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PURPOSE 

Develop a spillway chute extension fo r  Ochoco D m  which w i l l  
tu rn  the flow avay from the hi l ls ide and allow the water t o  spring avay 
frorn the downstream end of the chute t o  pl.event undercutting the 
structure . 

CONCUSIONS 

1. The recomended design of the  75-foot spiUvay chute externion 
with flow deflectors a t  the downstream end and a deflector block on the 
l e f t  chute wall  a t  Station 1+98 (Figue  16) sa t i s fac tor i ly  handlee the 
design flood. 

2. Flow is not uniformly distributed acmss the original spillway 
chute. When the discbarge is less  than 1,500 cfs  th i s  uneven distr ibu-  
t ion  i s  not of major importance, but f o r  larger  d ischrges  the flow tends 
t o  concentrate on the l e f t  side at the downstream end of the chute 
( ~ i g u r e  ?A). 

3. A bucket at  the downstream end of the chute caunes a jump to  
form in the chute at small discharges (Figure l a ) .  The water down- 
stream from the jump does not spring away from the end of the chute but 
drops off the end and c a u e s  undercutting close t o  the foundation. 

4. A weir acmes the channel (Figure 7B) elininates the necessity 
fo r  repair work on the portion of the o ld  structure upstream from the 
weir, but has the detrimental effects of decreasing the o v e r a l l  coeffi- 
c ient  of discharge and causing uneven flow distr ibut ion in  the chute f o r  
all f lorn . 

5 .  The velocity of the nr ter  a t  the downstream end of *the chute 
is too great t o  be turned by a modente superelevated section (Figure 
8 ~ )  . 



t o  the r ight  and-two rows 05 flow deflectors, one at the turn and oGe at 
the downstream end of the chute, sat isfactori ly turned the water and 
abeorbed much of the energy of the stream, the design waa too coxplex 
( ~ i g u r e  12). 

V 

7. 'fhe maximum discharge of 11,000 cfs  requires a reservoir head 
5-5/4 fee t  above the crest  (discharge curve, Figure 5). 

% 

RECOMMEXDATIONS 

1. Construct s deflector block on the l e f t  wall a t  Station 1+@ 
w i t h  dimensions as shown i n  Figure 15B. This block produces a f a i r l y  
uniform depth across the downstream end of the  spillway chute for  a l l  
discharges ( ~ i g u r e  8 . )  . 

2. Construc.t the 75-foot long spillway chute extension 50 fee t  5 
inches wiBe and on s 0.089 slope; continue the present side slopes; 
i .e., 1/2:1 for  the l e f t  wall and 1:l for  the r ight  w a l l ;  place six flow 
deflectors on the downstream end of the chute extension, and warp the 
downstream end of the l e f t  wall a s  shorn i n  Figure 16. 

. . 
INTROlXTCTION 

Ochoco Dam m s  completed i n  193. by the Ochoco Irr igat ion 
Distr ict  as part  of the i rr igat ion plan fo r  the a r id  land north of Bend, 
Oregon (F'igure 1). The earth-fil led dam ( ~ i g u r e  2) is approximseely 125 
fee t  high and 1,100 fee t  long. The spillway, l e f t  of the dam, hss an 
uncontrolled, curved crest  275 fee t  long, and a spillway chute on a 
0.089 slope extending 335 f e e t  downstream f r o m  the axis of the dam. The 
outlet  tunnel passes through the dam a t  elevation 3048, 83 fee t  below 
the spillway crest  elevation. 

Leakage through and around the dam was so severe t h a t  the 
reservoir seldom reached the cresk elevation; the seepage water was col- 
lected in  wooden troughs on the downstream face of the dam an*.. channeled 
into the irri-tion canal. The approaches t o  the crest  have been over- 
grown with vegetation, and the concrete i n  the s p i l l m y  and chute has 
been badly weathered. The hi l ls ide inmrediately downstream from the 
spillway chute bss been eroded t o  a depth of 35 fee t  ( ~ i g u r e  3). 

