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INTRODUCTION

Studies to evaluate the efficiency of the fingerling collection and 

bypass system at the Bonneville Dam 2nd Powerhouse indicated that hydraulic 

conditions in and around the turbine intakes might be a factor in the low fish 

guiding efficiencies (FGE) measured (Krcma et al. 1984; Gessel et al. 1985, 

1986). The study reported here was undertaken to obtain measurements of the 

velocities occurring near the trashracks and within the intakes of Turbines 12 

and 15 at the Bonneville 2nd Powerhouse. Earlier studies showed good FGE at 

the Bonneville 1st Powerhouse and the McNary Powerhouse, so similar 

measurements were made at these sites for comparison.

EQUIPMENT AND PROCEDURES

The equipment and procedures used were essentially those outlined in a 
design report by Haner, Ross, and Sporseen, Inc.—^ (excerpts are included in 

Appendix B), with the following exceptions:

1) The severe transverse flows encountered at the Bonneville 2nd Powerhouse 

were strong enough to wash the meter support frame completely off the 

trashrack. Portions of the frame which were not necessary were removed to 

reduce the cross-sectional area exposed to these transverse flows.

2) The small rollers and guides on the base of the trashrack frame tended to 

jam when contacting the joints between trashrack sections. These rollers

JJ Haner, Ross, and Sporseen, Inc. "Bonneville Second Powerhouse, Fish
Guidance Research, Prototype Velocity Mapping Program" Final Report under
Portland District, U.S. Army Corps of Engineers Contract
No. DACW57-84-D-0073 W/0 No. 0003, June 1985, revised August 1985.



and guides were replaced with 4-inch diameter pipe rollers which extended 

beyond the sides of the frame itself. This broader base eliminated jamming 

and reduced the tendency for the frame to be tipped or swept off the 

trashrack. Center guides built onto the rollers kept the frame in proper 

alignment (Fig. 1).

3) Previous experience indicated that signal cables attached at intervals to 

the hoisting cables would be likely to tangle or become ensnared at 

trashrack joints. The cables were therefore hand-fed and retrieved, and 

tension was maintained on the cables to eliminate excess slack.

4) The trashrack frame was handled with a mobile crane rather than a winch 

system.

5) In place of the oscillographic recording suggested by Haner, Ross, and 

Sporseen, the output from the velocity sensors was fed into a multiplexer 

and an analog-to-digital converter which scanned the entire sensor array at 

preset intervals and stored the data in a computer file. This allowed much 

faster and more accurate recording of data. In addition, pressure sensors 

were used to determine the depth of the trashrack frame, the folding frame, 

and bulkhead frame sensors, and this information was fed directly to the 

computer.

DESCRIPTION OF TESTS

Measurements were made in front of the trashracks and in the intake of 

Turbine 5B of the Bonneville 1st Powerhouse, Turbine 12B of the Bonneville 2nd 

Powerhouse, and Turbine 5B of the McNary Powerhouse (Fig. 2).

Velocities at all sites were measured at high, intermediate, and low 

turbine loads with the full powerhouse (or as nearly so as could be obtained)
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Figure Modified trashrack frame for supporting velocity meter probes, 
bottom roller and center guide are shown.



Figure Dam erase—section showing locations o-f the velocity measurement 
systems.



in operation. In addition, at the Bonneville 2nd Powerhouse, measurements 

were made for each of the three loads with only selected turbines operating 

and with the submersible traveling screen (STS) removed. A series was also 

made at high load at the trashrack of Intake 15B. Advantage was taken of an 

opportunity to take measurements on the trashracks of Intake 12B of the 

Bonneville 2nd Powerhouse while intake ceiling extensions were in place for 

other experiments. These ceiling extensions were attached to the face of the 

dam to simulate the intake design of the McNary and Bonneville 1st powerhouses 

(Fig. 3). Table 1 identifies the conditions prevailing during the individual 

tests at each dam.

More extensive measurements were desired, but testing was constrained by 

the need to schedule the required river flows, electrical production, 

availability of cranes, other equipment, manpower, and other necessary 

operations and activities at the test dams. This severely limited the time 

tests could be run and precluded "shake-down" testing of the equipment and 

procedures or replication of tests.

The testing went smoothly, due in large part to the support of U.S. Army 

Corps of Engineers personnel at the test dams. Their assistance and 

suggestions made it possible to complete the testing within the limited time 

available.

RESULTS AND DISCUSSION

Figures 4 through 14 present the results of the velocity mapping tests. 

The values for the movable sensors (forebay or trashrack system, folding frame 

system, and bulkhead slot system) are the averages of readings taken at the 

rate of 5/s for 15 s. For the fixed sensors (STS system), the values
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Figure 3. Cross-section of a Bonneville 
intake with ceiling extension 
intakes at the Bonneville 1st

2nd Powerhouse turbine 
used to simulate the
and McNary powerhouses. 
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Table 1. Continued.
a/ Tests #4,5 Much difficulty was encountered with -frame hanging up 

on trashracks. Further tests on this unit were abandoned due to 
concerns about gear loss or damage.

Test #6 Severe southerly transverse -flows were present in the 
area above the mouth o-f the intake. Frame was difficult to hold 
on trashracks and was swept off several times.

Tests #7,8 Wo attempt was made to take measurements at elevations 
above the level of the intake mouth due to the transverse flow 
problem. Transverse flows were present below this level, but the 
flows into the turbine helped to hold the frame in place.

Test #8 Cables to sensors on trashrack frame snagged and 
separated. Testing was suspended while cables were repaired.

Tests #6-8 During the ful1-powerhouse operations, severe
turbulence was noted in front of the trashracks, with large 
vortices forming and moving about. Large logs and debris would 
be sucked into a vortex and disappear for a while, then return to 
the surface.

Tests #6-11 When equipment was brought up following the test 
series, both of the upper probe arms on the folding frame had 
their inboard mounting bolts sheared and were hanging by the 
outer bolt only. The actual position of the sensors while 
readings were being made is therefore not certain. More rigid 
support was provided for bolting.

Tests #12-14 In spite of reinforcing, both upper arms of the
folding frame again had the inboard bolts sheared and the bubbler
tubing had been damaged. Depth and velocity readings for these 
meters are therefore not certain.

Tests #15-17 Wheels on the inner side of the folding frame 
trolley were found to be crushed when the frame was removed. The 
upper arms had contacted the travelling screen and were broken 
loose. The collapse of the wheels probably occurred near the 
beginning of test #16, as it was noted that movement of the 
trolley was abnormal at that time.

Tests #18 2< 19 Considerable turbulence was evident. Test 19 was 
terminated when sensor cables became tangled and lodged, and the
excessive strain caused the cables to separate. One probe was
lost entirely, and another severely damaged.

A flow deflector was mounted on the trash rack of Turbine 
12B of the Bonneville II powerhouse and was left in place during 
these tests, but was placed at a ’neutral’ angle (ie, parallel to 
intake flow).
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BONNEVILLE I POWERHOUSE INTAKE 
SECTION

tiQU. uNuss QTnrefflsr s^ann?
>. ALL VELOCITIES MEASURED IN FEFT PER SFCOND 
2 ALL ELEVATIONS AT MEAN SEA I EVP

HIGH TURBINE LOAD
ELEVATION 17 22 28 33 40 45 52 58 64 70

VELOCITIES
X 1.50 1.30 1.30 1.40 0.70 a 90 1.20 1.30 0.70 0.60

T 1.70 1.60 1.60 1.60 1.50 1.40 1.30 1.10 0.90 0.70

TRASHRACK Z 0.50 0.00 aio -0.20 -a so -0.60 -0.30 -0.10 -0.60 -0.10

RESULTANT 2.32 2.06 2.06 2.14 1.73 1.77 1.79 1.71 1.29 0.93

ELEVATION 15 20 26 31 38 43 50 56 62 68
VELOCITIES

X 1.40 -0.10 0.10 -0.40 -a so -0.80 -0.70 -0.70 -1.20 -0.40

OF r 5.10 3.60 4.30 3.30 3.90 2.70 3.20 1.70 1.70 1.20

TRASHRACK z 1.30 1.00 1.10 1.30 0.90 a 70 1.10 0.60 0.90 0.90

RESULTANT 3. AS 174 444 157 403 2.90 14$ 1.93 2*27 1.53

Q = 13300 CFS (60MW)

MEDIUM TURBINE LOAD
ELEVATION 18 23 29 35 40 46 51 59 67

VELOCITIES
X 0.60 1.10 1.20 0.80 1.30 1.00 0.80 0.40 -0.40

OF
. r 210 3.10 2.80 1.40 1.50 1.20 1.30 0.90 1.30

TRASHRACK z -0.20 0.80 0.00 -0.20 -0.30 -0.50 -0.30 -0.50 1.20

RESULTANT 2.19 3.39 3.05 1.62 201 1.64 1.56 1.10 1.81

ELEVATION 16 21 27 33 38 44 49 57 65

X 0.60 0.30 a 30 -0.10 -0.60 -0.80 -0.50 -0.60 0.90

OF Y 4.40 2.70 3.80 2.60 3.20 230 270 1.50 0.70

TRASHRACK Z 1.30 0.40 0.80 0.70 0.90 0.70 0.50 0.80 0.00

RESULTANT 4.63 2.75 3.89 269 3.38 253 279 1.80 1.14

Q = 11000 CFS (50MW)

LOW TURBINE LOAD
ELEVATION 18 22 28 34 40 46 53 59 66

vEioanES
X a so 0.70 1.20 1.00 0.60 0.50 0.60 1.10 0.90

r 230 210 200 220 1.70 1.70 1.50 1.30 1.10

TRASHRACK z 0.30 0.00 0.30 -0.10 -0.30 -0.30 -0.30 -0.10 -0.10

RESULTANT 245 221 235 242 1.83 1.80 1.64 1.71 1.42

ELEVATION 16 20 26 32 38 44 51 57 64
VELOCITIES

X 0.70 -0.10 0.50 0.00 -0.40 -0.40 -0.50 -0.20 -0.30

OF Y 3.50 240 2.50 1.90 270 1.80 230 1.30 1.10

TRASHRACK Z 0.50 0.50 0.40 0.70 0.30 0.20 0.60 1.20 0.60

RESULTANT 3.60 245 258 202 275 1.85 243 1.78 1.29

Q = 9000 CFS (40MW)

Figure 4. IhrIe'“l°naL ^elDEit2: Vectors at Bonneville 1st Powerhouse Turbine B=v 
High, Medium, and Low Turbine Loads with Units i_10 Operating. y 53 Trashrack Under
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BONNEVILLE I POWERHOUSE INTAKE
SECHOU

MQTT. UNLESS OTV^vMSE SPFCiFim

1. ALL VELOOTIES MEASURED IN fTTT PFR SECONO 

2- ALL ELEVATIONS AT MEAN SEA LEVFI 
1 POINTS 1-6 ARE FIXED ELEVATION POINTS RELATIVE TO 

NORMAL STS OPERATING POSITION.

? ? " '?
SCALE

Q = 13200 CFS (60MW) MEDIUM TURBINE LOAD
ELEV/POINT © © © © © ® - 35 35A - 30

Y 2.00 2.30 210 aio 0.00 aio - 1-30 0.80 - 1.20

Z a oo 0.40 0.40 -0.30 -0.40 0.40 030 -1.10 - -1.10

RESULTANT 2-00 233 214 0-32 040 041 - 1-33 1.38 - 1-63

ELEVATION - 25 25A 21 15 15A 10 9 5 5A 1

Y - 4.63 1.70 6.75 270 230 1.40 2-30 202 270 473

Z - 0.57 -a 60 —1.87 -270 -1.30 -1.30 -1.60 -1.30 -240 -1-33

RESULTANT - 466 1.80 7.00 282 273 203 280 240 261 491

Q = 11000 CFS (50MW)

Q = 9000 CFS (40MW)

5. Two dimensional Velocity Vectors at Bonneville 1st Powerhouse Turbine Bay 5B Intake Under High, Medium, and Low Turbine Loads with Units 1-10 Operating.
Figure
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BONNEVILLE H POWERHOUSE INTAKE 
SECTION

WITH ROOF EXTENSION

MQH: UNLESS OTHFRWlsr SPECIFIED

1. ALL VELOCITIES MEASURED IN FFFT PER SECOND
2. ALL ELEVATIONS AT MEAN SEA LEVEL.

9 ? 10 '?
trrnat. soti

HIGH TURBINE LOAD

VELOCITIES
10- UPSTREAM

Of
TRAS*ACX

ELEVATION -5 0 7 15 19 25 31

X -0.90 -1.00 -1.90 -4.20 -0.70 -1.90 -0.40

Y 1.90 3.10 0.60 -1.40 3.00 Z50 Z90

Z -0.40 -1.10 -1.80 -2.40 -0.80 —Z60 -2.70

RESULTANT 2.14 3.4-4 2.69 5.04 3.18 4.08 3.98

VELOCITIES
f UPSTREAM

Of
TRASHKACX

ELEVATION -7 -2 5 13 17 23 29

X -1.20 -3.10 -1.30 -4.30 -1.80 -2.40 -0.70

Y 1.70 5.40 2.40 5.90 4.00 3.00 Z70

Z -2.20 -1.70 -3.40 -ZOO —Z50 —Z40 -2.40

RESULTANT 3.03 6.45 4.36 7.57 5.05 4.53 3.68

MEDIUM TURBINE LOAD

VELOCITIES
10‘ UPSTREAM

Of
TRASiRACX

ELEVATION -5 0 8 14 18 24 30

X -0.60 0.60 -0.80 -1.10 -1.00 -1.30 -1.20

Y 3.00 2.50 2.10 ZOO Z10 2.40 2.30

Z 0.60 -0.50 -1.80 -0.90 -1.50 —Z20 -1.40

RESULTANT 3.12 2.62 2.88 Z45 2.77 3.51 2.95

velocitcs

T UPSTREAM

Of
TRASlRAOC

ELEVATION -7 -2 6 12 16 22 28

X -2.30 0.60 -1.40 -1.40 -1.10 -1.80 -1.40

Y 4.90 3.90 3.10 3.10 3.40 Z60 Z60

Z 0.40 -0.50 -2.90 —Z80 —Z70 —Z20 -1.70

RESULTANT 5.43 3.98 4.47 4.41 4.48 3.85 3.41

Q = 17500 CFS (76.5MW) Q = 15300 CFS (68MW)

LOW TURBINE LOAD

VELOCITIES
10' UPSTREAM

Of
TRASHRACX

ELEVATION -6 0 8 14 18 23 30

X 0.00 0.90 -0.50 0.10 -0 40 -0.40 -0.60

Y Z10 Z50 ZOO Z10 Z60 Z10 1.90

Z -0.80 -0.90 -1.40 —Z20 -1.80 -2.10 -1.30

RESULTANT 2.25 Z81 2.49 3.04 3.19 3.00 2.38

VELOQTCS
V UPSTREAM

Of
TRASHRACK

ELEVATION -8 -2 6 12 16 21 28

X -0.30 -0.70 -0.90 -1.40 -1.30 -0.70 -0.90

Y 4.20 3.20 2.40 2.30 Z70 2.40 1.90

Z -1.00 -1.90 -1.90 -Z10 -1.80 -1.50 -1.60

RESULTANT 4.33 3.79 3.19 3.41 3.50 Z92 2.64

Q = 13300 CFS (60MW)

Figure 6. Three dimensional Velocity Vectors at Bonneville 2nd Powerhouse Turbine Bay 12B Trashrack Under High, 
Medium, and Low Turbine Loads with Units 11,12,13, and 17 Operating and Ceiling Extensions in place.
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BONNEVILLE II POWERHOUSE INTAKE 
SECTION

NOTE: UNLFSS OT^sm^ SPECIFIED

1. ALL VELOCITIES MEASURED IN FEET PER SFCOND
2. ALL ELEVATIONS AT MFAN SEA LFVFJ HIGH TURBINE LOAD

ELEVATION 2 7 11 18 23

VEUXJT1E5 X —30 67* —30.63- -30.66- -30.64- 8.05-

OF Y -1.34 -1.34 -1.35 -1.30 -1.42
TRASHRACX

Z -30.30- -30 31- -30.29- -30.29- -30 27.

RESULTANT 43.13- 42.13- 43.12- 43.10- 31.35-

ELEVATION 0 5 9 16 21

VELOOTES X -1.40 -3.12 -4.34 -3.54 —23.45-

OF Y 0.83 1.07 3.92 2.39 -29.B8-
TRASHRACX

Z -0.74 -1.56 -0.90 -1.97 -4.11

RESULTANT 1.79 3.65 5.92 4.70 38.20-

- MOTE THESE VELOCITY VECTORS ARE GRAPHICALLY REDUCED BY 90X THfER RESUIANT IS NOTED BY A 
DASHED UN EL ALTHOUGH THIS DATA HAS BEEN RETAINED. ITS REUASiUTY IS UNKNOWN.

Q = 17500 CFS (76.5MW)

MEDIUM TURBINE LOAD

VELOCITIES
i of upstream

OF
TRA9«ACX

ELEVATION -10 -3 2 8 14 20 25 31 37 45

X -2.00 -3.28 -1.91 -3.31 -2.68 -3.48 -2.77 —2.28 -2.50 -0.21

Y 2.31 4.29 3.30 0.70 0.41 0.51 0.68 -0.43 -0.16 -1.56

Z -11.56- -11.59- -11.70* 0.25 -0.52 -0.12 0.18 ai3 0.15 -1.08

RESULTANT 11.96- 12.79- 12-31. 3.39 2.76 3.52 2.86 2.30 2.51 1.91

VELOCITIES
1' UPSTREAM

OF
TRASiftACX

ELEVATION -12 -5 0 6 12 18 23 29 35 43

X -4.44 -4.50 -2.52 -3.02 -182 -4.13 -2.94 -4.99 -4.12 054

Y 4.96 4.18 2.59 127 183 129 2.71 2.02 1.58 -0.67

Z 0.17 -0.40 -1.34 -1.76 -1.35 -O.fll -1.47 -1.32 -2.16 -078

RESULTANT 6.66 6.15 3.85 3.72 5.58 5.36 4.26 5.54 ' 4.91 1.16

Q = 15300 CFS (68MW)

LOW TURBINE LOAD

VELOCITIES
nr UPSTREAM

OF
WAS4RAC*

ELEVATION 2 7 12 22 27

X -31.06- -31.07- -31.24- 079 079

Y -1.07 -1.35 -1.33 —1.15 -1.34

Z -29.69- -1.12 -0.94 -30.79- -3041-

RESULTANT 42.98- 31.12- 31.28- 31.81- 31.45-

velocities

r UPSTREAM
OF

1RASHRACK

ELEVATION 0 5 10 20 25

X -3.47 -2.76 -4.13 -1.62 -183

Y 2.44 3.15 1.06 2.16 2.65

Z -1.68 -1.54 -0.47 -2.87 -1.58

RESULTANT 4.56 4.46 4.29 394 5.03

Q = 13300 CFS (60MW)

Figure 7. dimensional Velocity Vectors at Bonneville 2nd Powerhouse Turbine Bay 
High, Medium, and Low Turbine Loads with Units 11-13 Operating. 12B Trashrack Under
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BONNEVILLE Q POWERHOUSE INTAKE 
SECTION

HOTEL UNLESS OTHERWISE SPECIFIED

1. ALL VELOCITIES MEASURED IN j
2. ALL ELEVATIONS AT MEAN SEA LEVEL
1 POINTS 1-6 ARE FIXED ELEVATION POINTS RELATIVE TO 

NORMAL STS OPERATING POSTON.

