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PREFACE

This report contains the results of a model s tudy  on the spillway sec—

tion of the Toledo Bend  Dam, located on  the Sabine River. The study was

carried out in the Hydraulic Engineering Laboratory at the University of Texas

during the period from January 1964  through September 1965 .  The principal

objectives of the study were  to determine the hydraulic performance charac-

teristics of the spillway section of the dam, including stilling basin effective-

ness, flow behavior in the upstream and downstream channels, and gate opera-

ting sequence for a range of discharges including normal flood, design flood,

and maximum probable flood.

The model tests on the Toledo Bend  Dam spillway section were  carried

out in two phases. The original model was constructed according to Design

Memorandum No. 2, "Spillway," dated August 1962  and plans for the spillway

of the Toledo Bend  Dam as issued for construction. In February 1965  de~

tails of the new spillway profile and revised training walls w ere  transmitted

to the University of Texas. While complete studies were made on both the

original and modified spillway sections, only that test data related to the mo:'.

dified spillway section is included in this report.

The work was initiated under an agreement between the Center for Re—

search in Water Resources at the University of Texas and Forrest and Cotton

Inc. , Consulting Engineers in Dallas, Texas. Administrative details related

to the study have been handled by the Bureau of Engineering Research at the

University of Texas.

The authors w i s h  to thank M s s r s .  T o m  Gebhard and Jim Avera for their

iii.



very able assistance during the early planning s t ages  and construction of the

mode l .  To  them and to the other research assistants who have helped in

carrying out various phases of the study, the authors wish to express their

sincere appreciation. Special thanks are also due Mrs. E. S. Spencer who

typed the report and to Mssrs. C. Y. L e e  and C. L. Kuo who did most  of the

drafting.
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THE TOLEDO BEND PROJECT

The Toledo Bend  Dam is a rolled earth-fill dam located at the Texas—

Louisiana border on  the Sabine River at river mile 156. 5 in Newton County,

Texas and Sabine Parish, Louisiana (Figure 1). The dam is a multi—purpose

structure and provides for hydro—electric power, water conservation, naviga—

tion improvements and recreation. The drainage area above the dam site is

7, 190 square miles or  about 3/4 of the total area of 9,753 square miles drained

at the mouth of the Sabine River. The reservoir capacity at an elevation 175. 27

feet corresponding to the spillway design flood is 5,281,550 acre—feet. De-

velopment of design flood hydrographs, maximum reservoir water levels, and

other pertinent hydrologic data have been set forth in Design Memorandum

No. 1, ”Hydrology," November 1960.

Description of Spillwaj Structures -— Original Design

The spillway structure for the Toledo Bend Dam and reservoir as ori-

ginally designed was a gravity-type ogee weir section located on the Louisiana

side of the dam. The weir crest was at elevation 145. 0 feet and was controlled

by eleven 40 ft. x 28 ft. tainter gates. The overall length of the spillway was

838 feet. The gross weir section was 530 feet long, with a net open length of

440 feet. The approach slab in the reservoir was at elevation 125 feet giving

a weir height of 20 feet. The spillway design flood for the Toledo Bend Dam

was one with a peak inflow of 554,000 cfs, a peak spillway discharge of 290,000

cfs, and a maximum pool elevation of 175. 27 feet, or a 30. 27 foot head up-

stream of the spillway crest. The shape of the spillway crest was based on a_

1
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des ign  head of 23. 7 or about 78. 5 percent of the maximum head anticipated

during the passage of the design flood. The maximum probable flood had a

peak inflow of 839 ,500  cfs, a peak spillway discharge of 329 ,000  cfs, and a

maximum pool elevation of 177. 86 feet, or 3 2 .  86 feet of head upstream of

the spillway crest. Pertinent hydrologic data related to the spillway design

is included along with design criteria, design analyses, and general informa—

tion for the spillway in Design Memorandum No. 2, ”Spillway, " August 1962.,

The stilling basin located immediately below the spillway had a hori-

zontal floor at elevation 90. 0 feet, with a width of 530 feet equal to the width

of the gross weir section. Two rows of baffle blocks w ere  placed in the

stilling basin approximately 44. 0 feet and 62. 0 feet respectively from the

downstream  face of a five foot high end sill. Immediately downstream of the

end sill was a horizontal discharge channel 100 feet long and 530 feet wide

and covered with 48 inch rip-rap.

One hundred feet downstream of the end sill or at the end of the rip-

rap, the discharge channel sloped upward on a slope of 1 on 10 for 100 feet

to elevation 105. 0 feet and then extended downstream with side slopes of 1 on

3 and a bottom width of 590 feet for a distance of about 3 ,500  feet at a slope

of 0. 0144 and terminated where it entered the natural flood plain of the Sabine

River. A low flow pilot channel excavated in the center of the 590 foot wide

discharge channel had a bottom elevation of 65. 0 feet at the end of the rip—

rap and extended downstream for about 8 ,200  feet on a bottom slope of 0. 144

to its intersection with the Sabine River. The general alignment of these disw

charge channels may be seen in Figure 2.

In order to provide for low  flow release through the spillway, an 8—1/3

ft. x 1 2  ft. sluiceway and control gate w e r e  located in a special low-flow
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release pier near the center of the spillway. To release flows of less than

150 cfs, two 20—inch diameter conduits were also located in this low-flow

pier.

Upstream  of the spillway crest was an approach channel with a bottom

width of 530 feet, side slopes of 1 on 3, and a horizontal bottom grade at ele-

vation 125. 0 feet. This channel extended from the upstream end of the spill-»

way section for a distance of about 1 ,800  feet to natural grade. A sluiceway

channel on a horizontal grade at elevation 100. 0 feet with bottom width of 20

feet and 1 on 3 side SIOpes was provided to carry low flows. This low flow

channel ran parallel to the dam, thence down the centerline of the spillway

approach channel to the sluiceway in the low flow release pier. The align—

ment of the approach channels can also be seen in Figure 2..

