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Introduction 

ANGAT RIVER HYDROELECTRIC PROJECT 

SPILLWAY HYDRAULIC DESIGN 

ADDENDUM TO FINAL MEMORANDUM OF JULY 1963: 

CALIBRATION OF SPILLWAY WITH LOW CREST BLOCKS 

This addendum reports the results of calibration tests on the 
partially completed Angat spillway. The study was based upon a memora,ndum 
by W. A. Waldorf, Harza Engineering Company, dated September 20, 1965,from 

which the following quotation is taken: 

It is contemplated for flood protection during con­
struction of Angat Dam to hold the spillway crest 
blocks in a partially completed condition shown in 
the attached sketch. Piers will be carried to full 
height and it is probable that gates will be erected 
and maintained in the fully opened position during 
the flood season of 1966. The remainder of the spill­
way structure will be in the completed condition as 
shown on design drawings, ••• For purposes of 
flood routing studies a rating ourve is desired for 
the partially completed spillway covering the range 
from El. 193 to El. 215. Maximum water surface for 
the construction design floods is El. 206+ as determined 
by routing the July 1962 flood using a computed rating 
curve. The additional range from El. 206 to El. 215 
is desired for making check routings of higher floods. 
The spillway model may be used in its existing form 
without modifying the approach channel to the present 
shape of the right abutment. Photographs are desired 
of the flow over the crest and at the deflector for 
reservoir elevations 206, 210, and 215. No measure­
ments are necessary other than those for the rating 
curve but any unusual features of flow throughout the 
spillway should be noted in the report. 

The geometry of the uncompleted spillway crests is shown in Chart 1, 

which indicates that portions of the crest around the two piers will be 

uncompleted and left at different elevations. At the left pier the orest 

will be at elev. 193.0 m with an offset to 192.5 m while at the right pier 

the crest will be at slev. 198.5 m. The remainder of the crest of the 
structure will be oompleted to elev. 202.0 m. As suggested by the above 

quotation the spillway crest of the model previously used for tests of this 

structure was modified in accordance with Chart 1. The bed in the approach 
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channel leading to the spillway was reoonstructed so that the bed level was 
at elev. 193.0 m in order to duplicate approximately the approach conditions 
to the spillway. 

Photo 1 is an overall view ot the spillway model showing the upper 
pool, spillway crest and chute. and the detleotors at the end of the chute. 
A oloseup of the modified spillway crest trom the downstream side is given in 
Photo 2. In this photo the relative heights ot the various sections of the 
uncompleted spillway are shown. Inasmuch as it was proposed that if the 
gates were installed they would be maintained in the fully opened condition, 
no spillway gates Were fitted in the model. The absence of the spillway 
gatesm&de photographio observations ot the flow more convenient. 

Rating Curve tor Partially ComRlgtgd S~l1Way 

The rating curve for the spillway crest was determined for reservoir 

elevations ranging from about 202 meters to 217 meters. The reservoir pool 
elevations were measured at a point 265 meters "prototype" upstream from the 
crest and in the reservoir proper. At the same time headwater elevations 
were determined at points 155 meters and 45 meters upstream from the crest 
in order to check the effeot of the approach velooity. The rating curve 
relating spillway disoharge to reservOir water level is shown in Chart 2. 
For purposes of comparison the rating for the completed spillway when the 
~~st is at elev. 202 m is also plotted on the chart. The position of the 
two ourves indicates that the headwater elevation for the partially com­
pleted crest configuration is approximately 3 meters lower than the 
corresponding headwater level for the completed crest for a range of dis­
charges from 2000 to 6000 cubic meters per second. Below the 2000 cms 
disoharge the difference inoreases from 3 meters to about 5 meters at a dis­
charge of 500 ems. 'The reason for the greater difference at small dis­
charges between the reservoir level tor the uncompleted structure and the 
reservoir level for the completed structure is found in the shape of the 
crest. Since a portion of the crest is stopped at elev. 193.0 m a larger 
proportion of the small discharges is directed through this low section, 
while, as the discharge increases, more and more of the discharge is forced 
over the higher portions of the crest and the effect of the low section 

becomes less and less in terms of the total discharge. 
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. Influence of the Ges>,metg; 9f ~he UnS#2mplet,g Structure upon the tLoLPattern 
in the Ne~ghborh2od 2f~e SpilliIY Ct!§t WQd SRillway Chut! 

