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PREFACE 

This technical  re lease  presents t he  recommendations on impact basins 
taken from t h e  Bureau of Reclamation publicat ion Hyd-572 - "Progress 
Report No. XI11 - Research Study on S t i l l i n g  Basins, Ehergy Dissipa- 
t o r s ,  and Associated Appurtenances - Section 14, Modification of 
Sect,ion 6 ( S t i l l i n g  &sin f o r  Pipe o r  Open Channel Outlets  - Basin V I )  "- 
dated June, 1969, by G. L. Beichley. These recommendations a r e  pre- 
sented here as  c r i t e r i a  f o r  impact basins associated with fu l l  pipe 
flow and pipe diameters from 1.5 t o  5.5 f e e t ,  inclusive.  

Using t he  ES-drawings included i n  t h i s  technical  re lease ,  t he  propor- 
t ion ing  of t he  impact bas in  and t he  r ip rap  s i z e  may be obtained. 

This technical  r e lease  was prepared by John A. Brevard of t h e  Design 
Unit, Design Branch a t  Hyattsvil le ,  Maryland. 
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A = cross-sectional  area  of pipe, ft2 
V. 

D E pipe diameter, f t  
Tr 

F E Froude number = 
( g d x ) " l 2  

g  z accelera t ion of gravity,  f t / s ec2  

Q = design discharge, c f s  

S = rninimwn recommended DS0 r ip rap  s ize ,  inches 

v = pipe flow velocity,  f t / s ec  

v, z flow ve loc i ty  over t h e  end s i l l ,  f t / s ec  

W = basin width, f't 

y =- v e r t i c a l  d is tance  from top  of end s i l l  t o  top  of r ip rap  i n  channel 
bottom at end s i l l ,  ft 

NOTE: See ES-187 f o r  addi t ional  symbols and t he  terminology associated 
with various components of t he  impact basin.  
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I n t  ro  duc t ion 

The Bureau of Reclamation has published t h r e e  repor t s  containing infor-  
mation on t h e  hydraulic design of impact bas ins .  The f i r s t  was Hyd-399- 
"Progress Report Noo 11 - Research Study on S t i l l i n g  Basins, Energy 
Dissipators,  and Associated Appurtenances" - dated June 1, 1955, by 
J. N. Bradley and A. J. Peterka. The second was Engineering Monograph 
No. 25 - "Hydraulic Design of S t i l l i n g  Basins and Ehergy Dissipators" - 
dated September, 1958, by A. J. Peterka. This repor t  was revised i n  
July, 1963. 

A t  t h e  meeting of t h e  SCS Committee f o r  Standardizat ion of Impact 
Basins i n  Denver, Colorado on March 7-9, 1966, t h e  decision was made 
t o  accept t h e  impact basin recommendations of Engineering Monograph 
No. 25 as t h e  b a s i s  f o r  formulating c r i t e r i a  f o r  t h e  hydraulic design 
of t h e  Standard Impact Basins. The Standard Impact Basins were de- 
signed i n  accordance with t h i s  c r i t e r i a .  

The t h i r d  Bureau of Reclamation publ ica t ion concerning t h i s  subject  
i s  Hyd-572 - "Progress Report No. XI11 - Research Study on S t i l l i n g  
Basins, Ehergy Dissipators,  and Associated Appurtenances - Sect ion 14, 
Modification of Section 6 ( s t i l l i n g  Basin f o r  Pipe o r  Open Channel 
Out le ts  - Basin VI)" - dated June, 1969, by G. L. Beichley. This 
repor t  gives t h e  r e s u l t s  of model s tud ies  of impact basins and recom- 
mendations f o r  t h e  hydraulic design of such basins.  The study was 
deemed advisable because t h e  operat ion of various prototype s t ruc tu res  
revealed a need f o r  r ev i s ion  of t h e  design standards of Engineering 
Monograph no. 25. 

The recommendations in Hyd-572 d i f f e r  somewhat from those given i n  
Engineering Monograph No. 25; therefore,  t h e  layout  f o r  t h e  SCS 
Standard Impact Basins does not agree completely with t h e  l a t e s t  recom- 
mended general layout  a s  shown i n  ES-187. These d i f ferences  a r e  d i s -  
cussed below under General Layout. 

The following a r e  recommendations taken from Report No. Hyd-572. These 
recommendations a r e  presented In  t h i s  t echn ica l  r e lease  a s  c r i t e r i a  f o r  
the hydraulic design of impact basins.  The c r i t e r i a  given below i s  f o r  
impact basins associated with f u l l  pipe flow and pipe diameters from 
1.7 t o  5.5 f e e t ,  inc lus ive .  



Pipe Flow Velocity 
The maximum pipe flow velocity,  v, is 50 f t / sec .  This l im i t a t i on  i s  
imposed, because cav i ta t ion  o r  impact damage t o  t he  basin may occur i f  
t h i s  ve loc i ty  is  exceeded. 

