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1. Introduction. Green vKountain Dam is a part of the Colorado­
Big Thompson project and its purpose is to store the flood flow· of 
the Blue River and r elease this water to the Colorado River at a rate 
which will offset the effect of the diversion of 1,11ater from Grand 
Lake through the Continental Divide tunnel. This storage and release 
of water wi11 require a drawdo'.am in Green JiiTountai.n reservoir of 135 
feet each year in advance of the flood season. 

Two 15,000-horsepower turbines and two 50-inch outlet valves 
will be installed in Green l;Iountain power plant. Each turb.ine will 
be supplied vvi th water by a 102-inch diameter penstock. The pen­
stock system which supplies the turbines and auxiliary outlet valves 
consists of a trashrack structure at the intake, a concrete-lined 
inlet shaft 15 feet 5 inches in dironeter, a concrete-lined tunnel 18 
feet in diameter and approximately 810 feet long extending from the 
inlet shaft to a gate chamber where the flow is divided and passed 
through two 102-inch ring-seal gates connected to 102-inch steel pen­
stocks installed in a concrete-lined, horseshoe-shaped tunnel approx­
imately 710 feet long. Y-branches located upstre8.Ill from the power­
house divert all or a portion of the flow to the 50-inch outlet 
-valves. The principal features of the penstock system are shown in 
figure 1. 

2 .  Summary. Models of several elbow designs were tested to 
determine the most efficient one for installation at Green ifountain 
Dam. The most efficient one is an elbow of constant diameter with 
a radius of curvature of one and one-half dia"Ileters followed by a 
minimum length of one and one-half diameters of straight pipe before 
flaring to the tunnel diameter. 

It was found that the piers and trash-rack bars are essential 
in preventing the formation of vortices at minimmn reservoir level. 
However, the shape of the pier itself has very little effect, and 
it is suggested that structural considerations be the basis for selec­
tion of pier shape. 

Three designs of Y-branches were studied and it was found that 
the straight Y has minimu.'11 loss at zero diversion whereas the conical 
Y has minimum loss at 100 percent diversion. Since the difference 
in these two is very small at lo'V'r diversions, the conical Y is the 



better design, considering all conditions of operation. 

3. Purpose of studies. The hydraulic model study was under­
taken initially for the purpose of selecting the most efficient 
design of bend which would satisfy design requirements. 

1ifhen the bend studies were completed, it was decided that a 
study of entrance conditions at minimum water surface should be 
made because of the possibility that vortices might form and draw 
air into the turbine penstock. 

In order to supply hydraulic design information, three Y-branch 
designs, including a new type with v anes, were tested. 

4. Experimen� __ apparatus and test procedure. A model of the 
structure from the bellmouth entrance to a point about 60 diameters 
downstream from the elbow was constructed to a scale of 1:29.671. 
This model ratio was chosen so that available materials could be used. 
The reservoir was simulated by a metal-lined wooden box of ample size 
to insure proper performance of the entrance. The bellmouth entrance 
was machined from a bronze casting to the shape recommended in Lab­
oratory Report No. HM-1 of the Hydraulic Machinery Laboratory, Bureau 
of Reclamation. From this point to a point 34 diameters dovmstrea.m 
from the bend, the model, including the various elbow models, was 
made of transparent pyra.lin to allow visual observation of flow con­
ditions. The remaining portion of the model consisted of an aluminum 
pipe 7.19 inches in diameter. An orifice 6-1/2 inches in diameter 
was placed at the end of this pipe to partially restrict the flow. 

1vater was delivered to the head box through suitable piping by 
an 8-inch centrifugal pump, and, after. passing through the model, it 
emptied into a tank which had a sharp-edged orifice in one side. 
This tank was equipped with sufficient baffles to give proper flow 
conditions for the orifice. A water column connected to the tank 
served to indicate the head over the orifice. 

5. Elbow tests. In testing the various elbow models no attempt 
was made to maintain operational similitude. It was decided that the 
performance of the various designs be com·-·,ared on the basis of the 
discharge under the same head. In order to obtain significant dif­
ferences in discharge for the various elbows, the model setting was 
designed for the maximum capacity of the circulating pump. The re­
sulting velocities were several times the velocity scaled from the 
prototype. This distortion of the velocity scale resulted in an in­
crease in Reynolds' number which makes the tests more truly indica­
tive of the prototype behavior. An orifice was chosen to measure 
discharge because of its relatively high sensitivity to change in 
discharge. 

The testing procedure followed a simple pattern. The discharge 
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of the pump was adjusted until the level in the head box reached 
a predetermined level. 1:ii th the head at this level, the discharge 
was measured by means of the orifice box at the end of the model. 
The level in the head box and the head over the measuring orifice 
were read simultaneously at 15-second intervals for a total of ten 
readings on each. It was very difficult to set the level in the 
head box at the exact level desired; so a set of ten readings was 
taken slightly above and one slightly below this level. The dis­
charge at the desired head was then obtained by interpolation. 

These discharge tests were run in succession and in as short 
a time as possible so that all the elbows were tested under nearly 
identical conditions. After completing the entire set in this manner, 
each elbow was installed again and the following additional tests 
were made. 

The velocity distribution at critical sections was obtained by 
means of a cylindrical pitot tube. This tube has three openings in 
a plane perpendicular to its axis. These three openings are con­
nected to manometers which are read to give the magnitude and direc­
tion of the velocity vector in the plane of the holes. The direction 
is obtained directly by balancing the pressures on the outside holes, 
and the magnitude is computed from the differential between the cen­
ter hole and either of the outside ones. Measurements were taken 
across two diameters at ri,<:,ht angles to each other. At the se,me 
time, the energy loss was obtained by reading the differential head 
between the center hole and the headwater. 

Pressure measurements were taken at several sections, includ­
ing all sections where velocity traverses were made. These pres­
sures were obtained by means of piezomehir rings connected to water 
or mercury columns, depending on the magnitude of the pressure. 

6. Intake tests. A few changes had to be made in the model 
for the intake studies. 1.Nhereas in the elbow studies, which were 
strictly comparative, the discharge scale could be ignored, such is 
not the case for the intake studies. In studying the vortex condi­
tions at the intake for a definite head over the entrance, it is 
essential that the discharge be in the correct ratio to this head. 
To accomplish this the 6-1/2-inch orifice at the end of the aluminum 
pipe was replaced by a smaller orifice, 2. 52 inches in diameter, 
which gave the scaled head at the scaled discharge. In other words, 
operational similitude was maintained. The smaller orifice repre­
sents the contra 1 of the system maintained by the turbine. All the 
intake tests were visual and consisted of trying various shapes of 
piers and a training wall of special design. 'rhe model s tructure is 
shovm in plate 1. 

