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Scope 

Pumps may be used for disposal. of water from drainage systems when discharge 
by gravity flow cannot be obtained because of inadequate outlets or because 
of backwater from storm or tidal flooding. 

The complexity and requirements for planning, designing, and constructing 
pumping facilities vary substantially from site to site. A dependable and 
economical pumping plant requires detailed investigation and survey of site 
conditions for planning and design. Planning requires consideration of the 
entire drainage system served so that diversions, storage areas, channels 
and outlets are used to best advantage in determining capacity, size, and 
operation of the pumps. Design requires consideration of a combination of 
pumping plant components in regard to the type, size, and capacity of the 
pumps; the kind of power to be used; the shape, size and depth of the sump; 
and between one component and another, as between pumps and sump. 

The essential items in both planning and design of pumping plants will in- 
clude a 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7. 

8 .  

determination of: 

The location of the pumping plant for an effective outlet to the 
entire drainage system, with consideration of an adequate foundation 
for the plant structure, access for the operation and servicing of 
the facility, and economy of installation, 

The required water removal rate, with due consideration of crop 
requirements, protection of associated realty improvements (as 
buildings, access roads, etc.), and the effects of watershed 
characteristics (as topography, size, surface storage, and surface 
and subsoil conditions). 

Auxiliary drainage facilities (as diversions, dikes, reservoirs, 
sumps, and gates) for protecting the facility and minimizing the 
pumping requirements. 

The kind, capacity, size and number of pumps (but excluding their 
design which is a manufacturer's responsibility). 

The type of power and prime mover adaptable to the site conditions, 
and the power requirements, availability, and cost. 

The arrangement and size of forebay, sump, and discharge bay for the 
efficient movement of water through the pumping facility. 

Auxiliary equipment including the operating controls. 

Housing and protection of the pumps and prime movers. 



Other items also important in planning are: 

1. Arrangements for plant construction. 

2. Installation and testing of equipment. 

3. Plant operation, including the facilities and procedures for opera- 
tion, maintenance, repair, and protection. 

Nomenclature and Definitions 

The following is a selected list of terms and parts of a drainage pumping 
plant and their definitions. (See figure 7-1.) Reference should also be 
made to Hydraulic Institute Standards - 12th Edition (1). 

Drainage Pumping Plant - A pumping facility, including one or more pumps, 
power units, and appurtenances for lifting col- 
lected drainage water to a gravity outlet. 

Forebay 

Trash Rack 

Sump 

Radial Flow Pump 

Mixed Flow Pump 

- Supply channel and open reservoir immediately 
adjoining the pumping plant for the collection 
and temporary storage of drainage water. 

- Bar grate between the forebay and sump for ex- 
cluding large floating objects and debris that 
might plug, damage, or otherwise interfere with 
operation of the pumps. 

- Pit, tank, or portion of reservoir within the 
pumping plant (the suction bay) from which col- 
lected water is withdrawn by the pumps. 

- A centrifugal type pump in which the pressure 
for moving water is developed principally by 
action of centrifugal force. Water entering at 
the impeller hub flows radially to the impeller 
periphery. 

- A centrifugal type pump which develops pressure 
by both centrifugal force and the lifting action 
of the impeller on the water. 

Axial Flow (Propeller) Pump - A centrifugal ty'pe pump in which the pressure 
is developed primarily by the lifting action of 
the impeller (propeller blades) on the water. 

Single-stage Pump 

Multistage Pump 

Pump Submergence 

Bottom Clearance 

- Pump having a single impeller. 

- Pump having more than one impeller mounted on 
a single shaft. 

- Vertical distance between inlet of the pump and 
the water surface in the sump. 

- Vertical distance between inlet of pump and 
bottom of sump. 



SURFACE AND SUBSURFACE WATER 

SUBSURFACE WATER ONLY 

Pipe 

schar 



Side  Clearance 

Suct ion  Bowl 

- Horizonta l  d i s t a n c e  between i n l e t  o f  pump and 
nea re s t  p a r t  of sump w a l l .  

- S p e c i a l l y  shaped s e c t i o n  o f  pump which d i v e r t s  
water  t o  t h e  impe l l e r .  

Suc t ion  Be l l  ( o r  Flange) - Flared s e c t i o n  a t  i n l e t  end of pump e i t h e r  a s  
a p a r t  o f ,  o r  d i r e c t l y  a t t ached  t o ,  t he  suc t ion  
bowl o r  a t t ached  t o  a s u c t i o n  p ipe  leading t o  
t h e  s u c t i o n  bowl. 

Foot Valve 

Suct ion  Umbrella 

Suct ion  Pipe 

Discharge Pipe 

F lap  Gate 

Discharge Bay 

Submerged Discharge 

Free  Discharge 

Discharge Siphon 

A i r  Re l ie f  Valve 

Siphon Breaker 

Prime Mover 

D i r e c t  Drive 

B e l t  Drive 

- Check va lve  i n s t a l l e d  a t  i n l e t  end of suc t ion  
p ipe  t o  r e t a i n  water  f o r  pumps r equ i r ing  prim- 
ing .  

- A formed brim sometimes a t t ached  t o  the suc t ion  
bowl t o  reduce d i s tu rbance  a t  the  i n l e t  and 
reduce r equ i r ed  submergence. 

- Pipe leading  from water  supply t o  t he  suc t ion  
bowl of t h e  pump. 

- Pipe leading  from discharge  opening i n  pump t o  
poin t  of d i s cha rge .  

- Free  swinging g a t e  which prevents  backflow of 
water  i n t o  a submerged d ischarge  p ipe  when t h e  
pump i s  no t  ope ra t ing .  

- S t r u c t u r e  o r  pool i n t o  which pump d ischarge  
pipe empties .  

- Pump discharge  through a submerged p ipe .  

- Pump discharge  through an  unsubmerged pipe 
(p ipe  above water  s u r f a c e  i n  dra inage  o u t l e t ) .  

- Sect ion  of  d i scharge  p ipe  which may opera te  a s  
siphon ( a t  l e s s  than  atmospheric p re s su re ) .  

- Device f o r  r e l e a s i n g  a i r  from high  poin t  i n  
d ischarge  p ipe  t o  u t i l i z e  s iphon a c t i o n .  

- Device t o  admit a i r  a t  h igh  poin t  i n  d ischarge  
p ipe  f o r  s topping  siphon a c t i o n .  

- Power u n i t  t o  d r i v e  t h e  pump, a s  an e l e c t r i c  
motor or  an i n t e r n a l  combustion engine. 

- Power t ransmiss ion  by d i r e c t  connect ion between 
s h a f t s  of prime mover and pump without  use  of 
b e l t s ,  g e a r s ,  o r  cha ins .  

- Pare r  t ransmiss ion  from prime mover t o  pump by 
b e l t s  and pu l l eys .  



Right -angle Gear Drive 

Automatic Control 

Semiautomatic Control 

Manual Control 

Float Control 

Electrode Control 

Right angle beveled gears for transmission of 
power from horizontal drive shaft to a vertical 
pump shaft. 

System whereby starts and stops of pumping unit 
are regulated automatically as by a float switch, 
electrode switch, or bubbler unit. 

System whereby pumping unit is started manually 
but stops automatically at a predetermined water 
level or set time interval. 

System whereby pumping unit is started and 
stopped manually. 

Use of float to activate switch for starting 
and stopping pumping unit at predetermined 
water levels. 

Use of a pair of electrodes to activate switches 
for starting and stopping pumping unit at pre- 
determined water levels. 

Need for Pumping 

Sites that require pump drainage usually occupy flat lowlands adjoining 
oceans, bays, tidal estuaries, and lakes; bottom land of large rivers; and 
extensive glaciated areas where the outlets are inadequate or not available. 
Frequently, pumping is more practical than improvement of an existing water- 
course to a gravity outlet because of difficulty in obtaining easements or 
funds to cover cost of construction or subsequent maintenance of an improved 
channel . 

Usually, pumping is required only for short periods of time, such as during 
occurrence of a seasonal high water table, a seasonally high stage of river 
or lake, or at times of floodflow or backwater from storm runoff of irregular 
occurrence. 

In some situations, need for pumping may develop gradually as in river bottoms 
where successive areas of land along reaches of channel are converted from hay 
or pasture to high valued crops and urban or industrial use and subsequently 
enclosed by dikes for protection from flooding. Pumping may become desirable 
or necessary as resulting reductions in river overflow areas cause increased 
frequency and duration of floodflows and corresponding increased periods of 
blockage and impeded drainage discharge. 

Need for pumping inevitably develops in drained organic soils because of land 
subsidence. Pumping may be the most practical way of controlling the subsid- 
ence rate through regulation of the water table level. Pumping may also be 
used in irrigated areas to lower and control water table levels and provide 
for leaching of saline and alkali soils. 

Location of the Pumping Plant 

A wet area may be served by one or more pumping plants. Large areas with 
widely separated outlets may justify more than one plant. However, lower 
construction and maintenance costs, but not necessarily the best dependability, 



u s u a l l y  a r e  obtained when t h e  dra inage  system i s  served by a s i n g l e  pumping 
p l a n t .  

Pumping p l a n t  l oca t ions  a r e  determined c h i e f l y  by topography and ground water  
condi t ions  t o  which the  dra inage  system layout  must be t a i l o r e d .  Normally 
t h e  s i t e  w i l l  be a t  t h e  lowest e l eva t ion  of t h e  a r e a  served and a t  o r  a s  c l o s e  
a s  p o s s i b l e  t o  t h e  b e s t  o u t l e t .  However, o t h e r  f a c t o r s  t o  be considered i n  
a r r i v i n g  a t  the most advantageous s i t e  a r e :  

1. A v a i l a b i l i t y  of forebay s t o r a g e .  

2 .  Required l o c a t i o n  o f  d ikes .  

3 .  A c c e s s i b i l i t y  of powerlines and f u e l  supply roads and t h e i r  adequacy 
f o r  s e w i n g  t h e  p l a n t .  Cost of improvements t o  roads and connecting 
f a c i l i t i e s  f o r  power supply and t h e i r  maintenance. 

4 .  Adequacy f o r  s t r u c t u r a l  foundat ions .  

5.  Ground wa te r  l e v e l s  and t h e i r  f l u c t u a t i o n s .  

6 .  P r o t e c t i o n  from vandalism. 

S i t e s  ad jo in ing  d i t c h e s  o r  watercourses nea r  an o u t l e t  o f t e n  have uns t ab l e  
foundat ions.  B e t t e r  l oca t ions ,  r equ i r ing  lower cons t ruc t ion  c o s t s ,  may be 
found on h ighe r ,  more s t a b l e  ground. I n  such cases  access  channels can be 
cons t ruc ted  a t  t h e  more d e s i r a b l e  s i t e  t o  d e l i v e r  the  water  t o  t h e  pumps and 
from t h e  pumps back t o  t he  stream. 

Incorpora t ing  t h e  Pumping P lan t  i n  t he  Drainage System 

I n  o rde r  t o  minimize t h e  amount of water  t o  be pumped, t h e  runoff  from a l l  
a r e a s  t h a t  can be dra ined  by g r a v i t y  should be d ive r t ed  from the  a r e a  served 
by the  pumps. Where d i r e c t  d ive r s ion  around t h e  pumped a r e a  i s  not f e a s i b l e ,  
t h e  su r f ace  runoff  occurr ing  a t  t h e  low o u t l e t  s t ages  should be discharged by 
g r a v i t y  through g a t e s  i n  the  p ro t ec t ing  d ike  bordering t h e  pumped a r e a  a s  
long a s  t h e  o u t l e t  s t a g e s  w i l l  permi t .  I n  some cases i t  may be necessary t o  
c a r r y  upland runoff  d i r e c t l y  t o  t h e  o u t l e t  between d ikes  cons t ruc ted  through 
the  pumped a r e a .  

The dra inage  system served by t h e  pumping p l a n t  should be designed t o  meet 
dra inage  needs w i t h  a s  complete and uniform coverage of t h e  a r e a  a s  p r a c t i c a l .  
Mains and l a t e r a l s  should be e s t a b l i s h e d ,  a s  f o r  g r a v i t y  systems, through t h e  
n a t u r a l  depressions leading  t o  t h e  o u t l e t .  When p r a c t i c a l ,  lower reaches of 
t he  main d i t c h  should u t i l i z e  a v a i l a b l e  sloughs and ponds s o  a s  t o  i nc rease  
forebay s to rage .  Impoundment i n  such a r e a s  permit a  reduct ion  i n  t h e  s i z e  of 
t he  pumping u n i t  and may a l s o  provide more cons tan t  ope ra t ing  condi t ions  
because of l e s s  f l u c t u a t i o n  i n  t h e  water  s t a g e .  Large s to rage  capac i ty  i n  
such forebay a r e a s  and i n  t h e  suc t ion  bay or  sump of t h e  pumping p l a n t  i t s e l f  
has o t h e r  advantages such a s  reducing the  need f o r  n i g h t  ope ra t ion  i n  the  ca se  
of manually c o n t r o l l e d  pumps, or  conversely,  pe rmi t t i ng  an i n c r e a s e  i n  n igh t  
ope ra t ion  f o r  e l e c t r i c a l l y  operated pumps when cu r r en t  can be obtained more 
cheaply a t  off-peak load  r a t e s ,  and i n  reducing seepage because of smal le r  
head d i f f e r e n t i a l s .  

The p a t t e r n  of t h e  dra inage  system served by t h e  pumping p l a n t  should be 
planned so  as t o  o b t a i n  a  good hydrau l i c  grade l i n e  and nonerosive v e l o c i t i e s  



between t he  sump and t he  most remote p a r t s  of t h e  system dur ing  pump ope ra t i on  
a f t e r  drawdown i s  e s t a b l i s h e d .  A s p l i t  system of mains, l e ad ing  t o  t h e  pumping 
p l a n t  from d i f f e r e n t  d i r e c t i o n s  and having about  equa l  l engths  and c o l l e c t i o n  
a r ea s ,p rov ides  b e t t e r  wa t e r  g r ad i en t s  t o  t h e  sump than  does a  long s i n g l e  main. 
The mains should have ample depth  and c r o s s  s e c t i o n  a r e a  s o  t h a t  flow capac i t y  
can be maintained a s  uniform a s  pos s ib l e  between h igh  and low wa te r  s t ages  a t  
t he  sump. The channel c apac i t y  must be adequate  f o r  pump requirements  and 
flow must be w i t h i n  v e l o c i t i e s  s u s t a i n i n g  channel s t a b i l i t y  when e l e v a t i o n  of 
t he  hyd rau l i c  grade l i n e  a t  t h e  sump i s  a t  low wa te r  (pump-stop Level) s t a g e .  

S t a t i c  L i f t  

S t a t i c  l i f t  i s  t he  he igh t  t o  which pumps must l i f t  wa t e r  under g iven  condi- 
t i o n s .  It: i s  t h e  d i f f e r e n c e  i n  e l e v a t i o n  between water  s t ages  i n  t h e  sump 
and t he  d i scharge  bay o r  o u t l e t  when t h e  d i s cha rge  i s  submerged. When the  
d i s cha rge  i s  not  submerged, d i f f e r e n c e s  between water  s t ages  i n  t h e  sump and 
t he  c e n t e r l i n e  of water  i n  t h e  d i scharge  p ipe  a t  t h e  high poin t  of d i scharge  
determine t he  s t a t i c  l i f t .  

Operat ing l e v e l s  a t  t he  sump a r e  determined by e l e v a t i o n  of land t o  be dra ined  
o r  p ro t ec t ed  from overflow; by hyd rau l i c  grade and opera t ing  l e v e l s  of water  
i n  t h e  mains and l a t e r a l s  of t h e  d i t c h  system lead ing  t o  t he  sump; and by t he  
e l e v a t i o n s  of o u t l e t s  t o  subsur face  d r a i n s  i n t o  t h e  d i t c h  system. Thus s t a t i c  
l i f t s  should be determined a f t e r  t he  dra inage  system t o  be served by t he  pump- 
i ng  p l a n t  has been designed.  

Data r e l a t i n g  t o  forebay,  sump and d i s cha rge  bay should be s t ud i ed  i n  o rde r  
t o  determine t h e  maximum, minimum, and average s t a t i c  l i f t s  f o r  t he  pumps. 
These d a t a  a r e  needed by pump manufacturers  i n  o rde r  f o r  them t o  s e l e c t  and 
supply equipment t h a t  w i l l  ope ra t e  e f f i c i e n t l y  through the  c o n t r o l l i n g  ranges 
of l i f t s  and a l s o  provide adequate  capac i t y  a t  maximum l i f t .  

Optimum s t a g e  

Optimum s t a g e  i s  t he  sump e l e v a t i o n  a t  which it i s  de s i r ed  t o  hold t h e  water  
l e v e l .  

When pumping f o r  subsur face  d r a inage ,  optimum s t a g e  should be a t  t he  l e v e l  
t h a t  w i l l  g ive  dra inage  t o  t he  lowest wet a r e a s .  Optimum s t a g e  may vary  w i t h  
t he  seasons of t he  year  and w i t h  weather  cond i t i ons .  I n  humid reg ions  t h i s  
w i l l  be 4 o r  more f e e t  below t h e  land s u r f a c e  of most of the  a r e a  se rved .  I n  
i r r i g a t e d  a r e a s  of semiarid and a r i d  reg ions  i t  w i l l  be i n  t he  range of 6 t o  
9 f e e t .  I n  a r e a s  of o rganic  s o i l ,  sha l lower  depths  t o  water  t a b l e  should be 
maintained i n  accord w i th  recommendations i n  Chapter 8, Drainage of Organic 
S o i l s ,  and i n  l o c a l  d ra inage  gu ides .  

When s u r f a c e  dra inage  i s  t he  primary cons ide ra t i on ,  optimum s t a g e  should be 
a t  t he  forebay e l e v a t i o n  of t h e  de s ign  hyd rau l i c  grade l i n e  of t h e  dra inage  
system served by t he  pumping p l a n t .  Although t h e  a c t u a l  hyd rau l i c  grade w i l l  
f l u c t u a t e  between s t a r t  and s t o p  e l e v a t i o n s  of t he  pump over  t h e  course of 
t he  pumping cyc l e ,  the  de s ign  hydraul ic  grade  l i n e  de f ine s  both t h e  upstream 
a r e a s  t o  be pro tec ted  and t he  amount of forebay s t o r a g e  a v a i l a b l e  a t  des ign  
f low.  

I f  t h e  amount of s t o r a g e  f o r  t he  planned p r o t e c t i o n  i s  s i g n i f i c a n t ,  pumps 
should be operated i n  such a  manner a s  w i l l  keep s t o r a g e  a v a i l a b l e  f o r  when- 
ever  it may be needed. The s t o p  l e v e l  o f  t he  pump, o r  a t  l e a s t  one of t h e  



pumps i n  a  mu l t i p l e  pump i n s t a l l a t i o n ,  should be a t  t h e  lowest l e v e l  of t he  
planned s to rage  bas in  f o r  which a s a t i s f a c t o r y  pumping ope ra t ion  can be ca r -  
r i e d  o u t .  I n  s e t t i n g  such l e v e l ,  i t  should be kept i n  mind t h a t  pumping water  
too low may not on ly  i nc rease  s t a t i c  l i f t  but a l s o  r e s u l t  i n  s u c t i o n  of a i r  
i n t o  t h e  pump and decreased pumping e f f i c i e n c y .  

The pump-start l e v e l  on au tomat ica l ly  operated pumps should be s e t  s l i g h t l y  
lower than t h e  design hydraul ic  grade l i n e .  I n  a  manually con t ro l l ed  i n s t a l -  
l a t i o n ,  t h e  opera tor  may need t o  a n t i c i p a t e  weather condi t ions  i n  determining 
pump s t a r t  i f  an independent f l o a t - c o n t r o l l e d  o r  s i m i l a r  warning system i s  
not  used . 

When both su r f ace  and subsur face  dra inage  a r e  t o  be handled by t h e  same p l a n t ,  
a  d i s t i n c t i o n  between t h e  two needs t o  be made. Genera l ly ,  more than one 
pump would be requi red  i n  dra in ing  l a rge  a r e a s .  I n  such case ,  a  low volume 
pump would be used f o r  subsurface flow and l a r g e r  capac i ty  pumps f o r  sur face  
flow, w i t h  optimum s t a g e  of each s e t  accord ingly .  I f  a  s i n g l e  pump i s  used 
t o  handle both s u r f a c e  and subsurface dra inage ,  a s  i s  o f t e n  t he  case i n  d ra in -  
i ng  smal l  a r e a s ,  optimum s t a g e  f o r  su r f ace  dra inage  would govern t h e  pump 
s e l e c t i o n  and requirements f o r  subsurface dra inage  would determine the  purnp- 
s t o p  l e v e l .  

Maximum s t a t i c  l i f t  

Maximum s t a t i c  l i f t  i s  the  d i f f e r e n c e  between t h e  pump-stop s t a g e  i n  t he  sump 
and t h e  maximum s t a g e  i n  t he  d ischarge  bay o r  o u t l e t  when the  d ischarge  i s  
submerged. I f  t h e  d ischarge  i s  not submerged, t he  high po in t  i n  the  cen t e r -  
l i n e  of t h e  d ischarge  p ipe  con t ro l s  the maximum e l e v a t i o n  of the l i f t .  Maxi- 
mum s t a t i c  l i f t  should be determined wi th  c a r e  t o  a s s u r e  t h a t  adequate p l a n t  
capac i ty  i s  a v a i l a b l e  dur ing  f lood s t a g e s .  Maximum s t ages  i n  t he  d ischarge  
bay may be determined by e s t a b l i s h i n g  gaging s t a t i o n s  o r  from records obtained 
from the  Weather Bureau, Corps of Engineers ,  U.S. Geological  Survey, munici- 
p a l i t i e s ,  l o c a l  newspaper f i l e s ,  and by inqu i ry  of l o c a l  r e s i d e n t s .  

