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PURPOSE 

To evolve a self-sustaining exit structure a t  the end of the spillway 
chute. 

CONCLUSIONS 

1. A chute exit structure with the left w d l  warped from 1/2:1 to 
vertical, then extended and curved to  the right (Figures 11 and 13 -A) 
turns the flow to the right in a fin-like s t ream adjacent t o  the left wall. 
The shape of this exit structure conforms roughly to the exposed rock 
on the floor and walls of the channel. The hillside downstream from ' 
the exit structure would undoubtedly be damaged by floods of more than 
about 6,000 cubic feet per second, but the chute extension wi l l  be self- 
sustaining for  discharges including about 30,000 cfs. 

2. The flow in the spillway chute will be reasonably uniform for 
all discharges. (Maximum test Q r =  33, 200 cfs. ) 

3. The capacity of the spillway chute is 39,200 cfs. This f low - 

overtops the side walls at Station 12+44.50 (Figure 12). 

4. The discharge curves for a single gate (Figure 6) represent the 
test  results with the drum gates down, and computed discharges for the 
raised gate positions. 

5. In the preliminary design of the exit structure (Figures 4-B and 
7) a return eddy in the right side of the bend interferes with the forma- 
tion of an efficient hydraulic jump and creates an unsatisfactory flow 
condition for  discharges greater  than about 3,'000 cfs. 

b 

6. An exit structure with the left wall curved .to the right and 
warped from the existing 1 /2: 1 slope at-the beginning of the curve to 
vertical at the downstream end (Figures:8-B and 9) operated msatisfac- 
tori17 because it: (a) failed to adequately turn the flow and (b) formed 
an excessively high fin of water at the left wall. 



1. Construct the spillway chute exit structure a s  shown in Figures 
11 and 13-A. 

2. Stabilize the natural rock on the right o r  east side for about 40 
feet downstream from the existing right wall. 

INTRODUCTION 

Tieton Dam (Figure 1-A) is located on the Tieton River 30 miles 
west of Yakima, Washington. Construction was started in 1917, dis- 
continued because of World War I, resumed in 1921, and completed in 
April 1925. The structure is a 321 -foot-high, earth-fill dam with a 
concrete core wa l l .  At the time of completion it was the world's high- 
est  earth-fill dam. The outlet tunnel is 2, 120 feet long with two 5- by 
6-foot slide gates for emergency, and two 60-inch and one 24-inch balance 
needle valves for control. The side channel spillway is on the left o r  
west end of the dam with the axis of the c res t  approximately at right 
angles to the axis of the dam. The cres t  is controlled with six 65- by 
8-foot drum gates (Figure 1-B). The side channel and spillway chute 
are cut into solid rock and lined with concrete (Figure 2 -A). 

The spillway chute terminated in an a rea  of fractured and loose rock. 
The pressure of the boulders in back of the left wall, and the action of 
the water from within, fractured the structure, and by 1928 the portion 
downstream from Station 12+44.50 was severely damaged (Figure 2-33). 
Hydraulic action continued t o  tear  away the downstream end of the spill- 
way chute (Figure 3-A) and eroded such a large portion of the hillside 
that Washington State Highway No. 5 between Yakima and White Pass  was 
endangered (Figure 3-B). The largest recorded discharge was 8,450 
cfs, but the structure w a s  originally intended to handle up to about 50,000 
cfs. 

The hydraulic model study discussed in this re'port was made to 
determine the nature and extent of a self-sustaining spillway chute exit 
structure which would turn the flow away from the hillside. 

THE INVESTIGATION* 

The Model 

A 1:42 scale model of the Tieton Dam side channel spillway was 
built in  the Hydraulic Laboratory (Figure 4-A). The model included 
the c res t  (less drum gates), the side channel, and the spillway chute 
to Station 12+44.50. Provisions were made for easy replacement o r  
revision of all construction downstream from this station. 

