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INTRODUCTION

The need for increased food supplies to feed a rapidly growing world
population is leading to a rapid expansion of irrigation. Mew irrigation
development is taking place not only in arid reglons but in humid regions
as well,

Flood irrigation has been practiced for centuries, Traditionally, wa-
ter has been delivered to irrigated lands by open ditches resulting in
large water losses due to evaporation and seepage. This introduction of pi-
pelines to transport irrigation water has greatly reduced water losses.

Light weight gated pipe is a relatively new development for distribu-
ting water to fields under heads ranging from 0.5 to 8.0 feet of water,
This method of water delivery is common for furrow irrigating row crops.
An orifice is cut in the pipe wall on a spacing equal to the row width
of the growing crop. A gate is placed in the orifice to control the size of
the opening.

Water, one of the basic elements for plant life, is becoming a scarce
resource, The available water supply for irrization must be evenly distri-
buted on the land for maximum crop production per unit of water. In addition
to conserving water, costs of production will be held to a minimum.

Uniform distribution of irrigation water prevents over irrigation of
some areas and insufficient moisture for others. Run-off losses are redu-
ced to a minimum,

STATEMENT OF THE PROBLEM
" Present gated pipe systems have adjustable orifices to give a wide
| ranse of flows. 4s a result, the gate must be set by the irrigator for tke

desired flow,



Approximately equal discharge from orifices in a perforated pipe with
holes of equal sizes and equal spacing may be secured if the total area of
orifices is small in relation to the cross section area of the pipe and if
the pipe is of large diameter in relation to its length. However, the eco-
nomy of design and the conditions in the field require numerous and relati-
vely large orifices to minimize the pressure drop through them and a pips
not too large in size to keep down its cost. Thus, to secure both economy
and uniformity of discharga-a variztion of the holes either in spacing or
in size may be necessary.

The purpose of this study was to determine if the slope for a pipe of
equally spaced orifices can be designed so that equal discharge through the
orifices can be sscured. ‘

REVIEW CF LITERATURE

Flow of water from a perforated pipe has been analysed both theorically
and experimentally. Enger and Levy (2) considered the variation of pressure
in a long narrow slot. By neglecting pipe friction and assuming straight
pipe with uniform cross-sectional area, they wrote a momentum equation for

an elemental length of pipe:

[# &(h + dn) - w 4b Jat = w V4 [(v-dv) -V Jat

dh av

h =- ig_ * h, (1)
2g
where W = specific weight of fluid in pounds per cubic foot.

Lfvav

o | | <

A = cross-sectional area of pipe in square feet.

P
]

static pressure head in feet of fluid.

t = time in seconds.

=~
H

velocity in feet per second.
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g = acceleration of gravity in feet per second zquared.

ko= static pressure at dead end in feet of fluid,

+

They found that neclecting pipe friction, the pressures at any point alcng the

&

slot is egual to the static head at the dead end minus ihe velocity head at
the piven point. Assuming that the coefficient of discharee in the flow
equation, q= C3 b dxV2gh , remains constant, they derived the followingz

equation for pressure at any point zlong the slot ,

h =hg Vers (7= 2 C= b x ) (2)
2 i
where vd = coefficient of discharcge,
t = slot width.

X = distance from dead end of main line in feet.
Enger and sevy found that the coefficient of discharsge decrsased with an
increase in velecity in the pipe ancd propcsed the empirical formula after

experimentation with tan 3/8 " openings in a two inch water pipe,

Cqa=h -hv2/29 Cdo (3)
Lere Ve2/2g = velocity head of water in the pipe approaching the ope-
ning.

fal

Cag = coefficient of dischrarse for the last opening.

A tabulation by Zneer and Levy for one set of experiments showed clcse
agreement between cbserved and calculated values of pressure nhead using
equation (1) with a pressure rangs of 3.22 feeﬁ at the inlgt to 3.38 feet
of water at the dezd end.
3ladding (3) considered the less of head in a uniformly tapped pipe.,
He assumed that uniform outlets evenly spaced along a main line would dis-
charze an egual amocunt of fluid.

Slwards 1) explained that the velocity in the direction of flow de-

crecses after passing each orifice and that this fact brings as conseguen-
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ce a corresponcing increase in pressure. The decrease in transfacial valeecity
is responsible for the increase in efficiency of each succeedlng orifice re-
sulting in a rreater discharse from each successive openinsz downstrean.
Edwards concluded that Gladding's assumption was not possible and does not
represent an sccurate approximation cf actual conditicns except for a pipe
having a large cross-sectionzl area compared to the total area of crifices.
Keller {7) in studying the manifold flow, stated that only insrtia
and friction forces determine the distribution of flow from manifolds,
Inertia corresponds to the change in velocity head and when the fluid moves
alonn the pipe its longitudinal veloeity decreases because a part of the
fluid volume is being dischareed through the holes., Then, the fluid in the
manifold is decelerated and causes an increase in pressure as predicted by
RBernoulli's eguation. Friction causes reduction in pressures. Thus, the
relative magnitudes of these two forces determine whether there will be an
" increase or dacrease of static pressure at the dead end of thes pipe.
Keller wrote the following basic eguation of pressure rise in the di-

rection of fiow:

dP = - alV2/2g) + £ dx V2 (L)
w D =
wnere P = pressure of fluid in pounds per square foot.

w = specific weizht of filuid in pounds vper cubic foot.

V = velocity in feet per second.

f = Darcy's friction factor defined by h = £ 1 V2
D2

i

D = diareter of pipe in rfeet.
7 = accelerstion of erazvity in feet per second squared,

v = distance from dead =rnd¢ of main line in feet,

[

e decelsration term 1s negative since an increase in pressure results



n

from a decrease in velocity. Although the friction factor causes a reduction

in pressure in the direction of flow, it is positive because x is measured

from the dead end in the direction opposing flow as shown in Fig.l.

S
S+ = =
” L !

Fiz. 1 Inlet manifold.
To determine the pressurs P at any distance from the dead end for an inlet

manifold, Keller integrated equation (L) and wrote,

1-x
P=P +w ( v,2 - v2) + GI‘ fw¥V2 dx (3)
2g = Jeg

wnere subscript L represents inlet end of main line.
For uniform discharge the velocity decreases linearly from its initial wvelo-

city to zero at tue dead end. 2o\

Vo=V {(x/L) (%)
Sybstitution of ecuasion (3) in eguaiica (3] 7ives,
L=x
F=Fp¢t 'e:G-’Le - 72 (x/L)EMI £ w2 x2 dx
7z Il 132
=2 +u V2 (1-(x/L)2) - £yl NitG [1-(1-y,/L)ﬂ (7)
S 30 2¢ =

Ozkey (&) analysed the flow of 2 Fluid from a short tube in the side
cf z tipe. Ze tegan with the enersy eguaticn

Quw( Tu? + hu )} =Qd w zgz +hd) +gwl gVl +nu)

2e 2g Lu __g

and thaen ne reduced this eguation to:
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(nd - o) =[3a - (afow? |m? (e)
Cu -ng
where Qu = flow rate in upstream cross-ssction of main lirs, in cuvbic

foot per second,
W = specific weicht of fluid.
Vu = velocity in upstrean cross-section of main liné in feet per
second.
hu = pressure head upstream.
Qd = flow rate in downstream cross-section of main line,
Vd = velocity in downstream cross-section of main line in feet per
second.,
hd = pressure head downstream,
g = rate of flow in branch pipe in cubic feet per second.
From his analysis, he assumed the head on the dischargzing tube to be:
q_ Tu2 + hu
Cu 2g
For the determination of the coefficient of discharze he proposed the follo-

wing ecuation:

q = Cd a\/2g (¢ Vu2+ hu) (5)
Qu 2=
XAs one can observe, in the case of a longz pipe with numerous orifices the

ratio q/Qu{Tu?/2g) becomes negligible and may be disregarded. If on the

contrary ¢/Qu is not insignificant one should consider the effect of g 332.
Qu2g
Howland (4) used the following Bernoulli's type equation in desig-

irg a pe“fO“atcd pipe for uniform dischargs

heBeFo- T [(%)2 -t L \x/L)ZL] (10)
w w ’g
Valuas for the coefficient of discharze Cd were determined experimentally

ty him and used in his caleulations, He compared the otserved discharge

from each orifice with that predicted by the equation,



g = Cd a \2gh {11)

Hansen (L) in trying to obtain uniform discharze from gated irrieation
pipe experimented with two 20 fcot lengths of four-inch gzatad pipe with gate
spacing of 22 inches and two 20-foot lengihs with 36-inch gate spacingz,
Equal flow was achieved from every gate when he placed the pipe on a slope
of X in 300.

Tovey (10) analysed the hydrauvlic losses of four-inch pipe using the
1 in 3C0 slope recommended by Hansen (i). He measured the discharge from
all the zates and from these measurements calculated the averags discharge
per gate. He z2lso determined the average head loss per gate by measuring
the.piezomctric head at the inlet and st the last gzate and dividing by the
total number of gates, Tovey said that when the average head loss per gate
exceeded 0,1 foot for a gate opening of 0.55", 0.15 foot for gate opening
of 0.95 inches and 0.17 foot for gate opening of 1.7 inches, it was not
possible to obtain equal flow.

Sporer (9) experimenting with 6-inch irriszation pipe with uniformly
spaced orifices pointed out that he did not get the same discharge of all
orifices when he used the slope reccrmmended by Hansen, In his experiment
for a falling slope of 1 in 300, an increase in discharse per orifice was
measured as the dead end was approached. With a rising slope of 1 in 3C0,
a2 decrease in discharge per orifice was measured as the dead end was aporoa-
ched., Ee concluded that it may be possible to provide uniform discharge
in a level pipe within a discharge range of L to 15 gallors per minute per

gate.

ines,found that the velocity is a function of the hydrauwiic radius, the

o)

hydraulic slope, and of a friction coefficient CH' By selection of expo-

]

y

sents for the hydraulic radius and the slope they concluded that in their



equation the coefficient Cy may be considered approximately constant for a
pipe of a specific diameter and material, The given equation is :

V = 1,318 cg RO.63 50.5L (12)

where V = velocity within the pipe in feet per second.
CH= Hazen-Williams friction coefficient.
R = hydraulic radius = diameter of pipe over four = D/.
S = hydraulic slope = pressure loss/length.
They tabulated different values of Cy for different sizes and materials,
ANALYSIS OF THE fHOBLEH
This study was directed to find the same discharge from equally spaced
orifices in irrigation pipe. The discharge from an orifice 1is exﬁressed by

the flow equation:

q = Cg a\/2gh (13)

whera qg = diécharge in cubic feet per second,

Cg= coefficient pf discharge.

a = area of orifice in square feet.

h = pressure head at a given point in the pipe in feet of water.

g = acceleration of gravity,in feet per second squared.

Application of Bernculli's equation betweem the dead end of the pipe and

any cther peint, gives:

h+E+Z=hQ+b2+zo+hL (1)
2z 2g
whare h = pressure head at any point in the pipe in feet of water.

V2= velocity head at the point in feet.
g



Vol= velocity head at the dead

°g
z = elevation of the point in
zo = elevation of the dead end

hL pressure loss between the

Therefore,

h=hg = EE + hy, + (25-3)
2g

Fig,?2 shows the distribution of velocity
The valocity within the pipe decreases as tne
pipe cdoes, The velocity has its maximum value
at the dead end. After passing each orifice a

pipe is observed caused by the disminution of

Cnd = O.
fcﬁts
in feet.

considered points.

(13)

that occurs along the pipe.
flow of water within the

at the entrance and is zero
drcp in velocity within the

flow within the pipe. If

an infinite nunber of orifices is considered the velocity distribution for

uniform discharge would be a straight line, By assuming such straight line

as the velocity distribution within the pipe the following relaticnships

are octained :

(18)

(17)

e

Fig.2 Velocity distribution.



10

ZO(XI—X)Hle

(20 =2 ) =3 (X/X3) (18)
Substitution of equations (16) and (18) in equation (15) gives:
h = hy - V12 (X/X1)2 + hp, + zo (¥X/%y) (19)
2g

With the consideration that the head loss between the point and the dead
end is equivalent to the sum of all the small head losses between the point
and the dead end in a pipe whose velocity distribution is a straight line,

the following relationship is observed:
X :
hy = h! dx
2
0

where h' = head loss per unit length = Ah
ax

From any flow equation one can cobserve that the head loss is a function of
the velocity within the pipe to some exponent n, Therefore,

h' =hy ( VAL )R (20)

where hy = value of h' at the entrance of the pipe.
ln = exponent. (Experimentally equal to 1.85 from Hazen-dilliams eq.).
Thus,
by, = hy f( (VA® ax
= hy (;TX (x/x71)1.85 ax
b = 31_1_1&0 (x/%1)2+85 | - (21)

2.
Substitution of equation (21) in equation (19) gives:

- - V-2 (X 2 + p (X/%7)2¢ 85 + (X/X7) (22)
h Eé(/lil) _:LE.; /%1 20(X/X1

From Hazen<Villiams velocity formula,

V = 1,318 Cy RO.63 g0.5L



§way s ¥ 1.85 5

Therefore,
1.85
mx; = [V 2 x (23)
31 Ca' qi.;.f

Substitution of equation (23) in equa%ion (22) gives:

i B 2 8s - 8
- h=h =ViS (X/x2 +[ v . X (X/%1)2435

o T Il 1

2z 1,31¢ Cyg 2.85 RI.I7
) + 2o (X/X1) (2L)
Let s=slope = z,/%1
Then, zo(X/X1) = sX = s(X/X1) X (25)

Substitution in equation (2L) gives:

R o o s S e
| (26)
Finally,
q = Cq aVeen | | (27) +
PROCEDURE AND COMPUTATIONS B
By using the derived formulz (26) and (27) the problem was started
by application to known values. Spomer's experimental results were applied
in this case and after the respective calculations a similarity beiween
the expeimental and calculated values was cbserved., 4 Cy equal {o 120 was
assumed, This value is commonly used for smooth aluminum pipe with couplers.
Spomer's resuits in tests 1, 2,and 3 with zero slope were compared with
discharge calculated by the above forimla, Calculated discharse and the
experimentally measured discharge for tests 1, 2,and 3 are compared in
Tables 1, 2 and 3 respectivelly.
Appendix A contains the computer program, measured discharge and cal-
culated discharge, The values of the parameters used in this comparison
werea:

¥; = lenzth of pipe = 60 feet.
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D = Pipe diameter = 6 inch.
Number of orifices = 18
Spacing between orifices = L0 inch.
Cy= 120,
Rg= hydraulic radius = D/L.
Delta = relative distance from the dead end = X/X
X = distance from the point considered to the dead end.
A= pipe cross-sectional area in square feet.
HP= pressure at a given point, determined by equation (26).
Q é-1:.0‘!:.;11 inlet flow, in efs.
Aorif= orifice area (3/4" orifice diameter).
V1= velocity within the pipe at entrance,
HO= pressure head at the dead end.
CD= coefficient of discharsge.
QGP¥i= value of inlet flow in gallons per minute.
S = slope. ( from 0.000 to = 0.003).

