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1. I n t r o d u c t i o n  

lnter~It~entl7 durln S the .past ten yea r s ,  experiments have been !:~ i" 

. performed and ~terlal collected for Bulletln 3, Part VI, of the Boulder 
o 

Canyon Final Reper~e entitled, "~ud~es of Crests for Overfall Dame.a The 

studies were In~ti~a~ed in 1931 by Mr. E, W. Lane and have been eontlnued .... • ..... 

pmriodioa l ly  eino~ t h a t  ~imo as s l ack  pe r iods  in the l~bora to ry  have per -  

~ t 4 ~ d .  The~ ~e~n~ has been completed and a d r a f ~  of  t he  b u l l e t i n  sub- 

m t t ~ d  to  the  e d i t o r s ,  but  p u b l i c a t i o n  w i l l  be postponed u n t i l  .aftes'...~he- ~ ........ 

na t iona l  emer~noy .  Since the  in format ion  ~n t h i s  b u l l e t i n  i s  ~n c o n s e n t  

demand by t h i s  o f f i c e ,  as w e l l  &s o t h e r  Government a~encie~,  t he  mor~ 

por~Lut f i ~ v e e ,  t a b l e s ,  and accompanying examples ~ v o  been reproduced 

| 

for l i m i t e d  d l ~ r i b u ~ i o n  Lt t h i s  t ime ,  /~he fo l lowing  condensa t ion  con- 

ra ins  only  t h e  most e s s e n t i a l . d e s i g n  i ~ o r ~ a t i o n  covered in~ the  b u l l e t i n s  

% h o r e f ~  oars i s  a d y i u d  tn  i t 8 .  u N .  

2. Extent  of  m a t e r i a l  Luoludod in  condensa t ion  

The p r i n o i l ~ l  phases of  sp i l lway  des ign inc luded  i n  t h i s  a b s t r a c t  

are as fo l lower  

(a) Determinat ion  of  t h e  shal~ o f  over f low s e c t i o n  requi~ed to f i t  

the  l o ~ r  nappQ of the  o v o r f ~ l l i n g  s~ream f o r  any p r a c t i c a l  c o n d i t i o n  o£ 

deeigno T h i s . w i l l  be the most eeon~n ioa l  as w e l l  as t h e  moat e f f i c i e n t  

shape of m o t i o n  on which :ubatmoepherio p res su res  , r i l l  "be m a l l  Or  non- 

e x i s t e n t .  ShArp-crested w i r e  wore t es ted  in  the  l a b o r a t o l ~ ,  r e p r e s e n t i n g  

dmn ~ o t t o n s  w~th v e r t i c a l  upstremn f a c e s ,  s lop inc  upstream f ace s ,  and a l so  

wi~h overhangs and s t r e e t s  on the  upetrwam face ( types  A, B. C, and  D, 
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respectively, figure 1 ) .  

(b) Study of deviations of nappe shapes due to velocity of approach. 

The variation of the nappe shapewith the velocity o f a p p r o a c h  is illus- 

trated in figure 2. Begin covered a portion of this field, but his experi- 

ments were not sufficiently extensive to completely analyse this effect. 

(c) Determination of the coefficients of discharge for dams with ver- 

tical, sloping, overhanging, and offset upstream faces. 

T h i s  i n f o r m a t i o n  was o b t a i n e d  f rom s u p p r e s s e d  w e i r s ,  two f e e t  i n  

length, ground to a knife edge. The nappe-shepe ooordimtes are expressed 

in terms of the total head on the weir, and other values are expressed in 

dimensionless terms wherever possible. The coefficients of discharge here- 

in were computed from the total head above the hlgh point of the lower nappe 

surfacej thus they apply to the resulting ogee section and not to the weir 

pro p e r .  

S. S~o,ls , ~  

The followin~ is a list of symbols as used throu~hout the bulleo 

tin with reference to figures ~, 4, and 5s 

Q - Total discharge, second-feet, 

q - Discharge per f o o t  o f  crest, second-feet. 

W -Width of test channel at gagin~ section, feet. 

L - Length of test weir, feet. 

A -Area of flow cross section at ~ging section, square feet. 

V - Average velocity of approach, feet per second. a 

h a - Average velocity head of approach, feet. 

h - Observed head above sharp crest of weir (measured at gagin~ 
s station), feet. 

H s - h s + h a - Total head above s}~rp crest Of weir, feet. 

E - Maximum distance lower nappe rises above sharp crest of 
weir, feet. 

h ° - Observed head above high point of lower nappe, feet. 

H - h + h a - Total head above high point of lower nappe, feet. 
0 0 
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P -'Depth o f  a p p r o a c h  floor below s h a r p  crest o f  w e i r ,  feet. 

N - ' ~ o r i s o n t a l  ~ o r  v e r t i c a l  , d i s p l a c e m e n t  on o v e r h a n g  and o f f s e t  ' 
we ir s, feet. 

M - Height of~iriser on offset weirso feet. 

C ,, ..... Coefficient o f  discharge for ogee 8eotlc~, 
L 2 

4. Nappe,shLpe profiles 

CoordSnates f~ profiles of the lower and the upper nappe shapes,: • 

expressed in  terms c f  unit head ,  a r e  included In the fo l l ow ing  tab les  f o r  

v a r i o u s  values o f  - ~  

Lower n~ppe sUpper nappe s 
coordinate s sooor dinates: 

t a b l e  s t a b l e  s Type o f  w e i r  

1 
2 

S 
4 
5 
6 
? 

8 

! $ 

s 9 s V e r t i c a l  upstre~n face 
s i0 , Sloping 1,3 downstream (18.4: 
s I i  , Sloping ZsS downstream 
$ 

s° with  rtle.1) 
,trsem (S3669° with ~ vertleal) 

12 # S l o p i n g  5,S d o w n s t r e a a  (45 , o ~ w i t h  v e r t i c a l )  
15 s S l o p i n g  2 s l  ~owns t rea=  ( 6 5 , 4 ~  w i t h  v e r t i c a l )  B a s i n  ~i 
14 s S l o p i n g  4 s l : d o w n s t r e a m  (78 .97u  wi th l  v e r t i c a l )  B a s i n .  
15 s 45-de~vee overhang weirs 
+ , 45-degree offset weirs with risers 

. . . . . .  J , 

+Use upper ~appelshape coordinates for  v e r t i c a l - f a c e  w e i r .  

One wou ld  e x p e c t  t o  o b t a i n  t h e  sa~ .es f o r  a 45 -  " 

degree offset weir with reasonably high rise Lth Tertleal 

.pstre- -  face, is e tirely t r y .  a .  the/  o f  now is dif ere t 

cn the two weirs. Xt was observed that the lower nappe surface, during the 

experiments on the vertical weir and on the three weirs tes~edLsloping down- 

s t r eam,  was s ~ o o t h ,  ~ v i n ~  a g l a s s y  a p p e a r a n c e  d u r i n g  r u n s  i n  wh ieh  t h e  head  

Y, was n o t  e x o e s s l v e  o r  t h e  a p p r o a c h  c h a n n e l  t o o  s h a l l o w .  O n t h e  o o n t r a r  t h e  

nappe surfaces produced by the offset and the overhan~ weirs were i n  aome 

cases smooth but never glassy. In every arrangement tested, spiraling ropes 

played back sad forth across the weir, ~akin~ it difficult to traverse the 

lower  nappe  s u r f a c e .  These  w e r e  smal l  f o r  t h e  lower  heads  b u t  beeo~e  p r o p e r -  

8 
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t t o n a t e l y  l a r g e r  and g r e a t e r  i n  number :,for t h e  h i g h e r  d i s c h a r g e s .  The 

ropes  for~ed a t  t h e  w e i r  and broke  Sn to  spray  a s h o r t  distanoe downstream.  

The roughness  o f  t h e  nappe su r£aoes  I n d l o a t e d  t h a t  some ene rgy  d i s s i p a t i o n . .  

occurred before the water leFt.the weir,~ and also that the reslstanoe of 

the a i r  to  t he  rough  s u r f a c e s  was  g r e a t e r  t h a n  i t  w o u l d  have ~;een t o  t h e  

smoother s u r f a c e s  p r o d u c e d  by t h e  v e r t i c a l  w e i r ,  For t h e s e  r e a s o n s  t h e  

nappe shapes ~rom the  o f f s e t  w e i r s  do no t  c o i n c i d e  w i t h  t h o s e  f rom t h e  ~ r -  

tioal weir. It so happened that the lower nappe s u r f a o e s f r o m ~ a l l  o f f s e t  

w e i r s  oould  be o o a b l n e d  ( t a b l e  8 ) .  The o o n o l u s l o n s  from t h e  t e s t s ,  a s  sum- 

a a r t s e d  in  t h e  b u l l e t i n ,  s t a t e  t h a t  "Over f low s e c t i o n s  w i t h  p l a i n ~ u p s t r e a m  

faoes a r e  oonduoive to  stable f low o(mdi t ions,  , ~ , r e * s  t ~ s e  ~ t h  o f f s e t s  

and breaks  i n  t h e  u p s t r e a m  f a c e  a r e  n o t ,  a l t h o u g h  many o f  t h e  l a t t e r  s e c -  

t i o n s  a re  i n  e x i l t e n e e  and a p p e a r  t~o be g i v i n ~  s a t i s f a c t o r y  s e r v i c e .  One 

p o i n t  i s  d e f i n i t e l y  c e r t a i n ,  however ,  and i t  i s / t h a t  s p i l l w a y  s e c t i o n s  

should  no t  be d e s i g n e d  w i t h  v a l u e s  o f  " ' - ~  e q u a l  to  l e s l  t h a n  0 ; 5  u n l e s s  

t h i s  va lue  l e  a c r e .  For v a l u e s  g r e a t e r  t h a n  s e r e  and l e s s  t h a n  0 . 5 ,  f l o w  

c o n d i t i o n s  are extrenely unstable f rom offset sections." ~ 
J 

The upper nappe-s~ape ooord inates ,  shown i n  t a b l e s  9, 10.  11 . .  12. 

1~, 14. and 15. are not as dependable as those for  the l o ~ r  surfaoe, as 

o t h e r  f a c t o r s  nay a l t e r  t hem.  The uppe r  s u r f a c e  o f  a s h e e t  o f  w a t e r  f l o w -  

iog o . e r  • i s   osed the ,nd  = y  a l t e r e d  

c u r r e n t s ,  o r  by the  a b s o r p t i o n  o f  a i r  by t h  e w a t e r .  When w a t e r ,  exposed to  

a i r ,  r eaohea  a v e l o c i t y  o f  a p p r o x i ~ t e l y  20 f |Scond ,  ~r a i r  i s  e n -  • 

t r a t n e ~ .  As t h e  v e l o c i t y  i n c r e a s e s ,  t h e  abso s more  p ronounced .  ~and 

a i r  a c t u a l l y  n i x e s  w i t h  t h e  w a t e r .  C. W. Thomas1 found,  w h i l e  12~king rmeas- 

1Thomas, C. W., u P r o g r e s s  Repor t  on S t u d i e s  o f  the  F!ow o f  Water i n  Open 
Channels with Hlgh Gradients," July 27. 19~8, U.S.BoR. Report ~d. $5. 

urements on a l o n g ,  s t e e p ,  i r r i g a t i o n  waa teway ,  t h a t  w a t e r  f l o w i ~  a t  a 

depth o f  a p p r o x i m a t e l y  8 f e e t  abso rbed  50 p e r c e n t  o f  a i r ,  by volume,  f rom 

the  a tmosphere  f o r  a v e l o c i t y  o f  80 f e e t  p e r  second .  The upper  n a p p e - s h a p e  

c o o r d i n a t e s ,  t h e r e f o r e ,  r e p r e s e n t  o n l y  the  i d e a l  c a se  where  a i r  i s  n o t  con-  

s i d e r e d .  These e x ~ e r i m ~ n t a l  upper c o o r d i n a t e s ,  however ,  may be used  as  a 
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0.12 
0,1.~ 
0o1~ 

0.1.* 

0.1~ 
0.1~ 
o,L~ 

O*Z 
0,: 
0-; 
0.; 
0.~ 

• 0oi 
O* 
G, 
O. 
0.  