HIGH TURBINE LOAD
ELEV/POINT © © © © © ® - 22 - 19 16

Y 2.28 LU Z33 an -a os -0,10 - 4J7 - 1.37 25ft

Z -0.56 -an a 77 ao6 6.60 -3.41 - 031 - -1.55 -0 27

RESULTANT 235 255 Z45 a»3 6 BO 141 - 4.5ft - 207 259

ELEVATION 14 g 7 5 2 -1 -4 -ft -11 -13 -15

Y 267 7.32 7.43 ft 39 0.56 449 0.31 152 145 0.35 166

Z -1.40 -1.3ft 1.49 — 207 aio -1.66 -0.27 -0 69 -1.0ft -0.61 0.16

resultant 10ft 7.45 7.5ft 0 60 0.57 4.87 0.41 159 3.61 070 3.66

Q = 17500 CFS (76.5MW)

Q = 15300 CFS (68MW)

Q = 13300 CFS (60MW)

Figure 8. Two-dimensional Velocity Vectors at Bonneville 2nd Powerhouse Turbine Bay 12B Intake Under High, 
Medium, and Low Turbine Loads with Units 11—18 Operating-
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BONNEVILLE 0 POWERHOUSE INTAKE 
SECTION

MOTT UNLESS OTHFR¥H«T SPfC^HT

1. Ml VELOCITIES MEASURED IN FT^T orp stv-nNn 
Z All ELEVATIONS AT UC.N sfi t cvn HIGH TURBINE LOAD

Q = 17500 CFS (76.5MW)

MEDIUM TURBINE LOAD

VELOCITIES
10- UPSTREAM

OF
TRASHRACX

ELEVATION -7 —4 1 6 12 18 24 29

X -1.26 -0.56 -1.27 -1.45 -1.21 -1.11 -0.67 -0.96

r 1.40 1.13 1.53 1.67 1.44 1J1 1.21 1.30

z —063 -0.24 -1.00 -1.71 -1.18 -1.52 -1.52 -1.85

RESULTANT 1.99 1.28 2_23 2.80 2.22 2-29 2.06 246

VELOCITIES
1* UPSTREAM

OF
TRASvRACX

ELEVATION -9 -6 -1 4 10 16 22 27

X -1.61 -1.01 -1.95 -1.46 -2.05 -1.61 -1J7 -1.15

r 4.02 3.80 3.59 3.49 3.21 3.19 291 298

z -0.45 -0 44 -0.94 -1.63 -0.76 -1.51 -1.47 -1.81

resultant 4.35 3.96 4.19 4.12 3.88 3.88 3.54 3.67

Q = 14500 CFS (66MW)

LOW TURBINE LOAD

VELOCITIES
10" UPSTREAM

OF
TRASHRACX

ELEVATION -2 2 7 13 19 24 29 36 42 48 54

X -1.12 -1.53 -1.44 -1.05 -1.33 -0.90 -0.48 -1.18 -1-22 a 25 -0.19

Y 1.14 1.14 1.03 1.39 290 270 235 0.79 0.89 0.06 0.10

Z -1.89 -205 -240 -1.80 -1.38 -1.51 -1.61 -226 -1.72 —1-28 -1.57

RESULTANT 248 280 298 257 3 48 3.22 289 269 229 1.31 1.58

VELOCITIES
1' UPSTREAM

OF
TRASHRACX

ELEVATION -4 0 S 11 17 22 27 34 40 46 52

X -1.40 -1.92 -219 -1.15 -230 -1.66 -1.39 -1.63 -227 -1.82 -213

Y 3.13 292 251 3.15 296 271 253 1.54 0.67 0.12 -0.22

Z -1.88 -1.97 -1.89 -1.81 -1.11 -1.44 -1.25 -266 -1.76 -1.46 -1.44

RESULTANT 3.91 4.01 3.83 3.81 3.91 3.49 3.15 3.48 295 234 258

Q = 13200 CFS (60MW)

Figure 9. Three—dimensicnal Velocity Vectors at Bonneville 2nd Powerhouse Turbine Bay 12B Trashrack Under 
High, Medium, and Low Turbine Loads with Units 11,12,13,15,and IS Operating.
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30NNEVILLE II POWERHOUSE INTAKE 
SECTION

NOTE UNLESS OTHERWISE yrrnrn

1. ALL VELOCITIES MEASURED IN |
2. ALL ELEVATIONS AT MFam crA ,c
1 POINTS 1-6 ARE FIXED ELEVATION POINTS 3EL*~VE 

NORMAL STS OPERA PNG POSITION

EL. 5 J\

HIGH TURBINE LOAD

ELEV/POINT 3 © © © © © : ;0 I 17 u 13

Y * 17 13* 0 31 239 ! -I *7 1 117 1 28 416 165

2 —3.33 -0.22 178 0.23 165 { —40* j 134 0.11 -118 -1.51

RESULTANT *20 182 139 157 j *30 { 120 1.28 ... 105

ELEVATION 10 9 i 5 o -5 -6 -7 -10 -11 -15

r 492 3.72 3 65 0.95 0.99 ! 0 69 1.27 368 152 123

2 3.91 -1.7* -1*J -1*5 -0.38 ' -0.88 -1.01 -168 -1.*1 -0.98

°£SULTANT ; oo 5 98 J.31 1.73 1 08 1.12 162 3 93 3.79 1*4

Q = 17500 CFS (76.5MW)

Figure 10. Two dimensional Velocity Vectors at Bonnevill 
Medium, and Low Turbine Loads with Units 11,1

MEDIUM TURBINE LOAD

ELEV/POIN T © © © © © I ® 22 20 18 17 1*

Y 19* 1.86 153 -113 207 j -0.57 267 1.83 “ 1*7 *23

Z -132 -0.08 0.53 -130 181 ; -109 100 133 -1.1* -0.88 0.44

RESULTANT 2.96 1 88 HI 0 13 *3* 1 11* 257 1 88 1.31 1.71 4.23

ELEVATION 13 " 9 5 2 j -2 -3 -7 -9 -11 -15

Y 115 4.7* 6.21 7.3* 189 ) 131 1.13 1.83 060 -131 269

Z -1.07 3.28 -1.28 -299 -173 | -i.se -0 99 0 71 -0.38 -22* -0*4

RESULTANT 140 *73 6 34 7 93 1.15 : 3.8* 1.50 1.96 0.71 226 273

LOW TURBINE LOAD

ELEV/POIN T 0
® ' ® 0 ® it j 22 20 18 17

Y 2.75 213 235 -12* 0.64 -052 i 219 209 183 • 70

Z -0.37 -110 163 -133 328 -3 00 j -0.19 -0.16 -1.1* -121

RESULTANT 277 213 244 0*1 532 10* 220 210 1.41 1.7!

ELEVATION 13 11 a 5 0 -2 | -7 -• -12 -15

Y 1.94 4 37 3 80 3 37 0.79 * 9* 1.90 157 3*7 195

z -0 97 337 -0.76 -233 -168 -1*3 ! -194 -124 2*0 -1.7*

RESULTANT 117 7.03 585 6 98 1.04 4 96 212 0.62 397 4.32

Q = 13300 CFS (60MW)

Q = 14500 CFS (66MW)

2nd Powerhouse Turbine Bay 12B Intake Under High, 
,13,15,and IS Operating.
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AfiEA aiQ«h DTAMPffl

BONNEVILLE U. POWERHOUSE INTAKE 
SECTION

NQ7T UN1FSS othf-rmse spFcinm

1. ALL VELOCITIES UEASURED IN FgT Sfronn
2. ALL ELEVATIONS AT UFAM sfa ; rvn

veuX3TT£3 

Iff UPSTREAM

7RA5HKACX

vtLocmcs
r UPSTREAM

HIGH TURBINE LOAD

40 -1.90 -ZAO

4.93 4.50

-Z70 -Z40

Q = 13300 CFS (60MW)

Figure 11, Three—dimensional Velocity Vectors at Bonneville 2nd Powerhouse Turbine Bay 15B Trashrack Under 
High Turbine Load with Units 11-18 Operating.
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30.WEVILLE II POWERHOUSE INTAKE

■1QH. UhllSS QThgflWSE :P£CRS
1. ALL VELOCITIES MEASURED IN FFTT TCCnD.
2. ALL ELEVATIONS AT MF*n ■ r>,v.

HIGH TURBINE LOAD
CLEVAT10N -■> ! 3 9 23 29 36 41 « *> 59 65

VELOCITIES X
-5.11 ' -2.5a -Z29 -3.05 -0.28 -1.35 -2.75 —2-36 -Z39 -0.92 -133

10' UPSTREAM

OF Y -1 00 1 3.05 0 78 0.51 3.67 0.67 Z35 1.53 3.13 127 184

TRA91RACX
z -2.30 i -2-20 -0.62 ->.« -1.49 -3.28 — 2.97 -1.75 -Z31 — 3.79 -0.03

RESULTANT 5 69 a 56 2.50 3 42 3.97 3.61 469 3.31 4.57 3.91 3.43

ELEVATION -5 | 1 7 21 27 34 39 44 51 57 63

VELOOT1ES X -2.35 | -'.94 -3.39 -0.72 -3.19 -445 -6.24 -5.79 -6.24 -3.77 -5.55
T UPSTREAM

OF Y 2.55 | 3.04 3.69 3.59 3.77 1.17 4 82 1.13 0.27 1.99 1.49

TRK^RKCX
Z -Z15 ! -Z37 0.28 1.18 1.61 124 2.64 1.65 1.25 -0.82 158

RESULTANT 4 0a 4.32 5 02 3 85 5.19 4.77 8.32 6.13 6.37 4.34 5.78

Q = 17500 CFS (76.5MW)

MEDIUM TURBINE LOAD

VELOCITIES
10‘ UPSTREAM

OF
TRASHRACX

ELEVATION -3 3 3 \5 20 27 33 39 45 57 67

X 0.76 0.32 -0.94 0.04 0.91 -0.14 0.52 -1.69 1.80 Z85 —0.C2

r 151 3.99 3» 1.84 2.12 2.01 158 ZC9 1-29 Z70 Z10

z -1.52 -2.58 -117 -1.26 -1.41 -ZOO -0.30 -1.95 -1.85 -0.63 -0.12

RESULTANT 190 4.76 195 rr^r 2.70 162 163 3.32 ZS9 3.96 Z10

VELOCITIES
V UPSTREAM

OF
1RA94RACX

ELEVATION -5 1 7 12 18 25 31 55 65

X -2.83 -3 69 — 2.13 -1.96 -4.14 -4.37 -6.07 -6.02 -5.47 -4.56 -4.09

Y 2.55 1.14 1.28 1.68 1.82 130 Z36 1.64 0.12 -0.33 -0.51

Z 1.81 0.12 1.64 1.83 2.68 1.11 0 84 0.21 -0.09 1.75 0.67

RESULTANT 4.22 3.86 2.98 3.16 5.26 5.59 6.57 6.24 5.47. 4.90 4.18

Q = 15300 CFS (68MW)

Three—dimens!onal Velocity Vectors 
High and Medium Turbine Loads with

at Bonneville 2nd Powerhouse Turbine Bay 12B 
Units 11-13 Operating. No Travelling Screen in 12B.Figure 12 k Under
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Q = 15900 CFS (80 MW) Q = 11100 CFS (60 MW) Q = 7500 CFS (40 MW)

Figure 13, Three dimensional Velocity Vectors at McNary Fawerhouse Turbine Bay 5B Trashrack Under High, 
Medium, and Low Turbine Loads with Units 1-11 Operating.
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note .Mi
i- all velocities measured in feet °er second

2. ALL ELEVATIONS AT MEAN TEA .
1 POINTS 1-6 ARE FIXED ELEVATION POINTS RELATIVE TO 

NORMAL STS OPERATING POSITION.

HIGH TURBINE LOAD
ELEV/POINT © © l © © 266

Y
142 |

4.*0 139 0.23 0.51 1.36

2 1.51 1.01 I 0.3a -0.35 -0.39 -2.92 -2.4a

RESULTANT 4.60 157 i .4.42 112 0.46 Z96 111

ELEVATION 264 263* | 260 253 246 243 240

Y 0.30 22S | 1.03 9.92 129 8.46 a 78

Z -2.94 -222 I -0.13 -4.37 -123 -1.2a

RESULTANT 2.98 118 ! 1.04 0 86 a 86 7.23 1.30

Q = 15900 CFS (80 MW)

Q = 11100 CFS (60 MW)

Figure 14 Twc dimensional Velocity Vectors at McNary Powerhouse Turbine Bay 5B Intake Under High, Medium, and 
Low Turbine Loads with Units 1-11 Operating.
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represent the pooled averages of a series of readings, and where repeated 

readings were made without movement of the movable sensors, these were also 

pooled.

The flows in front of the trashrack are represented as the resultant 

vector of the 3-dimensional Cartesian coordinate system, and those within the 

turbine intake are shown in a 2-dimensional format. Only vertical and 

longitudinal flows were measured within the intake, as transverse flows were 

limited to the effects of turbulence because the intake walls prevented any 

net lateral flow. Flows into the turbine are represented by the Y axis, with 

downstream flow being a positive sign. Transverse flows across the face of 

the dam are represented by the X axis, with flows to the right (when facing 

downstream) being a positive sign. Vertical flows are represented by the Z 

axis, with upward flows being positive. These flow components are represented 

as the edges of a box, with their resultant or observed flow indicated as the 

diagonal.

When the velocity patterns at the trashracks of the three dams are 

compared, a definite difference is apparent in the pattern of velocities. 

McNary and Bonneville 1st powerhouses, where FGEs >70% have been measured, 

showed very little transverse flow even at high turbine loads whereas at 

Turbine 12B of the Bonneville 2nd Powerhouse, where FGE is only 20 to 30%, the 

transverse flows were severe, and erratic flows and vortices were common. At 

Turbine 15B of the Bonneville 2nd Powerhouse, the transverse flows were 

present to a lesser degree than at Turbine 12B. The flow through the forebay 

of this powerhouse appears to be nearly straight to this turbine, at which 

point it divides and flows to both shores, with the major flow going to the 

south, creating the strong transverse flows across the face of the other

turbine intakes.



21

Another reason for lower FGE at Bonneville 2nd Powerhouse may be the

2.3- 2.5 ft/s velocities measured behind the STS (Fig. 8), compared to

3.4- 3.5 ft/s at Bonneville 1st Powerhouse (Fig. 5) and 3.4-4.4 ft/s at McNary 

(Fig. 14). Lower FGE probably results when an STS is of lower porosity 

because more water and fish are deflected under the STS.

In addition to the 15-s measurements, velocity measurements were taken at 

1-s intervals for an additional 30 min under each of the turbine test 

conditions. There is frequently a wide difference in the average velocity 

values derived from the 15-s test and the 30-min tests, indicating that 15 s 

is probably not sufficient time to obtain a representative velocity. Several 

of the 30-min series plots of velocity vs time for selected probes are shown 

in Figures 15-19. The standard measurements were taken during the initial 

15 s of these series and obviously do not accurately represent the average 

flow conditions at that time and location. Although not all cases are as 

striking as these, they clearly indicate that the flows are often not stable, 

and that the accuracy of the velocity measured could vary greatly depending 

upon the time at which a 15-s measurement was taken.

The data from each of the tests are summarized in Appendix A.

A number of concerns were raised about the validity of some of the 

velocity measurements because of the differences between the measured values 

and those anticipated. These concerns are as follows:

1) Under some conditions, velocities of over 30 ft/s were indicated, with a 

sudden shift in direction to the opposite sign. The meters used were 

calibrated to measure from -10 to +10 ft/s. The manufacturer's engineering 

department checked their design to verify whether or not the equipment was 

capable of measuring higher velocities. They determined that it was
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possible to measure velocities up to approximately 45 ft/s, depending upon 

the level of battery charge. They felt that the velocities encountered 

exceeded the capacity of the equipment, and that the amplifier circuit had 

become saturated and in effect "peaked out” around 30 ft/s. The sudden 

shift in direction can be accounted for most reasonably as a movement of a 

vortex from one side of the meter probe to the other. Velocities on one 

side of a vortex are opposite in direction from those on the other side.

2) Measured velocities sometimes appeared to be in a different direction than

would be expected (e.g., Points 4 and 5 on Figure 4). It must be

remembered that these are measurements of velocities at a point in space 

and time and do not necessarily represent an overall velocity. The 

placement of the probes at Points 4 and 5 apparently was such that they 

were within an eddy, rather than in the main flow into the gatewell.

3) Very erratic flows were measured at high turbine load in front of

Turbine 12 at the Bonneville 2nd Powerhouse. The high velocities and 

seemingly inconsistent directions measured would bring into question the 

reliability of the equipment, except for the fact that the same equipment 

was used in the same arrangement both before and subsequent to this test 

and worked as expected. The presence of high transverse flows generates an 

extreme amount of turbulence under full powerhouse load conditions which is 

obvious on the surface of the forebay and apparently extends through the 

entire depth of the intake.

CONCLUSIONS AND RECOMMENDATIONS

1) In the presence of relatively smooth flows, a short time may be adequate to 

collect a representative velocity sample. Where flows are more variable, a



longer sample time is necessary. Establishing an "adequate" sampling time, 

however, may be difficult due to the erratic flow patterns which exist 

under many operating conditions. Extensive long-term sampling would be 

required to determine the optimal sampling time.

2) The reliability of a single point sample as representative of the mass flow 

characteristics is questionable in the presence of highly variable flows. 

A large array of sensors sampling simultaneously may be required to 

properly characterize the velocity patterns in the turbine intakes.

3) The following changes to the equipment are needed:

a) The wheels on the movable trolleys of the folding frame and the bulkhead 

frame should be replaced with more substantial wheels to withstand the 

forces encountered.

b) The modified rollers on the trashrack frame worked well and should be 

used in the future.

c) The hand-operated winches on the bulkhead and folding frame cables were

difficult to operate and required extended reaching over the open

gatewell, a marginal safety situation. These winches should be mounted 

so that they can be operated from outside the gatewell railings or

should be replaced with powered winches.

d) The sensor cables to the trashrack sensors are difficult to handle in 

the presence of transverse flows. They are also subject to a great deal 

of abrasion. Enclosing these cables in a protective hose and using a 

powered capstan to feed and retract them should be considered.

4) Velocities behind the STS are approximately 1 ft/s lower at the Bonneville

2nd Powerhouse than at the Bonneville 1st Powerhouse or the McNary

Powerhouse. Part of the lower FGE at the Bonneville 2nd Powerhouse may be 

because more water and fish are deflecting under the STS.



5) Although differences exist in the flow patterns within the turbine intakes 

of the dams studied, these differences are greatly overshadowed by the 

differences which exist in front of the trashracks. As long as severe 

transverse flows exist in front of the trashracks at the Bonneville 2nd 

Powerhouse, the differences in velocities within the intakes may be moot, 

insofar as they relate to FGE. The fish migrating downstream may not be 

able to enter the intakes in their usual manner due to the abnormal flow 

conditions in front of the trashracks. These flow conditions appear to be 

extremely variable under certain operating conditions, and their influences 

are therefore particularly difficult to measure and evaluate. It would be 

necessary to control or eliminate these transverse flows before other 

factors which may influence FGE at Bonneville 2nd Powerhouse can be 

properly studied and evaluated.
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Appendix A

Summaries of Velocity Data
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Appendix Table Al. Velocities 13 feet upstrea# and 1 loot upstreas of the trashracks of Turbine 5E 
at the Bonneville First Powerhouse. Full powerhouse loading. High turbine load.