The maximum difference between the measured discharge and the calculated,
by formula was found in orifices 3 and L. In those orifices, the difference
with the calculated discharge is close to 5%.

| The next step was to compare the discharge calculated by the formula
with measured discharge for falling and rising slopes, Spomer's experi-
mental results for the specific case of 1 in 300 slope were the measured
values used for the comparisons. Tests(a) ard (b) for falling slope and
(¢) and (d) for rising slope were compared.

The zeneral programming for these tests is similar to the one used
before and appears in Appendix B, The values of QGPM and HO for these

cases are given in Table L,
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Table 1 Table of comparison between calculated valuss and exparimental

results. Slope = O,

TEST 1-. HO = 0,257 ft.
Q = 70.16 gopm.

Crifice Experimental values Calculated values
erpm Zpm
1 3.09 3.696
2 3.59 3.896
3 » L.05 3.896
h > hoC}O 3.89h
5 3.93 3.593
6 3.689 34893
7 3.87 3.692
8 3.88 3.892
g 3.89 3.892
10 3.92 . 3.892
1% 3.91 3.893
12 3.89 3.89L
13 3.50 3.896
1k 3.91 3.899
15 3+85 3.903
b 3.82 3.507
17 3479 3.913
18 387 3.919
total 70.15
Yean 3-90

Table 2 Table of comparison between calculated values and experimental
rasults. Slope=0C,

TEST 2-., HO = 0,528 ft.
¢ = 95.L7 gpm.
Orifice Experimental values Calculated values
1 5.32 5.303L
2 5.30 5.3029
3 s 5458 5.3021
L 5a53 53001
5 Eelil 5.3000
4 Se3lt 5.2930
7 5.3L 5.2981
g Sl 52974
7 5.33 5.2971
i 5.38 542373
it 5433 5..2980
i2 533 52994



Tzble 2 (Continvation)-.

Crifice Experimental values Calculated values
gon gon

13 537 5.3015

1l 5.35 5.30L5

15 . 5.33 5.30%L

15 5429 5.313L

17 5.26 5.3195

18 5.34 5.3269
Total 95.47
Mean 5.30

Table 3 Table of comparison betwesen calculated values and experimental
results.- Slope = Q.

TEST 3= HO = 0.57L ft.
Q@ = 107.37 gpnm.
Orifice Zxperimental values Calculated values
Zpin Zpm

X 5.91 549650
L 5.86 5.9645
3 6.21 5.9636
I 6,15 £.9625
5 6403 5.9613
5 5.98 Ce9601
7 DeTo . 5.9590
2 5.90 5.9578
10 5.99 5.9579
11 5.97 549585
12 5494 5.9599
13 5437 5.9621
14 5.94 5.9653
45 582 5.969L
15 5490 5.9747
17 5.8l 59812
18 5.5L 5.9891

Total 107.37

liean 5.97




)
|

Table i Pressure heads and discharges usad for the specific slope

198 300,

1-. Falling Slope.

GOPM HO (ft.)
Test (a) 94.83 0.611
Test {b) 112,22 0.841
2-, Rising Slope.
Test (c) 8l.25 0.338
Test (d) 87.86 0.558

The calculated discharge is compared with the msasured discharge in
Tables 5, 6, 7 and 8. The similarity between trhe results obitained from
caleulation by the formula and the sxperimentally dctérmined, prove the
accuracy of the formula and the application for any case: horizontal,
falling and rising slope, For this specific slope of 1 in 300 close agree-

ment betwsen the calculated values and the measured discharge was found.

A
o3

fu

!
tu

il

te

1

), the maximum difference was found in orifice 1 ; such a differen-
ce was 3.55%. Iz test (b) the maximum difference between calculated and
measured discharee occured in orifice 2 with a value of 2.7%. For test

¢) this occcurrsd at orifice 3 (6.5% ) and in test (d) at orifice 3 (5.6%).

For a2 seneral case and as an example o the use of the formula, a

pice of 300 fest of length was studied. For this case no spacing between

L

orifices was fixed. The computations vere made at each tenth of the

©octzl lenzih. The paramster dischar~e zer crifice was calculated so

ared

s ) o ) IA Y B <
that the velues could be zpplied to

ny size and spacing of oriflices.

|24 I o

o
L

eads at the entrarce of 3.0 feei of water and 2.0 feet o©

2%
H
W
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L
i
th
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: 0.511 ft.
& = 9,83 gra.
Crifige Experimantal values Calculated discharze
553 <7428
5.50 LEETL
5-?2 . 3.72
/-61-5- ° ":33
S-Sl . 2118
£8

pd
]
[aS]

A W) OND A= O BT o
Auak
L]
o
«Q
L]
P PO RO W T AL N (N

o
Ut v vl o oot e v
-

5.3 55

Sl L2982
] 5.24 2409
I, 5.21 1835
1 Sl 1250
1 5.03 L0632
ik 5.08 .0l2h
16 L.99 L.8999
17 L.50 L.BLLS
18 L .50 4.7899

Table & Comparison between rmeasured and calculated discaargs for Test (bl.

B0 = C.8L1 f%.

e 112,22 gpm.

Crifice Experinental values Calcuiated discharze
L Bt 8.624L9
2 &0 6,5802
3 6,70 §,53L8
b 659 6.L890
5 5,55 5.:428
< 5,23 6.3958
7 &.25 6.34L89
3 W, £.3C19
5 Gl 7 54255

10 6,22 5,2082
11 £.25 56,1516
12 6.57 6,1155
13 ey £.0699
b 5,10 6.02L9
iZ €.22 5.9807
iG BT 5.937L
17 5. 90 58951
18 5.52 5.8539
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Table 7 Comparison between calculzted and meazured discharze for test {c

O £ T
€

}J

Haonou

.,.1'..!'..! -Jl.—.l
}:-Lumt-_'caw o0 =3 O e\ po

0.338 fs.

8-1-.—- 55 2 81T

ice Measured discharze Caleculsted discharze
l]-iczfl-'t J’J J-JBP
11,27 L.2200
L5 L, 2RLG
Le57 h.JL87
L.53 L1l
hoé? hoSBil’é
L.60 };.5952
k.60 JusBE53
L.67 L.7151
L.62 L 775
L.76 L.8339
.87 4.2931
L.50 L.9523
Lok 5.0116
.99 5.0710
k.2 5,1306
5.02 5.190%

Table 8 Comparison between calculated and measured discharge for test (d};

(]

£ 008

=3 OhANL

'.....I ‘_.J '.-I |_-|

o

0,558 ft.
87.86 gpm.

]
3 faed fb i ¢
J?‘\':J f\) t—' 'E)J\o =) O, Bt PO PJE:;
5
(o]

asured discharge Calculatcd discharge
- L 56 chDZ-LE
L.56 1.5653
L 87 ) .5087
LIVL- h.égl?
L,78 L8950
59 L.7350
L.75 L7778
L.B1 4,819
L,78 L,GA09
L.ES 11,9023
L.86 L9437
L+ q_l.. ho9853
L. 9% 5.0269
5.0% 5 .0687
c.01 55,1107
5.0% S.1531
5.02 5.1958
5.15 5.2388
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water vere used, The purpose was to study which slope in those cases would
give the most niform discharge for inlet flows of 1.0 , 2.0 and 3.0 cfs.
Discharres were computed for zero slope and for rising and falling slopes
of 0.001 to 0.005.
The general prosrarming and results appear in Appendix C, The parameters

used were:

Xy = total length of pipe = 300. ft.

Q@ = inlet flow = 1.0 to 3.0 cfs.

D = pipe diameter = B inch.

VI = inlet velocity = Q/A.

A = pipe cross-sectiocnal area in square feet.

Cg = 120. for aluminum pipe.

Cq = coefficient of discharge assumed equal to 0.6

S = slope. (From 0,000 to 0.005 for falling and rising slopes.).

FLOW = discharge per orifice/area of orifice.
HO = pressure head at the dead end in feet.

HE = pressure head at the entrance in feet.

HP = pressure head at any peint in feet.

DILTA = relative distance from the dead end = X/Xp
X = distance from the point to the dead end in feet,

From the results of these computations, fiszs. 3, L, 5, and 6 were drawm,
Figure 3 represents the cbtained values for zero and positive slopes for

= 5.0 ft of water arnd §= 1.0 and 2.0 cfs. For both cases one can observe

trnat positive slopes do not improve niformity but on tae contrary ns va-

riztion cf discharses incresses as tne siops is incrsased, Figure L revre-
ts otal values T itive s: s with s head at entran-
cents trae o-tained values for positive slcpes with a pressure a nt

¢ 1. The sazme conclusion as above is cbserved. This head at ths

o
[¢]
[}
ry
n
-
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entrance of 2.0 feet of water 1s not enough to put 3.0 cfs throusgh the pipe
due to losses. Figure 5 represents the calculated values for negative slopes
with HE = 5,0 feet and Q= 1.0 and 2.0 cfs..For the first case, Q= 1.0cfs,
more uniformity is attained with a slope between =0,001 and ~0,002 (proba-
bly -0.0015). With the pipe placed on this slope more uniformity of dischar-
ge 1s attained than with the pipe placed horizontally. In the second case,
Q= 2.0 cfs., at a slope of -0.005 more uniformity is attained than at zero
slope, Figure 6 shows the obtained discharges for falling slopes for HE=2,0
feet and Q=1.0 and 2.0 cfs., In the first case, Q=1.0 cfs,., better uniformi-
ty is attained with a slope between -0.001 and -0.002 (probably -0,0015 as
before) than it is with leveled pipe. For Q=2,0 cfs., a slope of -0.005
gives best uniformity.

For this pipe, 300 feet long, with S.O‘feet of pressure head at entran-
ce, the discharge per orifice can be obtained fom fig.S5. For example, if in
this case and an inlet flow of 1.0 cfs one wants to know the discharge from
an orifice located at mid-way in the pipe (X¥/X; = 0.5) and if the pipe is
placed on a slope of -0.002, by reading on the ordinate of this graph ,
one finds:

ql= discharege per orifice = 10,71 ft/sec.

arsa of orifice
Zh_-summation of terms qj] times area of orifice.

Actual disch.= 10.71 (area of orifice) ( 1 )
=q
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STUMMARY ARD CONCLUZICHS

Fipes with equally spaced orifices are commonly used in irrisation
systerms. They offer good efficiency by eliminatine evaporation and infil-
tration losses which occur when water is transported in open earth diiches.

Improvemant in the desirn of such pipes to obtain uniformity of dis-
charge would reduce run-off losses that occur as a result of unequal flow
througsir the rows in a field.

The purpose of this study was to deiermine the effects of slope of
the pipe on uniformity of orifice discharge.

In this study, water velocity within the pipe was assuming to vary
linearly as would occur in an infinitely perforated pipe. This linear
variation is justified when egual discharge per orifice is obtained since

the average velocity within the pipe cecreasas directly as the flow in
the pipe decreases.

Zernoulli's eguation was applied tetweer any arbitrary point and the
dead end of the pipe to obtain the pressure head at that point and there-
fere to obtain the theoreticzl discharge per orifice. The head loss betw=an
any pocint and the dead end was considered as the sum of all the small head
loszes between the same point and the dead end in a pipe whose velccity dis-
tributicn is linear,

The squations basically used in this deducticn were Berroulli's equa-
tion and zagzen-7illiars velocity formula,

Further on, the equation was applied to available experimental values
in crder tc ccupare it's accuracy. This comparison was made for zero slape
ard falling and rising slopes of 1 in 300. The discharze computed with the

eguzticn wzs in close zgreemant with the measured values. This fact was
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considerad as a proof of the accuracy of the formula,

The next step was to apply the formula to a pipe 300-foot long for in-
let flows of 1.0, 2,0 and 3.0 cfs. with pressure heads at entrance of 5.0
feet and 2.0 feet of water. This was done for zero slope and for falling
and rising slopes in a range of 0.000 to 0.005.

As a conclusion of the results, best unifermity is attained for this
pipe if Q= 1.0 efs. and HE= 5,0 feet at a falling slope between 0.001 and
0.002 ( at 0.0015 prcbably ). It also was concluded that a positive slope
does not contribute to better uniformity.

The following table shows the slopes at which the above mentioned pipe

would give better uniformity of discharge.

Table 9 Conditions for best uniformity of discharge in a pipe
300~ foot long.

Hp (£t)% Q (cfs.) Falling Slope.

.0 1.0 between 0.001 and 0,002
£.0 2.0 0.005

2.0 1.0 betwesn 0,001 and 0,002
2.0 2.0 0.005

* Hg is pressure head at entrance.

Therefore, for inlet flows of 1.0 cfs. and more there is a specific
falling slope that will produce better uniformity of discharge than the

comuonly used horizontally level.
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iha comrvied and measured values were in close azreement, However
not rany valuss were availahle, this theoretical apnroach mirnt wall be
considered as a basis for future research applicable to experimental comna-
risons with tihe formula derived.
The writer sugrests research uvpon the following points:
l.- Determination of the Hazen-Williams coefficient Cy for an aluminum
pipc.r
2.~ Does a slight reduction in the area of the orifices situated be-
tween the dead end and the middle of the pipe aid in better uni-
formity when the pipe is placed on the most favorable falling
slope?
3.=- Does an inersase in area in the orifices of the same zone as above
aid in better uniformity when the pipe is placed horizontally?
.- What is the coefficient of discharge for each orifice?
5.- Determination of the pressure head and velocity head at each

crifice.
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appendix A

40003200701360003206702 115400200006000 FCRGC CCLD START

CCMPUTER PRCGRAM FCR UNIFCRM DISCHARGE IN AN IRRIGATICN PIPE.
CCMPARISCN WITH EXPERIMENTAL DATA (SPCMERsS THESIS)
8Y HUGC RAMIREZ-GUIMAN.
FALLING SLCPE

TEST

READerHsGeX1sRH

HC=0.257

Q=70e16/4504

QGPM=70.16

QT=OI
ACRIF=(3¢1416%0,75%%2,1/5T76
A=({Ge%3e1416)/144,

Vi=Q/A

CD=1.