Oo 
Oo 
O, 
O, 
O, 

O, 
O, 
0 
0 
1 

1 
1 
1 
2 
1 

i 

1 
1 
1 

1 

1 ,,oci 

. , . . .  
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x/~,, 

0.002 0.020 i~ 0.040 i 0.060 I 0.080 I 0.100 I-,0"120 l 0.140 I 0.180 I 0.180 I 0.200 

@ 

O 

2.900 0.9@8 0.969 0;950 :0,930 0.910 0;878 0,844 0.812 
2.800 0.987 0,968 0;950 0.980 0.909 0.874 0.845 0,811 
2.700 0,986 0.968 0.949 0.929 0.909 0,87", 0.8&2 0,811 
2.600 0.985 0.986' 0,948 0.928 0.908 0.872 0,841 0,810 

2.600 0,9@4 '0.@66 0,947 0.928 0.908 0.8'/2 0.841: 0.810 "0.782 
2.400 0.985 0.968 0.94"/ 0.927 0.90'7 0.871 0.@40 0.809 0.781 
2.300 0.982 0.964 0.946 0.92£ 0.906 0.871 0.840 0.809 0.780 
2.200 0.981 0.968 0.94.6 0.928 0.905 0.870 0;@:59 0.808 0.779 *0.780 ".0.745 
2.100 0.980 0;902 0.944 0.9P.4 0.904 0.870 0.@39 0.808 0.778 0.780 0.742 

2.000 0.978 0.981 0.948 0.928 0.903 0.@69 0.838 0.807 0.7'77 0.798 0.741 
1.900 0.978 0.960 0.;942 0.922 0.90~ 0;869 0.838 0.807 0.776 0.758 0.740 
1.800 0.977 0.959 01941 0.922 0.982 0.888 0.867 0.806 0.7'/9 0.757 0.739 
1.700 0.975 0.958 0;940 0.920 01901 0.868 0.867 0.806 0.778 - 0.786 0.7@8 
1.800 0.974 0.986 0.989 0.980 01901 0.867 0.8~8 . 0.80@ 0.774 0.786 0.787 

1.500 0,97~ 0.985 0.938 0.919 0;900 0.868 0.82@ 0.804 0.775 0.754 0.738 
1.400 0.970 0.954. 0;937 0.918 0.8@9 0.865 0.864 0.806 0.771 0.7@8 0.7~S 
1 . 3 0 0  0 . 9 6 7  0 .982 0 .936 0 . 9 1 7  0 .898  0 .864  0 . 8 3 3  0 .@02 0 . 7 7 0  0 .752  0 . 7 3 4  
1 .200  0 .964  0 .949  0 .934 0.916 0 .897  0 ,863 0.862 0 .801 0 ,799 i 0 .761  0 . 7 3 8  
1.100 0.961 0.946 0.981 0.914 0.894 0.861 0.831 0.800 0.788 0.780 0.732 

1.000 0.958 0.944 0.929 0.911 0.892 0.889 0.829 0.799 0.767 0.749 0.7"~1 
0.900 0.952 0.938 0.924 0.907 0.890 0.889 0.827 0.798 0.799 0.747 0.780 
0.800 0.947 0.934 0,920 0 ; 9 ~  0.886 0.850 0.822 0.798 0.768 0,748 0.727 
0.700 0.940 0.926 0.913 0.896 0.880 0.846 0.820 0.793 0.761 : 0.742 0.724 
0.600 0.930 ~ 0.918 0.907 0.890 0.872, 0.840 0 . 8 ~  0.790 0.759 0.740 0.721 

0.500 0.921 0.910 0.898 0.882 0.885 0.832 0.808 0.783 0.755 0.736 0.718 
0.400 0.911 0.899 0.887 0.872 0.856 0.823 0.800 0.777 0.750 0.751 0.719 
0 ,300  0 .899  0 .886  0 .873 0 .@68 0 .844  0.812 0 .791 0 .770  0.744 0 ,726 0 .707  
0 . 2 0 0  0 .883  0 .871  0 . 8 5 9  0 .844 0 .830  0 .800  " 0 .780 0 .760  0.785 0 . 7 1 8  0 . 7 0 0  

-0.100 0.666 0.858 0.840 0,826 0.812 D.784 ) 0.766 0.748 0.724 0.708 0.692 

0.000 0,845 0.832 0.819 0.804 0 .790 ' 0.764 0.748 0.732 0.710 0.698 0.682 
~0.100 0.820 0.806 0.793 0.780 0.767 0.740 0.7"26 0.713 0.69~ 0.680 0.667 
0.200 0.790 0.778 0.768 0.752 0,788 0.717 0.703 0.690 0.671 0.660 0.6,',0 
0.300 0.766 0.742 0.730 0,?19 0.70~ 0.686 0,67~ 0.660 0.644 0 . 6 ~  0.627 
0.400 0.714 0.702 0.690 0.680 0.669 0.690 0.6~7 0,,628 0.610 0 ~  0.695 

0 .500  0 . 6 7 0  0 .668  0 .645 0 .634 0 .824  0 .608  0.696 . 0.888 0 .870  0 .564 0 .558  
0.600 0.619 0.606 0.594 0.5@4 0.578 0.888 0.546 0.§98 0.828 0.818 0.512 
0.700 0.880 0.848 0.536 0.528 0.519 0.600 0.490 0.480 0.470 0.486 0.460 
0.800 0.494 0.482 0.470 0.462 0.483 0.440 0.429 0~.418 0.410 0.404 0.400 
0.900 0.425 0.412 0.400 0.390 0.380 0.368 0 .359  O.:~L9 0.840 0.835 0.330 

1.000 0.344 0.332 0.120 0.310 0.800 0.290 " 0.280 0,270 0.283 0.258 " 0.253 
1.100 0.252 0.241 0.230 0.222 0.213 0.200 0.194 0.188 0.180 0.175 0.170 
1.200 01155 0.144 0.134 0.127 0.120 0.108 ,01102 *0°098 ~0.088 '~0.083 ~0.07~ 
1.300 "0.048 "0.03~ "0.030 " , '0 .024 '0.018 *0.005 0.000 o0.005 -0.012 -0.016 -0.021 
1.400 -0.067 -0.074 -0.080 -0,086 -0,091 -0,104 -0.108 0.112 0,120 0.125 0.180 

1.600 0.190 011.98 0.200 0 .2~  0.210 0.220 0.226 0.230 0.240 0.244 0;245 
1.600 0-317 0.322 0.328 0.332 0.336 0.349 0.382 0.385 0 .~2  0.366 0.370 
1.700 0.450 0.456 0.461 0.466 0.470 0.481 0.484 0.488 0.496 0.498 0.501 
1.800 
1.900 

2,000 
2.100 
2.200 
2,300 
2.400 

2.500 
2.600 
2.700 2.322 
2,800 2,554 
2.500 2.790 

3.000 3.032 
3.100 ~ .2@5 
3.200 3.540 
3.300 3.803 

, *3.400 .4.f;'14 

0,597 0.601 0.6P~ 0.608 0.612 0.622 0.628 0,630 0.686 0.689 0.641 
0,750 0°754 0.75 0.761 0.764 0.770 0,774 0°??9 0.78~ 0.786 0.790 

0.905 0.906 0,941 0.916 0.T~0 0.926 0,928 0.980 0.934 0.936 0.987 
1.080 1.082 1.085 1.086 1.088 1.090 1.092 1.096 1.092 1.09.2 1.095 
1.255 1`264 1.275 1.272 1.270 " 1.271 1.268 1.268 1.264 1.862 1.860 
1.450 1.456 1.4{15 1.*.64 1.462 1.460 1.452 1.445 1.442 1.458 1.433 
1.652 1.661 1.670 1.666 1.662 1.668 1.849 1.940 1.6~.0 1.826 1.820 

1.965 1.872 1.880 1.876 1.872 1.860 1.850 1.840 1.826 /~1.818 1.010 
2.090 2.090 2.090 2.086 2.082 ,2.068 2.0@7 2.046 2.025 2.016 2.008 ;~.059 

2.317 2.312 2.304 2.296 i1~.278 
~.546 2.638 2.525 2.516 2.491 
2.778 2.767 2.754 2.740 21719 

3.021 3.010 2.995 2.080 2.956 
3.272 .3.260 3.245 ~.230 3.208 
3.528 3,515 3,602 3.490 3 . 4 ~  
3.792 3.780 3.76~ 3.762 3.728 

-4.062 -4.050 -4.040 -4.030 4.~08 

2.254 2.260 2.228 2.214 2.207 
2.478 2.460 2.434 2.422 2.410 
2.701 2.680 2.656 2.644 8*632 

2.959 2.910 2.892 2.891 2.870 
5.192 3.160 5.145 3.132 3.120 
3.447 8.418 3.406 3.394 3.3@5 
3.714 8*690 3.676 3.064 3.654 

-8.9~11 -3o972 -8.958 - 8 . 9 ~  -3.940 



TABLE 10 

OVEP3ALL DA~ CKEST E~ERIMEETS - WEIR IN:Ll);~ DC~,31STREAM 0~ I~3 SLOPE 
/ 10.48 ° q I ~  VERTICAL 

COOEDINATES OP UPPE~ NArFE Fob DIFFERENT VALUES OF ----h'/~ 

e 

-4.000 
:$.900 
3;6oo 
3,700 
3,600 

3.500 
3.400 
3,300 
3.200 
3.1C0 

3.300 
.900 

2.800 
2.7700 
2.600 

2.500 
~'.4~0 

2.3OO 
.2OO 

2.1C0 

2 .COO 
1.900 
1.800 
1.7700 
1.EOO 

1.500 
I.¢00 
1 • ~00 
1,200 
1.1CO 

] .O00 
0.900 
0. 800 
0.700 
0.600 

0,.500 
0.400 
0.300 
0.200 

-0.IC~ 

0.000 
~0. lO0 

0,200 
O,6OO 
0.400 

0"600 
0,600 
O.70O 
0, 800 
O.9OO 

1.o00 
1 • lO0 
1.200 
1.300 
1.400 

1.500 
1.600 
I. 700 
1,800 
1.900 

2,000 
2.100 
2.200. 
2 ,~00 
2,400 

2.600 
2.600 
2.?00 
2o~00 

*2.900 

0,002 

0.9877 
0.967 
0.98'/ 
0.9~6 
0 ,9~  

0,986 
0,986 

0,986 
0,9~6 

0,.9~6 
O,986 
0,9~ 
0.986 
n98~ 

0.986 
0.985 
0,994 
0.983 
o,.982 

0,960 
0,9'/9 
0.977 
0,9"/'3 
0,9'/0 

O'~C~ 
0.96.3 
0.960 
0.9577 
0.952 

0,949 
D,94Z 
0,938 
0.951 
0,92Z 

0.900 
o.6877 
0,870 
0.t]52 

0.~30 
0,~0~ 
0.773 
0.7377 
0,696 

0,64,9 
0.59~ 
O,586 
0 , 4 6 9  
0 .396  

0.316 
0.229 
0.134 

-0.030 
-0.082 

0.203 
0.382 
0.468 
0.612 
0.7766 

0.9277 
1.091 
1.266 
1.453 
1,648 

1.~55 
2 .O72 
2,292 
2.515 

• -2.7477 

0.020 0.030 0.040 0.080 0 . 0 6 0  0,070 0.080 0.090 O.]00 0.120 0 . i40  0,180 0.100 

C.9'}'3 0.962 0.950 0.940 0.929 0,919 0.908 0 .8977  0.885 0.86E 0.858 0.814 0.71)0 
0.9`},3 0.962 0.950 0.940 0.929 0,919 0.908 0.99'/ 0.895 0"862 0,868 0.913 0~,`7~0 
0,9?3 0.962 0.950 0.940 0.929 0,919 0.908 0 .89 ` } ,  0.886" O.M2 0.837 0.812 0,71}0 
0.9`},2 0'. ~61 0.91;0 0.940 0 .929 0.918 0 . 9 0 ` 7  0.896 0.885 0.062 0.8457 0.811 0.`790 
0,9`},2 0 .961  0.91;0 0,939 0.928 0.9177 0.986 0,895 0,81;4 0,862 O, rL~l 0.810 0.`},90 

0.9';'2 0.961 0.91;0 0`939 0.926 0.917 0.905 0.895 0,1;94 0,8~2 0.8~8 0"810 0. '790  
0,9?'2 0"961 0.950 0"989 0.926 0 ,91 , } ,  0.905 0.894 0,883 0.861 0.8,~ 0,810 0''789 
0.9';'1 0"961 0,,950 0.989 0.928 0.91,}, 0.908 0.894, 0.888 0 . 8 1 ; 1  0"8~H~ 0.S09 0.789 
0,971 0"960 0.949 0.988 0.92`}, 0.91R 0.905 0.894 0.88,15 0.8~1 0.8~§ 0.808 0"?88 
0,9`71 0.960 0.948 0.981; 0 .92 ` } ,  0.916 0,,906 0.994 ~ 0"863 0.880 0"9~4 0.908 0.7788 

0.9`},0 0.959 0"94` } ,  0,93'7 0`926 0.916 0 . 9 0 4  0`8~ 0.882 0.860 0.81,4 0.80`}, 0"76'7 
0,,969 rL958 0`948 0.938 0.926 0.914 0.908 ~'0.892 0.981 0 . 1 ; 5 9  0*655 ' 0.806 O.,?SL~ 
0.969 0,,958 0,946 0.938 0"925 • 0.914 0 . 9 0 , 5  0 .092 0.881 0 . 8 1 ; 9  0,81;2 0.801; 0;,?era 
0,969 0,958 0"946 0.956 0,926 0.914 O . P ~  0.892 0.891 0"659 0"B~2 0.S04 0.701 
0,969 0.968 ~,948 0.981; 0.925 0.914 0.903 0"U92 0.881 0.8,158 0"631 0"804 0.,},81 

0.966 0`98'7 0.946 0.986 0,925 0.914 0.903 0.892 0 ~ 8 9 1  0.81;6 0.815:1 0.80~ 0.?80 
0,968 0.987 0 . 9 4 1 ;  0.986 0,924 0.913 0.902 0,891 0.880 0.61;'}' {~LC'p 680 0.008 0"760 
0=96`}, 0"956 0.944 0.934 0.923 : 0.913 0;902 0.691 0"8'79 0"888 0,8~9 0.802 0` '779 • 
0.966 0,91;8 0,948 0.933 0.923 0.9]3 0.902 0.890 0.8,},1; 0.854 0 "~§  0.801 0"`},78 
0,965 0"954 0.942 0`932 0.922 0.912 0.902 0"890 0 ,8 ` } ,8  0 . 8 5 : S  0.8£'}' 0,001 0``7`78 