7. Y--branch tests. After concluding the elbow and intake 
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tests, the altnninum pipe was replaced by a sheet-metal pipe of equal 
diameter flanged so that the Y-branch models could be placed between 
the pyralin and sh eet-metal pipes. The entire model, including the 
headwater box, was moved to a new location under an elevated V-notch 
weir box so that the water could be metered as it entered the model. 
A free discharge orifice was installed at the end of the sheet-metal 
pipe to measure the discharge through this line. The difference be­
tween the discharge measured by the V-notch weir and that measured 
by the orifice gave the discharge diverted through the branch. 

A valve at the end of the branch line served to control the per­
centage of total flow diverted by the branch within the limits of 
the ratio set by the size of the orifice at the end of the direct 
pipe. This ratio was varied by changing the size of the discharge 
orifice. For 100 percent diversion the direct line was blanked off. 

In testing the Y-branch models, operational similitude was 
again disregarded and maximum model discharge was used. The level 
in the headwater box was held as high as possible and the total 
discharge over the V-notch (Qt) and the discharge through the ori­
fice (Qd) were measured. Pressure readings 'IJ'Jere taken at four sec­
tions, located as shown in figure 6, by means of ring piezometers 
and manometer tubes. Some velocity traverses were also taken at 
these sections. 

8. Results and conclusions. 

Elbows. --The elbows tested were all 90-degree bends and had approxi­
mately the same radius of curvature, 9. 302 inches in the model, vr.i th 
the exception of the long radiU:s and vaned elbows. The design of each 
elbow tested, as well as the location of the measuring sections, is 
shown in figures 2, 3, and 4. The results of the comparative dis­
charge tests are shown in the following table. Each elbow is listed 
according to the value of the measured discharge adjusted to the sa.rne 
head. 

Bend No. Descripti�n_�� Discharge, c. f.s. 

3 Long radius 3.114 3.115 
8 Constant diameter - 1-1/2 D 

straight 3. 077 3.073 
8A Constant diameter - 2-1/2 D 

straight 3. 070 3. 071 
9 Converging-elliptical 3.040 3. 037 
5 Constant di��eter - with throat 3,018 3.018 
9A Converging-elliptical - 1-1/2 D 

straight 3.000 3. 002 
1 Converging-daub le conical 2. 989 2,988 
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Bend No. 

7 
6 
4A 
2 
4 

Description� Elbow 

Converging-single conical 
Constant diameter-no straight 
Vanes - 5 vanes 
Converging - spiral, elliptical 
Vanes .. 9 vanes 

DischargeJ c.f.s. 

2. 988 2. 985 
2.982 2. 976 
2. 972 2. 971 
2.940 2.938 
2.901 2.901 

The foregoing table g ives a. comprehensive picture of the comparative 
performance of the various elbows. It -will be noted that two dis­
charges are listed for each elbmv arrangement. The first discharge 
listed is the value obtained directly from the tests by interpolation, 
as explained previously. In obtaining these values the variation in 
the length of the elbows was neglected. Any variation in this length 
results in the same variation in over-all length of the model be­
cause all other model lengths were fixed. In order that the results 
be strictly comparable, this change vras corrected by adding a hypo­
thetical length of 7.2-inch diameter pipe of sufficient length to 
compensate for the variations. The loss in this added length was com­
puted by proportion from the measured loss in 23.4 diameters of 7.2-
inch diameter pipe downstream from the long radius elbow. The de­
crease in discharge resulting from this additional loss with the same 
total head was then computed by the relation: 

where 

and 

K 

Q(corrected) = 

v2 
H(total)/ 2g 

- > K 
Q(measured) :x: V K + 

v2 
c = h/ 2g' where h = loss in added length. 

The corrected values of dis charge do not differ materially f'rom the 
uncorrected va.lues except in the case of elbow No. 6 where the change 
amounts to twn-thirds of a percent. No changes occur in the relative 
performance of the elbows due to the correction. An interesting 
point is revealed for the case of the constant ,:liameter elbow ,,Ji th 
the two different lengths of tangent. J\l though frictional loss is in­
creased by adding the length of smaller pipe for the longer tangent, 
the net effect is only a slizht lowering in discharge. This is un­
doubtedly due to an offsetting increase in the efficiency of the 
diffuser. There is an optimum length of tangent, but no attempt was 
made to find it because the change in perfonnance of the elbows is 
very slight. It can be stated that the length of the tangent is not 
critical between 1-1/2 and 2-1/2 diameters, and the final design can 
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be any lenp;th between these two values. 

The results indicate that the long radius elbow, which has the 
generally recognized optimum ratio of radius to diameter of 4 to 1, 
is the most efficient elbow. This elbow was included in the tests 
merely as a ma tter of control, since the choice of elbow design is 
limited by design conditions to one of short radius, which could be 
formed within the diversion tunnel plug. The most efficient elbow 
for installation is then a constant--diameter elbow with a radius of 
1-112 diameters and a length of downstreaJrJ. tanr.;ent equal to a minimum 
of 1-1/2 diameters. 

In selecting the elbow for Green Mountain Dam penstock it was un­
necessary to consider velocity distribution because of the long run 
of pipe between the elbow and the turbines. However, measurements 
of velocity distribution were taken to complete the test of each 
elbow. These tests are included and discussed for consideration in 
future designs. The v elocity at any point in a section was obtained 
from the differentials measured with the cylindrical pitot tube by 
means of the relationship v2/2g = Kh. The coefficient K had been 
evaluated in previous tests by traversing a pipe Yri th a known dis­
charge passing. 

The results of these velocity studies are shovrn in figures 2, 3, 
and 4. A sketch of each elbow shows its design and the locations of 
the measuring sections. The velocity distribution at each section 
is shown in two ways; first, by means of isotachs drawn on the cross 
section, and, second, by nondimensional plots of velocity versus 
distance from the side. The cross sections with the isotachs show 
the manner in which the distribution changes around each elbow. The 
nondimensional plots give a comparison of distribution at each sec­
tion for different elbows. 

