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I n  coas ta l  a reas  diking systems associa ted  with submerged cu lve r t s  and 
automatic drainage ga tes  a r e  used t o  prevent inundation of lowland during 
high t i d e .  Dikes a r e  used t o  withhold high t i d e s  from t h e  lowlands. Cul- 
v e r t s  o r  pipe o u t l e t s  through t h e  dikes a r e  requi red  t o  discharge runoff 
from t h e  land s ide  of t h e  d ikes .  Automatic drainage ga tes  a r e  provided a t  
t h e  downstream end of t h e  p ipes  t o  prevent backflow of t h e  t idewater  through 
t h e  o u t l e t s  during high t i d e .  

This Technical Release has been prepared t o  give a method of (1) deter -  
mining t h e  s i z e  of o u t l e t  requi red  t o  prevent inundation of l and  above a 
s t a t e d  elevation;  o r  ( 2 )  t o  determine f o r  a s e l e c t e d  pipe of s tandard s i z e  
the  h ighes t  e l eva t ion  a t  which inundation w i l l  occur. 

The method does not attempt t o  p red ic t  t h e  e l eva t ion  of t i d e  v s  time 
nor the  design inflow r a t e ,  b u t  assumes t h a t  t h i s  information has been ob- 
t a i n e d  along with t h e  s torage  c h a r a c t e r i s t i c s  on the  land s ide  of t h e  dike 
and t h e  r a t i n g  curves of t h e  p ipe .  

The following assumptions have been made f o r  t h e  ana lys i s  given i n  t h i s  
discussion.  

1. The t i d e  e levat ion  v s  time curve i s  cyc l i c .  The method involves 
the  use of a design t i d e  curve ( t i d e  e levat ion  vs t ime) f o r  the  s i t e .  It i s  
assumed t h a t  t h i s  information i s  ava i l ab le  and t h a t  the design t i d e  curve i s  
se lec ted  by a considerat ion of extreme heights  and v a r i a t i o n s  of t i d e s .  

2 .  The inflow r a t e  from the  land s i d e  of t h e  dike i s  constant .  
Routing a design inflow hydrograph through t h e  t i d e  ga tes  would be of l i t t l e  
value because of t h e  imprac t i cab i l i ty  of p red ic t ing  t h e  time of the  begin- 
ning of the  storm with respect  t o  t h e  s tage  of the  t i d e .  Routing through 
t i d e  ga tes  i n  t h i s  Technical Release i s  based on t h e  assumption t h a t  t h e  in -  
flow r a t e  i s  cons tant .  Sound hydrological  p r inc ip les  should be used t o  se- 
l e c t  the  design inflow r a t e .  

3. The o u t l e t  pipe i s  submerged a t  a l l  t imes.  Rating curves of 
pipe f o r  the  s i t e  should be obtained from pipe manufacturers o r  prepared f o r  
various diameters, lengths,  and types of ma te r i a l  with t i d e  ga tes  a t tached.  
The following ana lys i s  can be adjus ted  t o  include those s i t u a t i o n s  i n  which 
t h e  pipe i s  not submerged a t  a l l  t imes.  

4. No reverse  flow occurs through the  o u t l e t s ;  i . e . ,  no flow i s  
assumed t o  occur from t h e  t i d e  s i d e  t o  the  land s i d e .  

l ~ h i s  Technical Release was developed and w r i t t e n  by Paul D .  Doubt and 
Gerald E .  Oman of the  Design Section t o  meet a s p e c i f i c  f i e l d  problem. 



5 .  The t i d e  gate opens o r  closes a t  t he  i n s t an t  the  head on the  
pipe var ies  from zero. The analys is  can be adjusted f o r  those s i tua t ions  i n  
which t h i s  assumption i s  inval id .  

0 
A topographic survey of t he  area  above the  dike i s  required t o  prepare 

a storage vs e levat ion curve. 

The analys is  presented is  one of steady s t a t e  a n 4  i s  not t o  be considered 
as  of a t r an s i en t  s t a t e .  This requires t h a t  the  gave opens a t  t he  same eleva- 
t i o n  of t he  t i d e  E, i n  every cycle of t he  t i d e  curve and, of course, the  gate  
closes a t  the  same elevation of t he  t i d e  E, i n  each cycle of the  t i d e  curve. 
The cycle of a t i d e  curve w i l l  be considered from high t i d e  t o  high t i d e .  The 
symbol El w i l l  be used t o  designate the  e levat ion of the  t i d e  a t  which the  
gate  opens i n  the  f i r s t  cycle and Eg w i l l  be used t o  designate the  elevation 
of the  t i d e  a t  which the  gate  opens i n  t he  second cycle. (see Fig.  1.) The 
times a t  which the  gate  opens and closes a r e  designated tl, t,, and t, and 
have a datum corresponding t o  high t i d e .  For a given pipe s i z e  the re  i s  an 
elevation of the  t i d e  E2 a t  which the  gate  closes corresponding t o  the  e l e -~a -  
t i o n  of the  t i d e  El a t  which the  gate  opens. On changing the  pipe s i z e  the2e 
i s  another e levat ion E2 corresponding t o  another e levat ion El. I n  other words 
the re  e x i s t s  f o r  a given value of El a corresponding value of E, and a l s c  a 
corresponding value of s i z e  of pipe. The corresponding values of El and E2 
a r e  ascer ta ined i n  the  following paragraphs. 