, 
During the oourse of the experiments photographic observations were 

made of the flow patterns approaching the spillway, the flow over the spill­
way, and through chute defleotors for various reservoir pool elevations. 

Reservo~r ?ool ffllevation &96.0 Meters. Photo 3 shows the flow pattern 
in the approach channel with the reservoir at elev. 206.0 m and the disoharge 
1600 ams. The streaks on the water surfaces are images of confetti intro­
duced in the reservoir, and the length of the streaks represents the relative 
velocity. The flow pattern in this instance is relatively uniform with 
little evidence of separation at the entrance to the approach channel. Photo 
4 is a view of the ilow approaching the spillway from downstream. There is 
some concentration ot the flow towards the lett pier and the low crest 
section of the spillway. This concentration of the flow in the lower 
layers is well shown in Photo ;, which is a photograph of dye streaks tormed 
on the bottom of the approach channel. The jets of water through the low 
portion spreading laterally to fill the individual chutes (Photo 4) 1nitiate 
transverse waves in the chute downstream of the crest. They are reasonably 
well damped out, however, by the time flow reaches the defleotors so that 
the jets (Photo 6) leaving the deflectors are relatively smooth. It is 
also apparent from Photo 6 that for this reservoir level more water flows in 
the left end center chutes than in the right chute. 

Reservoir .Poo1 Elevation ~ Meters, When the reservoir pool is at 

elev. 210.0 m the discharge is 2900 oms. The flow pattern in the approach 
channel for this reservoir level as shown in Photo ? is relatively uniform, 
although there appears to be a stro~ger separation at the left side of the 
entrance so that the streamlines tend to dritt toward the right as the flow 
approaches the orest. Observations of dye streaks on the bed of the approaoh 
ohanne1 (Photo 8) showed a counteracting current approaohing the low section 
of the spillway orest. This oombination of secondary currents toward the 
right on the surface and toward the left near the bed suggests a weak helical 
flow in the approach ohannel. In Photo 9 taken from downstream and showing 
the flow approaohing the spillway, the flow pattern approaohing the orest is 
rather uniform and ~eoti1inear. Beoause of the inoreased head on the 
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spillway the low portion of the crest h~~. somewhat less innuence on the 
overall flow distribution so that the transverse components of flow in the 
left and center chutes are considel"ably +~ss distinct than for the lowel" 
reservoir level. The action of the def+ectors in directing the flow down-

, " 

stream and the more uniform distribu,t,~on of fl?w between the I!!$veraloqutes 
is shown in Photo 10. 

" 

Reservoir Pool Elevation Zl!i.O Meters. .In Photo 11 taken of the 

approach channel with the resel"voir pool at elev. 215.0 m and discharge of 
5000 oms, the now as delineated by the confetti streaks is quite uniform as 
it approaohes the crest and there is little evidence of separation at the 
approach channel entrance. However, near the bed there is still a concen­
tration of flow toward the low section of the spillway crest. This flow 
pattel"n delineated by dye stl"eaks on the bed is shown in Photo 12. Some 
evidence of a drift of the sUl"face flow towal"d the right bank is shown in 
Photo 13 which was taken from downstream and shows the flow approaching the 
spillway crest. With the discharge of 5000 cms and reservoir level at 
elev. 215.0 m, the influence of the non-uniform spillway crest is greatly 
lessened and the discharge in each of the spillway chutes is nearly the 
same. This is shown in Photo 14 which shows the flow leaving the spillway 
through the denectors. 
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LIST OF PHOTOS 

PHOTO 1 (Se~ia1 NQ. 136-54) This view of the model shows the overall 
geometry inoluding a portion of the reservoir, the approaoh 
channel, the spillway and the spillway chute, as well as the 
deflectors and the river into which the spillway discharges. The 
scale of the model is 1:118.1. 

