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NATIONAL ENGINEERING HANDBOOK 

SECTION 16 

DRAINAGE OF AGRICULTURAL LAND 

CHAPTER 9.  DRAINAGE OF TIDAL LANDS 

General 

This  chap t e r  d i s cus se s  t he  phenomenon of t i d e s  and t h e i r  e f f e c t  on ag r i cu l -  
t u r a l  l and ,  and i t  sugges ts  remedial  measures t o  p r o t e c t  these  l ands .  It 
p re sen t s  a  procedure f o r  t h e  des ign  of g r a v i t y  opera ted  t i d e  g a t e s ,  g iv ing  
cons ide ra t i on  t o  t i d a l  cyc l e s  and f l u c t u a t i o n s  , a n t i c i p a t e d  i n t e r i o r  d ra inage  
f lows,  and t he  i n t e r i o r  s t o r a g e  a v a i l a b l e .  A more d e t a i l e d  and p r e c i s e  pro- 
cedure f o r  t h e  design of t i d e  ga t e s  i s  given i n  Technical  Release No. 1, 
Engineering Div is ion ,  SCS (1) ; however, t he  s imp le r  procedure o u t l i n e d  i n  
t h i s  handbook i s  considered adequate  f o r  smal l  t o  medium s i z e d  dra inage  
p r o j e c t s  planned f o r  t he  p r o t e c t i o n  of  a g r i c u l t u r a l  lands.  The c h a r t s ,  t a b l e s  
and t he  example presen ted  i n  t h i s  chap t e r  a r e  based on t h e  use of  c i r c u l a r -  
metal  t i d e  ga t e s  a t t a ched  t o  corrugated-metal p i p e ,  as t he se  a r e  commonly 
used s t r u c t u r a l  ma te r i a l s .  Fox p r o t e c t i o n  a g a i n s t  cor ros ion  from s a l t  wa t e r ,  
i t  is  necessary  f o r  t he  corrugated-metal  p ipe  t o  be a sbes to s  bonded and 
a s p h a l t  coated.  Design d a t a  and c r i t e r i a ,  f o r  o t h e r  types of ga t e s  and p ipe ,  
a r e  a v a i l a b l e  i n  handbooks prepared by a  number of  commercial concerns.  I t  
i s  presumed t h a t  pumps, where suggested as supplemental  f a c i l i t i e s  i n  l i e u  of  
a v a i l a b l e  s t o r a g e ,  w i l l  b e  s e l e c t e d  on t he  b a s i s  o f  manufac turer ' s  s p e c i f i c a -  
t i o n s .  

A g r i c u l t u r a l  l ands  i n  c o a s t a l  a r e a s ,  l oca t ed  a long  r i v e r s ,  e s t u a r i e s ,  bays and 
t h e  open s e a ,  a r e  sub j ec t ed  i n  vary ing  degrees t o  overf low and r e s t r i c t e d  
dra inage  caused by t i d a l  waters .  These a r e a s  may range from a few a c r e s  t o  
thousands of  a c r e s .  The e x t e n t  and frequency of  overflow and dra inage  impair- 
ment may vary  wide ly ,  depending on t h e  e l e v a t i o n  and exposure of t he  s i t e s  t o  
open t i d a l  water .  P r o t e c t i o n  from overf low usua l l y  is obta ined  by t he  en- 
c lo su re  of such a r ea s  wi th  d ikes .  Drainage may be ob ta ined  by e s t a b l i s h i n g  a  
system of i n t e r n a l  d r a i n s ,  w i th  wa te r  d i scharged  over  t he  d ikes  by pumps, by 
g r a v i t y  flow through gated s t r u c t u r e s ,  o r  by a  combination of pumps and gated 
s t r u c t u r e s .  

Pumps a r e  necessary  when: (a )  s t o r a g e  f o r  accumulat ing dra inage  wa te r  w i th in  
ponding a r e a s ,  d i t c h e s ,  and t h e  s o i l  p r o f i l e  i s  n o t  a v a i l a b l e ;  (b)  when flow 
through the  ga t e s  is  r e s t r i c t e d  over  long  per iods  by wind t i d e s ,  f lood  flow, 
o r  inadequate  o u t l e t s  i n t o  open t i d a l  wa t e r s ;  o r  (c )  when cons t ruc t i on  and 
maintenance of foreshore  channels  i s  imprac t i ca l .  

A g r av i t y -ou t l e t  d i t c h  w i th  a  ga ted  s t r u c t u r e  through a  p r o t e c t i n g  d ike ,  pro- 
v ides  s u i t a b l e  means f o r  removing dra inage  wa te r s  from most t i d a l  a r ea s .  A 
gated s t r u c t u r e  c o n s i s t s  of a  box o r  p ipe  c u l v e r t  through the  d ike  wi th  a  
ga t e  p laced  a t  t he  t i dewa te r  end of t he  s t r u c t u r e .  These ga t e s  may be c i r -  
c u l a r ,  squa re ,  o r  r ec t angu la r  i n  shape. Usual ly they a r e  made of c a s t  i r o n  
and provided wi th  s i n g l e  o r  double a c t i n g  h inges  a t  t he  top .  Well-made g a t e s ,  
when p rope r ly  i n s t a l l e d ,  a r e  s o  f i n e l y  balanced t h a t  they au tomat ica l ly  open 
t o  ou t f low o r  c lo se  a g a i n s t  backflow a t  s l i g h t  d i f f e r e n c e s  i n  head. Large 
dra inage  a r e a s  may r e q u i r e  s e v e r a l  gated s t r u c t u r e s  o r  a  b a t t e r y  of c u l v e r t s  
and ga t e s  incorpora ted  i n  one s t r u c t u r e .  9-1 



Action of t i d e s  

m e  a c t i o n  of t i d e s  is  a complex phenomenon, some genera l  knowledge of which 
is e s s e n t i a l  t o  t h e  p lanning  and cons t ruc t i on  of any works a f f e c t e d  by them. 
Only a  few e s s e n t i a l  f a c t s  w i l l  b e  d i scussed  h e r e i n .  More d e t a i l e d  informa- 
t i o n  i s  a v a i l a b l e  i n  pub l i ca t i ons  of t h e  United S t a t e s  Coast and Geodetic 
Survey, i nc lud ing  i t s  annual t i d e  t a b l e s  f o r  both c o a s t s  of North and South 
America : and t he  'U. S . Army Engineers Waterways Experiment S t a t i o n .  See 
r e f e r ences  (2) and (3 ) .  

T ida l  terms and d e f i n i t i o n s  

The tide is  the  r e g u l a r  p e r i o d i c  r i s e  and f a l l  of t h e  s u r f a c e  of t h e  oceans. 
Concurrent h o r i z o n t a l  movements of s u r f a c e  waters  as  t h e  r e s u l t  of t ide-pro- 
ducing f o r c e s ,  occu r r i ng  e i t h e r  a s  d r i f t s  i n  t h e  open ocean o r  a s  flow through 
en t r ances  t o  t i d a l  b a s i n s  and i n  t i d a l  s t reams a r e  known a s  t i d a l  cu r r en t s .  
The component of  t h e  t i d e  produced by harmonic a c t i o n  of t ide-producing 
f o r c e s  is  r e f e r r e d  t o  a s  t he  equ i l i b r i um t i d e .  The i r r e g u l a r  f l u c t u a t i o n s  of 
t h e  t i d e  caused by winds and v a r i a t i o n s  i n  baromet r ic  p r e s su re  over  water  sur -  
f a c e s  a r e  r e f e r r e d  t o  a s  t h e  meteorologic  t i d e s .  

The pa th  of a  p o i n t  a t  a  p a r t i c u l a r  s t a t i o n  which t r a c e s  t h e  wa te r  s u r f a c e  
e l e v a t i o n  a g a i n s t  t ime through a  l u n a r  o r  t i d a l  per iod  i s  t h e  t i d a l  curve f o r  
t h a t  s t a t i o n .  The maximum e l e v a t i o n  o r  c r e s t  reached by t he  r i s i n g  limb of 
t h e  t i d a l  cyc le  ( f lood  t i d e )  i s  c a l l e d  t h e  h igh  water .  The maximum depress ion  
o r  t rough reached by t h e  f a l l i n g  limb (ebb t i d e )  is  c a l l e d  t h e  low water .  
The average he igh t  o f  a l l  low waters  a t  a  s t a t i o n  over  a  pe r iod  of  t i m e  is  
the  mean low water .  S i m i l a r l y ,  t h e  average he igh t  of a l l  h igh  water  a t  a  
s t a t i o n  over  a  pe r iod  o f  t ime i s  t h e  mean h igh  water .  The d i f f e r e n c e  i n  h e i g h t  
between h igh  wa te r  and low water  i s  t he  t i d a l  range. The mean t i d a l  range is  
the  average of d i f f e r e n c e s  between a l l  h igh  waters  and a l l  low waters .  The 
extreme range is  t h e  maximum t h a t  ha s  been observed. 

Because of v a r i a t i o n  i n  dens i t y  of ocean wa te r  wi th  changes i n  temperature,  
s a l i n i t y  and ba rome t r i c  p r e s s u r e ,  and because of  d i f f e r e n c e s  i n  wind and r a i n  
from p l ace  t o  p l a c e ,  mean s e a  l e v e l  a t  d i f f e r e n t  t i d a l  s t a t i o n s  may no t  be  on 
t h e  same geode t i c ,  l e v e l  su r f ace .  Mean s e a  l e v e l ,  thus ,  is an a c t u a l  mean of 
s e a  l e v e l s  determined from a long s e r i e s  of t i d a l  obse rva t i ons  taken over  a  
number of s e l e c t e d  po in t s .  The p l a n e  of zero  r e f e r ence  f o r  t i d a l  d a t a  i n  t h e  
United S t a t e s  i s  e s t a b l i s h e d  by t he  Coast and Geodetic Survey from which Local 
p o i n t s  of r e f e r ence ,  c a l l e d  datum, a r e  e s t a b l i s h e d .  For t h e  A t l a n t i c  and 
Gulf c o a s t  t he  datum is  mean low water .  For t h e  P a c i f i c  c o a s t  ( inc lud ing  
Hawaii and Alaska) t h e  datum i s  the  mean of t he  lower of t h e  two d a i l y  low 
waters .  Local  p o i n t s  of r e f e r ence  f o r  s e v e r a l  A t l a n t i c  and Gulf coas t  p o i n t s  
a s  given i n  t i d e  t a b l e s  publ ished by t h e  U .  S.- Coast and Geodet ic  Survey a r e :  
-4.9 a t  Boston, -2.3 a t  New York, -3.1 a t  Ph i l ade lph i a ,  -0.6 a t  Baltimore, 
-1.3 a t  Hampton Roads, -2.7 a t  Char les ton ,  -1.3 a t  Miami, and -0.8 a t  Mobile, 
Alabama and Galveston,  Texas. Local  p o i n t s  of r e f e r ence  f o r  s e v e r a l  P a c i f i c  
c o a s t a l  p o i n t s  a r e :  -6.6 a t  S e a t t l e ,  -3.0 a t  San Franc isco ,  -2.8 a t  Los 
Angeles,  and -2.9 a t  San Dlego. 