First C y c l e  I - S e c o n d  Cycle  - - 

FIGURE 1 

Determination of the  e levat ion of the  t i d e  E2 a t  which the  ga te  closes 
corresponding t o  the  e levat ion of the  t i d e  El a t  which t he  gate  opens. The 
gate closes when the  t i d e  e levat ion and the  elevation of the  water surface of - 
the  storage a re  both equal t o  E,. ( see  assumption 5 . )  The gate opens again 
when the  elevation of the  t i d e  and t he  water surface i n  the  storage a r e  again 
both equal t o  E, . During the  time i n t e rva l  (t, - t2) the  e levat ion of the 
t i d e  Et i s  g rea te r  than the  elevation of the  water surface E upstream from a 



the  dike and the  gate  i s  closed and the re  is  no outflow. A l l  of the  volume 
of inflow (I, - 12) t h a t  occurs during t h i s  time i n t e rva l  i s  s to red  i n  t he  
impounding area  upstream from the  dike, o r  

where I,, I, = volume of inflow corresponding t o  t,, t, 
S,, S3 = volume of storage i n  the  area  upstream from the  dike corre- 

sponding t o  t,, t, 

The inflow r a t e  i i s  constant and during the  time i n t e rva l  (t, - t2) 
t h a t  t he  gate  i s  closed the  volume of inflow i s  

From Eqs. (1) and ( 2 )  

S, - S, = i (t, - t,) ( 3 )  

Equation (3)  expresses the  re la t ionship  between the  volume s to red  during 
the  time i n t e rva l  when no outflow occurs and the  time i n t e rva l  i t s e l f .  Nei- 
t h e r  the  time i n t e rva l  (t, - t,) nor t he  volume s to red  (s, - S,) i s  known. 
The value E3 has been se lected.  The re la t ionsh ip  expressed by Eq. ( 3 )  i s  t o  
s a t i s f y  t he  t i d e  curve and the  storage curve simultaneously. The di f ference 
i n  e levat ion (E, - E,) has an associated time i n t e rva l  (t, - t,) according 
t o  t he  t i d e  curve. This d i f ference i n  e levat ion according t o  t he  storage 
curve represents a volume of storage which must be equal t o  the  value given 
by Eq. ( 3 )  o r  ( s ~  - s 2 )  = i (t3 - t2) .  The change i n  elevation (E, - E,) 
f o r  any value of E, can be determined by superimposing a storage time curve 
drawn on transparent  paper over the  t i d e  curve. The storage-time curve i s  
obtained from the  storage curve by determining the  water-surface e levat ion 
vs time re la t ionsh ip  when the  inflow i t o  the  dike i s  considered constant and 
the  outflow i s  zero. The coordinates of the  storage-time curve a r e  the  e l e -  
vat ion of the  water surface and time and have the  same sca le  as t he  t i d e  
curve. This method of graphical  solut ion f o r  obtaining the  correspondence of 
E, and E, i s  i l l u s t r a t e d  by Step 1 of ES-103, sheet 1. As previously s t a t ed  
the  value of E, i s  equal t o  E,. 

Determination of the  approximate value of Ap corresponding t o  the  eleva- 
of the  water surface E l .  During the  time i n t e rva l  (t, - t l)  the  eleva- 
of the  water surface E upstream from the  dike i s  g rea te r  than the  eleva- 

t i o n  of the  t i d e  Et and the  gate  i s  open. The r a t e  of discharge i s  dependent 
on the  value of t he  discharge head h.  The discharge head i s  t he  di f ference 
between the  water-surface elevation and the t i d e  elevation ( ~ i g .  2 ) .  I n  the  
f i r s t  cycle the  ou t l e t  w i l l  be discharging water only during the  time i n t e r -  
v a l  (t2 - t l )  . The pipe i s  required t o  discharge the  t o t a l  volume of inflow 
during one cycle i T i n  the  time i n t e rva l  the  gate  i s  open (t2 - t l ) .  There 
i s  only one ou t l e t  s i z e  of cross-sectibnal  area  Ap t h a t  w i l l  discharge the  
volume of inflow i T f o r  a se lected value of E,. For a given value of E, 
the re  i s  only one corresponding value of E, and only one value of A*. I f  any 
one of these corresponding values i s  changed the  other two a r e  changed. In  
the  solut ion f o r  outflow through t i d e  gates, simultaneous values of El,  E,, 
and A, a r e  t o  be found. The preceding paragraphs give the  method of 



determining t he  correspondence of El and E,. A value of Ap can be found by 
t r i a l  and e r ro r  by assuming a value of Ap fo r  a se lec ted  value of El and 
routing t h e  flow through the  t i d e  gate t o  deternine a routed value of E,. 
The routing i s  then repeated using various values of Ap u n t i l  the  routed 
value of E, i s  the  same a s  t h a t  value of E, obtained by the  method of the  
preceding paragraph. The number of times t h a t  t he  routing w i l l  have t o  be 
repeated can be reduced i f  the  simultaneous values of El, E,, and Ap can 
f i r s t  be c losely  approximated. The method of approximating the  value of Ap 
i s  given i n  the  following paragraphs. 