S tud ie s  of  ope ra t ing  condi t ions  during f lood  periods have emphasized t h e  i m -  
portance of des igning  pumping p l a n t s  f o r  f u l l  c apac i ty  a t  maximum l i f t .  Pumps 
d ischarg ing  i n t o  l a r g e  streams o r  r i v e r s  may need t o  ope ra t e  f o r  s e v e r a l  days 
o r  longer  a t  f u l l  c apac i ty  before  maximum f lood  s t ages  occur i n  t h e  o u t l e t  
and then  continue ope ra t ion  u n t i l  f lood  c r e s t s  have passed. 

Minimum s t a t i c  l i f t  

Minimum s t a t i c  l i f t  f o r  pumps having a submerged d ischarge  pipe can be e s t i -  
mated a s  t he  d i f f e r e n c e  between t h e  minimum s t a g e  of the  d ischarge  bay and the  
optimum s t a g e  of t h e  sump. Where t h e  minimum e l e v a t i o n  of t he  d ischarge  bay 
i s  above t h e  c o n t r o l l i n g  s t a g e  of a  r i v e r  o r  lake and a l s o  some d i s t ance  
removed, advantages of en larg ing  and deepening t h e  connecting channel or  
removing obs t ruc t ions  should be considered.  

Average l i f t  

Pumping e f f i c i e n c y  becomes an important f a c t o r  i n  opera t ing  c o s t s  when p l a n t s  
a r e  operated more o r  l e s s  continuously over  an  extended per iod  of time (as 
much a s  60 t o  90 days f o r  some f a c i l i t i e s ) .  I n  such ca ses ,  t h e  average l i f t  
provides a  b e t t e r  b a s i s  f o r  e s t a b l i s h i n g  the  most e f f i c i e n t  pumping range. 
Where records  of e x i s t i n g  i n s t a l l a t i o n s  a r e  a v a i l a b l e  and t h e  a r e a  and condi- 
t i o n s  a r e  comparable, average l i f t s  can be e s t ab l i shed  from records  of average 



monthly l i f t s  of opera t ing  p l an t s  weighted according t o  the  amount of water  
pumped i n  r e spec t ive  months. 

Pumping P lan t  Capaci ty 

Determining f a c t o r s  

The requi red  capac i ty  of pumping p l an t s  may be determined from (a) dra inage  
c o e f f i c i e n t s  appl ied  t o  t h e  a r e a  served ,  (b) empir ica l  formulas, (c )  a  s tudy  
of e x i s t i n g  i n s t a l l a t i o n s ,  o r  (d) d i r e c t  a n a l y s i s  us ing  hydrologic procedures. 

The capac i ty  s e l ec t ed  f o r  t he  pumping p l a n t  should g ive  cons idera t ion  t o  such 
f a c t o r s  a s  s i z e  of t h e  a r e a  served;  t h e  amount, r a t e  and timing of r a i n f a l l  
and runof f ;  ground water  condi t ions ;  and seepage r a t e s .  

For smal l  a r ea s  of land ranging up t o  a  square mile ,  complete and uniform 
b e n e f i t s  a r e  u sua l ly  necessary and ob ta inab le .  Thus t h e  amount of water  t o  
be pumped should be about t he  same a s  would be requi red  f o r  a  g r a v i t y  dra inage  
system wi th  f r e e  o u t l e t .  Pumping p l a n t  capac i ty  i s  u s u a l l y  determined on a 
d a i l y  r a t e  b a s i s  s o  t h a t  f o r  su r f ace  dra inage  systems t h e  requi red  capac i ty  
can be determined a s  t h e  runoff  from a 24-hour r a i n f a l l  of a  s e l e c t e d  f r e -  
quency of occurrence,  plus base flow, l e s s  allowances f o r  a v a i l a b l e  su r f ace  
and ground water  s to rage .  R a i n f a l l  per iods  exceeding 24 hours may need t o  be 
considered i n  eva lua t ing  a v a i l a b l e  su r f ace  and ground water  s to rage .  Pumping 
p l an t  capac i ty  f o r  removal of ground wa te r  on ly ,  a s  may apply i n  i r r i g a t e d  
a r e a s  of t h e  a r i d  regions o r  a r e a s  of organic  s o i l s  i n  humid r eg ions ,  can be 
determined from the  requi red  capac i ty  of subsur face  dra inage  systems a s  
covered i n  Chapter 4 ,  Subsurface Drainage. However, experience i n  humid 
reg ions  has shown the  n e c e s s i t y  of i nc reas ing  t h i s  r a t e  approximately 20 
pe rcen t .  

A number of i n t e r r e l a t e d  f a c t o r s  need t o  be considered i n  a r r i v i n g  a t  an 
approximate pumping p l a n t  capac i ty  f o r  l a r g e  land a r e a s .  These a r eas  w i l l  
con t a in  smal l  t r a c t s  where p r o t e c t i o n  by pumping i s  n e i t h e r  necessary  nor 
d e s i r e d .  An a r t i f i c i a l l y  depressed water  t a b l e  provides cons iderable  tempo- 
r a r y  ground water  s to rage .  Also,  numerous temporary su r f ace  pondages w i l l  
occur which cannot r e a d i l y  d r a i n  t o  t h e  pump. This  permits  reduct ions  i n  
pumping r a t e s  over runoff  r a t e s  o r d i n a r i l y  provided f o r  f r e e  g r a v i t y  o u t l e t .  

Storage (as  used i n  t h i s  t e x t )  includes runoff  t h a t  moves f r e e l y  i n t o  t he  
voids  of t h e  s o i l  p r o f i l e  above the  normal o r  regula ted  ground water  l eve l  
p lus  t h e  runoff i n  t r a n s i t  t h a t  temporar i ly  f i l l s  up channels ,  s loughs ,  and 
o the r  d i s c e r n i b l e  pondages, inc luding  t h e  innumerable minor depress ions  
s c a t t e r e d  over t he  ground su r f ace .  Any such s to rage  which is  not  d i r e c t l y  
connected wi th  the  forebay of t h e  pump w i l l  reduce pumping peaks but  may 
prolong t h e  flow t o  be handled by the  pumps. 

Pumping r a t e s  a l s o  may be inf luenced  by c o r r e l a t i o n s  of occurrence,  depth 
and du ra t ion  of f lood flows and ground water  l e v e l s  w i th  crop management, 
growth, and to l e r ance  t o  inundat ion .  High water  and overflow i n  w in t e r  and 
e a r l y  sp r ing  usua l ly  present  no problem i n  nor thern  l a t i t u d e s .  Flooding of 
one o r  more days has l e s s  e f f e c t  on hay and g ra s s  crops than on genera l  f i e l d  
c rops ,  whereas pondages of 4 t o  6 hours may des t roy  t ruck  crops .  

Pumping p l a n t  s i z e  may be another  cons ide ra t i on  i n  determining pumping r a t e s  
i n  t h a t  a t  some s i z e  an added increment of capac i ty  w i l l  i nc rease  o v e r a l l  



cons t ruc t ion ,  ope ra t ion ,  and maintenance c o s t s  d i sp ropor t i ona t e  t o  t he  
increment i n  der ived  b e n e f i t s .  

While d a i l y  runoff  provides t he  primary b a s i s  f o r  determining pumping p l a n t  
capac i ty ,  seasonal  d i s t r i b u t i o n  of r a i n f a l l  and runoff  may have cons iderable  
e f f e c t  i n  t h e  f i n a l  a n a l y s i s  and yea r ly  runoff  i s  o f t e n  u s e f u l  i n  e s t ima t ing  
annual ope ra t ing  c o s t s .  

When design pumping r a t e s  f o r  l a rge  a r e a s  have no t  been e s t a b l i s h e d  l o c a l l y ,  
o r  comparable r a t e s  a r e  not  a v a i l a b l e  f o r  e s t a b l i s h i n g  l o c a l  r a t e s ,  es t imates  
of runoff  t o  be pumped can be developed through hydrologic procedures.  Runoff 
s o  determined should be compared wi th  dra inage  c o e f f i c i e n t s  used f o r  g r a v i t y  
d ischarge  f o r  t h e i r  v a l i d i t y  s ince  s to rage  i n  t h e  ground and i n  t h e  innumer- 
a b l e  smal l  su r f ace  depress ions  and t h e  course  and r a t e s  of water  movement t o  
and from such s t o r a g e  and depress ion  a r e a s  on ex t ens ive  f l a t  lands a r e  l e s s  
c l e a r l y  def ined  and accountable than on more s lop ing  topography. 

Base flow i s  der ived  from seepage i n t o  t h e  pumped a r e a s  from uplands, i rr i-  
ga t ion ,  and ad jo in ing  bodies of water .  I n  most s i t u a t i o n s  t he  amount of 
seepage i s  d i f f i c u l t  t o  eva lua t e .  S i g n i f i c a n t  amounts from uplands can be 
reduced a t  some s i t e s  by i n t e r c e p t i o n  and d i v e r s i o n  of s u r f a c e  and shallow 
subsurface  flows and thus  be e l imina ted  from cons ide ra t i on .  When upland 
waters  occur a s  a r t e s i a n  flow wi th in  t h e  pro tec ted  a r e a ,  amounts can be de- 
termined according t o  procedures i nd i ca t ed  i n  Chapter 4 ,  Subsurface Drainage. 
I f  s i g n i f i c a n t ,  such flow should be included i n  t h e  d ischarge  t o  be handled 
by t h e  pumps. 

Large amounts of seepage may occur,  even w i t h  i n s t a l l a t i o n s  of i n t e r c e p t o r s  
and d i v e r s i o n  d r a i n s ,  i f  t h e  pumped a r e a s  have ex t ens ive  borders  a long  i r r i -  
ga t ion  cana l s ,  r i v e r s ,  l a r g e  creeks,  o r  l a k e s .  The amount of  seepage depends 
upon d i f f e r ences  i n  e l e v a t i o n  of water  su r f aces  w i t h i n  and wi thout  t h e  pumped 
a r e a ,  t h e  ex t en t  and permeabi l i ty  of underlaying water-bearing s t r a t a  such a s  
sand and g rave l ,  and the  length  and l o c a t i o n  of d r a i n s  i n  contac t  w i th  such 
s t r a t a .  Seepage i s  o f t e n  a  major source  of  water  i n  pumped a r e a s  along l a r g e  
pe renn ia l  streams where l a r g e  and prolonged head d i f f e r e n c e s  may p e r s i s t  be- 
tween regula ted  o r  f lood flow s t ages  of t h e  channel and low l ay ing  lands 
w i t h i n  t h e  pumped dra inage  a r ea .  

Normally head d i f f e r e n c e s  i n  pumped a r e a s  ad jo in ing  l a r g e  lakes  and some 
c o a s t a l  sho re l ines  a r e  so  small  o r  of such sho r t  du ra t ion  t h a t  seepage r a t e s  
a r e  not  s i g n i f i c a n t  and need not  be considered i n  t h e  pumping r a t e  de tenni -  
na t ion .  However, wind d r iven  t i d e s  i n  some c o a s t a l  s t reams,  e s t u a r i e s  and 
shore  a r e a s  f r zquen t ly  p e r s i s t  f o r  s e v e r a l  days.  This  may cause enough seep- 
age i n t o  the  a r e a  a t  a  time when g r a v i t y  o u t l e t s  a r e  blocked t o  r equ i r e  i t s  
cons ide ra t i on  i n  des ign .  

Small su r f ace  a r e a s  

Where l o c a l  experience f o r  e s t a b l i s h i n g  pumping r a t e s  i s  lacking ,  pumping 
p l a n t  capac i ty  f o r  dra inage  a r e a s  up t o  a  square mi le  i n  ex t en t  may be d e t e r -  
mined from app l i cab l e  dra inage  c o e f f i c i e n t s  o r  may be computed by s imp l i f i ed  
hydrologic procedures.  When such hydrologic procedures a r e  used, a  time 
i n t e r v a l  should be s e l e c t e d  f o r  which p ro t ec t ion  from storm runoff  can be 
j u s t i f i e d  economically. Usual ly a  2-year frequency of occurrence f o r  a  1-day 
du ra t ion  s torm i s  ample f o r  hay and pas tu re  land ,  3 t o  5 years  f o r  r o t a t e d  
cropland (genera l  f i e l d  c rops ) ,  and 10 t o  20 years  f o r  s p e c i a l  high va lue  
crops ( t ruck  c rops ) .  P r e c i p i t a t i o n  f o r  the  24-hour o r  longer  du ra t ion  s torm 



of t h e  s e l e c t e d  recur rence  i n t e r v a l  may be obtained from records  of t h e  near -  
e s t  weather  s t a t i o n  o r  a s  determined from U.S. Weather Bureau Technical  Papers 
40 (4) and 49 (5 ) .  The requi red  pumping capac i ty  should then equal  t h e  o p t i -  
mum runoff  obtained from such p r e c i p i t a t i o n  i n  a  24-hour per iod  o r  

Where Q = 

PI - S g - S c - S f + 4  (Eq. 7-1) 

inches of runoff t o  be removed i n  24 hours 

inches of p r e c i p i t a t i o n  from the  24-hour s torm 
f o r  t h e  s e l e c t e d  frequency of occurrence 

inches of p r e c i p i t a t i o n  i n  temporary ground s to rage  

inches of p r e c i p i t a t i o n  i n  temporary d i t c h  s to rage  

inches of p r e c i p i t a t i o n  i n  temporary forebay s to rage  

inches of base flow (when seepage i s  s i g n i f i c a n t )  

Since ground and d i t c h  s to rage  may not be a v a i l a b l e  i n  a  succeeding 24-hour 
pumping per iod  i f  s torm du ra t ion  extends over  s e v e r a l  days,  a  check of two 
o r  more day storms needs t o  be made i n  determining the  requi red  24-hour pump- 
ing  r a t e .  

For  example, a  200-acre t r a c t  near  Syracuse,  New York i s  used t o  produce t ruck  
crops .  S o i l s  a r e  sandy s i l t  loams. The s i t e  lacks  a n  adequate o u t l e t  and i s  
without  su r f ace  s to rage  a r e a s .  It conta ins  a  system of p a r a l l e l  d ra inage  
d i t c h e s  spaced 200 f e e t  a p a r t  and averaging 4 f e e t  i n  depth.  What capac i ty  
pump should be provided? 

10-year 24-hour r a i n f a l l  
(from Weather Bureau TP 40) 

Temporary ground s to rage  
(2-foot  p r o f i l e  es t imated  
a t  1 inch  per  foo t )  

3.75 inches 

D i t ch  s to rage  -0.33 

Seepage 

Runoff t o  be pumped i n  24 hours 

0.00 - 
1.42 inches 

Required pump capac i ty ,  Qp, i n  g a l l o n s  pe r  minute, equals  

inches runoff )  ( ac re s  dra ined)  
Qp = ( hours pumped x 448.8 

where 448.8 ga l lons  per  minute equals  1 a c r e  inch per  hour 

- - x 448.8 = 5330 o r  s ay  5400 GPM 
24 

As a check on runof f ,  Curve No. 75,  Table 10 .1 ,  NEH Sec t ion  4 (2)  i s  s e l e c t e d !  
a s  a p p l i c a b l e  t o  t h e  s i t e .  Then runoff  f o r  Curve No. 75 i n  F igure  10 .1  
(Standard Drawing ES-1001) NEH Sect ion  4 (2)  i s  determined t o  be 1.50 inches .  
This  i s  approximately equal  t o  t h e  va lue  of 1.42 inches previous ly  determined.  



As a  check on e f f e c t  of l o s s  i n  s to rage  of a  second 24-hour per iod  of pumping 
f o r  a  mult iple-day storm, runoff  d i s t r i b u t i o n  f o r  Type I storm from NEB Sec- 
t i o h  4  i s  determined t o  be about 66 percent  i n  f i r s t  day and 34 percent  i n  
second day. Then: 

F i r s t  Day Second Day 
10-year 48-hour r a i n f a l l  
(from Weather Bureau TP 49) 2.71 inches 1.39 inches 

Temporary ground s t o r a g e  -2 .OO 0 .OO 

Di tch  s to rage  -0.33 0.00 

Seepage 0.00 0 .OO - - 
Runoff t o  be  pumped i n  24 hours 0.38 inches 1.39 inches 

Thus requi red  runoff  t o  be pumped i n  second 24-hour period of a  mult iple-day 
s torm does not  exceed t h a t  t o  be pumped i n  t h e  one day s torm of the  same fre-  
quency of occurrence.  

L a r ~ e  s u r f a c e  a r e a s  

Where t h e r e  a r e  no e s t a b l i s h e d  l o c a l  pumping r a t e s  f o r  l a r g e  a r e a s ,  hydrologic 
procedures may be used t o  develop t h e  runoff  t o  be handled by the  pumps. 
Because h igh  c o s t s  a r e  involved when i n s t a l l i n g ,  opera t ing ,  and maintaining 
l a r g e  pumping p l a n t s ,  and a l s o  because l e s s  uni formi ty  i n  t h e  r e a l i z a t i o n  of 
f u l l  b e n e f i t s  i s  a t t a i n e d  from l a r g e  pumped a r e a s ,  more s p e c i f i c  economic 
eva lua t ions  need t o  be considered i n  such pumping r a t e  de te rmina t ions .  A 
method f o r  e s t a b l i s h i n g  such r a t e s ,  through use  of both hydrologic and eco- 
nomic f a c t o r s ,  has been developed by Adams ( 6 ) .  This  method r e l a t e s ,  f i r s t ,  
t he  pumping r a t e s  and s to rage  t o  hydrologic f a c t o r s  of  t h e  a r e a  served by the  
pump. Next, i t  determines r e l a t i o n s h i p s  of pumping r a t e  t o  benef i ted  a c r e s  
and annual  c o s t s .  F i n a l l y ,  pumping r a t e s ,  annual  pumping c o s t s ,  and average 
d u r a t i o n  of f looding  a r e  r e l a t e d  t o  a  prescr ibed  sump e l e v a t i o n .  See i l l u s -  
t r a t e d  example i n  appendix A .  

I n  developing t h e  r e l a t i o n s h i p s  of pumping r a t e  and s t o r a g e  t o  hydrologic 
f a c t o r s  of t h e  a r e a  served by the pumps, p r i o r i t y  should be given t o  use of 
l o c a l  s t age ,  du ra t ion ,  and frequency records  of runo f f .  T f  t he se  a r e  not  
a v a i l a b l e ,  then runoff may be determined from r a i n f a l l  d a t a  such a s  t h e  
Weather Bureau papers  TP 40 (4) and TP 49 (5 ) .  

Spec i a l  a r e a s  

Formulas have been developed f o r  determining t h e  pumping p l a n t  capac i ty  i n  a  
number of s p e c i f i e d  a r e a s .  These formulas a r e  based on i n v e s t i g a t i o n s  and 
s t u d i e s  of i n s t a l l e d  f a c i l i t i e s .  Examples a r e :  

Upper M i s s i s s i p p i  Va l l ey  (as  repor ted  by Sutton)  (3) 
Maximum p l a n t  c a p a c i t y  may be determined a s  

where C = p lan t  capac i ty  i n  inches pe r  24 hours 

G = dra inage  c o e f f i c i e n t  f o r  s i m i l a r  g r a v i t y  dra inage  
systems i n  inches pe r  24 hours 

r = annual  runoff  t o  be pumped i n  inches 



The va lue  of r ranges from 5 t o  12 inches pe r  year  f o r  pumped a r e a s  having 
cons iderable  g r a v i t y  dra inage ,  13 t o  16 inches p e r  year  f o r  a r e a s  w i th  mod- 
e r a t e  seepage and a l l  runoff  pumped, t o  16 t o  35 inches per  year  f o r  a r e a s  
w i th  heavy seepage. The formula was developed empi r i ca l l y  from observed d a t a  
of pumped a reas  ranging between 6,000 and 52,000 a c r e s  and inc luding  both 
seepage and g r a v i t y  flow. More p r e c i s e  va lues  can be obtained from d a t a  
compiled f o r  i nd iv idua l  pumping p l a n t s .  

F l o r i d a  (South F l o r i d a  and Everglades,  a s  e s t a b l i s h e d  by the  Everglades 
Engineering Board of Review) (3)  

where Q = runoff  i n  c f s  per  square  m i l e  

M = drainage a r ea  i n  square miles  

This  a n t i c i p a t e s  overflow from occas iona l  heavy storms.  Experience wi th  
pumping i n  F lo r ida  has e s t a b l i s h e d  t h e  need f o r  c a p a c i t i e s  pe r  24 hours of 
3 inches  f o r  1 square mi le ,  2  inches  f o r  2 t o  3 square mi l e s ,  and 1 inch  f o r  
10 t o  16 square mi les  f o r  t ruck  crops i n  organic  s o i l s .  A capac i ty  of 1 inch 
per  24 hours i s  considered adequate f o r  sugarcane and pas tu re  land .  

Subsurface dra inage  

Small a r e a s  of 100 a c r e s  o r  l e s s  may have o u t l e t s  adequate f o r  d i s p o s a l  of 
su r f ace  water  but  inadequate i n  depth and capac i ty  f o r  lowering water  t a b l e  
and d i s p o s a l  of ground water .  When d i r e c t  e n t r y  of  su r f ace  wa te r  can be 
excluded from forebay and sump, pumping p l a n t  capac i ty  can be determined a s  
t h e  des ign  capac i ty  of a  subsur face  g r a v i t y  dra inage  system plus  some al low- 
ance f o r  flows t h a t  may occur i n  excess of t h e  des ign  r a t e .  Experience has 
shown an  allowance of 20 percent  a s  ample. Thus 

(Eq.  7-2) 

where Q = pumped d ischarge  capac i ty  
P 

Qg = g r a v i t y  d ischarge  capac i ty  

Design capac i ty  of the  dra inage  system should be based on dra inage  c o e f f i -  
c i e n t s  prescr ibed  i n  Chapter 4 ,  Subsurface Drainage, o r  by l o c a l  dra inage  
guides .  Where prompt removal of s u r f a c e  wa te r  i s  not  provided by su r f ace  
d r a i n s ,  increased  subsurface flow may take  p lace  and thus r equ i r e  cons ider -  
a t i o n  of a h igher  c o e f f i c i e n t .  