0.963 0.968 0",042 0.932 0.922 0.912 0.902 0,890 0.8`},`}, 0,1;62 0.8~8 0.800 0.`},74 
0.962 0.962 0.942 0.932 0.922 0.912 0.902 0.890 0, ,87`7 0,,852 0,,B~! 0,800 0=772 
0.960 0"91;1 0"941 0.932 0.922 0.912 0.902 0.690 0.8 '7`} ,  0.651 0 ,0~ 0 " ~ 0  0''~t0 
0.91;9 0,,980 0 , , 9 4 0  0.931 0.921 0.911 0.901 0,889 0 .8 ` } ,8  0,851 0, 0Lql 0.800 0.'/10 
0,96? 0.,948 0,939 0,930 0,920 0,911 0,901 0,889 0,878 0"650 0 . ~ §  0 .800  0 .~99 

O'?'L4 0.946 0,936 0.929 0.919 0.910 0.900 0.968 0.8"/5 0.880 0" 8~..8 0"?99 0,,7(52 
0.952 0,~45 0.93'7 0.928 0.919 0,910 0"900 0.888 0.8 ' } '1;  0.841,9 0"824 0.'791; 0 " ~ 0  
0.949 0"942 0.985 0.926 0.91'}' 0.908 0,899 0 ,86 ` } ,  0.6";'4 0.648 0"82~ 0"79? 0,,,?!~0 
0,944 0.936 0.932 0"324 0.911; 0*906 0"89? 0"895 0,8'72 0,84? 0"822 O,T~ 0" '!11~ 
0.940 0 " 9 3 1 ;  0.930 0,921 0.912 O,903 0.894 0.852 0`8?0 0.648 0.620 0.`},94 0 . '~0  

0,93`}, 0,932 0,926 0,918 0.909 0"900 0.891 0,800 0.868 0`646 0.819 0",},92 0''749 
0.9~1 0 . 9 2 1 ;  0.920 0.912 0,904 0.996 0.88'7 0,1;'71; 0"861; 0.642 0.817 rLT91 0``},¢.2 
0.92`}, 0.921 0.914 0"906 0.698 0"890 0.08 ̀.) 0,8T2 0,861 0,640 0.815 0,709 0.`758 
0.920 0.914 0,908 0.901 0.893 0.P68 0 .87 ; '7  0 .86` } ,  0,85? 0 . 8 3 1 ;  0.911 0.TS~ 0.1112 
0.911 0.906 0.900 0,893 0.085 0.8'7`}, 0,869 0.860 0,,850 ~ 0.8~0 0.006 0.780 0.TI~9 

0.87779 0 . 8 ` 7 3  0 . 8 6 ` 7  0.860 0.853 0.846 0.939 0.860 0.821 0 `6~  0.761 0 ' '~9 0''70`7 
0.861 0.856 0.650 0.844 0.83'7 0.630 0 . 8 2 : 3  0.815 0"80? 0.?90 0.?770 0.749 0,,690 
0.842 0.638 0.633 0 .82 ` } ,  0.020: 0.614 0.80'7 0 .7709  0,,,},91 0.77`},4 0.`751; 0.T81 " 0,,187 

0.796 ,0.779] O.vB6 o,780 0 , , ? ? 4  o,'}'68 0 , , T 6 2  0.755 0.740 0.734, 0.716 O,,O07 0"8H 
0.766 0 .7761  . 0 ' ' 7 5 6  0.'761 0 .7746  0,'739 0"?S3 O . ' ? 2 T  0.?20 0"?06 0,608 O.e?O I;~BU 
0.'728 0.724 0.?19 0.'714 0.709 0 . ' 7O4  0`699 0.696 O, ,60 '7.  0.6?4 0.886 0.618 O,,6O6 
0.68`}, 0.68~ 0 .6779  0.6?6 0.6'70 0 , ; 6E5  0.660 0.654 0.648 0.686 0.617 0.§99 0eS'~ 

0,,641 0.638 0.684 0.629 0.624 0.619 0.614 0.608 0.602 0.589 0.,5`},8 0 . 6 ~  0.812 
0.68`}, 0.584 0.580 0 ,5 ` } ,5  0.6?0 0.568 0;660 0.865 0.549 0"55'7 0.5,71 0.501 0.688 
0,82`}, 0,524 0.520 0.516 0.511 0.8045 0,501 0.49t5 0,490 0.4'79 0.4E8 0.44'7 0.412 

• 0 .460 0.45"/ 0.454 0,449 0.444 0.439 0.434 0.429 0.425 0.411 0.898 0,888 0,SY~ 
0.388 , 0.386 0.3`},9 0.3?6 0.3'70 0.866 0,3~1 0.866 0.351 0.841 0.$~8 0"81E Oe~ee 

c 
0.306 0.304 0.800 41.295 0 . 2 9 0  0.285 0.2?9 0.2?8 0.2'71 0"282 0.249 ~ 0.~658 ~ 0"~98 
0.219 0,216 0.218 0.208 0"202 0 .19 , } ,  0,191 0.186 0,181 0,171 0"11;1 0"161 0.109 
0.126 0.121 0 . 1 T M  0,111 0.106 -0.101 -0.096 ,0.090 *0.083 °0.0'76 .0.068 *0.060 ~0.(~0 

-0.022 .C.018 -0.018 *0.008 .0.002 "0.OO4 -C.009 -fl.Ol1; -r;.02 0 -0.050 -C'.OS8 -0.066 ,,0"0146 
-0.090 -0.095 -0,099 -0.106 -0.110 0.1t~ 0.120 OJ,SB 0.16] 0"141, 0,141 0,141 0.119' 

0.210 0.215 0.219 00224 0.229 0.234 0.239 0, 2,14 0.1'49 0.259 0 , , 25 ' 7  0.286 0*t.8 1 
0.338 0.842 0.846 0.31;1 0,356 0.361 0.365 0.1;69 0.373 0.660 0.1;778 0.8'78 0814 ̀ 7 
0.4775 0 . 4 7 7 7  0.460 0,485 0,489 0.494 0.498 0 , 1 ; 0 1  0 . , 5 0 4  0.610 0.807 0.1;06 0.49~ 
0,618 0.620 0.621 0"62£ 0.630 0 . 6 1 ; 4  0,638 0.640 0.64£ 0 , 6 4 " 6  0 . 4 1 4 0  0.634" G,629 
0.7766 0 .7769  0 .7769  0.7,},1; 0.`},777 0''781 0.7785 0,?86 0.?8? 0,,7789 0.?88 0.7771; 0.'/88 

0.92`}, 0,,9277 0,927 0.931 0.984 0.95"/ 0,940 0 .98` } ,  0.91;4 0 .9277 0.926 0.925 0"9~0 
1.086 1.090 1 . 0 3 ~ .  1.095 1.0P? 1.100 1.102 1.102 1.102 1.102 1 .0H  1.086 L . 0 ~  
1.265 1.266 1.267 1.269 !.271 2 .2773  1.2T3 1.274 1 .2 , } , 8  1 ,2770  1.262 1J~1;3 1,248 
1.458 1.462 1.450 1.452 1.454 1.456 1.46'7 1.45." 1.449 1.440 1.43'7 1.435 1,.418 
1.6477 1,.646 [1,,642 1.64,?. t .641 1.640 1,6~.9 ) . 1 ;37  1.656 1.650 ]..628 1.619 1 ~ 0 1  

1.~52 1.848 1.843 1 .8~42  1.641 1.840 1. ~.,38 1,836 1.833 1 .82 , } ,  1.819 1,1;10 1.7915 
2.(~6 2.063 2.060 2.058 2.056 2.053 ;'.050 2.046 2.042 2.054 1.824 2.014 1.996 
2,288 2.286 2.278 2.276 2.273 2.2?] 2.266 2.265 2.258 ~.248 2.238 2.221 2.201 
2.513 2.609 2.505 "2.501 ? .4977  2.493 2.~8~ 2.482 2.47,5 2.461 2.446 2.431 2.409 

-2.741 , - 2 . 7 5 8  i -2 .735  - 2 . , " 3 0  - 2 . 7 2 5  L--2.727 --2,715 "2.?077 , '?.699 "2.682 J'2.1;64 j '2o846 ~'2.620 

'0 



e 

-4.000 *u.~ - • ~w,=-- ~-'o'' 
~o900 0.980 0.969 0,958 0.947 
~.SO0 0,980 ~0.~9 0,958 0.947 
~.7~0 0.980 , . 0*959 0.958 0.947 
5.600 0.979 0.968 0.95'/ 0,946 

5.500 0.9?9 0.968 0,915'}' 0.94(~ 
3.400 0,979 0,988 0,987 0,9481 
3.300 0,~78 0.066 0*g~6 0.945 
5.200 0,9?8 ~965 0.955 0.945 
3.19") 0.977 0,956 0,954 0.94-1 

3,000 0,977 0.9C5 0.958 0.94~, 
2.900 0.977 0.963 0.95~ 0 . 9 ~  
2.800 0,977 0.96~ 0.953 0,,94~, 
2.700 0,977 0,965 0,958 0,94~ 
2.600 0.979 0.962 (1,952 0.942 

2.500 0.976 0,951 0.952 0.942 
2.400 0.976 0.981 0.952 0.942 
2.~00 0,974 0,960 0.951 0,941 
2.200 0.974 0,960 0,951 0.941 
2 .!CO 0.975 0.960 0.951 0,941 

2.000 0.972 0.959'. 0,950 0.940 
Io~CO 0.970 C,,957 0.948 0,9"39 
I.~00 0,970 0.954 0,945 0.9S7 
1,700 0.958 0,952 ee 9~4[ 009~6 
1.600 0.964 0*950 0.945 0,935 

1,500 0,960 
1.400 n-958 0,948 0. 9:~7 0,981 
1.500 0,953 0*940 0,935 0,929 
1,200 0*949 0.9:58 0.958 0,927 
1.100 0,942 0.958 0.928 0.923 

1.000 0,95";' 0.925 0.928 0,918 
0.900 0.930 0.921 0,917 0.912 
0,800 0.921 0.915 0.909 0.905 
0.700 0,913 0.905 0.902 0,898 
0.600 0.905 0.896 0.892 0.888 

0,500 0.892 0.585 0.880 0,876 
0,409 0.879 O J 3 7 0  0.867 0.864 
0.~00 0 ,~2  0.857 0,854 0.880 
0.200 0.845 0.539 0.8~8 0.8~2 

-0.100 0.825 0.519 0.816 0.812 

0.000 0.802 0,796 0,798 0,759 
• 0.100 0.775 0,769 0.766 0,762 

0,200 0,745 0.735 ~,785 0,','31 
0.300 0,708 0,700 0.69"/ 0.695 
00400 0.666 0,660 0.656 00652 

0,500 0,,620 0.612 0.609 0.'605 
0.600 0.568 0.551 0.,858 0,,554 
0o700 0.509 0.502 0.499 0.¢95 
0.800 0.444 0.459 0~488 004~= 
0.90(:: 0.571 0.368 0.364 0.3~0 

1 .CO0 0.290 0.288 0.285 0.251 
I.I00 0,202 0,199 0.195 0.192 
1.200 0,108 +0,I02 *0.099 ÷0.096 
1.300 *0.003 0.000 -0.003 -0.006 
1.4~ -0.108 -0.111 0.114 0,117 

1.500 0.227 0.2~0 0.21,3 0.255 
1,600 0.555 0.;555 0.559 0=361 

.0.981 +0.969 +q.958 +0.947 ~0.956 *0;925 ÷0.91~ *0.899 ÷0;888 ,0.873 *0.8~8 +0.882 ,0.808 *0.775 
0.958 0.924 0.912 0.8?9 0.886 0.87:5 0,;858 0.832 0.805 0,1778 
0.955 0.924 0.91~ 0,~99 0,88~ 0.5"/3 0.852 0.831 0 ,804  O,?T8 
0.988 0.924 0.912 0.899 0.886 0.8T5 0.582 0,6~1 0,80~ 0.778 
0.g55 0.924 0.912 0.8S9 0,888 0,8"/3 " 0.852 0,830 0.80~ 0,,778 

0.928 0.920 0.908 0.895 0 .8~  0.889 0,842 0.818 0.T58 0.754 

0,946 0.940 0 , 9 ~  0,927 0,920 0,907 0.894 0,881 0,888 0.841 0.821, 0,783 0.782 
0,925 0,919 0.906 0.995 0.980 0,567 0,841 0,814 0.T85 0.791 
0.924 0.918 0.905 0.892 0,879 0,8m8 0,840 0,814 0*?92 0.749 
0.922 ' 0.916 0,90 m 0.890 0.877 0.884 0.839 0.814 0,T81 0.747 
0.919 0.913 0.901 0.588 0.878 0*B~8 0.81,9 0.814 0.780 0.745 

0,908 0,90~ 0,892 0.851 0,570" 0,818 0 . ~  0*010 o ,?~  " 0.759 
0.9(}'1 0;997 0.886 0.9?19 0.864 0.881, 0,8~1 0.808 0,771 0.784 
0.894 0.890 0.890 0.870 0.860 0.84,9 0.8~1 0.80~ 0,7~8 0.728 
0.884 0.880 0.571 0,861 .~1,Z 0,842 0,8~0 0.798 O,'MI 0,728 