rTide Curve  

A s t r a i g h t  l i n e  connecting points  El on the  descending port ion and E, 
on the  ascending port ion of the  f i r s t  cycle of the  t i d e  curve i s  an approxi- 
mation of the water-surface e levat ion f o r  the  time i n t e rva l  (t, - t l)  i n  
which the o u t l e t  i s  discharging. The ac tua l  water-surface elevation i s  
represented by the  dashed curve shown i n  Fig. 2.  

A close approximation of the  r a t e  of outflow Q through the  pipe ou t l e t  
i s  given by the  re la t ionsh ip  

where k i s  considered t o  be a constant .  

The t o t a l  volume of outflow (0, - 01) through t he  o u t l e t  i s  t he  in tegra l  
of Q d t  o r  



Equating the  t o t a l  volume of outflow during the  time i n t e r v a l  (t2 - tl) 
t o  the  t o t a l  volume of t h e  inflow during one cycle of t h e  t i d e  i T r e s u l t s  
i n  t h e  r e l a t ionsh ip  

where B represents  t h e  a rea  under a curve t h a t  would be obtained i n  the  p l o t  
of vs  t between the  time t, and t,. The values of h f o r  the  p l o t  a r e  
obtained by measuring t h e  ordinates  between t h e  water-surface e l e -  

I va t ion  ( t h e  s t r a i g h t  l i n e  connecting El end E,) and the  t i d e  curve. Deter- 
mination of t h e  value of B i s  i l l u s t r a t e d  by Step 2b, ES-103, sheet  2. 

Rewriting Eq .  ( 6 )  

The pipe s i z e  corresponding t o  t h e  value of k Ap i n  E q .  ( 7 )  can be ascer-  
t a ined  from t h e  r a t i n g  curves of the  pipe o u t l e t s .  The values of k Ap corre-  
sponding t o  various s i z e  pipes a r e  obtained from t h e  re l a t ionsh ip  ( see  Eq. 4). 

.Jh 

A value of k A i s  obtained when an a r b i t r a r i l y  se lec ted  value of h and the  
2 

corresponding ,q as  read  from the  r a t i n g  curves a r e  s u b s t i t u t e d  i n  Eq. (8 ) .  

The pipe s i z e  used t o  obta in  a k Ap value i n  Eq. (8) which i s  equal  t o  
t h e  value of k Ap i n  Eq. ( 7 )  is  the  approximate pipe s i z e  corresponding t o  
t h e  value of El. This method of determining the  corresponding approximate 
pipe s i z e  t o  t h e  values of El and E2 i s  i l l u s t r a t e d  by Steps 2d and 2e of 
ES-103, sheet  2 .  

Method of rout ing  t o  determine the  value of' E, given El and Ap. The 
s torage  equation i s  

where AI = t he  volume of inflow i n  any f ixed  incremental time i n t e r v a l &  
A0 = t he  volume of outflow i n  any f ixed  incremental time i n t e r v a l  At 
AS = t he  volume of increased s torage  i n  any f ixed incremental time 

i n t e r v a l  A t  

The inflow r a t e  i is  constant and t h e  volume of inflow f o r  t h e  time in -  
t e r v a l  i s  i At.  When At i s  s u f f i c i e n t l y  small,  t h e  volume of outflow A0 f o r  
the  time i n t e r v a l  At is  near ly  

no = 
Qa + Qb at 

0 2 

where Q, = r a t e  of outflow a t  t h e  beginning of t h e  time i n t e r v a l  -. 