UPSTREAM
PROBE

VELOCITY 
x

(in Ft/Sec!
Y Z

DOWNSTREAM
PROBE

VELOCITYf 
X

(in F t/Sec)
Y Z

ELEV'HSL! FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM 1.78 1.S6 0.78 1.71 5.30 1.54
1.10 1.46 0.12 8.98 4.91 1.07

RANGE 3.68 8.40 8.66 0.73 0.39 0.47
AVERAGE 17.20 1.45 1.69 0.52 15.20 1.43 5.89 1.31
STD.DEV. 0.147 0.390 0.18! 0.214 0.077 0.126
VARIANCE 0.022 0.008 8.033 8.046 0.006 0.816

MAXIMUM 1.64 1.86 0.22 8.05 3.71 1.15
MINIMUM 1.10 1.37 -8.17 -8.34 3.34 0.81
RANGE 0.54 0.49 0.39 0.39 0.37 0.34
AVERAGE 22.57 1.32 1.59 -0.38 28.57 -8.13 3.55 0.99
STD.DEV. 3.122 8.096 0.093 8.086 0.876 0.095
VARIANCE 3.015 0.009 8.009 0.807 0.806 0.007

MAX I MUlf 1.71 1.83 0.37 0.46 4.52 1.39
MINIMUM 0.98 1.27 -0.42 -8.17 4.17 0.33
RANGE 0.73 8.56 0.79 8.63 0.35 0,56
AVERAGE 28.44 1.34 1.55 3.08 26.44 0.09 4.35 1.06
STD.DEV. 0.204 8.112 3.229 0.168 0.876 0.124
VARIANCE 8.342 0.012 n, men

V. C Ji. 0.02S 0.886 8.015

MAXIMUM 1.56 1.76 -0.05 -0.17 3.44 1.54
MINIMUM 1.17 1.27 -0.32 -0.68 3.05 1.10
RANGE 0.39 0.49 0.27 8.51 0.39 0.44
AVERAGE 33.87 1.39 1.59 -0.1S 31.87 -3.40 3.27 1.34
STD.DEV. 0.099 3.138 8.059 8.105 0.105 0.101
VARIANCE 0.010 0.012 8.003 8.011 0.011 0.010

MAXIMUM 0.93 1.81 -0.29 -0.22 4.20 1.00
MINIMUM 0.29 1.15 -0.7! -0.68 3.64 8.68
RANGE 0.64 0.66 0.42 0.46 0.56 0.32
AVERAGE 48.05 0.65 1.49 -0.50 30.05 -0.4b 3.93 0.86
STD.DEV. 0.161 0.135 0.090 0.897 0.117 0.079
VARIANCE 0.026 0.018 0.808 0.089 0.014 0.006

MAXIMUM 1.12 1.59 -0.42 -0.63 2.86 0.93
MINIMUM 8.59 1.15 -3.68 -0.98 2.56 3.44
RANGE 0.53 8.44 0.26 0.35 0.38 0.49
AVERAGE 45.77 0.SS 1.43 -8.57 43.77 -0.81 n -in 

L. 1 L 0.71
STD.DEV. 0.136 0.8B3 0.359 8.074 0.072 8.118
VARIANCE 0,018 0.007 0.084 0,006 0.805 0.012
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Appendix Table A1 - continued
UFSTREAM

PROBE
VELOCITY1 
X

(in Ft/Sec)
V Z

DOWNSTREAM
PROBE

VELOCITY' 
X

(in Ft/Sec)
Y Z

ELEV(HSL) FPS FPS FPS ELEVfMSL! FPS FPS FPS
MAXIMUM 1.49 1.46 -0.10 -0.37 3.47 1.42
MINIMUM 0.98 1.07 -0.46 -0.88 2.93 0.81
RANGE 0.51 0.39 0.36 0.51 0.54 0.61
AVERAGE 52.47 1.25 1.25 -0.28 50.47 -0.70 3.20 1.11
STD.DEV. 8.116 0.101 0.085 0.084 0.127 0.152
VARIANCE 0.013 0.010 0.007 0.007 0.016 0.023

MAXIMUM 2.88 1.95 0.68 -0.37 2.15 1.12
MINIMUM -0.10 -0.29 -0.85 -1.27 1.15 0.32
RANGE 2.98 2.24 1.53 0.90 1.00 0.80
AVERAGE 58.66 1.30 1.11 -0.13 56.66 -0.75 1.67 0.63
STD.DEV. 0.786 0.626 0.417 0.194 0.216 0.166
VARIANCE 0.618 0.392 0.174 0.038 0.046 0.027
MAXIMUM 0.83 1.07 -0.54 -1.05 1.83 1.07
MINIMUM 0.54 8.63 -0.78 -1.34 1.56 0.66
RANGE 0.29 0.44 0.24 0.29 0.27 0.41
AVERAGE 64.16 0.71 0.89 -0.63 62.16 -1.21 1.71 0.89
STD.DEV. 0.068 0.099 0.061 0.063 8.062 0.097
VARIANCE 0.005 0.010 0.004 0.004 0.004 0.009

MAXIMUM 0.78 0.90 0.10 -0.20 1.29 1.25
MINIMUM 0.51 0.56 -0.28 -0.59 0.93 0.61
RANGE 0.27 0.34 0.30 0.39 0.36 0.64
AVERAGE 70.88 8.64 0.74 -0.08 68.08 -0.38 1.15 0.98
STD.DEV. 0.052 0.077 0.072 0.090 0.066 0.166
VARIANCE 0.003 0.006 0.005 0.008 0.004 0.028
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Appendix Table A2. Velocities 18 feet upstrea* and 1 foot upstrea* of trashracks of Turbine 5B 
at the Bonneville First Powerhouse. Full powerhouse loading. Mediu* turbine load.

UPSTREAM
PROBE

VELOCITY 
X

(in 
Y

Ft/Sec)
Z

DOWNSTREAM
PROBE

VELOCITY 
X

(in 
Y

Ft/Sec)
Z

ELEV(MSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM 1.44 2.71 0.42 1.00 5.15 1.71
MINIMUM -0.90 1.05 -1.15 0.24 3.98 0.95
RANGE 2.34 1.66 1.57 0.76 1.17 0.76
AVERAGE 18.74 0.62 2.11 -0.17 16.74 0.61 4.42 1.29
STD.DEV. 0.606 0.432 0.381 0.189 0.276 0.214
VARIANCE 0.367 0.187 0.145 0.836 0.076 0.046

MAXIMUM 2.12 3.61 1.15 0.54 3.00 0.76
MINIMUM 0.61 2.86 8.27 0.10 2.22 0.17
RANGE 1.51 0.75 0.88 0.44 0.78 0.59
AVERAGE 23.08 1.14 3.09 0.78 21.08 0.33 2.68 0.44
STD.DEV. 0.429 0.177 0.202 0.104 0.177 0.145
VARIANCE 0.184 0.031 0.041 0.011 0.031 0.021

MAXIMUM 1.42 3.05 0.12 0.46 4.18 0.95
MINIMUM 0.95 2.42 -0.17 0.07 3.39 0.63
RANGE 0.47 0.63 0.29 0.39 0.71 0.32
AVERAGE 29.24 1.22 2.83 0.00 27.24 0.28 3.82 0.80
STD.DEV. 0.098 0.148 0.863 0.089 0.166 0.072
VARIANCE 0.010 0.022 0.004 0.008 0.028 0.005

MAXIMUM 1.17 1.68 0.15 0.24 2.78 0.81
MINIMUM 0.42 1.07 -0.42 -0.27 2.37 0.51
RANGE 0.75 0.61 0.57 0.51 0.41 0.30
AVERAGE 34.99 0.78 1.45 -0.20 32.99 -0.05 2.58 0.66
STD.DEV. 0.166 0.127 0.119 0.103 8.101 8.075
VARIANCE 0.028 0.016 0.014 0.011 0.010 0.006

MAXIMUM 1.64 1.66 0.17 -0.46 3.39 1.03
MINIMUM 1.00 1.27 -0.56 -0.85 3.03 0.68
RANGE 0.64 0.39 0.73 0.39 0.36 0.35
AVERAGE 40.87 1.27 1.50 -0.31 38.87 -0.64 3.22 0.85
STD.DEV. 0.150 0.090 0.168 0.090 0.075 0.065
VARIANCE 0.023 8.008 8.028 0.008 0.00b 0.004

MAXIMUM 1.20 1.37 -0.22 -0.56 2.51 1.00
MINIMUM 0.81 8.90 -8.66 -1.00 2.17 0.37
RANGE 0.39 0.47 0.44 0.44 0.34 0.63
AVERAGE 46.44 1.03 1.18 -0.46 44.44 -0.79 2.34 0.68
STD.DEV. 0.095 0.098 0.098 0.118 0.080 0.169
VARIANCE 0.009 0.010 0.010 0.014 0.006 0.029



Appendix Table A2 - continued
UPSTREAM

PROBE
VELOCITY! 
X

(in Ft/Sec)
V Z

DOWNSTREAM
PROBE

VELOCITY' 
X

(in Ft/Sec)
Y Z

ELEV(MSL) FPS FPS FPS ELEV(HSL) FPS FPS FPS
MAXIMUM 1.00 1.39 -0.17 -0.32 2.81 0.71
MINIMUM 0.61 1.07 -0.56 -0.76 2.51 0.22
RANGE 0.39 0.32 0.39 0.44 0.30 0.49
AVERAGE 51.7? 0.79 1.26 -0.32 49.79 -0.46 2.66 0.49
STD.DEV. 0.077 0.079 0.080 0.107 0.065 0.107
VARIANCE 0.006 0.006 0.006 0.011 0.004 0.011

MAXIMUM 0.6B 1.17 -0.42 -0.37 1.68 1.05
MINIMUM 0.12 0.56 -0.73 -0.90 1.22 0.51
RANGE 0.56 0.61 0.31 0.53 0.46 0.54
AVERAGE 59.5? 0.45 0.92 -0.55 57.59 -0.59 1.48 0.76
STD.DEV. 0.111 0.116 0.070 0.114 0.109 0.153
VARIANCE 0.012 0.013 0.005 0.013 0.012 0.024

MAXIMUM 1.10 0.90 0.12 -0.22 1.42 1.54
MINIMUM 0.71 0.49 -0.17 -0.61 1.17 0.95
RANGE 0.39 0.41 0.29 0.39 0.25 0.59
AVERAGE 67.30 0.93 0.70 -0.04 65.30 -0.39 1.26 1.25
STD.DEV. 0.084 0.090 0.063 0.094 0.056 0.168
VARIANCE 0.007 0.008 0.004 0.009 0.003 0.028



Appendix Table A3. Velocities 10 feet upstrea* and 1 foot upstrea* of trashracks of Turbine 5B 
at the Bonneville First Powerhouse. Full powerhouse loading. Low turbine load.

UPSTREAM
PROBE

VELOCITY 
X

(in Ft/Sec)
Y Z

DOWNSTREAM
PROBE

VELOCITY 
X

(in Ft/Sec)
Y Z

ELEV(MSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS
MAXIMUM 1.00 2.42 0.46 0.90 3.59 0.78
MINIMUM 0.56 2.05 0.12 0.37 3.25 0.17
RANGE 0.44 0.37 0.34 0.53 0.34 0.61
AVERAGE 18.38 0.80 2.29 0.27 16.38 8.69 3.45 0.49
STB.DEV. 0.083 0.085 0.069 0.132 0.073 0.139
VARIANCE 0.007 0.007 0.005 0.017 0.005 0.019
MAXIMUM 0.95 2.29 0.22 0.10 2.61 0.71
MINIMUM 0.51 1.98 -0.15 -0.22 2.27 0.22
RANGE 0.44 0.31 0.37 0.32 0.34 0.49
AVERAGE 22.46 0.73 2.15 0.04 20.66 -0.06 2.45 0.51
STD.DEV. 0,093 0.070 0.082 0.060 0.071 0.124
VARIANCE 0.009 0.005 0.007 0.804 0.005 0.015
MAXIMUM 1.71 2.25 0.59 0.90 2.95 0.76
MINIMUM 0.71 1.76 -0.10 0.05 1.68 0.02
RANGE 1.00 0.49 0.69 0.85 1.27 0.74
AVERAGE 28.51 1.19 1.97 0.28 26.51 0.48 2.46 0.37
STD.DEV. 0.237 0.118 0.166 0.202 0.294 0.199
VARIANCE 0.056 0.014 0.028 0.041 0.086 0.040
MAXIMUM 1.29 2.42 0.17 0.12 2.17 0.95
MINIMUM 0.66 1.83 -0.32 -0.27 1.68 0.51
RANGE 0.63 0.59 0.49 0.39 0.49 0.44
AVERAGE 34.53 1.01 2.22 -0.11 32.53 -0.05 1.92 0.75
STD.DEV. 0.163 0.128 0.121 0.082 0.090 8.094
VARIANCE 0.827 0.016 0.015 0.007 0.008 0.009
MAXIMUM 1.00 1.98 -0.22 -0.29 2.88 0.46
MINIMUM 0.27 1.56 -0.51 -0.61 2.56 0.02
RANGE 0.73 0.42 0.29 0.32 0.32 0.44
AVERAGE 40.70 0.61 1.74 -0.35 38.70 -0.45 2.74 0.27
STD.DEV. 0.180 0.086 0.071 0.070 0.085 0.103
VARIANCE 0.032 0.007 0.005 0.005 0.007 0.011
MAXIMUM 0.61 1.93 -0.10 -0.17 1.95 0.32
MINIMUM 0.32 1.59 -0.56 -0.66 1.73 0.02
RANGE 0.29 0.34 0.46 0.49 0.22 0.30
AVERAGE 46.75 0.49 1.75 -0.30 44.75 -0.41 1.85 0.20
STD.DEV. 0.076 0.079 0.101 0.099 0.056 0.057
VARIANCE 0.006 8.006 0.010 0.010 0.003 0.003
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flopendix Table A3 - continued
UPSTREAM

PROBE
VELOCITY1 
X

(in 
V

Ft,/Sec)
7L

DOWNSTREAM
PROBE

VELOCITY1 
X

(in 
Y

Ft/Seel
7
L

ELEVtMSL; EPS FPS FPS ELEVTMSL > FPS FPS FPS
MAXIMUM
MINIMUM

0.81
0.37

1.7S«. 7 n i . H
-0.10
-8.56

-8.27
-0.81

2.47
2.08

1.22
8.22

RANGE 3.44 8.46 8.46 0.54 8.39 1.00
AVERAGE 53.84 S. 59 1.52 -0.34 51.84 -0.47 2.25 0.64
STD. DEV. 8.892 8.891 8.397 8.117 3.092 0.223
VARIANCE 0.888 8,000 8.039 3.814 8.80S 8.850
MAXIMUM i *7-7

L,JJ 1.49 0.07 -3.85 1.44 1.34
MINIMUM 8.98 1.10 -0.27 -0.42 1.83 8.93
RANGE
AVERAGE 59.33

8.47
! .15

8.39
1.33

0.34
-3.11 in 7J7Jt. O

8.37
-8.20

0.41
1.27

8.41
1.18

STD.DEV. 8.113 8.893 0.872 3.088 0.89! 0.103
VARIANCE @.013 0.839 B.085 8.386 3.088 0.811
MAXIMUM
MINIMUM

1,87
8.71

1.20
3.90

0.02
-0.22

-0.17
-3.5!

1.3?
8.90

8.98
0.42

RANGE 8.36 3.30 0.24 0.34 0.49 0.48
AVERAGE 66.51 8.85 1.08 -0.09 64.51 -3.32 1.12 8.60
STD.DEV. 3.869 8.058 8.064 8.803 8.123 0.110
VARIANCE 8.005 8.883 8.004 8,336 0.015 8.812
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Appendix Table A4. Comparison of 30 minute and 15 second sampling of velocities 10 feet upstream 
and 1 foot upstream of the trashracks of Turbine 5B at the Bonneville First Powerhouse.
Full powerhouse loading.

UPSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

DOWNSTREAM
PROBE

VELOCITY 
X

(in Ft/Sec)
Y Z

High Turbine Load
MAXIMUM

ELEV(MSL) FPS FPS FPS

3.91 5.42 1.54

ELEV(MSL) FPS

0.98

FPS FPS

5.93 3.47
30 nun. MINIMUM -3.03 -1.00 -3.76 -2.17 1.12 -0.71
sample RANGE

AVERAGE 52.44
6,94 6.42 5.30
1.14 1.17 -0.37 50.44

3.15
-0.76

4.81 4.18
3.12 1.03

STD.DEV. 0.509 0.414 0.359 0.289 0.417 0.375
VARIANCE 0.259 0.171 0.129 0.084 0.174 0.141

MAXIMUM 1.49 1.46 -0.10 -0.61 3.47 1.42
15 sec. MINIMUM 1.00 1.10 -0.46 -0.88 3.00 0.81
sample RANGE

AVERAGE 52.47
6.49
1.27

0.36
1.26

0.36
-0.27 50.47

0.27
-0.73

0.47
3.24

0.61
1.09

STD.DEV. 0.115 0.096 0.091 0.057 0.109 6.162
VARIANCE 0.613 0.009 0.008 8.003 0.012 0.026

Medium Turbine Load
MAXIMUM 1.59 1.73 -0.02 -8.02 3.25 1.49

38 min. MINIMUM 0.22 8.66 -0.95 -1.22 2.08 -0.12
sample RANGE

AVERAGE 51.95
1.37
0.92

1.07
1.20

0.93
-0.42 49.95

1.20
-0.63

1.17
2.71

1.61
8.59

STD.DEV. 8.216 0.135 0.123 0.164 0.153 0.221
VARIANCE 0.047 8.018 0.015 0.827 0.023 8.049

MAXIMUM 0.93 1.39 -0.17 -0.32 2.81 0.71
15 sec. MINIMUM 0.61 1.07 -0.42 -0.66 2.51 0.32
sample RANGE

AVERAGE 51.78
0.32
0.78

0.32
1.27

0.25
-0.29 49.78

0.34
-0.42

0.30
2.65

0.39
0.52

STD.DEV. 0.066 0.072 0.858 0.075 0.063 0.094
VARIANCE 0.004 0.005 0.003 0.006 0.004 0.009

Low Turbine Load
MAXIMUM 1.17 2.08 0.00 -0.10 2.61 1.22

30 min. MINIMUM 0.00 1.05 -0.76 -1.15 1.25 -8.32
sample RANGE

AVERAGE 53.07
1.17
0.61

1.03
1.51

0.76
-0.34 51.07

1.05
-0.63

1.36
2.20

1.54
0.43

STD.DEV. 0.164 0.142 8.112 0.134 0.126 0.173
VARIANCE 0.027 0.020 0.013 8.018 0.016 0.030

MAXIMUM
15 sec. MINIMUM

0.81
0.39

1.68
1.32

-0,10
-0.46

-0.27
-0.56

2.47
2.08

1.22
0.44

sample RANGE
AVERAGE 53.84

0.42
0.61

0.36
1.50

0.36
-0.32 51.04

8.29
-0.43

0.39
2.23

0.78
0.71

STD.DEV. 0.098 0.081 8.096 0.074 0.088 0.199
VARIANCE 0.008 0.007 0.009 0.006 0.008 0.040
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Appendix Table A5. Velocities at the Folding Fra*e upstrea* of Travelling Screen. 
Bonneville First Powerhouse Turbine 5B. Full powerhouse loading. High turbine load.

VELOCITY(in 
Elevation Y

Ft/Sec)
2

VELOCITY tin Ft/Sec)
Elevation Y Z

VELOCITY(in 
Elevation Y

Ft/Sec)
Z

!MSL)» FF'S FPS (HSLit FPS FPS (MSL) FPS FPS
RAX!HUM -0.07 7.40 6.40 -0.59 2.64 -0.51
MINIMUM -8.29 3.56 1.03 -5.93 1.66 -1.22
RANGE 0.22 3.84 5.37 5.34 0.98 0.71
AVERAGE
STD.DEV.