When us ing  t i d e  t a b l e s ,  t h e  r e l a t i o n  of  t h e  datum on which t h e  t a b l e s  a r e  
based t o  t h e  datum on which topographic maps and bench marks be ing  used a r e  
based,  should be considered.  For s p e c i f i c  s i t u a t i o n s ,  t i d a l  records  of t h e  
n e a r e s t  Coast and Geodet ic  Survey o r  Corps of  Engineers gaging s t a t i o n  should 
be  consul ted .  



Tides may be d i u r n a l ,  semi-diurnal ,  o r  mixed. Tides w i th  bu t  one h igh  and 
low each l u n a r  day a r e  d i u r n a l .  Diurna l  t i d e s  occur  over  t he  g r e a t e r  p a r t  of 
each month along c o a s t a l  a r e a s  of t h e  Gulf o f  Mexico. Semi-diurnal t i d e s  
have two n e a r l y  equa l  h igh  wa te r s  and two n e a r l y  equa l  low wa te r s  each l u n a r  
day. Such t i d e s  a r e  common t o  most c o a s t a l  wa t e r s  of t he  world and a r e  t h e  
t ype  occu r r i ng  along t h e  A t l a n t i c  and P a c i f i c  coas t s .  Since t he  d i f f e r e n c e s  
between t h e  two h igh  waters  and between t h e  two low wa te r s  on t h e  A t l a n t i c  
coas t  a r e  r e l a t i v e l y  sma l l  ( gene ra l l y  l e s s  t han  one f o o t ) ,  no d i s t i n c t i o n  is  
made between d a i l y  h igh  wa te r s  o r  between d a i l y  low waters .  Mixed t i d e s  a r e  
t hose  which have two q u i t e  unequal h igh  w a t e r s ,  two unequal low wa te r s ,  o r  
bo th  dur ing  t h e  course of a  l u n a r  day. Mixed t i d e s  occur  on bo th  t h e  P a c i f i c  
coas t  o f  t h e  United S t a t e s  and t he  A t l a n t i c  c o a s t  i n  Europe. 

The h ighs  of  h igh  wa te r s  and lows of low wa te r s  a l s o  vary  from day t o  day 
dur ing  t h e  course of a  l u n a r  month and dur ing  t h e  course of a  s o l a r  year .  
The h t g h e s t  h igh  waters  and lowest  low waters  during t he  course of a  l u n a r  
cyc l e  occur  s h o r t l y  a f t e r  f u l l  and new moons and a r e  known a s  sp r ings .  Lowest 
h igh  wa te r s  and h ighes t  low waters  occur  s h o r t l y  a f t e r  t h e  f i r s t  q u a r t e r s  and 
t h i r d  q u a r t e r s  of t he  moon and a r e  known a s  neaps.  Springs and neaps change 
p rog re s s ive ly  from month t o  month, u sua l l y  be ing  h ighes t  nea r  t h e  s p r i n g  and 
autumn equinoxes and lowest  n e a r  t h e  summer and w i n t e r  s o l s t i c e s .  Along t he  
A t l a n t i c  seaboard,  t he  swings produced by such s p r i n g s  and neaps a r e  n o t  
s u f f i c i e n t l y  l a r g e  t o  wa r r an t  t h e i r  s p e c i a l  cons ide ra t i on  i n  determining t he  
normal t i d a l  ranges necessary  i n  des ign  of dra inage  o u t l e t s .  However, when 
extremes occur  concur ren t ly  w i th  s torm t i d e s ,  t h e i r  e f f e c t s  a r e  s i g n i f i c a n t  
i n  cons ider ing  extreme t i d e s  f o r  d ike  he igh t s .  

T i d a l  phenomenon 

Tides a r e  t he  r e s u l t  of a  number of complex f o r c e s  a c t i n g  upon t h e  e a r t h ' s  
mass. The dominant component of t he se  f o r c e s  is  t h e  equ i l i b r i um t i d e ,  which 
develops from t h e  g r a v i t a t i o n a l  a t t r a c t i o n  between e a r t h ,  moon, and sun;  and 
t he  cons t an t  harmonic changes i n  such p u l l s  over  t h e  s u r f a c e s  of  t h e  oceans 
and s e a s  as t h e  r e s u l t  o f  t h e  r o t a t i o n  of  t h e  moon i n  i t s  o r b i t  about t h e  
e a r t h  and t h e  sp inning  e a r t h ' i n  i t s  o r b i t  about  t h e  sun.  The range of t he  
equ i l i b r i um t i d e s  d i f f e r s  from p l ace  t o  p lace .  Along t he  c o a s t l i n e s  o f  t he  
United S t a t e s ,  such v a r i a t i o n s  range from a  f r a c t i o n  of a  foo t  i n  Gulf coas t  
wa t e r s  t o  40 f e e t  i n  t he  Bay of Fundy and Alaska. 

The changing e f f e c t  of l u n a r  and s o l a r  p u l l s  during t he  course of t h e i r  
t r a v e l  cance l  ou t  o r  augment each o t h e r  p rog re s s ive ly  during t h e  months and 
yea r .  This  r e s u l t s  i n  the gradua l  t i d a l  swings which may be a s  much as  2 t o  
10  f e e t  i n  some p a r t  of t he  e a r t h ' s  waters .  Such swings a r e  comparat ively 
sma l l  a long  t i d a l  waters  of t h e  A t l a n t i c  c o a s t .  F igures  9-1 and 9-2 i l l u s -  
t r a t e  some c h a r a c t e r i s t i c  t i d e s .  

Tide curves 

The t h e o r e t i c a l  o s c i l l a t i o n s  of  t i d e s  i n  t h e  open ocean and c o a s t a l  waters  
conform t o  t h e  mathematical cos ine  curve. See Figure 9-3 f o r  t h e o r e t i c a l  
curves f o r  va r ious  ranges of t i d e .  Bays and sounds a f f e c t  such undula t ions  
p r imar i l y  by de lay ing  t h e  times of h igh  and low water  occurrence.  S i ze ,  
shape and alignment of c o a s t a l  i n d e n t a t i o n s  may a l s o  decrease t h e  n e t  t i d a l  
swings. River  e s t u a r i e s  a f f e c t  t h e  t i d e  i n  vary ing  degree,  depending upon 
the  s i z e  of  t h e  r i v e r ,  i t s  hyd rau l i c  g r a d i e n t  and s t a g e  of r i v e r  d i scharge .  
The i r  most c h a r a c t e r i s t i c  e f f e c t  on t he  t i d a l  curve i s  t o  prolong t h e  ebb 
t i d e .  A t  low s t a g e s ,  water  may flow up r i v e r s  i n  conformance t o  t he  open 
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Figure 9-1, Typical ocean ride on open coast l ine  
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Figure. 9-2, Typical estuary t ides  
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Figure 9-3,  Theoretical t i d e  curves 



wate r  t i d e  curves.  A s  r i v e r  flow i n c r e a s e s ,  t i d e  swings become l e s s  and l e s s .  
A t  h igh  f l ood  s t a g e s ,  e f f e c t s  of t i d e s  may be  o b l i t e r a t e d  only a  few mi les  
upstream. S i l t e d  fo r e sho re s  a f f e c t  t he  wa te r  l e v e l  o s c i l l a t i o n s  by l i m i t i n g  
t h e  low e l e v a t i o n s  t o  which water  might f a l l .  The e f f e c t  i s  on t h e  low t i d e ,  
whereas h igh  t i d e s  tend  t o  pour over  d e p o s i t s  and r i s e  t o  about t h e  same 
e l e v a t i o n  a s  i f  no s i l t  depos i t s  were p r e sen t .  

Determination of Local Tide Data 

Tide d a t a  i s  b e s t  determined by d i r e c t  observa t ion  a t  t h e  s i t e .  S t a f f  and 
au tomat ic  gages a r e  used f o r  t h i s  purpose. The s t a f f  gage i s  e s s e n t i a l l y  a  
graduated board ,  s e t  v e r t i c a l l y  a t  t he  edge of  t i d a l  wa t e r  s o  t h a t  he igh t  can 
b e  read  by an observer .  Markings on t h e  s t a f f  a r e  u s u a l l y  graduated i n  f e e t  
and t e n t h s  f o r  e a s e  i n  read ing  a t  a d i s t a n c e .  The automatic  gage may be 
e i t h e r  of t he  f l o a t  o r  bu lb  type t h a t  r eco rds  t h e  e l e v a t i o n s  on a  reduced 
s c a l e  on c lock  d r iven  c h a r t s .  