~.284 0,:~60 0.269 
0.576 0.$79 0.8 a~ 

u~oo¢) ~ u v  . . . . . . . . . . . . .  
1 .?00 0.488 (1,491 0.4-°2 n'-495 0.494 0.495" 0.49? 0.499 0o501 0,SGE 0.503 0o505 Q,~06 0,,508 
1.~00 ( 1 , 6 2 8  0.630 0.651 0,631 0.632 (3,632 0.634 00636 0,6158 0,,640 0841 0,641 (1,642 0~42 
1.900 0,779 (1781 0.782 00?82 0.?82 0.?82 0.7e~ 0.7e4, 0`781~ 00786 0 .7~ 0.?86 0.787 0.? 8'f 

2.000 q,~55 g.936 0,93? 0,957 0`9~7 0`9Y; r 0,939 0,940 0,941 0,942 00941 0.9~9 0.997 Oo9M 
2.100 1,100 1.099 1.100 1.100 1.100 1.100 1.100 ] .101 1,102 1,102 1.099 1.098 1.098 1.091 
2.200 1.2?~ !.2'P5 1 . 2 ~  1.275 1.275 1 .2?15  1.27l~ 1.2TI 1.275 1,278 1.271 1.268 1.264 1.21,0 
2.300 1.450 1,450 1,450 !.450 1.450 !";.450 1.4,50 I,'149 l.i, 49 1.448 1.446 1.444 1,439 1,4~1, 
2.400 1.642 1.642 1.642 1.641 '1o640 1.640 1.640 1.6159 1.639 1.658 1.6214 I.(529 1.5 ].9 1.608 

2.500 !.844 1.843 1,843 10543 1.842 1.842 1.840 1.638 1.~6 1.854 I,~8 1.%19 1,806 I,791, 
2.600 1~ .056 ~ . O S Z  2.05;5 2°052 2.051 2.050 Z.049 ~.047 2,045 2.048 2.(.Z ' " ,n18 2,00~ 1098F 
2 . " : 0  2,274 2.269 2.267 2.265 2.26~ 2,261 2.261 2,260 2,260 2.259 2.242 [ Z.224 2 ,10t  2.153 
?..800 2.490 2,495 ?.492 2.489 2.4~6 2,432 2.4~0 2.477 2.475 2.472 2.455 [ 2.438 2,416 2.1,94 

t" 2.9C0 -2.7~'~ -?.725 -2.719 -2.715 -2 .711 -2.706 - 2 * 7C~J , -2.700 - 2,~97 -2,£98 - 2~677 -2.661 -2 ,e  ~-7 -2 .612 
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TABLE 211 

0VERFALL DXI~ C~T EX~P.!;~TS - ~'/EIR I~CLINE~ ~,O;'P.:STREAE ~ 5=3 SLOPE" 

@ 

~ / ~  o.oo2 

-4.000 *0.980 
3.900 0.980 
~.800 0.979 
3.7r,~ 0.979 
3.600 0.~79 

6.500 0.979 
3.400 0.9?8 
3,300" 0.978 
3.200 0.976 
3.100 0.976 

5.000 0.97(; 
2.900 0.972 
2.B00 0.971 
2.700 0.970 
2.600 0.968 

2.500 0.966 
2.400 0.964 
2.300 0.963 
2.200 0.962 
2.100 O.96O 

2,000 0,958 
1.900 0.156 
1.800 0.954 
1.700 0.951 
1.600 0.948 

1.500 0.9~6 
1.400 0.941 
1.300 0.936 
1.200 0.932 
1,100 d,926 

1,000 0.92 0 
0.900 0~13 
0,800 0,906 
0.700 0.89B 
0.600 0,887 

0.500 0.876 
0,400 O.862 
0.300 0.945 
0,200 0.625 

-0.100 0.802 

0.000 0.776 
• 0.100 0.'/46 

0.200 0,716 
0.800 0*679 
0.400 0.658 

P.- 600 0,,695 
0.600 0.541 
0.700 0.461 
0.600 0.417 
0.900 0.346 

1 • 000 0.26 B 
1 .IO0 0,182 
1.200 ~0,0~ 
1.30~ =0.016 
1.400 0.127 

] .500 0.246 
1.600 0.572 
1.700 O.5OO 
] . 800  0,839 
1.900 0,782 

7.."00 0.935 
2 . :00 1.101 
2.2C~ 1.2?e 
2.300 1.465 
2.400 1.662 

2.50O 1.851 
2.EC~ 2.0(;! 
?.700 2.275 
2.~00 2.~$4 

-2.90C -2.721 

- -  1 I i 
0.020 0.030 0.040 0.050 0.060 0.070 O.OBO 0 . 0 9 0  I 0.100 0.120 0.1,10 0.180 0.180 

",0.963 ÷0.968 ~0.949 *0.942 ",0.934~ *0.919 *0.904 '*0.889 *'0.874 ",0.849 *0.924 *0,796 *0.78§ 
0.963 0.958 0,948 0.941 0.933 0.918 0.903 0.888 0.873 0.849- 0.824 0.796 0.?87 
0.963 0.958 0.948 0.941 0.933 0.818 0.903 0,888 0.872 0.848 0.823 0.795 0.766 
0.968. 0.955 0.947 0.939 0.931 0.917 0.902 0,887 0.872 0.848 0.823 0,796 0.766 
0.965 0.955 0.947 0.939 0.931 0.917 0.902 0.887 0.87'2 0.848 0,823 0,794 0,764 

0.�ss 0.955 0.94? 0.939 0.931 0.928 0.901 o.sM 0.671 0.s47 0.s~2 0.798 ~.~ 
0.968 0.955 0.947 0.939 0.930 0.916 0.901 0.885 0.871 0.848 0.8£1 0 .79 |  0 . 7 8 |  
0.963 0.958 0.947 0.989 0.930 0.916 0.901 0.886 0.871 0.848 0.820 0,?92 0.713 
0.965 0.955 0.947 0.939 0.930 0.916 0.901 0.8~6 ; 0.871 0.~45 0.819 O , f l l  0,~89 
0.963 0.955 0,947 0.939 0.930 0.918 0.901 0.886 0.871 0@844  0,817 0,790 0,I~9 

0,964 0,956 0.947 0.939 0.930 0.915 0.900 0,885 0.870 0.843 0,816 0*739 0*7182 
0.963 0.955 0.948 0,938 0.929 0,91~ 0.900 0,886 0,870 0.842 0,814 0,998 O,?B1 
0.963 0.885 0.948 0.937 0.928 0.914 0~899 0,885 0,870 0.842 0.813 0,789 0.'11 | 
0.96~ 0.955 0.948 0.937 0.928 0.914 0.899 0.584 0.869 0.841 0.812 0.788 0,7~0 
0.963 0.954 0.945 0 . 9 ~  0.927 0.913 0.896 0,554 0,869 0.841 0*8]2 0,788 0.7180 

0.963 0.954 0*944 0.935 0.925 0,911 0*897 0.88~ 0.~88 0.939 0,510 0,788 0,?80 
0.962 0.983 0 . 9 ~  0.955 0.925 0,911 0.897 0.888 0.~88 0.839 0.810 0.788 0,?80 
0.960 0.951 0.942 0.933 0.924 0.910 0.896 0.882 0.868 0.839 0.810 0,788 0*789 
0.960 0.951 0*942 0.933 0.923 0.909 0.895 0.881 O.M7 0.838 0.809 0.784 0.?88 
0.958 0.949 0,940 0,981 0.922 0.908 0.894 0.880 0.M5 0.837 0,808 0,788 0*?85 

0.986 0.948 0.939 0.980 0.921 0.907 0.893 ~ 0.879 0.8~4 0.856 0,808 O,7BS 0.988 
0.953 0.945 0.987 0 * 9 ' 2 9  0.020 0,9Q8 0.892 0.878 0.865 0.835 0.807 0.78~ 0.?89 
0.951 0.943 0.985 0.927 0.919 0.906 0.891 0.877 0.862 0*834 0.806 0.782 0,988 
0*948 0.941 0.933 0.926 0.918 0.904 0.890 0.876 0.882 0.833 O.BC~ 0.781 0.?89 
0.945 0.938 0.530 0.923 0.918 0.902 0.888 0.87~ 0 . ~ 1  0.882 0,808 0.781 0 .?88 

0.941 0*934 0.927 0.920 = 0.913 0.900 0.88? 0,874 0,861 0.8~2 0.B05 0,780 0*TS'f 
0.938 0.932 "0;925 0.918 0.9]-~ 0.899 0.886 0.874 0.981 0.832 0.80~ 0.779 O.T~ 
0.933 0.928 0.922 0.916 0.910 0.898 0.885 0.875 0.860 0.832 0.60~S 0.779 0.985 
0.929 0.9~4 0.918 0.912 0.906 0.895 0.883 0.871 0.859 0,831 0,802 0,779 0,71~5 .... 
0.925 0.918 0.913 0.908 0.903 0.892 0.880 0.869 0.857 0.830 0,602 0*778 0,735 

0.917 0.913 0.908 0.904 0.899 0,6R8 0.~77 0.866 0.654 0.828 0.501 0.777 0.71~ 
0.909 0.905 0.901 0,897 0.893 0,883 0.87? 0.961 0.860 0.825 O.BO0 0,7711 O.TlO 
0,902 0.8P9 0.895 0.892 0.888 0.818 U.86§ 0.858 0,548 0.924 0.800 0,77~ 0 . I~0  
0.893 0.890 0.886 0.883 0.879 0.870 0.861 0.852 0 .845  0.~21 0.798 0,7?8 0 . 7 ~  
0.094 0.881 0.977 0*874 0.870 0.863 0.856 0.847 0.889 0.817 0.794 0*770 0.743 

0.872 0.~89 0.866 0.~63 0,860 0,855 0.846 0.839 0.831 0'812 0.790 0.~65 0.740 
0.858 0,8~6 0.853 0.550 0.847 0.~41 0 .8~  0.928 0,821 0.80~ 0 . 7 ~  0.7~0 O.TI I  
0.842 0.839 0.836 0 . 8 3 - ~  0.8,~0 0.825 0.8?.0 0.618 0.810 O , ? g ~  0.774 0.71~2 0.IT,,0 
0.822 0.820 0.817 0.814 0.811 0.807 0.803 0.799 0,795 0.778 0 . ~ 1  0.741 0.T~1 
0*799 0.797 0.798 0.795 0,790 0.787 0.785 0,,779 0.778 0 . ' ~ 0  0.745 0.727 0.70~ 

0.771 0.770 0.768 0.767 0.765 0.762 0,759 0-756 0.752 0.789 0, 71NI 0,710 0 ~ 9 1  
0.743 0.742 0.741 0.740 0.739 0.7~7 0.734 0.7~1 0.7~8 0.718 0.701 0.188 0 ~ 7 4  
0.711 0.711 0.710 0.709 0.708 0.706 0.'/03 0.700 0*699 0~98 0.67'i 0~8  ~' 0~80 
0.675 0.674 0.673 0.672 0,670 0.888 0.665 0.68~ 0.680 0.650 0*840 0*8|0 0.61'0 

0*626 0.626 0,6?.5 0,620 0.111 0.635 0.634 0.638 0.632 0.830 0.801 0 .8~  0 . 8 ~  

0.689 0.586 0.586 0.585 0.583 0.581 0.579 0.577 0.574 0,366 0.658 0,530 0*§4|| 
0.538 0.837 0.585 0,635 0.531 0.529 0.526 0.524 0.821 0.~15 0.503 0.500 0.891 
0.478 0.47"/ 0.475 0.474 0.47Z 0.470 0.467 0.468 0.4~2 0.456 0.480 0.449 0.44)5 
0.413 0.4]3 0.412 0.411 0.410 0.407 0.404 0.401 0.398 0.895 0.388 0.,~ 81 0 ~ 7 8  
0.342 0.341 0.340 0.~39 0.338 0,356 0.534 0.35?. 0.329 0.525 0.521 0,~17 0.|1~ 

0.265 0.264 0.262 0.261 0 . ? . 5 9  0.258 0,~56 0.255 0.255 0*249 0.244 0.242 0.2|9 
0.170 0.177 0.176 0.176 0.175 , 0.172 0.170 0.169 O, ]J~7  0,165 0.~59 0,159 O. IJ~9 

*0.082 +0.082 *0.061 +0.080 *0.079 +0.078 +0.C~7'/ *0.078 *0.075 +0.072 -0.068 -0,070 ,0,0?2 
-0.019 -0.020 - 0.020 -0.021 -0.021 -0.022 -0.025 -0.024 -0,025 -0,026 =0.030 -0.028 -0.0~ 1 

0.17.9 0.130 0.131 0.152 0.152 0.135 0,133 0.133 0.1~5 0.135 0.138 0,1~1 0.1Z5 

0.246 0.247 0.247 0.247 0*247 0.24? 0.247 0.247 0.247 0.248 0.249 0.243 0.~'$8 
0.372 0.372 0.571 0.371 0.870 0.371 0.571 0.3?2 0.372 0.570 0,367 0.363 0.339 
0.500 0.500 0.600 0.500 0.499 0.499 0,499 0.499 0.499 0.495 0,493 0,491 0.48~ 
0.659 0,;~59 0.639 0.639 0*639 0.639 0.839 0.639 0.639 0.534 0.829 0,,6?.8 0=620 
0.761 0.761 0.780 0.760 0.779 0.780 0.780 0.'/80 0.780 0.776 0.9'71 0.766 0.'/1111 

0.932 0.932 0.932 0.952 0.931 0.951 0.931 0.931 0.9~1 0.925 0.919 0,915 0.9~1 
! .097 1.097 1.096 1.096 1.0~4 1.094 1,094 1.094 1.093 1,086 1.079 1.071 1.0~| 
1.274 1.272 1,289 1,266 ~,26~ 1,265 1,265 1,263 1.265 1,154 1.24~ 1 . 0 ~  l.~l~r 
] .459  1.456 1,453 1.450 1.447 1.445 ],443 1.441 1.459 1.481 1.422 ] .410 1,897 
1.648 1.646 1.643 1.641 ~.638 1.6~6 1,854 1.£31 1.629 1.619 1.609 1,591 1.51~ 