Qb = r a t e  of outflow a t  the  end of t h e  time i n t e r v a l  At 



Writing the  storage equation i n  terms of inflow r a t e  i and outflow r a t e  
Q f o r  the  incremental time i n t e rva l  At obtain, a f t e r  dividing by A t ,  

Solving f o r  the  r a t e  of change of storage with respect  to time, obtain 

I f E is considered td be 

,, increasing in this direction 
Water Surface 
Elevation Curve 

I 

0 I ta b + at t2  
- I  tan 

A t  
Time t 

The head ha causing discharge through the  pipe (see Fig. 3 )  a t  time t, 
i s  

L e t  y = E, - E t .  A t  t he  time ta + At the  head ha + Ah i s  

Let Ay = - AEt . Subtracting Eq.  (17) from Eq. (14) and replacing - AEt by 
Ay, wri te  t he  r e s u l t  

& = A y + r n  

Dividing by At 

Solving f o r  At 



e Solving f o r  At 

as - 
aE: - At 

and s ince  - = - At As - 
a 

Equation (16) i s  the  bas ic  equation used i n  routing through the  t i d e  gate .  
as The value of - i s  obtained from the  storage curve. It i s  the  r a t e  of change m DS 

of volume of storage a t  the  elevation E,. The value of - i s  the  r a t e  of 
At 

change of storage with respect  t o  time during the  time i n t e rva l  At and i s  
AY evaluated by Eq.  ( 12 )  . The value of - i s  the  r a t e  of change of the  t i d e  
At 

elevation as obtained from the  t i d e  curve. The value of Ah i s  a r b i t r a r i l y  
chosen and the  corresponding value of At i s  determined by E q .  ( 16 ) .  The 
method of routing i s  i l l u s t r a t e d  by Step 4 of ES-103, sheet  3. 





HYDRAULICS: ROUTING THROUGH TIDE GATES; Example 

Given: 1. An area of land subject to flooding by high tide. - 
2. The design inflow discharge from the land side is constant, I = 50 cfs 

3 .  The storage-elevation c w e  (known as the storage curve) of the site is given 
in Fig. 1. This c u e  is prepared from data obtained by a topographic survey of the 
area upstream from the proposed dike used to withhold the tidewater. The storage CUNe 
is plotted in units of cfs-min to eliminate conversion factors in routing the inflow 
discharge i. The proposed dike to withhold tidewater will be called the dike throughout 
the rest of this example. 

4. The design tide vs time curve  (!mown as the tide curve) is given in Fig. 2. It 
is the design relationship of the tide vs time and is cyclic. The time zero (t = 0) is 
taken at high tide. 

5. Figure 3 gives rating carves for various sizes of corrugated metal pipes with 
automatic drainage gates. The rating c w e s  ere for the length of pipe needed at this 
site. 

6. The corrugated metal pipe with the automatic drainage gate is to be placed be- 
low low tide vater elevation. The corrugated metal pipe used to discharge the inflow 
i = 50 cfs and the associated automatic drainage gate will be called the pipe and the 
gate throughout the rest of this example. 

7. Benefit vs elevation c w e s  are shown in Fig. 4. They are the results of hta 
obtained by the topographic BUNey end estimated value of the reclaimed land. 

8. The estimated costs of pipes of various sizes in place are given in Table 1 and 
the estimated initial fixed cost Is $1500. 

Determine: 1. The elevations E2 at which the gate closes corresponding to the elevations 
El at which the gilte opens. Take El = 23.75; 24.00; 24.50; 25.00; 25.50; 26.00; 26.50; 
27.00; and 27.70. 

2. The approximate pipe size corresponding to any elevation El of the water 
surface at which the gate opens. 

3. Pipe size or number and size of pipes in a battery that will give greater 
approximnted heneflts than costs. 

4. The water-surface elevation E upstream from the dike vs time t for a 48" 
plpe. 

a. Prepare on tracing paper a curre giving the relationship of water- 
surface elevation vs time when the inflow to the dike is i = 50 cfs and the outflow is 
zero. The amount of storage Is arbitrarily taken to be zero at time zero. The vater- 
surface elevations are to be platted as ordinates and to the same scale as the tide 
curve  (Fig. 2). Time Is plotted along the abscissa to the same scale as the time scale 
of the tide curve. The plot is shorn in Fig. 5. The time is determined by the relation 
t = ~/i. Values of S corresponding to any elevation E of the vater surface upstream 
from the dike is read from Fig. 1. 

h. Superimpo~e the E vs t curve prepared in the preceding step over the 
tide c w e  (Fig. 2) keeping the ordinates or values of water-surface-elevation scales 
matched. Move the superimposed curve horizontally until it intersects the descending 
portion of the second cycle of the tide curve at a selected value of El. Read the 
value of E, at the point the c w e  intersects the ascending portion of the first cycle 
of the tide curve. Note that the minimum value of E, is at the point the tide curve 
and the superimposed curve become tangent. Various s&ected values of El and the carre- 
sponding values of EZ are 

2. Solve for the approximate pipe size corresponding to each selected value 
Of El. 

The total volume of inflow in one cycle of tide which is equal to i T must be the volume 
of outflow discharge 0 in the time interval (t2 - tl) in which the gate is open during 
that cycle. 

O = i T  

where T = time interval of one cycle of the design tide c w e  in mins. 

The outflow rate through the pipe and eate is given by the approximate relntxonship 

5. The highest elevation of flooding Em far the size 42" and 48" pipe. Q = k Ap Jh 

Solution: 1. Solve for the elevations of the vater surface at the time the automatic 
drainage gate closes E, corresponding to the elevations of the water surface at the time 
the gate opens E,. 