A s t a f f  gage should  be  i n s t a l l e d  a long  w i th  automatic  gages t o  provide a  means 
of checking and c a l i b r a t i n g  t he  au tomat ic  gages when necessary .  The bulb- 
type  gage u sua l l y  i s  l e s s  accu ra t e  than t h e  f l oa t - t ype  gage; however, t he  
bu lb  gage i s  s u f f i c i e n t l y  accu ra t e  f o r  o b t a i n i n g  dra inage  design d a t a  and is  
q u i t e  d e s i r a b l e  because of t he  ea se  w i th  which i t  can be i n s t a l l e d  and re- 
moved f o r  shor t -per iod  s e tups  a t  i s o l a t e d  s i t e s .  Gages should be re fe renced  
t o  a c c u r a t e  bench marks t h a t  a r e  p r o t e c t e d  a g a i n s t  damage o r  de s t ruc t i on .  
For convenience, gages should be s e t  w i th  t h e i r  z e ros  on e s t a b l i s h e d  l o c a l  
datum. S t a f f  gage read ings  should be recorded over  s e v e r a l  t i d a l  cyc les .  
Where au tomat ic  gages a r e  used, records  should be  ob ta ined  over  a  l u n a r  month 
i f  pos s ib l e .  Readings should be  taken when s l i g h t  o r  no winds occur ,  o r  over  
long pe r iods  s o  t h a t  t he  e f f e c t s  o f  wind can be  eva lua t ed .  

Ons i t e  d a t a  should b e  c o r r e l a t e d  w i th  t h e  n e a r e s t  l o c a l  gages and records,  
which a r e  o f t e n  l o c a l  p o r t  o r  harbor  da t a .  These n o t  on ly  provide  a  means 
of eva lua t i ng  minor l o c a l  e f f e c t s ,  bu t  make i t  p o s s i b l e  t o  p r o j e c t  t o  t h e  
s i t e  t h e  major f l u c t u a t i o n s  caused by wind t i d e s  o r  r i v e r  f l oods  from long- 
time records  of o t h e r  gages. Adequacy o f  l o c a l  records  may vary ,  b u t  good 
sources  a r e  u s u a l l y  a v a i l a b l e  from nearby ope ra t i ng  s t a t i o n s  of t h e  Corps of 
Engineers ,  Coast Guard and Coast and Geodet ic  Survey. Mun ic ipa l i t i e s  and 
ha rbo r  and p o r t  a u t h o r i t i e s  o f t e n  have complete and accu ra t e  records .  In for -  
mation on extreme h igh  water  can o f t e n  be  t r a c e d  t o  l o c a l  even t s  recorded i n  
o l d  newspapers o r  community records  o r  through i n q u i r i e s  of  l o c a l  r e s i d e n t s .  
I f  t he  e l e v a t i o n  of  e i t h e r  o r  both low and h igh  waters  and t i d a l  ranges a r e  
known, and e f f e c t s  o f  l o c a l  d i s t o r t i o n s  t o  t h e  f l ood  o r  ebb t i d e  a r e  i n s i g n i f -  
i c a n t ,  a  reasonably accu ra t e  s i t e  curve can o f t e n  be s e l e c t e d  from the  theo- 
r e t i c a l  curves shown i n  Figure 9-3. Table 9-1 i l l u s t r a t e s  t he  record  f o r  an 
observed semi-diurnal  t i d a l  cyc le  ob ta ined  by an observer  from watch and 
s t a f f -gage  read ings  taken a t  hour ly  i n t e r v a l s .  This  d a t a  p l o t t e d  on F igure  9-4, 
shows t h e  r e s u l t i n g  t i d a l  curve. 

For reasons  which w i l l  be  explained l a t e r  i n  t he  t e x t ,  t h e  t i d e  d a t a  should 
b e  observed f o r  two o r  t h r e e  hours  p a s t  t h e  second h igh  water  s t a g e  of t h e  
f i r s t  cyc l e .  This  enab l e s  p l o t t i n g  t h e  e l e v a t i o n  a t  which t h e  t i d e  g a t e  w i l l  
open i n  t h e  second c y c l e .  



Table 9-1, F i e l d  obse rva t i ons  - t i d e  cyc l e  

Gage Gage 
Time Height Time Height 

(hours & minutes)  ( f e e t )  (hours  & minutes)  ( f e e t )  

AM 6:30 3.3 : PM 3:30 -0.9 
7:25 3 . 7  4:25 0.0 
8:30 3.4 5:32 1.5 
9:34 2 .O 6:30 3 .O 

10 : 28 0.9 7:35 3.7 
11 : 30 -0.4 8:30 3.6 

PM 12 : 28 -1.5 9:25 3.0 
1:30 -1.7 10 : 30 1 .6  

S i t e  I n v e s t i g a t i o n s  and Surveys 

T i d a l  l ands  s u b j e c t  t o  impairment due t o  t h e i r  r e l a t i v e l y  low p o s i t i o n  w i th  
r e s p e c t  t o  t h e  ocean a r e  s u b j e c t  t o  many complicated s i t u a t i o n s .  It i s  n o t  
t h e  i n t e n t  of t h i s  handbook t o  a t tempt  t o  cover a l l  of t h e s e  s i t u a t i o n s ,  b u t  
r a t h e r  t o  cover t h e  common o r  u sua l  s i t u a t i o n .  This  is  where low l y i n g  l ands  
i n  c o a s t a l  a r e a s  a r e  wet  because  d r a inage  from i n t e r i o r  land a r e a s  is  tempo- 
r a r i l y  blocked by h igh  t i d e s  and does no t  have f r e e  o u t l e t  t o  t h e  ocean except  
dur ing  per iods  o f , l o w  t i d e .  During pe r iods  of h igh  t i d e ,  which occur  twice 
d a i l y  i n  most c o a s t a l  a r e a s ,  d ra inage  water  from t h e  i n t e r i o r  land a r e a  i s  
ponded i n  d r a inage  channels  and ad j acen t  low a r e a s ,  inc lud ing  low l y i n g  
c roplands .  This  ponded water  may be f r e s h  wa te r ,  s a l t y  water  o r  a  mix ture  
of t h e  two, depending on t h e  r e l a t i v e  hyd rau l i c  g r ad i en t  between t h e  ocean 
and t h e  ponded dra inage  water .  Usual ly i t  i s  some mixture  of t h e  two. The 
b a s i c  purpose of d ra inage  i n  t h e s e  a r e a s  i s  t o  prevent  s e a  water  from moving 
i n t o  t h e s e  a r e a s  during h igh  t i d e  and t o  provide  f o r  d i s p o s a l  of t h e  accumu- 
l a t e d  f r e s h  water  from i n t e r i o r  d r a inage  dur ing  pe r iods  of low t i d e .  

A system t o  accomplish t h i s  purpose is  one u t i l i z i n g  a  d ike  w i th  automatic .  
t i d e  g a t e  o r  g a t e s  incorpora ted  i n  t h e  d i k e .  The d i k e  is  designed and con- 
s t r u c t e d  t o  prevent  s e a  water  from moving i n t o  t h e  low a r e a s  and t he  t i d e  
g a t e s  a r e  designed and i n s t a l l e d  t o  d i s cha rge  t h e  accumulated d r a inage  water  
f rom t h e  land s i d e  during pe r iods  of low t i d e .  The success  of such a  system 
is dependent on t he  amount of s t o r a g e  a v a i l a b l e  i n  t h e  dra inage  channels ,  
forebay a r e a  and connect ing low a r e a s  on t h e  land s i d e  of t h e  d ike .  This  
s t o r a g e  a r e a  must be  adequate  t o  con t a in  t he  i n t e r i o r  d ra inage  water  accurnu- 
l a t e d  dur ing  per iods  of h igh  t i d e ,  and i t  must be below t h e  e l e v a t i o n  where 
damage t o  a g r i c u l t u r a l  ope ra t i ons  beg ins .  If adequate  s t o r a g e  i s  n o t  ava i l -  
a b l e  t o  meet t h e  above requirements  t h e r e  a r e  u s u a l l y  two a l t e r n a t i v e s .  The 
s t o r a g e  a r e a  can be  increased  by excavat ing a  l a r g e r  dra inage  channel  o r  
forebay  a r e a ,  o r  pumps can b e  i n s t a l l e d  t o  remove a  po r t i on  of t h e  d r a i n  
water  s o  t h a t  t h e  e x i s t i n g  s t o r a g e  a r e a  w i l l  b e  adequate .  

Topographic surveys 

A s  po in ted  o u t  i n  t h e  prev ious  d i s c u s s i o n ,  t h e  u sua l  d ra inage  p l an  f o r  d ra in-  
age  of t i d a l  l ands  involves  a  d i k e ,  t i d e  g a t e  s t r u c t u r e s  and a land s i d e  





s t o r a g e  r e s e r v o i r ,  which is  t h e  forebay a r e a ,  t h e  dra inage  channels  and any 
o t h e r  low a r e a s  connected w i t h  t h e  d r a inage  system. For des ign  purposes i t  
i s  necessary  t o  r e l a t e  t h e  s t a g e  and volume of t h e  s t o r a g e  a r e a  t o  t h e  s t a g e  
of t h e  t i d e  and t o  t h e  e l e v a t i o n  of t h e  d ike  and t i d e  g a t e  o r  g a t e s .  For 
t h i s  reason  i t  is  necessary  t o  have complete topography f o r  t h e  s t o r a g e  a r e a  
and t h e  s i t e  of t he  d ike .  Topographic surveys must be on t he  same datum a s  
t i d a l  obse rva t i ons .  The topographic survey covering t h e  s t o r a g e  a r e a  should 
b e  c a r r i e d  up t o  t he  high-water e l e v a t i o n  a t  h igh  t i d e  o r  t o  some prede te r -  
mined e l e v a t i o n  which i s  t h e  maximum pe rmi s s ib l e  water  l e v e l  f o r  a g r i c u l t u r a l  
ope ra t i ons .  