07 i CZo. 1 j -0.16
0.057

5.68
1.021

19.15 3.80
1.593

-2.57
1.421

-@.85 2.18
0.278

-0.86
0.154

VARIANCE 0.003 1.043 n cto
L■ JO 7 2.020 0.077 0.024

MAXIMUM -0.05 8.94 5.00 -0.68 2.05 -0.54
MINIMUM -0.27 4.05 -0.42 -5.40 1.37 -1.73
RANGE 0.22 4.89 5.42 4.72 0.68 1.19
AVERAGE 24.71 -0.14 6.49 20.71 2.17 -3.25 0.71 1.68 -1.14
STD.DEV. 0.053 1.414 1.491 1.273 0.140 0.260
VARIANCE 0.003 2.000 2.224 1.620 0.020 0.068
RAX I RUM -0.05 2.03 6.25 -0.93 2.17 -0.37
MINIMUM -0.27 -0.37 3.98 -3.71 1.66 -1.39
RANGE 0.22 2.40 2.27 2.78 8.51 1.02
AVERAGE 28.89 -0.14 0.64 24.89 5.25 -1.85 4.89 1.94 -0.87
STD.DEV. 0.058 0.619 0.578 0.639 8.122 0.234
VARIANCE 0.003 0.384 0.334 0.489 0.015 0.055
MAXIMUM -0.05 1.86 1.10 -1.20 1.66 -0.27
MINIMUM -0.24 0.29 -0.17 -2.56 1.07 -1.64
RANGE 0.19 1.57 1.27 1.36 0.59 1.37
AVERAGE 31.91 -0.13 1.15 27.91 0.60 -1.86 7.91 1.36 -1.03
STD.DEV. 0.054 B.418 0.367 0.351 0.142 0.359
VARIANCE 0.003 8.174 8.135 0.123 0.020 0.129

MAXIMUM -0.05 2.34 0.85 -0.59 1.81 -0.37
MINIMUM -0.27 1.44 0.12 -1.71 1.12 -1.07
RANGE 0.22 0.90 0.73 1.12 0.69 0.70
AVERAGE 32.40 -0.13 1.94 28.40 0.55 -1.16 8.40 1.40 -0.77
STD.DEV. 0.052 0.188 0.187 0.331 0.137 0.159
VARIANCE 0.003 0.035 0.035 0.109 0.019 0.025

MAXIMUM -0.05 2.59 1.42 -0.05 1.56 -0.76
MINIMUM -0.24 0.93 0.17 -1.32 1.07 -1.44
RANGE 0.19 1.66 1.25 1.27 0.49 8.68
AVERAGE 32.40 -0.14 1.57 28.40 0.63 -0.68 8.40 1.30 -1.13
STD.DEV. 0.051 0.426 0.282 0.320 0.112 0.158
VARIANCE 0.003 0.182 0.07? 0.102 0.013 0.025



40

Append is Table AS - continued
VELUCI:V1fin 

Elevation Y
(NSL5J FPS

Ft/Sec!
Z

FPS

VELOCITY Ci n Ft/Sec!
Elevation y Z 

(HSl)t FPS FPS 

VELOCITY tin Ft/Seci7Elevation y L

(USD FPS FF'S

mirnn -8.35 2.03 1.22 0.15 1.37 -8.49
SINIHUH -3.24 8.73 -8.22 -1.42 3,83 -1.15
RANGE
AVERAGE -2. T2

3.19
-8.14

1.25
1.43 nnL □ » jL

1.44
8.65

1.57
-8.54 8.32

0.54< i Ti , ij
0.66

-8.87
STD.DEV. 8.854 8.328 3.257 8.320 8.128 0.147
VARIANCE 8.833 3.183 3.366 3.108 8.314 8.02!

MAXIMUM -8.37 3.18 1.49 -8.27 3.88 -3.42
HINUUIH -8.29 8.68 8.78 -1.29 3.59 -0.85
RANGE 3.22 2.42 8.71 1.82 3,29 0.43
AVERAGE 32.58 -8.17 1.34 28.58 1.14 -0.88 8.58 3.72 -8.64
STD.DEV,
VARIANCE

8.853
8.883

8.618
8.332

8.21!
3.345

8.269
0.372

8.077
0.386

0.098
0.018

MAXIMUM -8.27 1.59 1.37 -1.34 8.88 -0.29
MINIMUM -0.29 8.71 0.35 -2.05 8.54 -0.73
RANGE 8.22 8.88 3,98 0.71 0.34 8.44
AVERAGE 32,54 -8.17 < nc

L . iJ nr c* id. JM 3.49 -1.61 8.54 3.74 -8.58
STD.DEV. 8.855 8.283 0.216 0,174 8.835 0.889
VARIANCE 0.883 3.340 0.847 8.338 8.887 3.088

MAXIMUM -0.87 1.95 1.70 -8.76 0.90 -8,07
MINIMUM -0.29 0.66 8.34 -1.95 3.61 -8.56
RANGE
AVERAGE 32.54

3,22
-0.17

1.29
1.18 28.54

1.44
8.78

1.19
-1.38 . 8.54

8.29
0.78

0.49
-3.35

STD.DEV. 8.852 3.323 3.257 8.291 8.065 0.131
VARIANCE 8.883 3.102 3.066 0.885 8.804 0.817

t The ftaunting bolts holding the probe ares sheared during the tests; therefore these readings may
somewhat iro® actual values.
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Appendix Table A6. Velocities at the Folding Frame upstream of Travelling Screen. 
Bonneville First Powerhouse Turbine 5B. Full powerhouse loading. Medium turbine load.

VELOCITY(in Ft/Sec)
Elevation Y Z

VELOCITY(in Ft/Sec) VELOCITY(in Ft/Sec)
Elevation Y Z Elevation Y Z

(MSL)t FPS FPS (MSL>* FPS FPS (HSL) FPS FPS

MAI IMUM -0.17 2.37 1.68 0.59 2.95 •T 7H

MINIMUM -0.42 2.10 - 1.00 0.05 2.32 -3.20
RANGE 0.25 0.27 0.68 8.54 0.63 0.88
AVERAGE 39.30 -0.27 2.24 35.30 1.33 0.33 15.30 2.70 -2.70
STD.DEV. 0.054 0.066 0.170 0.103 0.176 0.204
VARIANCE 0.003 0.004 0.829 0.011 0.031 0.042

MAXIMUM -0.17 1.93 0.85 0.42 2.91 -1.68
MINIMUM -0.37 1.49 0.20 -0.17 1.78 -2.51
RANGE 0.20 0.44 0.65 0.59 1.13 0,83
AVERAGE 37.12 -0.26 1.69 33.12 0.54 0.18 13.12 2.26 -2.14
STD.DEV. 0.053 0.121 0.126 0.154 0.275 0.199
VARIANCE 0.003 0.015 0.816 0.024 0.076 0.040

MAXIMUM -0.17 1.05 3.93 0.90 2.71 -1.15
MINIMUM -0.39 0.27 3.05 0.27 1.78 -2.08
RANGE 0.22 0.78 0.08 0.63 0.93 0.93
AVERAGE 33.29 -0.27 0.75 29.29 3.37 8.64 9.29 2.29 -1.58
STD.DEV. 0.061 0.122 0.205 8.148 0.245 0.199
VARIANCE 0.004 0.015 0.042 0.022 0.060 0.040

MAXIMUM -0.20 3.15 5.28 1.59 2.83 -0.68
MINIMUM -0.42 2.25 3.34 -0.51 1.56 -1.86
RANGE 0.22 0.90 1.86 2.10 0.47 1.18
AVERAGE 29.77 -0.28 2.73 25.77 4.26 0.51 5.77 1.83 -1.26
STD.DEV. 0.058 0.252 0.500 0.492 0.101 0.242
VARIANCE 0.003 0.064 0.250 0.243 0.018 0.059

MAXIMUM -0.17 2.76 5.76 1.10 2.47 -0.71
MINIMUM -0.42 1.49 4.52 -0.07 1.88 -1.54
RANGE 0.25 1.27 1.24 1.17 0.59 0.83
AVERAGE 29.68 -0.29 2.23 25.68 5.20 0.52 5.68 2.19 -1.15
STD. DEV. 0.064 0.359 0.312 0.299 0.147 0.213
VARIANCE 0.004 0.129 0.097 0.090 0.022 0.045

MAXIMUM -0.17 2.93 5.37 1.71 2.37 -0.66
MINIMUM -0.42 2.17 3.71 -0.07 1.49 -2.00
RANGE 0.25 0.76 1.66 1.78 0.88 1.34
AVERAGE 29.75 -0.29 2.50 25.75 4.64 0.78 5.75 2.00 -1.48
STD.DEV, 0.060 0.161 0.500 0.451 0.212 0.416
VARIANCE 0.004 0.026 0.250 0.203 0.045 0.173
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Appendix' Table As - continued

VELOCITY(in Ft/Sec)
7Eievstian Y L

VELOCITY(;n
Elevation Y

Ft/Sec) VELOCITY lin 
Elevation Y

Ft:/Sec)
7

(HSU I EPS FPS (HSL)t FPS EPS (HSU FPS FPS

MAXIMUM -8.17 3.34 c c-n 1.39 2.4? -0.7B
MINIMUM -0,42 2.49 2.91 -0.85 1.83 -1.39
RANGE 0.25 8.85 2.6! 2.24 0.64 8.61
AVERAGE 29.64 -0.28 2.92 25.64 4.39 0.41 5.64 2.22 -1.13
STD.DEV. 0.R58 0.218 3.741 0.428 0.161 0.146
VAR IANTE 0.233 8.844 0.549 0.176 6.026 0.021

MAXIMUM -0.17 3.69 6.27 2,12 *7 7nL < siL -0.76
MINIMUM a Ki

'0. H 2.61 4.37 6.27 1.56 -1.83
RANGE 3.25 1.88 1.90 1.85 0.76 1.07
AVERAGE 29.76 -0.27 . 36 25.76 5.26 1.09 5.7i 1.96 -1.23
STD.DEV, 0.262 8.295 8.4o3 6.439 8.159 0.274
VARIANCE 0.004 8.887 0.214 0.193 0.025 0.075

MAXIMUM -0.17 3.88 5.33 1.39 2.13 -1.27
MINIMUM -8.39 2.08 2.E! -1,29 1.61 -2.12
RANGE 8,22 1.88 2.49 2.68 8.49 8.85
AVERAGE 29.73 -0.27 2.98 25.73 4.14 0.11 5.73 1.86 -1.57
STD.DEV. 2.2.8 8.471 0.696 8.688 8,898 0.209
VARIANCE 3.083 0.222 0.484 0.474 0.010 0.644

j iiounting baits holding the probe arss sheared during the tests ; therefore these readings nay differ soaeah
trc'T: actual values.
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Appendix Table A7. Velocities at the Folding Fraae upstrea® of Travelling Screen. 
Bonneville First Powerhouse Turbine 5B. Full powerhouse loading. Low turbine load.

VELOCITY(in 
Elevation V

(MSL)I FPS

Ft/Secl
2

FPS

VELOCITY(in Ft/Sec!
Elevation y Z

(HSD* FPS FPS
Elevation

(HSL)

VELOCITY(in Ft/Sec)
Y Z

FPS FPS

MAXIMUM -0.15 2.61 5.35 2.47 1.64 -0.85
MINIMUM -0.39 2.03 2.86 -0.90 1.34 -1.25
RANGE 0.24 0.58 2.49 3.37 0.30 0.40
AVERAGE 29.58 -0.25 2.29 nc cn «L J • JO 4.00 0.89 5.58 1.51 -1.02
STB.DEV. 8.063 0.117 0.476 0.708 0.070 0.091
VARIANCE 0.604 0.014 0.226 6.501 0.005 0.008

MAXIMUM -0.15 1.27 3.44 0.73 1.51 -0.98
MINIMUM -0.37 0.73 2.91 0.02 1.20 -1.34
RANGE 0.22 0.54 0.53 0.71 0.31 0.36
AVERAGE 33.63 -0.25 0.99 29.63 3.16 0.42 9.63 1.36 -1.17
STD.DEV. 0.063 0.114 0.128 0.173 8.084 0.083
VARIANCE 0.604 0.013 0.016 0.030 0.007 0.007

MAXIMUM -0.17 1.78 0.81 0.34 1.71 -1.12
MINIMUM -0.37 1.44 0.39 -0.12 1.37 -1.54
RANGE 6.20 0.34 0.42 0.46 0.34 0.42
AVERAGE 37.89 -0.25 1.65 33.89 0.62 0.12 13.89 1.55 -1.33
STD.DEV. 0.063 0.077 0.088 0.110 0.065 0.093
VARIANCE 0.004 0.006 0.008 0.012 0.004 0.009

MAXIMUM -6.17 2.15 1.51 0.44 1.64 -1.29
MINIMUM -0.37 i.BB 0.81 -0.17 1.27 -1.73
RANGE 0.20 0.27 0.70 0.61 0.37 0.44
AVERAGE 48.0! -0.25 2.03 36.01 1.07 0.14 16.01 1.46 -1.48
STD.DEV. 0.053 0.065 0.175 0.173 0.074 0.887
VARIANCE 0.003 0.004 0.031 0.030 0.005 0.068

MAXIMUM -0.17 2.25 1.81 0.39 1.49 -1.20
MINIMUM -0.37 1.93 1.49 0.67 1.15 -1.93
RANGE 0.20 0.32 0.32 0.32 0.34 0.73
AVERAGE 42.28 -0.24 2.12 38.28 1.65 0.28 18.28 1.34 -1.48
STD.DEV. 0.054 0.070 0.079 0.065 0.076 8.174
VARIANCE 0.003 0.005 0.006 0.004 0.006 0.030

MAXIMUM -0.17 2.37 1.98 0.32 1.44 -1.10
MINIMUM -0.37 1.78 1.56 -0.02 1.15 -1.54
RANGE 0.20 0.59 0.42 6.34 0.29 0.44
AVERAGE 42.38 -0.24 2.14 38.38 1.74 0.15 18.38 1.33 -1.31
STD.DEV. 0.057 0.125 0.075 0.071 0.068 0.097
VARIANCE 0.003 0.016 0.006 0.005 0.005 0.009



Appendix Table A7 - continued
VELOCITY(in Ft/Sec)

Elevation Y Z
VELOCITY(ir Ft/Sec)7Elevation Y L

VELOCITY(in Ft/Sec)
Elevation y Z

(MSI)* FPS FPS (MSL)I FPS FPS (MSI) FPS FPS

ilAXIrtUM -3.17 2.25 1.93 0.51 1.44 -8.93
MINIMUM -0.37 1.93 1.49 0.07 1.18 -1.49
RANGE 0.20 0.32 0.44 0.44 0.34 8.56
AVERAGE 42.23 -0.25 2.08 38.23 1.73 8.34 18.23 1.27 -1.18
STD.DEV. 3.055 0.077 0.098 0.102 0.074 0.126
VARIANCE 0.003 0.036 0.010 0.810 0.006 3.016

MAXIHUH -0.17 2.37 2.30 0.49 8.76 -0.27
MINIMUM -0.39 2.05 1.44 0.07 0.46 -8.56
RANGE 0.22 0,32 0.56 0.42 8.30 0.29
AVERAGE 42.32 -0.2t 2.21 38.32 1.74 3.29 18.32 8.62 -0.44
STD.DEV. 0.065 0.065 0.181 8.111 8.072 3.858
VARIANCE 0.334 0.004 0.810 3.012 0.805 0.003

MAXIHUM -0.17 2.22 1.93 8.42 8.71 -8.32
MINIMUM -0.37 1.78 1.39 0.02 8.42 -8.56
RANGE 0.20 0.44 0.54 0.40 8.29 0.24
AVERAGE 42.37 -0.26 2.02 38.37 1.61 0.20 18.37 3.57 -0.43
STD.DEV. 0.059 0.102 8.110 0.130 0.063 8.867
VARIANCE 0. 003 0.010 0.812 0.818 0.004 0.305

t The counting bolts holding the probe arss sheared during the tests; therefore these readings say differ
soisewhat front actual values.



Appendix Table A8. Comparison of 30 minute and 15 second sampling  of velocities at the Folding Frame upstream of 
Travelling Screen. Bonneville First Powerhouse Turbine 5B. Full powerhouse loading. High turbine load.

VELOCITY(in Ft/Sec)
Elevation Y Z

VELOCITY(in Ft/Sec)
Elevation Y Z Elevation

VELOCITY(in Ft/Sec)
Y Z

(HSL)t rPS FPS (MSL)I FPS FPS (MSLi FPS FPS

High Turbine load
MAXIMUM -0.02 3.42 2.25 0.85 1.59 8.15

30 min. MINIMUM -8.29 -8.12 -0.27 -2.27 0.59 -1.54
sample RANSE

AVERAGE 32.33
8.27

-0.15
3.54
1.43 28.33

2.52
0.74

3.12
-0.80 3.33

1.33
0.99

1.69
-0.68

STB.DEV. 0.856 8.518 0.378 3.448 8.155 0.254
VARIANCE 8.083 8.268 0.143 0.200 8.024 8.864

MAXIMUM -0.05 2.03 1.22 0.15 1.34 -0.56
15 sec. MINIMUM -8.24 8.78 0.27 -0.98 0.83 -i. 15
sample RANGE

AVERAGE 7H 77
0.19

-0.14
1.25
1.44 28.33

0.95
3.66

1.13
-0.46 8.33

0.51
1.11

0.59
-0.91

STD.DEV. 0.354 8.344 8.234 0.276 0.115 0.113
VARIANCE 0.883 0.118 0.055 0.076 0.013 0.012

Medium Turbine Load
MAXIMUM -8.17 2.08 4.39 1.93 2.95 -3.46

33 sin. MINIMUM -0.42 -0.56 2.47 -0.46 1.39 -2.66
sample RANSE

AVERAGE 77 Cj •JOt j1

0.25
-0.27

2.64
0.78 29.51

1.92
3.29

2.39
0.79 9.51

1.56
2.17

2.20
-1.58

STD.DEV. 0.059 8.341 0.272 0.315 0.242 0.334
VARIANCE 0.003 0.116 0.074 8.099 8.058 0.111

MAXIMUM -3.17 0.90 3.93 8.90 2.71 -1.20
15 sec. MINIMUM -0.39 0.46 3.05 0.27 1.78 -2.08
sample RANGE 0.22 0.44 3.88 0.63 0.93 0.86

AVERAGE 77 nc 
•J LJ -0.27 0.76 29.25 3.38 0.65 9.25 2.27 -1.57

STD.DEV. 0.060 0.092 8.218 0.140 0.263 0.193
VARIANCE 0.304 0.003 0.048 0.019 0.069 0.837

Low Turbine Load
MAXIMUM -0.12 2.56 2.83 8.71 1.49 -0.37

38 min. MINIMUM -0.39 1.54 0.12 -8.12 8.51 -1.68
sample RANSE

AVERAGE 42.26
8.27
-0.25

1.02
1.99 38.26

1.91
1.63

8.83
0.26 i8.26

0.98
1.02

1.31
-0.97

STD.DEV. 0.35B 0.124 0.125 0.127 0.192 8.240
VARIANCE 0.303 0.015 0.016 0.016 0.037 0.058

MAXIMUM -8.17 2.25 1.93 8.51 1.37 -0.93
15 sec. MINIMUM -8.37 1.93 1.51 8.12 1.10 -1.44
sample RANGE

AVERAGE 42.25
8.20

-0.25
0.32
2.09 38.25

0.42
1.74

8.39
0.37 18.25

0.27
1.25

0.51
-1.14

STD.DEV. 0.057 0.075 8.888 0.388 0.068 0.102
VARIANCE 0.003 0.006 0.088 0.008 0.005 8.310

i The mounting bolts holding the probe arms sheared during the tests; therefore these readings may differ somewhat 
from actual values.
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Appendix Table A9. Velocities at -fixed locations inside Submersible Travelling Screen and on support framework. 
Bonneville First Powerhouse. Full Powerhouse loading. High turbine Load. 15 second samples.
LOCATION #