*All clistances, discharges, and velocities a r e  for the prototype 
unless otherwise stated. 



to sheet metal templates. The 7 piers were of wood, oil-treated toapre- 
vent warping or  splitting. A concrete slope was constructed in the head 
box to represent the upstream face of the dam. A rock baffle 6 inches 
thick stilled the water from the laboratory pumps to form a tranquil pool 
representing the reservoir.  The tail box was constructed s ficiently 
wide to include the stilling pool formed by the outlet valves,ufand long 
enough to include the junction of the :spillway channel and the river. 

d 

The model differed from the prototype in that it  did not include the 
opening at the upstream end of the side channel (Figure 5). This opening 
has a sill at elevation 2926, the elevation of the top of the raised drum 
gates. 

Discharge was measured with the laboratory venturi meters; the 
reservoir and tail-water elevations, and the water-surface profiles in' 
tlie channel, were measured with point gages; and the water velocity in 
the channel was determined with a single-leg Pitot tube. 

Spillway Calibration 
d 

The discharge was determined for the spillway with the drum gates 
down and reservoir elevations to 8.23 feet above the crest. The curve 
on Figure 5-C shows the spillway discharge a s  determined by the model 
tes ts  for reservoir elevations to 2926, and the computed combined dis - 
charge for the spillway and the opening at the upstream end of the channel 
for reservoir elevations between 2926 and 2930. 

The chart on Figure 6 shows the computed discharge for one gate 
for  various drum gate positions and reservoir elevations. 

Spillway Channel and Chute 

The flow conditions in the side channel and upper spillway chute for 
a discharge of 11,500 cfs is shown on Figure 4-A. The pattern shown is 
typical for al l  tested discharges; no adverse flow conditions were encoun- 
tered in the channel or in the chute above Station 12+44. 50 during the test  
program. 

At Station 12+44.50 the stream had very satisfactory velocity distr i-  
bution and traveled about 100 fps. The maximum capacity of the channel 
a t  this station is 39, 200 cfs.  Figure 12 shows the velocity distribution 
for 30,000 cfs and the water stage for various discharges. 

Preliminary Design Chute Exit Structure (Design No. 1) 
b 

The preliminary design chute exit structure for turning the water 
away from the hillside into the riverbed is show2 on Figures 4-B and 7. 



the r iver channel, but the tail water was maintained a t  the dc2sired level . 
by the tail box gates. f 

There was a turn sf 41 degrees from the chute to  the r iver channel; 
however, the flow had a tendency to continue on in line with the chute 
and actually turned very slightly. For a discharge of 10,000 cfs the flow 
turned about 10 degrees (Figure 8-A). 

b 

An eddy swept back into the structure from the right side at all com- 
binations of flow and tail  -water elevations. Gravel, deposited downstream 
from the right wall, was swept back into the lined portion of the structure, 
entered the high-velocity stream, and was dashed against the curved left 
wall, o r  bounced along the floor and out into the r iver channel. The eddy 
interfered with the formation of an efficient hydraulic jump. This action 
rendered the design unsatisfactory. 

Construction and further bedrock investigations were made in the 
field concurrently with the model tests. After the initial model tests  were 
made on Design No. 1, and before measures could be taken to correct  the 
unsatisfactory flow conditions, it was disclosed that the rock outcrop about 
100 feet upstream from the end of the left wall of Design No. 1 was of a 
better quality than previous cursory examination had indicated. If the 
structures were made shorfer and allowed to  curve at, and be anchored 
to, this outcrop, a substantial saving in excavation arid concrete would 
be realized. Because of these new dimension possibilities, the model 
tests on Design No. 1 were discontinued. 

Chute Exit Structure Design No. 2 

The new chute exit structure was radically different from Design No. I 
in both shape and operational characteristics (Figure 9-A)..it was shorter  
by about 100 feet and was designed to deflect the stream into the riverbed 
without forming a hydraulic jump. It was thought that, if turned faz enough 
to the right, the high-velocity flow would scour a stilling pool similar to 
the one which was formed by the jets from the outlet valves (Figure 3-B), 
and in an area where the scour would not endanger any installation. 

