08. 

2,100 so 

n2 4. For - = 0.0308, read from t h e  p l o t  .I&d 4, 70 = 1.011. 
so 

STANDARD DWG. NO. 
U. S. DEPAR'IWENT OF AGRICULTURE 

ES- 177 
SOIL CONSERVATION SERVICE 

or _B 
ENGINEERING DIVISION - DESIGN UNIT 



SPILLWAYS: Effect of b on Critical Slope 

NOMENCLATURE 

s,, Q / ~  
- t h e  c r i t i ~ a l  s l ope  corresponding t o  

a d ischarhe  o f  &/4 - f t / f t  

Critical Slope, s,, Q,,, ft/ft 

:ERENCE I STANDARD DWG. NO. 

U. S. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

ENGINEERING DIVISION - DESIGN UNIT 

ES - 178 
S H E E T ~ O F  3 
DATE - 



SPILLWAYS: Effect of b and z on Critical Slope I z = 1.2.3, and 4 

Chart i s  v a l i d  f o r  any value of n. 

NOMEXCLATURE 

z t h e  c r i t i c a l  s lope  corresponding t o  a discharge "J Q / ~ ~ Z , ~ O O  of ~ / 4  f o r  a spil lway wi th  z = 2 and b = 100 f t  - f t / f t  1.1 

= t h e  c r i t i c a l  s lope  corresponding t o  a discharge 
of &/4 f o r  a spil lway wi th  s i d e  slopes,  z, and 
bottom width, b - f t / f t  

Critical Specific Energy Head, Hec, (Corresponding to Q),ft 

3EFERENCE STANDARD DWG. NO. 

U. 5. DEPARTMENT OF AGRICULTURE ES - 178 
SOIL CONSERVATION SERVICE SHEETLOFA 

ENGINEERING DIVISION - DESIGN UNIT 
DATE - 



SPILLWAYS: Example-Ef fect  of  b and  z o n  Cr i t ica l  Slope 

EXAMPLE 

Given: 
He, = 4.5 f t  
z = 1  
b = 7 5 f t  
n = 0.04 

= 0.0221 (obtained from ES-172) 
2,100 

Determine - 

Water Surface - 

Solution: 
Use ES-178, sheet  2.  
For z = 1, b = 75 f t ,  and Hec = 4.5 f t ,  read - 

ZEFERENCE 

- 

U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

I ENGINEERING DIVISION - DESIGN UNIT 

STANDARD DWG. NO. 

ES-178 
3 SHEET-.&- OF- 

DATE 2-68 





ES-170 through ES-178 

EXAMPLE 1 

Given: 
Emergency spillway bottom profile as shown in figure 
z = 2  
b = 100 ft 
n = 0.04 
L = 300 ft 
vp = 6 ft/sec 

7-Reservoir Water Surface I 

Determine: 
I. Permissible He, 
11. The discharge, Q, corresponding to the permissible He, 
111. Critical slope for ~14, sC, Q/4 

I V .  The energy head, dp, above the crest at the distance, L, upstream 
from section (I) 

Solution: 
I. Determine permissible He, 

Use ES-170, sheet 1. 
For so = 0.04 and vp = 6 ft/sec, read permissible He, = 1.28 ft. 

11. Determine Q 
Use ES-174, sheet 2. -- - 

For Gc = 1.28 ft and b -- = 100 ft, read Q =̂ 457 cfs. 

111. Determine sc, & I ~  - -- - 

Use ES-170, sheet 1 or ES-172, sheet 1. 
For He, = 1.28 ft, read s,, q/q = 0.0334. 

Since the exit channel bottom slope, so, is greater than sc, Q/4, a 

control section exists at section (1) for discharges in the interval 
~ / 4  to Q. 

IV. Determine Hp 
Use ES-171, sheet 4. 
For He, = 1.28 ft and L = 300 ft, read Hp = 1.72 ft. 

lEFERENCE STANDARD DWG. NO. 
U. S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ES-179 
 SHEET^  OF^ 

ENGINEERING DIVISION - DESIGN UNIT DATE 2 - 68 



SP1LLWAYS:Examples Showing the  Interrelation of Drawings - 
ES-170 through ES-178 

EXAMPLE 2 

Given: 
Ehergency spillway bottom profile as shown in figure 
z = 3  
n = 0.035 
L = 200 ft 
vp = 7 ft/sec 

-Reservoir Water Surface 

Determine: 
I. For b = 100 ft, z = 2, and n = 0.035 

A. Permissible He, 
B. The energy head, Hp, corresponding to the permissible He, 

11. The required spillway bottom width, b, assuming that the routing of 
the emergency spillway hydrograph yields a maximum discharge, Q, of 
450 cfs corresponding to the permissible Hp. 