It is known that the amaunt of inflow from the time t, at which the gate closes until 
the time ta at which it opens again is 

where Q = discharge rate through the pipe in cfs 
k = a constant 
h = E -EL in f+ 

- 
E = elevation of the water surface on the upstream side of the dike in ft 
Et = elevation of the tide in ft 
A, = cross-sectional area of nine in ft2 

& A 

I~ - I~ = i (ta - t2) The total volume of outflow 0 through the pipe is 

Since no outflow occurred in this interval the storage has increased by the amount of 
inflow or 

S, - s, = i (t, - t,) 

When the elevation of the water surface El = Eg at which the gate is to open is selected, 
the elev4tition of the water surface EZ nt wiiich the gate must have closed can be deter- 
mined because tlie storage upstream from the dike is known at every elevation. 

But 0 = I T or 
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HYDRAULICS: ROUTING THROUGH TIDE GATES ; Example 

a. Locate thi.: sel6cted values of El on the descending portion of the first 
cycle and corresponding val[l- of E2 on the hscenhlng portion of the first cycle of the 
tide c-e (Fig. 2). Drav lines connecting correspondine values of El and E,. The 
Value of El is the elevation of the water surface at which the gate opens and E, the 
elevation of the water surface st vhich the gate closes. Each cf the lines cocnecting 
pairs of El and E2 is an approximation af the water-surfece-elevation c w e  if the pipe 
is the proper size. 

b. Salve far the value of 

For each selected vahe of El find the approximate head h on the discharge pipe at equal 
time intervals At. This head h is found by scaling the distence between the straight 
line representing the approximate elevation of the water surface zndthe tide cume 
representing the elevation of the tide. Tabulate values of the approxim~te h and prepare 
Table 2. 

(1) The value of h is tabulated in Col. 1 of Table 2. To simplify 
these measurements the first interval is not always t&en to be At. For e m p l e  when 
El = 23.75 the first interval is taken to be 16 mins. instead of At = 20 mins. because 
each subsequent value of h can then be measured along an or6inate which is a line. The 
head h is measured in ft. 

(it) Column 2 lists the square root of Col. 1. 

(iii) Column J list. a correction that is to be added to the summation 
of Col. 2. It contains the end corrections for the beginning and ending intervals Ath 

that ore shorter than At. The end correction is equal to 5 2 [ , ""1. 

Example of correction: When El = 23.75 ft the time intervnlbetveen h = 0 and h = 0.65 

is I6 mins. The correction io [q] a = - 0.081. The time interval between 

h = h 6  andh = 0 is 10 mins. $ [-]a=- 0.194. 

The solution in Tcible 2 is a method of integrating by steps the area under a curve that 
would be obtained in the plat of Ji; as ordinates vs t es abscissa6 between the time tl 
and t,. 

(iv) Solve for the rralue of 

where h = value of head at the end of the time internal At. 
tz - tl = total time gate is open during one cycle of tide. 
tl = time the gate opens. 
t, = time the gate closes. 

c .  Solve for the values of iT - k Ap far each selected value of where 
B - 

i = 50 cfs and B = value determined in Step 2b(iv). 

(I) Column 1 lists values of El. 

(it) Column 2 lists values of B. 

2. Prepare a set of cumes (Fig. 6) giving the relationship of k Ap vs Ap 
for various sizes of pipes and the size of pipes in batteries. The rating c ~ w e s  follow 
closely the relationship 

Q = k A p K  

where Q = discharge of pipe of required length far the site and vith H gate attached 
in c r s .  

A - cross-sectmniil area of pipe in ftz. 
kp ; a constant, 
h = operating head of the pipe in ft. 

The value of k A, obtained from the rating curve is a where h is arbitrarily selected. 
. I T  . -~ 

The value of h arbitrarily selected can he obtained by inspection of  Fig. 2 and should 
be about the average head aver the pipe. In this exlmple h vas assumed to be 9 ft. 
Coordinates for the curve associated vith one pipe are values of k Pp and %. One paint 
is plotted on this curve from each rating c u r v e .  The pordinates of the c w e  associated 
with m pipes of the same sizes are m (k A ) and m Ap where k Ap and Ap are the coordi- 
nates of the c w e  associated vith one pi$. 

e .  Salve for the value of AD and prepare Fig. 7. 
(i) For each value of El enter Fig. 6 with the value of k Ap as de- 

termined in Step 2 and read the corresponding value of Ap accarding.to the number of 
pipes in the battery. 

(ii) Plot the value of E, as ordinates and the values of A of vari- 
ous numbers of pipes as abscissas. The value of Ap is the total cross-sectiogal area 
of all the pipes in a battery. 

(iii) Prepare l m e  scales of pipe sizes vs cross-sectional areas far 
the number of pipes in a battery. In Fig. 7 six li'nes having 1, 2, 3, 4, 5, and 6 pipes 
are given. One side of each scale line gives the values of and the other side af the 
line gives the corresponding pipe dinmeter. The pipe size an$ number of pipes required 
to discharge the inflow i when the gate opens at any elevation El may be read from FIE. 7. 