Pumping P l a n t  Design 

S e l e c t i o n  of pumps 

I n  s e l e c t i n g  pumps, cons ide ra t i on  must be given t o  t he  type, c h a r a c t e r i s t i c s ,  
c apac i ty ,  head, and number. A t  t h e  same time an  accounting must be made of 
t h e i r  r e l a t i o n s h i p  w i th  t h e  economy of t he  whole pumping u n i t ,  inc luding  t h e  
type and s i z e  of t h e  power u n i t ,  sump, s t r u c t u r e ,  and t h e  p l an t  ope ra t ion .  

Pumps s u i t e d  t o  most a g r i c u l t u r a l  d ra inage  condi t ions  must ope ra t e  e f f i c i e n t l y  
whi le  moving comparatively l a r g e  q u a n t i t i e s  of water  a t  low heads and a l s o  
may be requi red  t o  handle s u b s t a n t i a l  amounts of sediment and t r a s h  i n  t h e  



e f f l u e n t .  For  t he se  reasons e i t h e r  a x i a l  flow ( p r o p e l l e r ) ,  mixed flow, o r  
r a d i a l  flow pumps a r e  commonly used. A l l  a r e  types of t h e  c e n t r i f u g a l  pump. 
A t y p i c a l  p r o p e l l e r  pump i s  i l l u s t r a t e d  i n  f i g u r e  7-2. Information may a l s o  
be obtained from Chapter  8 ,  Sec t ion  15, NEH ( 7 1 ,  USDA Technical  B u l l e t i n  1008 
( 3 ) ,  var ious  pump manufacturers ca t a logs ,  Engineering Soc ie ty  papers and 
s t anda rds ,  and textbooks.  

Axial  flow, mixed flow, o r  r a d i a l  flow c e n t r i f u g a l  pumps e s s e n t i a l l y  c o n s i s t  
of a n  impe l l e r  mounted on a  power s h a f t  w i t h i n  a  cas ing .  Liquid i s  energized 
by t h e  impel le r  b lade  through p re s su re  and increased  v e l o c i t y  w i t h i n  t h e  
cas ing  which serves  a s  a  guide f o r  flow i n t o  and out  of t h e  impel le r .  

Types of pumps 

Axia l  flow o r  p r o p e l l e r  pumps 
The a x i a l  flow o r  p r o p e l l e r  pump may be v e r t i c a l  o r  h o r i z o n t a l ,  w i th  f ixed  
o r  a d j u s t a b l e  b lades  and wi th  one o r  more s t a g e s  i n  t h e  pumping l i f t .  The 
impel le r  c o n s i s t s  of comparatively f l a t  open b lades  on a  small  hub, s i m i l a r  
t o  a  s h i p ' s  p r o p e l l e r ,  bu t  which i s  mounted on a  s h a f t  w i t h i n  a  p ipe  o r  
t ubu la r  housing. Flow i s  a x i a l  o r  p a r a l l e l  t o  t he  s h a f t  and i s  developed by 
t h e  l i f t  o r  push of t h e  water  by t h e  angular  blades a s  t hey  a r e  r o t a t e d  i n  
t he  water  column. (see f i g u r e  7-3 . )  The angu la r  s e t  of t h e  blades on t h e  s h a f t  
determines t h e  head and speed. P r o p e l l e r  pumps a r e  more s e n s i t i v e  than r a d i a l  
flow pumps and b e s t  e f f i c i e n c y  i s  obtained w i t h i n  a  r e l a t i v e l y  narrow range 
of head. Pumps must be operated i n  t h e  range of good e f f i c i e n c y  o r  no i se  and 
c a v i t a t i o n  can occur w i t h  r e s u l t i n g  high opera t ing  c o s t s .  Adjus tab le  blades 
a r e  provided by some manufacturers which permit g r e a t e r  f l e x i b i l i t y  i n  opera- 
t i o n  through v a r i a t i o n  i n  d ischarge  a t  cons t an t  heads,  v a r i a t i o n  i n  head 
under cons tan t  d i scharge ,  and v a r i a b l e  combinations of bo th  head and d i s -  
charge.  Adjustable b lades  a r e  p a r t i c u l a r l y  advantageous on l a r g e  pumps when 
t h e  power supply f o r  s t a r t i n g  loads i s  l im i t ed ,  when i n t e r n a l  combustion 
engines a r e  used, and when water  s t ages  f l u c t u a t e  r a p i d l y ,  a s  may happen when 
sudden upland s torm runoff  occurs o r  where l imi t ed  forebay s to rage  i s  a  
f a c t o r .  

P r o p e l l e r  pumps may be  obtained f o r  dynamic heads of 3 t o  25 f e e t ,  speeds of 
100 t o  1850 RE% and c a p a c i t i e s  exceeding 100,000 ga l lons  p e r  minute. The 
v e r t i c a l ,  f ixed-b lade  s ing l e - s t age  pump is  app l i cab l e  t o  most dra inage  system 
requirements  and i s  t h e  most ex t ens ive ly  used. (See f i g u r e  7-2.)  I n  addi-  
t i o n  t o  s a t i s f a c t o r y  ope ra t ion  a t  heads of l e s s  than 10 f e e t  and a wide range 
i n  capac i ty ,  p r o p e l l e r  pumps r e q u i r e  no priming, a r e  simple i n  cons t ruc t ion ,  
and g e n e r a l l y  a r e  low i n  c o s t .  P r o p e l l e r  pumps r e q u i r e  a  minimum amount of 
f l o o r  space and housing,  where housing i s  needed, Because of t h e i r  h igh  
ope ra t ing  speed, p r o p e l l e r  pumps can u t i l i z e  l e s s  c o s t l y  h igh  speed motors 
and engines .  A disadvantage of t he se  pumps i s  t h a t  t h e  d ischarge  drops o f f  
r a p i d l y  a t  heads above des ign  head and horsepower can inc rease  s i g n i f i c a n t l y  
a t  and near  shut -of f  head. Another disadvantage i s  t h a t  they  a r e  not  r e a d i l y  
a c c e s s i b l e  f o r  c l ean ing  and r e p a i r .  Although smal l  u n i t s  can b e  ho i s t ed  read-  
i l y  above the  w a t e r l i n e ,  l a r g e  u n i t s  u s u a l l y  r equ i r e  ga t e s  and o t h e r  devices 
a s  s top- logs  f o r  c l o s i n g  t h e  sump and a u x i l i a r y  pumps f o r  dewatering i t .  
Large s i z e  v e r t i c a l  pumps a l s o  may n e c e s s i t a t e  unusual ly  deep sumps t o  provide 
s u f f i c i e n t  submergence f o r  p r o t e c t i o n  a g a i n s t  s u c t i o n  and v o r t e x  a c t i o n  which 
cause mechanical v i b r a t i o n  and blade d e t e r i o r a t i o n .  Use of h o r i z o n t a l  o r  
mixed flow pumps u s u a l l y  permit shal lower,  l e s s  c o s t l y  excavat ions and sumps 
but  a r e  themselves more c o s t l y  and r e q u i r e  priming equipment. 
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Figure 7-2,  Propeller o r  a x i a l  flow pump 



Radial F low 
A pump in which the pressure is developed prin- 

cipally by the action of centrifugal torce. Pumps in 
this class with single inlet impellers usually have a 
'specific speed below 4200, and with double suc- 
tion impellers, a specific speed of below 6000. In 
pumps of this class the liquid normally enters the 
impeller at the hub and flows radially to the pe- 
riphery. Radial F low Pump 

(Double Suction) 

- 

Mixed Flow 
A pump in which the head is developed partly by 

centrifugal force and partly by the lift of the vanes 
on the liquid. This type of pump has a single inlet 
impeller with the flow entering axially and discharg- 
ing in an axial and radial direction. Pumps of this 
type usually have a 'specific speed from 4200 to 
9000. 

Mixed F low Pump 

- 

Axial F low 
A pump of this type, sometimes called a propeller 

pump, develops most of its head by the propelling 
or lifting action of the vanes on the liquid. It has a 
single inlet impeller with the flow entering axially 
and discharging nearly axially. Pumps of this type 
usually have a 'specific speed above 9000. 

Axial F l ow  Pump 

Courtesy Hydraulic Institute - See note page 4, Chapter 7 Contents 

Figure 7-3, Classes of centrifugal pumps 



Mixed flow pumps 
Mixed flow pumps u t i l i z e  both l i f t  and c e n t r i f u g a l  fo rce  t o  develop flow which 
i s  p a r t i a l l y  r a d i a l  and p a r t i a l l y  a x i a l .  See f i g u r e  7-3.  Some types of mixed 
flow pumps a r e  q u i t e  similar t o  t he  p r o p e l l e r  pump and the developed flow i s  
l a r g e l y  a x i a l .  An open vaned p r o p e l l e r  i s  used i n  which the  blades a r e  f ixed  
r a d i a l l y  around a con ica l  hub and housed i n  a  s l i g h t l y  enlarged bulbous sec-  
t i o n  of t h e  ca s ing .  These pumps w i l l  ope ra t e  more e f f i c i e n t l y  over a  wider  
range of head and a t  h igher  heads, 10 t o  90 f e e t ,  than t h e  s t r a i g h t  p r o p e l l e r  
type .  Mixed flow pumps a r e  a l s o  cons t ruc ted  wi th  v o l u t e  type cas ings  ( s p i r a l  
shaped w i t h  gradual ly  en l a rg ing  c ros s  s e c t i o n  toward the  d ischarge  f lange)  
and curved impel le r  blades i n  which flow a t  low heads i s  predominantly cen- 
t r i f u g a l .  Mixed flow pumps have an advantage i n  s t a r t i n g  over  t h e  a x i a l  flow 
pump when the  power supply i s  l im i t ed .  These pumps w i l l  a l s o  handle s i l t  and 
t h e  passage of small t r a s h .  

Radial  flow pumps 
Radial  flow pumps opera te  e f f i c i e n t l y  a t  moderate t o  high heads (20 t o  200+ 
f e e t )  and i n  handling l a r g e  amounts of sediment. See f i gu re  7-3.  Liquids 
e n t e r  t h e  impel le r  by suc t ion  and wi th  i nc reas ing  v e l o c i t y ,  move r a d i a l l y  from 
the  hub t o  t h e  end of t he  b lade  and thence i n t o  t he  ca s ing  by c e n t r i f u g a l  
fo rce .  The thrust: a g a i n s t  t h e  ca s ing  w a l l s  converts  t he  developed energy i n t o  
p re s su re  head. Radial flow pumps a r e  e i t h e r  v o l u t e  o r  t u rb ine .  The vo lu t e  
pumps have the  s p i r a l l y  expanded cas ing  a s  previous ly  explained.  The tu rb ine  
type con ta in s  f ixed  expanding vanes i n t o  which the  l i q u i d  i s  f i r s t  t h r u s t  on 
leaving  t h e  impel le r  f o r  conversion of v e l o c i t y  t o  pressure  head before  
moving i n t o  t h e  d ischarge  o r  l a s t  s t a g e  i n  t h e  cas ing .  Hazards of clogging 
make the  t u rb ine  type undes i rab le  f o r  s u r f a c e  dra inage  but  s a t i s f a c t o r y  i n  
deep w e l l  drainage.  Impel le rs  of c e n t r i f u g a l  pumps may be open, semiclosed, 
o r  c lo sed .  I n  t h e  open type,  t h e  b lades  a r e  exposed on a l l  s i d e s  except  
where a t t ached  t o  t h e  r o t o r .  I n  t he  semiclosed type,  blades a r e  mounted on 
a shroud (d i sc  wheel) a t t ached  t o  t h e  r o t o r ,  l eav ing  blades open on one s i d e .  
Open and semiclosed impe l l e r s  w i l l  pass  sediment and small  t r a s h  without  
c logging ,  I n  t h e  c losed  type ,  blades a r e  between twin shrouds leaving  only  
t he  ends of blades open. This  type may c log  and wear excess ive ly  from sand 
and o t h e r  f i n e  ma te r i a l s  i n  dra inage  water .  However, t he  Franc is  impel le r ,  
a c lo sed  type used i n  mixed flow and some types of r a d i a l  flow pumps, i s  w e l l  
s u i t e d  t o  drainage.  I n  t h e  Franc is  impel le r  t h e  vanes a r e  so shaped t h a t  a s  
t he  b lades  cu t  i n t o  t he  column of e n t e r i n g  water ,  t h e  water  i s  f i r s t  moved 
a x i a l l y  before  convert ing t o  r a d i a l  movement. 

Both s i n g l e  and double suc t ion  impel le rs  may be cased i n  r a d i a l  flow pumps. 
The double suc t ion  impel le r  i s  b e t t e r  s u i t e d  f o r  dra inage  because l a r g e r  
c a p a c i t i e s  can be handled f o r  t h e  same head, and end t h r u s t  on t h e  pumps i s  
opposed, thus dynamically balancing up t h e  u n i t .  

F igure  7-4 i s  a  guide t o  s e l e c t i o n  of t h e  type pump based on pumping head and 
q u a n t i t y  of water  t o  be pumped. 

Number of  pumps 

The s i z e  and number of  pumps a r e  determined from t h e  requi red  p l a n t  capac i ty .  
Many farm pumping p l a n t s  w i l l  handle t h e  t o t a l  requirement w i th  one pump. 
For l a r g e  watersheds and where h igh  value crops o r  farmstead improvements 
r e q u i r e  f lood p ro t ec t ion ,  i t  i s  advantageous t o  have two o r  more pumps t o  
provide e f f i c i e n t  pumping over a wider range of pumping r a t e s  and s o  t h a t  a  
breakdown of one pump w i l l  not s t op  a l l  pumping. Experience has shown t h a t  
i n  a  p l a n t  w i t h  two pumping u n i t s ,  the most d e s i r a b l e  range i n  pumping r a t e s  



i s  obtained when one pump has about h a l f  t h e  capac i ty  of t he  o t h e r .  When 
t h r e e  o r  more pumps a r e  used, equal  capac i ty  of a l l  pumps u s u a l l y  i s  most 
s a t i s f a c t o r y .  When both  subsurface and su r f ace  flow a r e  t o  be pumped, one 
pump should be s e l e c t e d  f o r  e f f i c i e n t  ope ra t ion  a t  t h e  head and d ischarge  
requi red  f o r  pumping subsur face  flow. I n  any ca se ,  i t  i s  d e s i r a b l e  t h a t  
t h e  s i z e  of one pump i s  such t h a t  i t  can ope ra t e  cont inuous ly  over  compara- 
t i v e l y  long per iods  without  f requent  s t a r t s  and s t o p s .  Where pumps must 
opera te  over  long per iods  of time, they should be s e l e c t e d  f o r  maximum 
ope ra t ing  e f f i c i e n c y .  Optimum e f f i c i e n c y  of pumps i s  not  e s s e n t i a l  f o r  t he  
s h o r t  per iods  of ope ra t ion  t h a t  u s u a l l y  occur a t  peak s t a g e  o r  d i scharge .  

Pumping requirements 

Performance of pumps 
Performance of  pumps v a r i e s  w i th  head, speed,  d i scharge ,  and horsepower. 
The r e l a t i o n s h i p  and e f f e c t  of these  on e f f i c i e n c y  of t h e  pumping opera t ion  
a r e  e s t a b l i s h e d  by a c t u a l  t e s t s  o r  from t e s t s  of geometr ica l ly  s i m i l a r  pro to-  
types .  These da t a  a r e  compiled a s  c h a r a c t e r i s t i c  performance curves of t h e  
pump a s  i l l u s t r a t e d  i n  f i g u r e  7-5. The curves provide a  b a s i s  f o r  s e l e c t i n g  
t h e  pump t h a t  w i l l  provide t he  most e f f i c i e n t  performance f o r  t h e  requi red  
ope ra t ing  cond i t i ons .  Usual ly such d a t a  a r e  suppl ied  by the  manufacturer.  
Because of t h e  d i f f i c u l t y  of t e s t i n g  w i t h  l a r g e  volumes of water ,  performance 
of most l a r g e  pumps i s  f o r e c a s t  from t e s t s  on small  models. 

To ta l  dynamic head 
To ta l  dynamic head on t h e  pump i s  t h e  s t a t i c  l i f t  p lus  a l l  t h e  l o s se s  i n  t he  
pump, suc t ion  p ipe  and d ischarge  p ipe .  T o t a l  dynamic head can be expressed 

(Eq. 7-3) 

i n  which 

H i s  t h e  n e t  t o t a l  dynamic head i n  f e e t  of wa te r .  
t 

h i s  t h e  d ischarge  pressure  head i n  f e e t  of water ,  measured near  t h e  
d ischarge  f l ange  of t he  pump (gage p re s su re ) .  It i s  p o s i t i v e  i f  the  
p ipe  i s  under pressure  and negat ive  i f  under vacuum a t  t he  point  of 
measurement. 

vd i s  t h e  average v e l o c i t y  i n  f e e t  pe r  second i n  t h e  p ipe  where h  i s  
measured. 

d  

d i s  t h e  e l e v a t i o n  of the  gage measuring hd i n  f e e t  above some r e f e r -  ' ence p lane .  It i s  p o s i t i v e  o r  nega t ive ,  depending upon whether t h e  
gage i s  above o r  below t h e  r e f e r ence  plane.  

h  i s  t h e  s u c t i o n  head, measured near  t h e  suc t ion  f l ange  of t h e  pumps 
S (gage p r e s s u r e ) .  It i s  nea r ly  always negat ive ,  s i n c e  t h e  suc t ion  

p ipe  i s  u s u a l l y  under vacuum. 

v  i s  t h e  average v e l o c i t y  i n  t h e  p ipe  a t  t h e  poin t  where hs i s  measured. 
S 

d  i s  t h e  e l e v a t i o n  of t h e  gage measuring h above t h e  same reference  
S 

plane used t o  determine the  e l e v a t i o n  of t he  gage measuring hd. 



PUMP TYPE SELECTION CHART 
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CHARACTERISTIC CURVES FROM TESTS OF 118 INCH 
MIXED -FLOW PUMP 
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Figure 7-5, Pump characteristic performance curves 



g is acceleration due to gravity, equal to 32.16 feet per second per 
second. 

v v 
2 

s 
Expressions - d 

2 g 
and - are velocity heads in the suction and discharge 

2g 
heads, respectively. 

Actual internal head losses within the pump are hydraulic losses between the 
suction and discharge flanges. In well designed pumps these are quite small. 
They include disc friction and water shear in the sealing ring spaces; fric- 
tion or shock in the volute or diffusion vanes of the impeller; and mechanical 
losses such as friction in the wearing ring and mechanical seal, An account- 
ing of the head losses within pumps is usually covered by pump manufacturers' 
ratings. 

Entrance, friction, and exit losses in the suction and discharge pipes dis- 
sipate a substantial part of the total energy used by the pumping plant. 

Suction pipe head losses 
Suction pipe head losses may be large unless proper attention is given to the 
shape and size of the suction pipe and the approach velocity of water entering 
the pipe, which is affected by the sump geometry and the effect of other pumps 
in the plant, if there is more than one pump. 

Entrance losses at the suction entrance m a y  be kept low by progressively ex- 
panding the diameter of the pipe from the pump flange toward the suction 
entrance or by flaring out the end of the suction entrance. Approach veloc- 
ities in the sump to the suction pipe entrance should be kept under 3 feet 
per second. Normally, manufacturers provide a short suction pipe with flared 
entrance or bell on the vertical type axial flow and mixed flow pumps. Some 
manufacturers also add an umbrella or brim to the inlet edge to reduce further 
any entrance disturbance. Bells are often omitted on small propeller pumps 
made by local machine shops. 

In order to avoid vortex action, flow in the sump toward the suction flange 
should be without swirls and ripples and as direct as possible. This is 
controlled primarily by the sump design and the maintenance of sufficient 
submergence over the suction bell so that vortex action does not develop. 
See criteria included under Sump Dimensions. 

Net positive suction head (NPSH) 
Net positive suction head is the total suction head in feet of liquid deter- 
mined at the suction intake, corrected for datum and vapor pressure. Incor- 
rect determination of NPSH can reduce pump capacity and efficiency and lead 
to cavitation damage. 

(Eq. 7-4) 

where P is atmospheric pressure at pump site in feet 
a 

P is water vapor pressure at operating temperature in feet 
v 

E is submergence of the pump intake in feet 

h is suction losses in the suction pipe 
f 



Pa may be determined from table 7-1; Pv from table 7-2; E preferably from a 
manufacturer's pump catalog but also from (H-C) in figures 7-14 and 7-15; and 
hf from the manufacturer's pump catalog. When the suction bell is attached 
directly to the suction bowl, losses are included in the manufacturer's pump 
curve and hf then is not included in the equation. Temperature of drainage 
water will usually range between 500 and 70° F. and 600 is commonly used for 
design purposes. 

For example: Given a Peerless pump with attached suction bell, 22,000 GPM 
capacity, installed at altitude of 4,000 feet, for water temperature of 
60° F., determine the required NPSH (hsv). 

Referring to figure 7-15 and using value of E obtained from (H-C) in 
figure 7-14 for 22,000 GPM, 

E = (H-C) 
= 125 - 17 
= 108 inches or 9.0 feet 

Referring to table 7-1, Pa for 4,000 feet = 29.2 and table 7-2 where P for 
60' F. = 0.59, v 

= 37.6 feet 

Peerless model studies show that submergence of 6 feet 1 inch is sufficient 
to prevent vortexing. Thus the calculated net positive suction head indicates 
E could be substantially less than that used. 

Discharge pipe losses 
Discharge pipe losses include friction and exit losses. Losses can be com- 
puted from data in NEH Section 5, Hydraulics (8) or King and   rater's Handbook 
of Hydraulics (9). Friction losses in the discharge pipe can be reduced 
greatly by use of larger diameter pipe, usually 2 to 6 inches larger than the 
pump discharge flange. The transition can be made through a short expanding 
section of pipe at the pump flange. Figure 7-6 can be used to determine 
friction losses in steel pipe generally used for discharge pipe from drainage 
pumps. Head loss values in the chart are for riveted pipe and should be 
reduced 30 percent for welded steel or sheet metal pipe. 

For example: Given a 20,000 GPM discharge through a 36-inch diameter pipe, 
determine the velocity head, velocity, and head loss. 