1.84~ 1.841 1,839 1 .d.57 1,835 1.852 1.829 1.826 I*~5 1.811 1,798 1.779 1.780 
2.053 2.050 2.047 2.044 2.041 2.0~7 ~,032 2.02'/ 2.022 2.008 1,998 1,969 ] . ~ &  
2.261 2.259 2.256 2.254 2.251 2.24'/ 2.242 2,2~'/ 2.2~2 2,216 2.200 2,171 2,141 
2.479 2.477 ~.474 2.472 2.469 2.465 2,460 2.466 2,460 2.4~5 2*41K 2 , 8 ~  2. |~9 

-2.703 -2,70]  -2,696 -2.695 -2.692 -2.6~7 -2,661 -2.675 -2.669 =2.650 -2.681 -2,59? 1-2.MI5 

Zt  



, p , . . . _  

4 

f 

-0 .  600 

Z•.s• 0.002 
-3.500 +0.969 
5.400 0.968 
5.500 0.96'7 
5.200 0.966 
5.100 0.965 

3.000 0.963 
2.900 0.961 
2.800 0.959 
2.7OO 0.957 
2.600 0.955 

2.500 0.952 
2.400 0,950 
2.300 0.948 
2.200 0.944 
2.100 0.941 

2.000 0.938 
1.900 0.935 
1.800 0.930 
1.700 0.927 
1.600 0.923 

1.500 0.919 
1.400 0.913 
1.~oo 6.908 
1.200 0.902 
1.100 0.895 

1.000 0.889 
0.900 0.880 
0.800 0.870 
0.700 0.860 

o.o02 o,= : 0.04 o.o5 0.07 

0.~8 
0 . 9 ~  
0.920 
0.916 

0.906 
0.902 
0.896 
0.889 

0.920 0.913 0,909 1 . 1 0 0 " 0 . 0 9 5  0.091 00088 0,082 ~0,080 
0.916 0.909 0,905 1.200 0,000 - -0 .004 -0 .009 -0.015 -0.015 

" 0.912 0.905 0,901 1.300 -0 .105 -0.108 "0,112 -0.115 0.117 

. . . . . . . . . . . . . . .  v ~ s q v  

0.895 0.889 0.886 1,700 0.591 0,594 0.596 0.596 0,600 
0.889 0.883 0.880 1.800 0.730 0.753 0,736 0.759 0,740 
0;854 0.878 0.8?5 ~lo9(X) 0.875 0.876 0,878 0,879 0.880 

0.878 0.873 0.870 2.000 1,026 1.028 1.029 1.031 1.052 
0.875 0 .870  0 .865  0,862 2.100 1 .190  1 . 1 9 0  1 .190  1 .190 1.19( 
0.865 0.860 0.885 0.852 2.200 1.363 1.362 1.381 1 . 3 6 0  1.38( 
0,855 0.851 0.846 0.844 2.500 1.542 1,540 1.538 1.536 1.65E 

+0.845 0 . 8 4 3  0 ,838  0 .834 0 ,832 2,400 1 ,730  1 .726  1 .723  1,719 I ,  71'~ 

Z?_ 

I 

0.952 0.945 0.934 0.929 w'O.lO0 0.696 • 0.693 0 . 6 9 0  0,687 0.685 
0.§50 0.941 0.932 0.928 0,;2 O0 0.662 0.659 0,655 0,652 0.660 
0.94.8 0,959 0.950 0.926 0~300 0.624 0,620 0 . 6 1 6  0.612 0.610 
0 . 9 4 6  0 . 9 5 7  0 . 9 2 8  0 , 9 2 4  0 . 4 0 0  0 . 5 8 0  0 . 5 7 7  0 . 5 7 4  0 , 5 7 0  0®569 

0.943 0.935 0.926 . 0;922 0.500 0.531 0.528 0.52.8 0.522 0.520 
0.94~ 0 .933  0 ,925  0 .921 0.600 0 .474 0 . 4 7 0  0 .467  0 .463  0.461 
0.940 0 .931 0 .923 0.919 *0. 700 0 .411 0 . 4 0 8  0 .405  0.40~ 0,,400 
0.936 0.929 0.921 0.917 0,800 0.34,2 0.339 0.355 0,332 0.330 
0.934 0.926 0.919 0.915 0;900 0.2 67 0,26.3 0.260 0.256 0.254. 
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TABLE 14 

FROM BAZIN'S WEIR EXPE~B~ENTS , ':' ' .  " ' :  ,: . 

0 

B 

-~;500 
3~.400 
~~ 300 
3;2OO 
3.100 

3.000 
2 • 9 0 0  
2.800 
2 • 700 
2 • 800 

2 • 500 
2.400 
2. 300 
2.200 
2 .I00 

i 

2 . 0 0 0  i 
1.900! 
1.800 
i. 7OO 
1. 600 

1~500 
1.400 
I • 3 O0 
1.200 
I.I00 

i • 000 
0,900 
0.800 
0.700 

-0. 600 

0 .  0 0 2  i 

I0.934 
0.953 
0.931 
0.929 
0.927 

0.925 
0.923 
0.921 
0.918 
0.914 

0.912 
O. 908 
0.904 
0.901 
0.898 

0.894 
0.890 
0.886 
0.881 
0.876 

0.871 
0.884 

' 0.857 
0.848 
0.840 

o,8~o 
0.819 
0.807 
0.793 
0.780 

0.02 0.04 0.06 0.07 0.002 0.02 1 0.04 .... 0.06 ' 0'07 "~ 
, , . ~/H.,'3~ ..., .-:: : : , :  " ' : 

O.931 0.928 , 0..925 0.923 -0.500 4'0.766 ' 
0.930 0.927 0.9:~4 0.922 0.400 0.749 0°746!1 0,742 0,739 0.7~7 
0.928 0.925 ]0.922 0.921 :0 ,300"  0.750 0.726= 0,723 10-719" 0.717 
0.926 0.923 0.920 0,919 0.200" 0,708 0.705! 0.702 : 0.699 0o,~97 
0.924 0.921 0.9i8 0,917 -0.i00 0.885 ' 0.6811 ~D®677 0.673 i 0.671 

0.923 0,920 0.917 0.915 Q.ooo 0.6s8 0.6~I 0,851 0.C~7 0.~5 
0.920 0.917 0.914 0.912 "0 .100"  0 ; 6 2 7  : 0.623 0 .619  0.615 0.615 
0.9 i8"  O.915 O,912. 0.910. 0 ,200 0,592 0.588 ii 0,584 0.580 0 .578 
0.915 0.912 0 .909  0.907 0 .300  0.551 :, 0.547 ~ 0*544 0.540 0,638 

0.883 0.880 • 0.877 0.875-i 1.200 0,I03 "-0.008. -LO.OI3 
0.878 0,875 0,872 0.870:1.300 0;212 0.217 • 0.223 
0.873 0.870 0.867 0.666 1.400 0,327 0.332 0.336 

0.868 0;865 0.862 0.860 1.500 0 .448  0.452 0,45"i 
0.861 0,858 0.855 0.853 1.600 0 , 5 " ~  : 0.676 : 0,58] 
0.854 0.851 0 .848  0.846 1.700 0,705', 0,709 :;: 0,714 
0.845 0'842 0.~839 0.837 1 . 8 0 0  0.846 0'850 0.853 
0.837" 0;83~ :0.830 0.828 1.900 1 . 0 0 0  1 ' O 0 3  F 1.006 

1 
I I ~ , , ,  . I 

'~ .  1.164 ! 1.166 0.827 0'823 0.820 0.818 000 .161 
0.815 0.812 0.808 0.806 2,100" 1.328 1.3311 1;3:54 
0 . 8 0 4  0.800 0.797 0,796 z .zoo  1,6o7 1 ,5o9 !  1,511 
0.789 o . 7 8 6  0 ,782  o.78o 2,30o z . 6 9 2  ~ z .694  1.695 

.0,018 0.121 
0.228 0.231 
0 ,~3  0.Z~6 

i i 
0.461 0.463 
0.585 0 . 5 8 7  

- 0 . 7 1 8 "  0.720 
:o;85~ ::o.859 
1,009 1.011 

1.169 1.170 
1,337 1,338 

1.613 1.514 
1.897 1.698 

• • i • 11 • , , 

• • | • • | 

• [] ' i • • I ¸ • • 
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~!+~ G:~ 
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++ i+, 

+ram+ 

-5.800 
3 • 400 
8.300 
8.200 
6.100 

15.000 
2.9O0 
2.800 
2 • 700 
2.600 

2.500 
2.400 
2.800 
2.200 
2.100 

2 .O00 
1.900 " 
1.800 
1.7O0 
1.600 

1.500 
1.400 
1.800 
1.2O0 
1.100 

1.000 
0.900 
0.800 
0.700 
0.600 

0.500 
0.400 
0.500 
0.200 

-0 • I00 

0.000 
÷0.100 
0.200 
0.300 
0.400 

0.800 
0.600 
0.700 
0.800 
0.900 

1 • o00 
i.I00 
1.200 
1.300 
1,400 

1.500 
1.600 
1.700 
1.600 
1.900 

2.000 
2.100 
2.200 
2.300 
2.400 

2.500 
+2.600 

+0.996 
0;994 
0.994 
0.994 
0.994 

0,994 
0.994 
0.994 
0.995 
0.998 

0.992 
0.993 
0.998 
0.992 
0.992 

0.992 
0.992 
0.991 
0.991 
0.990 

0.988 
0.987 
0.982 
0.979 
0.976 

0.970 
0.966 
0.980 
0.983 : 
0 .947 

0.988 
0.928 
0.914 
0.898 
0.882 

+0.972 
0.9'r,l~ ~ 
0.972/ 

; r 0 . 9 7 '  ~ ' 

0.972 

0.972 
0.971 
0.971 
0.970;. 
0 .970  

0.969 
0.969 
0.969 
0.968 
0.966 

0'968 
0.967 
0.987 
0.986 
0.966 

0.965 
0,964 

. 0.961 
0.960 
0.968 ~ 

0.981 
0.947 
0.941 

/ 0 . 9 8 4  
0.928 

0.918 
0.908 
0.898 
0.879 
0 .865 

o . ~ s o  I 0 " " 2  ~ 
0.852 0.818 
0.803 0.785 
0.787 0 .761 
0 . 7 2 4  0.709 

0.676 0.681 
0.622 0.607 
0,562 0.847 
0.496 0.481 
0.422 0.407 

0.888 0.827 
0.248 0.287 
0.149 0 .138 

+0.0~8 +0.080 
- 0 . 0 7 8  -0 .087  

0%08 o.216 
0.647 0.858 
0.500 0.501 
0.650 0.662 
0.810 0.812 

@ 

0.983 0,982 
1.160 1=157 
1.350 I 1.141 
1.54,; J 1,6Z5 
I;750 I 1.787 

1.~0 I 1.947 
-2.170 

+0.949 ;0.928 
o . ~ B ~  0,924 

o.~8~"~ ?:! 0.928 
0.9t7 i .-r ~ 0.922 
0.9.1~J > 0.921 

• 0,94~ 0'921 
0.945 0 .920 

0.945 
0.944 
0.946 
0;945 
0.945 

0.~48 
0;942 
0.942 
0.942 
0,942 

0.989 
0.939 
0.968 
0.987 
0 .934 

0.981 
0.927 
0.922 
0.915 
0.908 

899 
~,889 
0.8"/8 
0 . 8 6 2  
0.846 

0.828 
0 .799 
0.870 
0.786 
0.698 

0.647 
0.594 
0.8~4 
0.469 
0.894 

0.818 
0.226 
0.129 

+0.022 
- 0 . 0 9 4  

0.220 
0.855 
0.499 
0.652 
0.812 

0.980 
1.152 
1,838 
1,823 

1.9~ 
-2.141 

o,9 o 
0.919 

0.919 
0.918 
0.918 

0.917 
0.916 
0.915 
0.814 
0 . 9 1 8  

0.912 
0,912 
0;911 
0.910 
0 . 9 0 9  

0.908 
0.908 

i 0 . 9 0 1  
0.896 
0.888 

0.880 
0.871 
0.861 
0.868 
0.829 

0.809 
0.784 
0.754 
0.721 
0.880 

0-655 
0.682 
0.522 
0.458 
0.383 

0.302 
0.2!3 
0.120 

+0.018 
- 0 . 0 9 7  

0.222 
0,552 
0.492 
0.650 
0.811 

0,976 
1 , 1 4 7  
1.528 
1.308 

1.707 

1.915 
-2.122 

Z q .  