S5=0,

M=0Q

DELTA=20./720.

N=0

N=N+1

M=M+1

HHT+ [ {VI/{1e31B#*CH) ) %%X] 85)%¥(X1/(2.85%¥RH*¥%1,17))*#DELTA%%2,85
HP=H—-( (V1%#2) /{2 %G) ) * (DELTA) ®%2+S¥DELTA*X]
YYY=(2e#G¥HP ) %% (045
QCR=Cn*ACRIF*YYY¥450,
QT=QT+QCR

IF(M—18)41550,60

PUNCH,QT

CD=GGpPM/QT

PUNCH,CD

QT=0.

GC TC 17
PUNCH,S+DELTAWHCsHPsQCR N
DELTA=DELTA+40./720,

IF(DE{ TA-16133933+70C
$=5-0,001

QT7=0.

CD=1,

IF({S+n+003)8Cs16916

STCP

END

32,17 60, 0125



SLOFE

C

C
1.N10GF+0»
6.9402F =01
D.NO0Q0
C.nCOO
00000
0.n000
0.0C0C

. 0.0C0C

0.0000
0.6000
0.00C0
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.00C0
0.00G0
0.0000
9.49SCE+01
7.3891E-C1

-1.0CCCE=-O=
~-1.0C0CE-0n
-1.0CCOE-0n
-~1NCCCE-Ca
-1.0C00E-C=
-1.000CE-C=
-1.0C0CE-C~
~1.0UUCE-D2
-1.0000E-Gn

1.,000CE-0=

-1.,nN0COE-C=
-1.0C00E-C=
-1.0NC0CE-C=
-1.0C00E-0=
—1 -nGOCE—O‘J
=1.0n00CE-0n
-1.0NCO0E~0n

84B8188E+CH

TEST 1

DELTA

2+ T7T7BE=-02
B«.3333E-C2
1.3889E-01
le9444E-01
2¢5CUUE=C]
3.0556E=01
36111E-01
441667TE-01
447222E=01
5.2778E-01
5.8333F-01
6.3B89E-01
6e9444E-01
75C0CE=-0]
B.C556E-01
8.6111E-01
S«.1667E-C1
G.7222E-C1

2.77T78E-C2
B+3333E~-02
1.3889E-C1
l.9444E-01
25C00CE-C1
3.0556E-01
3-6111E“01
441667E-01
4.7222E-01
542778E-01
58333E-01
6+32889E-01
6e9444E-01
T«5000E-01
B+.0556E-01
8.6111E-01
9.1667F-01
9.7222E-01

HO

2.57C0E-C1
25700E-C1
2457C0E-01
257CCE-01
2.570CE-01
2570CE-01
2.5700E-01
2.5700E-C1
2¢5700E-01
2+5700E-01
2¢57C00E-01
2.5700E-C1
2+5700E-C1
2.5700E-01
2.5700E-01
245700E-01
2+5700E-01
2+57C0E-01

2.57C0E-C1
2.5700E-C1

245700E-C1

2.5700E-C1
2.57C0E-01
2«5700E-01
2+.5700E-C1
245700E-01
245700E-C1
2.5700E-01
2.5700E-C1
2.5TCO0E-C1
2457C0E-01
2¢57CCE-01
2057005-01
2.57C00F-C1
2.5700E-01
2¢5700E-01

HP

2.5699E-01
2¢5694E-C1
2+5686E-01
2¢5676E-C1
2¢5664E-01
2e5654E-01
2¢5646E-01
25640E-C1
256329E-01
2¢5643E-01
2¢5654E-01
2.5673E-01
2.5701E~01
25738E-01
2.5786E-01
2¢5847E-01
24592CE-01
26CCBE-O1

245533E-01
2.5194E-01
2.4853E-01
2+4509E-C1
2¢4164E-01
243B21E-01
243479E-01
2314CE-C1
22806E-0C1
20247?E“Gl
2:2154E-01
2+1840E-01
2:1534E-01
2¢1238E-01
2.U953E-01
2.0680E-01
2.0420E-01
2.0175E-C1

32

QOR

348962
348958
348952
38944
28935
3.8927
3.8921
3.8917
3.8916
3.8919
3.8G628
38942
348963
348991
3.9028
39073
3.9129
343195

441347
441072
440793
440510
40224
349937
36496409
369362
39077
38794
3.8515
3.8240
37972
3.7710
3.7456
37211
346977
346754



G

SLOPE

TeO557E-01

—2.0CU0E~-Cna
~2.0000E=-Ca
—2.0000E-C1a
=2.0000E~-02
-2.0000E-C1
“ZQOOOOE—G’.
~2.000CE~-02
~2+N000E-02
-2.000CE=-02
-2.0N000E=-02
-2.0000E-012
-2+0000CE-C"
-2.0000E-C=
—2.0CCCE-0=
-2.0NC0CE-C2
~2.000CE-Cn
~2.,0000E-Cn
—2.NC00E=-012

B8.NS504LE+0D1
8.7151E-01

=3.,NCCCE-Ca
~-3.N0CCE-01
-3.000GE-01
~-3.000CE=-02
~-3.000CE-C2
-3.00C0E-Cna
—BIOOOGE—OQ
~3.0n000E=-02
-3.N0C00E-02
~3.nCO00E-C2
=2,00CCE-Cn
-3.,000CE-0n
-3.N00CE-02
-3.00CCE-0=
-3.00CCE-Cx
~3.,0C0CE=-C=
-3.0C0CE-07
-3.,000Cc-07

STCP

DELTA

2.7TT78E-C2
B43333E-02
1.3889E-01
1e9444E-01
2.5000E-01
3.0556E-C1
3.6111E-01
4.1667E-01
447222E-01
5.2778E-01
5.8333E-01
©.3889E-01
65.9444E-01
T«5000E-01
8.0556E-01
8.6111E-01
9« 1667E-01
2« T222E-01

2.7778E=02
843333E-02
1.3889E-01
1e9444E-01
2e500UE=-01
3.0556E-01
3.6111E=-01
4.1667E-01
447222E-01
542778E-01
5+8333E-01
6¢3889E-01
6e9444LE-01
7.5CGUE=-01
8.0556E-01
846111E-01
9.1667E-01
9.7222E-01

END CF PRCGRAM AT

HO

2.5700E-01
2.57C0E-01
2:5700E-C1
2e5700E-C1
245700E-01
257T00E-01
2.5700E-01
25700E-C1
2¢57C00E-01
2.5700E-01
2.57C0E-01
25700E-01
2.570CE~-01
2.570CE-01
2.5700E-01
2.5700E-01
245700E-C1
2.5700E-01

2.5700E-C1
2¢5700E-01
257CG0E-01
2.57CO0E-01
2+5700E-01
2+5700E-01
2+.5700E-01
2.5700E-01
25700E-C1
2.5700E-0C1
2.5700E-C1
2e5700E-C1
2457C0E-01
2.5700E-Q1
2.5700E-01
2.5700E-01
245700E-01
2.5700E-01

HP

245366E-01
2 4694E-01
2.4UG19E-01
23342E-01
2.2664E-C1
2.1987F-01
241312E-01
2.064OE-01
1¢9972E-01
1«$31CE-01
le8654E-01
1.8006E-01
le7367E-01
l«6738E-01
1¢6120E-C1
1.5513E-C1
1+4%2CE-01
le4341E-01

2¢5199E-0C1
2¢4194E-01
2.3186E-01
202176E-01
2¢1164E-01
2.U154E£-01
1.9146E-C1
1.814CE-01
le7139E-01
146143E-01
1¢5154E£-01
1.4173E-01
143201E-01
le2238E-01
lel1286E-01
1.0347E-01
9e4203E-02
8.5081E-02
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QOR

4Laotl4372
403781
443178
442565
461943
441311
440672
440026
345373
348715
3.8052
347385
346715
3.6044
345372
34701
3.4031
3.3364

448447
be 7471
4e6472
405448
444400
443327
442229
441105
349955
38777
37570
3.6333
345065
343762
32423
341044
249622
248151

STATEMENT €080 + 09 LINES
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le4485E+0C»
6.5908E-01
C.0000
G.0000
JeG0UGO
00000
Ce000O
Cs000GC
C.0000
0.n00CG
C.0CCO
0.n0CC
0.0G0C0
0.0000
C.0C0C
0.00CG
0.0C0C
O0.0GULG
0.000CC
le6066E+02
6.78?35'61

~1.n000E-C=
~1.0CCCE-Qn
~1.0CO0E=C=
~1+0GCGCCE=-C2
-1.000CE-C2
-140CCCE-Cn
-1 0CLUE-C2
-10LCGE-Cn
-1.00C0E-Ca
-1.000CE-C2
~-1.NCCOE-O=
-1.00CCE~C=
—-1,nC00E-0=
=1.nCGCE-C2
~1.n000E-02

nCCOE-CG=2

-1.NCOGE-C=

~1e00UCE-C2

143629E+07
7.005CE=-Cr

C TEST »
HC=0.r28
Q=95e47/450.
QGPM=05e47

SLOPE DELTA

C C

27778E-02
8.3333E-C2
1.388%E-C1
le9444E-01
24500UE-C1
3.0556E-C1
3.62111E-T1
4.166TE-01
447222E-01
5.2778E-C1
5.8333E-C1
6.3889E-C1
6e9444E-C]
T+.50CGULE=-02
8e(556E~C1
846111FE~01
S.,1667E-C1
9.7222E-01

2«7776E-C2
Be3333E£-02
1.388GE-0G1
1a9444FE-01
2e5GULE-0G1
3.0556E=01
346111E-C1
4e1667E-01
44,7222E-01
542776E-01
5.8333E=0C1
6.388GFE-01
6eF444F=-01
75000E=C1
8.0556E=-01
B.6111£-C1
9.,1667E-C1
9.7222E-01

kO

5.28C0E-01
52800E-C1
5.2800E-01
5.2800E-01
5.28CUE-C]
5.2800E-C1
5,28C0E-01
5280CE-01
5.2800E-01
52800E-01
5.,2800E-C1
5.2800E-01
5.2800E-01
5.280CE-0Q1
5.2800E-C1
5.2800E-01
5.2800E-01
52800E-01

5.28C00E-C1
5.2800E-01
5.280CE-C1
5.28CUE-C1
5.28C0E-C1
5.2800E-01
5«2BLO0E-DQ1
5.2800E-0C1
5.280CE-C1
5.2800E=-01
5.2800E-C1
5,2800E-C1
5.2800E-C1
528C0E-01
52800E~-0C1
542800E-0C1
528C00E-01
5.2800E-01

5e¢2799E-01
5.2789E-01
5e27TT4E-01
5.2754E-01
5e2732E-C1
5.2711E-01
542693E-01
5¢2680E~01
54 26T74E=-01
5e2677E-01
5¢2691E-01
5.2719E-01
542761E-01
542821E-01
5.2895E-01
542999E-01
5.3121E-01
5.3267E-01

5.228GE-01
51540E-01
51587E-C1
561232E-01
5UET78E-01
5.U526E~-01
5ew1l80E-01
4e9841E-01
4.9511E-01
449191E-01
4.88865_01
4a8595E-01
4.8321E-01
4L BUEBE~-OI
Le7832E-01
4e 7621E-G1
4o 7T434E-C1

3L

QOR

53034
5430259
53021
53011
54300C
5299C
52981
52974
52571
562973
5.298C
5.2994
532C15
53045
53084
53134
531095
543269

54529
5e4351
54169
543984
5.3798
53612
53427
53243
53063
52887
52716
52552
542395
5.2248
52110
5.1983
51868
51766



0

S
SICPE

-2.CUC0F=Cn
=2, 0000F=-0»
—2.N00GE~Cn=
-—?.('mOL"'E-C-:
-72.000CE-0Cn
-2.00U0E=0n
—2.0000E=~Ca
—-2.0000GE-C=
-2« OCULE-G=
-2 DCUCE-(=
-2+QCCCE-Cn
~2.0C0CE-01
—-2.0000E-Cx
-2.0C0C0E-Cn
~2+NG00E-C=

A

—24000CE=Ca

143171E+0>
Ta2485E-01

- I R o oY
2o DUUCT—U2

-3.00UCE-0On
-3.000CE-0n
-3 .0C00E=-Cn
—3.0C0CE~-C2
-3 NC0CE~Cn
—3.,n000E-C=
-3, nCCCE=-0n
-3, 0CO0CE=Cn
—3.N0C0E=-Ca
=3.00CCE-C2
=3,0000CE-013
—3«00C0E-0=
=34 0OLULGE-G=
—3.NCLCE=Cna
~3,0n000FE=Cn
-3.0000==0=

STCP

END

DELTA
2e TTTBE=02
8.3333E-02
1.3889E-01
l1eQ444F=-01
2.500CE=-0]
3.0U556E-01
3.6111F~01
4e166T7E=01]
Leo222E-01
5.2778E-GC1
5.8333E~C1
&e3859E=-01
BeGLLtur=-01
T«50CLE-CT
BaCHB6E-C1
B.£6111E-C1

«1667E=01
9,7222E~C1

2e7775E-02
Be.3333E-02
1.3889£-C1
1.54445=-01
2.5C00E-C1
3.0556E=~01
3.6111F=C1
441667E=01
4aT7222E-C1
5277BE=-01
58333E-C1
6«3889E-C1
e 9444E-C1
TeECULE=-O1
BeU556E~01
8.6111FE-C1
S.1667E=C2
9.7222E-01

CF PRTGRAM AT

HO
542800E-01
542800FE-C1
5.7800F-01
5.,728C0OE-C1
5.2800FE-C1
5280CE-C1
52800E-C1
5628C0LE-C1
5.28C00E-01
5.2800E-C1
5.2800E~01
5.,280CE-01
5.2800E-C1
5.,2800F-C1
5.2800F-01
5.2800F=-01
5.2800E~-C1
5.2800E-C1