Theoretical Performance of the Stillin&Basin

The stilling basin below the spillway was designed to dissipate the

energy of the spillway discharge through a hydraulic jump. The elevation of

the stilling basin floor was computed from the hydraulic jump equation based

on the conservation of linear momentum. The depth upstream from the hym-

draulic jump was determined from the energy equation for free—surface flow.

Friction losses in the spillway chute were evaluated by application of the

- Manning formula, Memorandum No. 2, August 1962.

In order to induce additional energy dissipation and thus produce a

shallower hydraulic jump, two rows of baffle blocks and an end sill w e re  used.

It was estimated from studies made by the Corps of Engineers that the down—

stream depth of the jump with the baffle blocks and end sill would be 90 per-

cent of that previously computed from  the hydraulic jump equation.



The theoretical water su r f ace  elevations versus discharge, with and

without the use of baffle blocks and end sill, are plotted in Figure 3. Initial

and probable minimum tailwater elevations versus discharge are also plotted

in Figure 3. It 'is seen from these rating curves that for all discharges up

to the spillway design discharge, the theoretical water surface produced from

the jump is lower than the tailwater depth. This analysis, therefore, indicates

that for all discharges up to the spillway design discharge, the jump will re-

main within the stilling basin.
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OBJECTIVES OF MODEL STUDY

Due to  the complexity of the f low pa t te rn  in the spi l lway a r ea  of a dam

such  a s  a t  To ledo  Bend ,  the only f ea s ib l e  method  to  s tudy the f low cond i t i ons

in  the app roach  channe l ,  sp i l lway sec t i on ,  s t i l l i ng  bas in ,  and  d i s cha rge  channel

i s  by  means  of a hydraul ic  mode l .  S ince  i t  was  des i r ab l e  t o  inves t iga te  the

hydrau l ic  pe r fo rmance  cha rac t e r i s t i c s  o f  the sp i l lway  Sec t ion  o f  the  To ledo

Bend  dam, a hydraul ic  model  was  cons t ruc t ed  in  o rde r  to  de te rmine  the follow—

ing cha rac t e r i s  t i c s :

1 . Wate r  su r f ace  p ro f i l e s  th rough  the sp i l lway  and s t i l l i ng  bas in .

E f f ec t i venes s  o f  t he  s t i l l i ng  bas in  o f  de s igned  l eng th .

Ef fec t  of cu rved  approach  channel .

Ef fec t  o f  cu rved  ou t l e t  channe l .

Ope ra t i on  with va r ious  f l oodga t e s  open  to  deve lop  ga t e  ope ra t i ng
sequence .

Opera t ion  o f  l ow- f low s lu i ceway  a lone  and  in  combina t ion  wi th
sp i l lway .

Eros ion  o f  r i p - r ap  i n  sp i l lway  d i scha rge  channe l .

Bank  e ros ion  nea r  w ing  wa l l s .



REQUIREMENTS FOR SIMILITUDE

For  a mode l  t o  r ep re sen t  accu ra t e ly  a p ro to type  i n  a l l  r e spec t s ,  si—

mil i tude  r equ i r e s  that geome t r i c ,  k inemat ic ,  and  dynamic s imi l a r i t y  be  main-

t a ined  be tween  the model  and p ro to type .  An und i s to r t ed  mode l  i s  geome t r i ca l - -

l y  s imi l a r  t o  a p ro to type  when  the r a t i o s  o f  co r r e spond ing  l eng ths  in  the mode l

and p ro to type  a r e  a lways  equa l  t o  a cons t an t ,  the s ca l e  r a t i o  LR.  Kinemat ic

s imi la r i ty  r equ i r e s  that  the r a t io  be tween  co r r e spond ing  ve loc i t i e s  and  ac—

ce le ra t i ons  i n  the mode l  and pro to type  a l so  be  equa l  to  cons t an t s  which  can  be

wr i t t en  i n  t e rms  o f  the  s ca l e  r a t i o .  Dynamic s imi l a r i t y  wi l l  be  a t t a ined  if  the

fo rce s  which  con t ro l  the flow a re  in the s ame  re l a t ive  r a t i o  i n  the pro to type

and in the mode l .

Fo r  sp i l lways  such  a s  that u sed  a t  the To ledo  Bend  Dam, i ne r t i a  and

grav i ty  a r e  the p r inc ipa l  fo r ce s  wh ich  a f fec t  the flow ove r  the sp i l lway and in

the s t i l l ing  bas in .  Although v i scous  and su r f ace  t ens ion  fo rce s  a r e  p re sen t ,

they  a r e  ve ry  sma l l  i n  r e l a t i on  to  i ne r t i a  and  g rav i ty  fo rce s  in  the p ro to type

and consequen t ly  have a neg l ig ib le  e f f ec t .  If a mode l  i s  ve ry  sma l l ,  v i s cous

and su r f ace  t ens ion  fo rce s  wi l l  become  re la t ive ly  more  s ign i f i can t  i n  the

mode l  than in  the p ro to type ,  and  the re  wi l l  be  poo r  dynamic s imi l a r i t y .  I f

a mode l  i s  l a rge  enough the v i s cous  and su r f ace  t ens ion  fo rce s  wi l l  be  negli—

g ib l e  and s imi l a r i t y  wi l l  be  ach i eved  when  the  ine r t i a  and  g rav i ty  fo rce s  a r e

in  the s ame  r a t i o  in  mode l  and  p ro to type .