"0.908 

0.907 
0.906 
0.905 
0.904 " 
0.902 

0,901 
0.900 
0.900 

0.899 
0.698 

0.897 : 
0.696 
0.894 

0.893 
0.892 

0.991 
0.890 
0,889 
0;889 
0.88"/ 

0.888 
0.880 
0.877 
0,872 
0.866 

0.960 
1,150 

~ 1.308 
1.496 
1.688 

1 • 892 
-2 • 101 

+0.888 

0.885'- 
0.884 
0.884 
0.882 

0.881 • 

0 • 880 
0.879 
0;878 
0.877 ' 

:. 0 , 8 7 8  

0 • 875 
0.8715 
0.878 
0,872 ' 

0.871 

0,8~70 
0 . 8 6 9  

0.868 
0 ,887  

0.861 
0.868 
0.858 
0.848 
0.8~8 

0.889 0;838 
0 .850  0.828 

0.840 0.818 
0 . ~ 7  0.80~ 
0;811 0.791 

0.792 0.772. 
0.769 0.752 
0.739 0.724 
0.707 0.693 
0.667 0.664 

0.62;~ 0.611 
0,670 0.559 
0.611 0 .501 
0.446 0.436 
0.875 0.866 

o.29+ 0.287 
0.208 0.202 
0.114 0.108 

+0.012 *0.O08 
-0.102 -0.105 

0,222 0.222 
0.352 0.351 
0.492 0 ,490 
0.645 0.638 
O. 80,; 0.798 

0.946 
1.115 
1.292 
1,479 
1.869 

1.870 
_ _ ~ - 2 . 0 7 9  

0.838 ' 
0.867 

0 . ~ 7  
" 0.856 

0,858 " 

0.888 
0.855 
0.854 
0.853 
0.858 

0.852 
o,85z 
o.851 
0.881 
0,850 

0.850 
0.849 
0.848 
0 . ~  
0 . ~ ,  

0.833 
0 .830 
0.828 
0.818 

0;811 
0.803 
0.798 
0.782 
0.788 

0.781 
0.783 
0.708 
0,678 
0.643 

0.601 
0.860 

+0.831 

0.831 
0.831 
0 .830 
0.830 
0.850 

O;s~o  
• 0 ; ~ 9  

0.829 
0 , 8 2 9  

0,829 

. 0.828 
0.828 
0.828 ~':. 
0 . 8 2 7 :  
0.827 

0.828 
0'828 
0.828 
0;~18 
0,819 

0.818 I ,- 0.810 
0.807. 
0.802 
0,798 

0. ' /~  
0.778 
0.768 
0.758 
0.748 

0.780 
0 .714  
0.692 
0,688 
n;652 

0.69Z j 
0,541 

0.492 J 0,488 • 
0.429 ~ -0.422 / 
0 .860 I ~ 0;.~1 

0.280 0.273 
0.197 0.192 
0.103 ÷0.098 

÷0.003 -0.0~ 
-o. loe o ;o07 

0 '2~ I ) . 222 /  
0,560 ).849 
0.485 ~,48o / 
0.680 .6ZZ ~ 
0.'/~0 • 0.787 

• 985 Y0.924 
1.1O0 0.085 
1;277 : • 1.262 
1.460 1 . 4 4 1  
1.660 1.661 

1.860 1.830 
-2.086 "2.031 



) ~ i l  'r,: 
s t a r ~ i n g  p o i n t  £~rom w h i o h  t h e  d e s i g n e r  nay  make a l l o w a n o e s  fo r  o t h e r  1:2- 

5.  Re lJ . t l o~  o f  ,R !.~o _ve_looi~'y o,F, approaoh  ~ 

In  t h e  d e e i ~  o f  o v e r £ 1 o w s e o t l o n 8  1~ I s  n e o e s a a ~  ~ o : J ~ e r -  " 

h d. i o, o b s . n o d  on h ,  . n d S .   ose ,boy ,  • 

t he  o re r~  o f  an  oKeo eeot~tono h " - a n d  H 
0 ' O 

s l b l e  by ~he ourvos  on ~ l g u r e s  flA 8~d~'?A 

r e s p e o t  ~to ~ • For  a l l  v e l r s  t e s t e d .  

, - . . . . .  _ - , 

i s  nade p o e -  

p l o t t e d  v i t h  

The o o e t F l o t e ~ 8  oi" d i s o h e ~ g e  f o r  t h e  ~ ~ e  

p l o t t e d  v i ~ h  ~ e e p e o t  ~o t h e  d l m n s i o n l e s s  ~ 1 0  ---,.~ + _  o n  ; x g u r e s  6B 

and 7B. Theso o o o t t l e l e n t 8  a r e  n o t  for t h e  8 h a r p ~ r e s ~ d w e t r ! b u t  for :  t h e  

e q u i v a l e n t  oKoo .soo~ion o u t l i n e d  by  t h e  shape o f  t h e  ~ l~re r  nappe ,  A~ . the  

v~lue o f  P + B d e e r e a e e s  (o r  as  t h e  v e l o o t t y  o f  approaoh  l n o r e a s e s )  t h e  

o o e t t i o t e n ~  o£  d £ s e h s r ~ e  d o e r e a s e s  r a p i d l y .  The ou~yes have b e e n  o ~ r i e d  

to  t h e  p m o t i e e l  l £ u l t s  o f  a p p l t o a b i l i ~ .  Per  g r e ~ t e r  m l ~ s o f T  ~ 
end B° ' " " ~ " ' S ~ . ~ ohow~ by ~he o u ~ r e s  on f i g u r e s  6 and 7 ,  o l - i£1oal  v e l o o i  

t i e s  wore approaohod~ ~u t h e  t e s t  o ~ n e l ,  

7.  Design o_f an  overflow,__dam seo~£on w i t h  ._ver~ioal u p s t r o a m  Faoe 

With t h e  f o r e ~ o i n g  i r ~ o ~ m t l o n ,  i t  t8  p o s s i b l e  ~o  d e s i g n  t h e  

t he  o v e r f l o w  s e o t t o n  w i l l  £ t t  t h e  I ~ r e r .  p r o f i l e  o f  t h e  o v e r t l o w l ~  s h e e t  

o f  r a t e r  v l t h  l i t t l e  o r  no 8ubat=nosphe, vto p r ~ s s ~ ' e  be tween  t h e  s h e e t  o f  .... 

~ t e r  ~"d t h e  faOe of t h e  s p i l l ~ m y .  

@£ven a ~ z i n u m  ~ r  s~u'faoe . a t  e l e v l t £ ~  1000 f o r  a t o t a l  d t s -  

ohe~f~e o f  75~04~ e o e o n d - £ e e t  v i t h  t h e  a v e r a g e  approaoh  ~ o o r  a t  e l e -  

c t i o n  880,  Deter~Lne c r e s t  e l e c t i o n  and ooor@Lnates f o r  shape o f  

over~J, ov s e o t l o n  f o r  s c r e s t  l e n ~ h  o,~ 260 f e e t ,  

Thte  p rob lem i s  so lved  by 8uooess ive  a p p r o x t ~ t t o n 8 .  F i r s t .  a 8 -  
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- -  x . v  

+ -  . , ,  

• , +" . + 

s u m  a o e e f f i o i e n t  o f  d i s o h a r g e  C = $.~q5. F r o a t h e  e x p r e s s i o n  + Q ~ CLHo~ii/~ 

Then 

.o4/2 - ~ -  s o . ~ . +  ++ • ,  : 
+ . 

H = 18057. f e e t .  
0 

P • Z " 1 2 0 . 0 0  - 1 8 . 5 7  - 1 0 1 . 4 3  +feet:  
T 

. 1 8 . 5 + ~ .  o ,181 ,  .~d n ~ ,  f i ~ . ~  • m, 
P • E  ~ t J & . 4 k O  

• "~..%h t h i s  new v L l u e  o f  C. 

Ho~/z . ~ ,ooo  s . 9 ~ x  2 s O  = ~ . 7 ~  mm] H ° - 1 ? , 9 o , : r e e t .  + 

P + I - 1 2 0 . 0 0  - 1 7 . 9 0  - 1 0 2 . 1 0  f e e t .  

n • / ' 

I t  h a s  now b e e n  e s t a b l i s h e d  t h a t  t h e  ~s, l~t~l~: ' lOf ~ 0  m n " 1 7 0 9 0  ~ d  " 

t h e  o o e f f ~ e n t  o f  d t l o h e r g e  C - 8 o 9 6 o  "The o r t s t  o f  t h e  ~q)l11~my 18  t h e n  

1000 - 17090 oz" o l e v a t i o n  982.10. ,  

h a 
To <~ te r sd .ne  H I and  ~ , .  f i r s t  a s sume Ha . Hom 1 7 . 9 0  f e e t .  

Then t h e  approxtma~;e  m a l u e  o f  h a ~8 oomt)uted a s  f o l l o w s  s " L " " 

H • P - 1 2 0 . 0  f e e t  ( a p p r o x t n ~ t e  d e p t h  o f  a p p r o a o h ) .  
I + ' 

75 ,000  .. 800 s e o o n d - f e e t  p e r  Foot  o f  w i d t h .  I ~ q m ZGO 

t h e n  

~ ) 0  ,GO f e e t  p e r  8 e o o n d  ( T e l o e i t y  o f  a i ~ r o a o h ) o  v . - ~ b - -  z + 

~ e l l o e  • 

HOw, 

h 
m e4ad a 

Z 
Fro" :IPli~tre 6.4, ~ -  0=i126. 

8 

0 .097  
" 0 . 0 0 5 4 .  

17 .90  

H ° ÷ ]~ - H s o r  1 7 . 9 0  ÷ 0 , 1 1 2 5 H  s - H s ,  

and 
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1 7 . 9 0  
Hs = 0 . 8 8 7 5  = 2 0 . 1 7  f e e t  ( f i r s t  a p p r o x i m a t i o n ) .  

V Ie 
a 

To o b t a i n  a more a o c u r a t e  v a l u e  o f  V a t h e  a p p r o a o h  d e p t h  h e + P 

shou ld  be u s e d  w h i c h  i s  a l s o  H + P - h o r  1 2 0 . 0  - 0 . 0 9 7 -  1 1 9 . 9 0 .  
S00 • a 

119 .90  = 2 . 5 1  f e e t  p e r  s e e o n d .  Hence ,  

ha  0.098 
- o.o98 and "d--  o.17 " o.oo49. 

From figure 6A, 

E - - ~  - O.IIS. 

H + E - H o r  1 7 . 9 0  + O . 1 1 3 H |  = H 
O • S 

and 

1 7 . 9 0  
s E - 0 . g 8 7  = 2 0 . 1 8  f e e t .  

h 
Now - - ~ - -  0 . 0 9 8  2 0 , 1 8  = O . 0 0 4 9 ,  v h i o h  a g r e e s  w i t h  t h e  

h 
a 

The final values are ~ -  0.0049 
II 

and H - = 20 .18 ,  
S 

~ r e v i o u s  step. 

In oases where the depth of approaoh P + E is stall (figure 6), 

more a p p r o x i m a t i o n s  w i l l  be  n e e d e d  t o  r e a o h  t h e  f i n a l  v a l u e  and  

H .  

X 
R e f e r r i n g  t o  t a b l e  1,  v a l u e s  o f  ~ a r e  o h o s e n  ( d e p e n d i n g  on 

s p a o i n g  d e s i r e d ) a n d  o o r ~ s p o n d i n g  v a l u e s  o f  r a r e  mbula d the point : . ' ' ' S ,T,_ . . . .  , 

f o r  ~ na = 0 . 0 0 4 9 .  I n t e r p o l a t i o n  i s  n e o e e s a r y ,  a n d  the r ~ s u l t s  a r e  s ~  

i n  oolu~n 2.  t a b l e  1 6 .  S o l v i n g  f o r  X a n d  Y f~0m oo luams  1 and 2 ,  r e s p e c -  

t i v e l y ,  t he  c o o r d i n a t e s  f o r  t he  o v e r f l o w  s e c t i o n ,  oo lumns  3 a n d  4 ,  a r e  o b -  

t a i n e d .  Column 5 e x p r e | s e B  the  v a l u e s  o f  Y i n  f e e t  o f  e l e v a t i o n .  The 

p o i n t s  a r e  shown p l o t t e d  on f i g u r e  8 .  

The d e s i g n  Of  t h e  d o w n s t r e a m  f a o e  o f  the"  o v e r f l o w  s e o t i o n  b e y o n d  

the ogee profile depends on the stability of the structure and oharaoterls- 

tics of the stilling pool at the toe of the spillway seotion. 
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TABLE 16 . • 

COORDINATES FOIl OVERFLOW SECTION (Examplel  I) 

I T , X " T -E- 
| # _ 

C1 (2) ~ 
0 . 0 0 0  ' : ' " ' . . . . . .  