The Bureau has  included Ochoco Dam i n  its plans for  the r' 

Deschutes Project and appropriated f'und.8 fo r  the rehabili tation of the 
spillway, out let  works, canal, end dam. This model atudy concerns only 
the repairs t o  be made t o  the spillway. V 



Preliminary requirements called fo r  extending the spillway 
chute 75 fee t ,  and ad-ding 8 t o  3.0 inches t o  the thickness of the chute 
floor and 2 t o  3 inches t o  the side slopes and crest.  Pt was desirable 
t o  study the approach t o  the spillway cres t  and the action of the flow 
fo r  approximtely 350 fee t  downstream from the chute extension. These 
considerations required thst the model include a prototype ground area 
of about 400 by 1,000 fee t ,  The maximum design discharge was 11,000 
cfe. The resul ts  of the analysis of the model s ize  and discharge 
requirements indicated that  a 1:36 scale model, which would occupy 12 by 
30 fee t  of floor space and discharge 1.5 cfp;, would be optimum. The 
model was bui l t  t o  th i s  scale and included a gravel approach t o  the 
crest ,  a cmgrete crest  and chute, scaled t o  the o r i g i m l  but including 
the f loor  and w a l l  repairs, a means fo r  rapid and simple instal lat ion of 
various designs of the 75-foot spillway extension, and a gravel-fil led 
tail box for  scour study downstream from the chute (hgures 4~ and B). 
Water supplied t o  the model by a laboratory pump was measured by a 
Venturi meter. A poiilt gage was mounted i n  the head box t o  measure 
model reservoir elevation (Figure 4 ~ ) .  

THE INVESTIGATION* 

Crest Capacity 

The uncontrolled crest ,  ~epresenting the prototype a.fter 
repairs ( ~ i g u r e  4 ~ ) ,  was calibrated fo r  flows up t o  the nrrximm design 
discharge of U,000 cfs .  The calibration cunTe is a plot  of Q versus 
reservoir head above the crest  ( ~ i g u r e  5) .  

Flow i n  the Channel 

For discharges less  than about 1,500 cfs  the flow was f a i r l y  
well distributed a t  the downstream end of the original spillway chute. 
A t  these discharges the water flowed over the crest ,  piled up on the 
l e f t  w a l l  a t  about the same stat ion 8s the downstream end of the crest ,  
flowed back across the chute floor t o  the r ight  w a l l  about 75 fee t  
downstream from the centerline of the dam, and then recrossed the chute 
diagonally toward the downstream end. A wave caused by the cross-chan- 
nel. flow fo r  a discharge of 1,000 cfe is shown on Figure 6A; however, 
the depth of water a t  the downstream end of the chute for  this discharge 
was uniform. Uneven distribution of flow a t  the higher discharges i s  

* A l l  distances, discharges, and velocities are prototype unless 
otherwise stated. Stations are on the intersection of the l e f t  wall and 
the channel f loor  with Station 0- st the head of the channel. 



flow was concentrated i n  the l e f t  ~ n e - ~ u a r t e r  of the chute width et the 
downstream end when the discharge wks greater than 5,000 cfs.  

It was necessary to  obtain mifonn flow at  the chute exi t  
before the design of t h i s  portion of the spillway could be adequately 
tested.. A pier  was placed on the chute centerline about 20 fee t  up- 
stream~ from the new construction ( ~ i ~ u r e  l a ) ,  but i t s  position b d  t o  
be changed for  each discharge to give the desired distribution. There- 
fore, th is  pier  cohd not be used f o r  the prototype. 

The source of the uneven flow was i n  the chute section 
adjacent to  the crest.  An attempt was made to  obtain uniform flow by 
plscing a pier ,  similar t o  the one shown i n  Figure LOB, in  this area, 
but, as before, t o  get the desired resul ts  the position of the pier had 
to be changed f o r  each discharge. 