3 .  Solve for the pipe size or number and size of pipes in a batterythat will 
give greater bppraxhte benefits than cast. The words "apprnaate benefits" are used 
here in the sense that the maximum elevation of flooding is taken to be El. As will be 
Seen later the m a x w  elevation of flooding occurs at a slightly higher elevation than 
E,. (See Step 5.) The value of Ap as determined by the approximate method in Step 2 is 
checked for accuracy in Step 4. 

a. Prepare Table 4. 

(i) Column 1 lists number of pipes In batteries as read from Fig. 7. 
(ii) Column 2 lists size of pipes in battery coi-respondin& to number 

of pipes. 

(iii) Column 3 lists the elevation El corresponding to the erea of 
pipes in Col. 2. Read from Fig. 7. 

(iv) Column 4 lists acres benefited as obtained from Fig. 4 at 
values of El tabulated in Col. 3. 

(v) Column 5 is reed from Fig. 4 at values tabulated in Col. 3 .  

(vi) Column 6 is read from Table 1. 

(vii) Column 7 is given. (item B in Given.) 

(viii) Column 8 is the sum of Col. 6 and Col. 7. 
(ix) Column 9 = C0l. 5 - C0l. 8. 

b. The results of Table 4 s h w  that one 4%" pipe and one 48" pipe have 
ilppraximate benefits greater than costs. 

FERENCE STANDARD DWG NO 

U S. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 

ENGINEERING DMSION - DESIGN SECTION 

ES- 103 

:::y 2: 550F 



- 

HYDRAULICS: ROUTING THROUGH TIDE GATES; Example 

4.  Draw the  vater-surface elevation v s  time curve and check the  accuracy of 
t h e  re la t ionship  of El v s  Ap f o r  a 48" pipe as approximated i n  Step 2, Fig. 7. 

a. Prepare tebular  f o m  given by Table 5. Each s e t  of horizontal l i n e s  
i n  t h i s  t a b l e  should be comple td  before s t a r t i n g  t h e  foilovimg s e t  of l i n e s .  The 
velue of EL f o r  48" pipe i s  23.95 i t .  (see  F i &  7 . )  

( i )  Column 1 l i s t s  a r b i t r a r i l y  selected values of t h e  head h on the  
o u t l e t  p i p .  

( J i )  Colum 2 l i s t s  the  r a t c  of outflow Q Sor the se lec ted  value of h 
i n  Cal.  1. This value i s  reed from the ra t ing  curve (Fig. 3 )  f o r  the size and length of 
pipe under cans idcmtion.  

( i i i )  Column 3 i s  the slunmntion of two consecutive values i n  Col. 2. 

(iv) Column 4 i s  Col. 3 divided by 2 .  This i s  the sveraee r a t e  of 
o l i t f l w  4 betucev two consecutive heads l i s t e d  i n  Col. 1. 

I ( v )  Column 5 i s  obtaincd by subtracting the  VhlUes i n  Col. 4 from 
t h e  i n f l w  r a t c ,  i = 50 c f s .  This column w i l l  have positive values when the outflow 
r a t ?  is l e s s  than t h e  inflow mte. This occurs when Lhe value 0f .h  i s  small. 

I ( v l )  Column 6 l i s t s  t h e  slope &! of t h e  storage curie (Fig. 1 ) .  The m 
value of hS var;es a t  every elevation. An average value of t h e  slope Is taken f o r  a 

^El - - 

1 small change i n  storegc and i t s  v.1~1 i s  assumd t o  be c o n s f a ~ t  f o r  t h i s  range. The 

ronge of e levat ian  f a r  which the r a t e  !$ i s  applicable i s  tabulated i n  parenthesis i n  - 
1 Col. 6. m i s  tabula t ion  of range of elevation enables a check t o  be made t o  determine 

Lhr v a l i u t y  of t h i s  vnlue of as calculation$ are advanced. The value of i s  
zlwnys p o s i t i v e .  

m AE 

( v i i )  Column 7 l i s t s  t h e  s l a w  % or the t i d e  c w e  a t  the  time under 