Y
t 7 Y 2 Y Z Y 2 Y Z Y 2

FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

MAXIHUH 3.83 0.34 5.66 2.71 3.54 0.78 0.29 -0.78 0.37 -0.63 1.12 1.10
MINIMUM 2.08 -1.07 1.90 n i cL ■ 1J 2.71 -0.20 8.00 -1.25 -0.15 -1.85 -0.88 0.34
RANGE 1.75 1.41 3.76 4.86 0.83 8.98 0.29 0.47 0.52 0.42 2.80 0.76
AVERAGE 3.04 -0.31 3.61 0.23 3.26 0.25 8.16 -0.96 0.10 -0.89 0.27 0.72
STD.DEV. 0.45s 0.396 0.875 8.925 0.176 0.226 0.870 0.097 0.120 8.095 0.444 0.206
VARIANCE 0.20B 0.157 0.765 0.855 0.031 0.851 0.085 0.089 0.014 0.009 0.198 0.042

MAXIMUM 4.13 -0.07 4.98 3.13 3.71 0.66 8.78 -0.46 1.07 0.02 5.59 2.29
MINIMUM 1.56 -1.49 1.88 -2.44 3.32 8.15 -0.56 -1.73 -1.56 -1.73 -5.54 -1.87
RANGE n ci 

L,JI 1.42 3.10 5.57 0.39 0.51 1.34 1.27 2.63 1.75 11.13 3.36
AVERAGE 3.02 -0.7@ 3.67 0.33 3.49 0.44 0.16 -1.06 -0.01 -0.79 8.33 0.42
STD.DEV. 0.715 0.384 0.647 1.483 0.094 8.127 0.284 8.287 0.533 0.358 2.132 0.675
VARIANCE 0.512 0.147 0.419 2.200 0.809 8.816 8.881 8.083 0.234 8.128 4.543 8.456

MAXIMUM 4.15 0.37 T 01 o« bi 8.51 3.81 0.73 0.32 -0.63 8.32 -0.44 0.88 8.88
MINIMUM 2.17 -1.10 3.39 0.10 3.05 -8.10 -0.07 -0.98 -8.17 -1.34 -0.61 0.05
RANGE 1.98 1.47 0.42 8.41 0.76 0.83 0.39 0.35 0.49 0.90 1.49 8.83
AVERAGE 3.49 -0.45 3.64 0.29 3.51 0.41 8.15 -0.82 8.14 -8.87 0.86 8.49
STD.DEV. 0.467 0.369 0.092 0.898 0.192 0.150 0.095 0.085 0.106 0.215 8.367 0.228
VARIANCE 0.218 0.136 0.008 0.010 0.037 8.022 0.089 0.007 0.011 8.046 0.135 0.049

MAXIMUM 3.86 0.10 3.64 0.44 3.39 0.68 0.42 -0.95 8.32 -0.42 1.32 0.88
MINIMUM 2.51 -0.71 3.32 0.10 3.05 0.20 8.00 -1.54 -0.27 -8.85 0.10 0.46
RANGE l.vJ 0.81 0.32 8.34 0.34 0.48 0.42 0.59 8.59 8.43 1.22 8.42
AVERAGE 3.23 -0.25 3.47 0.27 3.22 0.45 0.19 -1.20 0.03 -0.65 8.69 0.64
STD.DEV. 0.324 0.179 0.071 8.069 0.078 0.099 0.083 0.140 0.135 0.094 0.311 0.106
VARIANCE 0.105 0.032 0.005 0.005 8.006 0.010 0,087 0.020 0.818 8.009 0.897 0.011

MAXIMUM
MINIMUM

5.37T nc i. L J
0.49
-0.24

3.76
3.42

0.49
0.12

3.52
3.17

8.85
8.20

0.42
0.05

-0.88
-1.34

0.49
0.02

-0.37
-0.85

8.59
-0.59

0.95
8.32

RANGE 2.12 0.73 8.34 0.37 0.35 8.65 0.37 0.46 0.47 0.48 1.18 8.63
AVERAGE 4.16 0.13 3.59 0.30 3.35 0.48 0.25 -1.11 0.25 -0.61 0.18 8.64
STD.DEV. 0.463 0.175 8.088 8.085 0.077 0.138 0.077 0.093 0.093 0.093 0.288 0.161
VARIANCE 0.214 0.031 8.806 8.887 8.806 0.819 0.806 0.009 0.009 0.009 8.833 8.026
MAXIMUM 4.71 0.32 3.71 0.32 3.71 0.51 0.34 -0.63 0.29 -8.49 0.93 8.98
MINIMUM 2.56 -0.85 3.27 -0.82 3.22 8.15 -0.07 -1.25 -0.10 -0.95 0.29 0.32
RANGE 2.15 1.17 0.44 0.34 0.49 0.36 0.41 0.62 0.39 0.46 0.64 0.56
AVERAGE 3.78 -0.23 3.52 0.17 3.48 8.35 0.11 -0.37 0.15 -0.72 0.62 0.56
STD.DEV. 0.496 0.287 0.898 0.875 8.114 0.892 0.091 0.155 8.081 0.106 0.159 0.126
VARIANCE 0.246 0.082 8.010 8.006 8.013 0.008 0.008 8.024 8.087 0.011 8.025 0.016
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Appendix Table A9 - continued
LOCATION #

Y Z Y Z Y Z Y Z Y Z Y Z
FF'S FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

MAXIMUM 4.52 8.20 3.59 0.61 3.49 0.49 0.56 -0.85 0.24 -8.37 0.98 0.88
MINIMUM 1.98 -0.44 3.27 0.24 3.85 0.07 0.07 -1.37 -8.20 -0.98 -0.10 0.20
RANGE 2.54 8.64 0.32 0.37 0.44 0.42 0.49 0.52 0.44 0.61 1.08 0.68
AVERAGE 3.05 -0.14 3.45 0.42 3.30 0.32 0.31 -1.10 0.01 -0.78 0.43 0.55
STD.DEV. 0.609 8.127 0.861 0.076 0.097 0.093 0.091 0.134 0.100 0.149 0.255 8.198
VARIANCE 0.474 8.016 0.084 8.806 0.009 0.009 6.008 0.018 0.010 0.022 0.065 0.039

MAXIMUM 4.05 -0.10 3.64 0.66 3.61 0.56 0.37 -1.05 0.12 -0.63 1.12 0.98
MINIMUM 2.64 -1.15 3.15 8.17 3.08 0.00 0.02 -1.44 -8.29 -1.20 -0.20 0.66
RANGE 1.41 1.05 0.49 0.49 8.53 8.56 8.35 0.39 0.41 0.57 1.32 0.32
AVERAGE 3.33 -8.51 3.38 0.48 3.39 0.29 0.21 -1.30 -0.07 -0.92 0.48 0.80
STD.DEV. 0.283 8.283 8.083 0.187 0.108 8.109 0.075 8.078 0.080 0.165 0.315 0.067
VARIANCE 0.080 8.088 8.087 8.012 0.012 0.012 0.006 0.006 0.086 0.027 0.899 0.004

MAXIMUM 5.37 8.68 3.71 0.51 3.78 0.68 0.37 -0.88 8.17 -0.46 1.34 1.07
MINIMUM 2.54 -8.66 3.34 0.20 3.10 0.12 -0.02 -1.44 -0.27 -0.95 0.12 0.32
RANGE 2.83 1.34 8.37 0.31 0.68 0.56 0.39 0.56 0.44 0.49 1.22 0.75
AVERAGE 3.86 0.88 3.53 0.36 3.33 0.43 0.22 -1.13 -0.03 -0.67 0.76 8.66
STD.DEV. 0.654 0.330 0.087 0.079 8.166 0.122 0.896 0.163 0.106 0.117 0.325 0.149
VARIANCE 8.427 0.109 8.008 0.006 0.828 0.015 0.809 8.027 8.011 0.014 8.105 8.022

MAXIMUM 4.52 8.63 3.64 0.34 3.81 0.63 0.37 -0.76 8.37 -0.27 0.98 1.00
MINIMUM 1.64 -8.81 3.25 8.00 3.15 0.05 0.00 -1.37 -0.42 -1.07 -0.27 0.29
RANGE 2.88 1.44 0.39 0.34 0.66 0.58 0.37 0.61 0.79 0.80 1.25 0.71
AVERAGE 3.45 -0.16 3.45 0.16 3.48 0.31 0.18 -1.03 -0.83 -0.69 0.56 0.67
STD.DEV. 0.791 0.299 8.066 0.082 0.134 0.124 0.090 0.138 8.202 0.191 0.230 0.194
VARIANCE 0.625 0.090 0.084 0.007 0.016 0.015 0.008 0.017 8.041 0.036 0.078 0.038
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Appendix Table Ai@. Velocities at -fixed locations inside Subisersible Travelling Screen and on support frasework. 
Bonneville First Powerhouse. Full Powerhouse loading. Mediuin turbine Load. 15 second sauples.
LOCATION i

Y 2 Y Z Y Z Y Z Y Z Y 7L

FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

MAXIMUM 2.76 0.12 2.47 0.51 2.20 0.61 0.22 -8.07 8.37 0.27 0.00 0.56
MINIMUM 1.44 -0.32 2.17 0.12 1.78 8.27 -0.12 -0.39 -0.24 -0.61 -0.56 -0.07
RANGE 1.32 0.44 0.30 0.39 0.42 0.34 0.34 8.32 0.61 0.88 8.56 0.63
AVERAGE 2.30 -0.07 2.35 0.37 2.03 8.45 0.08 -0.23 8.08 -0.87 -0.26 0.30
STB.DEV. 0.278 0.091 8.068 0.077 8.089 0.876 0.083 0.074 8.142 0.258 0.132 0.157
VARIANCE 0.077 0.808 8.005 0.006 0.808 0.086 0.007 0.006 0.020 0.067 0.017 0.025

MAXIMUM 2.47 8.34 2.34 0.46 2.15 0.71 8.32 -0.15 0.29 -0.02 0.39 0.71
MINIMUM 1.37 -0.28 2.08 0.17 1.78 0.32 -0.17 -0.51 -0.27 -0.61 -0.68 0.05
RANGE 1.10 0.54 0.26 0.29 0.37 0.39 0.49 0.36 0.56 0.59 1.07 0.66
AVERAGE 1.92 0.06 2.22 0.34 1.98 0.52 0.08 -0.31 -0.02 -0.31 8.03 0.38
STD.DEV. 3.291 0.123 0.066 0.067 0.084 8.080 0.115 0.081 0.152 0.146 0.208 0.126
VARIANCE 8.085 8.815 0.004 0.804 8.007 0.006 0.013 0.007 0.023 0.021 0.043 0.016
MAXIMUM 3.20 0.29 2.44 0.61 2.27 8.49 0.27 -0.15 8.10 -0.20 1.00 0.59
MINIMUM 1.68 -8.32 1.93 0.22 1.90 0.12 -0.02 -0.49 -0.85 -0.71 -0.27 0.15
RANGE 1.52 8.61 0.51 0.39 0.37 0.37 0.29 0.34 0.95 8.51 1.27 0.44
AVERAGE 2.37 -0.86 n nn

Lt LL 0.41 2.88 0.32 0.12 -0.31 -0.31 -0.46 0.28 0.40
STD.DEV. 8.442 0.131 0.098 8.086 0.075 0.087 0.074 8.085 0.222 0.107 0.247 0.076
VARIANCE 0.196 0.017 8.010 0.807 8.006 0.083 0.005 0.007 0.049 0.011 0.061 8.006
MAXIMUM 2.47 8.12 2.47 8.51 2.29 0.59 0.24 0.00 0.22 -0.22 0.34 8.71
MINIMUM 1.42 -0.46 2.00 0.20 1.98 0.17 -0.12 -0.42 -0.34 -0.95 -0.51 0.85
RANGE 1.05 0.58 0.39 0.31 0.31 0.42 0.36 0.42 0.56 0.73 0.85 0.66
AVERAGE 1.98 -0.17 2.25 0.36 2.14 8.38 8.08 -8.23 -0.04 -0.60 -0.04 0.41
STD.DEV. 0.266 0.153 8.076 0.877 0.872 0.093 0.077 0.107 0.120 0.188 0.182 0.147
VARIANCE 0.071 0.023 0.006 0.006 0.005 0.009 0.006 0.011 0.814 0.035 0.033 0.022
MAXIMUM 2.61 0.32 2.47 0.61 2.27 0.71 0.07 -0.20 8.24 -0.02 0.27 0.56
MINIMUM 1.29 -0.37 2.83 0.12 1.83 0.27 -0.32 -0.56 -0.22 -0.56 -0.46 -0.07
RANGE 1.32 0.69 0.44 0.49 0.44 0.44 0.39 0.36 0.46 0.54 0.73 0.63
AVERAGE 1.93 -0.07 2.28 0.40 2.03 0.51 -0.08 -0.38 -0.00 -0.36 -0.08 8.25
STD.DEV. 0.339 8.161 0.094 0.110 0.093 0.185 0.087 0.083 0.105 0.114 0.153 0.134
VARIANCE 0.115 0.026 0.089 0.012 0.809 0.011 0.008 8.007 0.011 0.013 0.823 0.018
MAXIMUM 2.88 0.27 2.54 8.71 2.34 0.61 0.24 -8.17 0.37 0.12 0.56 8.56
MINIMUM 1.20 -0.46 2.17 0.22 1.95 0.27 -0.22 -0.66 -0.24 -0.81 -0.76 0.07
RANGE 1.68 0.73 0.37 0.49 0.39 0.34 0.46 0.49 0.61 0.93 1.32 0.49
AVERAGE 1.85 -0.03 2.33 0.45 2.14 0.41 0.01 -8.45 0.07 -0.46 -8.02 0.34
STD.DEV. 0.343 0.133 0.084 0.105 0.878 0.076 0.098 8.100 0.158 0.272 8.294 0.095
VARIANCE 0.118 0.018 0.007 0.011 8.006 0.006 0.010 0.010 0.B25 8.074 0.086 0.009



Appendix Table Aid - continued
LOCATION i 1 2 3 4 5 6

Y Z V Z Y Z Y Z Y z Y Z
FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

MAXIMUM 2.08 0.27 2.47 0.66 2.37 0.63 0.27 -0.17 0.12 -0.39 1.05 0.71
MINIMUM 0.71 -0.49 2.03 0.22 1.88 0.32 -0.05 -0.81 -0.61 -0.76 -0.82 0.22
RANGE 1.37 0.76 0.44 0.44 0.49 0.31 0.32 8.64 0.73 0.37 1.07 0.49
AVERAGE 1.44 0.01 2.25 0.48 2.12 0.48 0.11 -0.46 -8.18 -0.58 0.55 0.44
STD.DEV. 0.336 0.138 0.096 0.182 0.117 0.070 0.070 0.153 0.177 0.080 8.219 0.113
VARIANCE 0.113 0.019 0.009 0.010 0.014 0.005 0.005 0.023 0.031 0.006 0.048 0.013
MAXIMUM 2.56 0.17 2.47 0.49 2.27 0.63 0.32 -0.05 0.20 -0.12 0.66 0.66
MINIMUM 1.32 -0.34 2.15 0.12 1.93 0.27 -0.07 -0.42 -0.42 -0.76 -0.02 0.29
RANGE 1.24 0.51 0.32 0.37 0.34 0.36 0.39 0.37 0.62 0.64 0.68 0.37
AVERAGE 1.89 -0.07 2.32 0.36 2.11 8.41 0.12 -0.26 -0.13 -0.41 0.18 0.51
STD.DEV. 0.364 0.120 0.079 0.074 0.061 0.083 0.090 8.089 8.137 0.128 0.148 0.097
VARIANCE 0.133 0.014 8.006 0.005 0.004 0.008 0.008 0.008 0.019 0.014 0.022 0.009
MAXIMUM 2.66 0.42 2.27 0.61 2.22 0.61 0.17 -8.02 0.42 -0.02 0.73 0.85
MINIMUM 1.37 -0.46 1.83 0.07 1.56 0.20 -0.27 -0.81 -0.07 -0.85 -0.46 0.05
RANGE 1.29 0.88 0.44 0.54 0.66 0.41 0.44 0.79 8.49 0.83 1.19 0.80
AVERAGE 2.07 0.01 2.10 0.34 1.95 0.41 -0.00 -0.36 0.11 -0.35 0.24 0.28
STD.DEV. 0.355 0.209 8.088 0.099 0.133 0.090 0.082 0.152 0.119 8.210 0.287 8.190
VARIANCE 8.126 0.044 0.008 0.010 0.018 0.888 0.807 0.023 0.014 8.044 0.082 0.036



Appendix Table fill, Velocities at fixed locations inside Subsersible Travelling Screen and on support frasework.
Bonneville First !:'owerhouse Turbine 5B. Full Powerhouse loading,, Low turbine Load. 15 second samples.

LOCATION i
Y

1
2 Y Z Y

3
i
L Y

4
Z Y

5
Z V1

6
Z

FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

MAXIMUM 2.03 0.24 2.03 0.51 1.81 8.51 0.20 -0.12 0.20 -0.27 8.42 8.5!
MINIMUM 1.17 -0.42 1.73 0.17 1.39 0.17 -8.17 -0.51 -0.27 -3.76 -0.17 0.12
RANGE 3.86 0.66 0.30 0.34 0.42 6.34 0.37 0.39 0.47 0.49 0.59 0.39
AVERAGE 1.63 -0.12 1.88 0.35 1.65 0.36 8.03 -0.33 -8.00 -0.49 0.19 8.33
STD.DEV. 0.233 0.156 0.072 0.067 0.075 0.076 0.684 0.078 8.182 0.187 0.129 0.093
VARIANCE 0.054 0.024 0.005 0.804 0.666 0.806 0.007 0.006 0.016 0.011 0.817 0.089

MAXIMUM 2.86 0.81 2.34 1.00 2.27 0.98 8.22 -0.17 8.22 -8.12 0.32 8.76
MINIMUM 1.93 -0.37 1.95 0.34 1.73 0.37 -0.10 -8.51 -0.24 -8.66 -0.37 0.35
RANGE 0.93 1.18 0.39 0.66 0.54 0.61 8.32 8.34 3.46 0.54 0.69 0.71
AVERAGE 2.34 0.16 2.15 0.71 2.05 0.74 0.87 -8.35 0.08 -3.36 0.03 0.36
STD.DEV. 0.258 0.246 0.083 0.148 0.123 0.128 0.868 8.065 0.097 0.138 0.169 8.146
VARIANCE 2.067 0.061 3.007 0.019 0.015 0.016 6.065 0.004 6.809 0.019 0.029 0.021

MAXIMUM 2.10 -8.02 2.34 0.32 2.28 3.81 0.37 0.02 0.28 -0.42 8.20 0.73
MINIMUM 1.54 -0.51 1.98 -0.17 1.93 3.46 -8.12 -0.37 -0.27 -0.85 -0.10 0.32
RANGE 3.56 0.49 0.36 8.49 0.27 3.35 0.49 0.39 8.47 0,43 8.30 0.41
AVERAGE 1.85 -0.21 2.14 8.07 2.07 0.63 8.07 -0.15 -0.02 -0.56 8.03 0.56
STD.DEV. 0.112 0.109 0.093 3.099 0.067 0.079 0.134 0.878 3.133 0.083 0.867 0.897
VARIANCE 0.013 0.012 0.00P 0.316 0.604 0.006 0.311 6.886 0.011 0.008 0.004 0.009

MAXIMUM 2.83 0.22 2.37 0.27 n nn 
L. LL 0.83 0.20 -0.02 8.15 -0.17 0.37 0.56

MINIMUM 1.88 -0.32 1.86 0.02 1.81 0.51 -0.12 -0.39 -0.22 -0.85 -0.07 0.05
RANGE 0.95 0.54 0.49 8.25 0.41 0.6a 0.32 0.37 3.37 0.68 0.44 0.51
AVERAGE 2.39 0.02 2.14 0.16 2.02 0.70 0.07 -0.21 -3,0! -8.43 0.14 0.31
STD.DEV. 8.220 0.115 0.121 8.867 0.086 0.078 0.862 0.681 8.085 0.144 0.094 0.111
VARIANCE 0.048 0.013 0.315 8,384 0.007 0.006 0.004 0.066 0.007 8.021 0.009 3.012