Sixty-four 3-foot cubes (baffle blocks) were mounted on the 
chute floor with the upstream blocke a t  the same stat ion as  the r ight  
end of the spillway' crest.  The blocks were i n  eight equal rows 3 fee t  
apart. This arrangement produced satisfactory flow coaditions a t  the 
spillway exi t  fo r  f l o w  up t o  about 4,000 cfs.  For larger discharges 
the flow i n  the chute was very similar t o  tba t  witbout the baff le  
blocks. &, 

It was suggested tht a weir be placed across the chute a t  
about Stbtion 0+75. Repair work would not have t o  be done t o  the por - 
t ion of the old structure upstream from such a weir, and it was thought 
that the flow conditions might be improved. The weir was placed at  d i f -  
ferent station6 and at  various angles t o  the chute centerline. Flow 
conditions f o r  a flow of 3,000 cfs with the weir at  r ight  angles t o  the 
l e f t  wall at Station 0+74.16 are shown on Figure 7B. The design was 
unsatisfactory because it (1) produced a very poor flow condition i n  the 
chute for  all discharges, and (2) reduced the effective length of the 
crest  t o  such an extent tha t  the reservoir bad t o  be above the maximum 
allowable head t o  produce the design discharge of 11,000 cfs.  

A deflector block was placed against the l e f t  w a l l  across f r o m  
the r ight  or downstream end of the spillvay crest  t o  deflect a par t  of 
the stream and break up the concentrated flow. This design was renark- 
ably effective. !be best location of the deflector was determined t o  be 
at  Station 1+98, and the best s ize and shape t o  be as shown on Figure 
15B. 

The distribution in  the chute for discharges under 1,500 cfs  
was satisfactory without flow guides, and the deflector produced the 
desired flow disat;ribution for greater discharges. Flows of l e s s  than 
1,000 cfs  did not reach the deflector block. The flow conditions a t  the 
deflector block for a Q of 11,000 cfs  is  shown on Figure &. 



Superelevrated chute extension. An attempt was made t o  turn 
the flow by superelevating the chute near the  ex i t .  The velocity of the 
stream was too great t o  pelrmit the  change i n  direct ion by a reasonable 
amount of superelevation. The flow conditiono f o r  5,OOO cfe f o r  a com- 
bination of superelevation of the chute f loor  and a curved l e f t  w a l l  is 
shown an Figure 8 ~ .  The direct ion of flow was not changed u n t i l  it 
struck the wall, then it formed a concentrated j e t  a t  the wall. Since 

r the  high velocity-flow made superelevation impracticable, the  t e s t s  were 
continued using flow deflectors at  the end of the chute f loor .  

Flow deflectors.  Four designs were submitted t o  the 
laboratory fo r  the prelimilaasy model t e s t s  on flow deflectors.  Each 
design included a s k i  jump a t  the toe of the  chute and deflectors t o  
tu rn  the stream (F'igure 9 ) .  The r igh t  s ide o r  face of three of the  flow 
deflector desigm was spherical  o r  superelevated ( ~ y p e s  "A," "B," and 
"D," Figure 9). The model t e s t s  showed t h a t  the superelevated surface 
used did not change the  direct ion of flow of the high-velocity stream; 
the water had a tendency t o  climb the curved o r  warped face, but d id  not 
change direct ion noticeably. The fourth design included six def lectors  
equally spaced across the chute ou t le t  (Type "C," Figure 9). The r igh t  
face of each deflector was ve r t i ca l  and curved t o  the r igh t .  The l e f t  
wall of the chute bas warped from 1/2:1 t o  ve r t i ca l ,  and the ve r t i ca l  
v a l l  curved t o  the r igh t .  This l a t t e r  design was chooen fo r  the i n i t i a l  
t e s t s  of flow deflectors.  

Type "C" flow deflector.--The def lectors  were formed of 
sheet metal and soldered t o  the 75-foot chute extension. The deflec- 
tore were lg- l /2  f e e t  long and 10 f e e t  high. The ve r t i ca l  r igh t  face 
of each curved t o  the r i gh t  on a 32-foot radius. The s k i  jump 
s ta r ted  lg - l /2  f e e t  upstream from the  toe  of the  chute with a 30-foot 
ve r t i ca l  curve, A = 2g00!j1. The f loor  of the chute continued on a 
slope of -0.445 from the end of the ve r t i ca l  curve t o  the end of the 
chute, terminating a t  an  elevation 4.4 f e e t  higher tban the start of 
the ve r t i ca l  curve. This s k i  Jump, designed t o  prodect the etream 
away from the toe of the chute, served adversely. The def lectors  
caused a hydraulic Junrp t o  form i n  the chute f o r  discharges below 
1,950 c fs ,  causing the stream t o  s p i l l  close enough t o  the toe of the 
chute t o  undermine it ( ~ i g u r e  1 0 ~ ) .  For discharges larger  than 1,950 
c fs ,  the pool i n  the "bucket" was swept out ( ~ i g u r e  10~). 