The  re la t ive  impor tance  of the i ne r t i a  and  g rav i ty  fo rce s  i n  the sys t em

can  be  de t e rmined  f rom the numer i ca l  value  of the r a t i o  of t he se  two fo rces

a s  r ep re sen t ed  by  the F roude  number .  In i t s  u sua l  fo rm,  the F roude  number

9
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i s

IF = V/‘Vg—l

where  V i s  a ve loc i ty  and l i s  some  cha rac t e r i s t i c  l eng th .  S ince  dynamic

s imi l a r i t y  r equ i r e s  tha t  the r e l a t i ve  magni tudes  of the i ne r t i a  and  g rav i ty

fo rce s  be  the s ame  in  the mode l  and  p ro to type ,  then

1Frm: Vm/Vgl—m = VP/ glp = 1FP

Since  the acce l e r a t i on  of gravi ty  i s  the s ame  in mode l  and  p ro to type ,  the

time sca l e  can  be  r e l a t ed  t o  the s ca l e  r a t i o  a s  TR = LR1/Z. With geome t r i c

s imi l a r i t y  r ep re sen t ed  by  the s ca l e  r a t i o ,  the time r a t io  known, and dynamic

s imi l a r i t y  g iven  by  the F roude  number ,  the r a t i o s  be tween  the va r ious  f low

condi t ions  i n  the mode l  and  pro to type  can  al l  be  wr i t t en  in  t e rms  of the s ca l e

r a t i o .  Tab le  '1 summar i ze s  the und i s to r t ed  mode l -p ro to type  r e l a t i ons  appli—

cab le  t o  this  mode l  s tudy .  In  de t e rmin ing  the r e l a t i ons  i n  Tab le  1 ,  i t  ha s

been  a s sumed  that the s ame  fluid (wa te r )  i s  u sed  i n  bo th  the mode l  and p ro ton

type ,

Apar t  f rom s i ze  and  f low r a t e  cons ide ra t i ons ,  the s ca l e  r a t i o  mus t

be  chosen  so  that  the  phys ica l  cha rac t e r i s t i c s  of the flow in the mode l  a r e

s imi l a r  t o  t hose  i n  the p ro to type .  Fo r  l a rge  sp i l lways ,  the Reyno lds  number

i s  l a rge  and  the  f low i s  no rma l ly  cons ide red to  be  comple t e ly  t u rbu l en t .  Fo r

a s imi l a r  cond i t i on  t o  ex i s t  i n  a mode l ,  the Reyno lds  number  i n  the mode l

mus t  be  suff ic ient ly  h igh  to i n su re  that the flow i s  comple te ly  turbulent and

tha t  conven t iona l  f r ee  su r f ace  r e s i s t ance  equa t ions  a r e  app l i cab l e .



Table 1. Summary of Model-Prototype Rela t i ons .
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DESIGN AND CONSTRUCTION OF THE MODEL

Equality of Froude numbers  was  used  as the basis for similitude in

the Toledo  Bend  Dam spillway mode l .  On this basis, the ratios of o the r

characteristics such as l ength  and flow rate were  de t e rmined  to establish a

feasible scale ratio. After  careful consideration of such factors as availa-

ble space, existing maximum flow rate, minimum water depths, and model

Reynolds numbers, a l eng th  scale ratio of 12100 was chosen for an undistorted

model of the Toledo Bend Dam spillway section. With this scale ratio, the

principal variables of interest in the prototype are related to those in the

model as shown in Table 2.

Table 2. Principal Model-Prototype Variables.

Lengths L = 100 L
p m

Areas A = 10,000 A
p m

Velocities V = 10  V
p m

Discharge Q = 100,000 Q
p m

Dens1ty pp = p m

From the discharge relationship given in Table 2, it is found that the

model design flood is 2. 9 0  cfs, and the maximum probable flood is 3. 29 cfs.

Also, since the flow in both the prototype and the model was assumed

to be turbulent, the Reynold's number for both was checked in order to ascer~

- tain the validity of this assumption. It was found that the minimum Reynold‘s

number in the model was greater than about 5 x 105, so that the operation of

12
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both the model and prototype were  well in the range of turbulent flow.

A r e a  and Location

The model of the Toledo Bend Dam spillway section covers an area

which extends upstream of the spillway crest a distance of about 2 ,400  feet

and downstream of the spillway crest about 2,800 feet. This made it possi—

ble to model both the spillway approach channel and the downstream spillway

discharge channel including the curved—sections of these channels. The mod-

el also includes a section of the approaching sluiceway and low—flow release

outlet channels and topography immediately adjacent to the spillway section.

The outline of the area covered by the model is shown in Figure 2..

The model  was constructed in the Hydraulics Laboratory on  the Main

Campus of The University of Texas, and located to make use of permanent

equipment such as pumps, head tank, and piping for recirculating water flow.

Construction

The model was contained within concrete block walls approximately

two feet high. The sides of the wall facing the model were lined with a poly—

ethylene membrane and sealed to the floor to prevent leakage.

Before any of the topography or channel section was built, steel rails

were set on both sides of the channel parallel to the channel centerline°

These rails were supported on short steel pipe columns anchored to the labo-

ratory concrete floor and w e r e  adjustable at each support column. The rails

in turn served as reference points during construction of the model and later

as supports for the instrument carriage from which water depths were meas-

ured.

The approach and discharge channel sections w e r e  then built by the



use  of t empla tes  made f rom sec t ions  of pe r fo ra t ed  aluminum s t r i p s  cu t  and

p laced  to  con fo rm to  the channel  s ec t i on .  These  templa tes  we re  p l aced  a t

i n t e rva l s  o f  one  foo t  a long the channe l  cen t e r l i ne ,  wh ich  co r r e sponded  to  100

foo t  s t a t i ons  on  the p ro to type .  A dumpy l eve l  was  u sed  to  s e t  e ach  t empla te

a t  i t s  p rope r  ve r t i ca l  pos i t i on .  Hor i zon ta l  con t ro l  was  based  on  the s t ee l

r a i l s  u sed  fo r  the  i n s t rumen t  ca r r i age ,  and  on  the cen t e r s  of the cu rves ,  a l l

of which were  s e t  wi th  a t rans  i t  and t ape .  All  ho r i zon ta l  and ve r t i ca l  con—

tro l  in  the mode l  was  kep t  t o  an  accu racy  of 1 /16  i nch  o r  be t t e r .