MAXIMUM 2.56 0.46 2.27 6.81 2.15 0.93 8.22 -0.42 0.02 -0.37 0.22 8.56
MINIMUM 1.88 -0.39 1.9G 0.32 1.81 0.59 -0.20 -0.73 -0.39 -0.76 -0.07 6.80
RANGE 0.68 0.85 0.29 0.49 0.34 0.34 0.42 0.31 0.41 0.39 0.29 0.56
AVERAGE 2.21 0.12 2.14 0.60 1.99 0.77 0.02 -0.55 -3.13 -0.55 0.09 0.32
STD.DEV. 0.161 0.161 0.067 8.122 0.888 8.082 0.088 0.876 0.088 0.078 0.870 0.133
VARIANCE 0,026 0.026 3.004 0.015 8.006 0.007 0.008 3.306 0.608 8.006 0.005 0.010

MAXIMUM 2.S3 0.46 2.34 0.32 n »}7 8.85 0.22 -0.02 0.27 -0.24 0.29 0.12
MINIMUM 1.20 -0.27 1.88 -8.20 1.98 0.42 -0.07 -0.37 -0.12 -0.81 -0.12 -0.17
RANGE i. 63 0.73 0.46 0.52 0.29 0.43 0.29 0.35 0.39 0.57 8.4! 0.29
AVERAGE 1,89 0.05 2.06 0.83 2.13 8.63 0.10 -0.18 3.03 -0.54 0.14 -0.01
STD.DEV. 0.422 0.160 0.116 0.112 8.062 0.107 0.077 6.068 0.0G1 8.144 0.076 0.067
VARIANCE 0.178 0.026 0.013 0.013 8.634 0.811 0.006 0.365 8.037 8.021 0.806 0.004
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Appendix Table fill - continued
.OCATION #

Y Z Y Z Y Z Y Z Y n
L Y 7

FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS
MAXIMUM 2.86 0.12 1.88 3.22 2.22 0.73 0.12 -0.42 0.22 -8.39 0.28 0.59
MINI HUM 1.28 -0.32 1.39 -0.22 1.81 0.29 -3.17 -0.73 -0.12 -0.76 -8.17 0.20
RANGE 1.66 0.44 0.49 0.44 8.41 8.44 0.29 0.31 8.34 0.37 0.37 0.39
AVERAGE 2.14 -0.10 1.65 -8.04 2.06 8.49 -8.00 -0.56 0.06 -3.57 0.04 0.41
STD.DEV. 0.472 8.181 0.103 8.896 8.088 0.08? 0.060 8.060 0.078 0.073 0.884 0.078
VARIANCE 8.222 0.810 0.311 8.009 3.038 0.008 0.004 0.004 8.006 8.005 0.807 8.336

MAXIMUM 2.61 0.80 1.93 8.46 2.12 0.76 0.17 -8.87 3.02 3.00 0.42 0.46
MINIMUM 1.15 -0.46 1.49 -3.05 1.83 8.39 -0.10 -0.61 -8.32 -8.27 -0.02 0.37
RANGE 1.46 8.46 8.44 0.51 0.29 0.37 0.27 0.54 0.34 0.27 0.44 3.39
AVERAGE 2.06 -0.26 1.71 0.20 1.99 0.57 0.34 -0.31 -0.17 -0.14 0.19 0.28
STD.DEV. 8.411 8.123 8.388 0.127 0.069 8.076 0.868 8.133 0.838 8.061 8.180 0.090
VARIANCE 0.169 0.015 8.308 0.016 8.005 0.006 0.804 0.819 8.036 8.804 0.010 0.008
MAXIMUM 2.69 0.27 2.37 3.22 2.34 0.76 0.27 -0.22 8.27 0.02 0.32 0.42
MINIMUM 1.29 -8.37 1.98 -3.17 1,98 8.37 -3.10 -0.66 -0.12 -0.85 -0.18 -3.22
RANGE 1.48 0.64 3.39 0.39 0.36 0.39 8.37 0.44 0.39 0.B7 0.42 0.64
AVERAGE 2.11 -0.04 2.17 0.04 2.15 0.54 0.06 -0.43 0.04 -0.49 0.11 0.05
STD.DEV. 0.385 0.142 0.088 8.079 0.084 0.078 0.884 0.094 0.091 0.187 0.103 0.138
VARIANCE 0.893 0.020 0.008 0.006 8.807 0.036 8.007 0.309 8.083 8.035 0.811 0.019
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Appendix Table A12. Comparison of 38 minute and 15 second samples of velocities at fixed locations inside Submersible 
Travelling Screen and on support framework. Bonneville First Powerhouse Turbine 5B. Full Powerhouse loading.
15 second samples.

LOCATION # 6
Y TI Y 7

L Y Z Y 1
L Y Z Y Z

FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

High Turbine Load
MAXIMUM 5.18 0.76 3.74 0.61 3.96 1.00 0.51 -8.42 0.59 0.20 1.86 1.27

38 min. MINIMUM 0.61 -1.32 2.93 -0.07 2.83 -0.15 -0.17 -1.56 -0.56 -1.49 -0.59 -0.07
sample RANGE 4.57 2.08

AVERAGE 3.27 -0.22
0.81 8.68
3.40 0.27

1.13
7 7C 0. OJ

1.15
0.39

0.68
0.22

1.14
-1.07

1.15
-0.01

1.69
-0.71

2.45
0.44

1.34
0.59

STD.DEV. 0.713 0.327 0.107 0.116 8.163 0.167 0.102 0.177 8.164 0.237 0.377 0.219
VARIANCE 0.500 0.107 0.011 0.014 0.027 0.028 8.011 0.031 0.027 0.056 0.142 0.048

MAXIMUM 4.52 0.63 3.61 0.34 3.81 0.54 8.37 -0.76 0.37 -0.27 0.98 1.00
15 sec. MINIMUM 2.54 -0.46 3.25 0.00 3.15 0.12 0.00 -1.20 -0.42 -1.07 8.29 8.32
sample RANGE 1.98 1.09

AVERAGE 3.77 -0.07
8.36 0.34
3.45 0.15

0.66
3.47

0.42
0.30

0.37
0.19

0.44
-1.00

0.79
-0.00

0.80
-0.69

0.69
0.66

0.68
0.69

STD.DEV. 0.517 0.250 0.066 0.082 0.137 0.184 8.091 0.104 0.216 0.201 8.183 0.197
VARIANCE 0.268 0.863 0.084 0.007 0.019 0.011 0.008 8.011 0.047 0.040 0.033 0.039

Medium Turbine Load
MAXIMUM 3.98 1.12 2.86 8.98 2.51 8.76 0.46 0.28 0.51 0.20 1.20 0.90

38 mm. MINIMUM 0.07 -1.25 1.66 -0.02 1.51 -0.02 -0.27 -0.98 -0.66 -1.22 -0.95 -0.17
sample RANGE 3.91 2.37

AVERAGE 2.05 -0.84
1.20 0.92
2.24 0.42

1.00
2.06

0.78
8.40

8.73
0.08

1.18
-0.39

1.17
-0.10

1.42
-0.49

2.15
0.04

1.07
0.36

STD.DEV. 8.489 0.264 0.163 0.135 8.135 0.102 0.184 0.207 6.171 0.245 0.293 0.181
VARIANCE 0.239 0.070 8.027 0.018 0.018 0.810 0.011 0.043 0.029 0.060 0.086 0.033

MAXIMUM 2.66 8.42 2.27 0.61 2.22 0.61 0.17 -0.02 0.42 -8.02 0.73 0.42
15 sec. MINIMUM 1.37 -8.46 1.86 0.07 1.56 8.22 -0.27 -8.56 -0.07 -8.61 -8.46 0.85
sample RANGE 1.29 0.88

AVERAGE 2.14 0.01
0.41 0.54
2.11 0.34

0.66
1.93

0.39
0.43

0.44
-0.00

0.54
-0.32

0.49
0.10

0.59
-0.27

1.19
0.28

0.37
0.21

STD.DEV. 0.346 0.231 8.887 0.104 8.135 0.089 0.086 0.123 0.168 8.147 0.292 0.091
VARIANCE 0.128 0.053 8.008 0.011 0.018 0.088 0.007 0.015 0.012 0.022 8.085 0.003

Low Turbine Load 
MAXIMUM 3.44 0.51 2.51 0.98 2.37 1.00 0.37 0.42 0.32 0.20 0.51 0.71

30 min. MINIMUM 0.90 -0.76 1.39 -0.27 1.76 0.24 -0.32 -0.05 -0.61 -0.98 -8.51 -0.46
sample RANGE 2.54 1.27

AVERAGE 2.11 -0.15
1.12 1.17
1.99 0.13

0.61
2.12

0.76
0.55

0.69
0.04

1.27
-0.33

0.93
-0.06

1.18
-0.39

1.02
0.18

1.17
0.22

STD.DEV. 0.412 0.196 0.224 0.149 0.187 0.181 0.090 0.188 0.121 0.201 0.120 0.177
VARIANCE 0.170 8.039 0,050 0.022 0.011 8.010 0.008 0.036 0.015 0.040 0.814 0.031

MAXIMUM 2.69 0.17 2.37 0.22 2.34 0.68 0.20 -0.27 0.27 -0.22 0.32 8.22
15 sec. MINIMUM 1.68 -0.37 1.98 -0.17 1.98 0.37 -0.10 -0.66 -0.12 -8.85 -0.10 -0.22
sample RANGE 1.01 0.54

AVERAGE 2.21 -0.07
0.39 0.39
2.15 0.03

0.36
2.15

0.31
0.54

0.30
0.04

0.39
-0.43

0.39
0.06

0.63
-0.54

0.42
0.10

0.44
-0.00

STD.DEV. 0.242 0.131 0.078 0.077 0.087 0.074 0.064 0.092 0.087 0.160 0.110 0.098
VARIANCE 0.059 0.017 0.006 0.006 0.008 0.005 0.004 0.008 0.088 0.025 0.012 0.010
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Appendix Table A13. Velocities at Bulkhead Slot. Bonneville Dam First Powerhouse. 
Turbine 5B. Full powerhouse. High turbine load.

Elevation
(HSU

y
FPS

Z
FPS

Elevation
(MSL)

Y
FPS

Z
FPS

MAXIMUM 6.42 -1.03 7.40 0.32
MINIMUM 5.76 -1.61 2.64 -3.22
RANGE 0.66 0.58 4.76 3.54
AVERAGE 1.00 6.07 -1.34 21.00 4.74 -1.52
STD.DEV. 0.166 0.125 1.333 1.032
VARIANCE 0.028 0.016 1.778 1.065

MAXIMUM 2.47 -1.42 12.74 4.00
MINIMUM 2.83 -1.76 -3.10 -6.42
RANGE 0.44 0.34 15.84 10.42
AVERAGE 5.52 2.25 -1.61 nc cn i-J. JL 3.32 -1.47
STD.DEV. 0.094 0.082 3.718 2.751
VARIANCE 0.009 0.007 13.761 7.567

MAXIMUM 2.29 -2.12 5.05 0.12
MINIMUM 2.03 -2.42 -1.51 -2.91
RANGE 0.26 0.30 6.56 3.03
AVERAGE 10.11 2.15 -2.26 30.11 2.64 -1.40
STD.DEV. 0.061 8.063 1.598 0.846
VARIANCE 0.004 8.004 2.554 0.715

MAXIMUM 1.88 -1.86 12.89 4.22
MINIMUM 1.56 -2.28 -2.15 -5.05
RANGE 0.32 0.34 15.04 9.27
AVERAGE 14.48 1.71 -2.82 34.48 3.56 -1.81
STD.DEV. 8.867 0.070 7  1 kJ. DHi 1.895
VARIANCE 0.005 0.005 13.267 3.589

MAXIMUM 1.81 -1.95 6.62 -8.20
MINIMUM 1.56 n nrZ. LJ -4.30 -5.88
RANGE 0.25 0.30 10.92 5.68
AVERAGE 14.49 1.69 -2.08 34.49 0.96 -3.26
STD.DEV. 8.054 0.064 3.082 1.672
VARIANCE 0.083 0.004 9.500 2.797

MAXIMUM 1.81 -1.98 15.82 3.61
MINIMUM 1.56 n nrJ 1.29 -4.08
RANGE 0.25 0.35 14.53 7.69
AVERAGE 14.54 1.69 -2.06 34.54 8.79 -0.26
STD.DEV. 0.063 0.067 3.935 2.093
VARIANCE 0.004 0.005 15.482 4.383
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Appendix Table 13 - continued

Elevation Y 1
L Elevation Y Z

(MSL) FPS FPS (MSL) FPS FPS

MAXIMUM 1.78 -1.90 11.32 1.34
MINIMUM 1.54 -2.15 -3.66 -5.76
RANGE 0.24 0.25 15.48 7.10
AVERAGE 14.54 1.67 -2.02 34.54 3.24 -2.45
STD.DEV. 0.055 0.062 4.486 2.087
VARIANCE 0.003 0.804 20.129 4.354

MAXIMUM 1.78 -1.36 9.89 2.22
MINIMUM 1.49 -2.15 2.39 -3.86
RANGE 0.29 0.29 7.50 6.08
AVERAGE 14.58 1.65 -1.99 34.58 6.88 -0.17
STD.DEV. 0.066 0.071 1.931 1.816
VARIANCE 0.004 0.005 3.730 3.298

MAX I HUN 1.83 -1.86 14.45 5.37
MINIMUM 1.54 -2.22 0.32 -4.61
RANGE 0.29 0.36 14.13 9.98
AVERAGE 14.60 1.67 -2.05 34.60 8.49 1.16
STD.DEV. 0.062 0.079 3.962 2.970
VARIANCE 0.004 0.006 15.696 8.821

MAXIMUM 1.83 -1.83 6.84 -0.22
MINIMUM 1.56 -2.15 -2.32 -5.54
RANGE 0.27 0.32 9.16 5.32
AVERAGE 14.64 1.71 -2.01 34.64 1.76 -2.83
STD.DEV. 0.061 0.065 2.528 1.243
VARIANCE 0.004 0.004 6.389 1.546
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Appendix Table A14. Velocities at Bulkhead Slot. Bonneville Dam First Powerhouse. 
Turbine 5B. Full powerhouse. Medium turbine load.

Elevation Y Z Elevation Y Z
(M3L) FF'S FF'S !HSL) FF'S FPS

MAXIMUM 6.96 -1.64 6.85 3.81
MINIMUM 4,45 -2.22 2.42 -2.61
RANGE 0.51 0.58 3.63 3.42
AVERAGE L2B 6.73 -1.93 21.28 4.8G -8.52
STD.DEV. 3.120 8.142 8.866 8.814
VARIANCE 3.014 0.828 0.749 0.663

MAXIMUM 6.94 -1.66 6.42 0.82
MINIMUM 6.47 -2.51 3.03 -2.56
RANGE 0.49 0.85 3.39 2.58
AVERAGE 1.29 6.73 -1.97 21.29 4.39 -1.21
STD.DEV. 8,114 8.199 0.746 0.718
VARIANCE 8.013 8.040 0.556 8.504

MAXIMUM 7.30 -1.29 8.72 0.24
MINIMUM 6.71 -1.88 4.47 -2.76
RANGE 0.59 0.59 4.25 3.00
AVERAGE 1.30 6.96 -1.62 21.30 6.87 -1.22
STD.DEV. 0.156 0.145 1.093 8.774
VARIANCE 0.024 8.021 1.196 0.608

MAXIMUM 6.96 -1.54 8.59 0.17
MINIMUM 6.49 -2.03 3.91 -3.39
RANGE 0.47 0.49 4.68 3.56
AVERAGE 1.32 6.73 -1.81 21.32 5.83 -1.88
STD.DEV. 0.113 0.129 1.280 1.824
VARIANCE 8.013 8.017 1.639 1.04?

MAXIMUM 7.81 -1.64 7.8? 0.07
MINIMUM 6.45 -2.32 2.54 -2.17
RANGE 8.56 0.68 5.35 2.24
AVERAGE 1.35 6.75 -1.95 nt 7c

L i . 0 J 5.41 -1.17
STD.DEV. 0.112 8.162 1.562 0.461
VARIANCE 8.013 0.026 2.439 0.212

MAXIMUM 6.79 -1.59 4.81 -8.24
MINIMUM 6.27 -2.32 0.32 -3.15
RANGE 0.52 8.73 4.49 2.91
AVERAGE 1.41 6.61 -1.95 21.41 2.60 -2.04
STD.DEV. 0.098 0.218 1.176 0.68!
VARIANCE 0.010 0.048 1.383 8.463



Appendix Table fi!4 - continued

Elevation Y Z Elevation Y Z
(MSL1 FPS FPS (MSL) FPS FPS

MAXIMUM 1.86 -8.37 5.96 -0.17
MINIMUM 1.49 -0.83 -1.73 -4.42
RANGE 0.37 0.46 7.69 4.25
AVERAGE 5.35 1.66 -0.61 MC 7 CZJ.OJ 2.68 -2.43
STD.DEV. 3.083 0.880 2.079 1.114
VARIANCE 0,007 0.006 4.324 1.240

MAXIMUM 1.34 -1.00 4.71 0.27
MINIMUM 1.00 -1.25 -2.64 -3.03
RANGE 0.34 0.25 7.35 3.38
AVERAGE 10.22 1.18 -1.11 30.22 1.41 -1.53
STD.DEV. 0.070 0.059 2.019 0.851
VARIANCE 0.005 0.004 4.077 8.725

MAXIMUM 0.93 -0.93 8.20 1.10
MINIMUM 0.61 -1.25 -1.10 -4.20
RANGE 0.32 0.32 9.30 5.30
AVERAGE 15.43 0.78 -1.07 35.43 3.50 -1.31
STD.DEV. 0.068 0.871 2.244 1.397
VARIANCE 0.005 0.005 5.035 1.952
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Appendix Table A15. Velocities at Bulkhead Slot. Bonneville Ban First Powerhouse. 
Turbine 5B. Full powerhouse. Low turbine load.

Elevation V Z Elevation Y Z
(MSL)

MAXIMUM
FPS
5.79

FPS
-1.15

(MSL) FPS
5.86

FPS
1.20

MINIMUM 5.27 -1.54 2.28 -0.56
RANGE 0.52 0.39 3.66 1.76
AVERAGE 0.53 5.51 -1.40 20.53 3.95 0.27
STD.DEV. 0.094 0.090 1.112 0.386
VARIANCE 0.009 0.008 1.236 0.149
MAXIMUM 1.98 -0.46 4.13 0.85
MINIMUM 1.44 -0.81 8.07 -2.81
RANGE 0.54 0.35 4.06 3.66
AVERAGE 4.61 1.71 -0.63 24.61 2.39 -1.04
STD.DEV. 0.117 0.085 0.884 8.748
VARIANCE 0.014 0.007 0.781 0.560
MAXIMUM 1.49 -1.05 6.76 1.39
MINIMUM 1.20 -1.34 2.15 -2.66
RANGE 0.29 0.29 4.61 4.05
AVERAGE 9.38 1.35 -1.18 29.38 3.71 -1.12
STD.DEV. 0.066 0.072 1.128 0.783
VARIANCE 0.004 0.005 1.273 0.613
MAXIMUM 1.00 -1.29 6.67 1.25
MINIMUM 0.68 -1.59 -0.61 -2.81
RANGE 0.32 0.30 7.28 4.06
AVERAGE 14.43 0.85 -1.45 34.43 3.45 -0.93
STD.DEV. 0.069 0.070 1.714 0.953
VARIANCE 0.005 0.005 2.937 0.908
MAXIMUM 0.91 -0.85 10.18 2.22
MINIMUM 0.54 -1.22 3.34 -0.76
RANGE 0.27 0.37 6.84 2.98
AVERAGE 14.49 0.69 -1.02 34.49 6.09 0.54
STD.DEV. 0.066 0.078 2.115 0.752
VARIANCE 0.004 0.006 4.473 8.566
MAXIMUM 1.00 -1.17 6.08 0.10
MINIMUM 0.76 -1.49 2.25 -3.64
RANGE 0.24 0.32 3.83 3.74
AVERAGE 14.52 0.90 -1.30 34.52 3.54 -1.48
STD.DEV. 0.061 0.059 1.009 0.919
VARIANCE 0.004 0.003 1.017 0.844
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Appendix Table A15 - continued

Elevation Y Z Elevation Y Z
(MSL) FPS FPS (MSL) FPS FPS

MAXIMUM 1.00 -1.20 4.98 -0.37
MINIMUM 0.71 -1.49 -1.59 -2.15
RANGE 0.29 0.29 6.57 1.78
AVERAGE 14.55 0.90 -1.32 34.55 2.29 -1.18
STD.DEV. 0.061 0.071 1.598 0.407
VARIANCE 0.004 0.005 2.553 0.166

MAXIMUM 0.B5 -1.20 6.91 -0.07
MINIMUM 0.56 -1.59 4.08 -1.88
RANGE 0.29 0.39 2.83 1.81
AVERAGE 14.56 0.73 -1.44 34.56 5.81 -1.22
STD.DEV. 0.060 0.073 0.640 0.440
VARIANCE 0.004 0.005 0.410 0.194

MAXIMUM 0.93 -1.32 7.64 1.83
MINIMUM 0.54 -1.59 2.71 -1.90
RANGE 0.39 0.27 4.93 3.73
AVERAGE 14.60 0.79 -1.47 34.60 4.49 -0.30
STD.DEV. 0.08B 0.060 1.388 1.009
VARIANCE 0.008 0.004 1.926 1.019



Appendix Table A16. Coaparison of 30 minute vs 15 second saaples o-f velocities 
at the Bulkhead Slot. Bonneville Daa First Powerhouse. Turbine 5B. Full powerhouse.