0 .050  
0 . 1 0 0  
0 , 1 5 0  
0 ,200  
0 , 2 5 0  
0,1500 
0,1150 
0 . 4 0 0  
0 . 4 5 0  
0.500 
0.600 
0.700 
0.800  
0.9O0 
1 .000  
1 .200 
1 .400  
1 .600  
I o800 
2.000 

0 .  0 0 0 0  • 

+0.0569  
0 ,0852  
0.1014 ' 3.0S 

o . l o 9 3  4 .oa  

+O.OSl 
-0. Ol 8 

0.075 
0.140 ~i 
0.215 
o ..~94 
O. 607 

0 , 8 5 1  5 2 . 2 9  

1.1311 36.32 

4 ° I. 52 40.116 
2 .200  1 .799  . 4 4 . 4 0  
2 . 4 0 0  2 . 1 8 0  '" 48.45 
2 .~00 - 2 . 6 0 3  52 .47  

, B, 

1 2 . 1 1  
1 4 . 1 8  

1 6 . 1 4  
1 8 . 1 6  

• 2 0 . 1 8  
24.22 
2 8 . 2 5  

i 
0 . 0 0  0 .00  979.86 . . . . .  
,z.oz, *z.z5 [ 981 .oz  
z .oz  1.72 , 981 .5e"  " 

2 . 0 5  i ,mz.gz 
2 , 2 1  I 982.07  

5 . o 5  2 .24  981 ,10  ~~ 
6 . 0 5  ' 2 ' 2 0  9 8 2 . 0 6 .  
7 . 0 6  . 2 . 1 1  9 8 1 , 9 7  
8 . 0 7  9 8 I .  7 9  . . . .  1.95 

981 b 9 . 0 8  1 . 6 7  . 
lo .o9 1 , 3 9  98"1.25 

+ 0 . 6 5  r ' 9 8 0 . 4 9  

n 

8 .  Deteralnation o£ wall heights on overflow dam seetlon 

A o o ~ n  ~Astake  i n  p r a o t i o e  i s  t o  u n d e r d e s t ~ n  t h e ~ o o n f i n i n g  w a l l s  

of a spillway. It is diffioult in some oases ¢o foresee the mrlous £aetora 

w?~ch determine the neoessary height o£ spillway walls, euoh as diagonal 

waves propagated by piers, waves oreated at different gate openings, unsyl- 

metrical FAm~ produoed by unequal approach oonditions on the two mldes o£a 

s p i l l w a y ,  u n p r e d i o t a b l e  a i r  o u r r e n t s ,  and  waves due t o  u n s y m ~ e t r i e a l  g a t e  

o p e r a t i o n .  Th~ l a t t e r  c o n ~ t i o n  oau be e l i m i n a t e d  by o p e r a t i n g  t h e  E a t e s  i n  

a symmetr ioal  manner .  I f  a l l  g a t e s  canno t  be opened an equa l  a m o u n t ,  t h e n  

~0 
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, h  , 

z 

z 
0 

I - -  
,,:::I: 

> 
L~J 
,.J 
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F I G U R E  8 

D I S T A N C E  I N  F E E T  

- 2 0  - I 0  O- 10 2 0  . 3 0  4 0  5 0  6 0  . 7 0  8 0  9 0  I O 0  

9 9 0  , . ,  ! ..... ! I I , ~  , ~ I  : 
• / I ' ' 

E l ,  9 7 9 . , 8 2 . .  .CresfE/i 9 8 2 .  I 0  . . . . .  ~ : 

I F~  , • • 
9 8 . 0  ~ ~ ' - ' - ' ' - ~  

• : i ~ . ~ i : " " " , ' - ' , .  ~ ~, , . , .  : 
B 

9 7 0  , , '  ' - . ." , ;  ~ . . . "  . 
• . . . . . . . . .  . • . . . .  , ~ , .r~ ~ 

• . . . . .  . , J . 

t . , :  w . 

9 6 0  

9 5 0  . . . . .  t 

9 4 0  

9 3 0  

9 2 0  

9 1 0  

°" 

r . .  

• • ~L: 

. . % ,  

9 0 0  

8 9 0  

8 8 0  

8 7 0  

8 6 0  

8 5 C  

F I G U R E  8 - RESULTSI~OF E X A M P L E S  I:I, A N D  
V E R T I G A L - F A G E  W E I R  . " 



t h o s e  t h a t  a r e  o p s ~ d  should :  be ohosen so as  t o  produoe  a s y m m s t r l o a l  p a t -  

t e r n  o£ ~Luw. The e : c t e n t  o £  q;he e £ £ e o t  o £  t ~ e  remlLining £ s o t o r s  rtO p r o -  

duoe waves £n s s p t l l w a y  oen be d e t e r ~ n e d  s s t l s f t o t O r t l y  o n l y  b y  a : o d e l  

s t udy  • 

Del~rmlne the w a l l  b e i s h t l  f o r  the o ~ r £ a l l  d~a seot ion as de- 

sigaed In  example 1. 

t~ble 17. 

TABLIt 17 

CCX:eD~TSS ]V~ ueen:  s ~ v A c z  (~I, Z) 

'i' x T ~ - T  z 

(x)  (z) ( z )  

1.400 -0°068 

o.eoo o . ~ ,  z z . z z  ,~ .... i z . , 6  ~ ~ z ~ ; ~  
o.eoo ~ o , a ~  l e . i 6  i ~ Q.QS I 9e9,75 • 
1.000 , 10o842 20 .18  6.90 986.72 : 
1 .200  40.182 24.22 5.07 982.89 

1.800 ~ 0.598 
z . ~  0 . ~ .  
2 . 2 0 0  • 1.286 ~ 
2.400 1.685 
2 . 6 0 0  2.090 
2.800 2 . E ~ 5  

• 5 ,000  -:5.0:50 
66.60 61.5Z ' 928.50 

. . . .  I I  I I m • 
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Columns $ and 4 were ob ta ined  by ~nal t ip ly ing  the  va lues  i n  1 and  

2 by H s or  20.18.  The p o i n t s  fo r  t h e  upper su r f ace  a re  a l s o  e h o ~  p l e a t e d  
t 

cn figure 8. This curve represents the actual water surface as obtalned in 

the experinmnte with n e a r - p e r f e c t  app roach  c c n d i t i o n s  and w i t h  l i t t l e  c r  no 

a i r  absorpt ion in  the  s h e e t  of  wa t e r .  The amount of  f r eeboa rd  needed above  

t h i s  curve, as s t a t e d  p r e v i o u s l y ,  depends on t h e  ~ a r ~ i o u l a r  problem. Wave 

heights are di£Dioult to predict. The expansion of the sheet of water due 

to air entrainment increases as the water accelerates, but it can be eetl- 

mlted with a reasonable degree of accuracy. In this connection, reference 

is made to a study by R. E~-enberger, 2 tc actual field observations by G. W. 

Thomas,l and an analysis by V. L. Streeter, 3 

2Ehrenber er. R.. "Flow of Water in Steep Chutel w i t h  Special Reference to 
Self-Aeration. Translated by E. F. Wilee~-, October 1937, U,S.B,R. Report, 
~d. 29. From the German in Osterrelehischen Xngenleur und Arohitekten- 
vere ines  No. 15/16 and 17/18. 1926. 

3S t r ee t e r .  V. L . .  wSeoond Progress  Report  on S tud ies  of t h e  F I ~  o f  Water 
Open Channels with High G r a d i e n t s . "  October 13, 19~8, U .S .B .R ,  R e p o r t .  ~ d .  
40. 

9. Design of an overfill section .with sloping upstream faae 

With m a t e r i a l  f o r  t h e  v e r t i c a l ,  l s S ,  2 , 5 ,  $s$, 2 s l ,  and 4 j l  s l o p -  

ing weirs, it is possible to design the economloal an~ efficient overfall 

section for a dam with one of these slopes cr any intermedlate downstream 

s lops. 

_s 

Design the  o v e r f m l l  s e c t i o n  of  a low, c o n c r e t e ,  g r a v i t y  ~ w i t h  

c r e s t  a t  e l e v a t i o n  180o0. fo r  a m a x i ~  d i scha rge  o f  200.000 second.  

feet. The approach floor is at elevation 155.01 the crest is 1.200 

feet iongj and the upstream face cf the dam is on a 0.75si slope . . . .  

The solution in handled sindlsrly to exa.~pl~ ~ I. 

o 
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'" "i 

Assumir~ C " S.BOo 

and 

2/.~,~ 200me 
Ho " I s . e o  ~ . . . , v  

- 

(approx.) 

From f i g w e  6B a more a o o ~ v a t e  v a l u e  o f  C - - 3 . 9 1  i s  o b l ~ I n e d  

f o r  a s l o p e  o f  0 . 7 5 s 1  o r  ~ . 8 7  d e ~ r e e e  f r o m  t h e  v e r t t o a l .  . . . . .  

Repeating this operation with the new value o f  C. 

Ho = y ~.91 x 1 2 o o  v - - . ~ -  " ~ . . 20  ~ e t .  

o 1 2 . 2 0 . .  0e488.  
P+~'' 25 

From figure 6B the coeffisient of disoharge remains 5.91 for the 
w~. 

above value of P+ E " 

~he next step is to find the values of h. and Hs. a 

q . 2 0 0 , 0 0 0  
q -  - ~ -  - 1200 --~. - 166 .67  s e c o n d - f e e t  p e r  f o o t  o£ ~ o r e s t ,  

then 

. ,166.67 
25 + 12 20  4 . 4 8  f ee t  per second 

h - 0 . ~ 1 2  f e e t  (~vue v e l o c i t y  head  o£ a p p r o a c h ) .  
a 

To d e ~ e r m t n e  H e f i r s t  as  store ~ h a t  H s = H o ,  t h e n  

O.S12 -~, = 12.~o = o.ozss. 

z h 
- T - .  From figure 6A. ~s 0.051 for the above value of and  s ~ e i r  s l o p -  



 i!i 

i n g  downstream $8.87 d e g r e e s  w i t h  t h e  v e r t i c a l .  

"o " '" H,- 12.2o • o.osl 
and 

• 12 .20  
He " 0 . 9 4 9  " 12.86 feet (first approximation). 

A more accurate value o f  ha 0.S12 
no~ e~usAs ....... = 0.024S 

S " 1 1 2 . 8 6  " 

E 
From figure 6A, -~ remalns at 0.051. The true value of H 

is then the Geune as above, oral2.86 feet, s 

h 
a 

- 0.0243 
S 

and 

E - 0.051 z 12.86 - 0 .656 f e e t .  

With t h ~ s e  values and tables S and 4, the coordinates for the 

o v e r f a l l  s e c t i o n  can  be d e t e r m i n e d .  I t  i s  n e c e s s a r y  i n  t h i s  c a s e  t o  i n t e r -  

p o l a t e  between values in the two tables, ae the upstream slope of the ov~r- 

fa1~ section is S6.87 degrees. The coordinates have been tabulated In table 

18 and are shown plotted on figure 9A. 

If the upper surface coordinates are desired, these can be ob- 

~ined in the same manner  from tables II and 12. 

Im the design of splllways for earth dams, the approach channel " 

is usually shallow ~o minimize the c o s t  of the required excavation. This 

type of spillway IS quite common, and the design of the overflow section 

has been difficult because of the many unknown ~aotors involved. With the 

foregoing information, however, safe dezigns may be performed with con- 

siderable increase in efficiency of the spillways. 

Example 4 

Figure I0 shows a plato and section of an earth dam splll~y with 
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. . . . . . .  . ' h,'~r~il 

• . r , . . • . 

I$181~ ~he o~st'~r:.b~ mi,~al~ the orest at::the 8~me:elmmtlo-::m~d"~: ':~,. ~ ' ":'":::~ 

In ~he" esse ~£ ~sl=~ the erest, assunin8 a free overtlow:.:see- 

t ion  (without ~atee)  W l t h a  width of  :95.0 f e e t .  the  z~ew orest  e l e v a t i o n  oan.:. 

be obtained t~  rely ing £o~ the 1 ~ 4 ,  He, .ii?: .... :\::> 

Aseunln 8 C- 3.60 for the:new overfio~ .seeti:On, xrlth a 450del~ee 

elope on the u p ~ r ~ n  taoe. 

and 

"o 

H 0 m ~J)e7~. £ e e t o  

F o r  s tab le  flora e oz~1.~-' 

o£ 5o0. In the or ig ina l  (leslL'n 

He 

o , 

: ' "  

• ' i :~i, ¸ 

in umlu~tln~ ~vos in the approaoh o ~ l f o r ,  the blgher,disoh~ges. , 

result ~111 not be serloue, but the desi~ is not iound :fr~ an !~ _dr~.i~lte : 

standpoint. '~-~ 

11 

v 

" " 7,; 

e~s~ -t T.o feet ~I~-the: erut. : :,, 

Then. 

H o .   9;T5 . , , 2 5 o  . 

EnterL~ the~ 5:5 ourTe on £t~we 6B with this  value, C -  3 . 7 2 5 .  ~ 

Subst i tu t ing  the ~ w ~ l u e  of C i n t h e  f i r s t  equatSon. 

and 

H o ,, 29,,09 Fee~. 
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• ,+ 

+ / , j  + 

+, 

+, . 

i~ ̧ ~!'ii+~ . ~, ~ /i "~ , 

: ~ +  ] "., + + / "  ~. 

" +  ; , + I +  + + /"o . +sp ++++ +/ 
P "  + X . . . . . . .  7 . 0 ' . ' + + ~ ' + +  ++ + + . . . . .  " + + " ] ~ " ~+r+ 

: +++++: + i / i  !+ 
t h ,  , ; +  o f  c - - ~ + o t  s . m , . + ~ + : + m ,  a o . 2 , . 0 , ~ + + - + .  +~: + . -  +:+ +1+! 

i ++ . + - ,  

bfore .mbtt.kt: m ~. o , , . +  , z . , t + O n  t t  to  de~,r- + ++it 
+ + + • ' + . . . .  . " +  . • / r -  + 

rome t h e  f r t o l ; l o n  I r e s  I n  t l w + + a 1 ~ r o a m  o m m a e z  f o r  ~ m + ~ s o l m r l ~ e , ,  It++ i 

. 1 1 1  be a s o m d  t h a t  t h e  i p p m o h  4e]L~h £ , + i +'++:+ +:++:+ + :++/+}: 

h o + P + 1 1 i ; m , o g + + 7 . 0 , : ~ . ~  feet++ : + ~ +++ 

" .  r i + + . + w 

and  t h e  o o e f n o t e m  o.P r o u g h n e s s  , n ,  £oP t h e  a p p r o ~ O h  o h m e Z  I s  O.O~O,  + 

~ h e n  t ) ~  a v e ~  i m l o o l t y  o f  a i c ~ w o s o h  , < +  

m + ++++i+ +++Lit+ : +55,520 + + • ~ ~: :J: . . . . . . . .  
~ral " 3 6 . 0 9  x 111.02-"  .=  15.86  f e e t  per seeond.# +++ ++~.+ `: ~,+ . . . . . . .  . :+.+ 

and t h e  l ~ d r a u l t o  r s d l u s  + : '  ~ + +,++. +' ~:+ + + 

r - + +;+ ~ +/ + 
~Lm Z . S ? . Z O  " Z Z ' n - :  + y i i ++'+ 

+ + ] +i 

Subst1~utlni~ these ~m, In the Iknnln~ foram~li + + + +.+ 

: +  . + ++ 

+ , , . "  " ,+ .. ,, + + . .  