The  channel  s ec t i on  was  mo lded  to  approximate  g rade  by  means  o f  a

weak  mix tu re  of Conc re t e  on  a s and  and  g rave l  ba se .  A space  was  l e f t  on

both s ides  o f  each  template  and f i l l ed  with a r i che r  s and  and cemen t  mor t a r

t o  ho ld  the templa te  pe rmanen t ly  in  i t s  p rope r  pos i t i on .  These  channe l  t em-

p la t e s  can  be  s een  in F igu re  4 .  The  channe l  s ec t i ons  were  b rough t  t o  f inal

g rade  by  f i l l ing the remain ing  1/2 inch  wi th  Whi t e  Po r t l and  p l a s t e r  and

t rowel ing  to  a ve ry  smoo th  f in ish .

The topography was  a l so  bui l t  on  a s and  and g rave l  ba se  t opped  with

a conc re t e  mixture a t  approximately 4 t o  6 i nches  be low f in i shed  g rade .

Contour  l i ne s  were  t r ans fe r r ed  f rom the plans  to  co r r e spond ing  po in t s  on

the mode l .  A metal  s t r i p  s imi l a r  t o  t hose  u sed  in  the channel  s ec t i on  was

then ben t  t o  con fo rm to  the con tou r  l ine  and f ixed  in  i t s  p rope r  ve r t i ca l  and

hor i zon ta l  pos i t i on  to fo rm each  o f  the con tou r  l i ne s  a s  s een  in  F igu re  4a .

Addit ional  weak  conc re t e  was  p l aced  to about  1/2. inch  be low f in i shed  g rade .

The  f inal  su r f ac ing  was  a s and  and  cemen t  mor t a r  s c r eeded  be tween  con tour

l i ne s  and f in i shed  with  a wood  t rowe l .

For  the  ogee "supillway sec t i on ,  aluminum templates  we re  ca re fu l ly

machined to r ep roduce  the p ro f i l e  of the over f low sec t i on  and  conc re t e  was
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carefully f inished to  this profile fo r  the en t i r e  l eng th  o f  the  ove r f low  sec t ion .

The p i e r s  we re  then  made  f rom wood ,  f i t ted  t o  the p ro f i l e  of the over f low

sec t ion  and  f a s t ened  in  p l ace  a t  the p rope r  l oca t ions .  The  wood  p i e r s  we re

t r ea t ed  with r e s in  t o  p reven t  wet t ing  and  swe l l i ng .  Curved  me ta l  p i eces  o f

aluminum were  mounted onp ivo t s  be tween  the p i e r s  t o  r ep roduce  the f low

geome t ry  of  the  t a in t e r  ga t e s .  A l i nk  connec t ed  each  ga t e  t o  an  ope ra t i ng

sc rew which  was  u sed  to  ho ld  the ga t e  i n  any des i r ed  position.

Baf f l e  b locks  i n  the s t i l l i ng  bas in  were  made  to  s ca l e  f rom aluminum

and a t t ached  to  the f l oo r  of the s t i l l ing  bas in  with s c r ews .  A so l id  aluminum

s t r i p  fo rmed  the end  s i l l  o f  the s t i l l i ng  bas in .  Fo r  the  o r ig ina l  mode l  t he

t ra in ing  wa l l s  we re  mo lded  in  conc re t e ,  bu t  i n  the f inal  mode l  the t ra in ing

wa l l s  we re  made  f rom wood  and  sea l ed  wi th  r e s in .

Downs t r eam f rom the  end  s i l l  o f  the  s t i l l i ng  bas in ,  t he  r i pwrap  was

s imu la t ed  by  rock  wh ich  was  s c r eened  to  r ep roduce  the  p ro to type  s i ze  g ra -

da t ion  spec i f i ca t i ons  wi th  a r educ t ion  by  the l i nea r  s ca l e  o f  1 :100 .  No  at—

tempt  was  made  to  ob t a in  r i p - r ap  in  the mode l  such  that  the shape  o f  the

s tones  wou ld  be  comparab l e  t o  that  i n  t he  p ro to type ,  and  i t  was  no t  i n t ended

that  the mode l  r ip—rap  wou ld  s imu la t e  the s cou r  r e s i s t ance  o f  the p ro to type

r ip—rap .  Ra the r ,  i t  was  i n t ended  to  r ep roduce  only  a gene ra l l y  s imi l a r  rough-

nes s  pa t t e rn  in  tha t  s ec t i on  o f  t he  mode l .  Two pho tog raphs  o f  the  comple t ed

mode l  a r e  shown in  F igu re  5 .

Flow was  b rough t  i n to  the mode l  fo r ebay  th rough  a p ipe ,  mani fo ld ,

and baf f le  a r r angemen t  a t  the ups t r eam end  o f  the mode l .  To  con t ro l  the

t a i lwa te r  e l eva t ion  downs t r eam of the  sp i l lway ,  t h r ee  i ndependen t ly  ad jus t a -

ble t a i lga tes  we re  cons t ruc t ed  ac ros s .  the downs t r eam end  o f  the model. D i s -

cha rge  wa te r s  pa s s ing  ove r  the t a i lga tes  we re  r e tu rned  to  the l abo ra to ry
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sump through a small channe l .

Alterations t o  t he  Model

During the test ing p rog ram i t  was  neces sa ry  to  make a number of

a l t e r a t i ons  t o  the mode l .  Some  o f  t he  a l t e r a t i ons  were  ve ry  mino r ;  howeve r , ‘

some  due  t o  ma jo r  de s ign  changes  were  qu i t e  ex t ens ive .  The  s ame  me thods

used  in  cons t ruc t ion  of the o r ig ina l  mode l  we re  i n  gene ra l  u sed  fo r  the al—

t e r a t i ons .