(xvi )  Column 16 l i s t s  the  e levat ion  Et o r  t h e  t i d e  C.IINe as determined 
by Col. 15 .  The value of El i s  l i s t e d  a t  t h e  beginning of t h i s  ca lm. .  Note t h a t  Ay i s  
considered pos i t ive  when t h e  elevation of t h e  t i d e  c w e  Et i s  decreasing, therefore 
when t h e  value of Ay i n  Col. 15  i s  pos i t ive ,  it should be subt rac tea  from the  preuiaus 
Et; when negative it shoulll be added t o  3 t .  The values  in t h i s  column and Col. 12 are 
used as coordinates t o  p l o t  a point o r  the  t i d e  graph. I t  i s  a t  t h i s  pa in t  i n  t h e  com- 

putations t h a t  t h e  value of h and 2 f o r  t h e  next time in terval  are t o  be selected. I f  

t h e  p l o t t e d  points of Cals. 12 and 16 do not f a l l  an t h e  t i d e  curve, and i f  t h e  ac tual  

slope of t h e  t i d e  curve were used f o r  9 f o r  t h e  r e m i n i n e  in tervals ,  the  c-e of At 
p l a t t e d  points would p a r a l l e l  the  t i d e  curve instead of approaching it. The p l a t t e d  
points can b? made t o  approximate t h e  t i d e  curve by t h e  following procedure. The next 
value of' h i s  se lec ted  by projecting the  water-surface curve f o r  n time i n t e r v a l  At and 
measuring v e r t i c a l l y  between the  projected water-surface c u r v e  afid a point on the  t i a e  

curve vhlch i s  ca l led  point e i n  t h e  next tvo sentences. me value  of i s  t h e  slope 
-. 

of t h e  l i n e  connecting the  p lo t ted  pain t  having coordinates as determined from Col. 12 
and Col. 1 5  t o  t h e  m i n t  a an the  t i d e  c w e  (see Fig .  8 ) .  When n point having coor- 
d inates  of Cols. 12 and 16  lots near t h e  minimum elevation of the  t i d e  curve, n slope 

2 of zero cbn be uses by se lec t ing  h such t h a t  t h e  polnt  a f a l l s  on t h e  n s c e n ~ n u  

portion of t h e  t i d e  c u r v e .  

( n r l i )  Column 17 i s  t h e  elevation E Of the water surface u p s t r e m  fram 
t h e  dike. I t  i s  obtained f r o m  the  storage curre (pig. 1). These values correspond t o  
t h e  values S given I n  Col. 14. The values of Cols. 1 4  an6 12 are use& a s  coordinates t o  
p l a t  the  water surface upstream fram t h e  dike i n  Fig. 8. 

(xvi i i )  Column 18 l i s t s  a check value for  h. I f  Cal. 18  var ies  s i g n i f i -  
cantly from Col. 1 a mistake has probably been made i n  the computations. Values of 
Col. 18 are ohtsinbd by subtrbcting Col. 16 from Col. 17 .  

where Et = elevat ion  of the  t i d e .  
El = water elevation upstream f r o m t h e  dike when the gate  opens. 

The va lue  of 9 I- t h e  negative of t h e  slope of the t i d e  c w e .  When the t i d e  i s  de- At . 
creasing i n  e levat ion  9 i s  pos i t ive  and when the t i d e  i s  r i s i n g  2 i s  negative. The 

At 
proper a lgebra ic  s ign  i s  essent ia l  in  Col. 7 .  The correrpandlng t ide  elevations used 

i n  evnluat i rg  @ arc tabulated i n  parenthesis i n  Cal.  7. At 

(w) Column 8 l i s t s  t h e  i n t e r n a l  ah between consecutive values of h 
of Cal.  1. The proper s ign  must be prefixed t a  t h i s  value. These signs w i l l  be posi- 
t i v e  as t h e  values of h increase i n  Cal. 1 and negative when t h e  values of h decrease. 

( i x )  Column g i s  Col. 5 divided by Col. 6. The a i ~ n  of values i n  
t h i s  column i s  t h e  same sign found I n  Col. 5 .  

(XI  Col- 10 i s  the  sum of Col. 7 and Col. 9 .  The sign o f  t h i s  

After Completing Table 5, t h e  value of E corresponding t o  t h e  value of E, used a t  t h e  
beginning of Col. 16 should be determlnezd by t h e  procedure of Step 1. I f  t h e  computed 
value of Eg obtained by Step 1 i s  not approximately t h e  sane as t h e  routed value ob- 
ta ined by Step 4, t,hen t h e  value of El cmresponcling t o  A i s  incorrec t ly  approximtea 
by the  proceaure of Step 2. When the  routed value of E, fs s i g n i f i c a n t l y  d i f ferent  from 
t h e  computed value of E2, the  value of El corresponding t o  A should be reca lcula ted  
(s tep  1) t o  correspond t o  the  routed vnlue of E2. Step 4 & l d  be repeated using t h e  
new value of El. 

'o. The com~utations f o r  one 48" pipe hre given i n  Table 5 a n d  t h e  wztel.- 
surface cu rvc  has been p lo t ted  i n  Fig. 8 .  The curve f o r  one 42" pipe i s  a l s o  p lo t ted  
i n  Fig. 8, but  t h e  computations are not shown. 

5 .  a. When the  head an t h e  o u t l e t  p ipe  i s  small, t h e  inflow exceeds t h e  out- 
flow and causes o r i s e  i n  the  vater-surfncr c u r v e  (Fig. 8 ) .  Only land ly ing above the  
maximum water surface E, would be f r e e  of flooding f o r  t h e  gIven conditions. This ele- 
vation f a r  thc  42" CW i s  25.21 f t  and f o r  t h e  48" CMP t h e  elevation i s  24.02 f t .  