Establish a reference point by entering chart in figure 7-6 at 20,000 GE'M on 
left-hand vertical scale and moving horizontally across to intercept the 
discharge curve for the 36-inch pipe. Next, move vertically upward from the 
reference point to the velocity head curve and thence horizontally to the 
upper right-hand vertical scale. The velocity head is shown as 0.6 foot. 
Next, from the reference point move vertically downward to the bottom hori- 
zontal scale. Velocity is shown as 6.25 fps. Again from the reference point 
move vertically downward to intercept the head loss curve for the 36-inch 
pipe and thence horizontally to the lower right-hand vertical scale. The 
head loss is shown as 0.5 foot per 100 feet. 



Table 7-1, Properties of water at various altitudes 

-- . - 

Altitude Barometric Pressure Atmospheric Pressure 
Feet Inches Hg ps ia Feet Water 

0 (Seasonal) 29.9 14.7 3 3 . 9  

Table 7-2, Properties of water at various temperatures 

Temperature Vapor Pressure Specific Weight Specific Gravity 
Degrees F. ps fa Feet Water PC f 

- - -  

1/ Temperature when specific gravity = 1.0000 - 



VELOCITY HEAD, DISCHARGE, AND FRICTION -HEAD LOSS 
IN RIVETED STEEL PIPES 

V E L O C I T Y  (FEET PER SECOND) 

VELOCITY H E A D ,  DISCHARGE, AND FRICTION-HEAD 
LOSS IN R IVETED STEEL PIPES 

Loss in h e a d  based  on s c o b e y l s  f o r m u l a  " I .  9 

H = K S T  where K s  = 0.  51 

For w e l d e d  s t e e l  or for sheet  m e t a l  p ipe  
3/16" or l e s s  thickness,  reduce h e a d  loss 
30 p e r c e n t .  

E N G I N E E R I N G  D I V I S I O N  - D R A I N A G E  S E C T I O N  
D A T E  February 1971 

Figure 7-6,  Head losses i n  r ive ted  s t e e l  p i p e  
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Head loss through a standard flap gate is quite low. Figure 7-7 contains 
values for various size gates and discharges based on tests carried out a 
number of years ago at the University of Iowa Hydraulics Laboratory by 
Floyd A. Nagler (10). 

Specific speed 
Specific speed expresses a relationship of head, capacity, and speed with 
respect to the suction lift. High speeds without proper suction conditions 
can cause serious trouble from vibrating noise and pitting. The maximum 
head in a single stage impeller is determined by the impeller diameter which 
establishes the peripheral speed and by the strength of the metal in the im- 
peller casing to withstand such peripheral speed. Ordinarily, manufacturers 
limit peripheral speed to about 900 feet per minute to meet requirements of 
impeller castings normally used. By use of special high strength metals, 
impellers have been developed to withstand peripheral speeds beyond 14,000 
feet per minute. 

The Hydraulic Institute has defined specific speed and established standards 
which set upper limits of specific speed with respect to head, capacity, and 
suction lift as they apply to centrifugal pumps (1). Under normal circum- 
stances, adherence to these standards assures freedom from cavitation. See 
figures 7-8, 7-9, 7-10, and 7-11. Figure 7-8 illustrates the characteristic 
profiles of several types of pump impellers ranging from the low specific 
speed radial flaw designs to the high specific speed axial flow designs and 
their general location on the specific speed scales. Specific speed is 
defined as the revolutions per minute to which a geometrically similar im- 
peller would run i f  it were of such size as to discharge 1 gallon per minute 
against I foot head. Specific speed, designated by the symbol. N can be 

s ' 
determined from the following formula: 

(Eq. 7-5) 

where 

N = rotative speed in revolutions per minute 
Q = flow in gallons per minute at optimum efficiency 
H = total head in feet (total discharge head plus total suction lift) 

and Suction Specific Speed, designated as S from 

where N and Q are the same as above 

hsv 
= required NPSH in feet. 

(Eq. 7-6) 

A pump with a high suction lift, say over 15 feet, requires special con- 
sideration in the pump design. This usually results in slow speeds and 
large pumps. If suction lifts can be reduced, smaller and cheaper pumps 
can be used. 



HEAD LOSSES FOR LIGHT F L A P  GATES 
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Figure 7-7, Head Losses for light flap gates 
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UPPER L IMITS OF SPECIFIC SPEEDS 
SINGLE SUCTION S H A F T  T H R U  E Y E  PUMPS 

HANDLING CLEAR WATER AT 85O F AT SEA L E V E L  

H-TOTAL HEAD IN FEET (FIRST STAGE) 

t E F E R E N C E :  R e ~ r i n t e d  from I 1 STANDARD DWG NO. 

F i g u r e  7-9,  L i m i t s  o f  s p e c i f i c  s p e e d ,  s i n g l e  s u c t i o n ,  r a d i a l  
and mixed f low pumps 
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2 th  Edition. Copyright 1 9 6 9  by the 
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New York, New York 10017 
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UPPER L I M I T S  OF SPECIFIC SPEEDS 
DOUBLE SUCTION PUMPS 

HANDLING CLEAR WATER AT 8 5 O  F AT SEA L E V E L  

H=TOTAL HEAD IN FEET (FIRST STAGE) 

STANDARD DWG. NO. 

E S -  7 2 7  
SHEET 2 O f  3 

DATE February  1971 

R E F E R E N C E :  Reprinted from 
Hydraulic lnstltute Standards 

12th Edition. Copyright 1969 by the 
H~drou l ic  Institute? 122 East 42nd St' 
New York, N e w  York 10017 

Figure  7-10, Limits  of s p e c i f i c  speed,  double suc t ion ,  r a d i a l  
f low pumps 
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UPPER LIMITS OF SPECIFIC SPEEDS 
SINGLE SECTION, MIXED AND A X I A L  FLOW PUMPS 

HANDLING C L E A R  WATER AT 85O F AT SEA L E V E L  

H =TOTAL HEAD IN F E E T  (FIRST STAGE) 

Figure  7 - 1 1 ,  Limits  of s p e c i f i c  speed,  s i n g l e  s u c t i o n ,  mixed 
and a x i a l  flow pumps 

R E F E R E N C E  : Reprinted from 
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12th E d ~ t ~ o n .  Copyright 1969  by the 
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Table 7-3 provides a useful guide for classifying pumps according to specific 
speed and the magnitude of pressure. 

Table 7-3, Pump classification according to speed and pressure magnitude 

Constant Constant Constant Head 
N Speed and Speed and Capacity Range 
s Type 

Capacity Pressure and Head (in feet) Pump 

Low high 1 ow low Radial or 
2,000 pressure capacity speed 200-l- partial 

Francis type 
centrifugal 

Medium med ium medium medium Radial and 
1,500-5,000 pressure capacity speed 20 to 200 Francis type 

centrifugal 

High 1 ow high high Mixed flow 
4,000-9,000 pressure capacity speed 10 to 90 or propeller 

8,000-20,000 3 to 20 Propeller 

Pump size 
Pump size should be based on heads and speeds when the pumps are operating at 
or near maximum efficiency. Discharge velocities under these conditions will 
range between 9 and 13 feet per second for a properly sized pump. For pur- 
poses of establishing approximate size in the preliminary design of drainage 
pumping plants, 10 feet per second can be taken as most commonly applicable. 
The required pump size can then be computed by dividing the required capacity 
by the average discharge velocity selected. Table 7-4 gives pump sizes for 
various capacities and discharge velocities. With the pump size and static 
lift established, approximate suction and discharge heads can be computed. 

Pump size can be determined on the basis of specific speeds from performance 
curves of tested prototypes or prototype models. These should be available 
for various types and sizes from leading pump manufacturers, government agen- 
cies such as the Corps of Engineers, Bureau of Reclamation, Soil Conservation 
Service, and others. Additional tests of performance should not be necessary 
except in unusual circumstances. 

In the case of small pumps tests may be made directly. In the case of large 
pumps tests on similar small models can be made. Then, based on specific 
speeds and performance of such prototypes, the characteristics of the large 
pumps can be established accurately from the characteristic curve of size, 
speed, and submergence of the model. In most cases these are more accurately 
determined from direct field tests of a prototype because of the difficulty 
of obtaining accurate field test measurements when large volumes of water are 
involved. Model tests must duplicate closely the flow conditions in both 
suction and discharge to provide reliable prototype characteristics. 

The following are the basic equations given by the Hydraulic Institute to 
correlate model and prototype values. 



SIZE, C A P A C I T Y  AND DISCHARGE RATES 

Pump S ize  DISCHARGE VELOCITY I N  FEET PER SECOND 
Inches 9 10 11 12 13 

PUMP CAPACITY - CUBIC W E T  PER SECOND 

10 5 .O 5.5 6.1 6.6 7.2 
12 7.1 7.9 8.7 9.5 10.3 
14 9.6 10.7 11.8 12.8 13.9 
16 12.6 14.0 15.4 16.8 18.2 
18 15.9 17 -7 19.5 21 -2 23 .O 
2 0 19.6 21.8 24 .O 26.2 28.3 
22 23.8 26 -4 29 .O 31.7 34.3 
24 28.3 31.4 34.5 37.7 40.8 

I 
26 33.2 36.9 40.6 44.3 48.0 
28 38.5 42.8 47.1 51.4 55.6 
3 0 44.2 49.1 54.0 58.9 63.8 
3 6 63.6 70.7 77.8 84.8 91.9 
42 86.6 96 -2 105.8 115.4 125.1 
48 113.1 125.7 138 - 3  150.8 163.4 
54 143.1 159 .O 174.9 190 -8  206.7 
6 0 176.7 196 - 3  215.9 235.6 255.2 

Pump Size DISCHARGE VELOCITY I N  FEET PER SECOND 
Inches 9 10 11 12 13 

PUMP CAPACITY - GALLONS PER MINUTE 

R F F F R F N C E  1 1 STANDARD DWG. NO. 

I U. S. D E P A R T M E N T  O F  A G R I C U L T U R E  

S O I L  C O N S E R V A T I O N  SERVICE I E S -  7 2 8  
S H E E T  I  Of 1 I E N G I N E E R I N G  D I V I S I O N  - D R A I N A G E  S E C T I O N  1 D A T E  February 1971 

Table 7-4, Pump s i z e  according t o  capaci ty  and discharge v e l o c i t y  



7-33 

r ep re sen t s  t h e  model and P t he  p ro to type  then  

S p e c i f i c  Speed of M - - Diameter of P Head of M i n  f e e t  
S p e c i f i c  Speed of P Diameter of M ' Head of P i n  f e e t  

and 

Capaci ty of M i n  GPM - Diameter of M - 
Capaci ty of P i n  GPM Diameter of P  

Power and d r i v e s  

Both e l e c t r i c  motors and i n t e r n a l  combusion engines a r e  used a s  power u n i t s  
f o r  d r a inage  pumps. Primary cons ide ra t i ons  i n  s e l e c t i n g  power equipment f o r  
d ra inage  pumps a r e  r e l i a b i l i t y  of ope ra t i on  dur ing  t imes when pumps must be 
used,  a v a i l a b i l i t y  of power and f u e l ,  i n i t i a l  and ope ra t i on  c o s t ,  annual  use ,  
and frequency and d u r a t i o n  of pumping. 

E l e c t r i c  motors 
E l e c t r i c  motors a r e  f r e q u e n t l y  p r e f e r r e d  because of t h e i r  s i m p l i c i t y  and 
low upkeep. V e r t i c a l  types  a r e  w e l l  s u i t e d  t o  most d ra inage  i n s t a l l a t i o n s .  
Usua l ly  they  can be connected d i r e c t l y  t o  pumps wi thout  s p e c i a l  t ransmiss ion  
u n i t s  and r e q u i r e  l i t t l e  bu i l d ing  space .  Also,  e l e c t r i c  motors a r e  e a s i l y  
adapted t o  automatic  c o n t r o l s .  However, cons ide ra t i on  must be given t o  t he  
p o s s i b i l i t y  of d i scont inuance  o r  i n t e r r u p t i o n  of  power during s eve re  s torms .  
Also,  power c o s t s ,  both i n s t a l l a t i o n  and ope ra t i on ,  may be exces s ive ,  par -  
t i c u l a r l y  i n  r u r a l  a r e a s  where h igh  vo l t age  l i n e s  a r e  not  r e a d i l y  a v a i l a b l e .  
Power c o s t s  may inc lude  both a  primary charge based on capac i t y  of t he  
e l e c t r i c  motors and a  c u r r e n t  charge based on t h e  amount of c u r r e n t  used. 
When the  primary charge i s  t h e  g r e a t e r  p a r t  of power c o s t s ,  p l a n t  e f f i c i e n c y  
becomes l e s s  important  than  when a  high k i lowat t -hour  charge i s  made. 

E i t h e r  a  squ i r r e l - cage  ( induc t ion)  o r  synchronous motor can be used f o r  power- 
i ng  dra inage  pumps. These a r e  ob t a inab l e  i n  s i z e s  and speed ranges meeting 
most needs.  A squ i r r e l - cage  motor i s  t h e  cheapes t  type of motor and i s  almost 
u n i v e r s a l l y  used on smal l  t o  medium s i z e d  pumping i n s t a l l a t i o n s  us ing  e l e c t r i c  
power. A synchronous motor i s  more c o s t l y  but  a l s o  s l i g h t l y  more e f f i c i e n t  
than t h e  s q u i r r e l  cage,  r e q u i r e s  l e s s  exac t  alignment on t he  s h a f t ,  and t he  
power f a c t o r  can be kep t  cons tan t  o r  v a r i e d .  See f i g u r e  7-12 f o r  genera l ized  
a p p l i c a t i o n  ranges f o r  two types of motors .  F i n a l  s e l e c t i o n  should be based 
on a  motor manufac turer ' s  recommendations. 

S t a r t i n g  torques a r e  low on c e n t r i f u g a l  pumps of t h e  nonclog t ype .  S t a r t i n g  
to rques  a r e  high on f i xed  b lade  p r o p e l l e r  and mixed flow pumps and they  a r e  
h ighe r  than  t he  f u l l  load torque  a f t e r  t he  pumps a r e  i n  ope ra t i on .  When 
l i m i t a t i o n s  i n  s t a r t i n g  c u r r e n t  e x i s t ,  o r  vo l t age  r e g u l a t i o n  on incoming cur-  
r e n t  i s  poor ,  s q u i r r e l  cage motors,  which have low s t a r t i n g  to rques  cannot be 
used f o r  t he  l a r g e r  s i z e s  of a x i a l  flow pumps except  when such pumps have 
a d j u s t a b l e  b lades  o r  when they  a r e  v o l u t e  type  pumps f o r  which wa te r  can be 
depressed below t h e  impe l l e r  dur ing  t h e  pump s t a r t .  I n  synchronous motors 
s t a r t i n g  torques a l s o  depend upon a  s q u i r r e l  cage winding which i s  necessary  
i n  t he  i n i t i a l  s t ages  of motor e x c i t a t i o n  and may cause h igh  momentary loads 
i n  t he  powerl ine.  Capac i tors  can be i n s t a l l e d  i n  t he  motors t o  a d j u s t  f o r  
incoming l i n e  vo l t age  drops .  
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I n t e r n a l  combustion engines 
I n t e r n a l  combustion engines may be ga so l i ne ,  f u e l  ga s ,  o r  d i e s e l  powered. 
Commercially a v a i l a b l e  ga so l i ne  engines u s u a l l y  provide t h e  lowest o v e r a l l  
c o s t  a l though opera t ing  c o s t  i s  u s u a l l y  h igh .  D ie se l  o r  f u e l  gas  ope ra t i on  
i s  u s u a l l y  more economical when annual  ope ra t i on  exceeds 800 hou r s .  I n t e r n a l  
combustion engines a r e  advantageous i n  t h a t  they  can be operated a t  v a r i a b l e  
speeds,  and w i t h  adequate f u e l  s t o r a g e  f a c i l i t i e s  a r e  reasonably f r e e  from 
supply hazards of d e l i v e r y  f a i l u r e s  dur ing  s torms.  Less d e t e r i o r a t i o n  occurs  
and l e s s  f requent  engine check runs a r e  necessary  i n  d i e s e l  than gaso l i ne  
u n i t s  when long s tandby i n t e r v a l s  occur  between pump ope ra t i ons .  

Power d r i v e s  
Power d r i v e s  f o r  d ra inage  pumps may be by d i r e c t  connect ion,  90-degree gear-  
box, V o r  f l a t  b e l t ,  and t r a c t o r  power t a k e o f f .  D i r e c t  d r i v e  i s  l im i t ed  t o  
d i r e c t  hookup of motor and pump w i t h  t h e  same ope ra t i ng  speeds.  Hookup i s  by 
d i r e c t  o r  f l e x i b l e  coupling and no l o s s  i n  power i s  ob ta ined .  The gearbox i s  
t h e  most dependable and commonly used t ransmiss ion  f o r  t he  v e r t i c a l  pumps and 
i n t e r n a l  combustion engines .  Combinations of gears  a r e  provided t o  permit 
both pump and engine t o  be opera ted  a t  t h e i r  most e f f i c i e n t  speeds .  Power 
l o s s  through such connect ions i s  5 percent  o r  l e s s .  Mu l t i p l e  V b e l t  d r i v e s ,  
though l e s s  c o s t l y  than t h e  gearbox, a r e  s l i g h t l y  l e s s  e f f i c i e n t  w i th  t he  
power l o s s  ranging from 5 t o  10 pe rcen t .  They a r e  much more e f f i c i e n t  than 
f l a t  b e l t s  and can be opera ted  s a t i s f a c t o r i l y  i n  confined space w i th  on ly  
s h o r t  d i s t a n c e s  between p u l l e y s .  F l a t  b e l t s  a r e  t he  l e a s t  e f f i c i e n t ,  ranging 
from 20 t o  30 percent  power l o s s ,  depending upon the  p u l l e y  type and s i z e ,  
s l i ppage ,  and t w i s t .  They can  be used w i t h  smal l  pumps employing farm t r a c -  
t o r s  f o r  power. T rac to r  power t a k e o f f s  can  be used i n  p lace  of t he  f l a t  b e l t s  
bu t  may r e q u i r e  some gear  o r  pu l l ey  type  speed in te rchanging  device  t o  match 
t h e  ope ra t i ng  speed of the  pump. There i s  u s u a l l y  a  power l o s s  of 10 t o  15 
percent  i n  t he  gear ing  w i t h i n  t he  t r a c t o r .  

Power requirements  
The c a p a c i t y  of t h e  power u n i t s  i s  measured i n  horsepower. One horsepower is 
equa l  t o  33,000 foot-pounds per  minute, 2,545 BTU per  hour ,  o r  0.746 k i l o w a t t s .  

Water horsepower (WHP) is  t h e  r equ i r ed  ou tput  of t h e  pumps. 

where Q i s  d ischarge  i n  g a l l o n s  per  minute 
w is t h e  weight of water  i n  pounds per  g a l l o n  
and H t  is 

WHP 

when weight 

t o t a l  head of water i n  f e e t  

- - - -  Ht - 0.0002526 Q Ht  (Eq. 7-7) 
3 ,960  

of water  a t  68' F.  i s  8.34 pounds per  g a l l o n  

Brake horsepower (BHP) i s  t h e  power i npu t  of t h e  pumps o r  i s  t h e  requi red  
ou tput  of engines o r  motors ,  inc lud ing  power l o s s e s  i n  power u n i t s  and pumps. 



where ep is the efficiency of the pump, et the efficiency 
of transmission of power between engine or motor and pump, 
and em the efficiency of the engine or motor 

therefore 
0 .OOO2526 Q H, 

BHP = 
L 

e e e  
P t m  

(Eq. 7-8) 

Performance curves indicating engine and motor characteristics are available 
from most manufacturers. Performance curves are determined from dynamometer 
tests. Tests on engines usually are based on stripped down units without 
mufflers, cooling fans, etc. Loss of power from these accessories plus ef- 
fects of continuous application of loads may require an approximate 20 percent 
increase in horsepower requirements over that shown by the manufacturer. 

In estimating required horsepower to be used by the pumping units, efficiency 
of the several unit components (when in good condition and operated at rated 
capacity) can be taken as 90 percent for electric motors, 80 percent for 
diesel engines, 70 percent for water-cooled gas engines, 60 percent for air- 
cooled gas engines, 100 percent for direct connected transmission, 95 percent 
for gearbox transmission, 90 percent for V belt transmission, 80 percent for 
flat belt transmission, and between 65 and 80 percent for pumps, 

For example, determine the required horsepower of a water-cooled gas engine, 
gearbox connected to a 10,000 GPM propeller pump operated at a 10-foot total 
head. The manufacturer's rating curve for the pump indicates an efficiency 
of 79 percent. 

BHP = 
0.0002526 x 10,000 x 10 

0.79 x 0.95 x 0.70 

~ h u s  an engine of rated horsepower twice water horsepower is required. 

Since the pumping unit should operate satisfactorily under all operating 
conditions, characteristics of both pump and power unit should be considered 
for starting load, load at shutoff, and load for total heads less than the 
maximum . 
Operating controls 

Both automatic and manual controls may be used in the operation of drainage 
pumping facilities. Alternate manual controls must be provided where auto- 
matic controls are used. 

The use of automatic start and stop controls are well suited to installations 
where short operating cycles are necessary, where the installation is remote, 
and where there is a shortage of competent operators. Automatic controls may 
deteriorate due to long periods o f  disuse and thus require frequent inspec- 
tions and maintenance to assure good operation. 

Short cycling as the result of water surface drawdown or water oscillation in 
the sump can be prevented by at least two methods. In the first method, 
locate the water level sensing device far enough upstream from the pumps so 



t h a t  i t  i s  unaf fec ted  by l o c a l  drawdown. I n  t h e  second method, s e t  t h e  on-off 
l e v e l s  s u f f i c i e n t l y  f a r  a p a r t  s o  t h a t  l o c a l  drawdown w i l l  not t u r n  pumps o f f .  
I f  a  minimum water  l eve l  f l u c t u a t i o n  i s  r equ i r ed ,  the  f i r s t  method i s  most 
s u i t a b l e .  I f  some f l u c t u a t i o n  i s  a l lowable ,  t h e  second method may be used.  