Measur ing  In s t rumen t s

Flow into  the fo rebay  of the app roach  channel  was  me te red  with  a

U. S .  Bureau  of Rec lama t ion  combinat ion  Ven tu r i -Or i f i ce  me te r .  A wate r

manometer  was  u sed  to  measu re  head  d i f fe ren t ia l s  fo r  l ow  f lows  and a mer -

cu ry  manomete r  was  u sed  fo r  h ighe r  f l ows .  Bo th  manomete r s  cou ld  be  r ead

t o  the nea re s t  0 .  001  foo t .

E l eva t ions  o f  wa te r  su r f aces  were  measu red  by  Lory  Type—A poin t

gages  mounted on  an  aluminum ins t rumen t  ca r r i age  which  r e s t ed  ac ros s  the

pa ra l l e l  s t ee l  r a i l s .  The po in t  gage  was  a t t ached  to  a moveab le  p l a t fo rm on

the ca r r i age  fo r  de t e rmin ing  ave rage  wa te r  su r f ace  e l eva t ion  ac ros s  the mod-

e l .  A neon  s igna l  l igh t  was  u sed  to  indicate  con tac t  be tween  the po in t  gage

and the wa te r  su r f ace .  Measu remen t s  we re  made  to  the nea re s t  0 .  001  foo t .

Stee l  t apes  were  mounted  a long  the  l eng ths  o f  the ca r r i age  and  the  s t ee l

t r acks ,  a l l owing  the  gage  t o  be  r e tu rned  to  any des i r ed  l oca t ion .

Ve loc i ty  measu remen t s  we re  taken  with  two in s t rumen t s ,  a p i to t  tube

and  a P r i ce  pygmy cu r r en t  me te r .  The  p i to t  tube was  a t t ached  to  the plat—

fo rm on  the ins t rument  ca r r i age  and  connec t ed  t o  a wa te r  manomete r ,  which

could  be  r ead  to  the  nea re s t  0 .  001  foo t .  The  p i to t  tube was  u sed  fo r
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determining velocity distributions along cross—sections in the stilling basin

area. The pygmy current meter w a s  used to measure velocities downstream

from the stilling basin. The meter used was obtained from the U. S. Geo-

logical Survey and was rated by the National Bureau of Standards (7-12—63).

A stop watch was used for all time measurements.



TEST PROGRAM

The  gene ra l  approach used  in  the model  inves t iga t ion  was  to  ope ra t e

the mode l  a t  s eve ra l  c r i t i c a l  d i s cha rges  and  obse rve  points  of potent ial  dif f i -

cu l ty .  I f  mod i f i ca t i ons  were  neces sa ry  to  improve  f low cond i t i ons ,  the mod i -

f i ca t ions  were ‘worked  out  exper imenta l ly  on  the model  be fo re  the final meas—

uremen t s  of pe r fo rmance  were  made .

Tes t s  fo r  Or ig ina l  §pillway Des ign

The  o r ig ina l  mode l  was  cons t ruc t ed  acco rd ing  to  Des ign  Memorandum

No.  2, ”Sp i l lway , "  da t ed  Augus t  1962 ,  and a copy  of the plans fo r  the Spill—

way  o f  the  To ledo  Bend  Dam as  i s sued  fo r  cons t ruc t ion  and  t r ansmi t t ed  to  the

Unive r s i t y  of Texas  in  January  1964 .  As  s een  in  F igu re  6 ,  wa te r  pa s s ing

ove r  the ove r f low  sec t ion  f l owed  down a chu te  on  a s l ope  o f  1 on  3 and on  to

a ho r i zon ta l  s t i l l i ng  bas in  130  f ee t  long  conta in ing  two rows  o f  baff le  b locks .

In  the o r ig ina l  mode l  the bo t tom of the t r apezo ida l  downs t r eam channel  was

a t  e l eva t ion  105, or  10  f ee t  h ighe r  than the top  of the  s t i l l i ng  bas in  end  s i l l .

A l so  a long the cen t e r  of the downs t ream channel  was  a t r apezo ida l  p i lo t

channel  wi th  a 50  foo t  wide  bo t tom a t  e l eva t ion  95  f ee t .

This  o r ig ina l  sp i l lway mode l  was  ope ra t ed  a t  d i s cha rges  co r r e spond—

ing  to  the spi l lway des ign  f l ood  and the t e s t  f lood  No .  2 as  we l l  a s  a t  l ower

d i scha rges .  Fou r  c r i t i c a l  a r ea s  were  iden t i f i ed  a s  fo l l ows :

'1. A t  the  sp i l lway  en t r ance  t he re  was  a s eve re  drawdown ad j acen t
to  end  p i e r s .  The  drawdown was  more  s eve re  a t  the r i gh t  abut—
ment  than a t  the l e f t .  The  su r f ace  wave  and  an  a t t endan t  longi—
tudinal vo r t ex  caused  wa te r  t o  p i l e  up aga ins t  the ta in ter  ga t e
p ivo t .

21
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2. At  d i s cha rges  h igher  than 290 ,000  c f s  and with the ta i lwater  ad—
jus t ed  acco rd ing  to  F igu re  3 ,  r ep roduced  f rom Des ign  Memoran -
dum No .  2 ,  ”Sp i l lway , "  the hyd rau l i c  jump p roduced  waves  wh ich
washed  ove r  the t ra in ing  wa l l s  and  on  to  the excava t ed  a r ea s  be—
hind them.

3 .  The s lop ing  banks of the t r apezo ida l  channel  downs t r eam f rom the
s t i l l i ng  bas in  were  sub j ec t  t o  a t t ack  by  a vo r t ex  deve lop ing  on  each
s ide  of the channel  j u s t  be low the  expans ion  f rom the r ec t angu la r
s t i l l i ng  bas in  s ec t i on  t o  the  t r apezo ida l  channe l  s ec t i on .

4 .  I t  was  obse rved  that  ve loc i t i e s  we re  high in  the downs t r eam chan -
ne l  so  that s cou r  would be  ant ic ipa ted  be low the r ip—rap.  I t  was
fe l t  that the s cou r  might p rog re s s  ups t r eam and undermine  the
r i p - r ap .