Subsurface i n v e s t i g a t i o n s  

Dikes used i n  connect ion w i t h  t h e  d r a inage  of t i d a l  l ands  a r e  b a s i c a l l y  no 
d i f f e r e n t  than d ikes  used f o r  o t h e r  purposes. Subsurface exp lo ra t i ons  a r e  
necessary  t o  determine t h e  foundat ion  cond i t i ons  and t o  l o c a t e  s u i t a b l e  f i l l  
m a t e r i a l .  Dikes a r e  c l a s s i f i e d  a s  c l a s s  I ,  11, o r  111, i n  accordance w i th  
t h e  v a l u e  of crops o r  p rope r ty  t o  be  p ro t ec t ed  and t he  hazard t o  l i f e .  Refer 
t o  Table 6-1, Chapter 6 ,  f o r  a  d e t a i l e d  c l a s s i f i c a t i o n  of d ike s .  Dikes used 
i n  connect ion w i th  t he  dra inage  of t i d a l  l ands  u sua l l y  con t a in  t i d e  g a t e s  and 
t i de -ga t e  s t r u c t u r e s .  The d i k e  and t h e  g a t e  s t r u c t u r e s  a r e  b u i l t  a s  i n t e g r a l  
p a r t s  and a r e  in te rdependent .  I f  t h e  d i k e  should f a i l ,  t h e r e  is  a  good 
chance t h a t  t h e  g a t e  s t r u c t u r e  would f a i l  o r  be  washed ou t  a l s o .  For t h i s  
reason ,  d ike s  conta in ing  g a t e  s t r u c t u r e s  a r e  u sua l l y  cons t ruc ted  t o  h igher  
s t anda rds  than  d ikes  wi thout  g a t e s .  

Design Data 

The b a s i c  in format ion  and d a t a  needed t o  de s ign  a  dra inage  system f o r  t i d a l  
l ands  i nc ludes  t he  fol lowing:  

A t i d e  curve s i m i l a r  t o  t h e  one shown a s  F igure  9-4, o r  one recon- 
s t r u c t e d  from t y p i c a l  curves  shown on F igure  9-3. The curve should 
cover one f u l l  cyc l e ,  from h igh  water  t o  h igh  wa te r ,  a s  i nd i ca t ed  on 
F igure  9-4. This  c y c l e  w i l l  b e  r e f e r r e d  t o  a s  t h e  " f i r s t  cycle"  i n  
t h i s  t e x t .  I n  a d d i t i o n ,  t h e  curve should be  continued i n t o  t h e  
"second'cycle"  f o r  a  per iod  of about t h r e e  hours ,  s e e  F igure  9-4. 

A s tage-s torage  curve  f o r  t h e  r e s e r v o i r  a r e a ,  s i m i l a r  t o  t he  one 
shown on F igure  9-5. The v e r t i c a l  s c a l e  f o r  s t a g e  o r  e l e v a t i o n  must 
be  on t h e  same datum a s  t h e  t i d e  curve  and t h e  h o r i z o n t a l  s c a l e  f o r  
s t o r a g e  should b e  i n  a c r e  f e e t .  The r e s e r v o i r  a r e a  i nc ludes  t h e  
forebay ,  d ra inage  channels ,  and any o t h e r  connect ing low a r e a s  t h a t  
would be  a  p a r t  of t h e  s t o r a g e  r e s e r v o i r .  The s t age - s to r age  curve 
should extend t o  high-water e l e v a t i d n  a t  h igh  t i d e ,  o r  t o  a  pre- 
v ious ly  e s t a b l i s h e d  maximum water  s u r f a c e  e l e v a t i o n  i n  t h e  forebay. 

The maximum pe rmi s s ib l e  water  s u r f a c e  e l e v a t i o n  i n  t h e  forebay and 
r e s e r v o i r  a r ea .  This  e l e v a t i o n  is u s u a l l y  f i xed  by t h e  intended 
land use  and agronomic cons ide ra t i on  of t h e  crops t o  be  grown on t h e  
land ad j acen t  t o  t h e  r e s e r v o i r  a r e a .  This  e s t a b l i s h e s  t h e  h ighes t  
l e v e l  f o r  s t o r a g e  of water  i n  t h e  forebay and a l s o  e s t a b l i s h e s  t h e  
des ign  heads through c u l v e r t s  and g a t e s .  A s  a  gene ra l  r u l e  t h i s  
e l e v a t i o n  is  e s t a b l i s h e d  a t  about one f o o t  below t h e  gene ra l  ground 
l e v e l .  It i s  d e s i r a b l e  t o  s e t  t h i s  e l e v a t i o n  a s  h igh  a s  p o s s i b l e  t o  
o b t a i n  maximum s to r age .  



STORAGE ( A C R E  FEET) 
-- -- - - 

Figu re  9-5,  Stage-storage curve 



4. The r a t e  of d ra inage  flow t o  t he  r e s e r v o i r  a r ea .  The design of t he  
o u t l e t  system should be  based on t h e  same dra inage  c o e f f i c i e n t s ,  sur-  
f a c e  and/or  subsur face ,  a s  a r e  a p p l i c a b l e  t o  t h e  ad jo in ing  non-t idal  
l ands .  Such c o e f f i c i e n t s  a r e  p r e sc r ibed  by l o c a l  d ra inage  guides.  
Usual ly t h e  design f o r  s to rm i n t e n s i t i e s  of two yea r  frequency is ad- 
equa te  f o r  hay and p a s t u r e  l and ,  f i v e  y e a r  f o r  r o t a t e d  c rops  and t e n  
t o  twenty y e a r  f o r  i n t e n s i v e  t r uck  crops.  I f  subsur face  d r a i n s  d i s -  
charge i n t o  t he  o u t l e t  system the  des ign  flow should be i nc r ea sed  by 
t he  amount of t h e i r  a c c r e t i o n  t o  t h e  t o t a l  flow. 

Design Procedure and Example 

The fo l lowing  design procedure f o r  a  t ide-ga te  i n s t a l l a t i o n  is  a s i m p l i f i e d  
g r aph i ca l  s o l u t i o n ,  based on t h e  use  of a  t i d e  curve and a  s tage-s torage  curve 
prepared  f o r  t h e  s i t e .  The example is  f o r  a  s i t e  s u b j e c t  t o  semi-diurnal  
t i d e s ;  however, t h e  same genera l  procedure i s  a p p l i c a b l e  t o  d i u r n a l  t i d e s .  I n  
view of  t h e  f a c t  t h a t  t h i s  is a g r aph i ca l  method u s ing  a  t i d e  curve and a  
s tage-s torage  curve prepared f o r  t h e  s i t e ,  t he se  curves should be  prepared  a s  
a c c u r a t e l y  a s  p o s s i b l e  and on a  s c a l e  s u i t a b l e  f o r  i n t e r p o l a t i o n ,  c o n s i s t e n t  
wi th  t h e  accuracy of t he  d a t a  p l o t t e d .  The example given h e r e i n  is  n e c e s s a r i l y  
based on t h e  use of sma l l  s c a l e  c h a r t s  s u i t a b l e  f o r  i n c l u s i o n  i n  t h i s  handbook. 
In a c t u a l  p r a c t i c e  t he se  c h a r t s  should be drawn on a  much l a r g e r  s c a l e  t o  per- 
m i t  more accu ra t e  i n t e r p o l a t i o n .  

The fo l lowing  s t e p  by s t e p  explana t ion  of t h i s  procedure,  wi th  example, is 
based on t h e  assumption t h a t  a t i d e  curve,  F igure  9-4, and a  s tage-s torage  
curve ,  F igure  9-5, have been prepared ;  t h a t  t h e  dra inage  inf low t o  t h e  system 
has  been determined;  and t h a t  t h e  maximum wa te r  s u r f a c e  e l e v a t i o n  f o r  t h e  fore-  
bay and r e s e r v o i r  a r e a  has  been e s t a b l i s h e d .  For t h e  fol lowing example i t  w i l l  
b e  assumed t h a t  t h e  dra inage  inf low r a t e  is  5.0 c f s  and t h a t  t he  maximum per- 
m i s s i b l e  wa te r  s u r f a c e  e l e v a t i o n  f o r  t he  r e s e r v o i r  a r e a  is  e l e v a t i o n  + 2.10 
f e e t .  

Step 1. P l o t  t h e  maximum water  s u r f a c e  e l e v a t i o n  .t 2.10 f e e t  on t h e  ebb t i d e  
limbs f o r  both cyc les  of t h e - t i d e  curve ,  F igure  9-4, and on t he  s tage-s torage  
curve ,  F igure  9-5. These p o i n t s  a r e  noted a s  po in t  E l  on F igures  9-4 and 
9-5, and a r e  t h e  p r e - e s t ab l i shed  e l e v a t i o n  a t  which t he  t i d e  g a t e  w i l l  open. 

Step 2 .  Compute t he  hour ly  volume of  in f low t o  t h e  s t o r a g e  r e s e r v o i r .  I f  t h e  
dra inage  in f low r a t e  t o  t he  r e s e r v o i r  i s  5.0 c f s ,  t h i s  is  equ iva l en t  t o  a  vol- 
ume of 0.41 a c r e  f e e t  p e r  hour .  One cubic  f o o t  p e r  second i s  one a c r e  f o o t  
p e r  12 .1  hours  ; t he r e f  o r e  : 

Volume inf low p e r  hour  = (5.0 c f s )  (1.0 hour)  = 0.41 a c r e  f e e t  hour  
12 .1  

S tep  3 .  Compute t h e  hour ly  volume of  wa te r  i n  s t o r a g e  and t h e  corresponding 
r e s e r v o i r  s t a g e  during t h e  gate-closed per iod .  Note t h a t  po in t  E l  i n  t he  sec-  
ond cyc l e  of t h e  t i d e  curve is  a t  e l e v a t i o n  + 2.10 a t  10:07 p.m. and t he  t i d e  
g a t e  i s  j u s t  ready t o  open a s  t h e  s t a g e  of t h e  t i d e  and t he  r e s e r v o i r  a r e  t he  
same. Re fe r r i ng  t o  po in t  E l  on t h e  s tage-s torage  curve i t  w i l l  be  no ted  t h a t  
t he  s t o r a g e  r e s e r v o i r  con t a in s  4.00 ac r e  f e e t  a t  t h i s  t ime. P r i o r  t o  10:07 p.m. 
t he  t i d e  g a t e  has  been c losed  f o r  s e v e r a l  hours  ahd t he  r e s e r v o i r  has  been 
f i l l i n g  a t  t he  r a t e  of 0 .41 a c r e  f e e t  p e r  hour .  A t  9 :O7 p.m. t h e  r e s e r v o i r  
conta ined  4.00 - 0.41 = 3.59 a c r e  f e e t ;  a t  8:07 p.m. i t  contained 3.59 - 0.41  = 