Design Discharge 
The design discharge used i n  se lec t ing  t he  impact basin width i s  deter-  
pined using t he  minimum entrance l o s s  coef f i c ien t  f o r  t h e  i n l e t  s t ruc tu re  
t o  t he  pipe. Use of t h e  minimum entrance l o s s  coef f i c ien t  r e s u l t s  i n  
t h e  highest  discharges f o r  t he  s i t e  conditions. The design discharge i s  
t h e  maximum discharge through t he  s t ruc tu re  f o r  t h e  rout ing of t he  pr in-  
c i p a l  spillway hydrograph. 

The maximum hydraulic grade l i n e  i n  t h e  basin is  assumed a t  d + f  + t 
( see  ES-187) above t he  bas in  apron. When determining t he  head f o r  pipe 
flow computations, consideration of t h e  locat ion of t h e  hydraulic grade 
l i n e  i n  t he  basin i s  necessary. 

&sin Width 
The minimum impact basin width, W, i s  813 of t he  pipe diameter, D. I f  
W were made l e s s  than 8 ~ / 3 ,  a por t ion of the  flow j e t  f o r  the  design 
discharge would miss t he  b a f f l e  ( see  ES-187). 

Drawing ES-188 which gives t he  r e l a t i on  of basin width, W, design d i s -  
charge, Q, and pipe diameter, D, may be used t o  obtain t he  required 
basin width. This drawing is  based on Figure 8 of Report No. Hyd-572. 
The equation of t he  l i n e  of Figure 8 w a s  taken a s  

where 
A - Cross-sectional area  of t h e  pipe = fl D~ , ft2 
D = Pipe diameter, f t  

F z Froude number = 
v 

( g  

g E Acceleration of gravi ty  = 32.16 f t / sec2  

For pa r t i cu l a r  values of D and Q, t h e  proper basin width is  t h a t  found 
from ES-188. When t he  point determined by t he  pipe diameter, D, and 
t h e  design discharge, Q, l i e s  between two Standard Impact Basin widths, 
s e l ec t  t he  l a rge r  basin width. I f  t he  bas in  is  too large ,  t he  bas in ' s  
ef fect iveness  is  reduced due t o  t h e  j e t  passing under t he  baf f l e .  
Report No. Hyd-572 notes t h a t  "Since t he  basin w i l l  be l a r g e r  than need 
be f o r  l e s s  than design flows, t he  basin should not be oversized f o r  the  
design flow. I' 

Pipe Slope 
A hor izonta l  length  of pipe a t  l e a s t  one pipe diameter long is  required 
a t  t h e  entrancd t o  t he  basin. I f  t h e  grade of t h e  pipe near the  basin 
exceeds 15 percent, t he  hor izonta l  length  must extend upstream from the  
basin a t  l e a s t  th ree  diameters. The hor izonta l  l eng th  of pipe ensures 
t h a t  the  j e t  f o r  t h e  design discharge f u l l y  impinges on t he  baf f l e .  



R i p r a ~  
Riprap is  required on t he  channel bottom and s ide  slopes f o r  a d is tance  
of one basin width downstream from the  end s i l l .  The r ip rap  on t he  
s i de  slopes of t h e  channel must extend t o  t h e  elevation of t h e  top  of 
t he  basin walls  at t he  end s i l l .  The minimum thickness of placed r i p -  
rap  i s  1/6 of t he  basin width. A blanket of f i l t e r  material  o r  bedding, 
a s  required, i s  necessary beneath the  rock r ip rap .  

Drawing ES-189 i s  included t o  f a c i l i t a t e  t he  determination of t h e  r e -  
quired r ip rap  s i z e .  A t  l e a s t  hal f  of t h e  r ip rap  by weight must equal 
o r  exceed t he  required r ip rap  s i z e .  

Tailwater 
Tailwater is  not required; however, t a i lwa te r  depths up t o  a maximum 
depth of d + f/2 ( see  ES-187) above t h e  basin apron do reduce water 
surface roughness and bed erosion. Depths of t a i lwa te r  g rea te r  than 
d + f /2 above t h e  basin apron should be avoided s ince  these  depths 
cause flow over t he  top  of the  ba f f l e .  

Debris Protection 
Report No. Hyd--572 s t a t e s  t h a t  "At some prototype i n s t a l l a t i ons ,  
weeds and debris  such a s  Russian t h i s t l e s  have been trapped i n  t h e  
basin between t he  pipe po r t a l  and t he  baf f l e .  This debris  has com- 
pacted t o  the  extent  of blocking t h e  porta3, thus reducing t h e  capa- 
c i t y  of t he  s t ruc tu re .  The compacted weeds w i l l  not wash out and 
a r e  very d i f f i c u l t  t o  remove." Obviously, debr is  which i s  long and 
r e l a t i ve ly  r i g i d  could a l so  become lodged i n  t h e  impact basin.  There- 
fore,  a Standard Covered Riser o r  an i n l e t  which i s  equally e f f ec t i ve  
i n  preventing entrance of debr is  is required when using an impact 
basin.  Thus, an open top r i s e r  i s  not s a t i s f ac to ry  i n  associa t ion 
with an impact basin. 