5.2800E-C1
542800E-01
5.2800E-01
5.2800E-C1
5280CE-01
5280CE-01
5.2800E-C1
5.2800E=-C1
5.28CCE-C1
5,2800E-01
5.280CE-C1
5.28CUE-C1
52800E-01
5.280C0E-C1
5.2B0UE-C1
52800LE-C1
5.2800E-C1
5.2800E-C1

HP
52465E-01
5.178%9E-0G1
5.11G7E-01
5.04206F=-01
4.9732FE-01
4o B260E-01
4elGLGCE-UL
4e TUUTE-CL
Leb344E~-C1

«5691E~-C1
44 5052E-C1
bolb4Z8E-01
4e3821E-C1l
443233E-C1
La42665E~01
4e2121E-C1
4e.16C1E-C1

5e2259E-01
5.1289E-¢1
SelUZT4E~-(C]
Le9254E-C1
4e8232E-01
447211E-01
Leb1923E-C1
4e5180E-C1
4.317T7E-01
4a2191E-C1
4o lz19E-C1
4aLZ261E-C1
3eY3Z21E-01
3.83299E-01
366621E-C1
3.5767£-C1

GOR
S5«6lE2
55825
554556
556282
5.4705
S5.4326
53745
53565
5¢31&5
52809
52436
5.2068
5.1706
51351
51005
5.0670C
50345
5.0033

58049
57486
5.6914
56334
55746
542153
544555
5432954
5.3350
5.2744
52139
51534
50932
540334
La9741
449154
448575
448006

STATEMENT 0080 + 00 LINES



C

SLOPE

C
1a6364E+02
6.5612E-01
0.n000
0.0000
0.0000
00000
00000
Ce.02000
C.0000
0.nC0C
0.0000
C.0000
0.0000
C.000¢C
0.0000
0.000C
J.000G0
0.00C0
00000
C.0Q000
1.5995E+02
6. 7128E-01

-1.Q0CCOE-Cn
~1.0000E~Cn
=1.0N0CCE=-Ca
~1.0CCCE-0=2
~1000CE-0a
~1,0C0CCE-QO=
~1.00U0E-Cq
-1.0000E-C=
-1.0CC0E-0O=
~1.00CCE-0=
~14n000E-Q2
~1.N0GCE~-Ca
~-1.,0000F=-02
=10CC0E-U=
~-140000E-C1
~1.000CE-Gn

1.5613E+0>

TEST 3

DELTA

24777BE-02
843333E-02
1388GE~C1
l.9444E-01
2.5CCUE-O1
3.0556E-01
3.6111E-01
44166701
4e7222E-01
5.2778E-01
5.8333F-01
6+3889E-01
6.9444FE-0C1
7.5000E~01
B8.0556E-01
Be6111E-0C1
9.1667E-C1
9.7222E-01

2+ 7778E-C2
8.3333E-C2
1.32889€-01
1.9444F-01
2+500CE-C]
3.0556E-01
3.6111E-01
4.1667E=-01
447222E-01
5.2778E~-0C1
5.8333E~C1
6e3889E-C1
§e9444F=-01
T«5CCGLE-D1
B.0556E-01
8.6111€-01
9.1667E=-01

T 9.7222E-C1

HO

6e7400E=01
6e7400E-C1
6e7400E-01
6e7400E-01
6+ 7400E-01
6+ T400E-C1
6+ T4OCE=C1
6+ 7400E-C1
64 7400E=-C1
6+ T400E-C1
6+ T4LO0E-C1
6+ T4O0E-01
6. 7400E-01
6¢7400E-01
6+740CE-01
6+ 7400E-01
6+ 7400E-01
6o 7T40CE-01

6.7400E-01
6.7400E-01
6+7400E-C1
£.7400F-C1
6 74C0E-O1
6.7400E-C1
6.7400E~-C1
6« 7400E-01
6. 7400E~-U1
6. 7400E-C1
6. T7400E-01
6.7400E-C1
6« 7400E-01
6+7400E-C1
6.7400£-01
6.7400E-C1
6.7400E-C1
6 7400E-01

6+ 7398E-0C1
6+ 736TE-0Q1
6« 7T366E-01
be7341E=-01
6+ 7313E-01
6eT286E~C1
6e7262E-G1
6e7244E=01
6e72356-01
6e7236E-01
6.7252E-01
6e7283E-01
6+ 7333E-01
6e THOLE-01
6.7498E-01
6e7617E-01
6e7765E-01
6e7943E-01

6e7232E-01
6+6887E-01
E«6533E-01
6.6174E-01

6e5813E-01

6« 5453E-01

6¢5095E-01

et T44E-01
6e44012-01
6+4070E-01
6.3752E-01
6e3450E-C1
6+3166E-01
©e2904E-01
6e 2664E-01
6e2451E-C1
6e2265E-01
62109E-01

36

CCOR

549650
5.3645
59636
59625
55613
5.9601
549590
59582
59578
59579
59585
549599
546621
59653
5.96%4
59747
5.9812
5.9891

5.0953
6.0797
6.0636
6.08672
6.0307
6.0141
569977
5.9815
5.9656
59503
569355
5.9214
59081
5.8%95%
5.8846
58746
58659
5.8585
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Ly
ol

appandix B

4£00032007061360003200702 11540020000000 FCRGC CCLD START

CoMPUTER PRZCGRAM FCR UNIFCRM DISCHARGE IN AN IRRIGATICH PIPE.
CCMPARISCN WITH EXPERIMENTAL DATA (SPCMERsS THESIS)
BY HUGC RAMIREZ-GUZMAN

FALLING SLCPE - SPECIFIC CASE
READsrHoGes X1 sRH

Hc=0.611

QGPM=a4.83

Q=94.83/7450,

QT=C.

ACRIF={3e1416%¥0475%%24)/5760
A={9e%3e1416)/144.

V1=Q/a

Cbh=1.

5=C.

M=C

DELTA=204/720Cs

N=0

N=N+1

M=mM+1
H=HCH((V1/{1s318%CH) I *%]1485)%(X1/(2.85%RH#%¥],17))#¥DELTA*%2,85
HP=H—(({V1%*%2}/(2%Q) )X (DELTA)*%2+S*DELTA%X1
YYY= (2% G¥HP ) %#045

QCR=CN¥ACRIF*YYY*450,

QT=QT+GCR

IF(M=18141+50460

PUNCH,QT

CD=QRGpM/QT

PUNCH,CD

QT=0Ce

GZ TC 17

PUNCH,SsDELTAsHCsHPsQTRN
DELTA=DELTA+40,/720,

IF(DELTA-1+)33+33+70

§=5-1,/30C,

GT=0.

CD=1.

IF(S4+n«004)8C0+16516

STCP

END

32617 60. 04125



C
1.5587F+0>
6.NB858E-01
0.nGCO
O.0C00
Ues0LOC
0.0000
0.0UCC
0.000C
0.00G06
0.0C00
0.n000
0.0000
G000
0.0C00
C.0000
0.0C0C
0.0000
CeN3LO
C.0QU0D
1e4228E+02
6e£548E-0n
-3e32332E-C=
~363333E-0x
-3433323E-02
-3+3333E-02
—-343333E-01
-343333E-02
—3e3333E-0=
-363333E-0=
-343333E-02
-3.3333E-0=
-343333E-01
~-3.3333£-C=
—34.3333E-02
-3.3332E-0=
—3-3333E—0Q
~-342333E-0x
~343333F-0=
~343333E£-Ca
STCP

END

TEST a,

HC = 0,611 ft.

Q =9L.83 gpm
DELTA HO
2. 7778E-02 64.1106E-01
863333E-02 641100E-C1
1.3889E-01 6.1100E-01
le9444E-01 6.1100E-01
2«50ULE-01 641100E-01
3.0U556E-01 641100E-01
3.6111E-01 641100E-C1
441667TE-01 641100E-C1
4,7222E-01 641100E-01
542778E-01 641100E-01
58333E-01 6.1100E-01
63889E-01 6.1100E-Q1
6e9444E-01 6.1100E-C1
T«5000E-01 611C0E-01

8.0556E-C1
Be6111E-01
Se1667TE-D1
947222E-01

2.7778E-02
Be3333FE-02
1.3889E-C1
1+9444F-01

61100E-01
51100E-01
6.1100E-01
601100E-01

61100E-01
6411CCE-0O1
6.11C0E-C1
6+1100E-C1

HP
6«1099E-01
6¢iU9GE-C1
6e1074E-C1
6 1054E-01
6elU33E-01
6.1012E-01
6. UY95E-01
6.0982E-C1
6. USTHE-OL
640975E-0C1
6. U993E-01
6+1021E-C1
6e1063E-C1
61122E-01
6+ 1199E-01
6e1298E-C1
6el418E-01
6¢1563E-01

6eU543E-C1
545423E-01
58296E-01
57165E-01

2.5000E=01 64110CE-01 5.6033E-01
340556E-01 6.1100E-01 54901E-C1
3.6111E-U1 6,110CE-01 D5.3772E-C1
4e1667TE-31 661100E-01 5.2649E-01
447222E-01 6.1100E-01 5.1532E-01
5e2778E-C1 621100E-01 540424E-01
548333E~01 64110CE-01 449327E-01
6.388%E-01 6.1100E-01 4.8243E-01
6.0444E-01 6411C0E~-01 4.7174E-01
7.5C00E-01 6411C0E-C1 446122E-01
B8.0556E~-C1 6411C0E-01 445U88E-01
8e61118-01 6.11CCE~-C1 444075£-01
9.1667E=-C1 6.11C0E-01 4.3085E-C1
Qe7222E-01 60110CE-C1 442119E-01
CF PRCGRAM AT STATEMENT

39

QOR

52679
52675
5.286¢&
52660
542650
562642
52634
52628
52626
52627
542633
52645
502663
52689
502722
52764
52816
52879

S5¢T428
5.68%4
56352
55803
55248
5¢4587
S5ell22
53553
52982
52409
51836
501264
50692
53124
409559
448999
4LeBLLS
447899

GCBO + 00U LINES



Lo

TEST b.

HO = 0,8hL1 ft.
Q = 112.22 gpﬂ'l

C SIDPE DELTA HO HP COR
1.827%E+0>
6«1393E-01
0.0000 247TT8BE-02 B8+4100E-01 8Be4U9BE-Gl 642347
0«0N00C 8+43333E-02 £.4100E-C1 Be &0OBS5E-Q1 Ee2342
00,0000 1.3B8B9E-01 B8.41C0E~-C1l 8.4063E-01 642334
0.000C 1e9444E-01 B441C0E-01 844U35F-01 6.23272
D.0000 245000E-01 8e41CC0E-C1 B8.4005E-01 6.2312
0.0000 3.0556E-01 B8.41Q0E-C1 B83975E-01 6.2301
0.0000 3.6111E-01 B44100E~-0C1 B843948E-01 6.2291
0.000C 44,1667E-0]1 B8.4100E-01 8e3928E-01 642284
00000 GeT222E-01 B8.4100E-01 86e391T7E-01 642279
0.000C 52778E-0]1 8+4100E-01 8432918E-01 6.2280
Ce00GC 58333E-01 B.4100E-0l bea3933E-CGl 6.2286
0.00C0 6e3889E-01 Be4l0UE-01 6E3966E-01 642298
U 0000 6e9444E-C1 8+4100E-0C]1 8Be4U19E-01 6e2317
0.0000 T«5000E-0]1 Be41C00E-Cl 8.4094E-01 642345
0.0000 BoN556E=01 B8.4100FE-01 8.4195E-01 642383
00000 Bab6111E-01 B4410CE-C1 844323E-01 62430
D.n000 9.166TE-01 844100E-01 B.4482E-01 642489
0.00CC 9.7222E-01 Ba44100E-01 B844673E-01 6.2560
1.7145%E+0>
6EeB452E-0n
~363333E-02 24.7778E-C2 EB.410CE-01 Be3543E-0]1 646249
—23,3333E-02 8.3333E-C2 B44]100E-01 B42419E-01 &45802
~3.3333E-02 1.388GE-C]1 E8.4100E-01 B8.128%E-01 65348
—3e3333E-02 1.9444E-01 8.410CE-C]1 Bevl4b6E-Cl 644889
~3,3333E-02 2.,5000E=-01 8,4100E-C1 749CC5E-01 6.4425
~3.3333E-02 3,0556E-01 B.41C00E-Cl 7«7864E-01 643958
—3.3333F-02 346111FE-C1 844100E~-C1 746726E-01 6+3489
~3.2333F-02 4,1667E-01 E44l100E-01 T75594E-01 6.3019
—3,2333E-02 4,72722FE-01 E441CCE-Cl1 T«4472E-01 542550
~3.3333E-02 5 ,277EE-C1 8.4100E-01 7T43362E-01 £.2082
—3:72333FE-02 H5«8333E-01 B4100E~-C] T«2267E-01 6.1615
—3e3333E-02 6.2B89E-C]1 E4410CE-01 7.1188E-C1 641155
—363333E-02 6e9444E-01 E.4100E-C1 7Tevl1l3CE-Q0l 6.0695
—343333E-02 Te500LUE=U] B844100E-C1 6e49U94E-01 6.0249
—3.33332-03 B.C556E-C1 8.410CE-C1 6.8084E-01 5.5807
~3.3333E-02 8Be6111E~-G1 E+4100E-01 67101E-01 54,9374
~3¢3333E-02 941667TE-01 EB4410CE-01 66149E-01 5.8551
—3,3333E-02 94.7222E-01 B8.4100E-01 6.5229E-01 5.8539
STCP END CF PRCGRAM AT  STATEMENT G080 + 00 LINES



TEST c¢.