These plots of velocity distribub.on give a comprehensive picture 
of the conditions to be expected dm�nstream from the elbows of· the 
types tested. 1'1or the specific study which :i.s the subject of this 
report. the distribution of velocity is of no consequence. However, 
there are many installations where the distribution is important. 
It is apparent from a study of these �lots that the distribution is 
materially the same at section 6 for aJ.J. the elbows. This section 
is located at a distance of 7 .4 diameters of the 7 .2-inch pipe plus 
some 4 dia,11eters of the 60235-inch pipe from the center line of the 
-vertical pipe. This distance, together with the fact that a di ffuser 
preceded this section, accounts for the :relative invariance of the 
velocity distribution. At sections which a.re located closer to -the 
elbow, the distributions are quite different for the various elbows. 
The vaned elbov, is clearly superior to all the others f rom the stand­
point of distribution. The accelerating elbows a.re fair up to the 
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minimum s e ction but from he re on the di stri bution becomes di sto rted 
in a. short di s tance and then gradual ly improve s  up to s e ction 6 .  
It i s  apparent that so long as the water is  b eing accelerated, the 
flow remains s table and we l l  distributed,  but a.s soon as the accele­
ration is s to pped , se cond ary flow develops . The s e condary flow 
actual ly develops  b e fo re the e nd of accel eration i s  reached. 

It has been cont ended that if any accele ration feature is  impos ed 
on a bend it should be placed downstream f rom the bend and separate 
from it . The s e  t e s t s  seem to b e ar out this cont ention. With the 
exception o f  b end No . 9 .  the constant diameter elbow fo llowed by a 
no z z le i s  the mos t  e fficient of the acceleration bend s .  Since the 
amount of' a c ce leration is material ly le s s  fo r the c ase of bend No. 9 ,  
i t  canno t  be compared dire ctly w:i.th t he other accelerati on hends . 

The nondimens ional plots serve to compare the flow at any s e ction 
for di ffe rent e lb o,rn .  1, fe-w of the traverse s are s omei.vhat in erro r ,  
due to the influence o f  the measur ing tube . Thi s i s  the case only 
for the smal le r  sections whe re the c ro s s - se cti onal area of the tube 
i s  re lati ve ly large . The supe r ior ity o.f the vaned--type e lbovr i s  
again demonstrated in the s e  plot s . 

Intake . --S inc e all  the pie r s  te sted had the s ame shape of tai l ,  
the mode l  was built ·wi th that part of  the pier fixed in place , with 
faciliti e s  for changing the nos e pie c e s . The vari ous pie r shape s 
te ste d ,  as  wel l  as  the cu rved t raining wal l ,  a.re shown in figure 5 .  

The intake model was first ope rated without any trashrack s t ruc­
tur e .  Smal l e ddie s combine d to form a. large vortex which drew in 
an unde s irable quantity of air . The piers  were then installed.  The 
pre sence of the piers reduced the vortex action to a l arge extent .  
Al though small vortice s continued to form over the int ake ., they were 
he l d  to such a s ize  by the pie r s  that air was drawn in only at inter­
val s  and then only a few bubble s .  The act ion v.ra.s  a s  follows . A 
smal l e ddy would fo rm at the s ide of  a pier and then drift in over  
the intake . 'l'hi s eddy would grov, in  size  until  it was suddenly damped 
out by the piers . Yihen the trashracks wer e  instal le d the tendency to 
form vo rtic e s  was age.in r e duced.  The pre sence of the trashrack bars 
prevented the formation o f  the e ddie s at the s ide o f  the pier s  111.rhich, 
in the previous s e t-up, led to a vortex over the intake . A number of 
small eddie s we.s created behind t he trashrack bar s  but they s e eme d to 
be dis tributed at random so  that they acted to compensate each other . 
11 1i th r egard to the action of the d ifferent pier-no s e  des igns , no 
marke d differenc e could be detected bJ vi sual observati on. A larger 
ori fice , 4 inches in diameter ,  was sub stituted for the 2 . 5 2-inch 
o r i fice  at the end of the mode l in order to increase the flow through 
the mode l and thereby magnify any difference s .  There was sti l l  no 
appr e ciab l e  diffe rence in the fl ow character i sti c s .  No attempt wa.s 
ma.de to measure los s e s  be cause they a re of such small magnitude that 
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they were almost imperceptible in the model . The choi ce o f' pier 
nose is therefore one dictated by structural considerations. The 
training wall was then installed and studied, The presence of this 
wall contributed no appreciable improvement in flow conditions. 

In al l cases vortices formed over the intake, but with the piers 
and trashrack bars in place the vortices were small and only occa­
sionally reached the size necessary to take in air. There is defi­
nitely no large si�le vortex such a.s formed over the intake without 
piers and trashrack bars. 

In order to stop all vortex formation it would be necessary to 
drop the bulkhead gate and allow i t  to float on the surface when the 
water level is low. 

Y-branch. --The Y-branch studies cons isted of taking sufficient 
measurements to permit computation of the hydraulic  losses. The three 
types of branches which were tested are shown in figure 6. The tests 
were undertaken princ ipally to determine the behavior of a new type 
of branch (the vaned-Y) by comparison with the standard types. This 
comparison is given in figure 7 .  The losses expressed in percent of 
the v elaci ty head at section 1 ,  which is just upstream from the b ranch. 
are plotted against percent of flow diverted through the branch. These 
losses were computed from the pressure measurements as follows : 

where 

V12 V2 2 

Loss of head = ( H1 + 2 g ) - (H2 + 2g  
) 

H1 = pressure head measured at section 1 .  

H2 = pressure head measured at section 2 .  

vl velocity at section 1 Ql average -�· 
Q2 

V2 
= average velocity at section 2 = -· 

A2 
The discharges Ql and Q2 were obtain

.
ed from the dis charges measured 

with the V-notch lQ1 ) and with the end orifice (Q2). The loss com­
puted as above was then corrected by subtrac·�ing the friction loss in 
the length from sections 1 to 2. The coefficient used to compute the 
friction loss was determined from measurements of loss from section 3 
to the section j ust a.head of the end orifice , This run of pipe is 
long enough and suff iciently removed downstream to give a fair value 
for the friction coefficient. 

It is evident from f'igure 8 that at zero diversion the three types 
are a uite similar. The straight and coni cal Y 's are slightly superior. 
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At the extreme of 100 percent diversion the conical Y is definitely 
superi or to t he other two . This branch is recommended for installa­
tion at Green Mountain because, in addition to a low loss at 0 per­
cent diversion, it has the minimum loss at 100 percent. Thus it will 
affect the turbine efficiency only very slightly and will enable the 
needle v alves to discharge more water for any given size. The values 
of loss for sections 1 to 2 at 100 percent diversion and for sections 
l to 4 at 0 percent diversion a.re meaningless, since there is no flow 
between the sections. Any loss computed from the pressure measure­
ments is due either to secondary flow or errors in the measurements, 
and when this loss is expressed in terms of zero velocity head, the 
value goes to infinity. 