3.18 a c r e  f e e t  e t c .  The wa te r  s u r f a c e  e l e v a t i o n  o r  s t a g e  of t h e  r e s e r v o i r  f o r  
any given volume of s t o r a g e  can be determined from the  s tage-s torage  curve.  
The fo l lowing  t a b u l a t i o n  g ives  t h e  volume of  wa te r  i n  s t o r a g e  and t h e  cor res -  
ponding s t a g e  a t  hour ly  i n t e r v a l s  during t he  per iod  t h a t  t h e  t i d e  g a t e  was 
c losed  : 



Acre f e e t  S tage  of 
Time i n  s t o r a g e  s t o r a g e  r e s e r v o i r  

S tep  4 .  Using t h e  d a t a  i n  t he  above t a b u l a t i o n ,  p l o t  t h e  time-stage curve f o r  
t h e  pe r iod  5:07 p.m. t o  10:07 p.m. on t h e  t i d e  curve ,  F igure  9-4. Locate 
p o i n t  E2, t h e  p o i n t  where t h e  t i d e  curve and t h e  t ime-stage curve i n t e r s e c t  on 
t he  f l ood  t i d e  limb o f  t he  f i r s t  cyc le .  This  i s  t h e  po in t  where t he  t i d e  
g a t e  w i l l  c l o se  a s  t h e  s t a g e  of t he  t i d e  and t h e  s t o r a g e  r e s e r v o i r  a r e  t he  
same. Note t h a t  ga te -c losure  occurs  a t  5:10 p.m. and t he  gate-closed time is 
4 hours  57 minutes o r  4.95 hours.  The t o t a l  d ra inage  in f low dur ing  t he  gate- 
c losed  time i s  : 

Volume inf low = (5.0 c f s )  (4.95 hours)  = 2.04 a c r e  f e e t  
12 .1  

The s t a g e  a t  po in t  E2 on t h e  t i d e  curve is  + 1 .0  f e e t .  Re fe r r i ng  t o  t h e  s tage-  
s t o r a g e  curve t h e  s t o r a g e  a t  a  s t a g e  of f 1.0  is 2.03 a c r e  f e e t  and t h i s  sub- 
t r a c t e d  from + 4.00, t h e  s t o r a g e  of t h e  f u l l  r e s e r v o i r ,  is  1.97 a c r e  f e e t .  
This  i n d i c a t e s  an e r r o r  of 0.07 ac r e  f e e t  i n  t h e  g r a p h i c a l  s o l u t i o n  which is  
w e l l  w i t h i n  t he  a l lowable  l i m i t  of e r r o r .  

Through t h e  procedure descr ibed  above, r e s e r v o i r  s t o r a g e  and inf low dur ing  
t he  gate-closed p e r i o d  a r e  now i n  ba lance  and t he  time of ga te -c losure  ha s  
been determined a s  5:10 p.m. I n  t h i s  example t he  t ime-stage curve f o r  t h e  
per iod  5:07 t o  10:07 is  v i r t u a l l y  a  s t r a i g h t  l i n e ;  however, i t  may be  a  f l a t  
curve i n  some c a s e s ,  depending on t h e  shape and con f igu ra t i on  of t he  r e s e r v o i r  
a r ea .  

Tide g a t e  capac i t y  and s i z e  

The prev ious  d i s cus s ion  presen ted  a  method t o  determine t h e  t i d e  e l e v a t i o n  a t  
which t he  t i d e  g a t e  should  open and c l o s e  i n  o r d e r  t o  ba lance  t h e  a v a i l a b l e  
forebay and r e s e r v o i r  s t o r a g e  a g a i n s t  t he  dra inage  inf low dur ing  t he  time 
t h a t  t h e  t i d e  g a t e  i s  c losed .  It is d e s i r a b l e  t o  have t h e  ga te -c losure  e leva-  
t i o n  a s  h igh  a s  p o s s i b l e  i n  o rde r  t o  main ta in  a  maximum head on t h e  t i d e  ga t e  
dur ing  t h e  time t h a t  i t  i s  open and flowing. 

The fo l lowing  d i s cus s ion  p re sen t s  a  method f o r  determining t h e  des ign  capac i ty  
and s i z e  of  a  t i d e  g a t e  o r  ga tes .  The example given i s  a  con t inua t i on  of t he  
prev ious  example used. 

S tep  1. Draw a s t r a i g h t  l i n e  between p o i n t s  E2 and E l  i n  t h e  f k r s t  cyc le  of 
t h e  t i d e  curve ,  F igure  9-4. This  is  t h e  approximate water  s u r f a c e  e l e v a t i o n  
i n  t h e  forebay dur ing  t h e  time t h a t  t he  t i d e  g a t e  is  open. The head on t h e  
t i d e  g a t e  (submerged flow) a t  any time i s  t h e  v e r t i c a l  s c a l e d  d i s t a n c e  be- 
tween t he  t i d e  e l e v a t i o n  and t he  l i n e  drawn between El and E2 d iscussed  above. 
For example, t h e  head a c t i n g  on t he  g a t e  a t  1:30 p.m. is  3.25 f e e t .  

Step 2 .  Compute t h e  volume of water  t o  be  discharged through t h e  t i d e  g a t e  
dur ing  t h e  time t h a t  i t  is  open from 9:30 a.m. t o  5:10 p.m. This  is the  t o t a l  
volume of dra inage  i n f low  during one twelve hour  cyc le .  



Gate d i scharge  one cyc l e  = ( inf low r a t e )  ( t ime flow) 
12 .1  

Gate d i scharge  one cyc l e  = (5.0 c f s )  (12 hou r s )  = 5.0 ac r e  f e e t  
12 .1  

Step 3 .  Compute t he  average flow through t h e  t i d e  ga t e  during t h e  time t h a t  
i t  is open. The t i d e  g a t e  i s  open from 9:30 a.m. t o  5:10 p.m., o r  f o r  a  
per iod  of  7 hours  and 40 minutes o r  7 .7  hours .  

Average flow = ( in f low r a t e )  (cyc le  t ime) 
(open-gate time) 

Average flow = (5.0 c f s )  (12 hours)  = 7.8 c f s  
(7 .7  hours )  

S tep  4. Determine t h e  average head on t h e  t i d e  g a t e  dur ing  t he  t ime t h a t  t he  
ga t e  is open. The head a t  any time i s  equa l  t o  t he  v e r t i c a l  s c a l e d  d i s t a n c e  
between t h e  t i d e  curve and t he  s t r a i g h t  l i n e  drawn between El and E 2 ,  a s  
expla ined  i n  s t e p  1. Determine t h e  average head by s c a l i n g  t h e  head at 30 
minute i n t e r v a l s ;  record  t h i s  in format ion  i n  column 2, Table 9-2; and compute 
t h e  average head f o r  t h e  gate-open per iod .  

Average head = 31.51 = 2.10 f e e t  
1 5  

Step 5. Make a  t r i a l  computation f o r  t h e  g a t e  s i z e ,  us ing  t he  average flow of 
7 .8  c f s  computed i n  s t e p  3 ;  and t h e  average head of 2.10 f e e t  computed i n  s t e p  
4. Computing t h e  d i scharge  through a  t i d e  g a t e  a t t a ched  t o  p ipes  of va r ious  
l eng ths  is a r a t h e r  complex problem. To s imp l i fy  t h i s  f o r  t h e  de s igne r ,  c h a r t s  
shown a s  F igures  9-6 and 9-6a have been prepared  from computer s o l u t i o n s .  The 
fami ly  of curves shown on t h e s e  c h a r t s  covers  t he  range of t i d e  ga t e s  from 12 
inch  t o  66 i nch ,  and f o r  each s i z e  ga t e  t h e r e  a r e  fou r  p ipe  l eng ths  of 100,  
80,  60 ,  40 and 20 f e e t .  This  coverage is  thought  t o  be adequate f o r  most 
s i t u a t i o n s .  The head i n  f e e t  is  shown on t h e  v e r t i c a l  s c a l e  and t h e  d i scharge  
i n  c f s  i s  shown on t he  h o r i z o n t a l  s c a l e .  Note t h a t  t he  two c h a r t s ,  F igures  
9-6 and 9-6a, a r e  a c t u a l l y  t h e  same cha r t  w i th  a l t e r n a t e  ga t e  s i z e s  shown on 
each t o  s e p a r a t e  t he  curves and avoid t h e  c l u t t e r  and confusion of  c l o s e l y  
spaced curves .  Using t he se  c h a r t s  and assuming a  p ipe  l eng th  of 80 f e e t  f o r  
t h i s  example, f i n d  t he  i n t e r s e c t i o n  of  t h e  average head 2.10 f e e t  and t h e  
average d i s cha rge  of 7.8 f e e t  on Figure 9-6. This  po in t  f a l l s  between t he  
1'8" x 80'  and t h e  18" x 100' curves.  The 18" x 80' ga t e  and p ipe  assembly 
has  a  d i s cha rge  capac i ty  of 8.0 c f s  which is a l i t t l e  more than  t h e  average 
of 7.8 c f s  and i n d i c a t e s  t h a t  t he  1 8  inch  g a t e  may be adequate. The above 
approximation,  us ing  average head and average d i s cha rge  is only approximate 
and i t  is now necessary  t o  r e f i n e  these  computations t o  determine i f  t he  18 
inch  g a t e  is  adequate. 