HO = 0.338 ft.-
Q = 8L4.25 gpom

C SKOPE DELTA HO HP QCRr
t«1591F 09
7.?683E"D1
C.nCOC 2¢777BE~02 343800E-01 3.3799E-01 4.6794
0.0000 83333E-02 3.3800E-01 3.379Y2E-01 4.6789
0.000C 1.3889E-01 2.3800E-C1 3.3780E-01 446780
De.CLCO 149444E~01 3.3800E~01 3.3764E-Cl 446770
0.0000 2¢500UE~01 343800E-01 343748E-01 4.6758
0.0000 340556E~01 3.38C0E~01 3e3732E-01 4.6747
0.00CO 306111E-01 3,.,3B00E-01 3.3T719E-01 4.6738
0.0000 401667E-C1 2.3800E-01 3.3709E-01 446732
C.0000 407222E~01 343BCOE~C1l 343706E-01 4.6729
0.0000 562778E-01 343800E-C1 343710E-Cl 4.6732
0.nC0C 58333E-01 3.3800E-Cl 343723E-01 4.6741
O«000C 6.3889E-C1 3.3800E=C1 343747E-01 4.6758
0,00G0 6e9444E-01 3.38B00E-01 343782E-01 4.6782
C.0000 7«50CUE-U1 3,3B00E-01 3.3832E-Cl1 446816
Ca0CO0 BeU556E~01 343B00E-01 3.3896E-C1 46861
0.00C0 8e6111E-01 3.3BC0E-01 3e3978BE-01 4.6917
C.0GL0 9e1667E~01 3243800E-01 3.40U77E-Cl 4.6986
0.0UU0 947222E-01 3.38C0E-01 344196E-01 4.7068
1.3165E+C2
6% 3996E~Cn
343333E8-02 2.7778E-02 3,3B0CE-01 3+4355E-01 441538
3.3333E-02 843333F-02 343800E-C1 345458E-01 442200
303333E-02 1.3889E~C1 3.38UCE-Cl 346557E-C1 442849
3.3333E-0U2  1.9444E-01 3.3800E-01 3.7653E-01 443487
3.3333E-C=2 2.,5000E~C1 243800E-01 3.8748E5E-01 4.4114
2e3333E-02 3.C556E-01 3.3800E-01 3e9843E-Cl 444734
3.3333E-02 3.6111E-U1 3.3800GE-Cl 4.US4IE-01 445346
363333E-02 441667E~01 3.3800E-01 4.2043E-01 445952
33333E-03 4.7222E~01 3.3800E-01 4e¢3150E~-Cl 446553
3.3333E-03 5.2778E-01 343B0U0E-01 4¢4266E-01 447151
343333E-C= 548333E-01 3438C0E-01 445390E-01 &«7746
3¢3333E-02 6.3889E~-01 3.38C0E-01 4.65524E-01 4.8339
3e3333E-02 649444E-01 3.3B00E-Cl1 4.7671E-01 4.8531
3¢3333E-02 7.50C0E=C1 343800E-01 4«8832E-C1 449523
343333E-02 B8.,0556F-01 343800E-C1 5.0CUT7E~01 540116
3.3333E-02 8.6111E-01 3.3800E-Cl1 541200E-01 5.0710
343333E-02 9.1667E-01 3.38CUE-C1 5.241CE-01 541306
3e3333E-02 9.7222E-01 3.3800E-0C1 543640E-01 5.1904
STCP  END CF PRCTGRAM AT STATEMENT €080 + 0Q LINES



C
1.4892E+C»>
5¢8999E-01
0.0C00
C.0000
0.0C00
0.0n000
0.000C0
0.n000
0.0000
0.00C0
30,0000
0.0006G0
0.0000
C.0000
0.000C
O.0C0C
0.0000
0.0QC0
Q0.n000
l1.6155F+09
5e4&386E-0C1
343332E-02
3.3333E-0%
343333E-0x
3e3333£-0Ca
363333E-02
363333E-0n
3.33335-02
3.3332E-0=
3.3333E-Cn
3s33332E~0=
3¢3333E-0n
3+3333£-0n
3¢3333E-0=
3e3333E£-0Ux
3.3233E-0n
3.3333E~-03
363333E-01
343333£-0n

TEST d.

HO = 0.558 ft.
Q = 87.86 gpm

DELTA

2.7778E-02
B.3333E-02
1.,3889£-01
1e9444E-01
245000E~0D1
3.0556E-01
306111E‘01
4.1667E-01
4.7222E-01
542778E-01
5.8333E-01
6+3889E~01
6e9444E-01
75000GE-01
B.0556E-01
Bs6111E-01
9.16867E~01
9.7222F~01

2. T7TTBE-Q2

8+3333E-02
1a3B89E-C1
le9444E=G1
2¢50CCE-C1
3.0556E-01
3,6111E-C1
4,1667E-0G1
4.7222E-01
542778E-C]
548333E-01
6+3889E-01
6e94464F-01
7.500UE-Q1
8.0556E-01
8,6111E-01
9.1667E-01
G.7222E-C1

HO

5.5800E*01
558B0CE-C1
5.58C00E-01
5.5800F-C1
558C0E-01
55800E-01
55800E-01
5.5800E-01
5«5800E-01
5.58C0E-01
5.5800E-01
5.580CE-01
558C0E-01
5.5800E~01
5.58C0E-C1
5.5800E-~01
5«58B0GE~C1
5.5B00E-01

5.58C0E-G1
5.58C0E-C1
5.58C0E-C1
5.5800E-01
5«5800E-C1
5.5800E-01
5.580CE~-C1
5.5800£-01
5.5800E-01
545800E-01
5«5820E-01
5+45800E-C1
5+.5800E-01
558C0E-C1
55800E-01
5+.58C0E-0C1
5.5B00E-G1
5.5800E-01

HP

545799E-01
55791E~-C1
55778E-01
55761E-01
5.5743E~01
S«5726E-01
5¢5711E-01
5.5700E‘Ol
5¢5696E-01
5¢5700E-01
5¢5713E-01
5¢5738E-01
5.5776E-01
5.5829E-01
5.5898E-01
55585E-01
5¢6091E-G1
56219E-C1

5¢6354E-C1
5. 7458E-01
5.8555E-01
=% 9568 0E~01
6« CT43E~C]
6.1837E-01
£e2933E-01
6+ 4034E-01
6e5141E-C1
6.62556E-01
€+ T3B0E-G1
648516E-01
6+ 9665E-01
T7.0829E-01
7420G%9E-C1
7e3207E~-01
Tel425E-G1
Te5663E-01

L2

COR

448805
4.8EC]
4. E8795
4.B728
448780
48772
48766
4eB8761
4e8760
48761
4.8767
4.8778
448795
4.8818
4.8848
448886
448932
4.8988

45212
4e5653
46087
446515
46540
447360
447778
4e81G&
4e8609
449023
4.9438
49852
5:0269
5.C687
5.11C7
501531
5.1958
5.2388

STCP END CF PRCGRAM AT STATEMENT 0080 + 00 LINES



L3

appendix C
340C024C07013600024007621154002C000000 FCRGZ CCLD START
C C ;

C A MASTERsS REPCZRT
C BY HUcC RAMIREZ-G
C PCSITTVE SLCPES
10 READsHE sCHsGsXIsRHSsDELTA
O=1 .O
18 5=0e
A={16,%3:1416)/144,
vIi=Q/sa
20 HOI=SHFE+(VI®ER2) /(2e#GY—((VI/(1e318%CH) ) %%]1,85)%(XI/{2.B5%RH*%]1,17
25 HC=HZ1-5%XI
35 H=HC+{(VI/{1a318#CH) 1 %% ]185)%({XI/{285%RH**¥]1,17))%¥DELTA®*%2,.85
36 HP=H—((VI*%#2)/(2+%G) ) ®(DELTA) ¥ %2+5*¥DELTA%X]
3a FLOW=SrQ¥ (2 ¥GHHP ) #*%0 .5
40 PUNCH,SsDELTASHC sHPSFLCW
50 DELTA=DELTA+GC.1
58 IF{DFI TA=1¢135+35460
60 S=S+O.001
65 DELTA=Ca1l
70 1F({5-neC05)25925580
8¢ Q=Q+1,
IF(Q=2e)15+15+90
g0 STCP
END

540 120.0 3217 300.C 0e167 0.0



SLOPE
0.0000
0.,00G60
0.0000
0.0000
0.00060
0.0000
0«0CO0T
0e0QC0O
0.0000
0.0C0C
Os0COC
1.00008-01
1.000CE-0a
1.000CE-Qn
1.00C00E=01
1.00CCE-Q=
I-DCOOE_Oq
1.0G00E-03
1.000CE-013
1.000CE-07
1.000CE-0n
2OQOGGE_01
2.000CE-0n
2.000CE-Cn
2. 0000E-C=
2.000CE-N=
2e0COCE~CA
2.0CC0E-02
2.00060E-01
2.0000E-01
2+000CE-02
3.000CE-CH
34000GE-C13
3,.,000CE-02
3.0CCCE~-Cna
3,.,0000CE-0=
3+.00CCE-C=
3-0000E‘01
3.00C0E-012
30NC0CE-D2
3.0CO0E-N2
4 ,000CE-Cq
QQOGUGE‘GB
4 ,00C0E~C3
QQCCGGE_G?
4.0CCCE-Cn
4 ¢ 500CE-O=
4 o0GCOE-Ga
L40C00E-0n
4 0000E-01
Q-OOOOE—DQ

Rising Slope.
HE = 5,0 ft,
Delta Q@ =1,0 cfs

0.000C

1.000CE~Q]
2.00CCE-01
3.00GCE-C1
4.CC0CE-D1
5.0000E-01
6.C000CE=-01
T« COC0CE-O1
8.00CCE-O1
9.000CE-C1
1.G0C00

1.CG0G0E=01
2.0000E-01
3.00GGE=-01
4 4 GO0CE-O1
5.0000E=-01
6.0000E-01
T«00CUE~-D1
8.C000UUE~C]
9.00CUE=-C1
1.0C0G

1. 000GE~-O1
2.CC0UE-Q1
3.C00UE-0Q1
4.C00CE~-01
5.CCOCE-01
6 COGCE-O1
7.CC000E-O1
BsOGLUE-C1
9.000CE-0Q1
1.C0CCT

1.00CG0E-01
2.COCUE~O]
3,C0000E-01
4, CO00E-C1
5.000CE-01
6.00CCE-0O1
7.C000E-01
BeCOCLE-D1
9.00C0E-01
1.CCLC

1.C00CE=-C]
2.00G0E-01
3e0CLULE-G]
4,00C0E-OL
5CCOCE-O1L
5.0000E-CL
7«0000E=01
B+0000E-01
9,000CE=-O1
1.G006

4Le6159
46159
266159
Le6159
46159
4.6159
4,6159
4.6159
4.6159
4e6159
4heb5159
4.3159
403159
443159
423159
443159
443159
403159
443159
443159
443159
440159
440159
44,0159
440159
40159
440159
4,0159
440159
4,0159
440159
3.7159
37159
347159
347159
37159
37159
367159
347159
37159
37159
344159
34159
34159
34159
54159
344159
3.4159
364159
364159
34159

HP
426159
446153
406160
4.6210
L£o,6331
46550
446893
4+7385
428051
448915
50000
443453
443760
Let110
4Ge44531
4.5050
405693
4e 6485
Le T451
448615
5. 0000
40753
4.1360
442010
44,2731
443550
4044973
445585
4e 6851
448315
540000
3.8053
3.8960
349910
400931
44,2050
443293
444685
446251
44,8015
5.0C00
345353
36560
37810
3.,9131
44,0550
442093
443785
465651
45,7715
5.00C0

LL

FLGH
1.034CE+0Q1
1.0339E+C1
l1e0340E401
1.0346E+C1
le0359E+01
1.0384E+01
1.042Z2E+01
le 04T76E+01
1.0550E+01
1.0644E+01
le0762E+01
1.0032E+01
l.0068E401
l1«0108E+01
1e0156E+01
1.0215E+01
l1.0288E+01
1s0376E+0C1
1«0484E+01
l1e0612E+01
le0762E+01
9.7157
9.7877
948643
Se3486
1«0043E+01
140152E+01
140276E+01
le0417E+01
1.0579E+01
l¢0762E+01
9.3883
94995
9e6146
Sa. 7368
9. 8890
1+0014E+01
1.0174E+01
1.0350E+01
1s0546E+01
1.0762E+01
S.0491
9.2023
9.3582
Se5203
Seb6914
98741
1.0071E+01
1.0283E+01
1.0513E+01
1« 0762E+01



SLOFE

5.0CC0E-C2
5,0C00E-03
5 o 0000E~03
SQOCOOE"G'Q
5.0C0CE-0n
56 NCOCE=0n
5.0C00E-Cn
5NCO0CE-0"
5. NCOCE-O1
5.000CE~02

Q=2.0 cfs{.0CCC

0.000G

0.0000C

00000

0.0QCCT

0. 00CC

0.000C

00,0600

0.0000

00000

1.0006CE=0~
1.00CGCE-Co
1.00C0CE-Q=
1.00C00E-01
1.0C0CE~-0n
1s0CCCGE-C2
1eQUCGCE-C3
l1.00CCE-GCa
1.0GCCLE=-C2
1QOOOOE‘O?
ZeQCUOCE-01
2 CCCCE-C2
2. DCCO0OE-Ca
2.0000E-0=
2e0C0GE-Q1
2. 00CC0E-(1
2:s0C0CE-G2
2+ 0CCOE-C3
2.0C0CE-Co
2.00CCE-C3
3.0000E-0
3,000CE-0%
3.000QCE-Cx
3.NCC0E-02
3.0C000E-0n
3.0NCC0E-0a
3.0C00E-012
340CCGHE~QAa
3.0CC0E-0O13
3.00CGCE-Co
44000GE-C1

DELTA

1.000CE=-C1
2.000GE-01
3.,0000E-01
4o COCCE~-OL
5.C0000E-01
66 000GE-Q1
7+.000CE-0]
B.00QUE-D1
9.000CE-D1
1.0000

2.0000UE-O1
3.,0C00E-01
44 CUC0CE-O1
5.0000E-O1
6.0GUCE=~O1
&« « CCOCE-C1
8.000CE-0O1
SG.000CE-01
1.0C0C

1.0C0C0E=-01
2+0CC0CE-C]
3.C0C00E~-C1
4 4 CCCCE-O1
5.C0C0CE-01
6«0GOCE~Q1
T.0GCCE~-OL
8. CCCCE-CL
9.C00GE-C1
1.0C0C

1.0000E-01
2.0C0CE-C1
3.0C00E-01
44 GCCOE-O1
5.00CCE-C1
6. CCCLE-GL
T.0C0UE-CL
8.000LE-C1
9.0C00E-C1
1.GC00

i.00G0E-C1
2.0C0CE-C1
3,0000E-C1
4 . 00CLE-C1
5.000CE-C1
6.GCO0E-C1
T«GCOGE-C1
8.0CL0CE-CL
9.,0CGUE-C1
1.CC0C

1.0006E-01

EO

341159
3.1159
31159
3.1159
3.1159
31159
31159
31159
31159
31159
346657
346657
3.6657
36657
36657
36657
346657
3.6657
3.6657
346657
33657
363657
363657
363657
363657
363657
363657
343657
343657
363657
3,0657
3.0657
3.0657
3.0657
30657
3.0657
30657
30657
308657
30657
27657
267657
227657
27657
27657
27657
207657
27657
27657
27657