Attention is called to the marked change in the performa."lce of 
the vaned-Y , depending on whether the upstream edge of the Y is sharp 
or rounded. The sharp edge is definitely superior. The following 
condition observed in the model serves to explain this difference. 
At zero diversion there was a noticeable flow into the branch at the 
upstream edge and out of the branch at the downstreai.'11 edge . This 
flow interferes with t he main flow and causes additional loss. The 
cause of this flO':r is the pressure gradient across the opening of 
the branch, and when the upstream edge is  rounded there is less re­
sistance against the formation of this secondary flow. 

Pressure measurements were taken at numerous points in the vaned-Y 
and these data are shown in figures 8 and 9. 

The method used for computing the loss due to the Y-branch is only 
approximate in that it does not take into account the excess loss in 
the pipe downstream f ram the branch. However, for comparative pur-· 
poses it is felt that this method is acceptable. The better but more 
complicated method of computing the losses was carried through for 
the condition of zero diversion. The results are shown as follows. 

Assuming that the coefficient of frictional loss from section l 
to orifice is eaual to 0. 020 , the computed loss is  

hf = 0 . 020 X 15. 62 
y2 v2 

x - =  0 . 3 12 -
2g 2g Difference 

Measured v2 Computed v2 
Y-branch Loss ( ft.) 2� Loss ( ft. ) Feet %

-rg 
straight o . 330 0. 700 0. 218 0. 1 12 16 . 0  ) mean 
straight 0. 335 0. 723 0 . 226 0 . 109 15. 1  ( 15 . 2  straight 0 . 3 30 0. 723 0. 226 0. 104 14. 4 ) 
conical 0. 335 o .  725 0 . 226 0. 109 15. 0  
vaned( round ) 0. 355 0 . 614 0. 192 0. 163 26. 5 
vaned (sharp )  0. 325 0. 683 0. 213 0. 112 16 . 4  
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' 8 
r 

!
A \A 

I 

� 

iA 
I I 

I 0 

!A 
� " 

B E N D  No. 4 

V A N E  
D I S C H A R G E = 2 . 9 0 1  C. F. S. 

w en 
a: 

1.2 

J_ w 

I. I f----L --· 1-· 
a: 

I 
-- "' ;t 

> 0 
.. a, a: ..J I- w 

1 .2 � �  1.2 .. a, a: ..J I- "' 

1.0 1-

I 6 <>2 

'"" ·� 

· T R AV. A 

en 

I � �  <t CD 
a: ..J ,_ "' 

r I 
t :[�j:--

-A # I  ':!._ . 9  I L - ·· - ___-:_"-... 
Q I 8 .. 2 # I  v ·' 

.8 I 8 6 # 1  
I i 

.7 .7 - I I . 7 i 
i 

.6 
.2 .4 .6 8 LO .

6
0 .2  .4  .6 .8 1.0 .60 .2 .4 .6 . 8  1 .0 

s;o SID s;o 

S E C T I O N  S E C T I O N  2 S E C T I O N 3 

I N S  I O E  
T R AV E R S E  B 

S E C T I O N  
A R E A  - 0. 2 1 1 9  so. FT. 

I N S I DE 
TRAVERSE B 

c\ ./t 

�------:'-; 

S E C T I O N 
A R E A  - 0 . 2 1 1 9  SO 

I N S I DE 
TRAVERSE B 

. FT. 

0 
S E C T I O N  

A R E A  - 0 . 2 1 1 9  SQ. FT. 

1 .2 

I.I ;,,·:::.:::;::";;
=-

·-.....-.J=..;_� 
/·.,,-· '�· 

TRAV.A 

TRAV A 

TRAV A 

w en 
a: 
"' ;t 
> O <t CD a: -' 
I- w 
A "' 4  

I �- ·---- A 'it l  

, r 
- .9 7 
V . / 

.B 

( 

.7 -1- • 

.60 .2 

. . \ 

--=- --1 - - -C=.i 
! 

---·-- - . 

- A #2 a ,n 
8 # 1  

-9 ,tt: 4  

.4 .6 8 1.0 

SID 

S E C T I O N  4 

I N S I D E 
TRAV E RSE B 

S E C T I O N  2 
A R E A  - 0 . 2 1 1 9 SQ. FT. 

I NS I DE 
T RAVERSE B 

-��--,. 
S E C T I O N  2 

A R E A  - 0. 2 1 1 9  SQ. FT . 

I N S ID E  
TRAVERSE B 

� 
/ 

S E C T I O N  2 
A R E A  - 0. 2 1 1 9  SQ.  FT. 

1 .2 

I I  

V 
v 

8 

7 

.6 

S E C T I O N  5 

TRAV A 

-TRAV. A 

en 
ffi ,;  
> 0 « co  
O: ..J 1- W 
A # t  
B # J  
A # 4  
·A#2 
6"'2 

�l - 1, 

\j- 8# 4 

.8 LO 

I N S  IDE  
TRAVERSE 8 

,�, � -�,9!)�1· 
� ---------------\ II // / 

�:::::::�}" I / 

S E C T I O N  3 
A R E A  - 0 . 1 5 9 6  SO. F T. 

I N S I DE 
TRAV E R S E  6 

S E C T I O N 3 
A R E A  - 0. 1 3 4 2  SO. FT. 

INS IDE 
TRAVER S E  8 

S E C T I O N  3 
A R E A  - 0. 2 1 1 9  SO. FT. 

I N S IDE 
TRAVERSE B 

·-,9:_ 

�lio:::-----

TO P 
TRAVERSE B 

{/ \', \ . ,�� 

E�· 
TRAV. A I C // 

� 

� ,��-��U�
)J
r�,tf· 

' 0-,\ ! ,e>.--
. --� � ' '"' ·f��) ! 

\ �� / 

TRAV. A 

TRAV A 

S E C T I O N  4 
A R  E A  - 0. 1 3 03 SQ. FT. 

I N SI D E  
T R A V E R S E  6 

.e'.'1
0 

S E C T I O N  4 
A R E A -. 0. 1 2 68 SQ FT. 

TOP 

----- __ ___, 

S E C T I O N  5 
A R E A  - 0 . 2 2 8 1  50. F T. 

TOP 
TRAVERSE 6 

S E C T I O N  5 
A R E A  - 0. 2 2 2 5  SQ. FT. 