111. For the b determined in 11, z = 3, and n = 0.035 
A. Permissible He, 

B -  sc, 4/4 

C. Hp corresponding to the permissible He, 

Solution: 
I. For b = 100 f&, z = 2, and n = 0.035 -- ' - A. Determine pemssible He, - - - 

Use ES-170, sheet 1. \ - 

--- since the value of n is not 0.04, the abscissa of sheet 1 will 
0 04 * be redesignated as [+I so. 

0 04 0 04 
For [+I so = [-] [O.o3A = 0.0431 and vp = 7 ft/sec, 

0.035 
read permissible H,, = 1.58 ft. 

B. Determine Hp 

1. Use ES-171, sheet 1. 
For H,, = 1.58 ft, L = 200 ft, and n = 0.04, read Hp = 2.35 ft. 

Then the head loss, hf, ,.,,, assuming n = 0.04 is 

- 
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IPILLWAYS: Examples Showing the  In ter re la t ion of  Drawings 
ES-170 th rough ES-178 

2.  Use ES-176, sheet  1 and a graphical  procedure s imi la r  t o  
t h a t  used i n  Example 2 of ES-176. 
For He, = 1.58 f t ,  L = 200 f t ,  and n = 0.035, obta in  

hf,0.035/hf,0.04 = O S 8 7 '  
hf,o.035 = 0.87(hf,o,04) = 0.87(0.77) = 0.67 f t  

The value of Hp adjus ted f o r  the  n value i s  given by 

11. Determine b with z = 3 
Use ES-175, sheet  5. 
For Qc = 1 .58  f t  and Q = 450 cfs ,  read b = 70 f t .  

111. For b = 70 f t ,  z = 3, and n = 0.035 
A. Determine permissible He, 

Use ES-177 and t h e  procedure used i n  Example 2 of  ES-177. 

For z = 3, b = 70 f t ,  and vp = 7 f t / sec ,  obta in  

B. Determine s,, Q / ~  

Use ES-172, sheet  1. 
Since the  value of n i s  not 0.04, t h e  abscissa  of ES-172, 

0 04 
sheet  1 w i l l  be redesignated [-&I s,, QIJn. 

For z = 2, b = 100 f t ,  %, = 1.60 f t ,  and n = 0.04, read 

'c, 914 = 0.0311. 
For z = 2, b = 100 f t ,  Gc = 1.60 f t ,  and n = 0.035, 

Use ES-178, sheet  2 .  
For z = 3, b = 70 f t ,  andHec = 1.60 f t ,  read 

This i s  the  s,, Q/, f o r  z = 3, b = 70 f t ,  QC = 1.60 f t ,  

and n = 0.035. The e x i t  channel bottom slope, so, i s  
g rea te r  than s,, Q,,; therefore ,  a control  sec t ion  e x i s t s  

a t  sec t ion  ( 1 )  f o r  discharges i n  the  i n t e r v a l  ~ / 4  t o  Q.  
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SPILLWAYS: Examples Showing the l nterrelation of Drawings 
ES-170 through ES-178 

C .  Determine Hp 

Use ES-171, sheet 1. 
F o r b  = 100 f t ,  z = 2, n =  0.04, L = 200 f t ,  and 
He, = 1.60 ft, read Hp = 2.37 f t .  - 
Then the  head loss ,  h a  Ref,  assuming the  Reference Section i s  

Use ES-176, sheet 1 and a graphical  procedure s imilar  t o  
t h a t  i n  Example 2 of ES-176. 
For He, = 1.60 f t ,  L = 200 ft, and n = 0.035, obtain  

hf,0.035/hf,0.04 = 0.87. 

hf,o.035 = 0 . 8 7 ( h ~ , ~ , ~ ~ )  = 0.87(0.77) = 0.67 f t  

Then Alnf,, = hf, 0 .  035 - hf ;~ .  04 = 0.67 - 0.77 = -0.10 f t  

Use ES-176, sheet 4. 
For Hec = 1.60 ft, L = 200 ft, and b = 70 f t ,  read 

hf ,b/hf oo = 1.002. (This was obtained from a p lo t  
,1 

of b vs hf,b/hf ,100. ) 
hf,70 = 1 . 0 0 2 ( h ~ , ~ ~ ~ )  = 1.002(0.77) = 0.77 ft 

Then Ahf,b = h f , ? ~  - hf,loo = 0.77 - 0.77 = 0 f t  

Use ES-176, sheet 6. 
For He, = 1.60 f t ,  L = 200 ft, and z = 3, read 

hf, z/hf, = 0.999. (This was obtained from a p lo t  

of z vs hf,z/hf,2.) 

hf,3 = 0 - . 999 (h~ ,~ )  = 0.999(0.77) = 0.77 f t  

ThenAhf,z = hf,3 - hf,2 = 0.77 -0.77 = 0 f t  

The t o t a l  change i n  f r i c t i o n  head loss ,  Ahf, is  given by 

Ahf = 41f,n + &f,b + Ahf,z = -0.10 + 0 + 0 = -0.10 f t  

Then hf = hf] Ref + Ahf = 0.77 - 0.10 = 0.67 ft 
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