Afte r  me thods  had  been  worked  out t o  improve  cond i t i ons  i n  the four

a rea s  men t ioned  above ,  the model  was  ope ra t ed  a t  s eve ra l  d i s cha rges  co r r e s -

ponding to  p ro to type  f l oods .  Tab le  3 summar i ze s  t he se  d i s cha rges  fo r  bo th

mode l  and  p ro to type .

Tab le  3 .  Tes t  F loods .

Tes t  F lood  P ro to type  D i scha rge  Mode l  D i scha rge

1 60 ,000  c f s  0 .  6 c f s

2 132 ,000  c f s  1 .  3 c f s

3 290 ,000  cfs  2. 9 c f s

4 330 ,000  c f s  3 .  3 c f s

For  t he se  d i s cha rges  the wa te r  su r f ace  p ro f i l e s  and ve loc i t i e s  we re  meas -

ured  to  desc r ibe  the  f low pa t t e rns  in  the mode l  w i th  a l l  o f  the  sp i l lway  ga t e s

open .  In  each  ca se  t he  t a i lwa te r  i n  the mode l  was  ad jus t ed  by  the t a i l ga t e s

a t  the downs t r eam end  of the mode l  to  ag ree  with the ta i lwater  ra t ing cu rve

supp l i ed  i n  Des ign  Memorandum No.  2 .

A se r i e s  o f  t e s t s  we re  t hen  made  to  de t e rmine  the  e f f ec t  o f  ga t e
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operation on  the pe r fo rmance  of the stilling bas in .  During the se  t e s t s  the

headwa te r  was  main ta ined  a t  172  f ee t  by  ad jus t ing  the f low r a t e  t o  co r r e s -

pond  to  the ga t e  open ings .  The  t a i lwa te r  was  then  s e t  to  the app rop r i a t e

ta i lwate r  e l eva t ion  co r r e spond ing  to  that  d i s cha rge .

Af t e r  this  s chedu le  of t e s t ing  was  comple t ed  the bot tom of the down—

s t r eam t r apezo ida l  channe l  was  l owered  t en  f ee t  so  that the en t i r e  bo t tom

was  l eve l  with the o r ig ina l  p i lo t  channe l .  Th i s  co r r e sponded  to  an  e roded

downs t r eam channe l  and  comple t e ly  e l imina t ed  the p i l o t  channe l .  Seve ra l

exp lo ra to ry  runs  were  made  wi th  the mod i f i ed  downs t r eam channe l .  I t  was

ev iden t  that the modif ica t ion  of the downs t r eam channel had  no  e f f ec t  on  the

pe r fo rmance  of the s t i l l ing  bas in  po r t i on  of  the mode l  o ther  than to  dec rease

the ve loc i ty  i n  the downs t r eam channel  due t o  the i nc rea se  in  depth that re—

su l t ed  f rom lower ing  of the  bo t tom.  Data  r e l a t ed  t o  the t e s t s  on  t he  o r ig i -

na l  Sp i l lway  have  no t  been  inc luded  in  th is  r epo r t .  Howeve r ,  th i s  da t a  i s

avai lable  through the Hydraul ic  Engineer ing  Labora to ry  a t  the Un ive r s i t y  of

Texas .

Tes t s  fo r  Mod i f i ed  Spil lway Design

In December  1964  i t  was  l ea rned  that impor tan t  mod i f i ca t i ons  t o  the

Spi l lway p ro f i l e  we re  under  cons ide ra t i on .  On Feb rua ry  25, 1965 de ta i l s

of the new Sp i l lway  p ro f i l e  and  r ev i sed  t ra in ing  wa l l s  we re  t r ansmi t t ed  t o

the Un ive r s i t y  o f  Texas .  In  the  r ev i sed  des ign  the  ove r f low  sec t ion  was  un -

changed ,  but  immedia t e ly  downs t r eam f rom the ove r f low  sec t ion  was  a sec—

t ion  o f  channel  69 .  38  f ee t  l ong  wi th  a to ta l  f a l l  o f  2 .  47  f ee t .  A t  the end  o f

th is  channel  a ve r t i ca l  cu rve  l ed  in to  a chute on  a s l ope  of i on  4 which  l ed

down to  a ho r i zon ta l  ap ron  s t i l l ing  bas in  12.0 f ee t  long  with the ap ron  a t
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elevation 90, the same as for the original des ign .  The two rows of baffle

blocks were located 44. 0 feet and 62. 0 feet respectively from the down-

stream face of the end sill. This, however, placed the baffle blocks closer

to the upstream end of the stilling basin. The elevation of Figure 7 shows

the modified spillway design as well as the revised location of the baffle

blocks, which was determined from  the model operation.

The exploratory tests with the new design indicated that the hydrau-

lic jump in the stilling basin was less stable than for the previous condition.

A slight drop in the tailwater elevation would cause the jump to w ash  out of

the stilling basin.

A modification to the stilling basin was developed by experiment.

With the modified stilling basin, measurements were made of the water sur-

face elevation and of velocities at various points in the model. Several gate

operating sequences w e r e  then investigated to determine a convenient opera—

ting procedure that would also produce satisfactory flow conditions down-

stream. The results of the measurements and the gate operating studies are

presented in the following section.
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EXPERIMENTAL RESULTS AND DISCUSSION

A comple t e  s chedu le  o f  the t e s t s  made  on  the mode l  i s  i nc luded  in

the Appendix.  "This  s chedu le  a l so  i nc ludes  t e s t s  made on  the o r ig ina l  mode l

be fo re  the ma jo r  a l t e ra t ions  t o  the sp i l lway  shape .  Measu remen t s  of wa te r

su r f ace  e l eva t ion  and Ve loc i ty  in the or ig ina l  chute ,  s t i l l ing  bas in ,  and down-

s t r eam channe l  a r e  o f  no  s ign i f i cance  fo r  t he  f inal  s t ruc tu re  and  a r e  no t  i n -

c luded  in the r epo r t .  Measu remen t s  and obse rva t ions  made to improve  the

f low condi t ions  ups t r eam of the ove r f low sec t i on  and  nea r  the r igh t  abutment

were  made  on  the o r ig ina l  mode l .  S ince  the a l t e r a t i ons  made  be low the

ove r f low sec t ion  had  no  e f f ec t  on  ups t r eam cond i t i ons ,  t he se  measu remen t s

a re  inc luded  in the r epo r t .  The final  r ecommenda t ions  i nc lude  the modifica—

t ions  t o  the app roach  sec t i on  deve loped  in  the o r ig ina l  s e r i e s  of t e s t s .