Many devices  a r e  a v a i l a b l e  f o r  sens ing  wa te r  depths f o r  automatic  c o n t r o l .  
Among the  most common a r e  f l o a t  type switches,  e l e c t r o d e s ,  bubbler  tubes ,  
b e l l s ,  and diaphragms. There a r e  o t h e r  e l e c t r i c  sensors  a v a i l a b l e ,  bu t  they 
have not  been widely adopted f o r  dra inage  work. 

I n  some loca t ions ,  openings t o  automatic  c o n t r o l s  r e q u i r e  screening  aga ins t  
e n t r y  of smal l  rodents  o r  i n s e c t s  such a s  "mud" wasps, whose cons t ruc t ion  of 
n e s t s  i n  t h e  equipment may prevent  the func t ioning  of t h e  c o n t r o l s .  

I n  a r e a s  where low temperatures  a r e  experienced p ro t ec t ion  a g a i n s t  f r eez ing  
may be necessary ,  such a s  a  hinged ga t e  o r  c u r t a i n  enc losure  of t h e  sump 
opening above the  wa te r l i ne  and heated w e l l  housing f o r  f l o a t  c o n t r o l s .  

F loa t  a c t i v a t e d  switches a r e  perhaps t he  most common type of c o n t r o l  used. 
The b a s i c  ope ra t ion  i s  t h a t  a  f l o a t  i s  suspended by a  s t a i n l e s s  s t e e l  tape 
which t r a v e l s  over a  sheave t o  a  counterweight .  The sheave is  connected 
t o  the  meter swi tches .  A change i n  t he  water  su r f ace  e l eva t ion  changes the  
p o s i t i o n  of t h e  sheave, thus a c t i v a t i n g  t h e  swi tch .  See f i g u r e  7-13. 
Adjustment of t he  water  l e v e l  s e t t i n g s  a r e  made a t  the  switch.  The f l o a t ,  
t ape ,  and counterweight a r e  vulnerable  t o  damage by d e b r i s ,  i c e ,  and vandal- 
i s m ,  thus  enc losure  i n  a  w e l l  i s  u sua l ly  necessary .  The tape ,  sheave, and 
f l o a t  must be of s t a i n l e s s  s t e e l  o r  o t h e r  co r ros ion  r e s i s t a n t  m a t e r i a l .  
Algae, moss, and scum can f o u l  t h e  f l o a t  and tape  and prevent proper  opera t ion  
of t h e  pumps. There i s  a  d e f i n i t e  phys i ca l  l i m i t a t i o n  on how remote t he  
switch can be from t h e  f l o a t .  

E lec t rodes  a r e  now used widely a s  c o n t r o l s .  The bas i c  ope ra t ion  i s  t h a t  t he  
changing l e v e l  of water  completes o r  breaks e l e c t r i c a l  c i r c u i t s ,  thus a c t i -  
va t ing  r e l a y s  c o n t r o l l i n g  t h e  pumps. See f i g u r e  7-13 f o r  a  s imp l i f i ed  sche- 
matic  diagram. When t h e  water  l e v e l  con tac t s  the  s t a r t  e l e c t r o d e  a  complete 
c i r c u i t  w i l l  occur through the  r e l a y  through t h e  water  t o  t h e  ground. The 
r e l a y  w i l l  c l o se  both c o n t a c t s ,  s t a r t i n g  the pump and a l s o  completing a  
" lock-in" c i r c u i t  through t h e  r e l a y ,  t he  r e l a y  con tac t ,  and t h e  water  t o  t h e  
ground. Pumping w i l l  cont inue  when the  water  l e v e l  drops below t h e  s t a r t  
r e l a y  because of the  "lock-in" c i r c u i t .  When the  water  l e v e l  drops below t h e  
s t o p  e l e c t r o d e  the  "lock-in" c i r c u i t  i s  broken and the  r e l a y  con tac t s  open, 
s topping  the  pump. The r e l a y  w i l l  not be energized when the  wa te r  l e v e l  
reaches the  s t o p  e l ec t rode  because t he  r e l a y  contac t  i s  open. The cyc l e  de- 
s c r ibed  w i l l  r epea t  when t h e  water  l e v e l  reaches t he  s t a r t  e l e c t r o d e ,  There 
a r e  no moving p a r t s  i n  t h e  water ,  t h e r e f o r e  t h e  chance of damage i s  l e s s  than 
f o r  a  f l o a t  system. The e l ec t rodes  can be placed remotely from the  r e l a y .  
Systems a r e  a v a i l a b l e  us ing  ve ry  low vo l t age  thus  e l imina t ing  any chance of 
a c c i d e n t a l  shock. To change water  l e v e l  s e t t i n g s  i t  i s  necessary  t o  move 
the  e l e c t r o d e s .  Experience t o  d a t e  i n d i c a t e s  e l ec t rodes  c u r r e n t l y  a v a i l a b l e  
may become de fec t ive  a f t e r  s e v e r a l  years  i n  use  and should be t e s t e d  p e r i -  
o d i c a l l y  t o  determine need f o r  replacement. 

The bubbler  tube system i s  widely used i n  sewage treatment  a p p l i c a t i o n s  be- 
cause of  t he  inherent  nonclogging ope ra t ion .  See f i g u r e  7-13 f o r  a  s imp l i f i ed  
diagram of opera t ion .  A i r ,  o r  o the r  gas ,  i s  bubbled s lowly a t  a  cons tan t  r a t e  
of flow through a  small  tube and discharged f r e e l y  i n t o  the  water  a t  a  f i xed  
e l e v a t i o n .  The pressure  w i t h i n  t h e  tube i s  t h a t  due t o  t he  depth of water  
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over  t h e  end of t h e  bubble tube.  The p re s su re  i n  t he  tube can va ry  a s  t h e  
wa te r  dep th  above t he  o r i f i c e  v a r i e s .  The a i r  i s  suppl ied  by a n  a i r  compres- 
s o r  t o  a p re s su re  tank.  From the  p r e s su re  t ank  t h e  a i r  passes  through f i l t e r s  
t o  remove o i l ,  d i r t ,  and wa te r .  A p r e s su re  reducing va lve  lowers t he  a i r  
p r e s su re  t o  a  va lue  which i s  s l i g h t l y  g r e a t e r  t han  t h a t  r equ i r ed  f o r  a i r  flow 
a t  t h e  maximum water  l e v e l .  The a i r  then passes  through a  flow r e g u l a t o r  
va lve  which maintains  a  cons t an t  bubble r a t e  r ega rd l e s s  of t he  back p re s su re  
from t h e  r i v e r .  The a i r  then  passes  t h e  p r e s su re  a c t i v a t e d  swi tch  and bub- 
b l e s  from the  end of t he  bubble tube  t o  t h e  s u r f a c e  of the  wa te r .  The a i r  
p r e s su re  v a r i a t i o n s  caused by water  depth changes a c t i v a t e  t he  p r e s su re  switch 
thus  c o n t r o l l i n g  t he  pump. A pre s su re  t ank  of n i t r ogen  gas may be used i n -  
s t e a d  of a n  a i r  compressor.  Ni t rogen  gas i s  o f t e n  used because it i s  cheap, 
r e a d i l y  a v a i l a b l e ,  i n e r t ,  s a f e ,  d ry ,  and about t h e  same weight a s  a i r  i n  t he  
atmosphere. I f  the  bubble r a t e  i s  kep t  low a 116 cubic foo t  c y l i n d e r  w i l l  
l a s t  about  1 year .  The a i r  l i n e  should be of smal l  diameter .  Almost any 
m a t e r i a l  can be used f o r  t h e  a i r  l i n e ,  i nc lud ing  s tandard  water  p ipe ,  copper 
tub ing ,  p l a s t i c  tubing,  o r  hose .  Small l eaks  i n  t he  l i n e  can be compensated 
f o r  and w i l l  no t  i n t e r f e r e  w i th  proper  ope ra t i on .  The switch can be remote 
from t h e  bubbler  tube.  Water l e v e l  adjustment  i s  done a t  t he  swi tch .  The 
diaphragm type of sens ing  device  c o n s i s t s  of a  neoprene diaphragm placed 
ac ros s  t h e  opening of an a i r  chamber submerged i n  water .  See f i g u r e  7-13. 
An a i r  l i n e ,  c a l l e d  a  c a p i l l a r y  t ube ,  ex tends  from t h e  a i r  chamber t o  a  pres -  
s u r e  a c t i v a t e d  switch.  An inc rea se  of wa te r  dep th  over  t he  diaphragm causes 
t he  diaphragm t o  move i n t o  t h e  a i r  chamber, which causes the  a i r  p r e s su re  
w i t h i n  t he  a i r  chamber t o  i n c r e a s e .  The i n c r e a s e  of a i r  p r e s su re  i s  t r a n s -  
m i t t ed  t o  t he  pressure  a c t i v a t e d  swi tch ,  which i n  t u r n  s t a r t s  t he  pump. 
There a r e  no moving p a r t s  i n  t h i s  system, no a i r  compressor o r  gas  c y l i n d e r  
i s  needed, and t he  switch can be l oca t ed  a t  a  po in t  remote from the  diaphragm. 
The s m a l l e s t  a i r  l eak  w i l l  d i s a b l e  t h e  system. Water l e v e l  s e t t i n g s  may be 
ad ju s t ed  a t  t he  swi tch .  

A b e l l  type  of system resembles an i nve r t ed  water  g l a s s  submerged i n  t h e  
wa te r ,  w i t h  t h e  a i r - w a t e r  i n t e r f a c e  a c t i n g  a s  t he  diaphragm. See f i g u r e  7-13. 
I n  a l l  o t h e r  ways t he  b e l l  type system i s  t he  same a s  t he  diaphragm type 
system. 

I n  l a r g e r  s i zed  pumping u n i t s  and where i n t e r n a l  combustion engines a r e  used,  
manual s t a r t i n g  wi th  automatic  shu to f f  w i l l  o f t e n  prove t o  be advantageous. 
The ope ra to r  must be p r e sen t  a t  each s t a r t  i n  o rde r  t o  s e r v i c e  and check 
equipment a t  beginning of ope ra t i on .  This  should a s s u r e  t h a t  equipment i s  
i n  good opera t ing  cond i t i on  and i s  s e rv i ced  and checked f o r  p o s s i b l e  damage 
t o  pumps, motors,  o r  engines no t  p ro t ec t ed  by s a f e t y  devices .  

S a f e t y  c o n t r o l s  

A low l e v e l  cu to f f  must be i n s t a l l e d  i n  each s u c t i o n  bay t o  prevent  t h e  pos- 
s i b i l i t y  of t he  pump ope ra t i ng  w i th  an  i n s u f f i c i e n t  depth of wa te r  over  t he  
s u c t i o n  b e l l .  Low wa te r  can  occur  i f  t h e  pump c o n t r o l  malfunct ions o r  i f  
t r a s h  plugs t he  t r a s h  r ack .  A time d e l a y  r e l a y  should be inc luded  i n  t h e  low 
l e v e l  c u t o f f  c i r c u i t  s o  t h a t  t h e  pump must remain o f f  f o r  some g iven  t ime.  
This  t ime de l ay  w i l l  prevent  t h e  s h o r t  cyc l i ng  which would occur  w i th  a  
plugged t r a s h  rack .  In  a m u l t i p l e  pump i n s t a l l a t i o n  time de l ay  r e l a y s  should 
be included i n  each s t a r t i n g  c i r c u i t  t o  prevent  simultaneous s t a r t i n g  of 
e l e c t r i c  motors a f t e r  a  power f a i l u r e .  



When pressure  l u b r i c a t i o n  i s  used on the  pump, motor, o r  gearbox a s a f e t y  
switch should be i n s t a l l e d  which w i l l  s t o p  t h e  motor i f  low l u b r i c a t i o n  
pressure  occurs .  

Overload p r o t e c t i o n  must be provided f o r  a l l  motors. A w e l l  designed overload 
r e l a y  w i l l  p r o t e c t  t h e  motor a g a i n s t  overhea t ing  from any cause,  inc luding  
s h o r t  cyc l ing ,  overloading,  locked r o t o r ,  s i n g l e  phasing, phase r e v e r s a l ,  and 
unbalanced phase v o l t a g e s .  Short  c i r c u i t  p ro t ec t ion  must a l s o  be i n s t a l l e d .  
P r o t e c t i o n  a g a i n s t  l i g h t i n g  should a l s o  be i n s t a l l e d .  

Experience has shown t h a t  a l l  engines should be provided wi th  s a f e t y  con t ro l s  
even i f  no t  planned f o r  automatic  ope ra t ion .  A governor should be  i n s t a l l e d  
t o  r e g u l a t e  engine speeds.  Cutoff devices should be provided t o  s t o p  the  
engine i f  low o i l  p r e s su re  develops, excess ive  engine temperature develops,  
o r  i f  excess ive  speeds develop due t o  governor f a i l u r e .  Such automatic  and 
manual engine opera t ing  devices should be suppl ied  by t h e  engine manufacturers.  

Recorders and s i g n a l i n g  devices 

Automatical ly operated i n s t a l l a t i o n s  should have a  s i g n a l  device ,  such a s  a  
l i g h t ,  t o  show when pumps a r e  opera t ing .  I n  a  l a rge  i n s t a l l a t i o n  wi th  au to-  
matic  opera t ing  c o n t r o l s  a  s i g n a l  panel i s  d e s i r a b l e  t o  show which s a f e t y  
c o n t r o l  device  stopped the  pumps. This  would save a  g r e a t  d e a l  of time i n  
l o c a t i n g  the  t r o u b l e .  A record ing  i n d i c a t o r  of  running time of each pump 
could p inpoin t  s h o r t  cyc l ing ,  time of f a i l u r e ,  and show which pumps a r e  
running a t  time of f a i l u r e .  Also, t he  record  of running time would be u se fu l  
i n  scheduling maintenance. 

Sump dimensions 

Sumps o r  suc t ion  bays f o r  dra inage  pumping p l a n t s  a r e  contained i n  s t r u c t u r e s .  
Sumps may range from l a r g e  open ended p i t s  f o r  handling l a r g e  q u a n t i t i e s  of 
su r f ace  and subsur face  water  t o  small  open o r  closed p i t s  handling only  t h e  
e f f l u e n t  from subsurface  d r a i n s .  The sump ent rance  must be l a r g e  enough t o  
pass t h e  design d ischarge  t o  the  pumps without  apprec iab le  r e s t r i c t i o n .  Maxi- 
mum wa te r  l e v e l  w i l l  be t h e  optimum (design)  s t a g e  i n  t h e  sump. Level of t h e  
ope ra t ing  f l o o r  con ta in ing  power u n i t s  should be a t  h igh  enough e l e v a t i o n  
above t h e  optimum s t a g e  t h a t  inundat ion from a l l  but extreme f loods  w i l l  not  
occur should pumps not  be opera t ing .  The f l o o r  l e v e l  a l s o  should be h igh  
enough above ope ra t ing  s t a g e  t o  provide p ro t ec t ion  a g a i n s t  surge a s  might 
develop from sudden stoppage of the  pumps and t o  provide c l ea rance  requi red  
f o r  proper  l o c a t i o n  and i n s t a l l a t i o n  of s u c t i o n  and d ischarge  p ipes .  

Minimum hor i zon ta l  sump a rea  w i l l  be t h a t  necessary  f o r  spacing pumps, i n -  
s t a l l i n g  suc t ion  and d ischarge  l i n e s ,  and c o n t r o l l i n g  flow w i t h i n  t h e  sump 
a t  v e l o c i t i e s  t h a t  w i l l  no t  cause apprec iab le  turbulence  o r  c ros s  c u r r e n t s .  
The opening from t h e  forebay s torage  a r e a  o r  channel should be a l igned  t o  
avoid a  change i n  d i r e c t i o n  of flow and be of s u f f i c i e n t  s i z e  t o  keep the 
ent rance  v e l o c i t y  below 3 f e e t  per second. The shape and dimensions of t h e  
sump should be such a s  t o  supply an even d i s t r i b u t i o n  of flow t o  t h e  suc t ion  
in t ake  of pumps. This  w i l l  avoid formation of l a rge  vor texes  o r  cause low 
submergence t h a t  would permit e n t r y  of a i r  i n t o  the  pumps. F igures  7-14, 
7-15, and 7-16 provide layouts ,  spacings and dimensions of sump and pumps 
f o r  des ign  of dra inage  pumping f a c i l i t i e s .  These a r e  based on a n a l y s i s  of 
many i n s t a l l a t i o n s  bu t  may r equ i r e  some modif ica t ion  t o  meet manufacturer 's  
recommendations f o r  t h e  p a r t i c u l a r  pump used. 
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Figure 7-14, Sump dimensions versus flow 
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Figure  7-15, Sump dimensions and pump arrangement 
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Recommendations i n  f i g u r e s  7-14 and 7-15 apply  t o  both s i n g l e  and mul t i p l e  
pump i n s t a l l a t i o n s .  Dimension C could be s l i g h t l y  sma l l e r  o r  l a r g e r  depend- 
ing  upon the  manufac turer ' s  recommendation. Dimension B i s  a  suggested maxi- 
mum which may be l e s s  depending upon s u c t i o n  b e l l  o r  bowl diameters  used by 
the  manufacturer .  The edge of b e l l  should be a s  c l o s e  a s  pos s ib l e  t o  the  
sump backwall bu t  may be determined by requi red  motor spacing on t h e  f l o o r  o r  
d i scharge  p ipe  spac ing  i n  the sump. I f  t h i s  spacing is  excess ive ,  a  f a l s e  
backwall should be used.  Dimension S i s  a  minimum f o r  a  s i n g l e  pump i n s t a l -  
l a t i o n  but  can be i nc reased .  Dimension H i s  a  minimum based on normal low 
wa te r  l e v e l  a t  t h e  s u c t i o n  b e l l ,  t ak ing  i n t o  cons ide ra t i on  f r i c t i o n  lo s se s  of 
a  suc t ion  screen .  This  dimension can be l e s s  without  damage t o  t h e  pump i f  
occurrence i s  momentary o r  i n f r equen t .  H r ep re sen t s  t h e  phys i ca l  he ight  of 
water  l e v e l  above the  bottom of the suc t ion  i n l e t  and i s  no t  submergence 
which normally i s  considered a s  H minus C .  Dimensions Y and A a r e  minimums. 
I f  a s c r een  i s  not  used a t  t he  suc t ion  b e l l ,  A should be l a r g e r .  Screen 
widths  should not be l e s s  than  S .  

F igure  7-16 i l l u s t r a t e s  a d d i t i o n a l  cons idera t ions  f o r  m u l t i p l e  pump i n s t a l -  
l a t i o n s .  Ve loc i ty  should be low and flow simultaneous t o  a l l  u n i t s  i n  a  
s t r a i g h t  l i n e  a s  shown i n  f i g u r e  7-16 ( a ) .  A number of pumps i n  the same 
sump ope ra t e  b e s t  w i thou t  s epa ra t ing  s idewa l l s  un less  a l l  pumps a r e  always 
ope ra t ing  a t  the  same time. I f  s idewal l s  must be used f o r  s t r u c t u r a l  pur- 
poses and pumps a r e  operated i n t e r m i t t e n t l y ,  flow space should be l e f t  behind 
each w a l l  a s  shown i n  f i g u r e  7-16 (b ) .  Changes i n  s i z e  of i n l e t  p ipe  o r  
channel should be gradual  a s  i l l u s t r a t e d  i n  f i g u r e  7-16 ( c ) .  The t ape r  
should be a t  an angle  of  45 degrees o r  more and pumps loca t ed  c l o s e  t o  back- 
w a l l  t o  prevent l a r g e  vo r t ex  a r e a s .  Pumps i n  l i n e  a r e  n o t  recommended unless  
r a t i o  of p i t  t o  pump s i z e  is  q u i t e  l a r g e  and pumps a r e  widely separa ted  lon-  
g i t u d i n a l l y .  I f  p i t  v e l o c i t y  can be kept below a foot  pe r  second,  an abrupt  
change from i n l e t  p ipe  t o  p i t  can be accommodated when lengths  exceed va lues  
shown i n  f i g u r e  7-16 (d) . 
Sump capac i ty  

To ta l  forebay and sump s to rage  f o r  t he  pump should be s u f f i c i e n t  t o  prevent 
excess ive  s t a r t i n g  and s topping  of the  pumps. Such s to rage  i s  t h e  volume of 
runoff  and ground water  i n  forebay and sump t h a t  w i l l  be removed between the  
s t a r t  and s t o p  l e v e l s  i n  t h e  sump. In  l a r g e  pumped a r e a s  most of  t he  a v a i l -  
ab l e  s to rage  must be  obtained ou t s ide  the  sump from n a t u r a l  a r e a s  i n  o r  
beyond the  forebay.  For comparatively small  a r e a s  up t o  a  square  mi le ,  
a v a i l a b l e  scorage may be increased by d i t c h  enlargement i n  t he  forebay a r e a .  
For small  acreages  where only subsur face  dra inage  w i l l  be pumped, a v a i l a b l e  
s to rage  may be l imi t ed  t o  the  cons t ruc ted  sump. 

S torage  requirements  depend upon pumping r a t e  and frequency of cyc l ing .  When 
t h e  inf low r a t e  is  less than t h e  pumping r a t e ,  cyc l ing  w i l l  occur .  For manu- 
a l l y  operated pumps t h e  number of s t o p s  and s t a r t s  should n o t  exceed two t o  
t h r e e  c y c l e s  per  day i n  cons ide ra t i on  of ope ra to r  convenience. For automat- 
i c a l l y  operated pumps t h e  number of cyc l e s  per  u n i t  of time should not  exceed 
t h e  manufac turer ' s  r a t i n g .  Based on Univers i ty  of Minnesota S tud ie s  by Larson 
and Manbeck (11) on smal l  sumps where cyc l ing  is f r equen t ,  e f f i c i e n t  ope ra t ion  
can be  obtained f o r  e l e c t r i c a l  motor d r iven  pumps wi th  10 t o  1 5  cyc l e s  per  hour. 