S tep  6.  Compute t he  average heads f o r  each 30 minute increment of t ime t h a t  
t he  t i d e  ga t e  is  open, record  t he se  average heads i n  column 3,  Table 9-2. 
Using F igure  9-6, determine t he  average d i scharge  f o r  each average head shown 
i n  column 3, and record t he se  i n  column 4 ,  Table 9-2. Compute t h e  volume of 
d i s cha rge ,  i n  acre f e e t ,  f o r  each 30 minute increment of time and record t h i s  
i n  column 5 ,  Table 9-2. To t a l  column 5 ,  t o  determine t he  t o t a l  d i scharge  of 
t h e  t i d e  g a t e  during one t i d e  cyc le .  This  is  equa l  t o  4.82 a c r e  f e e t  which 
i n d i c a t e s  t h a t  t he  18" x 80' g a t e  and p ipe  s t r u c t u r e  i s  adequate a s  t he  t o t a l  
d ra inage  in f low,  determined i n  s t e p  2 ,  was 5.0 a c r e  f e e t .  The d i f f e r e n c e  be- 
tween 4.82 and 5.00 i s  Less than f o u r  pe rcen t  which i s  w i th in  t h e  a l lowable  
e r r o r  f o r  t h i s  determinat ion.  I n  t he  event  t h a t  t he  d i scharge  of t he  18  inch 



Table 9-2, Tide g a t e  d a t a  s h e e t  

Time 

Gate open 9: 3Oa 

10 : 00a 

10 : 30a 

1l:OOa 

11 :30a 

12:OOn 

12  : 3Op 

1 :OOp 

1 : 3Op 

2:OOp 

2  : 3Op 

3 : OOp 

3  : 3Op 

4:OOp 

4 : 3Op 

5 :oop 

Gate c l o s e  5 : lop 

To ta l s  

Yeasured 
Head 

( f e e t )  

Average 
He ad 

min. i n t .  
( f e e t )  

(4)  

Average 11  
Discharge 
18" X 80' 

( c f s )  

Volume 21 
Discharge 
18" X 80' 

: ac re  f e e t )  

1/ Average d i s cha rge  f o r  18" t i d e  ga t e  a t t a ched  t o  80 '  p ipe .  - 
21 Volume of  d i scharge  f o r  18" t i d e  g a t e  a t t a ched  t o  80'  p ipe .  - 
3 /  Adjusted f o r  10  minute time i n t e r v a l .  - 
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t i d e  g a t e  was c o n s i d e r a b l y  less t h a n  t h e  d r a i n a g e  
n e x t  l a r g e r  s i z e  g a t e ,  a  21  i n c h  g a t e  would b e  se 
e s s a r y  t o  r e p e a t  s t e p  6 ,  t o  compute t h e  d i s c h a r g e  

i n f l o w  f o r  t h e  c y c l e ,  t h e  
e c t e d  and i t  would b e  nec- 
o f  t h i s  g a t e .  

of r e l a t i v e  s t a g e  e l e v a t i o n s ,  
ded t o  h e l p  t h e  r e a d e r  t o  

F i g u r e s  9-7, 9-7a, and 9-7b, showing t h e  sequence 
o f  ocean and f o r e b a y ,  v e r s u s  t i m e ,  have been i n c l  u  
v i s u a l i z e  t h e  o p e r a t i o n  o f  a t i d e  g a t e  i n s t a l l a t i o n .  These have been prepared  
t o  i l l u s t r a t e  t h e  p r e v i o u s  problem,  assuming an  1 8  i n c h  t i d e  g a t e  i n s t a l l a t i o n  
and u s i n g  t h e  d a t a  t a b u l a t e d  i n  Tab le  9-2. 

Supplemental Pumping 

The p r e v i o u s  example f o r  t h e  d e s i g n  of  a  t i d e  g a t e  i n s t a l l a t i o n  was based  on 
a  s i t u a t i o n  where t h e r e  was more t h a n  adequa te  r e s e r v o i r  a r e a  t o  s t o r e  t h e  
accumulated d r a i n a g e  i n f l o w  d u r i n g  t h e  p e r i o d  t h a t  t h e  t i d e  g a t e  was c losed .  
I n  a c t u a l  p r a c t i c e  t h i s  is  n o t  always t h e  c a s e ,  a s  t h e r e  may n o t  b e  adequate  
s t o r a g e  a r e a  i n  t h e  fo rebay  and n a t u r a l  o r  a r t i f i c i a l  channe ls  on t h e  l a n d  
s i d e  o f  t h e  d i k e  and t i d e  ga te .  Where t h e  s t o r a g e  i s  n o t  adequa te ,  t h e r e  a r e  
two a l t e r n a t i v e s  open t o  t h e  d e s i g n e r .  The s t o r a g e  a r e a  can b e  i n c r e a s e d  by 
e x c a v a t i n g  a  l a r g e r  fo rebay  and channe l  a r e a  o r  pumps can be i n s t a l l e d  t o  
remove a  p a r t  of t h e  d ra inage  i n f l o w  t o  b a l a n c e  t h e  a v a i l a b l e  s t o r a g e  t o  t h e  
d ra inage  i n f l o w  f o r  t h e  t i m e  t h a t  t h e  t i d e  g a t e  was c l o s e d .  I n  t h e  p r e v i o u s  
example t h e  s t o r a g e  r e s e r v o i r  w a s  lowered t o  e l e v a t i o n  + 1 . 0  f e e t  which was 
a l l  t h a t  was n e c e s s a r y  t o  p r o v i d e  t h e  r e q u i r e d  1 . 9 7  a c r e  f e e t  o f  s t o r a g e  
needed w h i l e  t h e  t i d e  g a t e  was c losed .  T h i s  was o n l y  about  one h a l f  o f  t h e  
t o t a l  s t o r a g e  a r e a  a v a i l a b l e  i n  t h i s  r e s e r v o i r .  

A s  a g e n e r a l  r u l e ,  i t  i s  u s u a l l y  n o t  p r a c t i c a l  t o  a t t e m p t  t o  lower  t h e  w a t e r  
s u r f a c e  i n  t h e  fo rebay  and r e s e r v o i r  lower  t h a n  e l e v a t i o n  - 1 . 0  f e e t  because 
o f  t h e  c o n s t r u c t i o n  problems invo lved  w i t h  s l o u g h i n g  and i n  de-watering t h e  
s i t e ;  however, t h i s  w i l l  depend on i n d i v i d u a l  s i t e  c o n d i t i o n s .  R e f e r r i n g  
t o  t h e  p r e v i o u s  example, i f  t h e  r e s e r v o i r  had been lowered t o  e l e v a t i o n  - 1 . 0  
f e e t  i t  would have been p o s s i b l e  t o  s t o r e  3.67 a c r e  f e e t  r a t h e r  than  1.97 a c r e  
f e e t  and t h e  ga te -c losed  t i m e  would have been 6 h o u r s  and 42 minutes  r a t h e r  
than  4 h o u r s  and 57 minutes .  Th is  would be t h e  maximum u t i l i z a t i o n  of t h i s  
s t o r a g e  r e s e r v o i r ,  assuming t h a t  i t  could b e  lowered t o  e l e v a t i o n  - 1.0 f e e t ,  
and would p r o v i d e  f o r  a  d r a i n a g e  i n f l o w  r a t e  o f  about  6.6 c f s .  I f  t h e  d ra in -  
age i n f l o w  was g r e a t e r  than  6.6 c f s  i t  would b e  n e c e s s a r y  t o  r e s o r t  t o  supple-  
mental  pumping t o  remove a  p o r t i o n  o f  t h e  d r a i n a g e  i n f l o w  dur ing  t h e  t ime 
t h a t  t h e  t i d e  g a t e  was c l o s e d .  

The above d i s c u s s i o n  s u g g e s t s  a r a p i d  method t o  e s t i m a t e  t h e  c a p a b i l i t y  o f  a  
given r e s e r v o i r  o r  s t o r a g e  a r e a  f o r  a  known d r a i n a g e  in f low r a t e .  The proce- 
dure  is  a s  f o l l o w s :  

S tep  1. Based on a  c o n s i d e r a t i o n  of  s i t e  c o n d i t i o n s  and t h e  i n t e n d e d  u s e  o f  
t h e  l a n d  b e i n g  p r o t e c t e d ,  e s t a b l i s h  t h e  maximum and minimum s t a g e s  f o r  t h e  
r e s e r v o i r .  These s t a g e s  w i l l  e s t a b l i s h  t h e  gate-open and ga te -c losure  t imes  
on t h e  t i d e  curve and t h e  ga te -c losed  t ime can b e  computed. 

S tep  2 .  The a v a i l a b l e  s t o r a g e  between maximum and minimum r e s e r v o i r  s t a g e  
can b e  determined by p l o t t i n g  t h e s e  s t a g e s  on t h e  s t a g e - s t o r a g e  curve  and 
de te rmin ing  t h e  s t o r a g e  between t h e s e  p o i n t s .  

S t e p  3. Having determined t h e  gate-open t i m e  and t h e  a v a i l a b l e  r e s e r v o i r  
s t o r a g e  and knowing t h e  i n f l o w  r a t e ,  t h e  r e q u i r e d  s t o r a g e  can b e  computed and 
compared t o  t h e  a v a i l a b l e  s t o r a g e .  I f  t h e  r e q u i r e d  s t o r a g e  is e q u a l  t o  o r  
l e s s  t h a n  t h e  a v a i l a b l e ,  t h e  r e s e r v o i r  is  adequa te  and pumping w i l l  n o t  be 
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Figu re  9-7,  Sketches of dike and gate structure showing the s t a g e & ~ - ~ ~  versus time 



Figure  9-7a, Sketches of d ike  and g a t e  s t r u c t u r e  showing t h e  s t a g e  sequence versus  t i m e  
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Figure 9-7b- Sketches of dike and gate s t r u c t u r e  showing t h e  s t a g e  sequence versus  t i m e  



requi red .  I f  t he  r equ i r ed  s t o r a g e  i s  g r e a t e r  than t he  a v a i l a b l e  s t o r a g e  t he  
r e s e r v o i r  might be en la rged  o r  a  p a r t  of t h e  dra inage  inf low might be pumped. 

This  s imple de te rmina t ion ,  t o  e s t a b l i s h  whether  o r  n o t  pumping w i l l  be  re- 
qu i r ed ,  may determine t h e  f e a s i b i l i t y  of t h e  p r o j e c t  wi thout  proceeding 
f u r t h e r  t o  c a l c u l a t e  t h e  t i d e  ga t e  capac i t y  and s i z e .  