Spi l lway  Ra t ing  Curve

The  d i scha rge  in to  the mode l  was  measu red  a s  the f low pas sed  through

a ca l i b r a t ed  combina t ion  Ven tu r i—Or i f i ce  me te r .  This  f low measu remen t  was

accu ra t e  withini-  2 pe rcen t .  F igu re  8 shows  a compar i son  o f  the sp i l lway

ra t ing cu rve  taken f rom Des ign  Memorandum No.  2 and the exper imenta l  r a t -

ing cu rve  a s  measu red  on  the mode l .  Rese rvo i r  e l eva t ions  were  measu red

a t  the cen t e r l i ne  of the app roach  channel  and 400  f ee t  ups t r eam of the sp i l lway

c re s t .  The measu remen t s  i nd i ca t ed  ve ry  good  ag reemen t  be tween  the calcu—

la ted  and the exper imenta l  ra t ing cu rve .

When  modi f ica t ions  were  made to  improve  the flow cond i t i ons  th rough

the end  ga t e  openings  nea r  the abutments ,  a check  on  the ra t ing cu rve  showed

that t he re  were  no  measu rab l e  changes  in the head -d i scha rge  r e l a t i onsh ip .

27
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Modification of  En t r ance  to  Spil lway

At the en t r ance  to  the  sp i l lway  the re  was  a s eve re  drawdown a t  the

end  p i e r s  on  each  s ide  of the spi l lway.  F igure  9 shows  the p ro f i l e  of the

wate r  su r f ace  e l eva t ion  t aken  a long  the  sp i l lway  c r e s t  be fo re  any mod i f i ca—

t ions  were  made .  In  F igure  9 a s eve re  drawdown can  be  s een  a t  the r igh t

abutment.  A su r f ace  wave and an  attendant longi tudinal  vo r t ex  wh ich  fo rmed

as  the f low swep t  a round  the abutment caused  wa te r  to  p i l e  up aga ins t  the

ta in ter  ga te  pivot  on  the r ight  s i de  of the  spi l lway t ra in ing wa l l .

In o rde r  t o  co r r ec t  t he  su r f ace  wave  r e su l t i ng  f rom th is  s eve re

drawdown,  a number o f  d i f f e r en t  s chemes  were  i nves t i ga t ed  i nc lud ing :  a

l a rge  i nc rea se  i n  rad ius  of the end  p i e r ,  a t ra ining wal l  a t  45°  t o  the axis  of

the  sp i l lway ,  s eve ra l  t r a in ing  walls o f  d i f f e ren t  l eng ths  no rma l  to the sp i l l -

way  ax i s ,  and seve ra l  d ikes  extending ups t r eam f rom the  main embankment

and nea r  the r igh t  sp i l lway  abutment .  Sa t i s f ac to ry  f low ope ra t i on  was  ob—

ta ined  with the t ra ining wal l  l oca t ed  a t  45°  to  the spi l lway ax i s ,  with the

s t r a igh t  t ra ining wal l  a t  90°  t o  the sp i l lway  ax i s ,  and wi th  two d i f fe ren t  de -

s igns  fo r  an  ups t r eam d ike .

Because  of the dif f icul t ies  a s soc i a t ed  with the cons t ruc t ion  of the

t ra in ing  wa l l s ,  and  because  an ups t r eam dike  cou ld  a l so  s e rve  a s  an  au to -

mobi le  turnout a r ea ,  i t  was  dec ided  to  u se  a d ike extending ups t r eam f rom

the main dam embankment.  I t  was  obse rved  that the  des ign  and loca t ion  of

the ups t r eam dike  was  ve ry  c r i t i c a l .  The  dike funct ioned by  c r ea t i ng  a s epa»

r a t i on  zone  a t  i t s  end  wh ich  cu rved  a round  to  become  t angen t  t o  the  f low ap—

proach ing  the r i gh t  abu tment  wa l l .  I dea l ly  the  d ike  shou ld  have  ve ry  s t eep

s ides .  Howeve r ,  f rom a cons t ruc t ion  s tandpoin t ,  s t eep  s ide  s lopes  a r e  im—

prac t i ca l  and  the  des ign  o f  t he  dike  was  f inal ly  s e l ec t ed  a s  shown  in  F igu re  10 .
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With the dike located as  shown,  only a mode ra t e  drawdown occu r r ed  a t  the

r i gh t  abutment,  and  the wa te r  su r f ace  e l eva t ion  i n  the v i c in i t y  o f  the r i gh t

t a in te r  ga t e  pivot  was  l owered  sufficiently t o  e l iminate  the haza rds  of waves

s t r ik ing  the ta in ter  ga te  pivot  a t  maximum d i scha rge .  At l ow  d i scha rges

sa t i s f ac to ry  f low cond i t ions  were  ob t a ined  r ega rd l e s s  o f  whe the r  the  dike

was  i n  p l ace  o r  no t .

Modif ica t ions  t o  the Stilliig Bas in

A majo r  mod i f i ca t ion  t o  the chu te  be low the ove r f low  sec t ion  and  to

the s t i l l ing bas in  was  neces sa ry  because  of foundat ion p rob lems  and  was

made acco rd ing  to  the d imens ions  shown  in  F igu re  7 .  The  impor tan t  f ea tu re s

of the modif ica t ion  were :  a near ly  hor izon ta l  chute l ead ing  away f rom the

over f low sec t i on ,  the apron  s lope  changed  f rom 1 :3  to  1 :4 ,  and  the ho r i zon ta l

s t i l l i ng  bas in  l eng th  r educed  to  120  f ee t .