24657,

HP

32653
364160
35710
3.7331
3.9050
4,0893
4e2885
445051
Le TH15
50000
3646632
36640
36794
347195
37939
39121
4e (G831
4.3157
4e6185
5.0C00
33932
344240
364694
345395
346439
3.7921
3.9931
4e2557
445885
50000
31232
31840
32594
33595
344939
3.6721
3.9031
401957
445585
5.0000
28532
29440
3.0494
3.1795
3e3439
35521
38131
461357
445285
50000
205832

FLGA

86567
88951
90946
9.2987
9+5104
947323
9.9666
l1«0215E+01
1.0480E+01
1.0762E+C1
9.2113
9.2124
92317
9.2818
93743
9.5192
9.7249
9.9981
1.0343E+4+01
140762E+01
BaB8653
Be 90586
B8e9644
S+0544
91871
9e3720
9.6172
99283
1.03C9E+0C1
1«0762E+01
845053
8.,5878
85888
88212
89960
062225
9.5082
9.8581
1.0275E+01
1.0762E+01
8.1293
8.2578
Bo4042
Be5816
%.0706
93979
S.7873
le024Z2E+01
1.0762E+01
77351



Q=3.0

aT APL
ffg%UOE“GQ
44 NCO0E= 12
4 ,0CO0E-0O14
4 4, 0000E-0C3
4 40CCOCE-C2
4.0C00E~-03
4 oNI0C0E-Cn
5.0GOOE—OQ
5.000C0E~C1
50C00CE-02
5.N000E=-Cn
5 4NC0CE=Ca
5.0C00E-Ca
5.00C0E-02
5.0C00E-C=
5 000CE-03
SQGOOCE_OB
C.000C0

C.0000

0,000C

0.,0C00

0. CCCG

0.0000

0,00C0

C.QCQ0

0.0C00

Qe00GC

1.00CGE-C2
1.006C0E-C7
1.0C00E-C12
1.0000E-012
1.000CE-01x
1.0CO0C0E-0~
1.0COCE-0=
1enCNCE-QOn
IQOOOOE—O?
140CGCE-017
2e00GGCE-C=
2.000CE-03
2.0006E-012
2IOOOGE-j?
2:0000E-C2
2.000CE-C2
ZOOCDOE-Q?
2.0GOOE—Q?
2eN0OCCE-Cn
2eN00CE-012
3.00C0CE-02
3.000CE-012
3,0000E-04

DELTA

46 QUCCE-C1
5,C000E-01
6.DUOCE-01
7«000ULE=-O]
8.0C00E-01
9.CC0LUE-O1
10800
1.CO0GOE-C]
2eCC0OGE=-O1
3.000CE-01
4 ,000CE-01
5.000CE-C1
6«0000E=-C1
7.CC0Q0E=-01
8.CJ0CE-C1
9.C000E-01
1.0C00C
1.CO0CE~-01
2.CU0UE-O1
3«0C0JE=C]
4 ,000CE-C1
5«COC0UE-C1
6 0QLCE-01
7.C000E-01
8,000UE-C1
9.0C0CE-01
1.0060
1.C00GGE-01
2.COCULE-O1
3.000CE-C1
4 ,0000E-Q1
5¢0CGCCE-C1
6.0C00E=C1
T7.CO00E=-0Q1
8s.CCNOE-01
9,C00CE-~C1
1.,C000
1.CJ0CE-O1
2eCU0LE-O1
3.CCLLCE-OL
440COLE-OL
5+CU00E-O1
6+C00CE-01
TeCO0OCE-C1
8+000CE-0O1
9, CGCNCE-01
1.C0ON0C
1.CO0CE-C]
2sC00GE-Q1
3,0000E-01

HO
244657
24657
204657
264657
244657
244657
264657
21657
21627
21657
21657
261657
241657
201657
21657
241657
2:1657
262426
242426
22426
22426
262426
202426
262426
22426
22626
202426
1e9426
la9426
149426
l1s9426
19426
19426
149426
149426
1.9426
1.9426
l.6426
leb426
le6426
leb426
l.6426
l.6426
le6426
l.6426
leb6426
1.6426
1e3426
le3426
13426

HP
29995
341939
34321

27231
4.,0757
424985
5.0000
2.3132
244640
26294
28195
3.0439
33121
3+6331
4,0157
404685
50000
202367
22365
242656
203457
244973
27401
3.0933
35755
442051
5.0C00
1e9667
1.95965
2.0U556
21657
23473
246201
3.0033
3.5155
441751
5.0C00
1. 6967
le 7565
l+8456
1.9857
201973
245001
29133
34555
401451
540000
1e 4267
15165
le6356

L6
FLGAH
Be3352
86011
826161

9.2863
Ge7161
1.0208E+01
1.0762E+01
Te3197
Ta5547
748040
B.0812
Be3967
B47588
941734
Se6443
1.0174E+01
1.0762E+01
71977
Te1974
Te2441
Te3711
T+6055
749666
Bedb645
941C04
9.8692
1.0762E+01
6e 7493
6.8002
649002
70826
Te3735
Te7902
8e3404
9.0237
9.8339
1.0762E+01
642689
63784
645383
6€+7819
Te 1340
746097
Be2145
Be9464
97985
1e0762E+01
57485
59267
641551



0

Q= 3,0 cofs
SLOPE ELTA
3.0000E£-03 4,000CE-01
3.0000E-03 5.0C0G0E-01
3.0000E-03 6,00CG0E-01
3.0000E-03 7.0000E-01
3.000CE~-02 B8.,CO0CCE-C1
3.00CCE-T2 Q,0000E-01
3.000C0E-02 10000
4, 00N0E-02  1.0000E-01
44000CE~-Ca 2.,0000E-01
4,00CCE~-03 3.C0C0E-0Q1
4.,0000E-03 4,0000E-012
4+.0000E-03 5.000CE=-01
4.000CE-02 6.,0000E-0Q1
440000E-03 74CO000E-01
4 .0CO0CE-03 B.CCOUE-O1
4 4 0DOOE-03 9,000CE~01
4,0000E=0a 1,0000
5.C000E-03 1.0000E-01
540000E-02 2.000CE-C1
5.0000E-02 3.0000E-01
5600C0CE-02 4 .000CE-01
5+00N0E-Cx 5.C000E-01
50000E-02 64C000E-0]
5.0000E~02 T.000CCE=-01
5.000CE-02 B8.000UE-01
5.000GE-C3 9.,0000E-Q1
5.,0000E-0C2 11,0000
STCP  END

CF PRCGRAM AT

HO

143426
163426
1.3426
103426
13426
143426
le3426
1.0426
1.0426
1.0426
1.04286
l1.C426
1.0426
1.0426
1,0426
1.0426
1.0426
Te#4263E-C1
Tet4263E-01
Te4263E~-01
Te#4263E-01
Te4263E-01
Te4263E-01
Tel4263E-01
Te4263E~01
Te&263E-01
Te4263E~-01

18057
20473
23801
28233
343955
41151
56000
141567
162765
1:4256
1¢6257
18973
222601
247333
343355
44,0851
5.0000
B8.866TE-01
10365
l1e2156
164457
le7473
2«1401
2+6433
342755
4,0551
5.0000

L7

QCR

beaET2
68862
Te4249
8.0866
8.8684
97630
1«0762E+01
51760
5:4375
Se 7464
641364
66292
T« 2353
7+9567
847897
GeT7273
1.0762E+01
45318
448997
53063
5.7867
6e3617
70406
TeB246
807103
9.6916
1.0762E+01

STATEMENT €090 + CO LINES



Appendix C
Rising Slope.-~
HE = 2,0 ft.
Q=1,0 cfs,

< gﬁb?ﬂ DELTA EOQ HP QOR

<0000 0.0000 146159 16159 6e1178
0,0000 1.0000E-01 1.6159 16153 601168
0,0000 2.0000E=01 146159 166160 601180
0.0000 3.0000E-01 1.6159 166210 661274
0.0000 4e000CE=01 146159 1e6331 641502
0.0000 5.C000E=01 1¢6159 1:6550 641914
0.0000 6+0000E-01 146159 146893 642552
0.0000 7+000GE-01 1.6159 le7385 6¢3458
0.0000 8.0000E-01 146159 168051 6et662
0.0000 9.C000E-01 1.6159 18915 6546191
0,0000 1.0000 156159 2.0000 608062
1,0000E-02 1.0000E=01 1.3159 1.3453 545822
1,0000E-C2 2.CO00E=01 143159 143760 546455
1.0000F=-02 3.000CE-01 143159 164110 547167
1.0000E-02 4.000GE-01 143159 le4531 5.8014
1.,0000E-02 &5,0C00E-01 143159 1.5050 549041
1.00005-03 6.000CE=01 143159 165693 640290
1.000CE-G3 T.0000E=-01 143159 1e6485 6e1793
1e00GGE-03 B84CO0UE=01 143159 167451 63578
1.00CG0E-03 9.GO0UE-01 143159 168615 605664
1.00C0E-C3 140060 143159 240000 648062
2.C000CE-02 1.000UE-C1 1.0159 16G753 449907
2.00G0E=03 240U0GE-01 140159 1.1360 541296
2.0000E-02 3.0000E=C1 1.0159 12010 502742
2.0000E-03 440000E=01 140159 1+ 2731 544302
2.0000E=0a 5,0000E=01 1.0159 1e3550 546022
2.,0000E-02 640000E=01 1,0159 1e4493 547939
2.0000E-02 7.0000E=01 140159 15585 60083
2.0000E~03 B84C00UE-C1 10159 16851 6e2476
2.0000E-03 94000CE=01 1.0159 148315 6e5132
2.0000E-03 140060 1.0159 240000 68062
3,0000E~-G3 1eCUOUE-C1 7.1589E-01 B+0533E~01l 443190
3.00CCE—-C3 2s0VU0UE-01 74158GE-01 B8+9600E-01 445556
3.0000E~C3 340C00E-01 741589E-Cl 9+9096E-01 4.7909
3.000CE-04 440C00E-01 7.1589E-01 140931 540317
3,00005=-02 5,0000E-01 741589E-C1 142050 542830
3,0000E-Ca 6,0000E-01 7Te1589FE-01 13293 545488
3,0000E=C2 7+0000E-01 7.,1589E-01 144685 548322
3,0000E-02 B8.0000FE=01 7.1589E-01 16251 661353
3,006C0E-C2 9.000C0E-01 7.1589E-01 18015 6e4597
3.C000CE-03 140CG0 7.1589E-01 240000 668062
440000E-02 140000E~O1 441589E-01 5¢3533E-01 345213
4.00005—03 20000C-01 441589E-01 6¢5600E-01 3.8980
4 OCO0E-G3 3.0COUE=01 4¢1589E-G1 7e8096E-01 442531
44000CE-02 4400CUE=C1 4+1589E-01 9e¢1305E-01 445987
4 40CCCE-G2 5.00C0S-01 441589E-01 140550 409432
- 44,0000E-03 6.CO00GE~01 4.1589E-01 12093 542925
4,0000E=C3 7.CO0CE=-C1 4e¢1589E-01 143785 546507



0

SIOPE

4 o NO00E-02
4 o DOUCE-CAa
QQOGOCE-GQ
5« 0000E-01
5 000CE-01
5 0000E-0Cn
54 000CE~CA
5.00CCE-C2
5. 0000E-07
5e0000E=-02
5 0CCE-0=
5.GCOOE-01
5.000Cz=-0Cna
00,0000

0.0000

0.0000

0.0000

0.0000

0,0C0C0

0.,0000

C.0CCO

0.0C00

00,0000

1.000CE=-0=
1.,00C0E-0n
IQOOOCE-O?
1.000CE-Co
1.000GE-C=
1.0C0GE-O=2
1,0C0CCE-0O2
1.00CCE-Q=
1.,00CCE-C3
1.000CE-CH
2.00CCE-G»
2e00CCE-CHo
Z'DOOGE‘Oq
2+000GCE-0C2
200C0E-0=
2.00GCE~02
2.0C00E~013
2.00C0CE-C2
EQOQUGE“OZ
2.000CE-03

ERRCR XX-4 IN

DELTA

8.,0C00E-C1
9.C00UE=-C]
10000
1.CCO0CE-C1
2.000uE=-0O1
3.C0CLE-OL
440000E=-C1
5.0000E-C1
6.00CCE-O01
7.000CE-C1
8.000CE-01
9.000CE-D]
1.0C00
1.0C000E-C1
200C0E-C1
3e000CE~-C1
44C0CUE-O1
5.C0000LE=01
6+C00LE~O1
T.000UE-O1
8.CCUOCE-O1
9.COCCE~-DC]
1.000C
«C00GE-01
2.00CCE-C2
3.C00GE~-0O1
4o CO0UE=-C]
5.00CCE-O]
6. UUOUE-G1
7«COGLE-C1
8+0GCCE=OL
9.C0OCCE-C1
1.0006
1.00CLE-C2
ZIGOGCE—Ol
2.0000E-C]
4, 000CE-C1
5.C0CCE~-C1
6. COCGE-O1
TIOOOGE—GL
8s4CUCUE-C1
9.000CCE-C]
1.G00GU

HO
4,1589E-0C1
46158%E-01
441589E-01
1.1589E-01
1.1589E-01
141589E-01
1.1589E-0C1
1,1589E-0C1
1.1589E-01
1.1589E-C1
1.1589E-01
1.1589E-01
1,1589E-Q1
6.6566E-01
6e6566E-C1
6e6566E-01
6.6566E-01
6.6566E-C1
6e6566E-C1
6e65606E~C1
6e6566E-C1
646556E-01
6e6566E-C1
3e6566E-C1
3e¢6566E-01
346566E-0C1
3e6566E-C1
3e6566E-C1
366566E-01
3.65566E-01
3e6556E-01
3e65566E-01
3e6566E-0C1
6.5658E-C2
6.5658E-C2
6e5658E-C2
6¢5658E-02
6+5658E-02
6.5658E-C2
6.5658E-C2
6.5658E-02
€e5658E-02
6e5658E-02