Pumping requirement 

I n  t h e  previous example i t  was determined t h a t  t h e  s t o r a g e  r e s e r v o i r  had a 
u sab l e  capac i ty  of 3.67 a c r e  f e e t  w i th  drawdown t o  e l e v a t i o n  - 1 .0  f e e t .  It 
was a l s o  determined t h a t  t he  c a p a b i l i t y  of t h e  r e s e r v o i r  was l i m i t e d  t o  a  
dra inage  inf low r a t e  of about 6.6 c f s  wi thout  supplemental pumping o r  enlarge-  
ment of  t h e  r e s e r v o i r .  I n  t h e  fol lowing example i t  w i l l  be assumed t h a t  t he  
in f low r a t e  is  9.0 c f s ;  t h a t  t he  r e s e r v o i r  can be drawn down t o  e l e v a t i o n  
- 1 . 0  f e e t ,  noted a s  p o i n t  E 3  on Figure 9-4, and t h a t  a l l  o t h e r  cond i t i ons  
w i l l  remain t he  same a s  i n  t h e  prev ious  example. 

Step 1. Determine t h e  gate-closed time. The gate-closed time i s  the  time 
d i f f e r e n c e  between p o i n t  E3 and p o i n t  El on t h e  ebb t i d e  limb of t he  second 
cyc l e  of  t h e  t i d e  curve. The ga t e  w i l l  c l o s e  a t  3:25 p.m. and open a t  
10:07 p.m. ; t h e r e f o r e ,  t he  gate-closed time i s  6 hours  and 42 minutes o r  6.70 
hours .  

S tep  2. Determine t h e  volume of accumulated dra inage  inf low t h a t  c o l l e c t s  
dur ing  t h e  gate-closed per iod .  

Inf low volume = (9.0 c f s )  (6.7 hours )  = 4.98 ac r e  f e e t  
12 .1  

S tep  3. Determine t h e  s t o r a g e  a v a i l a b l e  above e l e v a t i o n  - 1.0 f e e t .  P l o t  
p o i n t  E3 on t he  s tage-s torage  curve,  F igure  9-5, and determine t h e  volume 
of s t o r a g e  between p o i n t s  E l  and E3. This  i s  equa l  t o  3.67 a c r e  f e e t .  

S tep  4. Determine t h e  r equ i r ed  pumping r a t e .  I f  t he  requi red  s t o r a g e  i s  
4.98 a c r e  f e e t  and t h e  a v a i l a b l e  s t o r a g e  is  3.67 a c r e  f e e t  t h i s  l e aves  a  
d e f i c i t  o f  1 . 3 1  ac r e  f e e t  which must be pumped dur ing  t he  ga t e  c lo sed  per iod .  

Pumping r a t e  - c f s  = (12.1) (1.31) = 2.37 c f s  o r  1064 gpm 
6.70 

A pump t h a t  w i l l  handle 1000 gpm would probably be  adequate. 

Lowering t h e  r e s e r v o i r  t o  e l e v a t i o n  - 1.0  f e e t  w i l l  m a t e r i a l l y  reduce t he  
head on t h e  t i d e  ga t e  during t h e  time t h a t  i t  is open and w i l l  a l s o  sho r t en  
t h e  time t h a t  t he  t i d e  g a t e  is  open. Re fe r r i ng  t o  t he  t i d e  curve Figure 9-4, 
t h e  s t r a i g h t  l i n e  drawn between p o i n t s  El i n  t h e  f i r s t  cyc le  and E3 w i l l  be 
t h e  approximate water  s u r f a c e  e l e v a t i o n  during t he  gate-open per iod  and i t  
w i l l  b e  necessary t o  recompute t h e  capac i t y  and s i z e  of t i d e  g a t e  required.  
From i n s p e c t i o n  i t  is obvious t h a t  t h i s  s i t u a t i o n  w i l l  r equ i r e  a  much l a r g e r  
t i d e  g a t e  than  t he  one i n  t h e  f i r s t  example. 

S tep  1. Compute t h e  volume of  wa te r  t o  be discharged through t h e  t i d e  g a t e  
dur ing  t h e  time t h a t  i t  i s  open, from 9:30 a.m. t o  3:25 p.m. which is 5.92 
hours .  This  i s  t h e  t o t a l  volume of dra inage  in f low during one twelve hour  
cyc l e  l e s s  t he  volume of  wa te r  pumped dur ing  t h e  gate-closed per iod .  This  is  
equa l  t o  9.00 - 1 .31  = 7.69 ac r e  f e e t .  



Step 2. Compute t h e  average flow through the  t i d e  g a t e  dur ing  t h e  time t h a t  
i t  is  open. 

Average flow = (7.69 c f s )  (12 hours)  = 15.59 c f s  
5.92 hours  

S tep  3. Determine t h e  average head on t h e  t i d e  ga t e  dur ing  t h e  time t n a t  t he  
g a t e  i s  open, and r eco rd  t h i s  information i n  column 2, Table 9-3. 

Average head = 13.90 = 1.16 f e e t  
12  

Step 4. Make a  t r i a l  computation f o r  t h e  g a t e  s i z e ,  u s ing  t h e  average flow of 
15.59 c f s  a s  computed i n  s t e p  2 ;  and t he  average  head of 1.16 a s  computed i n  
s t e p  3 .  Refer r ing  t o  t h e  c h a r t ,  Figure 9-6 i t  w i l l  be no ted  t h a t  t he  24" x 
80' g a t e  and p ipe  assembly has a  capac i ty  of about 12.0 c f s  and t he  nex t  
l a r g e r  s i z e ,  a 30" x 80' has  a  capac i t y  of about 20.0 c f s ;  t h e r e f o r e ,  i t  is 
assumed t h a t  30" g a t e  assembly w i l l  be requi red .  This  t r i a l  computation i s  
only approximate a s  t h e  average head and t h e  average d i scharge  were used. I t  
i s  necessary  t o  r e f i n e  t h e s e  computations t o  determine i f  t h i s  g a t e  and 
assembly w i l l  d i scharge  t h e  requi red  7.69 a c r e  f e e t .  

Step 5. Compute t h e  average heads f o r  each 30 minute increment o r  t ime t h a t  
t he  t i d e  g a t e  is  open, record  t he se  average heads i n  column 3 ,  Table 9-3 and 
complete t h e  t a b l e .  The t o t a l  d i scharge  is  9.59 a c r e  f e e t  which is  i n  excess  
of t h e  requirement .  

I n  t h i s  example i t  was assumed t h a t  t he  1000 gpm pump would o p e r a t e  only 
dur ing  t h e  gate-closed pe r iod ,  t o  reduce t h e  demand on t h e  a v a i l a b l e  s t o r age  
r e s e r v o i r .  This  i s  t h e  usua l  system employed f o r  most t i d a l  d ra inage  pro- 
j e c t s .  I f  t h e  pump was s e t  t o  ope ra t e  on a  continuous b a s i s  i t  w i l l  f u r t h e r  
reduce t h e  volume of wa te r  t h a t  must pass  through t h e  t i d e  g a t e ,  thereby 
pe rmi t t i ng  u se  of a  t i d e  ga t e  wi th  l e s s  capac i t y .  This  would reduce t he  c o s t  
of t h e  t i d e  g a t e  i n s t a l l a t i o n  and would i n c r e a s e  t he  c o s t  o f  pumping. This  
i s  seldom done a s  t h e  c o s t  of continuous pumping, over  a  long  pe r iod  of t ime,  
is u s u a l l y  much more than  t h e  increased  i n i t i a l  c o s t  f o r  a  l a r g e r  t i d e  ga t e  
i n s  t a l l a t i o n .  

Construct ion and I n s t a l l a t i o n  

Porebay channel s e c t i o n  

The forebay channel  s e c t i o n  must have adequate  capac i t y  t o  d e l i v e r  t he  design 
dra inage  d ischarge  t o  t h e  forebay and t i d e  ga t e  and i t  must a l s o  have capac i t y  
t o  pass  t he  peak d ischarge  of t he  t i d e  ga t e .  The peak d ischarge  may be 
s e v e r a l  t imes t he  dra inage  inf low.  I n  case  of t he  previous example, s e e  
column 5 ,  Table 9-2, t h e  peak d ischarge  was about 10.0 c f s  a t  1 :00  p.m., o r  
twice  t h e  dra inage  inf low.  

Discharge bay channel  s e c t i o n  

The d ischarge  s e c t i o n  of  t h e  o u t l e t  bay should be  designed wi th  ample capac i ty  
t o  d i scharge  t h e  peak flow t o  deep open water  without  causing backwater 
a g a i n s t  t h e  t i d e  ga t e .  Usually low foreshore  banks have adequate  overflow 
a r e a  t o  accommodate such d ischarge ,  however, they should be checked t o  i n s u r e  
t h a t  they do. 



Table 9-3, Tide ga t e  d a t a  s h e e t  

Time 

Gate open 9:30a 

10 : 00a 

10 : 30a 

1l:OOa 

11 : 30a 

12 :00n 

12 : 30p 

1 : oop 

1 : 3Op 

2 :OOp 

2:30p 

3 : OOp 

Gate c l o s e  3:25p 

To ta l s  

Measured 
Head 

( f e e t )  

Average 
Head 

30 min. i n t .  
( f e e t )  

Average 
Discharge 

3Ot'X8O ' 
( c f s )  

Volume 
Discharge 

30 "X8O ' 
( a c r e  f e e t )  

Tide g a t e s ,  p ipe s  and o u t l e t  s t r u c t u r e s  

A s  a  r u l e  t i d e  g a t e  s t r u c t u r e s  must be i n s t a l l e d  i n  wet ,  swampy a r e a s  and 
t i d a l  f l a t s  where cons t ruc t i on  i s  d i f f i c u l t  a t  b e s t .  The s t r u c t u r e  is  u s u a l l y  
p laced  a t  a minus e l e v a t i o n  s o  t h a t  t h e  ga t e  func t i ons  as a  submerged o r i f i c e ,  
a t  a l l  t imes.  S t r u c t u r a l  s i t e s  and approach channels  a r e  u s u a l l y  excavated 
by d r a g l i n e ,  which a l s o  s e r v e s  a s  a  c rane  f o r  h o i s t i n g  ga t e s ,  p i p e s  and o t h e r  
s t r u c t u r a l  members i n  p l ace .  During cons t ruc t i on  t h e  s i t e  i s  i s o l a t e d  from 
s u r f a c e  wa te r s  by e n c i r c l i n g  t he  s i t e  w i th  s p o i l  banks t h a t  a c t  a s  temporary 
d ikes  and i t  .may be necessary  t o  dewater t he  excavat ion by pumping. Under 
very  d i f f i c u l t  condi t ions  i t  may be necessary  t o  sho re  t he  excava t ion  wi th  
s h e e t  p i l i n g ,  and e n c i r c l e  i t  w i th  a  b a t t e r y  of dewatering w e l l s  connected t o  
a  manifold and pump. 