With  t he se  modi f i ca t ions  the spi l lway and s t i l l ing  bas in  pe r fo rmed

ve ry  s a t i s f ac to r i l y  up to  the maximum d i scha rge  fo r  Tes t  F lood  No .  2, s ee

Tab le  3 .  At g r ea t e r  d i s cha rges ,  i t  was  obse rved  that  the  hyd rau l i c  j ump  in

the s t i l l ing  bas in  was  l e s s  s t ab l e  than fo r  the o r ig ina l ly  des igned  sp i l lway .

A s l i gh t  d rop  in  ta i lwater  e l eva t ion  wou ld  a l low the jump to  wash  ou t  f rom the

s t i l l ing  bas in .  When the jump washed  out of the s t i l l ing  bas in ,  i t  was  always

accompan ied  by  ve ry  s eve re  e ros ion  o f  the downs t r eam r ip - r ap .  To  im—~

prove  the jump s t ab i l i ty  a t  the h igher  d i s cha rges ,  the s t i l l ing bas in  was  mod i -

f i ed  by  moving  each  of the two rows  of b locks  '13 f ee t  downs t r eam f rom the i r

o r ig ina l  pos i t i on  and  inc reas ing  the  he ight  of each  b lock  to  9 fee t °  I t  was

found that  i nc rea s ing  the he igh t  of t he  end  s i l l  d id  no t  app rec i ab ly  improve

the  jump s t ab i l i t y .  Fo r  this  r ea son  and because  o f  the  a t t endan t  changes
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involved, no modifications were  made to the end sill. At the two highest

discharges the operation of the stilling basin was observed visually for a

range of tailwater elevations above and below the tailwater rating curve

of Figure 3 taken from Design Memorandum No. 2. Table 4 shows for

these discharges the rated tailwater, the minimum tailwater which would

hold the hydraulic jump in the stilling basin, and the maximum tailwater

used in the tests. The stilling action was satisfactory for the range of

tailwater elevations between the minimum and the maximum used, and

should be satisfactory for even higher tailwater elevations. At discharges

less than 290,000 cfs the range of satisfactory tailwater elevations would

increase.

Table 4. Range of Tailwater.

Discharge Tailwater Elevation (ft. )

(cfs) Rated Minimum Maximum

290 ,000  131 .0  126 .  5 134 .0

330,000 132 .0  129 .0  135 .0

Water Surface Elevation and Velocity Measurement

Measurements of the water surface elevation and velocity at selected

points are presented in Figures 11, 12, 13 and 1 4  for the selected test floods

of 60,000 cfs, 132,000 cfs, 290,000 cfs, and 330,000 cfs respectively. The

upper part of the figure presents the water surface profile over the overflow

section through the chute and stilling basin along a section cut through the

centerline of gate no. 6. The lower part of this figure gives the velocities
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and wa te r  surface elevation i n  the  downs t r eam channel measu red  a long  the

cen te r l i ne  of the  channel  and along l i ne s  250  f ee t  t o  the l e f t  and  r igh t  of the

cen te r l i ne  co r r e spond ing  to  the l oca t ions  whe re  the t oe  of the bank s lopes

in t e r sec t  the channe l  bo t tom.  These  f i gu re s  show that  fo r  a l l  d i s cha rges

the hydrau l i c  jump s t ayed  within the s t i l l ing  bas in .  Fo r  the two lower  dis—

cha rges  the supe r  e l eva t ion  due to  the cu rve  i n  the downs t r eam channe l  was

ba re ly  measurab le .  At the two h igher  d i s cha rges ,  howeve r ,  supe r  e l eva t ion

of the wa te r  su r f ace  in  the cu rve  was  ev idenced  by  the h ighe r  e l eva t ion  of

the wa te r  su r f ace  nea r  the l e f t  bank than nea r  the  r igh t  bank .  The  maximum

ve loc i ty  measu red  in  the downs t r eam channe l  a t  6/10 depth  was  nea r  the

cen te r l i ne  and  amounted  to  14  f ee t  pe r  s econd  a t  a d i s cha rge  of 330 ,000  c f s .

At  this  h igher  d i s cha rge  the ve loc i ty  i n  mos t  of the downs t r eam channel

ave raged  about '12 f ee t  pe r  second.  In gene ra l  the ve loc i t i e s  we re  h igher

nea r  t he  r igh t  bank than the l e f t  bank a s  would  be  expec t ed  f rom the cu rva -

tu re  of the downs t r eam channel .  Th i s  i s  compat ib le  wi th  the measu red

supe r  e l eva t ion  of the wa te r  su r f ace .  I t  shou ld  be  emphas i zed  that  t he se

ve loc i t i e s  we re  measu red  with  the en t i r e  downs t r eam channel  l owered  '10

fee t  be low the o r ig ina l  e leva t ion .  Be fo re  the en t i re  downs t r eam channel

e rodes  to  this  l ower  l eve l ,  and when only the p i lo t  channel  bo t tom i s  a t  this

low e leva t ion ,  ve loc i t i e s  wil l  be  g rea t e r .  Mode l  t e s t s  ca r r i ed  ou t  on  the

o r ig ina l  sp i l lway be fo re  the en t i re  downs t r eam channel  was  l owered  ind i ca~

ted  ave rage  ve loc i t i e s  cou ld  be  a s  h igh  a s  17  f ee t  pe r  s econd .

Gate  Ope ra t i on

A se r i e s  of t e s t s  we re  run t o  exp lo re  va r ious  pos s ib l e  ga t e  ope ra t ing

sequences  and to  obse rve  the i r  e f f ec t  on  the flow pa t t e rn  in the chute and
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