T O P  
T R AVERSE B 

TRAVERSE B 
I/ 

� �!§� (!='2� 

1/ .,,,----,._ �, F IJ -
� �--", ' r::=oq-�� 

( ' ( 
\ _ , · TRAV A ·/ • - � 

/ 
1 ·, ; ) I 

, I �\ ' ,___/ I) 
� � �' 

� � 

w en 

S E C T I O N  4 
A R E A  - 0. 2 1 1 9  SO FT. 

ffi '!; 
N O T E S  

Section I i s  !7f above sect ion 2 .  

S E C T I O N  5 
AR E A - 0. 228 I SQ. F T. 

1 .2 �---------� 
> 0 .. a, 0: ..J 
I- w The curves shown to the left  ore the graphical 

presentation of t h e  var ious velocity traverses 
s i m i lar  to those obove, except t h a t  the 
plott i n g  is non-dimen sion a l .  

I . I  ·A  ctr4 
6 # 2  

V = A c t u a l  m e a s u re d  ve lo city .  
\/ • Mean v e l o c i t y  from V = % . 

TRAV. A 

TRAV. A 

TRAV. A 

T O P  
TRAVE R S E  B 

S E C T I O N  6 
A R E A  - 0. 2 8 1 7  S Q. FT. 

TOP 
TR AVERSE 8 

S E C T I O N  6 
A R E A  - 0.28 1 7  SQ. F T. 

TOP 
TRAVER S E  B 

, o
�

\ 0 '---=-,> 
! , �- 12

� \ '  

/// \ -- .// ",_ ---

S E C T I O N  6 
A R E A  - 0. 2 8 1 7  S O. FT. 

v 
B il 

D = Tota l  d istance across tra v e r se. 
S a  D i stance from entrance to point, 
A l l  v a l u e s  given ore octuol  model v a l u e s  
I sotachs for the var ious  sections ore  

plotted ot i n t e r v a l s  of 1.0 foot per second. 

G R E E N  M O U N TA I N  P E N ST O C K  STU D I E S  

V E L O C I T Y D I S T R I B U T I O N  W I T H  VA R I O U S  E L B O W S  

Th e s e  n o t e s  a p p l y  t o  Figures 3 a n d  4 a l so. 
.7 

.6 ',------c���---'----' 
0 .2 .4 .6 8 1.0 

s;o 

S E C T I O N  6 
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B E N D  No . 5 

v 
z 0 
f­'-' w (/) 
• 8  

I 

� 

,, 

... "' · - · - , 

<!) "' 
z z 
f-0 
'-' f-
w '-' 
(/) 

� 

w

8 ' 8  
: I I : . ' 

� I A  M/L 
' ' 

C O N S T A N T  D I A M E T E R  W I T H  T H R O A T  
D I S C H A R G E = 3 .0 1 8  C. F. S. 

;...., .. 53'.'. - -">, 

--t--
•- -- - 6 .235 - -- • 

"' 
z 
0 
f­'-' w (/) 
ls_ 

<!) 
z 
0 
f­'-' w (/) 
' 8 

\ 
� 

'---..___ 4-
I 
k._ _ - -
1 I - -+ 

B E N D  No . 6 
C O N STA N T  D I A M E T E R  W I T H O U T  T H R O A T  

D I S C H A R G E = 2 . 982  C .F. S. 

- - - 6. 235- - ­
_Ji 

i2 - - - -
-

- '\ --

"' 
z 

Z 0 
0 -- f-f- u 
'-' w 

<!) 
z 0 
f­'-' w (/) - -}��5-.>, , w U'> I 

,. �- 6,' ,' 

'>:_ -, ' ' ,/ 'J--� _1Ql___ 1_t 

� !8 \rr-n, 
� 18 I I 

I IA I jA I � k__ �- -, 

I ' ! 

, ___  6. 2 3� - -:r 
\ 
\ 

� 

B E N D  N o .  7 
S I N G L E  C O N I C A L  

D I S C H A R G E = 2 . 988 C . F. S, 

-........._ _ _  

"' 
z z 
0 0 
f- f-'-' 0 
w w 
(/) (/) 
' B ' 8  

I I 

!A - --- - - [A 

I I I 
><- - - - - 1 2 DI AMS. - - - - ->" 

B E N D  No . a 
C O N S T A NT D I A M E T E R  W I T H  1 ½  D. S T R A I G H T P I P E  

D I S C H A R G E = 3 .077 C . F. S .  

<!) 
z 0 
f-0 w (/) 
1_6_ 

"' 

)L_ -� -I "' 

I N S I D E  
T R A V E R S E  B 

TR A V. A - 1 

T RAV. A -

S E C T I O N  3 
A R E A  - 0. 1 8 6 2  SQ. FT. 

z 0 UJ --' ,i 1-- "' "' 
z 0 UJ 

I 0° 6 .235 
2 10° 6. 087 
3 20° 
4 30° 

5 40° 

6 50° 

7 60
° 

8 70° 
9 80° 

ro 90° 
I I  -

5.9 3 7  
5 . 7 38 
5 .635 
5.485 
5 .335 
5. I 90 
5.040 
4. 890  
4 .685 

T O P  
T R A V E R S E  8 

S E C T I O N  3 
A R E  A - 0. 2 t I 9 SO.  F T. 

12 
1 3  

l NS I  D E  
T R A V E R S E  8 

ED'OY 

�

21 ' " ' '· '0 
S E C T I O N  4 

A R E A  - 0. 1 3 0 3  SO. F T. 

I N S  I O  E 
T R A V E R S E  B 

� 

r n A v_ A r -�- 1 1  

S E C T I O N  4 
A R E A  - 0. 1 3 0 3  S Q. FT. 

.. 

22  

I N S  I D E  
T R A V E R S E  B 

�-� �0--:- �� " 

�:�� �··� ;;;

; 
· 12 

'1/,� -13-� 

\\ / 

� 
A:f 

� 

S E C T I O N  5 
A R E A  - 0. 2 2 8 1  SQ .  F T. 

l N S I  D E  
T R A V E R S E  B 

-------------
E D DY 

h���� ' " '" '�=1 

T R A V. A 

S E C T I O N  5 
A R E A  - 0. 2 2 8 1  SQ . FT. 

I N S  1 D E  

T R A V E R S E  8 

�-- ; 
S E C T I O N  5 

A R E A  - 0. 2 2 8 1 SQ. F T  

T O P  
T R A V E R S E  B 

S E C T I O N  5 
A R E A  - 0 . 2 2 8 1  SO. F T. 

T R A V. A 

T R A V. A 

TR A V. A 

T O P  
T R A V E R S E  8 

S E C T I O N  6 
A R E A  - 0 . 2 8 1 7  SO . FT. 