Effect  of varying the s k i  jump.--When the flow was such 
t h a t  the hydraulic jump did not form upstream from the Type "c" 

* deflectors,  the stream was turned by the ve r t i ca l  r igh t  faces of the 
deflectors i n  a sat isfactory manner. The l e f t  face6 of the deflec- 
t o r s  had l i t t l e  e f f ec t  on the flow. A new model chute extension was 

6' constructed with the f loor  continuing on the same slope as the or ig-  
i na l  chute. The new deflectors had a ve r t i ca l  r igh t  face as before, 



of the Type "C" deflectors.  This d e s i  would be simpler t o  con- 
s t ruc t  i n  the f i e ld .  F i l l e t s  of clay.were molded into  the spaces 
between the deflectors and could be varied o r  removed as desired. 

When the clay f i l l e t s  were shaped t o  terminate at  about , 

the same elevation as the s k i  jump used with the Type "C" deflectors,  
the flow was s i m i h r  t o  t b t  with the Type "C" deflector.  ks the 
r i s e  of the s k i  'jump was decreased, the pool upstream from the 
deflectors swept out a t  smaller discharges, and when the clay wae 
removed a jump did not form. Tests were made leaving one or  more of 
the  spaces between the deflectors f ree .  This innovation was not 
successful. The flow conditions for  a discharge of 1,350 c f s ,  the 

I 
maximum "Q" a t  which a ,jump w i l l  f o m  with the center opening c lear  
and the clay f i l l e t s  between the other def lectors  extending about 
3.25 f ee t  above the  chute f loor ,  are  shown on Figure 11A. Flow con- 
di t ions ,  f o r  a discharge of 5,400 c f s  and with the def lectors  and 
clay s k i  jump the same a s  i n  Figure U, a r e  shown on Figure 11B. 
The stream is deflected t o  the r ight  but spreads out very l i t t l e  i n  

I the  direction of flow. 

Two rows of flow deflectors.--It  was thought the flow might 
be turned in  two stages ra ther  than attempting t o  make the complete 
turn a t  the downstrean end of the chute extension. The chute exten- 
sion f loc r  was continued on the or iginal  slope (S = 0.089) and the 
s ide walls were turned 10 degrees t o  the r igh t .  Six deflectors were 
placed i n  the new construction extending 20 f e e t  downstream from 

1 Station 5+52.9 and curved t o  the r igh t  on g. radius of 92.4 f ee t ,  
,& = 12'30'. The deflectors used in  the previous t e s t  were placed on 
the dowiistream end of the chute extension ( ~ i g u r e  12~). 

The stream was turned sa t i s f ac to r i l y ,  and the two rows of 
deflectors absorbed much of the energy of the flow. However, the 
design was considered unsatisfactory fo r  prototype constmction 
because (1) the upstream def lectors ,  1 foot  thick,  9 f e e t  high, and 
20 fee t  long, would be too f r a i l  f o r  concrete construction, (2) the  
water s t r i k ing  the upstream deflectors was deflected t o  the r igh t  and 
directed upward about 15 degrees; the j e t s  from them deflectors 
impinged on o r  near the downstream deflectors fo r  flows from 2,000 t o  
8,000 cfs (Figure l a ) ,  and (3 )  the design with the s i x  addit ional 
deflectors appeared too cost ly .  For these reasons fur ther  t e s t s  on 
the design were not made even though the flow was turned 
sa t i s fac tor i ly .  