Time of one pumping cyc l e  equals  t h e  time i t  t akes  t o  empty t h e  s to rage  i n  
t h e  sump and t h e  inf low during t h e  emptying process ,  p l u s  t h e  time it t akes  
f o r  inf low t o  r e f i l l  t h e  sump a f t e r  t h e  pump has stopped. This is expressed 
i n  t h e  fol lowing equat ion .  



7-45 

( E q .  7-9) 

where 

n = number of cyc l e s  per  hour 

S = s t o r a g e  volume i n  cub i c  f e e t  

Q = pumping r a t e  i n  ga l l ons  pe r  minute 
P 

Qi = 
inf low r a t e  i n  g a l l o n s  p e r  minute 

7.5 = conversion f a c t o r  f o r  ga l l ons  t o  cubic  f e e t  

A t  maximum s to r age  

24 
and S = 3 

n 

Gene ra l l y  sump s i z e s  should be such a s  t o  provide  a t  l e a s t  1-foot  depth i n  
open p i t s  and 2-foot  depths i n  c losed  p i t s  between s t a r t i n g  and s topping  
l e v e l s  of t he  pump. 

Closed sumps may be cons t ruc ted  of conc re t e ,  conc re t e  block,  s i l o  s t a v e s ,  
cor ruga ted  metal  o r  meta l  t anks .  Rectangular  shapes are recommended, a l though 
t h e  c i r c u l a r  shape i s  s a t i s f a c t o r y  f o r  smal l  systems and i s  more economically 
b u i l t .  At h ighe r  v e l o c i t i e s  some r o t a t i o n  and turbulence  can develop i n  t he  
c i r c u l a r  sump. The sump should be checked f o r  u p l i f t .  Most s e r i o u s  condi-  
t i o n s  occur  when the  sump i s  pumped down and t h e  surrounding s o i l  i s  s a t u -  
r a t e d .  S t r u c t u r a l  des ign  and cons t ruc t i on  of  l a r g e  sumps must be based on 
s i t e  cond i t i ons  on an i n d i v i d u a l  job b a s i s  and i s  no t  covered i n  t h i s  t e x t .  

Stop l o g s  

Stop l og  ga t e s  should be provided f o r  t he  sump openings s o  t he  sump can be 
dewatered f o r  pump r e p a i r s  o r  c l ean ing .  S l o t s  should be made i n  t he  end wa l l s  
of t he  opening o r  passageway w a l l s  f o r  p l ac ing  t he  s t o p  l o g s .  Stop logs may 
be seasoned timber o r  wood faced I-beams wi th  s t r e n g t h  t o  wi ths tand  imposed 
f l u i d  p r e s su re s  and t r e a t e d  a g a i n s t  r o t ,  i n s e c t  damage, and co r ro s ion .  Pro- 
v i s i o n  should be made f o r  convenient  handl ing  and s t o r a g e  when no t  i n  u se .  

Trash racks  

Trash racks  should be provided t o  s c r een  out  t r a s h  and d e b r i s  from su r f ace  
flows e n t e r i n g  sumps. S t r a i n e r s  o r  sc reens  mounted on the  b e l l  o r  s u c t i o n  
f l ange  should be avoided s i n c e  they  tend t o  c log  and a r e  hard t o  c l e a n .  The 
t r a s h  r a c k  should be loca ted  ac ros s  the  en t rance  of t he  sump and i n c l i n e d  
toward t h e  s t r u c t u r e  i n  such manner t h a t  flow moves evenly through the  rack  
and c o l l e c t i n g  t r a s h  and d e b r i s  tends t o  f l o a t  up toward t he  wa te r  su r f ace  
where i t  can be e a s i l y  removed by r a k e s .  Bar s c r eens  should be used i n  which 
t he  c l e a r  space between ba r s  i s  w i th in  t he  range of 1 112 t o  3 i nches .  The 
t o t a l  c l e a r  flow a r e a  of t he  r ack  should be s u f f i c i e n t  t o  keep t h e  v e l o c i t y  
through t h e  rack under 2 . 5  f e e t  per  second. Trash racks  should be loca ted  



ou t s ide  of t he  pumping p l a n t  s t r u c t u r e s  t o  f a c i l i t a t e  removal of t r a s h .  Racks 
should be removable o r  hinged so t h a t  i f  it becomes necessary  t hey  can be 
r a i s e d  above the f l o o r  and blocked open when pumps a r e  not  i n  opera t ion .  I n  
most cases  raking w i l l  be done by hand and a  s u i t a b l e  p la t form wi th  g u a r d r a i l  
should be provided f o r  s a f e t y  i n  c o l l e c t i n g  and d ispos ing  of t h e  t r a s h  and de- 
b r i s .  A l og  boom o r  f l o a t ,  anchored upstream from t h e  en t r ance ,  may be needed 
where timber o r  l a r g e  f l o a t i n g  deb r i s  i s  a  problem. 

Discharge p ipes  

Discharge pipes u s u a l l y  w i l l  be loca ted  under ,  through, o r  over a  p ro t ec t ing  
s t r u c t u r e ,  which i s  u s u a l l y  an ear then  d ike .  S t e e l  p ipes ,  adequately pro- 
t ec t ed  from co r ros ion ,  a r e  b e s t  s u i t e d  and almost u n i v e r s a l l y  used f o r  t h i s  
purpose.  F l e x i b l e  couplings should be provided where t h e  p ipe  passes through 
t h e  sump o r  w a l l s  of t he  pump p l an t  s t r u c t u r e  and where sha rp  bends a r e  placed 
i n  t he  l i n e .  Thrus t  rods must be i n s t a l l e d  a t  t h e  elbows of a v e r t i c a l  pump 
t o  prevent  movement of the  pump. F l e x i b l e  couplings al low f o r  s t r u c t u r a l  
s e t t l emen t  and expansion o r  c o n t r a c t i o n  of t h e  p ipe .  Sharp bends i n  t h e  l i n e  
should be avoided.  Use of a  s epa ra t e  pipe f o r  each pump i s  d e s i r a b l e ,  wi th  
t he  p ipe  connected d i r e c t l y  t o  the pump d ischarge  f l ange .  Thrust  blocks may 
a l s o  be requi red  a t  changes of al ignment .  

Discharge pipes may be i n s t a l l e d  through o r  over t he  w a l l  o r  embankment. 
P ipes  through the  s t r u c t u r e  a r e  advantageous i n  t h a t  sharp  bends can be 
avoided but  a r e  s u b j e c t  t o  back pressure  and poss ib l e  backflow when t h e  
pumps a r e  not  i n  ope ra t ion .  When p ipes  a r e  i n s t a l l e d  below the  high water  
l e v e l  on t h e  d ischarge  s i d e  of a  d ike ,  s p e c i a l  p recaut ions  must be taken t o  
prevent  p ip ing  a long  the  condui t .  F l ap  ga t e s  of good q u a l i t y  must be pro- 
vided t o  p ro t ec t  a g a i n s t  backflow. A h y d r a u l i c a l l y  cushioned f l a p  g a t e  
should be used i f  t h e  f l a p  ga t e  i s  w i t h i n  a  few f e e t  of t h e  pump o r  t he  water  
depth i s  s eve ra l  f e e t  above the  f l a p  g a t e .  Gates  should be so  loca ted  t h a t  
s i l t  and deb r i s  w i l l  not  accumulate, p a r t i c u l a r l y  dur ing  periods when the  
pumps a r e  no t  i n  ope ra t ion ,  and thus obs t ruc t  g a t e  ope ra t ion .  Pipes o r d i -  
n a r i l y  a r e  supported by t h e  d ike  embankment wi th  p r o j e c t i o n s  on the  d ischarge  
end, e i t h e r  i n  a  headwall s t r u c t u r e  o r  on p i l e  bents  which should a l s o  support  
d i r e c t l y  t h e  weight  of t he  f l a p  g a t e s .  Unless a  s u i t a b l e  headwall s t r u c t u r e  
i s  used, t h e  p ipe  should p r o j e c t  a  s u f f i c i e n t  d i s t ance  beyond the  d ike  f ace  
t o  provide p r o t e c t i o n  from eros ion  o r  eddy c u r r e n t s .  Where amount of d i s -  
charge i s  l a r g e ,  r i p r a p  p ro t ec t ion  of t h e  embankment i s  necessary .  A l l  con- 
d u i t s  through d ikes  below the  maximum high w a t e r l i n e  must be connected t o  t h e  
pump wi th  a  f l e x i b l e  coupling and provided wi th  an t i - s eep  c o l l a r s  designed t o  
i nc rease  t h e  seep l i n e  d i s t ance  along t h e  condui t  by a t  l e a s t  15 pe rcen t .  

P ipe  backflow can be e l imina ted  by p lac ing  the  conduit  over  t h e  top  of t h e  
w a l l  o r  d ike .  This  i s  p a r t i c u l a r l y  app l i cab l e  i n  t h e  case  of small  pumping 
u n i t s  o r  where pumping a t  h igher  heads i s  of such s h o r t  d u r a t i o n  t h a t  oper- 
a t i n g  c o s t s  a r e  no t  a f f e c t e d  m a t e r i a l l y .  Much of t he  pumping head can. be 
recovered i f  such l i n e s  over the  dike a r e  extended and lowered on the  water-  
s i d e  of the embankment so  a s  t o  opera te  a s  a s iphon.  This  is  p a r t i c u l a r l y  
advantageous where ex t ens ive  pumping i s  done a t  high heads.  F l ap  ga tes  must 
be provided t o  p r o t e c t  a g a i n s t  stoppage of the  pump and backflow caused by 
r eve r se  s iphoning.  Siphon breakers  should be i n s t a l l e d  i n  t he  p ipe  t o  prevent  
backf low. 

An a i r  vent  i n  t he  h igh  poin t  of d i scharge  p ipes  i s  d e s i r a b l e  i n  preventing 
excess back p re s su re  when s t a r t i n g  pumps. Mounding e a r t h  over  pipe on d ikes  
i s  d e s i r a b l e  a s  p ro t ec t ion  aga ins t  p ipe  displacement and e ros ion  of t h e  d ike  



s u r f a c e  when high f lood  s t a g e s  occur .  Such mounding a l s o  permits  e s t a b l i s h -  
ment of c ro s s ings  f o r  maintenance equipment and veh i cu l a r  t r a f f i c .  

Housing 

Housing is  u s u a l l y  needed f o r  pumps, prime movers, and ope ra t i ng  c o n t r o l s ,  t o  
p r o t e c t  them a g a i n s t  weather ,  mois ture ,  and vandalism, and t o  provide s u i t a b l e  
working a r e a  f o r  manual ope ra t i on ,  maintenance, and r e p a i r  work. I n  some 
s i t u a t i o n s  where s ea l ed  motors,  enclosed engine and t ransmiss ion  u n i t s ,  e t c .  
a r e  used ,  such housing may be omit ted.  I n  any ca se ,  s t o r age  should be pro- 
vided f o r  t o o l s ,  supp l i e s ,  ope ra t i on  and maintenance manuals and r eco rds .  

Housing u s u a l l y  c o n s i s t s  of a  s u p e r s t r u c t u r e  o r  bu i l d ing  over the  ope ra t i ng  
f l o o r  above t he  sump. The s t r u c t u r e  should be f i r e  r e s i s t a n t  and conform t o  
l o c a l  b u i l d i n g  codes when the se  e x i s t .  Adequate v e n t i l a t i o n  i s  e s s e n t i a l  f o r  
i n t e r n a l  combustion engines .  I n  t he  case  of l a r g e  pump u n i t s  s u f f i c i e n t  f l o o r  
c l ea r ance  and s p e c i a l  openings, such a s  doors  o r  removable panels  i n  s i dewa l l s  
and r o o f ,  should be provided.  Normally, gan t ry  c ranes  a r e  i n s t a l l e d  a s  perma- 
nent  equipment f o r  l a r g e  pumping u n i t s .  For smal l  u n i t s  h o i s t i n g  equipment 
may be omi t ted  where motor c r anes  can be ob ta ined  when needed f o r  t h i s  purpose. 

When engine-driven fan  cool ing  systems a r e  used,  necessary  v e n t i l a t i o n  of t he  
bu i l d ing  i s  provided through au toma t i ca l l y  c o n t r o l l e d  louvers .  A i r  i n t ake  
louvers  should be i n s t a l l e d  w i th  g r e a t e r  c a p a c i t y  than  exhaust  louvers  t o  pro- 
t e c t  a g a i n s t  reduc t ion  of a i r  p r e s su re  w i th in  t he  s t r u c t u r e  below atmospheric 
p r e s su re .  Where f e a s i b l e ,  r a d i a t o r s  should be mounted so  hea t  can be removed 
from t h e  bu i ld ing  d i r e c t l y  through t h e  w a l l  o r  through exhaust  d u c t s .  

P a r t i c u l a r  a t t e n t i o n  should be given t o  p r o t e c t i o n  of  w i r i ng  and con t ro l  
equipment a g a i n s t  co r ro s ion  from moisture and fumes. Wiring should be 
enclosed i n  c o r r o s i o n - r e s i s t a n t  condui t s  and c o n t r o l  boxes. 

Equipment such a s  swi tches ,  f l o a t s ,  and t apes  should be of c o r r o s i o n - r e s i s t a n t  
meta l .  F l o a t s  should be encased i n  we l l s  w i t h  an  opening near  t h e  bottom of 
t h e  sump s o  a s  t o  minimize e f f e c t  of surges .  Temperature and mois ture  i n  t h e  
w e l l  may be con t ro l l ed  by means of an  e l e c t r i c  bu lb .  

When f u e l  s t o r age  tanks a r e  used,  Nat ional  Board of F i r e  Underwri ters  and 
l o c a l  j u r i s d i c t i o n a l  codes should be followed i n  t h e  i n s t a l l a t i o n  and supply 
of t h e  t a n k s .  Tank s i z e  should be determined on t he  b a s i s  of s t o r a g e  requi red  
f o r  maximum r a t e s  of ope ra t i on  over  t h e  a n t i c i p a t e d  pumping per iod  and con- 
s i d e r a t i o n  of acces s  of t he  source  of supply  t o  the pumping f a c i l i t y .  Storage 
f o r  a  3-day ope ra t i ng  supply should be t h e  minimum provided,  and t h i s  should 
be  increased  t o  meet adverse  d e l i v e r y  and ope ra t i ng  cond i t i ons .  

Pumping i n s t a l l a t i o n s  should be provided w i th  fences and r a i l i n g  t o  p r o t e c t  
ope ra to r s  and t he  publ ic  from hazards such a s  p i t s  and d ropo f f s .  P r o t e c t i o n  
of ope ra to r s  from moving b e l t s  and d r i v e  s h a f t s ,  engine exhaust  p ipe s ,  and 
e l e c t r i c  c u r r e n t s  should be provided through use  of guards,  covers ,  and warn- 
ing  s i g n s .  Gates and doors wi th  locks  should be provided t o  prevent  un- 
au tho r i zed  opera t ion  and vandalism. 

Since pumping p l a n t s  a r e  u s u a l l y  unmanned f o r  a  l a r g e  p a r t  of t he  time and 
a r e  o f t e n  remote from h a b i t a t i o n s  and roads ,  use  of e x t e r i o r  l i g h t s  and sound 
warning systems a t  t he  s t r u c t u r e  o r  remote monitor ing s t a t i o n ,  a c t i v a t e d  by 
sump f l o a t s  o r  t he  pump s t a r t i n g  system, a r e  a  d e s i r a b l e  f e a t u r e  i n  a s su r ing  
t imely  a t t e n t i o n  of t he  r e spons ib l e  o p e r a t o r .  



Field Tests of Drainage Pumping Plants 

Field tests of new drainage pumping plants check performance of pumping units 
against design and specifications. Tests of operating plants are desirable 
at intervals to determine operating efficiencies. 

The discharge of water in pipes may be measured with a probable accuracy of 
5 percent by use of Tulane pitot tubes, discussed in the following section. 

Procedure for field tests 

Surveys and gages 
Temporary staff gages in the suction and discharge bays should be established 
using assumed or sea level datum as zero on gages. However, legible gages 
which exist may be used with elevations checked to nearest 0.01 foot. 

Elevations on the same datum as the staff gages should be obtained of the 
£01 lowing: 

Floor of suction bay. 

Entrance lip of suction pipe. 

Centerline of pump, motor, and engine shafts. 

Elevations of each pump, engines, motors, suction and discharge 
pipes so that an accurate plan and profile may be drawn of each 
pumping unit. Manufacturers' catalogs may be consulted to obtain 
dimensions. 

Elevation to nearest 0.01 foot of the centerline of each hole 
tapped in suction, discharge pipe, or pump. 

Diameter of pipe to nearest 0.001 foot at each hole tapped in 
suction or discharge pipe or pump, including the hole where 
pitot tube or piezometer is inserted. 

Diameters and lengths to nearest 0.01 foot of tangents and bends 
of the suction and discharge pipes. 

Total head on pump 
The total head on the pump is determined by measuring the discharge head 
close to the discharge flange of the pump, the suction head close to the 
entrance of the pump and correcting for differences in velocity head and 
elevation of points of measuring. 

The total head on the pump is equal to the total energy in the water at the 
discharge flange minus the total energy at the suction flange of the pump. 
It is expressed by Equation 7-3 where total head equals static lift plus the 
losses in the suction pipe, the losses in the discharge pipe, and the veloc- 
ity head. (See section on "Total dynamic head" under "Pumping Plant Design.") 

Where the pump is submerged it may not be feasible to measure the suction 
pressure head, hs. In such cases the total head may need to be estimated by 
measuring the discharge pressure head, ha, and estimating the suction pres- 
sure head by taking into account the estimated entrance loss of the suction 



pipe and t he  f r i c t i o n  l o s s e s  i n  t h e  s u c t i o n  p ipe .  King and B r a t e r ' s  Handbook 
of Hydraul ics  (9) and NEH Sec t i on  5 ,  Hydraul ics  (8) exp l a in s  how the se  l o s se s  
may be e s t ima ted .  

Measurement of h  and h  i n  t he  f i e l d  a r e  accomplished by t he  fo l lowing  
d  s  

procedures:  

Tap, ream and thread  a ho l e  i n  d i s cha rge  p ipe  t o  t ake  a s tandard  114 inch  
p ipe  n i p p l e ,  which should be about  4  inches long. (See f i g u r e  7-17.) One 
hole  should be loca ted  a t  c e n t e r l i n e  of p ipe  from 4 t o  18 inches from the  
pump f l ange .  A va lve ,  rubber  hose and g l a s s  tube  a r e  a t t a ched  a s  shown i n  
t he  f i g u r e .  I f  flow i s  unusua l ly  t u rbu l en t  a t  t h i s  po in t  a s  i nd i ca t ed  by 
t he  pre l iminary  t e s t s ,  i t  may be important  t o  d r i l l  a d d i t i o n a l  ho les  a t  top  
and both s i d e s  o r  on 45O d iameters  t o  o b t a i n  an  average read ing  around p ipe .  

A s tandard  globe va lve  screwed on the  p ipe  i s  opened when read ings  of t he  
p r e s su re  head a r e  taken and c losed  a f t e r  read ings  a r e  made. 

A t  l e a s t  one more n ipp l e  i s  requi red  t o  connect w i th  a  rubber hose which w i l l  
f i t  over  a p iece  of g l a s s  tub ing .  Glass  tubing having an i n t e r n a l  diameter  
of 1 / 8  t o  3/16 inch  i s  recommended. The rubber  hose should f i t  over t he  g l a s s  
tube .  A 114 t o  118 inch  reducer  between the va lve  and rubber  hose permits  
one end of t he  hose t o  be f i t t e d  over  a  s h o r t  1 /8  inch  s tandard  n i p p l e .  

Discharge measurements 
I n  making f i e l d  t e s t s  of d ra inage  pumps a  measurement of the  d i s cha rge  should 
be ob ta ined  w i th in  t he  requi red  accuracy .  Measurements may be accomplished 
by a  Tulane p i t o t  tube w i t h i n  5 percent  accuracy.  

I n  o rde r  t o  o b t a i n  t he  most a c c u r a t e  r e s u l t s ,  t he  fol lowing t e s t  cond i t i ons  
a r e  d e s i r a b l e :  

1. A s t r a i g h t  l eng th  of pipe i n  which uniform flow condi t ions  e x i s t .  
Tangents should be a t  l e a s t  f i v e  times t he  d iameter .  

2 ,  The pipe running f u l l  of  water  dur ing  t e s t .  

3 .  Pipes on h o r i z o n t a l  tangent  but s l op ing  p ipe  may be used.  

4 .  Approximate measurements by c u r r e n t  meter  which a r e  adequate  f o r  
determining ope ra t i ng  e f f i c i e n c y  of t h e  pumping u n i t .  Such measure- 
ments probably provide d i scharge  read ings  w i t h i n  10 percent  accuracy.  
This  may be used a s  a  b a s i s  t o  determine i f  t he  e f f i c i e n c y  i s  un- 
u s u a l l y  low and whether the  expense of t he  p i t o t  tube measurements 
i s  j u s t i f i e d .  

I n  many farm pumping p l a n t s ,  a  s u f f i c i e n t  l eng th  of d i scharge  pipe i s  no t  
a v a i l a b l e  t o  ob t a in  accu ra t e  p i t o t  tube measurements, t he  pipe does n o t  run 
f u l l  of water ,  o r  t he  p ipe  i s  i n a c c e s s i b l e .  Under such cond i t i ons ,  measure- 
ments by we i r ,  o r i f i c e ,  flume ( P a r s h a l l ) ,  o r  channel water  measuring device  
should be considered.  Measurements of d i scharge  by these  methods a r e  de- 
s c r i bed  i n  hyd rau l i c  t e x t s  and w i l l  no t  be d i scussed  h e r e i n .  

Discharge measurements wi th  Tulane p i t o t  tubes 
A f t e r  t h e  po in t  of measurement i s  s e l e c t e d  a s  descr ibed  above, t he  fol lowing 
procedure i s  used i n  making a  d i scharge  r a t i n g .  



