




At Palisades Dam, where velocities just downstream from 
the gates were in the range of 100 to 115 feet per  second, cavitation 
pitting occurred downstream of an  abrupt offset of 118 inch (Figure 3). 
Similar offsets in the left passage below the Wanship outlet gates, where 
the velocities were about 93  feet per  second, caused severe damage 
(Figure 4) . Apparently, these offsets produced local cavitation that in • 

turn increased the roughness of the surface s o  that damage progressed 
to that shown in the photograph. There was  no cavitation damage, below 
the right gate where no offsets into the flow were reported. * 

Pitting was also noted at the downstream end of a bevel of 
about 10:l which had been formed by grinding. an into-the-flow offset at 
the end of the Palisades gate frame (Figure 5). The probability of this  
damage has  been indicated in  model tests  which ,show that low pressures  
form downstream of lines of intersection for bevels of 12: l  and 24:l 
(Figure 6).  When high velocity flows pass the abrupt changes in aline- 
ment of these surfaces, the pressures  a r e  reduced to vapor pressure  
and cavitation and cavitation pitting takes place. Typical pitting down- 
stream of a 12:l bevel a t  a stop log slot is shown in  Figure 7. 

Offsets away from the flow do not appear critical i f  the offsets 
a r e  small. This is not true of large offsets a s  evidenced by the erosion 
shown in Figures 8 and 9. The offset of about 1 -1/4 inches, in this case, 
occurred between the curved corner of the gate frame and the square - 
corner of the downstream flow channel. Actually, a fillet about 10 
inches long was placed in the corner a t  the end of the gate frame. The 
damage at this offset on Augclst 15, 1957, is shown in F'igure 8. The 
increase in damage incurred during a month's operation at small open- 
ings is shown in Figure 9. 

The magnitude of away-from-the-flow offsets which would be 
permissible for given velocities is uncertain at this time. However, 
laboratory tes ts  on this type of offset a r e  now in progress and tests  on 
other common surface irregularities a r e  planned. Conclusions concern- 
ing these offset types must await the results  of current and future in- 
vestigations. 

4 

In view of the laboratory tests and the field information from 
Palisades and Wanship Dams, it is considered imperative that specifi- 
cations for outlet works include instructions that permit no abrupt 
into-the-flow offsets not parallel to  the direction of flaw for finite dis- 
tances downstream of control gates where velocities exceed about 40 
feet per  second. 

Since the corners of offsets in the field a r e  seldom sharp and 
cavitation near the incipient range is very mild, it is believed that 
there is no need for special consideration of surface finishes and toler- 
ances for velocities l e s s  than 40 feet per  second. 
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Figure 3 

Palisades Project--Outlet No. 7 
Cavitation-erosion at 1 / 8 inch, 
abrupt, into -the -flow-offset 
H-1340-38 February 1958 



Figure 4 

Weber Basin Project, Utah--Photograph No. P-526-400 -4477 
Wanship Dam. This view shows cavitation of the concrete 
floor just downstream from the left control gate of the outlet 
works. The dark area in  the background is the downstream 
frame of the 3' - 6" x 3' - 6" gate. . The maximum depth of 
cavitation was about 0.3 feet. 11-6-57 
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Palisades Project--Photograph No. P-456-108-4320 
Outlet Works. Close-up of cavitation below outlet 
m o .  7. Note the ground surface upstream of 
the dotted vertical line. 