$ - . r+~ 1 8 ,  + . . !  

lose per 1Luear toot o f  o h s n = e l .  Ne 

tn~; the ohannel 1 ,650  f e e t  l o n g ;  the . . . . .  + + _+ 

h t o 0 .000541  x 1 , 6 5 0 -  0 .898  £ o ~ ;  +~ 

This ee~sbltshes the~¢res t  ~at " ++ 

L • • 

5 5 0 0 . 0 -  Z 9 . 0 9 -  o , 8 9 -  6 ,470 .02  f e e t  + .  +- 

and the a p p r o a o h  f l o o r  a t - 7 , 0  f ~ t  ++ + : l e n t ,  o r  5 , 4 6 3 . 0  +feet, + s8* shown on f i g ' ;  
u r e  9B . . . .  

++ + ~ r % + + + d ~ + " + + '~ + , " + 

The n e x t  e ~ e p  t+ the d e s t l ~ n  o f  t J ~  o v e r f l o w  8 ~ p e .  + 

: . +  

'+ 

. 

4 ~ . 

4 0  
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• '" !o I,I In ths 'prov~ouI ezI~plo, :. .... " ~' 

~! .~:?-:, . ..... . i ~i . .. 

l 

e=d 

#,new 

II o .,.If - ~ = Z9.09  ~ O,OI~.! i  . . . . .  : . . . :  .... 

. . . .  1 . i _ r .  ' 

a . . . .  4 . 2 6 4  1 
v , l , ® o r  - . , , -  _ _ . ,  n _ ~ , ~  . .  

. ,  

W~th.the  l a s t  vaZuea o f  H a. a n d - ~ 0 ; ,  t h s  o o o r d / u a ~ e ,  t o t  th~.~. 

In t a b l e  19 Ind I ~  shown p l o t t e d  on £ ; t g u ~  9]I by' ~ths hsavy;  ~ u l l  iII~,i. 

~L ̧ ~"~, • .~'~ 
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k ,  

:, n e n t t o n  ~,+ 

. pters~ rode i t ,  po | -  

e¢ OtJ rook excavat ion 

tn the . p p r o a s b : ' ~ l , ~ ' s = d  , t  .the same f t .  £1q)roved flow-oond:ltLone by 

plaotng the a p p ~ e h  f l o o r  at 7 f ee t  ~ b e l ~  t h e  c r e s t  instead ofSifeet, tS 

in the for'mr 6ea:t.l~. 
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above problem, ~ t ~  o T e r f l , ~  - . . . . . . . . . . .  u a free crestwt thout  

pier s ,  and t h e  o ~ r d i n a t e s  in  t a b l e  19 a p p l y  only  for t h i s  cond i t i on .  

The ~grt ~ produced b y  p a r t i a l  Eats  openings• may • s k i p  o v e r  the above 

p r o f i l e ,  depending on~ ~ ~i1~pe o f  g a t e  and on t h e  condi t ion  o f  operat ion .  ~' 

Althour.h the head, may'be t h e  same i n  both c a s e s ,  for Pul l  a t e  

openinF., the  lower surface of the Jet neednot  be the same' no 

contraction exists ! , t t ~ l ~ r  etwfaoe. The ~exPlana~iOn is  that  the stream 
lines are hor izontal  and p a r a l l e l  ms the./ leave t l  

openings|  on the  c o n t r a r y , - t h e  s~res~n l i n e s  are n, 1- 

l e l  for flow over ~the S e c t i o n  at  f u l l  ~ate  opening but have  'components I n s  

down~rd direottem..- i/iXt i s  t h e r e f o r e  adwlsable  stream por- 

t i o n ,  of an o w ~ r ~  | e o t i ~  with ~stes, as in  example 4,  a: 

down~tr,~, port i~ i to  t i t  the lO~r.  s ide  of  the  ~Jet i s s u i n g  gate 

opening, as t l l u r ~ t e d  i n  the  next  s e c t i o n .  

11. DeslEn eeotlo~, with eballo~ approa_-h ~ ' ~  

ohsauel" .andr~s on or, st ' 

rosen for t h i s  problem: ' : 

Ling.the f low.  i n  tlie ~ 

As s t a t e d  p r e v i o u s l y ,  the important port ion  o f  an overf low sec- 

t ton,  so far  as e f f i c i e n c y  is  concerned, is  tha t  part: upstream from the 

c r e s t .  By F l a t t o = t ~  tJ;e downstream port ion ,  the  c o e f f i c i e n t  , d l l n o t  be 

decreased s e r i o u s l y ,  p r o v i d i n g  eubaerged / l ow  does not occur.  
J 

m m ~ m qmmD 

Redes i~  ~he .overflow section in example 4 to accommodate t h r e e  ~ 

v ,  r t i o a l  s l t d e ~ g a t e s  on the  ~ g h  point  o f ~ e  c r e s t  w i th  p ier  w idth ,  

of  9.0 f e e t ,  as  shown in  ttGure 10 , The~naxi~zm reservo ir  remains a t  

elevation 5500.00, ~:he-mlxi:um discharge is 55.520 second,feet, and 

the net l e ~ h  o f  c r e s t  i s  77 .0  f e ~ t .  

Aes ng c - oh l ,  about lO  roent les  I in  
ample 4, 

i 

4~ 
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l ~ d  

H 0 - 85.92 feet. 

• ' " - n 

Choosing t~he approach f l o ~  at ? . 0  feet below the overflow o r e s t .  
.the spproaoh depth w i l l  b e  a5 .92  . 7.,0 = 4 2 , 9 2  feet' ,: ,:  ' • 

T h e  a ~ g e  velooity of.  a p p r o a o h : i ,  t~en" ' r  ~ , ! ,  ~ : i - / , .  ;i:!~!:' i , . i . /  :i: i 

V " 1 1 , 4 7  f e e t ! p e r  s e o o n d  . . . . . . . . . .  ' ~ 
d k  

e n d  the ~Fdrmullo rsdius 

r -  4 2 . 9 2 x  1 1 2 . 7 5  
' -  ' ' = . 2 5 , 4 0 ,  :": i ~'~ " : . . . .  -. 

- ; 1 0 2  d .  : ~ + X 4 4 . 2 4  
+ .  

A s s u m . ~ g . / m  - O . O g O ,  a s : I n  t~e + : . . . .  
: -++i. :++ ; + I+:: i 

V a n g _ : +  :++ 
• . . . . + 

, - 0 . o , o +  = = .  s a =  zse+o ( +: 2 / +  ) ,  -+,.oo~, ~- . 
1 . + e s r  ++ z ,+es  = ~ + / s  )+ 

• +::: + +i.i+ 
• + : " -:+i+: •;++ 

The o r e s t  e l e v a t i o n  w i l l  t h e n  b e  a t  - " 

1 5 5 0 0 , 0 0  - 3 5 . 9 2  - : 0 . 5 8  = : 5 4 6 8 . 5 5  f e e t ,  ": 

and the spproaoh fZOo~ . t  shout  7.0~i~eet, ~ Z ~ l % + o r  e i e ~ t i o n '  r 
- + . 

deslgn+r%O £ ~ e  u p s t r e a m  :por.t lon mOID++the' o!rerfZow: s e o t l o n  Is:' +. + :  
i 

si~]:ar to that in the above example exoe~ the net ore 

this o a s e .  

.o ,  . .+on+:t ,+ ' t  ~ , ,  :foot: of = , . . t . ~  

p~a- 6eooDo o 

:h - t .  ii 

ASmp~I.:O~ ] : [ 8  " ] : [ O "  . . . . . . . .  " - . . . . . . . . . . .  

+ +ha 4 . 4 9 8  _ + ~ " " " 1 : 

- ~ -  o.z2o, l 

4 4  
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a n d  

( s F p r o x J o m t e l ¥ ) ,  ~ 

qo 

, o . ~ L  

• the  f [ z ~ l  WL~ 

t h e  O v e r f l o w  soO4;~m 
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...~ i i ~. " " ' 1 The. :~lmrna~r~mn e m - f a o e  vil 

,, 0 . 1 2 1 o :  'i i ~  . . . . . . .  

~ t e s ~  ~ o r  ~ : ;  

, i  + 

~ t  

&zr~olvod I n  ~ h t :  

~ . . . . .  $0 ~ r o b s b l e  t ~ t ' ~ - i i e  mp&l l , ,  i , '  ; .  :i i 

i ~ 5 ~ o o -  e 4 6 4 , o 5 - i ; ~ ; , ~  r~o~, ~ • 
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X-.V~:~" and 

seco~1~, 

~,i 1 ~ '" , , 

The. origin of ~se coor~inates~will be ,taken at the :crest of 

from: th~  f i rs t ,  equation into thei:: . 

p l o t ~ d  on f l ~ ; g B  ~ , ~ d a s h  1 1 ~ .  zt ~ i ;1  b~ n ~ e d  that ~ ' o v e r f l ~  • ' 

for the free Ores%:bu% not;nearly so flat" a~ . theor igtna l  ~ s i ~ .  :" : 

The saving th t can be affected byuse of the more~e~flolen~ - 

overfall |hape~ depends~on • " '" various f a o t o r s ,  s u o h  as  :.~e .' " 

.the above  e x a m p l e s  was  n o t  n e o e s s m r ! ! y  t ° :show a ~ , n  c o n s t r u c t i o n  c 

12. 

The procedure for determining the coordinates :for, a Seotlc~ with 

an overhang on the upstream face is tP~ sa~e as was used for the weir ~th 

vertloal ups%ream face except for the use of differen%!tables and curves, 

Example I is re~ated with an overhang on:the upstream face of the, dam. ' 

_ e 

Given a maxlmmm ~ter surface elevation o~ I000 £or a total 

discharge of 76,0001second-feet* with the averag e approach floor 

• % elevation 580. 'Determine crest'elevation and coordinates for :, 

shape of ~werfl~r section with crest length of 250 feet and • 45, :.:. " 

de~vee over h~g on upstream faoe havln~ a vertiOal dimension 0£ 7 

feet. 
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overhang weirs nearly oeinelde. There£ore.- 0 will . . ;++.+ 

w h i c h  was the' f i n a i  v a l u e  o b ~ a i n e d  i n e x a m p l e  1 . :  ~ l s o ,  f r o m t h e  s a m e  s o u r c e ,  . " 

H - 17 .90  ~ e e t  and  P + E , ,  1 0 2 . 1 0  ~ e e t ,  ' The h i g h  p o l n t ,  o n  the crest r e  , '+ 

mains the s a m  + + ; . ..... . 

o f  approach  h a - ~ 0 . C 9 7 ,  +++ 

+++-mm.~+ ,~. " , -  "o' 

From ~ i ~ r e  7A,  +. :.. +:.+. " 

"o + Z  " " .  or+ i! z+.+o + o .z ,+ - , ,  

. .  + :  

E -= 0 , 1 4 6 .  

• ' ! 

• n d  + • - 

~ .  2o+96 fee~:(t+r. g 

+ 

A more a c c u r a t e  '.m.lue o f .  
75 000 . . " t, ! ' ,, 2 . 5 0  f e e t :  pop  seoond.+. i  + 

[120.0 - 0 . 0 9 7 ) 2 5 0  . - - ' : ~ . . .  ;~+:+..: 

r •  .+ 

; i + i ~  + ,  • " 

~:J~.; ++ ,!?+: ,~'+. ;' 

~ a p  i 

C +f+ 

17,9o• +.,+ o . i + 7 ~ . . + .  +++ " " e  . . . . . . .  

++ 

1 7 , 9 0  20; .g8 f e e t  • K, ,;_ 0 . . 8 5 s + "  + 

,h ioh . . ~ - . , .  oio,e~.y ~ + ~  the  p , . ,~o , . , ,  , , t e p , .  . . . .  

" 0 + 0 9 7  . ;:;i h ,  . .  2;.9'~+" o . o o , ,  + .,,:.,:,: +. 

e 

which i s  the saJm v a l u e  o b t a i n e d  i t h e : p r e v i o u s  ,ere p and .' 

4 8  
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Table ~1 

taine~ by u s ~  t~e 
dams . i t h  an ow~rhang o n t h e ~ u ~ s t r e a m  ~ao~.  e 

OORDXNATES FOR - OV~HAIqG OVI~FL{~M:: 8BCT 
:4, '::?:,~ ., ' - .. - '., ~-- -?:/. 

. ob '  

1"or ' . . . . . .  

.? 

/ .  

p l o t t e d .  - t o ~ e ~ h e r w A t h  :.those: o f e ~ l e  l ~l'or t h e  v e r t i o a l , f a o e d ,  d a m / 0 n  

f u l l  l i n e .  The-ehapee"c£~:the:.two l e e t i o n e  .are 0 o n s t d e r a b l y  d i £ f e r e n t  a l '  
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