This design failed to turn the stream more than 2 or  3 degrees and 
produced an exceedingly high fin which impinged in an area  of loose rock 
and gravel dangerously close to Washington State Highway No. 5. 

Chute Exit Structure Design No. 3 

Design No. 2 w a s  modified as shown in  Figure 9-B, and designated 
Design No. 3. The left wall was curved to the right, terminating a t  the 
chute center line (extended), and was warped from a 1/2:1 slope at the 

* 

beginning of the curve to vertical at the downstream end (Figure 8-8). 
The floor was curved sharply upward to give the effect of superelevation. 



I turned about 7 degrees  and the fin of water was quite high (Figure 10). 

It appeared that the warp on the horizontal curve of thle left wall 
tended to  d i rec t  the s t r e a m  upward, and did not properly tu rn  the flow. 

I - Chute Exit Structure  Design No. 4 
I 

11: Design No. 4 the left wall was warped f rom a 1 /2:  I. s lope to  
, vertical ,  with the intersection of the wall and floor paral le l  to  the chute 

center  line; the ver t ical  wall was then curved t o  the right and terminated 
a t  a point approximately in Xinc with the intersect ion of th,e right wall 
and chute floor (Figure 11). 

This  design operated about as desired.  At a discharge of 30,000 
c f s  the s t r e a m  was turned t o  the right 22-112 degrees ,  arid the fin was 
not excessively high. 

The design seemed to  fulfill the requi rements  for  turning the flow 
and to  f i t  the known o r  assumed bedrock contours and other  t e r r a i n  
fea tures ;  however, prototype repa i rs - - s ta r ted  p r i o r  t o  the construction 
of the  model--were progress ing  rapidly, and the requi rements  were  
being changed almost  daily. A s  the tests on Design No. 4. were  being 
made, information was received f rom the project  that t he  new f loor  
had been placed t o  Station 13+20. 6, but excavation in  the a r e a  of the toe 
of the proposed chute outlet had uncovered bedrock about 9 feet  lower 
than anticipated. It was des i red  to  have the toe  of the chute outlet on, 
o r  in, bedrock t o  minimize the possibility of undercutting the floor s l ab  
o r  of excessive scour  immediately downstream. 

Chute Exit Structure  Design No. 5 (Recommended Design) 

Necessary modei changes were  made to  the floor of Diesign No. 4 
t o  conform with the completed prototype construction and to  key the toe 
of tho chute into bedrock. The walls of the chute were not changed. This 
shape was designated Design No. 5, o r  the recommended design (Figure 
1 1 \  ' *). 

In the following description, a l l  stations a r e  on the continuation of 
the original chute center  line. Station 12+44. 50 is the upstream end of 
the new exit structi lre.  

The floor slab, s tar t ing a t  Station 12+44. 50, continued on the or igi-  
nal chute slope of 0.233 for  2.30 feet; then followed the ver t ical  curve  
R = 400 feet  t o  Station 13+20. 60; then the slope 0.0424 t o  Station 13+95.00; 
and finally the ver t ica l  curve K = 115. 85 feet  t o  Station 14+:13.72. 

b 

The left wall had a 112: 1 slope a t  Station 12+44. 50, was warped 
t o  ver t ical  at Station 13+35. 50, and followed the horizontal curve R = 
230 feet  to Station 14+13. 72. The intersection of the warped wall and 



was a t  elevation 2725 between Stations 12+44. 50 and 13+35,5b, and sloped 
up to  elevation 2737. 50 a t  Station 14+13. 72. 

The existing right wall was tied into the f loor  of the exit s t ruc tu re  
and the wall slope of 1/2 :  1 maintained. The rock and gravel  bank down- 
s t r e a m  was cut back to keep a minimum floor width of 15 feet  (Figure 
13-A). 

The action of the water  in the chute extension was s imi l a r  fo r  all b 

discharges.  The fl.ow was disturbed ve ry  l i t t le by the warped portion 
of the left wall, bud; tended to  form a "fin" against the curved portion. 
The water  surface a t  var ious stations in  the new construction is shown 
on Figure 12. 