HP

145651
147715
2.0000
2.6533E-01
A-léOOE_Ol
5. 7096E~01
T«3305E-01
9. 0496E-01
1.0893
1.2885
1.5051
17415
2. 0000
6.6316E-01
6+ 6404E-01
6¢ 7TS940E-01
7¢1947E-01
7e¢9394E-01
Se1213E~D1
1.0831
13157
l.6185
2.0000
3.9316E-01
4e2404E-01
44 6940E-01
53947E-01
6e4394E-01
7¢9213E-01
F.9311E-01
12557
1.5885
20000
1e2316E-01
leB84C4E-OQ1
25940E-01
3+5947E~01
4¢9394E-01
6¢7213E-01
9eu311E~01
11957
1.5585
20000

STATEMENT 0038 + 00 LINES

QCR

60210
64057
6.8062
244791
3.1041
366366
4e1206
425783
50230
54631
549045
6e3512
68062
3649192
39218
39669
4.0822
442883
45964
50087
55203
61227
648062
30177
31340
342973
35349
3.8620
Loe2B34
467961
53930
60657
648062
16850
2¢0646
2e4512
248855
33824
369457
45736
502626
6.0082
68062

L9

Q- 2.0 Cfﬂ-




Appendix C

SLOPE
C

0.0000
0.0000
0.00GC
Cl.000C
C.00CQ
0.0000
J.000¢C
0.00C0
0.0000
0.0C0C
CenlOC
-1N00GE-C1q
-1.0000E-01
—l.ﬂOOOE—01
=10n00CE-CA
-1.000CE-Cn
-1.0C0GE-Cn
~1.0CCGE-Cn
-1.000CE-C3
~-1.00CCE-03
-1.0COOE—93
-240C00E-02
—2-@0005—02
-2 0000E-C13
-2+0C0CE-Ca
-2.0NCOCE-C=
-2 +0NCICE-GC2
-2.000GE—03
~2¢0C0CE-0=
-2.0000E~-013
-2.,00CG0E-C3
-3,000CE-0%
-3,0CCCE-012
-3,000CE-03
-3.,000CE-013
-32,.00C0E-01
~-32472C0CE-C3
~3400C0E-02
-3¢COGOE—GQ
-3,000CE-Cx
-3+000CE-C2
-4 ,00CCE-C13

-4 4,00006E-013

DELTA

0.0000

1.00C0E=-01
2.0000E-01
3.000CE-01
4+ COCCE-01
5+C00UE-01
6«0CGUE-01
7.C00UE=01
8.0000E=-01
9+ 00GCE-01
1.600C

1.00GUE~-01
2. C000E=-01
3,6000E-01
4 ,000CE-01
5 +CO0CE-01
6+ 000CE-01
75 DOQOE=01
8+C000E-01
9.000CE-01
1.0000C

1.0GGOE-C1
2+ 0C0CE~O1
3, 0000E-01
4 4 GOOGE=01
5. CO0CCE-01
6+000CE-01
7.0000E-01
8+ C0COE-01
9+GC00E-01
1.00G0

1.GGO0E-01
24 CO0GE-01
3,03G0E-01
£ .CO0CE-01
5.000GE-01
&« COGGE=-D1
7+.000CE-01
8.+ 0000E-01
9.000CE-01
1.0000

1.COCOE~-C1
2+G00GE=-O01

Falling Slopes.,

H0 = 5.0 ft.

Q= 1.0 cfs.

HO HP
46159 406159
4,6159 4.6153
446159 446160
4L e6159 446210
446159 446331
446159 446550
446159 446893
46159 4,7385
4.6159 448051
446159 4.8915
46159 5. 0000
449159 48853
49159 408560
449159 4+8310
469159 44,8131
449159 448050
449159 448093
4.5159 48285
44,9159 448651
449159 449215
49159 5.0000
562159 541553
52159 50960
542159 50410
562159 44,9931
52159 44,5550
562159 449293
562159 449185
52159 44,9251
562159 449515
52159 50000
5.5159 564253
55159 53360
55159 542510
5.5159 51731
565159 51050
551569 560493
55159 5.,0085
55159 449851
55159 44,9815
545159 50000
58159 56953
5.8159 55760

50

QCR

1.0340E+01
1.0339E+01
1.0340E+01
1.0346E+01
1.0359E+01
1.0384E+01
1.0422E+01
1.0476E+01
1.0550E+01
la0644E+01
140762E+01
l.0637E+01
1+0605E+01
1.0578E+0C1
1.0558E+01
1.0550E+01
1«0554E+01
1.0575E+01
140615E+01
1.0677E+01
1e0762E+01
1.0927E+01
1.0864E+01
1.0806E+01
1e0754E+01
1.0713E+01
1.0685E+01
1.0674E+01
l.0681E+01
1.0709E+01
1ls0762E+01
1.1210E+01
l1e1117E+0Q1
1.1028E+01
1.0946E+01
1.0874E+401
1.0815E+01
1.0771E+01
1e0746E+01
1.0742E+01
1.0762E+01
1.1486E+401
14 1365E+01



SLCPE
—ll' .OGOOE"O?
-4 ¢ QCOCE-Cn
ﬂQQCOOGE—GQ
-4 40000E-01
-4 4,00005-01
-4 4 00QCE-Dn~
-4 s fO0DE—-C12
4o OOOOE'—Oﬂ
-5.00CCE~0O1
-5 0CCCE-C7
-5.000CE-Cq
-5.00C0E-017
-5.,000CGE-C3
-5.0000FE-01g
-5.0000E-Cq
-5¢0000E-01
-5+0000E-0=
-5,0000E-02
0.0000
00000
0.00C0
0.00CCC
00000
00000
C.00CO
0.c000
00,0000
0.0000
—IQOOOOE‘G?
=10000E-C2
~-1.0000FE-Cq
~1.0C00E-02
~-1.0C0CE-01
-1.0000E-Co
-1.0000E-C3
~1.0000E-03
~1.0C00E-03
-1.0000£2-01
-2.0C00E-Cn
~2s0000E-C=
=2+00CCE-C2
=2 00CCE-DAa
-2.0000E-02
~2+0000E-012
-2.0000£E-013
-2+ 0000E-C2
~2.0000E-C3

DELTA
3.000CE-01
44CCUCE~D1
5.C00CE-01
6.000CE-Q1
T7.CCQ0OE-01
8+.00CCGE-01
9.0000E-01
1.00C0
1,0000E-01
2.0000E-01
3.0C00E-O1
44CUO0OE~-Q1
560C0CE-O1
6.000CE-C1
7C0CGCE-C1
8.,0000E-Q1
%.0C00CCE-0]
1.0000
1.00CCE-01
2.CC00E-C1
3.C000E-O1
4 ,CQ0GCE=-O]
5.C000E-0Q1
6. C0CUE-O1
T.00G0E-O1
B« CCOGE=-C1
9.0000E-Q1
1.C0C0
1.C000E-01
2+CO0CE-0O1
3. CO0UE=-D1
4 4 0C0GCE-O1
5«C000E-O1
6.C0COE-01
T7.CCOCE-C1
Be0000E-0O1
96CC00E-01
10000
14C0CGCE~O1
Z2.C0GCE-C1
3,0000E=-C1
4 o, CO0CE-D]
5.C00CE-O1
6+0000E-01
7.C00CE-O1
8. 0CGOCE-CO1
S«00CCE-CL

HO
58159
58159
58159
58159
58159
58159
508159
5.8159
641159
61159
61159
661159
661159
6.1159
6.1159
61159
61159
61159
36657
366657
346657
366657
346657
346657
36657
36657
346657
36657
39657
349657
349657
349657
39657
309657
349657
369657
39657
349657
462657
4.2657
4o2€657
462657
La2657
4e2657
462657
42657
462657

HP
54610
53531
52550
5.1693
540985
500451
50115
5.0000
59653
5.8160
56710
55331
54050
52893
5.1885
51051
50415
5.00C0
366632
346640
3.6794
307195
37939
3.9121
460831
4e3157
4e6185
50000
39332
3.9040
3.8894
3,8995
3.9439
4.,0321
441731
4e 3757
446485
5. G0GO
462032
401440
440994
440795
440939
401521
422631
404357
46785

QOR
1¢1247E+401
l6¢1135E+401
1.1033E+01
1.0942E+01
1s0867E+01
1.,0810E401
1.0774E+01
1.0762E+01
1,1755E+01
l.1607E+01
le1461E+01
1.1321E£+01
11189E+01
1.1069E+01
1.0963E+01
1.0874E+01
1.0806E+01
1.0762E+01
9.2113
942124
2317
9.2818
9e3743
9.5192
9.7249
9.9981
1.0343E+01
1.0762E+01
95447
95093
94915
9.5037
95578
946640
98315
1.0067E+01
1.0376E+01
1.0762E+01
9.8669
9.7972
97443
947206
97378
98068
99370
1.0136E+01
1.0410E+01

Q=2,0cfs



SICPE

-20000E-C1
-3.0C00E-Cn
-3.,0000E-C1
~3.000CE-0=
-3 ,0000E-01
-340Q000E-01
-3, 0000E-013
~3QOOOOE_01
-3.000CE~C3
-3.,0000E—-01
-3.000C0E-02
-4 400C0E-Qn
—4.0000E-03
—4 ,0000E-01
~4,0000E-01
-4 4 0000F-0=
-4 4 000CE-CH
-4 4 D000E~-0~
-4 ,0000E-CH3
-4,0000&E-013
—4.00005'03
~5.0000E-0=
—SOOODOE’OB
-5,006CE-03
=5,0C0CE-C~
~5.000CE-07
-5,0000E-012
-5.0C0CE-02
~-5.0000E-07
-5 0000E-02
0.0000
0.0GOC’
0.0000
0.000C
0.0CC0
0+00CG
0.0000
0.,000C
0,0000
0,0000
-1.0000E-C~x
-100CCE-0O=
_1-00066—02
-1.0000E-03
~1.0000E-03
—1.000GE-03
—1090005-0?
—llOOOOE"OB
—1.0000E-C=
-1.000CE~-C3
-2+ 0000CE-0O2

DELTA

1,0000

1.C000E-0Q1
2.0000E-01
3.,C00C0E-01
44C000E-01
5.0000E-01
6.C000E=-C1
7+00CCE-O1
8.00CCE-01
9.0000GE~D1
1.CG000

1.0000E-C1
2.0000E-01
3.,0000E-C1
4.00C0CE=-01
5,00CCE-0]
6.C0CCE-01
T7.0000E-01
B+0C000E-O1
9.,0CG0OCE-QO1
1.00CC

1.000Cz-01
2.0000CE-0O1
3.0000E-01
4,000CE-01
5.C000E-01
6.CO0CE-C1
7.0000E=-01
B.CO0CE-O1
9. 0000E-01
1.00G0

1.C0C0E-CL
2.C0COE-O1
3.,0000E-01
4.,00CCE-01
5.,00CCE-C1
6.0000E-01
T+« GCOCCE-C1
B+ GOCCE-O1
9.C0C0E~C]
1.G0C0

1.G000E=-01
2.C000E-CQ1
3.0C0C0E-01
4 ,0GC0E-01
5. C0C0E-C1
6.C0C0E-O1
7.C00CE-01
8.00CGOE-01
9.C00CE-O1
1.C000

1.0000g-01

HO

4e2657
465657
4e5657
465657
445657
4o5657
44,5657
45657
405657
465657
L4e5657
448657
468657
4.8657
4e8657
4488657
448657
44,8657
48657
4eB657
LeB8BEST
501657
541657
561657
51657
541657
541657
501657
51657
51657
51657
262426
202426
202426
2e2426
22426
22426
202426
202426
262426
22426
25426
25426
2e¢5426
2e¢5426
25426
254726
265426
25426
205426
265426
2¢B426

HP

50000
Hhael732
443840
443094
442595
4e2721
443531
46 4557
427085
5.0000
4o T332
446240
445194
404395
443939
443921
Lel43]
405557
Le7385
50000
50132
448640
47294
446195
L5439
465121
465331
406157
4o 7685
56 000C
22367
22365
202656
23457
204973
27401
3,0933
345755
4,2051
50000
2+ 5067
244765
24756
2e¢5257
26473
28601
3.1833
346355
442351
50000
2e 7767

QOR

1.0762E+01
1.0179E+01
1.0077E+01
F.9908
99327
969146
99475
1.0041E+01
1.0204E+01
1.0443E+01
1.0762E+01
1.0482E+01
1.034%9E+01
140231E+01
1.0140E+01
1.0088E+01
1.0086E+01
1e0145E+01
1.0272E401
1.0476E+01
l140762E+01
1.0776E+01
1l.0614E+01
1.0466E+01
1.0344E+01
1.0259E+01
1.0223E+01
1.0247E4+01
10340E+01
1.0509E+01
l1e0762E+01
71977
Ta1974
Te2441
T«3711
Te6055
Te9666
Be4645
91004
9.8692
1e0762E+01
Te6197
Te5737
T5724
T+6486
78306
81392
845867
9.1765
9.9043
1.0762E+01
80196

52

Q = 3,0 cfs.