An o u t l e t  s t r u c t u r e  is  usua l l y  necessary t o  p r o t e c t  t he  g a t e  and connect ing 
p ipe  from scour  and f l o a t i n g  deb r i s .  T rea t ed  t imber  s t r u c t u r e s ,  a s  i l l u s t r a -  
t e d  i n  t h e  s t anda rd  de s ign ,  Figure 9-8, have proven very  p r a c t i c a l  and econom- 
i c a l  t o  i n s t a l l .  This  type  s t r u c t u r e  can be  p r e f a b r i c a t e d  i n  whole o r  i n  p a r t ,  
depending upon the  s i z e ,  and s e t  i n t o  p l ace  by d rag l i ne  f o r  a t tachment  t o  
p r e s e t  p i l e s  t h a t  have been dr iven  o r  j e t t e d  i n t o  t he  foundat ion.  Cast i n  
p l ace  concre te  o r  masonry i s  n o t  u sua l l y  s a t i s f a c t o r y  f o r  t h i s  k ind  of s i t e  
un l e s s  t h e  excava t ion  can be kept  f r e e  from s a l t  water  long  enough f o r  t he  
cement t o  s e t .  

Corrugated meta l  p ipe s  a r e  commonly used i n  t i d e  ga t e  s t r u c t u r e s  and must be  
a sbes to s  bonded t o  r e s i s t  s a l t  water  cor ros ion .  The p ipes  should be  10 gauge 
o r  t h i c k e r  t o  i n s u r e  long l i f e  under t he se  s eve re  s a l i n e  condi t ions .  Exper- 
i ence  has  shown t h a t  t h i n  gauge noncoated p ipes  have a  very s h o r t  l i f e  i n  
b r ack i sh  water .  

The p ipe  conduit  and g a t e ,  un less  of very sma l l  s i z e ,  should be  i n s t a l l e d  a s  
s e p a r a t e  u n i t s .  Usua l ly ,  a  s h o r t  o r  s t u b  s e c t i o n  of condui t  is f a b r i c a t e d  
t o  t h e  g a t e  and j o ined  t o  t he  p ipe  a f t e r  both a r e  placed.  Camber should be  
provided i n  t h e  excavated t rench  bed t o  a l low f o r  conso l ida t i on  and unequal 
load ing  by t h e  superimposed dike.  Conduit and ga t e  must be s e t  t r u e  t o  Line 
and grade i f  t he  s t r u c t u r e  i s  t o  ope ra t e  a s  designed. P r e f a b r i c a t e d  c a s t  
i r o n  f l a p  g a t e s ,  u s u a l l y  c a l l e d  t i d e  g a t e s  when used f o r  t i d a l  i n s t a l l a t i o n s ,  
have bronze bushings and a r e  coated wi th  wa te r - r e s i s t an t  r u s t  p r even t a t i ve  
compound a t  t h e  f a c t o r y  and have a  long l i f e  even under b r ack i sh  water .  
Figure 9-9, shows a  t y p i c a l  f l a p  ga t e  s u i t a b l e  f o r  t i d a l  d ra inage .  This  type 
f l a p  ga t e  i s  a l s o  a v a i l a b l e  wi th  s t a i n l e s s  s t e e l  hardware as a f u r t h e r  pre- 
c au t i on  a g a i n s t  s a l t  wa t e r  cor ros ion .  

I n  t hose  cases  where t i d e  ga t e s  must have a  l a r g e  capac i t y  t o  d i scharge  t h e  
dra inage  flow dur ing  t h e  low t i d e  pe r iod ,  i t  i s  u s u a l l y  d e s i r a b l e  t o  i n s t a l l  
a b a t t e r y  of  smal l  g a t e s  r a t h e r  than one o r  two Large ga t e s .  As a genera l  
r u l e  t i d e  ga t e s  a r e  p laced  so  t h a t  t he  top  of  t he  ga t e  i s  a t  about e l e v a t i o n  
- 1 .0  f e e t ,  t o  provide  f o r  submergence a t  a l l  t imes and t o  provide  f o r  f u l l  
u t i l i z a t i o n  of  t he  a v a i l a b l e  . s t o r age  r e s e r v o i r .  These cond i t i ons  d i c t a t e  
t h a t  t h e  p ipe  and g a t e  be placed e n t i r e l y  below zero  e l e v a t i o n ,  which i n  t u r n  
imposes d i f f i c u l t  cons t ruc t i on  condi t ions .  From t h i s  i t  i s  obvious smal l  
d iameter  ga t e s  and p i p e  can be i n s t a l l e d  much more e a s i l y  than l a r g e  diameter 
s t r u c t u r e s .  For example; f i v e  24" ga t e s  i n  a b a t t e r y  w i l l  have about t he  
same d ischarge  a s  one 48" g a t e  and reduce t h e  depth of t rench  excavat ion by 
two f e e t .  This  two f o o t  reduc t ion  i n  t r ench  depth may m a t e r i a l l y  s imp l i fy  
cons t ruc t i on  and more than pay f o r  t he  a d d i t i o n a l  cos t  of m u l t i p l e  ga t e s .  

Supplemental pump i n s t a l l a t i o n s  

Pumps and pumping i n s t a l l a t i o n s  a r e  covered i n  Chapter 7 ,  Drainage Pumping, 
of t h i s  handbook. Pump i n s t a l l a t i o n s  f o r  pumping dra inage  wa te r ,  i n  
connect ion w i th  t i d a l  d ra inage ,  a r e  u s u a l l y  low head, h igh  capac i ty  type 
i n s t a l l a t i o n s .  I n  most p a r t s  df t he  count ry ,  excluding Alaska and c o a s t a l  
a r e a s  of  t h e  n o r t h e a s t ,  t he  t i d a l  range seldom exceeds e i g h t  f e e t ,  except  
dur ing  pe r iods  of s eve re  s torms.  The average pumping l i f t  i s  u sua l l y  sma l l ,  
i n  t he  range of zero  t o  fou r  f e e t  and pumps s e l e c t e d  f o r  t h i s  condi t ion  should 
have a  h igh  e f f i c i e n c y  a t  low head ope ra t i on .  P r o p e l l e r  and mixed flow type 
pumps a r e  b e s t  s u i t e d  f o r  t h i s  s i t u a t i o n .  See Chapter 7 ,  f o r  a  d e t a i l e d  d i s -  
cuss ion  of  pumps and s t r u c t u r e s  f o r  pumping i n s t a l l a t i o n s .  



AN ALTERNATE / \  

I 

SLOPE BERM AWAY 
BANK ELEV.- FROM DIKE FOR 

DRAINPGE -. I 

DIAMETER 

, . 

METHOD OF 
CONNECTION IS TO 
ELWINATE ANGLE 

NOTES 
HOLES MATCH PUNCHED IN SHOP TO PERMIT F I E L O  BOLTING 

GALVANIZED BOLTS TO BE FURNISHED WITH OIAPHRAGM 
LAP BETWEEN TWO SECTIONS TO RECEIVE EXTRA BITUMINOUS 
COATING AT TIME OF ASSEMBLY. 
DIAPHRAGM TO BE FULLY BITUMINOUS COATED 

k CORRUGATED METAL PIPE 1 

PROFILE ALONG CENTERLINE OF PIPE 
@BACK BOARDS 

GENERAL NOTES 

I BACK BOARDS TO BE NAILED TO MEMBER @) AND NAILED 
TOGETHER WITH NAILS AT 6" 0 C 

2 SIDE BOARDS TO BE NAILED TO MEMBERS @ AND @ 
3 FLOOR BOARDS SHALL BE NAILED TO MEMBER @ 
4 NAILS SHALL BE PAINTED OR COATED 

5 ALL NAILS AND BOLTS WILL BE GALVANIZED 

6 MINIMUM LENGTH OF P I L E S  SHALL BE 2 TIMES THE 
LENGTH OF MEMBER @ 

7 TIP END OF P I L E S  SHALL BE A MINIMUM OF 6" DIA. 
8 PILES SHALL BE DRIVEN OR J E T T E D  IN PLACE 

9 PILES AND TIMBER SHALL BE CREOSOTE TREATED 

10 L : LENGTH OF FLOOR 
I I ASBESTOS BONDED BlTUMlNOUS COATED CORRUGATED 

METAL PlPE SHALL BE USED 

12 WATER TIGHT COUPLING BANDS SHALL BE USED AT 
A L L  P l P E  JOINTS 

13 TIMBER QUANTITIES BASED ON DRESSED SIZES 

14 FLAP GATE SHALL BE ARMCO MODEL 10-C OR APPROVED 
EQUAL. WtTH BRONZE BUSHINGS. BOLTS AND HINGE 
BARS 

TYPICAL - F L A P  GATE 

- CORRUGATED BAND7 

ANTI-SEEP COLLARS 

NOT TO SCALE 

Figure 9-8, Drainage flap gate installation 



I 
Figure 9-9 ,  Typical low-head t i d e  gate 



A s  prev ious ly  mentioned, pumps used i n  t i d a l  drainage s i t u a t i o n s  a r e  u sua l ly  
opera ted  only during t h e  gate-closed pe r iod ,  t o  reduce t h e  s to rage  require-  
ment. They can be  opera ted  dur ing  t h e  gate-open pe r iod  a l s o ;  however, t h i s  is 
seldom done a s  t h e  only b e n e f i t  is t o  reduce t h e  load  on t h e  t i d e  ga t e  per- 
m i t t i n g  use of  a smal le r  ga te .  General ly,  t h e  cos t  of pumping dur ing  t h i s  
gate-open per iod ,  f o r  t he  l i f e  of t h e  p r o j e c t ,  is far  i n  excess of  t h e  cos t  
of a l a r g e r  ga te .  
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