PHOTO 2 (Serial No. 136-101) The model spillway crest was modified to 
conform to the partially completed prototype spillway struoture. 
The portion of the crest near the left pier was at elev. 193.0 m 
with a lower downstream step at elev. 192.5 m. The portion near 
the right pier was at elev. 198.5 m, while the remainder of the 
crest which was completed was at elev. 202.0 m. 

PHOTO 3 (Serial No. 136-106) The flow pattern in the approach channel 
for a discharge of 1600 ems and reservoir pool elev. 206.0 m 
is delineated by the confetti streaks. In this case the flow was 
relatively uniform with little or no separation at the approach 
channel inlet. 

PHOTO 4 (Serial No. 136.107) The flow approaches the spillway crest, 
tending to concentrate in the low section of the spillway crest. 
The reservoir pool elevation is 206.0 m. 

PHOTO 5 (Serial No. 136-123) The flow pattern near the bed of the approach 
channel, delineated by dye streaks, shows the concentration of 
the flow toward the low section of the spillway crest. This 
added flow increases further the discharge in the left and center 
chutes. 

PHOTO 6 (Serial No. 136.108) For the reservoir pool elevation of 206.0 m 
most of the flow takes place in the left and center chutes. The 
flow is adequately denected downstream into the center of the 
river. 

PHOTO 7 (Serial No. 136.109) The flow pattern in the approach channel 
for a discharge of 2900 cms and reservoir pool elevation of 210.0 
m is relatively uniform with only slight evidence of secondary 
current. The sepa.ration at the left bank is considerably greater 
than that at the right bank. 

PHOTO 8 (Serial No. 136-125) The concentration of a bottom flow toward 
the low section of the spillway crest is made evident by dye 
streaks even for the relatively high reservoir pool elevation of 
210.0 m. 

PHOTO 9 (Serial No. 136-110) This photograph of the flow approaching the 
spillway taken from downstream shows a relatively uniform flow 
pattern without evidence of the secondary current. 



PHOTO 10 

PHOTO 11 

PHOTO 12 

PHOTO 13 

PHOTO 14 

(Serial No. 136-111) The defleotors are quite effective in 
direoting the flow downstream into the river. Beoause of the 
higher reservoir pool elevation (210.0 m) the flow i~ so~ewh~t 
more uniformly distributed among the three ohutes., , 

(Serial No. 136-112) The flow pattern in the approaoh channel 
for the maximum disoharge ot SOOO oms when the reservoir pool 
elevation is 21S.0 m is relatively uniform and smooth. 

(Serial No. 136~126) A distinct ocnoentraticn of flow near the 
approach channel b$d toward the low section of the spillway crest 
oocurs even for the maximum discharge of SOOO ams. The dye 
streaks show streamlines . in this region. 

(Serial No. 136~119) The view ot the approaoh channel flow from 
the spillway orest shows a slight tendency for a secondary 
ourrent to approaoh the right bank of the approaoh channel. In 
spite of this the flow over the crest and down the ohute appears 
to be reasonably uniform and symmetrical. 

(So.1al No. 136.114) The flow through the spillway ohutes is 
even more uniformly distributed than for the smaller discharges. 
The defleotors are effective in directing the jets downstream 
toward the oenter of the discharge channel. 



PHOTO 1 (Sei';i,al No. 1)6 ... 54) This -View of the mc;dei S110WS 

the bverall ge6met~y inoiudirlg a p6rtion otth~ 
rese~voir~ the apptdach ~hanrte1, the spillw~y and 
the spil1~ay ohute, AS weli as the defleotors and 
the ~i~er ihto which the spillway discharges. The 
sbale of the model is 1:118.1. 