For sa fe ty  purposes and t o  prevent debr is  from entering t he  impact 
basin upstream of t h e  baf f l e ,  a cover i s  required over t h e  top  of 
t he  basin between the  pipe o u t l e t  and t he  baf f l e .  The cover might 
be f l oo r  gra t ing o r  precast  concrete s labs  placed with space between 
s labs  t o  provide adequate basin ven t i l a t ion .  Secure fas tening of 
t h e  cover t o  t he  basin is necessary. 

shows t he  general layout of t h e  impact bas in  as 
given i n  Figure 1 of Report No. IQd-572. As mentioned previously, 
t h i s  layout d i f f e r s  somewhat from t h a t  used f o r  the  design of t he  
Standard Impact Bas ins ,  ES-4000 s e r i e s .  These differences a r e  : 

1. The notches i n  t he  b a f f l e  a r e  reduced i n  width and a r e  
moved a shor t  distance from the  sidewall  t o  improve t he  
flow conditions in the  basin. 

2. The height of t h e  basin sidewall  i s  increased t o  provide 
addi t ional  freeboard . 

3. The distance,  a, from t h e  headwdl t o  the  ba f f l e  w a l l  
i s  w/2. 



When a Standard Impact Basin is  desired,  t h e  user  has t h e  option of 
using t h e  drawings without change o r  of r ev i s ing  t h e  drawings t o  con- 
form with t h e  general  layout  a s  given i n  ES-187. When an impact bas in  
is  des i red  which i s  not one of t h e  Standard Impact Basins, t h e  layout  
should conform t o  t h a t  of ES-187. 



a 
Given : 

D = 3.0 f t  

Determine: 
I. The impact basin width. 

11. The recommended r ip rap  s ize .  

Solution : 
I. Determine the  impact basin width. 

Using ES-188 and- fo r  D = 3.0 f t  and Q = 150 cfs ,  read 
W = 12.25 f t .  Use a Standard Impact Basin with W = 13.0 f t .  

11. Determine t h e  recommended r ip rap  s ize .  
A. Compute 

B. Using ES-189 and fo r  Q/D5l2 = 9.623 and = 0.2, read 
c = 4.79. D 

Then f o r  D = 3.0 f t  and C = 4.79, read S = 16.0 inches. 

Given : - 
D = 4.0 f t  

Determine : 
I. The impact basin width. 
11. The recommended r iprap s ize .  

Solution : 
I. Determine the  impact basin width. 

Using ES-188 and f o r  D = 4.0 f t  and Q = 550 cfs,  read 
W = 22.85 f t .  Use W = 23.0 f t .  

11. Determine the  recommended r ip rap  s ize .  
A. Compute 

B. Using ES-189 and f o r  - - - 1 T 0 1 9  and L =  0, read C = 3.80. D5 /2 D 

Then f o r  D = 4.0 f t  and C = 3.80, read S = 13.85 inches. 
Use S = 14.0 inches. 





STANDARD PLANS: STANDARD IMPACT BAS1 NS 
SCHEDULE SHOWING DRAW[ NG NUMBERS, VOLUMES 
O F  CONCRETE, AND WEIGHTS OF STEEL. 

3TANDARD DETAIL DFUW INGS 
ES -4WWW 

STEEL - lb s . CONCRETE - cu.  yds.  

Key t o  Drawing Numbers 

The drawing numbers of t h e  Standard D e t a i l  Drawings f o r  Standard 
Impact Basins a r e  given by: 

ES - 4 ~  
where 

WWW r width of bas in ,  WW.W f t  

*Quanti t ies  of  s t e e l  and concre te  t a b u l a t e d  were obtained from shee t  1 
of each ES-drawing. These q u a n t i t i e s  a r e  approximate s i n c e  q u a n t i t i e s  
vary  wi th  p ipe  diameter .  
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IMPACT BASINS: General Layout and Hydraulic Design 

R e q u i r e d  d r a i n  a n d  o r s o c i o t s d  f i l l e r  
a t e  n o t  s h o w n .  

r' 
I 

-r I ----- 
I 
I 

- - 

I 
I ill l 

S E C T I O N  ON CENTER LINE 

e .  

SECT1 ON "A-A" 

SIDEWALL AND 
WINGWALL I S O M E T R I C  V I E W  

DOWNSTREAM E L E V A T I O N  
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IMPACT BASINS: Recommended Riprap Sizes 
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