T O P  
T R A V E R S E  B 

S E C T I O N  6 
A R E A  - 0. 2 8 1 7  SQ. F T. 

TO P 
T R A V E R S E B 

S E C T I O N  6 
A R E A  - 0. 2 8 1 7  SO . FT. 

N O T E  
N o  t r a v e rses  to k e n  ot S e c t i o n  6 .  

V 
v 

F I G U R E.  
l . ! I J9.:c.:. I I 

.6  

, 5 1  / ' ' 
.4 L___l_ 

.o / .2 .4 .6 .8 1.0 
/ s1 0 
: S E C T I O N  3 

> "' a, "' UJ 
" 5  

A '* 8 
8 " 8  
8 " 5  

1 .2 .--� - � -- ---- � � � " > 0 
I .  I f--..;...-- -- '--�- ...j � � 

1-- "' 
A lt 7 1.0 - /' -----�:=.::-::- -=-- : = � ' I V 

: 
' I 

8 <t 7 - .9 -, 1- 1 - �  
V 

/ I ,--' I I ! a ·- -1--'---, - - r  -

V 

v 

. 7 '  

.6 
.0 .2 .4 .6 .8 1.0 w 

SI D � 
S E C T I O N  4 � � 

j 

.4 .6 .8 LO 

"' a, "' --' 1-- UJ 
A '* 6 
0 " s 
A '* 7 
8 '* 7 
B "s  
8 # 8  
A lt 5 

A lt 8 

SI D 
S E C T I O N  5 � UJ "' 1 .2 .--�- ---�-�- - � g 

"' --' 1-- UJ 
I . I f- � 9 # 5 

A # 5 
B # 7 

1 .0
1 

l'

7

:".::,.-.--.r-···'Z- r-<£� : � 
./,/ �-"�---- ' I . A lt 6 

V 
v 

. 8  

T .6 I i 
.0 .2 .4 .6 .8 1 .0 

SI D 
S E C T I O N  6 

G R E E N  M O U N TA I N  P E N S T O C K  S T U D I E S  

V E L O C I T Y  D I ST R I B U T I O N  W I T H  V A R I O U S  E L BO W S  

3 
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B E N D  No .  3 
C O N STA NT D I A M E T E R  - 4 0  R A D I U S  

D I S C H A R G E = 3. 1 1 4  C . F. S . 

S E CT I O N  I 2 I 3 

A N G L E  : - 10"  o•  ! 10•  

4 

20° 

"' 
z 
0 

0 
w 
Ul 

· -:---

5 

30° 

6 

40° 

"' 
z 
0 

0 
w 
Ul 

� - -Ll � .  I ! 

;..-:.. - - 5 3 ''- - ->1 

7 8 9 10 

50° 60° 70° so• 
•- - - 6 . 2 3 5 · - ., c--- _ . _ - ----j- -D

�
S

��
N

i
E 10. , 2 8  S. 854!9,580 9,307 9.034 8.760 8.487 8 .2 14  7, 94 1 7, 667 

M I N .  D I A. 6.235i6,235 16,062 5.88 9 5. 7 1 5  5.542 5.369 5 . 196 5.023 4,8 1 0  

M A X .  D I A, 6.235,6.235 16,235 6.235 6.235 6.235 6.235 6.235 6.235 6.235 
- - · - - \ : : : �: :/t/YJf � � - - . · ·  , · ,' , - w 

' \l--..lf1--.-----, -_ _ :�.:; � -< -�/ ' . 
Ul 

(\ ! .l 
• • ·:� 9 , . ! I, - - - - -· 

, . 7 ·  . . 
i I 

t 

• 
/ _

, · -....JQ,- t' _,__ _ __ _ __ __ _ _ _  r: 
I 

B E N D  No .  9 
C O N V E R G I N G  

D I S C H A R G E  = 3 . 0 4 0  C . F. S . 

"' 
z 
0 
j:: 
0 
w 
Ul 

\ � y "' 
z 
0 
l­
o 
w 
Ul 

-f---9---- · ---- - ---- -

' ' 
:.C- - - - - -7"- - - - - -� 

B E N D  No . 9A  
C O N V E R G I N G W IT H  7 "  D .  S T R A I G H T  P I P E 

D I S C H A R G E = 3 . 0 0 0  C . F. S . 

"' 
z 
0 

0 
w 
Ul 

I I  

90° 

7.543 

4.676 

6.235 

T R A V. A 

T R A V, A . .  

T O P 
T R A V E R S E  B 

&�� 

�, �-...... __ _ • -�---:.#' � 
S E C T I O N  5 

A R E A - 0. 2 2 8 1 S Q . F T. 

T O P  
T R A V E R S E  B 

I 

S E C T I O N  3 
A R E A  - 0, 1 6 7 6  SQ. F T. 

T O P 
T R A V E R S E  B 

- 1 7  

T R A V. A 1\f: - -,a-:� 

S E C T I O N 3 
A R E A  - 0. 1 6 7 6 S Q . F T. 

T R A V, A 

T O P 
T R A V E R S E  B 

S E C T I O N  6 
A R E A  - 0. 2 8 1 7  S Q . F T. 

S E C T I O N  3 
A R E  A - 0. 2 1 1 9 SQ .  F T. 

B E N D  N o .  4A  

S o m e  a s  b e n d  No .  4 w i t h  v a n e s  2 , 4 ,  
6 ,  and 8 r e m o v e d .  

D I S C H A R G E = 0. 2 972 C . F. S ,  

N O T E  
N o  t r o v e r s e s  to k e n  a t  S e c t i o n  6 

f o r  b e n d s  9 o n d  9 A .  