PHOTO 2 (Serial No. 136-101) The model spillway crest 
was modified to conform to the partially completed 
prototype spillway structure. The portion of the 
crest near the left pier was at eleva 193.0 m 
wi th a lower downstream step at elev. 192.5 m·. 
The portion near the right pier was at elev. 
198.5 m, while the remainder of the crest which 
was completed was at eleva 202.0 m. 
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PHOTO 3 (Seria.1 No. 136-106) The flow pattern in the approach 
channel for a discharge of 1600 ems and reservoir pool 
e1ev. 206.0 m is delineated by the confetti streaks. 
In this case the flow was relatively uniform with 
little or no separation at the approach channel inlet. 

PHOTO 4 (Serial No. 136 .. 107) The flow approaches the spill­
way crest, tending to concentrate in the low section 
of the spillway crest. The reservoir pool elevation 
is 206 .. 0 m. 
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PHOTO 5 (Serial No. 136-123) The flow pattern near the bed 
of the approach channel, delineated by dye streaks, 
shows the concentration of the flow toward the low 
section of the spillway ~rest. This added flow 
increases further the discharge in the left and 
center chutes. 

PHOTO 6 (Serial No. 136.108) For the reservoir pool eleva­
tion of 206.0 m most of the flow takes place in the 
left and canter chutes. The flow is adequately 
deflected downstream into the center of the river. 
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PHOTO 7 (Serial No. 136.109) The flow pattern in the 
approaoh ohannel for a di~oharge of 2900 oms and 
reservoir pool elevation of 210.0 m is relatively 
uniform with only slight evidenoe of secondary 
current. The separation at the left bank is oon­
side~ably greater than that at the right bank. 

PHOTO 8 (Serial No. 136-125) The conoentration of a bottom 
flow toward the low section of the spillway orest 
is made evident by dye strea~s even for the rela­
tively high reservoir pool elevation.of 210.0 m. 
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PHOTO 9 (Serial No. 136-110) This photograph of the now 
approaching the spillway taken :from downstream 
shows a relatively uniform flow pattern without 
evidence of the secondary current. 

PHOTO 10 (Serial No. 136 .. 111) 'fhe def1eotors are quite 
effective in directing the flow downstream into 
the river. Because of the higher reservoir pool 
elevation (210.0 m) the flow is somewhat more 
uniformly distributed among tho three ohutes. 
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PHOTO 11 (Serial No. 136-112) The flow pattern in the 
approach channel for the maximum disch~rge of 
5000 ems when the reservoir pool elevation is 
215.0 m is relatively uniform and smooth. 

PHOTO 12 (Serial No. 136~126) A distinct concentration 
of flow near the approach channel bed toward. the 
low section of the spillway crest occurs even 
for the maximum discharge of 5000 cms. The dye 
streaks show streamlines in this region. 
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Photo 12 
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PHOTO 13 (Serial No. 136-119) '!'he view of the approaah 
ahannel flow from the spillway crest shows a 
slight tendendy for a secondary aurrent to approach 
the right bank of the approach channel. In spite of 
this the flow over the crest and down the chute 
appears to be reasonably uniform and symmetrical. 

PHOTO 14 (Serial ':\fo. 136-114) The flow through the spillway 
chutes is even more uniformly distributed than for 
the smaller discharges. The deflectors are effeo­
tive in directing the jets downstream toward the 
center of the discharge channel. 
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CHART 1 

CHART 2 

itST OF CHARTS 

(136B4,6-1) The ore'st ~bnfigutation tor th~ partially completed 
$p1l1way o~est for the A~gat Dam tor which a rating' curve was to 
be determined. ' , 

~1)6B456.2) Spill~ay rating curve for partially completed spill­
w~y o~est oonfiguration and the original rating curve based upon 
the bompieted orest geomet~ tor oomparison. 
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CREST CONFIGURATION 
Model Scale 1:118.1 
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