0

SLCPE

-2 0C0OCE-D"
-2 200Q0E-C1
-2,G000E=-C3
-2e0000E-01
-2+0000E-Cn
-2+ 0000E-01
~2+0000E=-01
-2,0000E-07
-2+0N00DE=CA
-3 .0000E-Cn
-3, 0000E-02
-3 0000E-0n
=3 000CE-D=
-3e00C0E=-Tn
~3.0000E-C1
-3000006—0?
~3400G0E-02
-3.0000E-Cn
-3.0000E-G=
-4 40CC0E~-G2
-4 ,00C0E-Q=
-4 ,0000E-02
wi ,O0000NE=(2
-4 ¢ NOONE-0=
-4 40CCGE-Cn
~4 ¢ DCCLE-C=
4, 000CE-01
~4,000CE=02
~4 ¢ 000GE-01
-540000E-02
—5.0000E-01
=5.00C0CE-0=
-5,0000E-01
-5, 0000E~-0=
—SQOOQGE—OQ
—5-00 TE=-02
-5.0000E-0=2
=-5.0000E-013
—S.OGOOE_03

STCP END CF PRCGRAM AT

DELTA

2.0000E=-0C1
3.COCUE-C1
4 4 GO0V0UE~OQ1
5.0000E-01
6+000UE-01
T« U000E~O1
8sC00UE-C]
9.0000E-0C1
1.0000
1.GO00E-O1
2C000E-D1
3.00C0E-01
4o CDONE=01
5 C0UVCE-0]
5e0000E-0C1
7T.0000E-01
8« CGO0E-O1
9. CUULE-Q1
«COCG
1,0000£-01
2.0000E=-C1
3. 000E-01
4.,000NE=0]
5.0000E-01
6&&OOLE*01
T+0GCOE=-O1
8¢CCO0E~-O1
9.0GCU0E-O1
1.C0005
1.GGG0E-C1
2.COCUE-O1
3.,00C0E-Q1
« COQCE-0O1
5.0000E-01
656 0UGOUE-O1
7.006C65E-01
8sCLCOE~CQL
9.0000E-01

1.0000

HO
2:8426
208426
28426
20B426
208426
2.8426
248426
2:8426
28426
301426
3.1426
361426
3el826
301426
3.1426
361426
B3el426
321426
31426
34426
364426
364426
34426
364426
3e4426
364426
3e4426
304426
3.4426
367426
37426
3.7426
3eT426
37426
37426
3.7626
367426
367426
37426

EP

271565
26856
27057
27973
29801
3.2733
3.6955
442651
50000
3.0467
29565
28956
28857
29473
3.1001
3.3633
37555
442951
560000
343167
31965
31056
3.0657
3.0973
32201
364533
3.8155
4o 3251
5.0000
35867
34365
343156
32457
32473
33401
345433
3.8755
43551
50000

COR

79322
7.8870
79165
8.0493
8.3082
Be7073
92519
9.9393
1.0762E+01
84005
862752
81896
8.1756
Be2623
8.4738
8.8262
943267
99742
1.0762E+01
8e 7648
8e6046
8.4814
Bal4267
844700
8e6363
Be9435
9+4009
1.0009E+01
1.0762E+01
961146 -
849217

8e 7634
8.6706

Be 6727

Be 7957
90593
944745

1. 0044E+01
1.0762E+01

STATEMENT 0090 + 00 LINES

o
LWe)



Appendix C

C

S%?PE
00000
0.00C00
00000
0.0000
0.000C
0.0000
0.,0000
0.0000
0.0000
0.,0000
00000
-1.0000E-01
-1,0000E-C=
-1.00C0CE-03

© =1.00C0E-C~

-~1.000CE-QO~=
-1.0000E-0"n
-1.0000E-0=
=1.0C00E-0C1
—1.0000E-O?
-1.000CE-C3
~-26000CE-0C1a
-2,000GE-03
~2.0000E-02
~2|0000E—O3
-2+0000E-013
-240G00E-013
-2.0000E-013
—ZQOCCOE-O?
-2s0000E-01
=-2.0000E-C=
-3+0CC0E-0=
—BQOGOOE-OQ
*BQOGCOE-O':;
~3+.0C0CE-C2
~3+0C0GCE-DC1
-3,000GE-03
~-3e000CE-O2
-3.0000E-02
-3 ,000CE-01
"‘3.OOOCE-O‘2
~4 300CE-O=
~4, 000CE-0=
-4 ,0000E-0+
~4,0000E-012

DELTA

0.C000

1.0000E-01
2.C0O00E-C1
Zel:00E=~01
4. 0000E-01
5,0000E-01
6. 0000E-01
T.0000E-01
8,0000E-01
9,000VUE-O1
1.0000

1.0000E-01
2.0000E-01
3.000CE-01
4,CC000E-O1
5CC0OUE-01
6+ COCOE-D1
7+000CE-C1
B+ COCCE-C1
9.COCUE-01
1.00G0

1., 00CUE-O1
2.0C0OUE-C1
3.00GC0E-T1
4. 000CE~C1
5.0C0CE-C1
6.CC0CE-C1
7T.C000E-C1
8.00CGCE-Q1
9.00GCE-O1
1.0C00

1.CCOLE-C1
2.CO0CCUE-O1
3.0000E-01
4 UOGLE=-O1
5.CUGOE-DQ1
6.000GGE-C1
7T«0U00UE-C1
8.CCOUE-DO1
$.CO00E-0Q1
1.0C0C

1.C06CE=-C1
2.CCCCE-O1
3.CCGCE-01
4,0000E-C1

Falling Slopes.-

HE = 2,0 ft.

I

&2
1

= 1.0 cfs.

He

146159
l.6159
le6159
1.6159
146159
1.6159
1.6159
1.6159
1.6159
1:6159
1.6159
1.9159
1.9159
1.9159
1.9159
l.92159
19159
149159
1.5159
1.5159
1.9159
2e2l15%9
242155
22159
202159
242159
242159
22159
22159
22159
262159
25159
265159
245159
2w5 159
245159
245159
245159
245159
245159
265159
2.815%
248159
248159
28159

HP

146159
1.6153
16160
1.6210
16331
16550
1.6893
1.7385
18051
1.8915
2.0000
18853
1.8560
1.8310
18131
1.8050
1.8093
1.8285
1.8651
1.9215
2.G000
2.1553
2.0960
240410
149931
149550
149293
149185
1.9251
19515
2,000
244253
23360
242510
241731
241050
24493
2.0085
1.9851
1.9815
2.0000
2.6953
25760
2.4610
23531

QoR

61178
61168
61180
61274
61502

61914

642552
643458
64662
666191
68062
6.6082
65566
645122
644803
55659
64736
£«5079
6.5728
bebT71&
68062
70656
69677
©e8756
L7944
6e7292
6.6848
66662
646776
647232
6.8062
744551
743558
T42206
T«0946
69826
68896
68207
6. 7809
Ee TTGT
68062
79013
Ta7244
745499
743826
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SLOPE DELTA

—4.00GCE-C%
-4 ,000CE-C1
-4 ,0C0CE-0%
-4 o OOOGE_OQ
-4 o,0000E-012
-4 .,0000E-0%
-5 +0000E-02
-5,000CGE-0=
~5,0000GE-013
—5.0000E*03
—5-00005-03
~5.0000E-02
-5.,0000E-C12
-5,0000E-013
-5.0C0CE-01
0.0000
0,0GC0C
C.0000
00,0000
0.0000C
0.00C0
C.00300
J.0000
Ce0C00
Q0,00CC
-1.0000E-C1s
-1.000GE-0O%
-1.0000E-01
-1.000CE-0=
~1,0000E-0=
-1.000GE-02
~-1,0000E-0=
=1 Q0CGE-D"
*1|OOOOE—O?
—1.0000E-03
~2.0CU0E-O1
~2+0000E-03
-2.0CC0E~-02
-2.0000E-01
-2.00C0E-01
-2.000GE-0O~
-2.000CE-C=
-2.000CE-019
—ZQOOOOE*OQ
-3 40CC0E-0O2
-3,0G00E-03
~3.000GE-03
~3,0000E-01
-3.,000GE-03
-3000006-03
-BQOOOGE'OQ

5.C00U00E-O1
6« CGCLE-CL
700C0CE=-01
8.CCCCE-C1
9+00GCE-O1
1.G6C0C

1.0CCCE-C1
2.C000E-0Q1
3.00G0E-D1
4.C0CUE-C1
50000E-C1
6.0000E-01
7.0C00E-01
8.000CE-O1
9.C000GE-01
1.C0CC

1.000CE-01
2.0000E-Q1
3.0000E-01
4,000CE-01
5.000CE-D1
6+.000GE-01
T CGOULE-O1
8.UCG0OCE-O1
S.000UE-O1
1.G00L0

1.0600E-01
2.0000E-01
3.C00CE-O1
44 C0C0E-01
5.,000CE-C1
6.C000E-D
7.0000E-01
8.0000E~-01
SeCCO0E~-O1L
1.0G0C

1.C0GCGUE-OCL
2.00060E-0C1
3.,0C00E~C1
4 ,000CE-O1
5.C000E-01
6.000CE-C1
7«CCCUE=-Q1
8.0GOCE-C1
9+0CC0E=01
1.0G00

1.CCCLE-O1
2sCCGGOE-O1
3e¢CGCULE-C1
4,000CE-C1
5.0C0CE-O1
6.0000E-01
7.0000E-C1

Ho

228159
2.8159
248159
28159
208159
248159
31159
31159
31159
31159
31159
341159
3.1159
31159
341159
341159
6«56566E-01
6e6566E-01
6e5566E-C1
6.65656E-C1
6.6566E-01
606566E-C1
6.6566E-0C1
6e6566E~01
6e6566E-C1
66566E-01
9e6566E-01
9.6566E-C1
Geb6566E-01
S+6565E-01
9+6566E-C1
9:6566E-C1
9e6566E-01
96566E-01
9+6566E-01
9e6566E-01
162657
1625657
142657
12657
12657
12657
1.2657
1.2657
12657
1,2657
1.5657
1.5657
1.5657
15657
158657
145657
145657

HP

262550
21693
2+ U085
200451
2.0115
2.0C00
296532
2«816C
246710
2¢5331
24050
2:2893
21885
201051
2:0415
20000
6e6316E-01
6.6404E-01
6e7940E-01
Tel947E-01
Te9394E-01
9.1213E-01
1.U831
163157
le6185
2.0000
Se3316E-01
9. U404E-01
8.8940E-01
8.9947E-01
9.4394E-01
1.0321
1.1731
13757
146485
Z2:0C00
12032
141440
1.0994
1.0795
1.0939
11521
12631
14357
16785
20000
la&4732
13840
13094
1.2595
12439
l1e2721
13531

GOR

742271
T.0884
649719
5.8226
68258
68062
842876
8.07E2
T«8655
Te6597
Teb4636
742819
71198
6.9828
6eBT65
68052
3.9192
3.9218
39669
440822
4428873
445564
50087
55203
6e1227
6.8062
446491
445760
4,5388
445644
4e6759
4.8894
52127
56448
661792
68062
52790
51477
50463
5.0003
5.0337
51659
5.4089
57666
62352
68062
568414
56619
55072
54011
53677
5.4282
55983

\n
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Q = 2,0 cfs.



0

LOF

SLOFF,
-3.00CCE~-0O5
=-3.0000E-01
-=3.000C0E~0=
-4, Q000E-DA
—4.0000E“01
~4 4 0000E-073
~4 40000E-013
—QQOOOOE_O?
-4, 0000E-01
—QQGOOOE—OQ
-4.0000E-02
-4 4, 0000E-0O1
-4 ,0000E-01
—5-00005“0?
-5+000CE-0O1
—5.0000E-03
-5,00G0E-013
-5+00C0E-C3
-5.0000E-0~
-5.000CE-O1
-54,0CC0E-0O7
-540000E-01
-54000CE-02

ERRCR XX-4 IN

DELTA
8.CC00E=-C]

9.0000E~01
1.C000

1.0000E-01
2.0000E-01
3.0C00E-0O1
4. 0C00E~-O1
5.C000LE=C]
6. 0000E-01
7.C000E-G
8.C00CE-O1
9,0000E-01
1.0000

1.0000E-01
2.000CE-C1
3.0000E-01
4, 000CE-012
5.00006E-01
6«0000E-01
T«0CO0E-O1
8.000GE-0O1
9.,000CE-01
1.0000

HO
l.5657
1.5657
1.5657
1.8657
18657
1.8657
18657
l.8657
1.8657
1.8657
1.8657
18657
18657
241657
21657
21657
21657
241657
201657
261657
201657
241657
241657

HP
1a4357

1.7085
20000
17432
1¢6240
1e5194
14395
13939
13921
le4431
15557
17385
20060
2.0132
1.8640
1472594
1.6195
le5439
l1e5121
145331
1.6157
1.7685
2.0000

STATEMENT 0038 + CO LINES

qon
58859
62507
6.8062
63542
6.1332

59324
57742
56822
5.6785%5
5.7815
640028
63457
6.8062
6.8286
645708
63291
661246
5.9801
53182
549591
6541174
G&e4002
6.8062
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This study was performed with the purpose of determining whether a des-
sisn equation could be developed to secure an equal discharre from uniferm-
ly spaced orifices in an irrigation pipe.

In the development of the theoretical analysis the following assump-
ticns were mads:

l.- Linear distribution of velocity within the pipe.
2.~ BEqual éoefficient of discharge for each orifice.

Ths formula obtained was compared with experimental results from R. G.
Spomer's Thesis K.S.,U. 1961, and a close agreement was found. Differences
between the experimental results and the calculated discharges did not
exceed more than &%, The results of this study indicated that there was
an increase in discharge from the orifices as the dead end of the pipe ‘
was approached for a pipe placed on falling slope. In the case of rising
slope ( dead end hish ) a dscrease in discharge from the orifices was
noted as the dead end of the pipe was approached.

Since the discharge calculated by the formula agreed closely for the
gbove 60-foot length of pipe, the same analysis and proccdﬁre was applied
to0 a pipe 300-foot of length. Flow calculations were made for zero, fa-
1ling, and rising slope at inlet flows of 1.0, 2.0, and 3.0 cubic feet
per seccnd. Calculaticns were made for points spaced at 30 foot inter-
vals. Two pressure heads at the entrance were considered. In the first
case the assumed valus was 5.0 feet of water. In the second case 2.0 foot
of entrance pressure head was considered.

It was found that for an inist flow of 1.0 cubic feet §er second, and
an entrance pressurs head of 5.0 feet, a falling slope between 0.001 and
0.002 { 0.0015 probably ) will produce the best wniformity of discharge

from orificesz. The same conclusion was cbserved for this flow at 2.0 foot



[g%)

or an inlst flow of 2,0 cubic feet per seccnd, and pressure head of
5.0-fcot of water, the falling slcpe that pr- uced best unifornity was
0.C05. Probably, for this case, a fallinz slope of more than 0.005 wculd
produce the best wniformity. The same corclusion is cbserved for thig in-
let flow at an entrance pressure hezad of 2.0 feet.

Ais conclusica, for inlet flcws of 1,0 cubic feet per second and more,
there is an specific falling slope that will produce the best uniformity

discharce.