Discharges up to  about 4,000 cfs spread  out on the exposed bedrock 
downstream f rom the toe of the chute outlet and flowed into the  r i v e r  
channel in  such a nnanner that the left  bank would not be scoured (Figure 
13-B). In the model the  bank downstream from the  concrete  right wall 
was stabilized t o  prevent scour  since,  at  l a rge  discharges,  the high 
velocity s t r e a m  contacted this a r e a .  At t hese  l a r g e r  discharges the jet 
f rom the  left wall impinged f a r  enough downstream f rom the toe of the  
chute t o  be damaging t o  the rock and grave l  left bank. The extent of such 
scour  was  not studied; however, a flow of 9,200 c fs  (Figure 14-A) would 
undoubtedly move a l a r g e  amount of mater ia l  f rom the left bank, neces- 
sitating that  r e p a i r  work be  done in the immediate  area.  The l a rges t  
recorded discharge was 8,450 cfs  in December 1933. A flood of 30,000 
cfs  (Figure 14-B) \would erode the r i v e r  channel severe ly  and be d i sa s -  
t rous  to  buildings along the  banks downstream. 



B. Side Channel Spillway--1925 

TIETON DAM--SPILLWAY REHABILITATION 
DAM AND SPILLWAY 



FIGURE 2 
HYD-343 

A .  Spi l lway Chute and Exit Structure--1925 

B .  Original exi t  s t ructure  showing deteriorated condi!ion June 2, 
1928. Note loose e n d s  of re inforcing s t e e l .  Q = 450 c f s  
(approximately). 

TETON DAM--SPILLWAY REHABILITATION 
SPILLWAY EXIT STRUCTURE 



FICU 
HYD. 

11. Looking dowtis trenm at end  of chute .  Note  a b s e n c e  of left  
wa l l  below Stat ion  12+44.50. 

B. G e n e r a l  v i e w  s h o w i n g  o u t l e t s  and s t i l l i n g  poo l ,  s p i l l w a y  chute ,  
e r o d e d  le f t  bank, c r ibb ing ,  and i m p e r i l e d  Washington S ta te  
Highway N o .  5 .  

TIETON DAM--SPILLWAY REHABILITATION 
SPILLWAY CHUTE, OU'TLETS AND DOWNSTREAM CHANNELS 



A. Side channel spillway, crest  
and piers .  Q = 11, 500 cfs .  

B. Preliminary Design chute exit structure. 
(Design No. 1) 4, 

TLETON DAM SPILLWAY REHABILITATION 
1:42 MODEL SPILLWAY 
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f I 

D e s i g n  No.  1. Q = 10 ,000  c f s .  B.  D e s i g n  No. 3. 

T I E T O N  DAM S P I L L W A Y  R E H A B I L I T A T I O N  
1:42 M O D E L  S P I L L W A Y  E X I T  S T R U C T U R E ,  

DESIGNS I AND 3 

Q = 4, 100 c f s .  

~oo 
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A. Looking Downst ream.  Q = 10, 400 cfs .  
B .  Side View. Q = I0,  400 cfs .  

TIETON DAM SPILLWAY,REHABILITATION 
1:42 MODEL SPILLWAY EXIT STRUCTURE 

DESIGN 3 
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Note : I. All views looking downstream 
2 For channel details see Figure I I  
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WATER SURFAGE G O N O I T I O N S  IN T H E  
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A. Looking Upstream . B. Q : 3, 300 cfs .  Looking Downstream.  

TIETON DAM SPILLWAY REHABILITATION 
1: 42 MODEL SPILLWAY EXrr  STRUCTUKE-- .  

RECOMMENDED DESIGN (DESIGN 5) 



A. Q = 9. 200 c f s .  B. Q ffi 29 ,000  c f s .  

T I E T O N  DAM S P I L L W A Y  R E H A B I L I T A T I O N  
F L O W  CONDITIONS IN I: 42 M O D E L  S P I L L W A Y  E X I T  S T R U C T U R E  

RECOMMENDED DESIGN (DESIGN 5) 
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