DRAINAGE PUMPING PLANT FIELD TESTS 
SUCTION AND DISCHARGE GAGES 

Measure height ( hd 1 o f  
water  in f e e t  where 
pipe is under presure. 

Where discharge is under 
vacuum, s e t  up mercury 
gage as shown on 
suction side o f  pump. 

i.d.(approx.) glass tube. 
Small jelly glarr with 
about 2" o f  mercury. 

- h,, f e e t  o f  water = inches o f  mercury x 1.133 

Average elev. o f  discharge 

- -- 

- -  - 
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Figure  7-17, Suction and d ischarge  gages f o r  pumping p l a n t  
f i e l d  t e s t s  



D r i l l  v e r t i c a l  ho le  through d ischarge  p ipe  a t  po in t  s e l e c t e d .  The 
hole  should be d r i l l e d  and threaded s o  t h a t  t h e  s t u f f i n g  box of 
t h e  p i t o t  tube may be screwed i n .  (See f i g u r e  7-18.) 

Assemble and c e n t e r  t he  p i t o t  tube i n  t h e  p ipe  by measuring up from 
t h e  bottom of t h e  p ipe .  The s t u f f i n g  box usua l ly  p r o j e c t s  s l i g h t l y  
i n t o  t h e  p ipe  a t  t h e  upper s i d e  and t h i s  prevents  cen t e r ing  t h e  
p i t o t  tube by measuring from t h e  top  of t h e  p ipe .  D r i l l  a  ho l e  i n  
a  1- by 6-inch board a s  shown i n  f i g u r e  7-18 s o  t h a t  t h e  poin t  of 
t h e  p i t o t  tube i s  a t  t h e  c e n t e r  of t h e  p ipe  when the  c e n t e r l i n e  hole  
of t he  board suppor ts  t he  handle.  

D r i l l  f i v e  a d d i t i o n a l  ho les  above the  c e n t e r l i n e  hole  a t  d i s t ances  
a s  follows: 

E s t a b l i s h  a  s i m i l a r  s e t  of ho les  below the  c e n t e r l i n e .  These holes  
a r e  s e t  s o  t h a t  5 and 6 a r e  on t h e  circumference of 0 . 1  t h e  p ipe  
a r e a .  Poin ts  4 and 7 a r e  on t h e  circumference of 0.3 t h e  a r e a .  
Po in t s  3 and 8 ,  0 .5 a r e a ;  2 and 9 ,  0.7 a r e a ;  and 1 and 10, 0.9 a r e a .  

Raise water  from discharge  p ipe  s o  t h a t  upper and lower wa te r  l e v e l s  
may be read on t h e  gage. This i s  accomplished by a va lve  a t  t h e  end 
of t h e  p i t o t  tube gage. A vacuum pump is  requi red  t o  draw water  i n t o  
t h e  g l a s s  tubes i f  pipe i s  under vacuum. 

S t a r t i n g  a t  top  of p ipe  take  v e l o c i t y  head readings a t  ho les  1 t o  10, 
i nc lus ive ,  moving t h e  p i t o t  tube down t h e  p ipe .  Take a second read-  
ing  from each ho le ,  s t a r t i n g  a t  t h e  bottom and moving t h e  tube up. 

Center l ine  readings a r e  made bu t  a r e  not  averaged i n .  

Compute average v e l o c i t y  i n  p ipe  by averaging a l l  v e l o c i t y  head read-  
ings  except  t he  c e n t e r  reading and s u b s t i t u t e  i n  t he  f o r m l a  

Pumt, e f f i c i e n c y  

Pump e f f i c i e n c y  i s  computed by the  fol lowing tormula 

e = 
GPM x Ht 

BHP x 3960 

where 

e  = pump e f f i c i e n c y  

GPM = g a l l o n s  per  minute 

Kt  = t o t a l  head on pump 

BHP = brake horsepower i npu t  i n t o  pump s h a f t  



TULANE PITOT TUBE AND TEMPLATE 
FOR MEASURING WATER VELOCITY IN PIPES 

Gloss tubes 

,Water level of tube connecting 
1 t o  point of  p i t o t  tube. 

-Stole- qroduated to fee t .  

Water level in tube 
connecting t o  side 
hole o f  p i t o t  tube  

1 Formula: 1 

I" x 6" wood templa 

q = 32.16 tt/sec2 
h = height in f e e t  --. 2 q 

I 

v = velocity . :: - 

Tulane p i to t  tube + 

Template layout 
(holes spaced for 

various pipa radii 

I I 

Figure 7-18, Tulane p i t o t  tube and template f o r  measuring 
water ve loc i ty  i n  pipes 
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Operat ion and Maintenance 

Operat ion and maintenance of a  d ra inage  pumping f a c i l i t y  i s  more o f t e n  i n  t h e  
hands of un t r a ined  people.  Therefore ,  equipment should be a s  r e l i a b l e ,  s imple 
i n  c o n s t r u c t i o n  and ope ra t i on ,  and r e q u i r e  t h e  l e a s t  amount of maintenance a s  
can be ob ta ined  economically. Likewise, s imple and e x p l i c i t  i n s t r u c t i o n s  on 
ope ra t i on  and maintenance should be made a v a i l a b l e  t o  those r e spons ib l e .  

Operators  should know the  i n s t r u c t i o n s  on pumps, motors ,  engines ,  and c o n t r o l  
dev ices  and should fol low the  b e s t  ope ra t i ng  procedures .  Pumps depending upon 
wa te r  l u b r i c a t i o n  should n o t  ope ra t e  empty. Where pumps depend upon priming, 
complete f i l l i n g  of water  should be accomplished so pockets  of a i r  w i l l  not  
c o l l e c t  i n  t he  cas ing  around t h e  s h a f t  and t hus  reduce d i s cha rge .  Where prime 
movers a r e  used such a s  engines t h a t  permit s u b s t a n t i a l  v a r i a t i o n  i n  speed,  
pump ope ra t i on  should be r egu l a t ed  t o  provide  t h e  most e f f i c i e n t  speed a s  de- 
termined from t e s t s  o r  c h a r a c t e r i s t i c  curves .  Where s e v e r a l  u n i t s  a r e  included 
i n  t he  f a c i l i t y ,  t h e  most e f f i c i e n t  u n i t  o r  combination of u n i t s  should b e  used 
f o r  most of t he  pumping. Each u n i t  should be opera ted  p e r i o d i c a l l y  t o  a s s u r e  
r e l i a b l e  ope ra t i on  when needed. Equipment should be kept  i n  good r e p a i r .  
Equipment, p l a n t ,  and grounds should be kept  c l e a n  and o r d e r l y  t o  minimize t he  
hazard of f i r e ,  a s su re  ready acces s  and e f f i c i e n t  ope ra t i on  and prevent  
a c c i d e n t s .  

Thorough in spec t i on  of t he  f a c i l i t y  should be made p e r i o d i c a l l y  dur ing  oper-  
a t i o n ,  a t  l e a s t  monthly dur ing  per iods  of nonoperat ion,  and j u s t  p r i o r  t o  t h e  
expected time of continuous o r  peak usage.  I n spec t i on ;  cleanup and o i l i n g  
of engines ,  motors and pumps; f l u s h i n g  of sumps; and r ep l en i sh ing  of f u e l  and 
l u b r i c a n t s  should fo l low immediately a f t e r  a  major ope ra t i on  i n  r ead ines s  f o r  
t h e  next  per iod  of u se .  

Occasional  t e s t s  a r e  d e s i r a b l e ,  p a r t i c u l a r l y  on t h e  l a r g e r  f a c i l i t i e s ,  i n  o rde r  
t o  d e t e c t  poor ope ra t i ng  e f f i c i e n c y  a s  may r e s u l t  from wear and o t h e r  l e s s  
obvious causes t h a t  i n d i c a t e  need f o r  such t imely  r e p a i r s  a s  replacement of 
worn impe l l e r s ,  e t c .  

I n spec t i ons  should i n d i c a t e  t he  cond i t i on  of  t h e  p l a n t  forebay and d ischarge  
bay a r e a s ,  and arrangements should be made f o r  d i s p o s a l  of d e b r i s ,  d r i f t ,  and 
t r a s h  accumulations t h a t  would i n t e r f e r e  w i th  g a t e  ope ra t i on  and t r a s h  r acks .  
The i n s p e c t i o n  should d i s c l o s e  any e ro s ion ,  l e aks ,  and displacement  of r i p r a p  
p r o t e c t i o n  a t  foundat ions t h a t  should be r e p a i r e d .  A t  l e a s t  s ea sona l ly ,  
hinges and s e a t s  of f l a p  g a t e s  and s l i d e  c o n t r o l s  of va lve  ga t e s  should be 
l u b r i c a t e d  and t r i a l  opera ted .  Also,  s t o p  l ogs  and o t h e r  emergency equipment 
should be checked f o r  adequacy. 

Monthly i n spec t i ons  should i nc lude  t e s t  runs of pumps and power equipment. 
Power u n i t s  such a s  t he  g a s o l i n e  engine should ,be operated t o  check b a t t e r y  
u n i t s  and prevent  accumulation of condensat ion and s ludge i n  f u e l  l i n e s  and 
c a r b u r e t o r s .  Automatic c o n t r o l s ,  p a r t i c u l a r l y  t h e  so lenoid  type ,  a r e  q u i t e  
s u s c e p t i b l e  t o  d e t e r i o r a t i o n  a f t e r  per iods  of d i s u s e  and should be checked 
r e g u l a r l y .  These checks on t h e i r  cond i t i on  a r e  important  s i n c e  workmen s k i l -  
l ed  i n  t h e i r  r e p a i r  and maintenance a r e  no t  always r e a d i l y  a v a i l a b l e  a t  times 
of emergency. 

An ope ra t i ons  and maintenance manual should be prepared which w i l l  inc lude  
r e p a i r  manuals, shop drawings, wi r ing  diagrams,  plumbing diagrams, pe r iod i c  
( a s  monthly) i n spec t i on  s h e e t s ,  d i r e c t i o n s  f o r  ope ra t i on  and " t roubleshoot ing ."  



The manual should c o n t a i n  methods f o r  t e s t i n g  ope ra t i on  of pumps, c o n t r o l s ,  
and s a f e t y  swi tches .  

Accurate  ope ra t i on  and c o s t  r eco rds  a r e  necessary  f o r  adequate  superv is ion  
and economical ope ra t i on  of a pumping p l a n t .  P r even t ive  maintenance, proven 
l e a s t  expensive i n  cons t ruc t i on  and i n d u s t r y ,  r e q u i r e s  adequate  r eco rds  and 
maintenance schedules .  
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APPENDIX A 

Determining Pumping P l a n t  Capac i ty  Based on Hydrologic and Economic Fac tors  

Example 

A watershed p r o j e c t  i s  proposed f o r  t h e  Upper Maple River i n  G r a t i o t ,  C l in ton ,  
and Shiawassee Counties ,  Michigan t o  provide f lood  p ro t ec t i on  and improved 
dra inage  necessary  f o r  t h e  product ion  of navy bean and sugar  bee t  c rops .  
Engineering s tud ies*  show (a)  t h a t  water  r e t a r d i n g  s t r u c t u r e s  w i l l  provide 
on ly  a minor p a r t  of t he  needed f lood  p r o t e c t i o n ,  (b) t h a t  ex t ens ive  d ik ing  
and channel improvements a r e  necessary ,  and (c )  t h a t  s e v e r a l  low l ay ing  a r e a s  
behind d ikes  must be pumped a t  h igh  r i v e r  s t a g e s  i n  o rde r  t o  avoid ex t ens ive  
(economically i n f e a s i b l e )  channel  enlargement and deepening downstream. One 
of t h e  pumped a r e a s  would be loca ted  w i t h i n  Hamilton and Elba Townships i n  
G r a t i o t  County. (See f i g u r e  7A-1.) The d ikes  (extending along t h e  e a s t  bank 
of Bear Creek from a reach west of t he  town of  Ashley t o  a gated o u t l e t  i n t o  
t h e  Maple River  and thence a long  the  no r th  bank of Maple River  t o  a reach  west  
of t he  town of ~ a n n i s t e r )  would enc lose  24 square  mi les  of land t h a t  a t  h igh  
flows i n  Maple River would be dra ined  by pumps. The pumps a r e  t o  be l oca t ed  
near  t h e  j unc t i on  of Bear Creek and Maple River .  The pumping r a t e  i s  t o  be 
determined w i t h i n  an  accep t ab l e  c o s t - b e n e f i t  r a t i o  on t h e  b a s i s  of a n  eva lu-  
a t i o n  of va r ious  pumping r a t e s  and t h e i r  e f f e c t  upon the  f looding  and dra inage  
impairment of t he  a r e a  .** 
R a i n f a l l  de te rmina t ion  

S o i l  cond i t i ons  and land use  under p r o j e c t  o b j e c t i v e s  a r e  es t imated .  Amounts 
of r a i n f a l l  f o r  var ious  f requenc ies  of occurrence ranging from 3 hours  t o  
10 days '  d u r a t i o n  a r e  ob ta ined  from U.S. Weather Bureau Pub l i ca t i ons  TP 40 (4) 
and TP 49 (5) .  Values a r e  p l o t t e d  a s  shown i n  f i g u r e  7A-2. 

Runoff de te rmina t ion  

The amounts of runoff f o r  va r ious  du ra t i ons  and f requenc ies  of occurrence a r e  
determined a s  shown i n  t a b l e  7A-1. These va lues  a r e  obtained from f i g u r e  7A-2, 
s o i l  cover  complex number 77 s e l e c t e d  from t a b l e  9 .1  NEH Sec t i on  4 - Hydrology, 
and Standard Drawing ES 1001 ( f i g u r e  10.1 NEH s e c t i o n  4 - Hydrology) 

Watershed hydrograph bases (Chapter 16 - NEH Sec t i on  4 - Hydrology) a r e  d e t e r -  
mined u s ing  a computed time of concen t r a t i on  (T ) of 7.23 hours .  The time of 

C 
hydrograph peak (Tp) i s  based on equa t ion  

T P = g + 0 . 6 T c  

where D i s  the  s torm du ra t i on  and t h e  time of hydrograph base  (T ) is  de t e r -  
mined from the  equat ion 

b 

* SCS Watershed Work P lan  I n v e s t i g a t i o n s  by Huson A .  Amsterberg and 
Russel  H. Bauerle ,  Hydraul ic  Engineers ,  and John L .  Okay, A g r i c u l t u r a l  Economist. 

*ye Pumping f o r  A g r i c u l t u r a l  Areas by  Guy B .  Fasken, SCS, Lincoln,  Nebraska, 
and Pumping Requirements f o r  Levied A g r i c u l t u r a l  Areas by H .  W .  Adarns ( 6 ) .  
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Figure  7A-1, Pumping p l a n t  l o c a t i o n  



Table 7A-1 ,  R a i n f a l l  - runoff  du ra t ion  - frequency 

R a i n f a l l  l-Year Frequency 2-Year Frequency 5-Year Frequency 10-Year Frequency 25-Year Frequency 
Durat ion Inches Inches Inches Inches Inches 

Days R a i n f a l l  Runoff R a i n f a l l  Runoff R a i n f a l l  Runoff R a i n f a l l  Runoff R a i n f a l l  Runoff 



DURAT I ON, DAYS 

Figure  7A-2,  Rainfal l  duration-frequency 



The computed hydrograph base va lues  a r e  s h m n  i n  t a b l e  7A-2. 

Table 7A-2,  Hydrograph base time length  

Durat ion,  Hydrograph Base Time 
Days Tb , Days 

Mass runoff  curves a r e  prepared a s  shown i n  f i g u r e  7A-3 by p l o t t i n g  accumulated 
runoff  f o r  t h e  var ious  dura t ions  and f requencies  a g a i n s t  time of t h e  hydrograph 
bases . 
Runoff, pumping r a t e ,  s t o r w e  r e l a t i o n s h i p s  

By p l o t t i n g  pumping r a t e s  a g a i n s t  time of t he  hydrograph base a s  shown i n  
f i g u r e  7A-3 ,  t h e  maximum s to rage  f o r  each pumping r a t e  and frequency can be 
determined by measurement of t h e  maximum increment between t h e  pumping r a t e  
l i n e  and the  mass runoff  curve. This  i s  done by drawing a l i n e  r ep re sen t ing  
t h e  pumping r a t e  tangent  t o  t he  mass runoff  l i n e .  Where t h i s  l i n e  i n t e r c e p t s  
t h e  runoff  on the v e r t i c a l  a x i s ,  t he  maximum requi red  s to rage  f o r  the given 
frequency and pumping r a t e  i s  ind i ca t ed .  These s to rage  va lues  a r e  shown i n  
t a b l e  7A-3  and a r e  p l o t t e d  a g a i n s t  percent  chance of occurrence f o r  each 
pumping r a t e  a s  shown i n  f i g u r e  7A-4. 

Table 7A-3,  Required maximum s t o r a g e ,  inches  

Pumping Rate Frequency 
Inches / ~ a y  l-Year 2 -Year 5 -Year 10-Year 25 -Pear 

The a r e a  under each curve, determined by planimeter  measurement, g ives  t he  
average annual  s to rage  requirement f o r  each pumping r a t e  a s  shown i n  
t a b l e  7A-4 and from which t h e  curve shown i n  f i g u r e  7A-5 i s  developed. ' 



HYDROGRAPH BASE,  T b ,  DAYS 

Figure  7A-3,  Mass runo f f ,  frequency, du ra t i on ,  and pumping 
r a t e  r e l a t i o n s h i p s  





Table 7A-4, Average annual s t o r a g e  f o r  va r ious  pumping r a t e s  

Pumping Rate Area Under Value Average Annual 
Inches /Day Curve, Sq.In.  P e r  Un i t  S torage ,  Inches 

S tage-s torage  r e l a t i o n s h i p s  

A topographic survey  of t he  a r e a  i s  made from which a  topographic map i s  
prepared f o r  determining t he  s t age - s to r age  r e l a t i o n s h i p s .  Two-foot contour  
i n t e r v a l s  ( p r e f e r ab ly  1 - foo t )  a r e  e s t a b l i s h e d  from which mapped su r f ace  a r e a s  
a t  t h e  s e v e r a l  e l e v a t i o n s  a r e  measured by p lan imeter .  S tage ,  a r e a ,  s t o r age  
r e l a t i o n s h i p s  a r e  then  determined a s  t a b u l a t e d  i n  t a b l e  7A-5. 

Table  7A-5, S tage ,  a r e a ,  s t o r a g e  r e l a t i o n s h i p s  

T o t a l  Cumulative Cumulative 
Elev .  S tage  Area Cu l t i va t ed  S torage  S torage  S torage  

MSL Fee t  Acres Area - Acres Acre Fee t  Acre Fee t  Inches 

S tage ,  damage a r e a ,  b e n e f i t  a r e a  r e l a t i o n s h i p s  

Informat ion  i n  t a b l e  7A-5 i s  used t o  e s t a b l i s h  r e l a t i o n s h i p s  between s t a g e  
and t he  a r e a s  of f l ood ing  and a r ea s  of impaired dra inage .  

Area flooded i s  t h e  t o t a l  su r f ace  a r e a  a t  each e l e v a t i o n .  Impaired dra inage  
i s  determined on t h e  b a s i s  of normal depth of t i l e  below t h e  s u r f a c e  (3  f e e t  
i n  Michigan) p lus  an  added foo t  t o  a l l ow  f o r  t he  t i l e  s l o p e  toward t he  o u t l e t .  
Drainage impairmement i s  considered as occur r ing  when the  r e s u l t i n g  e l e v a t i o n  
of t i l e  i s  submerged. When the pump s t o r a g e  a r e a  i s  f looded t o  a  s p e c i f i e d  
e l e v a l i o n ,  t h e  a r e a  a t  a n  e l e v a t i o n  of 4 f e e t  above the  s p e c i f i e d  e l e v a t i o n ,  
l e s s  t h e  f lood  a r e a  a t  t h e  s p e c i f i e d  e l e v a t i o n ,  then  becomes t he  a r e a  of 
d r a inage  impairment. Table 7A-6 g ives  t h e s e  va lues .  Re la t ionsh ips  of e l eva -  
t i o n  t o  s t o r a g e ,  c u l t i v a t e d  and f looded ,  and a r e a  of impaired dra inage  can 
then be determined a s  shown i n  f i g u r e  7A-6. 



AVERAGE STORAGE USED ANNUALLY, l NCHES 

Figure 7A-5, Average annual storage at various pumping rates 



Table 7A-6, Rela t ionsh ips  - s t a g e  t o  impaired dra inage  a r e a  

T o t a l  Impaired 
E l eva t i on  Sur face  Flooded A£ f ec t ed  Drainage 

MS L Acres Acres Acres Acres 

Pumping r a t e ,  s t o r a g e ,  and damage a r e a  r e l a t i o n s h i p s  

From t h e  e s t a b l i s h e d  r e l a t i o n s h i p s  of pumping r a t e s ,  annual  s t o r a g e ,  s t o r a g e  
e l e v a t i o n s ,  and r e l a t e d  a r e a  f looded,  t h e  a r e a  of b e n e f i t  i s  determined. 
These r e l a t i o n s h i p s  and t h e i r  sources a r e  shown i n  t a b l e  7A-7. 

Table  7A-7, Re l a t i onsh ips -  s t a g e ,  s t o r age ,  pumping r a t e ,  and a f f e c t e d  ac r e s  

Average Average Average Annual 
Annua 1 Related Sump Annua 1 Area Benefi ted 

S torage  Used E leva t i on  Area Flooded by 
Pumping Rate Inches MSL Acres Reduced Flooding 

Inches / ~ a ~  F i g .  7A-4 Fig.  7A-5 F ig .  7A-5 Acres 

Value of damages and b e n e f i t s  

Flood damages occur through reduc t ion  i n  y i e l d s ,  increased  product ion c o s t s ,  
and r educ t i on  i n  c rop  q u a l i t y .  From an  economic s tudy  (based on a  complex 
economic model eva lua t i ng  such f a c t o r s  no t  explained h e r e i n ) ,  an  average 
annual  f lood  damage of $22 .57  per  c u l t i v a t e d  a c r e  has been determined.  This  
va lue  a l s o  r ep re sen t s  t h e  b e n e f i t s  a cc ru ing  t o  each a c r e  f o r  which f looding  



Figure 7A-6 ,  Relat ionships of stage, storage,  and affected areas 



i s  prevented.  Applying t h i s  va lue  t o  the-  ac re s  bene f i t ed ,  t h e  average annual 
f lood  damage reduct ion  f o r  each pumping r a t e  i s  determined a s  shown i n  
t a b l e  7A-8. 