1 . 2  

I . I  

1 . 0  

F I G U R E  4 

"" "' "' 
"" ;o 
> 0 
« m 
., . ..J ... "" 
B # 3 
A # 3 

.:i.. .9 
ii 

..:1.. 
ii 

. 8  

.7 

. 6  
0 .0  0. 2 0.4 0.6 0.8 

s,o 
S E C T I O N  6 

1 . 0  

' · ' c=--t c;+:.:::E;_l 

0 . 2  0. 4 0 . 6  O . B  1 . 0  

s, o 
S E C T I O N  5 

1 , 2  

"" 
"' "" 

0 

"" 
B # 3 

A # 3 

"' 
;o 
0 

<( "' ..J ... "" 
A # 4A 

I ,  I I ,---=;==i_ l====-=j, _.l'.r=J-- B # 4 A  
A # 9A 
A # 9 

1 . 0 � --/-tf:., .. �---- B # 9  

I \ 
B " 9 A  

i I 

I ! \ 
I \ __ , _  [ !  i 

,7 --11- --�-

.6 1-- i + --, - - - --

. 3,�--,
"--"-,--,'-c----,,'---' 0.0 0 .2  0 . 4  0 . 6  0 .8  1 . 0  

s, o 
S E C T I O N  3 

G R E E N  M O U N TA I N  P E N ST O C K  S TU D I E S  

V E L O C I T Y  D I STR I B U T I ON W I T H  VA R I O U S  E L B O W S 
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1 _ piers are identical  __ _ _ _ _  ;,,,-; 
r W if in these limif5 

0 30 11 I II I . ·  .... r-<- - - - - - - -2. 62 - - - - - -- - - ... >"i 
I . 11 1 . y I 11 . ,, I ->-i a4B r<- �o. 79 ->+-<- - - - - ,. BJ - -- - - - - '>;  
I I I I I 

-
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s;;r-
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T RA S H RA C K  AND TRA INING WA L L  

GREEN MOUN TA IN PENSTOCK STUDIES 

F I G U R E  5 
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Sharp corner 
<, 
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�

i
-,.; 

J.. 
'..c- - - - - - - -8.950!' _ _ _ _ _ _ _ _ _  .,.:. 

0. 126 - =· '- Width o f  flat var ies - f. = 0  I 
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I 

C\J 
c,j 
� 
CJ') 

· 1 

DE TA IL OF VA N E  

I' R_ound corner -
�, � 

' r .. 1· 
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Table 1 

Press ures in vaned-Y �  round oorner , in feet of water above center line of pipe. 

X------Sections-----x---------Piezorreters 
l : 

in branch flow---------x--------------Piezometers in d irect flow-----·--------X 
l 

! I j 
I 1 2 , 3 , 4 ! A i B , C I D 

Qt (total) = 1 .065 c .f .s . ;  Qd 
E F G J R  I I  

d irect) = ·  0 .000 o .f .s . ;  
J l K i L 
Qb (branch 1 = 

M W 0 
1.065 c .r . s . ;  

S i T 
= 100 

I 3 e 3 8 .  3 e73 ; 3 e 76 : 1 • 03 l e6 1  • 0 e65 i 0e6 8 : l e l0 '. l e5 0 ; l e40 : 1. 35 j l e 2 0  ? •4Q j  l e65 i 3 e45 ;3 e49 i 3.5 5 : 3.60 j 3 e6 4 13  e6 5  l 3 e66 , 3.6 6  ; 3 .65 : 3 .6 5 • 
� - - - - - - - - - - - - · - - - - - - - � - - · - - - - - - - - - - - - - - - - - - - - · - - � - - � - � - - ' - - � - - 1 - - � 

Qt = 2 .22 6  o.f .s . ;  Qd = 0.667 c .f .s . ;  Qb = 1 .5 59 o .f .s . ;  % d iverted = 70.l 

2 .16 2 .9o 1 2 .95 . 1 . 41 o .6 3 ;i.15 1O.97 io. 11 : 0.22 1 0 . 1 s  : o . s2 : o .96 ?· 10 1 . 2 0 : 2 .3o 12 .36 ; 2 .42 : 2 .so 1 2 .6 0 : 2  .6s  I 2 .16 ! 2 .81 12 .83 2 . s5 · 
_ _ _ _ _  � _ _ _ _  � _ _  • _ _  � _ _  r _ _  � _ _  • _ _  � _ - 1 - _ _ _  - ! - _ � _ _ _ _  � _ _ _ _ _ _ _ _  1 _ _  • _ _  • _ _  � _ _ _  • � 
I . ' 

I '¾ = 1 .466 c .f .s . ;  Qd = 0 .72 1 c .f .s . ;  � = 0.745 c .f .s . ;  % diverted = 50. 8  

'.-
3 :3� i :  -�o l 3:6 � i � - :4/ :9� : : ·:\ 2 :'7� i : ·� l2 : 8� i : ·:s

.; 
3 :0: : � - :2 J3 :1:: : · �5 i 3 :3 � l� ·:o /:4: : : ·�4J 3:4: i: ·:o 13 :5 : I  : ·: 3 �3:5: i : ·�6 ..j 

: '¾ = 2 .42 8 c .f.s.;  % = 0.6 80 o .r .s . ;  � = 1 .748 o .r . s . ;  % diverted = 72.l 

1_
2 :1� 1 : ·�1�3:0� ; � -�2 10:4� \� ·:5 �1 :� i:·�7�0:9� 1 � - �710� 2: 1 � - �3j0� 7� '. � - �5 i2 :2: ,� ·:712 :4: i : ·:312:6 � ! : · �512 :8: i : ·�6j2:9: ! :·:3J 

i � = 2 . 870 o .f.s . ;  Qd = 1.5 81  o .f .s.;  Qb = 1.2 89 c . f .s . ;  % diverted = 44.9 
l - - - - -
Lo:s� : : ·:2 l 1:4� :� ·� 1

1
0:7� ; : ·:oi1: 1� :�-�6 lo:2� : � · �1

1
0: 1� : � - �0Jo:2� 1 � - �2 lo:6 � i� ·:9lo: a� ! � · :ol1:o: : : · :3l1:2�! : ·�9 l 1:3: ! : · :°. 

' 
Qt = 2 .551 c .f.s . ;  Qd :;: i . 82 0  c.f . s . ;  Qb = 0.731 c.f .s . ; % d iverted = 2 8.6 

ll: 8: l: · :oi2 :2 : i: ·=7�1:1: :� ·�5
1

1:2: ! : ·�211:s: i : ·�OJ2:0�
1
= · =1J2 : l� : : ·:5ll:9� i: -�1i2:o� ! : ·�71

2 :1� i � · :2 i2 :2: i :·�0
1

2 :3: : : ·�5
-

1 � = 2 .255 c .r .s.;  % = 1 .916 c .f .s . ;  Qb = 0.339 c .r .s . ;  % d iverted = 15 .0 
I 

l 2 .5 8  ·,2 .76 : 2 .59 '3.09 : 2 . 16 j l.92 i 2 .2 8  t2 .49 ;2 .73 1 2 . 84 i 2.81 j 2 .93 !2 .96 J 2 .85 \ 2 .6 3  j2 .6 8 : 2 .70 i 2 .6 0 i 2.75 12 .771· 2 .76 1,· 2 . 80 1 2.79 1 2.78  i 
;.. _ _  - - .;. - _ ! _ - l. - _ : _ - � - _ 1 _ - J - - - - .J - - l- - _I - - ! - _ ... - - ,_ - l - - ! - - l - - ' - - - - · - - .i. - - ! - - J 
! Qt = 1 .927 o .f.s . ;  Qd = 1 .929 o .r.� . ;  Qb = 0.000 o .f .s . ;  % d iverted = o .o 
i l 

l2 �9: !:: �8 J2 :6: I� · :1 l2 :9� l: ·� J2 :9� l: ·:7 J3 :o� I� · :3 J3:o: i � ·�9 J3 :o: i : - �3 l2 :9� I: ·:1 l2 :9� : :  · :4 1
2 

:9� I: ·:
6 i2 

:
9

� 1 :  · :
3

? :
9�1 :  · �

1 j 
Figure 8 
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• 
Tab le 2 

Pressures in vaned •Y , sharp corner, in feet of water above center line of pipe. 