The deflectors used with the clay f i l l e t  sk i  jump design 
operated sa t i s f ac to r i l y  when the clay was removed, allowing the chute 
f loor  t o  continue on t,he slope S = 0.089 t o  i t s  downstream edge; how- 
ever, the deflectors had been has t i ly  shaped from wood and were not geo- 
metrically exact. Six deflectors of the recommended design were formed 
of sheet metal and were held t o  close tolerances, the shape being tha t  

1 shown in  Figure 1 5 A .  Twenty-three piezometers were located i n  one of 
the deflectors i n  order t o  study the pressures a t  par t icular  points. 

The downstream end of the l e f t  wall extension was warped from 
the or iginal  s ide slope of 1/2:1 at  Stat ion 6903.3 t o  ve r t i ca l  a t  Sta-  
t i on  6+27.3, the downstream end of the  new construction. The intersec-  
t ion  of the f loor  and the warped surface was curved t o  the  r i gh t  on a 
radius or" 51 f ee t ,  A = 28'05'. The r igh t  w a l l  continued on a s ide 
slope of 1:l. The chute f loor  continued on the or iginal  slope 
s = 0.089. 

The deflector block on the l e f t  spillway wall opposite the 
downstream end of the c res t  was constructed of clay with the upstream 
face of sheet metal. Fifteen piezometers were placed i n  the upstream 
face t o  determine forces act ing on the block, and the clay'was shaped t o  
determine optirmun s ize  requirements. 

The recomended prototype dimensions of the flow def lectors  
and deflector block a r e  given on Figure 15.  The model i n  its f i n a l  form 
is  shown on Figure 13, ard the location of these par t s  and the pressures 
on them a r e  given on Figure 16. The recommended design def lector  block 
and flow deflectors with a discharge of 11,000 c f s  a r e  shown on Figures 
8 A  and 14A. Conditions a t  the flow def lectors  f o r  a discharge of 1,000 
c f s  a r e  shown on Figure 1 4 ~ .  

Prototype Operation 

Figures 17, 18, and 19 show the prototype i n  operatio3 with 
the design as recommended, and under a discharge of 750 c fs .  For t h i s  
small flow the stream does not impinge on the deflector block. Note the 
cross-channel wave i n  the model, Figure 6A, and the prototype, Figures 
1i'B and 1 8 ~ .  The comparison between model and prototype action a t  the 
flow deflectors,  as shown i n  Figures l&3 and lgB,  indicates t ha t  the 
prototype should operate as predicted throughout the  f u l l  range of 
discharges up t o  a maximum flood of 11,000 c f s .  
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F i g u r e  3 
Report Hyd 339 

A .  Cres t  and chute 

9. Looking upstream into the scoured  a r e a  a t  end of the chute 

Deschutes  Projec t  
OCHOCO D A M  REPAIRS 
Prototype Before  Repairs  



Figure 4 
Report  Hyd 339 

A. Wire  m e s h  foundation f o r  u p s t r e a m  f a c e  of d a m - -  
far  right 

Upper c h u k  and c r e s t  t empla tes - - foreground  
Spi l lway chute t e m p l a t e s  - - l e f t  background 

B .  Completed mode l  

P 
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Figure 6 
Report Hyd 339 . 

A .  View upstream showing the crest and chute 
Discharge--1,000 ds 

B.  View upstream showing the cres t  and chute 
Discharge--1 1,000 cfs 

Deschutes Project 
OCHOCO D A M  REPAIRS 

Flow Conditions in Original 
Spillway and Chute 
Model Scale 1 :36 



Figure 7 
Report Hyd 339 

A .  S t r a i g h t  c h u t e  end  wi thou t  d e f l e c t o r s  o r  f low 
s t r a i g h t e n e r s  

D o w n s t r e a m  erid of t h e  c h u t e  v iewed  f r o m  t h e  
r i g h t  bank  

Discharge- -8 ,  000 c f s  

R .  C r o s s  w e i r  a t  S ta t ion  0+74.  16 
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D i s c h a r g e - - 3 , 0 0 0  c f s  

D e s c h u t e s  P r o j e c t  
OCI-IOCO D A M  R E P A I R S  
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Figurc  1i 
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F i g u r e  10 1 
Report Hyd 339 