Table 7A-8, Rela t ionships  - pumping r a t e  t o  b e n e f i t s  

Pumping Rate Area Benefi ted Bene f i t s  Annua 1 Bene f i t s  
Inches /Day Annually-Acres Dollars/Acres Dol la rs  

The e f f e c t  of impaired dra inage  i s  eva lua ted .  P l o t t e d  mass curves and pumping 
r a t e s  of f i g u r e  7A-3 a r e  used t o  determine the  s to rage  requi red  each day f o r  
var ious  f requencies  and pumping r a t e s .  Table 7A-9 shows t h e  da t a  f o r  no 
pumping and f o r  a pumping r a t e  of one-half inch per  day. Other pumping r a t e s  
a r e  eva lua ted  (not  shown h e r e i n ) ,  F igure  7A-6 i s  used t o  convert  s t o rage  t o  
a c r e s  of impaired dra inage .  Information f o r  du ra t ion  of impaired drainage a t  
a  pumping r a t e  of one-half inch per  day i s  shown i n  f i g u r e  7A-7. 

From a c rop  budgetary model (not explained he re in ) ,  t h e  average annual damage 
from impaired dra inage  caused by reduced y i e l d s ,  increased  product ion c o s t ,  
and reduced crop q u a l i t y  i s  determined t o  be $14.85 pe r  c u l t i v a t e d  a c r e .  This  
a l s o  r ep re sen t s  t h e  n e t  b e n e f i t  obtained by dra inage ,  a l lowing  f o r  t he  on-farm 
c o s t  of dra inage  improvement. 

It i s  assumed t h a t  dra inage  impairment f o r  3 days o r  l e s s  causes no measurable 
crop damage, t h a t  impairment during the  growing season f o r  21 days or  more 
causes damage equal  t o  t h a t  on land wi thout  i n s t a l l e d  d ra in s ,  and t h a t  a  l i n e a r  
r e l a t i o n s h i p  e x i s t s  between damage va lue  and du ra t ion  of impairment. Thus 
average damage pe r  day of du ra t ion  can be taken  t o  be $0.825. 

From p l o t t i n g s  of a c r e s  of impaired dra inage  and days d u r a t i o n  f o r  the var ious  
f requencies  and pumping r a t e s ,  t he  a c r e  days of impaired dra inage  exceeding 
3 days du ra t ion  a r e  measured. Since damage of impaired dra inage  i s  f o r  more 
than 3 and l e s s  than 21 days,  t he  a c r e  days f o r  no pumping a r e  18 times t he  
a c r e s  e f f e c t e d .  This  information i s  shown i n  t a b l e  7A-10. Damage f o r  var ious  
pumping r a t e s  and f requencies  i s  then determined on t h e  b a s i s  of $0.825 per  
a c r e  day. T o t a l  damages a r e  determined by p l o t t i n g  damages a g a i n s t  percent  
chance of occurrence and measuring the  a r e a  under t he  curve a s  shown i n  
f i g u r e s  7A-8 and 7A-9 f o r  no pumping and f o r  pumping one-half  inch a  day, 
r e spec t ive ly .  Other r a t e s  a r e  measured next  and then  t abu la t ed  a s  shown i n  
t a b l e  78-11, This  t a b l e  shows f lood and impaired dra inage  damages and cor-  
responding weighted b e n e f i t s  by seasonal  s torm d i s t r i b u t i o n .  Tota l  average 
annual  b e n e f i t s  a r e  p l o t t e d  a s  shown i n  f i g u r e  7A-10. 



Table 7A-9, Rela t ionsh ips  - impaired dra inage  and s t o r a g e  f o r  va r ious  f requenc ies  and pumping r a t e s  

Time 
A£ t e r  1-Year Frequency 2-Year. Frequency 5-Year Frequency 10-Year Frequency 25-Year Frequency 
Runoff S torage  Impaired 

Pumping Begins Required Drainage 
Rate Days Inches Acres Inches Acres Inches Acres Inches Acres Inches Acres 

N o  
Pumping Maximum 1.41 1,990 1 - 7 1  2,025 2.45 2,070 3.13 2,110 3.74 2,120 

0 .5  
I n .  /Day 1 0 - 0 - 0.24 2,210 0.50 2,020 0.72 1,900 



I M P A I R E O  D R A I N A G E ,  ACRES x 100  

A 

a 
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Table 7A-10, Damages f o r  various pumping r a t e s  and frequencies of occurrence 

Frequency Area 
Pumping o f Under Impaired Damages Total  

Rate Occurrence Curve Value per Drainage $0.825 Damage 
1 n c h / ~ a ~  Year Sq .In. Unit Acre-Day Per Acre-Day Dollars 



PER CENT CHANCE OF OCCURRENCE 

F i g u r e  7A-8,  Impaired d r a i n a g e  damages w i t h  no pumping 
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Figure 7A-9, Value of damage by impaired drainage at 1/2 inch 
per day pumping rate 
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Table 7A-11, Average annual  damages and b e n e f i t s  f o r  va r ious  pumping'rates  

Area Flooded Area With Impaired Drainap.e 
Average Average Damages Weighted 

Pumping Annua 1 Annual @. 22.57 Bene f i t s  Average Average Average 
Rate Area Area Per  Cul t  P e r  Cu l t  Annua 1 Annual Annual 

~ n c h e  s / Flooded Benefi ted A A Damages Benef i t s  Bene f i t s  

Day C u l t  A Cul t  A Do l l a r s  Do l l a r s  Do l l a r s  Do l l a r s  Do l l a r s  

1/ Weighted by 63.9 percent  of excess ive  storms which occur dur ing  t h e  growing season ( A p r i l  through - 
November). 

2 /  Not eva lua ted  because pumping r a t e s  l e s s  than 0.3 inch  per  day a r e  u s u a l l y  considered inadequa.te. - 



PUMPING RATE, INCHES PER DAY 

Figure  7 A - 1 0 ,  Cost -benef i t  r e l a t i o n s h i p  a t  var ious  pumping rates 



Opera t ing  c o s t s  

To bpt imize  b e n e f i t s  a  r e l a t i o n s h i p  i s  needed between pumping r a t e s  and t o t a l  
c o s t s .  Costs  f a l l  i n t o  two c a t e g o r i e s .  The f i r s t  inc ludes  c o s t  of t he  pump- 
i ng  p l a n t  i n s t a l l a t i o n ,  inc lud ing  t he  sump and housing,  t h e  pumps, power u n i t s ,  
land r i g h t s ,  engineer ing ,  and i n s t a l l a t i o n .  The second inc ludes  t he  cos t  of 
power, ope ra t i on ,  maintenance, and equipment replacement .  

S ince  g r a v i t y  o u t l e t  w i l l  be obtained a t  low r i v e r  f lows,  percent  of t o t a l  
runoff  pumped is  determined a s  fol lows:  The main channel  d i s cha rge  a t  which 
pumping must begin i s  computed i n  cubic  f e e t  pe r  second and cubic  f e e t  per  
second pe r  square  m i l e .  S ince  d i scharge  records  f o r  Maple River  watershed 
were no t  a v a i l a b l e ,  t h e  cubic f e e t  per  second p e r  square  mi le  r a t e  i s  appl ied  
a s  a  base determined from the  Red Cedar River a t  Eas t  Lansing, which i s  a  
nearby gaged watershed of s i m i l a r  s i z e  and c h a r a c t e r i s t i c s .  Dates  when the  
d i s cha rge  exceeded t h e  es t imated  base flow a r e  t abu l a t ed  f o r  9 years  of r eco rd .  
Deer Creek, a  smal l  gaged watershed w i t h i n  t h e  Red River  watershed ,  d r a in ing  
an  a r e a  of 16.3 square  mi l e s ,  i s  used t o  determine t he  volume of runoff  oc- 
c u r r i n g  when the  Red Cedar was above base flow. The percent  runoff  above t h e  
base ,  a s  compared t o  t o t a l  r uno f f ,  i s  then  app l i ed  t o  the  Maple River runoff  
t o  determine t he  volume of runoff  t h a t  must be pumped. These d a t a  a l s o  pro- 
v i d e  a  seasona l  d i s t r i b u t i o n  f o r  pumping by months, used i n  determining 
ope ra t i ng  c o s t s .  

I n s t a l l a t i o n  c o s t s  and equipment replacement c o s t s  a r e  amort ized and added t o  
annual  ope ra t i ng  c o s t s  t o  ob t a in  a  t o t a l  average annual  c o s t .  These d a t a  a r e  
l i s t e d  i n  t a b l e  7A-12 and p l o t t e d  i n  f i g u r e  7A-10. 

Table  7A-12, Cos t -benef i t s  a t  va r ious  pumping r a t e s  

T o t a l  T o t a l  T o t a l  
Average Annual Average Annual Average Annual 

Pumping Rate Damages I/ Bene f i t s  Pump Costs  
Inches / ~ a ~  Do l l a r s  Do l l a r s  Do l l a r s  

1/ Flood damages p lu s  weighted dra inage  damages from t a b l e  7A-11. - 
2/ Not eva lua ted  because pumping r a t e s  l e s s  than 0 . 3  i n c h  pe r  day a r e  - 

u s u a l l y  considered inadequate  

Pumping r a t e  a t  optimum c o s t - b e n e f i t  r a t i o  

Opt imiza t ion  c r i t e r i a  a r e  based on an equimarginal  p r i n c i p l e  i n  which addi -  
t i o n a l  u n i t s  of i npu t  a r e  added u n t i l  c o s t  of t h e  l a s t  u n i t  of input  equa ls  
t h e  va lue  of t h e  u n i t  s o  produced. Thus optimum pumping r a t e  occurs  when a n  
incremental  i nc r ea se  i n  t he  pumping r a t e  j u s t  equa ls  t h e  added b e n e f i t s  der ived  
by removing water  a t  t h e  h igher  r a t e ,  o r  t he  s l o p e  of t h e  c o s t  curve equals  



t he  s lope  of t h e  b e n e f i t  curve.  As shown i n  f i g u r e  7A-10 and t a b l e  7A-13, 
moving from the  0.3-inch t o  t he  0.4-inch r a t e ,  b e n e f i t s  i nc rease  $6,611 
whereas c o s t s  increase  only  $2,536. I n  moving from the  0.4-inch t o  t h e  
0.5-inch r a t e ,  b e n e f i t s  i nc rease  $2,413 whereas c o s t s  i nc rease  $1,113. 
However, i n  moving from the  0.5-inch t o  t h e  0.6-inch r a t e ,  b e n e f i t s  i nc rease  
only $349 whereas c o s t s  i nc rease  $5,036. Then somewhere between the  0.5-inch 
and 0.6-inch r a t e  i s  t he  app rop r i a t e  pumping r a t e  t o  use .  Considering t h e  
accuracy of topographic coverage and the  c o s t  spread between increments, the  
0.5-inch i s  s e l e c t e d .  

Table 7A-13 ,  Rela t ionships  - c o s t - b e n e f i t  a t  var ious  pumping r a t e s  

Pumping Rate Change i n  Bene f i t s  Change i n  Costs  





APPENDIX B 

Design of Farm Drainage Pumping P l a n t  

Example 

A pumping p l a n t  i s  requi red  t o  remove runoff  from 236 a c r e s  of low land on a 
440-acre farm near  Bayou John, Louisiana i n  o rde r  t o  grow sugarcane.  Drainage 
of h igher  land  on t h e  farm has been d ive r t ed  from t h e  low a rea  t o  an adequate 
g r a v i t y  o u t l e t .  The low land i s  p ro t ec t ed  from t i d a l  overflow by a border  
d ike  cons t ruc ted  from m a t e r i a l s  excavated from adjo in ing  d i t ches  w i t h i n  t h e  
pro tec ted  a r e a .  The land lacks  s u f f i c i e n t  e l e v a t i o n  f o r  adequate g r a v i t y  
dra tnage  i n t o  the  t i d a l  o u t l e t .  Surveys show ground e l eva t ion  i n  low a r e a s  
a t  -1.0 mean s e a  l e v e l  and nea r  the  proposed pump s i t e  a t  -1.5 m s l .  E leva t ion  
i n  bottom of d i t c h  a t  t h e  pump s i t e  i s  -5.5 msl.  Average yea r ly  high t i d e  i s  
E l .  2.0 msl and a 10-year frequency high wa te r  i s  E l .  3.0 m s l .  S o i l s  a r e  
poorly dra ined  Sharkey c l a y  loam which permit  l i t t l e  seepage i n t o  t h e  a r e a  
and provide no apprec iab le  ground water  s t o r a g e  o r  f i e l d  d i t c h  s to rage  f o r  
runoff  i n  t h e  requi red  su r f ace  dra inage  system. Some s to rage  i s  a v a i l a b l e  i n  
t h e  borrow d i t ches  along the  d i k e s .  A gaso l ine  engine w i l l  be used t o  supply 
power t o  t h e  pump t o  be housed over  a  concre te  sump. Pump d ischarge  w i l l  be 
piped over  the  d ike .  

Pump p l a n t  l oca t ion  

The pumping p l an t  w i l l  be loca ted  w i t h i n  s e v e r a l  hundred f e e t  of Poin t  A as 
shown i n  genera l  layout  f i g u r e  7B-1 and between the d i k e  and borrow d i t c h .  

Pump p l a n t  capac i ty  

The pump capac i ty  w i l l  be t h e  requi red  runoff  removal r a t e  f o r  t he  236 a c r e s  
a t  3 inches i n  24 hours a s  determined from t h e  l o c a l  dra inage  guide,  l e s s  
t h e  s to rage  a v a i l a b l e  i n  t h e  borrow d i t c h e s  which i s  equal  t o  0.43 inch ,  o r  
a  n e t  r a t e  of 2 .57 inches i n  24 hours .  

Pump capac i ty  = 236 x 43 ,560  x 2.57 x 7.48 
1 2  24 60 

( i n .  /ft) (h r s .  /day) (min. / h r  .) 

= 11,436 GPM 

Pump type and s i z e  

Stage i n  t h e  sump w i l l  f l u c t u a t e  between -5.5 f e e t  and -1.5 f e e t  w i t h  an 
average s t a g e  of -3.5 f e e t .  Minimum s t a t i c  head w i l l  be 4 . 5  f e e t  ( -1.5 '  rnsl 
t o  +3.0'  rnsl). Maximum s t a t i c  head w i l l  occur when t h e  sump i s  empty, equal  
t o  8 .5  f e e t  (-5.5'msl t o  +3.0' rnsl), and i s  expected t o  be of s h o r t  du ra t ion .  
(See f i g u r e  7B-2.) Pump s e l e c t i o n ,  t h e r e f o r e ,  may be based on average s t a t i c  
head, bu t  t h e  power supply on maximum s t a t i c  head t o  avoid poss ib l e  engine 
overload when pumping a t  t he  maximum head. 

Based on l i t t l e  seepage, moderate capac i ty ,  and low r i s k  damage i n  case  of 
temporary pump f a i l u r e ,  on ly  one pump w i l l  be used.  Based on low pumping 
head and moderate capac i ty  ( a l s o  s e e  s e l e c t i o n  c h a r t  f i g u r e  7-4) and 



Bayou John / 

HG El. at A - -1.5 7 

Figure  7B-1, Pump drainage s i t e  layout 



Automatic Siphon V a i v e  

30" steel p i p e  

El, 3 . 0 '  10 year 

Normal Ground 

Reinforced  

T r a s h  s c r e e n  and i n l e t  e x t e i ~ d e d  
below normal  d i t c h  bottom and 
d i t c h  deepened g r a d u a l l y  toward 
sump to increase storage and 
improve flow 

Drawing n o t  t o  scale 

;':Adjusted t o  s p a c e  needed 
f o r  t h e  power u n i t  

F i g u r e  7B-2,  Cross s e c t i o n  o f  pumping p l a n t  l a y o u t  



manufac turer ' s  pump recommendations ( f i g u r e s  7B-3 and 7B-4), a  p r o p e l l e r  pump 
w i l l  be used.  A 10 f e e t  pe r  second d ischarge  v e l o c i t y  i s  used a s  i n  t he  range 
of e f f i c i e n t  pump performance f o r  a capac i ty  of 11,436 GPM (equal  t o  25.5 c f s ) .  

The requi red  pump c ros s  s e c t i o n  a r e a  A = = 255 = 2.55 square f e e t  v 10 

112 112 
The requi red  pump diameter  = 

3.1416 

- 1.8 f t .  = 21.6 i n .  o r  say 22 in .  
( a l s o  s e e  t a b l e  7-4) 

A 24-inch diameter  pump w i l l  be used as n e a r e s t  manufactured s i z e  r e a d i l y  
a v a i l a b l e .  

Engine size 

A gaso l ine  engine w i th  d r i v e  through gearbox w i l l  be used .  

24-inch pump v e l o c i t y  (V1) a t  design d ischarge  = ' = 15.1_ = 8.12 fp s  
A 3.1416 

L 

Veloc i ty  head (hV ) = V1 = 65.93 = 1.02 ( a l s o  s e e  f i g u r e  7-6) 
2g 64.4 

Discharge pipe i s  t o  be enlarged from 24-inch diameter  (dl) a t  pump 
t o  30-inch diameter  (d2) w i t h i n  d i s t ance  of 2 f e e t .  Loss i n  head (h2) 
from gradual  enlargement may be computed from formula 6-33 and va lues  i n  
t a b l e  6-8 of King and Bra t e r  Handbook of Hydraul ics  ( 9 ) .  

h2 = K (A) = 0.09 n 1.02 = 0.09 f e e t  
2 2 g  

where: 

V1 = v e l o c i t y  i n  smal le r  pipe = 1.02 

2 
d2 30 - 1.25 and K = value  from t a b l e  = 0.09 f o r  - = - - 
dl 24 

ang le  of cone = 140201 (approx.) 

t a n  112 angle  = 0.25 = 0.125--112 ang le  = 7"101 (approx.) 
2.0 

25 5 
Ve loc i ty  a t  d i scharge  (V2) = - = 5.2 fps where c ros s  s e c t i o n  a r ea  4.9 

of 30-inch s t e e l  p ipe  = 4.9 square f e e t  

L 

Veloci ty  head (hV ) = Y1 = - 27 '0  - - 0.42 foo t  
2  2g 64.4 



No # d/ a hdes 

d r e s s e r  coup/,nq 

ond "C"  ore requfred e/ /er m /c  f 

Rack W O /  

Figure 7 B - 3 ,  Layout of p r i n c i p a l  dimensions - v e r t i c a l  
axial f l aw pumps 



* ' ' ~ ' ' = d / s f o n c e  f r o m  pump ver f / ' co /  cenfer //ne f o  s/de wo// .  

" r ? K " = d ~ ' ~ ~ a n c e  b e t w e e n  t he  v e / f / c o /  cenfer //he$ UP t p u m p s  
wj+' 7uf s e p o r u f ~ n ~  wa//. 



Friction loss in 44 feet of 30-inch steel pipe over the dike using 
Manning equation, formula 6-26c King and Brater Handbook of Hydraulics 
(9) (also see figure 7-6) equals 

2 
2.87 n 11 V2 2.87 x (0.015)~ x 44 x (5,212 

h = - - 
f d4/3 = 0.23 ft. 

( 2  

where : 

h = head loss in feet 
f 

n = friction factor = 0.015 

L = length of pipe in feet = 44 

V2 = velocity in discharge pipe in fps = 5.2 

d = diameter of pipe in feet = 2.5 

Friction loss in bends (for long radii up to 450) using formula 6-39 and 
figure 6-5 for 90° bends, and 25 percent reduction for 45O bends, from 
King and Brater Handbook of Hydraulics (9), loss in one 45O bend equals 

= 0.063 ft. 

where the value of Kb in figure 6-5 for a bend radius (R) to pipe 

or 5 is equal to 0.2. diameter (d) of 

Total h for 3 bends = 3 x 0.063 = 0.19 ft. 
d 

Total significant losses plus velocity head at discharge 

= 0.09 + 0.23 + 0.19 + 0.42 = 0.93 ft. 

Total head equals static head plus significant head losses plus velocity 
head 

= 8.50 4- 0.93 = 9.43 ft, 

Required power 

Pending final selection of engine and pump, the following efficiencies 
are assumed in order to determine approximate engine size required: 
pump 70X, transmission 95%, and engine 70%. 



Then required horsepower is 

GPM x Total Head 
BHP = 

3,960 x Efficiency 

Use 60 horsepower engine. 

Assuming the design specific speed of the pump in the required range of head 
and capacity of 17,500 (see figures 7-8 and 7-11 and the Hydraulic Institute 
Standards ( I ) ) ,  RPM of the pump at design capacity can be computed from 
equation 7-5 where 

Specific Speed x (Hl3I4 
RPM = 

( G r n )  

Using a standard heavy duty gasoline engine of an operating speed of 1,800 RPM, 
a 2 to 1 reduction gear transmission is required. 

Sump dimensions 

Using Hydraulic Institute recommendations (see figures 7-14 and 7-15) pending 
final design adjustments to meet manufacturer's requirements (see figures 7B-3 
and 7B-4) of the selected pump, the following sump dimensions should be 
provided : 

Bottom of pump bell to top of sump floor 12 inches 
Centerline of pump to backwall of sump 28 inches 
Centerline of pump to sidewall of sump 32 inches 
Sump floor below pump-stop level ( E l .  - 5 . 5 )  96 inches 
Center of trash rack to back wall of sump 165 inches 

Other dimensional requirements in determining final sump size (not covered 
herein) will include space necessary for housing the selected pump, power and 
transmission unit, weight against buoyant uplift, and flow entrance to limit 
velocity and provide capacity. 