X------Sections-----x---------Piez ometers in branch flow---------x--------------Piezometers in d irect flow --------------X 
; i 

1 2 
Qt 

3 4 
total  

A B I C I D 
= l---;-ff l6 C efe s-.;Qd 

E F G . H I 
dire_c_t = 1� 9 16 c�f' .s . ;  

J K j L M N 0 p Q R S ; T i 
� 

branch = 0 .000 c .f .s . ;  iverted = o .o 

2 . 8 8  2 . so 2 .6 2  2 .88 . 2 . 89 2 . 83 , 2.86 2 .85 , 2 . 85 2 .84 2.83 : 2 . s2 i 2 . s2 : 2 .80 : 2.85 2 . 86 i 2 . 86 2 . 82 , 2. 84 : 2 . 84 : 2 . 82 : 2 .83 , 2 . 82 , 2.81 · - - - - - - - - - - · - - � - - - - � - - ! - - - - _ ; _ - � - - j - - � - - : _ - - - - '. - - � - _ i _ - l - _ : _ - l - _ : _ - � 
� = 2 . 533 c .f .s . ;  Qd = 1 . 86 5 c .r .s . ;  Qb = 0 .6 6 8 o .r . s . ;  % d iverted = 2 6 .3 

: 2 .02 . 2 .55 2 .3 8  2 . 1 8 ; 1 . 7 5 . 1. 10 i 1. 71 · 1.59 :  1.54 1. 50 , 1.6 9 i 1. 10 I 1. 7 2 :  1. 14 1 2  . 06 ; 2 . 12 ; 2 .13 : 2 . 13 ; 2 .22 :  2 .2 8 i 2 .32 ! 2 .39 : 2 .43 , 2 . 47 
- - - - - - - - - - - - - - - - - - - - - - � - - · - - - - _ 1 - - - - - · - - � - - - - - - - - - • - - · - - - - - - - � 

! 1.6 4  
-' 

Qt = 2 . 72 4 c.f.s . ;  Qd = 1.8 19 c .f. s . ;  Qb = 0.905 c .f.s. ; % d iverted = 3 3.2 

= - �7�2:2� �-�2 �0: 3: i � · :010:8� : = · =1� 1= 4� :·� 2 il:7: i : · �9ll: 8: : : ·:311: 7: : : ·�ljl :8� : : · �8� 1:9: i : •�7�2 : 1: 1 : ·:912 :2 � : : ·: 7� 

Qt = 2 . 870 c .r . s . ;  Qd = 1 .6 9 4  c .f .s . ;  Qb = 1 . 176 c .f .s . ;  % diverted = 41 .0 

L
l:O� : •:4_1:8: · : · �8�0:4: � -:6 i0:2 : : �•=6 �0:6: ; � • �9 ll :0� ! : •:5l l :1: : : • :7 ll :2 : : : · �5jl:4: : : • �4ll :5� l : •�7 �1:7 � ! : • �2 ll :8� j � ·:1J ' ' 

j � = 1 .2 8 8 c .f .s . ;  Qd = o .741 c .r . s . ;  Qb = 0 . 547 c .r . s . ;  % diverted = 4 2 . 5 

l 
L3:6�

i
� -�7l3: 8� ' � -�6 L3 :3� � -:4�3 :3: ; �-�9l3: 5� : � -�2 l3:6� : �-�7 13 :6:i � -:2 i 3:7: ; � ·:4l3:6� J � - �7 l3 :7: ! � - �ll3 :8:: � - �413 :8� j � · �6 J 

Qt = 1 .544 c .f . s . ;  Qd = 0 . 72 6  c .f .s . ;  Qb = 0 . 818 c .r .s . ;  % d iverted = 53 .0 

�3 :3� ! �·�7 �3 :6 � , � - �0 L2 : 7 : : ·�1�2 :6 � . :·�6l2 :7: : · �3l 2:9� i �·�9l3: 1 �, � - �Ol3 :3� ; � ·�3l3 :4� : � ·!8l3 :5 : ! � ·�3 1
3 :5� ! � -�Bl3:6� i � -�2 J 

Qt = 1 . 906 c .f . s . ;  � = 0 . 7 18 c .f . s . ;  Qb = 1 . 188 c .f .s . ; % d iverted = 6 1 . 8 

�2�9: � ·:4� 3:5� ' : • :8l2 :0� j � •:8�1: l: :•:4il:8: ' : •:6 i2 :2 � : � · �612�4� : :·�0l3:0� 
1
� •:l l3 :l� i � · :913:2 �1 � - �Ol3:3�j � -�7i 3: 4:l : •�4� 

Qt = 2 . 434 c .f .s . ;  Qd = 0 .6 84 c .f .s . ;  Qb = 1 . 750 o .f .s . ;  % d iverted = 7 1 . 9 

_2 :1: , � ·�s l3 :1� , � -�1
1o:o: i : · �3

1
1: 8� I-�21O:0� : �-�6

1
0: 4� i�-�3lo:1� , � -�9l2 :2: i : · �9l2 :4� , : · �6

1
2 :6 : l :· �0 L2 :s:I  :·:3l2:9�1 : ·:6 � 

� = 1 . 6 10 c .f . s . ;  Qd = 0 .000 c .f .s . ;  Qb = 1 . 6 10 c .f . s . ;  % diverted = 100. 0 

; ! 

L3:4: : : ·�0J3: s� , : ·:al 1:s: i � -�2Jo:6 : :: ·�4l1:5: i : ·:6 J 1:2� i : ·: 4l1:6 : l : · :o l3:5: i : ·� 1l3:6 : : : ·:1l3:1�1 : ·�6l 3:7� 1 : ·: 8l 3: 7 �i : ·�
8

1 

Figure 9 
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