A.  Downstream end of the  chute with flow s t ra ighten-  
ing vane viewed f rom the r ight  bank 

Discharge--1,900 c f s  

13. Ilownstrenm end of t h e  chutt .  v~c.wc.ti from thc 
I v f t  bank 

I)~sc.h:lrge- -5, 000 c f s  
L3eschutes Project 
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b . 1 0 ~  ~ o r l d i ~  o n s  W i t h  'l'yl,~ "C'"  Deflcrtor-s 

:nodel Scale 1:36 



A .  Downstream end of the chute v iewed f r o m  the 
right bank 

Discharge 1 ,350  c f s  

B. Downstream end of the chute viewed f r o m  the 
right bank - .  

Discharge --5,400 c f s  

Deschutes  Project  
OCHOCO DAM REPA 

Contiitions with Flow Def!ectors 
Ski Jump - Center Openin 

Model S c a l e  1 :36 

F i g u r e  11 
Report Hyd 339 

I RS 
1 - Clay Fi l let  
~g Clear  



Figure  12 
Report Hyd 339 

A .  View clownstream showing downstream end of the 
chute 

B. View downstream showing downstream end of the 
chute 

D i s c h a r g e - - 5 , 0 0 0  c f s  

Deschutes  Project  
OCIHOCO DAM REPAIRS 

Cotlditiorls f o r  Double Row of 
Flow Def lec tors  - lo0 Turn 

Model Scale 1:36 



Figure 13 
Report Hyd 330 

A .  Looking downstream 

B .  Looking upstream 

Deschutes Project 
OCHOCO DAM REPAIRS 

Recommended Design Chute Extension 
arid Flow Deflectors 
Model Scale 1 :36 



Figure 14 
Report Hyd 339 

A .  Downstream end of the chute viewed from the 
right bank 

Discharge--1 1 ,000 c f s  

B.  Downstream end of the chute 
Discharge--1,000 c i s  

Deschutes Project 
OCHOCO DAM REPAIRS 

Conditions for Recommended Design Chute 
Extension and Flow Deflectors 

Model Scale 1 :38 
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Conlcal surfoce, base rnd~us=lg 14 f t ,  
he~ghi= 466ft.-.: 

Cylindrical surfoce w~th vert~col 
0x15,  mdlus= 30 30 f t  :-..... 

F' 

------ 486'----- 4 
S I D E  E L E V A T I O N  E N D  VIEW 

New construction 6.: LOOKING UPSTREAM 

Downstreom end of 
chute ertens~on-a * ------.--.----. t------.-- '-'., 

. k - o , 3 3 ~ - + - i ) . 3 # - ~ - a 3 ~ d  ----; 

++' 

.. ---- [=I 
P L A N  S E C T I O N  A-A 

A. F L O W  D E F L E C T O R S ,  6 REQ'D 

:Intersect~on of 4 I wall 
I : and sp~lirwy chute fioor 

sta. 2 t16  - - - J@P of left ~h,,k=~,.. -.. ----- --I---- 

----St0. 1 t 98 

I 
5.0089. .....,. / 

,--.. P L A N  S I D E  E L E V A T I O N   TO^ of woll 
\\ d Ste I t 98  
\ 
\\ ?. .---. g'.- - - - --* 

DESCHUTES PROJECT-OREGON 

OCHOCO D A M  REPAIRS 

F L O W  D E F L E C T O R S  

LOOKING DOWNSTREAM LOOKING UPSTREAM A N D  D E F L E C T O R  B L O C K  

E N D  V I E W  R E C O M M E N D E D  DESIGN 

8. DEFLECTOR BLOCK, I REO'D 





Figure  17 
Report Hyd 330 

A. Looking upstream toward the cre s t  

B. Looking upstream; flow deflector block at right, c r e s t  in background 

Deschutes Project 
OCHOCO DAM REJ'AIRS 

Prototype Spillway Crest and Channel 
After Repairs 

Discharge--750 c f s  



A. Looking down the spillway chute 

B. The flow deflectors from upstream 

Deschutes Project 
OCHOCO D A M  REPAIRS 

Prototype Spillway Chute Extensiori and 
F l o w  Deflectors After Repairs 