I col- i s  d e t l m i n l d  by t h e  s i g l i  a d  V Z ~ Y I I  of C01s 7 ~ n d  9 .  b. Following i s  e comparison of the  va lues  of El and E2 f o r  the  approxi- 

( x l )  Column 11 i s  Col: 8 divided by Col. 10. The sign will always be mate so lu t lon  and the  routing meihod. 

pos i t ive .  
( x i i )  Column 12 i s  the  suarmation of At. The time corresponding t o  E, 

an the  aescending portion of the  t i d e  curve (Fig. 2 )  should be l i s t e d  a t  the begiunine 
Of Col. 12 .  

( x i i i )  Column 13 i s  the  product of Col. 5 and Col. 11 

( x i v )  Column 14 i s  the  volme of s tored  water upstream from the  &ke. 
The s tarage  (Fig. 1 )  corresponding t o  E an t h e  descending   or ti an of t h e  t i d e  curve i s  
l i s t e d  a t  t h e  b e g i ~ a i n g  of Col. 14. ~ h t  water s tared  a t  elevation 23.95 f t  i s  21,400 
cfs-min. Column 1 3  i s  used t o  obtain t h e  accumulated storage i n  Col. 14. 

(XV) Calm 15 i s  the  product of Col. 7 and Col. 11. 

Pipe Size 
Diameter--mches 
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1 HYDRAULICS: ROUTING THROUGH TIDE GATES: Examole  
FIGURE 1 

STORAGE CWX'Ci OF SITE 

Rela t ionship  of e l e v a t i o n  vs s torage  capacity upstream from dike  

S T O R A G E  IN cfs-minutes   THOU SANDS^ 

FIGURE 2 

DESIGN TIDE C U N E  

Re1;itionshio of e l e v a t i o n  of t i d e  a t  d ike  vs t ime 

RATING CURVES FOR A PART1CULA.Q UNG!I'H OF mMFRGED CMP 
WITH AUTOMATIC DRAINAGE GATES 

Rela t ionship  of a u t f l a v  d ischarge  vs head on t h e  p i p e  

0 10 2 0  3 0  4 0  5 0  6 0  7 0  80 90 100 110 120 130 140 150 

DISCHARGE Q I N  C ~ S  

FIGUAE 4 
RELATIONSHIP OF ELEVATION VS BENEFIT 

B E N E F I T  I N  ACRES 

T I M E  t IN M I N U T E S  B E N E F I T  IN D O L L A R S  
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HYDRAULICS: ROUTING THROUGH TIDE GATES; E x a m ~ l e  
FIGURE 5 

ELEVATION VS STORAGE CUWE EXPRESSED AS 
!&EVATION VS TIME UIIEN OUTFLOW I S  ZFRO 

iDntum of t ime i n  t h i s  plot i s  no t  t h e  same as given i n  t h e  t i d e  
c u r v e . )  This  cunre should be prepared on t r ansparen t  graph paper. 
Superlmpasing t h i s  c w e  on t h e  t i d e  curve (Fig.  2 )  gives t h e  value 
of E, corresponding t o  E, = E, when t h e  o rd ina tes  ore kept equal .  

T l M E  I N  M I N U T E S  

FIGURF: 6 
RELATIONSKIP OF -!L = k % YS Ap FUR M!MERIES OF VARIOUS SIZE CMP 

f i  

AREA Ap IN SQUARE F E E 7  

FICUR2 8 
WATER SUFIFACE WSTWAV PXOM DIKE VS TIME OETNNED BY BOUTIRG 

I TOTL CROSS-SECTIONAL AREA OF ~ P E S  A~ IN SQUARE FEET T l M E  IN MINUTES 
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H Y D R A U L I C S  : R O U T I N G  T H R O U G H  TIDE G A T E S  ; E x a m p l e  

TABLE 5 

 ti ti^^ for a 48" Corrugated Metal Pipe. 

The correct vclue of E2 corresponding to El = 25.95 ft as obtaincd by Step 1 is E - 19.30 ft. The value El = 23.95 ft is used here as an approximation to correspond to a value of 
Ap = area of one 48" CMF (see Step 3). The three values El = 23.95 ft, E, = 19.3; it, and A - area of 48" CYLF are a set of values which arc all to he in corresponaence. Since Ap 
has been approximated a routing for 48" CMF is performed in Stey 4 to check thls correspondezce. By the results of routing, the value of E, is found when El = 23.95 ft and A - area 
of 48" pipe. This value is E2 = 19.32 ft. Since E, = 23.95 ft and E, = 19.30 ft are the correct corresponding values, the results of Step 4 dictate that the ~orrect value %-the 
corresponding % is sli~htly larger than the area of a 48" CMP. b 
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