Elevation V Z Elevation Y Z
(MSL) FPS FPS (MSL) FPS FPS

High Turbine Load
HAXIMUPI 1.88 -1.61 15.19 5.62

30 tin. MINIMUM 1.44 -2.25 -8.01 -9.38
saaple RANGE

AVERAGE 14.44
0.44
1.67

0.64
-1.99 34.44

23.20
4.44

15.00
-1.54

STD.DEV. 0.072 8.07S 3.898 2.249
VARIANCE 0.005 0.006 15.192 5.059

MAXIMUM 1.88 -1.86 9.33 1.00
15 sec. MINIMUM 1.56 -2.20 -2.15 -5.05
saspie RANGE

AVERAGE 14.48
0.32
1.72

0.34
-2.03 34.48

11.48
2.81

6.05
-2.24

STD.DEV. 0.069 0.071 2.882 1.631
VARIANCE 0.005 0.005 8.307 2.660

Medium Turbine Load
MAXI MUM 2.27 -0.27 12.23 1.88

30 ain. MINIMUM 1.39 -0.98 -2.51 -6.67
sample RANGE

AVERAGE 5.55
0.88
1.79

0.71
-8.65 25.55

14.74
4.00

8.55
-2.45

STD.DEV. 0.130 0.103 2.303 1.281
VARIANCE 0.017 0.811 5.305 1.641

MAXIMUM 1.66 -0.37 5.69 -8.17
15 sec. MINIMUM 1.49 -0.83 -1.73 -4.42
saaple RANGE

AVERAGE 5.34
0.37
1.66

0.46
-0.62 25.34

7.42
2.46

4.25
-2.24

STD.DEV. 0.062 0.878 2.218 1.081
VARIANCE 0.007 0.006 4.920 1.169

Low Turbine Load
MAXIMUM 1.05 -1.20 8.59 1.93

30 ain. MINIMUM 0.56 -1.73 -2.59 -5.44
sample RANGE

AVERAGE 14.47
0.49
8.84

0.53
-1.39 34.47

11.18
3.81

7.37
-1.26

STD.DEV. 0.072 0.086 1.650 1.005
VARIANCE 0.005 0.007 2.724 1.010

MAXIMUM 1.00 -1.29 6.67 0.32
15 sec. MINIMUM 0.68 -1.59 0.95 -2.69
sample RANGE

AVERAGE 14.44
0.32
0.85

0.30
-1.45 34.44

5.72
3.56

3.01
-1.06

STD.DEV. 0.071 0.068 1.668 0.838
VARIANCE 0.005 0.005 2.783 0.702



Appendix Table A17. Velocities 18 -feet upstream and i Toot upstream oT trashracks oT Turbine 5B 
at the McNary Powerhouse. Full powerhouse loading. High turbine load.

UPSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

DOWNSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

ELEV(MSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM 0.20 1.78 -0.12 -0.22 5.35 2.71
MINIMUM -0.12 1.22 -0.44 -0.66 4.96 1.98
RANGE 0.32 0.56 0.32 0.44 0.39 0.73
AVERAGE 255.83 0.04 1.58 -0.28 253.83 -0.45 5.15 2.36
STD.DEV. 0.07 0.10 0.07 0.09 0.10 0.20
VARIANCE 0.00 0.01 0.01 0.01 0.01 0.04

MAXIMUM 0.05 1.90 -0.37 -0.42 5.57 0.83
MINIMUM -0.27 1.56 -0.66 -0.71 5.30 0.59
RANGE 8.32 0.34 0.29 8.29 0.27 0.24
AVERAGE 264.95 -0.13 1.76 -0.50 262.95 -0.55 5.46 0.70
STD.DEV. 0.07 0.08 0.07 0.06 0.06 0.06
VARIANCE 0.01 0.01 0.00 0.00 0.00 0.00

MAXIMUM 0.02 2.00 -0.29 -0.27 5.30 0.54
MINIMUM -0.27 1.59 -0.61 -0.59 5.05 0.22
RANGE 0.29 0.41 0.32 0.32 0.25 0.32
AVERAGE 267.40 -0.10 1.83 -0.48 265.40 -0.42 5.19 0.39
STD.DEV. 0.06 0.09 0.07 0.06 0.06 0.08
VARIANCE 0.00 0.01 0.00 0.00 0.00 0.01

MAXIMUM 0.02 1.88 -0.42 -0.17 4.81 0.71
MINIMUM -0.24 1.51 -0.68 -0.56 4.52 0.42
RANGE 0.26 0.37 0.26 0.39 0.29 0.29
AVERAGE 273.10 -0.11 1.75 -0.53 271.10 -0.36 4.69 0.54
STD.DEV. 0.07 0.08 0.07 0.09 0.06 0.07
VARIANCE 0.00 0.01 0.00 0.01 0.00 0.01

MAXIMUM -0.05 1.81 -0.46 -0.10 4.93 -0.17
MINIMUM -0.32 1.46 -0.73 -0.42 4.66 -0.46
RANGE 0.27 0.35 0.27 0.32 0.27 0.29
AVERAGE 278.79 -0.17 1.68 -0.59 276.79 -0.25 4.79 -0.30
STD.DEV. 0.07 0.08 0.06 0.08 0.06 0.06
VARIANCE 0.00 0.01 0.00 0.01 0.00 0.00

MAXIMUM -0.07 1.42 -0.51 -0.15 4.03 -0.90
MINIMUM -0.37 1.07 -0.78 -0.37 3.71 -1.15
RANGE 0.30 0.35 0.27 0.22 0.32 0.25
AVERAGE 290.22 -0.24 1.29 -0.66 288.22 -0.24 3.85 -0.99
STD.DEV. 0.06 0.09 0.06 0.06 0.08 0.06
VARIANCE 0.00 0.01 0.00 0.00 0.81 0.00
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Appendix Table A17 - continued

UPSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

DOWNSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

ELEV(MSL) EPS EPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM -0.10 1.54 -8.44 -8.22 4.22 -0.15
MINIMUM -0.32 1.22 -0.B8 -0.49 3.93 -0.42
RANGE 0.22 0.32 0.44 0.27 8.29 0.27
AVERAGE 284.14 -0.22 1.42 -8.64 282.14 -0.35 4.09 -0.26
STD.DEV. 0.05 8.07 8.08 8.06 0.06 0.86
VARIANCE 0.00 3.00 0.01 8.08 0.08 0.80

MAXIMUM -0.12 1.83 -0.49 -0.22 4.96 -0.27
MINIMUM -0.42 1.49 -0.76 -0.56 4.66 -0.51
RANGE 0.38 3.34 8.27 8.34 8.38 0.24
AVERAGE 278.49 -0.26 1.66 -0.68 276.49 -8.36 4.82 -0.38
STD.DEV. 0.07 0.88 8.86 8.07 0.07 0.06
VARIANCE 8.08 0.01 0.83 0.81 0.30 0.88

MAXIMUM -0.28 1.34 -8.49 -0.22 2.93 -8.59
MINIMUM -8.51 0.98 -0.76 -0.51 2.66 -0.88
RANGE 0.31 8.36 0.27 0.29 0.27 0.29
AVERAGE 295.83 -3.35 1.21 -0.63 293.83 -0.36 2.81 -0.71
STD.DEV. 3.37 0.08 8.06 8.06 8.06 0.06
VARIANCE 8.88 3.01 0.00 8.03 0.00 8.00

MAXIMUM -0.37 1.17 -8.49 -8.37 2.86 -1.22
MINIMUM -8.68 8.81 -0.78 -8.63 2.59 -1.54
RANGE 8.31 8.36 0.29 0.26 8.27 0.32
AVERAGE 301.93 -0.58 1.82 -0.63 299.93 -0.48 2.73 -1.36
STD.DEV. 8.07 8.87 0.07 0.86 8.86 0.87
VARIANCE 8.81 8.00 0.00 8.08 8.88 8.00

MAXIMUM -8.46 1.00 -0.51 -0.44 1.98 -0.98
MINIMUM -8.85 8.71 -0.76 -0.73 1.71 -1.27
RANGE 0.39 0.29 8.25 0.29 0.27 0.29
AVERAGE 307.85 -8.65 0.85 -0.62 305.85 -3.57 1.85 -1.12
STD.DEV. 8.07 0.87 0.36 8.86 3.06 0.07
VARIANCE 0.81 8.81 8.00 0.08 0.88 0.01

MAXIMUM -8.56 0.95 -8.44 -8.49 1.64 -0.85
MINIMUM -0.90 8.44 -0.73 -0.76 1.34 -1.22
RANGE 8.34 8.51 0.29 0.27 8.30 0.37
AVERAGE 313.93 -0.71 0.68 -8.59 311.93 -0.61 1.52 -1.05
STD.DEV. 0.08 8.89 0.07 0.07 8.07 0.06
VARIANCE 0.81 0.81 0.00 0.00 0.00 0.08
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Appendix Table A17 - continued

UPSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

DOWNSTREAM
PROBE

VELOCITY (in Ft/Sec!
yX I 7

ELEV(HSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM -0.63 0.61 -0.44 -0.29 1.32 -0.56
MINIMUM -0.98 0.29 -0.76 -0.66 0.90 -0.90
RmNSE 0.35 0.32 0.32 0.37 0.42 0.34
AVERAGE 320.07 -0.81 0.51 -0.55 318.07 -0.46 1.08 -0.73
STD,DEV.
VARIANCE

0.07
0.00

0.08
0.0!

0.07
0.00

0.08
0.01

0.0S
0.01

0.08
0.01

MAXIMUM -0.76 0.63 -0.17 0.93 0.85 0.22
MINIMUM -1.25 0.22 -0.68 0.42 0.34 -0.27
RANGE 0.49 0.41 0.51 0.51 0.51 0.49
AVERAGE 326.52 -0.93 0.39 -0.45 324.52 0.66 0.60 -0.01
STD.DEV. 0.10 0.10 0.11 0.14 0.11 0.12
VARIANCE 0.01 0.01 0.01 0.02 0.01 0.01

MAXIMUM -0.83 0.22 -0.34 1.22 -0.17 0.22
MINIMUM -1.15 -0.87 -0.59 0.88 -0.56 -0.17
RANGE 0.32 0.29 0.25 0.34 0.39 0.39
AVERAGE 333.26 -0.97 0.09 -0.46 331.26 1.06 -0.36 0.05
STD.DEV. 0.07 0.08 0.06 0.08 0.08 0.10
VARIANCE 0.0! 0.01 0.00 0.01 0.01 0.01



Appendix Table A18. Velocities 10 feet upstream and 1 toot upstream of trasbracks of Turbine 5B 
at the McNary Powerhouse. Full powerhouse loading. Medium turbine load.

UPGTREAM
PROBE

VELOCITY iin Ft/Sec)
X Y Z

DOWNSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

ELEVIMGL! FPG FPG FPG ELEVIMGL) FPG FPS FPG

MAXIMUM 3.22 1.27 -0.24 0.05 3.47 1.56
MINIMUM -0.10 0.90 -0.54 -0.17 3.20 1.32
RANGE 0.32 0.37 0.30 0.22 0.27 0.24
AVERAGE 255.15 0.87 1.09 -0.39 253.15 -0.06 3.34 1.45
GTD.DEV. 0.06 0.08 0.06 0.05 0.06 0.06
VARIANCE 0.00 0.01 0.00 8.00 0.00 0.00

MAXIMUM 0.22 1.25 -0.34 0.07 3.20 1.37
MINIMUM -0.07 0.88 -0.59 -0.37 2.83 1.10
RANGE 0.29 0.37 0.25 0.44 0.37 0.27
AVERAGE 260.25 0.88 1.12 -0.44 258.25 -0.16 3.02 1.26
GTD.DEV. 8.07 0.08 0.05 0.08 0.08 0.06
VARIANCE 0.00 0.01 0.00 0.01 0.01 0.00

MAXIMUM 0.24 1.29 -0.37 0.07 3.44 0.32
MINIMUM -0.07 0.98 -0.59 -0.27 3.15 0.07
RANGE 0.31 0.31 0.22 0.34 0.29 0.25
AVERAGE 267.18 0.07 1.14 -0.47 265.10 -0.08 3.32 0.21
GTD.DEV. 0.08 0.08 8.05 0.06 0.07 0.06
VARIANCE 0.81 0.01 0.00 0.00 0.00 0.00

MAXIMUM 0.07 1.27 -0.37 0.05 3.27 0.37
MINIMUM -0.27 0.88 -0.66 -0.46 3.03 0.10
RANGE 0.34 0.39 0.29 0.51 0.24 0.27
AVERAGE 272.81 -0.07 1.12 -0.51 270.81 -0.16 3.14 0.24
GTD.DEV. 0.07 0.08 0.06 0.11 0.06 0.06
VARIANCE 0.00 0.01 0.00 0.01 0.00 0.00

MAXIMUM -0.02 1.15 -0.42 -0.12 3.15 -0.07
MINIMUM -0.27 0.78 -0.68 -0.32 2.91 -0.32
RANGE 0.25 0.37 0.26 0.20 0.24 0.25
AVERAGE 278.55 -0.13 1.04 -0.53 276.55 -0.21 3.04 -0.20
GTD.DEV. 0.07 0.08 0.05 0.05 0.06 0.06
VARIANCE 0.80 0.01 0.00 0.00 0.00 0.00

MAXIMUM -0.07 1.10 -0.44 -0.02 2.76 -0.07
MINIMUM -0.27 0.71 -0.71 -0.46 2.34 -0.37
RANGE 0.20 0.39 0.27 0.44 0.42 0.30
AVERAGE 283.92 -0.14 0.99 -0.54 281.92 -0.25 2.50 -0.19
GTD.DEV. 0.05 0.07 0.06 0.10 0.11 0.06
VARIANCE 0.00 0.01 0.00 0.01 0.01 0.00



Appendix Table A18 - continued
UPSTREAM

PROBE
VELOCITY (in 
X Y

Ft/Sec)
Z

DOWNSTREAM
PROBE

VELOCITY (in 
X Y

Ft/Sec)
Z

ELEV(NSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM 0.61 1.00 -0.42 0.02 2.64 -0.37
MINIMUM -0.12 0.15 -1.22 -0.51 2.15 -0.71
RANGE 0.73 8.85 0.80 0.53 0.49 0.34
AVERAGE 290.20 0.23 8.62 -0.76 288.20 -8.26 2.35 -0.52
STD.DEV. 0.23 0.24 0.20 0.14 0.11 0.08
VARIANCE 0.05 0.06 0.04 0.02 0.01 0.01

MAXIMUM 0.02 1.00 -0.46 -0.05 2.08 -0.42
MINIMUM -0.32 0.59 -0.76 -0.29 1.78 -0.68
RANGE 0.34 0.41 0.30 8.24 0.30 0.26
AVERAGE 295.73 -0.15 8.83 -0.60 293.73 -0.17 1.95 -0.55
STD.DEV. 0.07 8.88 8.06 0.06 0.06 0.06
VARIANCE 0.00 0.01 0.00 0.00 0.00 0.00

MAXIMUM -0.12 0.90 -0.46 -0.07 1.88 -0.95
MINIMUM -0.39 8.56 -0.71 -0.32 1.66 -1.20
RANGE 0.27 0.34 8.25 0.25 0.22 0.25
AVERAGE 301.85 -0.25 0.77 -0.59 299.85 -0.18 1.79 -1.06
STD.DEV. 0.06 8.08 0.86 0.86 8.06 8.86
VARIANCE 0.00 0.01 8.00 0.00 0.00 0.00

MAXIMUM -0.24 0.76 -0.46 -8.07 1.34 -0.76
MINIMUM -0.49 0.32 -0.71 -0.37 1.10 -1.00
RANGE il lu. MC Lxi 8.44 0.25 0.30 0.24 0.24
AVERAGE 307.79 -0.36 0.61 -8.56 305.79 -0.22 1.22 -0.88
STD.DEV. 0.06 0.09 0.07 8.06 0.86 0.05
VARIANCE 0.00 0.81 0.00 0.00 0.00 0.00

MAXIMUM -0.17 8.59 -0.46 -0.05 1.80 -0.85
MINIMUM -0.42 8.27 -0.71 -0.32 0.71 -1.10
RANGE 0.25 0.32 0.25 8.27 0.29 0.25
AVERA6E 314.07 -0.28 0.45 -0.55 312.07 -8.19 0.86 -8.96
STD.DEV. 0.06 8.07 8.06 0.05 0.86 8.07
VARIANCE 0.00 0.00 0.00 8.00 0.80 0.00

MAIIMUM -8.07 0.51 -0.39 -0.05 0.73 -0.59
MINIMUM -0.37 0.28 -8.66 -0.27 0.42 -0.85
RANGE 0.30 0.31 0.27 0.22 0.31 0.26
AVERAGE 320.05 -0.24 0.36 -0.52 318.05 -0.16 0.55 -0.71
STD.DEV. 0.87 0.07 0.06 0.87 0.06 0.87
VARIANCE 0.01 0.00 0.00 0.00 0.00 0.00



Appendix Table A18 - continued

UPSTREAM
PROBE

VELOCITY (in Ft/Sec)
X 7Y

DOWNSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

ELEV(MSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS
MAXIMUM -0.17 0.71 -0.37 -0.20 1.56 -0.17
MINIMUM -0.46 -0.17 -0.61 -0.42 1.27 -0.46
RANGE 0.29 0.88 0.24 0.22 0.29 0.29
AVERAGE 326.28 -0.31 0.31 -0.47 324.28 -0.30 1.42 -0.32
STD.DEV. 0.07 0.25 0.06 0.07 0.06 0.06
VARIANCE 0.00 0.06 0.00 0.00 0.00 0.00

MAXIMUM -0.17 0.56 -0.27 -0.15 1.44 0.02
MINIMUM -0.46 -0.39 -0.56 -0.42 1.17 -0.22
RANGE 0.29 0.95 0.29 0.27 0.27 0.24
AVERAGE 333.57 -0.31 0.15 -0.42 331.57 -0.29 1.31 -0.10
STD. DEV. 0.08 0.28 0.06 0.07 0.06 0.06
VARIANCE 0.01 0.08 0.00 0.00 0.00 0.00



Appendix Table A19. Velocities 18 feet upstream and 1 foot upstream of trashracks of Turbine 5B 
at the McNary Powerhouse. Full powerhouse loading. Low turbine load.

UPSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y 2

DOWNSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

ELEV(MSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM 0.22 0.98 2.08 2.25 2.17 1.22
MINIMUM -0.12 0.42 1.81 1.96 1.95 0.93
RANGE 0.34 0.56 0.27 0.27 0.22 0.29
AVERAGE 254.78 0.03 0.S0 1.95 252.70 2.13 2.06 1.10
STD.DEV. 8.87 0.10 0.06 8.07 8.06 0.06
VARIANCE 0.00 0.81 0.00 0.00 0.00 0.00

MAXIMUM 8.20 0.95 -8.34 -0.32 3.39 0.88
MINIMUM -0.87 8.56 -0.59 -0.78 2.91 0.56
RANGE 0.27 0.39 0.25 0.46 0.48 0.32
AVERAGE 260.76 8.06 0.80 -0.45 258.78 -0.47 3.09 0.77
STD.DEV. 0.86 0.06 0.06 0.08 0.09 0.07
VARIANCE 0.00 0.81 0.00 0.01 0.01 0.00

MAXIMUM 0.17 0.95 -0.37 -0.37 3.00 0.37
MINIMUM -0.05 8.49 -0.61 -0.63 2.76 0.07
RANGE 0.22 0.46 0.24 0.26 0.24 8.30
AVERAGE 266.19 0.87 8.77 -0.46 264.19 -8.58 2.90 0.23
STD.DEV. 0.06 8.18 0.06 0.07 0.06 0.07
VARIANCE 0.80 0.01 8.00 0.00 0.00 0.01

MAXIMUM 0.07 0.95 -8.37 -0.42 3.15 0.32
MINIMUM -0.15 0.49 -0.66 -0.71 2.88 0.02
RANGE 0.22 0.46 0.29 0.29 0.27 8.30
AVERAGE 272.46 -0.01 0.77 -0.50 270.46 -0.54 3.03 0.17
STD.DEV. 0.05 0.11 0.07 0.07 8.07 0.07
VARIANCE 8.00 0.01 0.00 0.01 0.00 0.00

MAXIMUM 8.07 0.90 -0.42 -0.37 3.00 -0.02
MINIMUM -0.17 0.42 -0.66 -0.63 2.66 -0.29
RANGE 0.24 0.46 0.24 0.26 0.34 0.27
AVERAGE 278.49 -0.04 0.71 -0.53 276.49 -0.49 2.83 -0.14
STD.DEV. 0.06 0.11 0.87 0.07 0.07 0.07
VARIANCE 0.00 0.01 0.00 0.00 0.00 0.00

MAXIMUM 0.29 0.90 -0.42 -0.37 2.56 0.05
MINIMUM -8.07 0.29 -0.73 -0.63 2.27 -8.24
RANGE 0.36 0.61 0.31 0.26 0.29 0.29
AVERAGE 284.17 0.11 8.60 -0.53 2B2.17 -8.49 2.43 -0.08
STD.DEV. 0.89 8.16 0.06 0.86 8.06 0.06
VARIANCE 0.01 8.03 0.00 0.00 8.00 0.00



Appendix Table A19 - continued

UPSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

DOWNSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

MAXIMUM
ELEV(MSL) FPS

0.05
FPS
0.90

FPS
-0.42

ELEV(MSL) FPS
-0.37

FPS
2.34

FPS
-0.32

MINIMUM -0.29 0.12 -0.66 -8.63 2.12 -0.56
RANGE 0.34 0.78 0.24 0.26 0.22 0.24
AVERAGE 290.18 -0.11 0.57 -0.54 288.10 -0.49 2.25 -0.41
STD.DEV. 0.07 0.23 0.86 0.06 0.05 0.85
VARIANCE 0.01 0.05 0.00 0.00 0.00 0.00

MAXIMUM 0.46 1.00 -0.44 -0.32 2.39 -0.22
MINIMUM 0.07 8.12 -0.68 -0.66 2.08 -0.76
RANGE 0.39 0.88 0.24 8.34 0.31 0.54
AVERAGE 296.02 0.28 0.61 -0.54 294.02 -0.47 2.22 -0.41
STD.DEV. 8.08 0.24 0.06 0.07 0.87 0.12
VARIANCE 0.01 0.06 0.00 0.00 0.81 0.01

MAXIMUM 0.27 0.85 -0.44 -0.29 2.12 -0.37
MINIMUM -0.28 0.02 -0.73 -0.63 1.73 -0.85
RANGE 0.47 0.83 0.29 0.34 0.39 0.48
AVERAGE 301.91 0.05 0.45 -8.55 299.91 -0.46 1.96 -0.60
STD.DEV. 0.08 0.25 0.07 0.07 0.08 0.09
VARIANCE 0.01 0.06 0.00 0.80 0.01 0.01

MAXIMUM 0.29 0.76 -0.39 -0.27 1.86 -0.34
MINIMUM -0.22 -0.12 -0.71 -0.59 1.59 -0.78
RANGE 0.51 0.88 0.32 0.32 0.27 0.44
AVERAGE 308.00 0.02 0.37 -0.53 306.00 -0.40 1.72 -0.61
STD.DEV. 0.10 0.24 0.07 0.07 0.07 0.07
VARIANCE 0.01 8.06 8.01 0.00 0.00 0.00

MAXIMUM 0.10 0.66 -0.39 -0.27 1.78 -0.49
MINIMUM -8.32 -0.37 -0.68 -0.56 1.49 -0.76
RANGE 0.42 1.03 0.29 0.29 0.29 0.27
AVERAGE 314.32 -0.10 0.22 -0.53 312.32 -0.42 1.64 -0.62
STD.DEV. 0.09 0.32 0.07 0.07 0.06 0.05
VARIANCE 8.01 0.10 0.88 0.00 8.00 0.00

MAXIMUM 0.07 0.59 -0.37 -0.22 1.64 -0.27
MINIMUM -0.27 -0.42 -0.66 -0.56 1.37 -0.51
RANGE 0.34 1.01 0.29 0.34 0.27 0.24
AVERAGE 320.39 -0.07 0.19 -0.49 318.39 -0.38 1.51 -0.39
STD.DEV. 0.08 0.28 0.06 0.07 0.07 0.06
VARIANCE 0.01 8.08 0.00 0.00 0.00 0.00



Appendix Table A19 - continued
UPSTREAM VELOCITY (in Ft/Secl

PROBE X
DOWNSTREAM

Y
VELOCITY (in Ft/Sec)
Z PROBE X Y Z

MAXIMUM
ELEViMSLi FPS

-0.05
FPS
0.51

FPS
-0.32

ELEV(MSL) FPS
-0.17

FPS
1.56

FPS
0.10

MINIMUM -0.39 -0.56 -0.66 -0.46 1.25 -0.37
RANGE 0.34 1.07 0.34 0.29 0.31 0.47
AVERAGE 326.52 -0.21 0.02 -0.48 324.52 -0.30 1.41 -0.10
STD.DEV. 0.07 0.34 0.07 0.06 0.07 0.10
VARIANCE 0.00 0.11 0.01 0.00 0.01 8.01

MAXIMUM -0.22 0.56 -0.29 -0.05 1.49 0.15
MINIMUM -0.46 -0.56 -0.56 -0.34 1.20 -0.20
RANGE 0.24 1.12 0.27 0.29 0.29 0.35
AVERAGE 333.3? -0.35 -0.02 -0.42 331.37 -0.22 1.35 -0.02
STD.DEV. 0.06 0.36 0.06 0.06 0.06 0.08
VARIANCE 0.00 0.13 0.00 0.00 0.00 0.01



Appendix Table A2@. Comparison of 30 minute vs 15 second samples of velocities 10 feet upstream and 
1 foot upstream of trashracks of Turbine 5B at the McNary Powerhouse. Full powerhouse loading.
UPSTREAM VELOCITY lin Ft/Sec)

PROBE X
DOWNSTREAM

Y
VELOCITY (in Ft/Sec!
Z PROBE X Y 7

ELEV'MSL! FPS FPS FPS ELEV(MSL) FPS FPS FPS
HISH TURBINE LOAD

MAXIMUM 0.83 2.10 -0.32 0.83 5.49 -0.07
38 sin. MINIMUM -0.56 0.95 -1.12 -0.56 4.32 -0.66
sample RANGE 1.39

AVERAGE 278.83 -8.11
1.15
1.57

0.80 1.39
-0.58 276.83 -0.15

1.17
4.78

0.59
-0.29

STD.DEV. 0.11 0.12 0.08 0.15 0.11 0.89
VARIANCE 0.01 0.01 0.01 0.02 0.01 0.01

MAXIMUM -0.05 1.81 -0.46 -0.10 4.93 -0.17
15 sec. MINIMUM -0.32 1.46 -0.73 -0.42 4.66 -0.46
sample RANGE 8.27

AVERAGE 278.7? -0.17
0.35
1.68

0.27 0.32
-0.59 276.79 -0.25

0.27
4.79

0.29
-0.30

STD.DEV. 0.07 0.88 0.06 0.08 0.06 0.06
VARIANCE 0.00 0.01 0.00 0.01 0.00 0.00

MEDIUM TURBINE LOAD
MAXIMUM 0.22 1.34 -0.27 0.12 3.22 0.82

30 Bin. MINIMUM -0.32 0.76 -0.95 -0.37 2.81 -0.37
sample RANGE

AVERAGE 278.54
0.54
-0.09

0.58
1.05

0.68
-0.54 276.54

0.49
-0.15

0.41
3.83

8.39
-8.15

STD.DEV. 0.07 0.08 0.06 0.08 0.06 8.07
VARIANCE 0.01 0.01 0.00 0.01 0.00 0.00
MAXIMUM -0.02 1.15 -0.42 -0.12 3.15 -0.B7

15 sec. MINIMUM -0.27 0.78 -0.68 -0.32 2.91 -0.32
sample RANGE

AVERAGE 27B.55
0.25
-0.13

0.37
1.04

0.26
-0.53 276.55

0.20
-0.21

0.24
3.04

0.25
-0.20

STD.DEV. 0.07 0.06 0.05 0.05 0.06 0.06
VARIANCE 0.00 0.01 0.00 0.00 0.00 0.00

LON TURBINE LOAD
MAXIMUM 0.46 0.90 -0.32 -8.32 3.13 0.82

30 min. MINIMUM -0.24 0.29 -0.68 -0.66 2.22 -0.37
sample RANGE

AVERAGE 278.51
0.70
-0.03

0.61
8.67

0.36
-0.52 276.51

0.34
-0.48

0.91
2.82

0.39
-0.16

STD.DEV. 0.09 0.11 0.06 8.07 0.07 0.07
VARIANCE 0.01 0.01 0.00 0.00 0.00 0.00

MAXIMUM 0.07 0.90 -0.42 -0.37 3.00 -0.02
15 sec. MINIMUM -0.17 0.42 -0.66 -0.63 2.66 -0.29
sample RANGE

AVERAGE 278.49
0.24

-0.04
0.48
0.71

0.24
-0.53 276.49

0.26
-0.49

0.34
2.83

8.27
-0.14

STD.DEV. 0.06 0.11 0.07 S.07 0.87 0.87
VARIANCE 0.00 0.01 0.00 0.00 0.00 0.00



Appendix Table A21. Velocities at the Folding Frane upstreae of Travelling Screen. 
McNary Powerhouse Turbine 5B. Full powerhouse loading. High turbine load.

Elevation
VELOCITY(in Ft/Sec) VELOCITY(in Ft/Sec)

Y Z Elevation Y Z
(HSU* FPS FPS (MSL) FPS FPS

MAXIMUM 2.95 -0.90 1.12 -1.54
MINIMUM -0.66 -4.57 8.42 -1.78
RANGE 3.61 3.67 0.70 0.24
AVERAGE 259.40 1.50 -2.89 239.40 0.87 -1.65
STD.BEV. 0.84 0.92 0.15 0.07
VARIANCE 0.70 0.85 0.02 0.00

MAXIMUM 3.15 2.37 1.29 -1.59
MINIMUM -1.64 -1.29 0.90 -1.83
RANGE 4.79 3.66 0.39 0.24
AVERAGE 259.35 0.58 0.49 239.35 1.08 -1.72
STD.BEV. 1.21 0.89 0.09 0.06
VARIANCE 1.47 0.80 0.01 0.00

MAXIMUM 4.96 1.10 0.90 -1.15
MINIMUM 1.39 -2.69 0.46 -1.44
RANGE 3.57 3.79 0.44 0.29
AVERAGE 259.23 3.18 -0.37 239.23 0.70 -1.28
STD.BEV. 0.82 0.90 0.11 0.06
VARIANCE 0.67 0.63 0.01 0.00

MAXIMUM c ncJ. iJ 1.93 1.20 -1.32
MINIMUM 0.81 -1.05 0.81 -1.73
RANGE 4.44 2.98 0.39 0.41
AVERAGE 259.43 3.00 0.61 239.43 0.97 -1.59
STD.BEV. 1.24 0.69 0.08 0.08
VARIANCE 1.54 0.48 0.01 0.01

MAXIMUM 5.00 1.54 1.22 -1.34
MINIMUM -0.34 -1.95 0.73 -1.66
RANGE 5.34 3.49 0.49 0.32
AVERAGE 259.43 1.73 -0.67 239.43 1.03 -1.48
STD.BEV. 1.39 0.67 0.11 0.08
VARIANCE 1.93 0.45 0.01 0.01

MAXIMUM 1.46 1.90 0.12 0.20
MINIMUM -0.07 -1.44 -8.17 -0.07
RANGE 1.53 3.34 0.29 0.27
AVERAGE 259.96 0.75 0.40 239.96 -0.01 0.06
STD.BEV. 0.42 0.93 0.07 0.06
VARIANCE 0.18 0.86 0.00 0.00



Appendix Table A21 - continued

Elevation
VELOCITY(in Ft/Sec) VELOCITY(in Ft/Sec

7Y Z Elevation Y L

(MSL)t FF'S FPS (MSL) FPS FPS

MAXIMUM 2.17 0.29 0.07 0.20
MINIMUM 0.83 -1.54 -0.17 -0.07
RANGE 1.34 1.83 0.24 0.27
AVERAGE 259.92 1.54 -0.72 239.92 -0.05 0.06
STD.DEV. 0.40 0.50 0.06 0.06
VARIANCE 0.16 0.25 0.00 0.00

MAXIMUM 2.59 1.73 0.07 0.17
MINIMUM 8.00 -1.07 -0.17 -8.07
RANGE 2.59 2.80 0.24 0.24
AVERAGE 259.90 1.31 0.16 239.90 -0.05 0.06
STD.DEV. 0.55 0.83 0.05 0.06
VARIANCE 0.30 0.69 0.00 0.00

MAXIMUM 2.86 1.15 0.07 0.17
MINIMUM 0.02 -0.51 -0.15 -0.07
RANGE 2.84 1.66 0.22 0.24
AVERAGE 259.93 1.18 0.35 239.93 -0.03 0.06
STD.DEV. 0.73 0.43 0.05 0.06
VARIANCE 0.53 0.18 0.00 0.00

MAXIMUM 1.66 1.73 0.10 0.17
MINIMUM -0.24 -0.39 -0.17 -0.07
RANGE 1.90 2.12 0.27 0.24
AVERAGE 2GZ.00 0.73 0.49 240.00 -0.02 0.05
STD.DEV. 0.51 0.60 0.06 0.06
VARIANCE 0.26 0.36 0.00 0.00

MAXIMUM 2.00 0.66 0.10 0.20
MINIMUM -0.46 -1.49 -0.15 -0.07
RANGE 2.46 2.15 0.25 0.27
AVERAGE 259.92 0.29 -0.20 239.92 -0.01 0.06
STD.DEV. 0.59 0.51 0.05 0.06
VARIANCE 0.35 0.26 0.00 0.00

MAXIMUM 2.15 0.49 0.07 0.17
MINIMUM -0.15 -1.29 -0.20 -0.07
RANGE 2.30 1.78 0.27 0.24
AVERAGE 259.99 1.01 -0.27 239.99 -0.06 0.07
STD.DEV. 0.65 0.46 0.06 0.06
VARIANCE 0.42 0.21 0.00 0.00



ippendix Table A21 - continued

Elevation
VELOCITY(in Ft/Sec) VELOCITY(in Ft/Sec)

Y Z Elevation Y Z
(MSL)t FPS FPS (MSL1 FPS FPS

MAXIMUM 1.98 0.49 0.12 0.20
MINIMUM 8.22 -1.64 -8.28 -8.07
RANGE 1.76 2.13 0.32 0.27
AVERAGE 259.92 1.29 -8.56 239.92 -0.02 8.07
STD.DEV. 0.45 0.57 0.06 0.06
VARIANCE 0.20 8.32 0.00 0.00
MAXIMUM 2.47 0.76 0.10 8.17
MINIMUM -0.42 -1.83 -0.15 -0.07
RANGE 2.89 2.59 0.25 0.24
AVERAGE 259.95 1.28 -0.73 239.95 -0.01 0.06
STD.DEV. 0.64 0.55 8.05 8.06
VARIANCE 0.41 0.30 8.00 0.00
MAXIMUM 1.81 8.71 0.12 0.15
MINIMUM -0.02 -1.59 -8.12 -0.07
RANGE 1.83 2.30 0.24 0.22
AVERAGE 259.94 1.04 -0.40 239.94 8.00 0.05
STD.DEV. 8.45 0.44 0.05 8.06
VARIANCE 0.21 0.20 0.00 8.80

t The aounting bolts holding the probe aras sheared during the tests; 
therefore these readings say differ soaexhat fro* actual values.



73

Appendix Table A22. Velocities at the Folding Frame upstream o-f Travelling Screen. 
McNary Powerhouse Turbine 5B. Full powerhouse loading. Medium turbine load.

Elevation
VELOCITY(in Ft/Sec) VELOCITY(in Ft/Sec)

Y Z Elevation Y Z
(MSL1* FPS FPS (MSL) FPS FPS

MAXIMUM 3.25 -1.83 4.37 -3.76
MINIMUM 2.76 -2.32 2.86 -4.10
RANGE 0.47 8.49 1.51 0.34
AVERAGE 273.3B 3.03 -2.04 253.38 3.48 -3.88
STD.DEV. 0.12 0.11 8.31 0.08
VARIANCE 0.01 0.01 0.09 0.01
MAXIMUM 3.10 -1.83 4.57 -3.44
MINIMUM 2.54 -2.22 3.49 -3.78
RANGE 0.54 0.39 1.08 0.34
AVERAGE 271.55 2.90 -2.00 251.55 4.13 -3.55
STD.DEV. 0.15 8.89 0.27 8.88
VARIANCE 0.02 0.01 0.07 8.01
MAXIMUM 2.42 -1.93 4.17 -2.91
MINIMUM 2.03 -2.27 3.34 -3.30
RANGE 0.39 8.34 0.83 0.39
AVERAGE 247.17 2.28 -2.08 247.17 3.71 -3.08
STD.DEV. 0.18 0.07 0.18 0.09
VARIANCE 0.01 0.01 0.03 8.01
MAXIMUM 1.88 -2.34 4.42 -2.71
MINIMUM 1.39 -2.76 3.15 -3.05
RANGE 0.49 0.42 1.27 0.34
AVERAGE 245.10 1.63 -2.54 245.18 3.88 -2.86
STD.DEV. 0.10 0.09 0.32 0.08
VARIANCE 0.01 8.01 0.10 0.01
MAXIMUM 2.91 1.44 7 nc 

■J. LJ -2.32
MINIMUM 1.44 -0.66 2.81 -2.71
RANGE 1.47 2.10 0.44 0.39
AVERAGE 259.49 2.28 0.31 239.49 3.84 -2.52
STD.DEV. 0.43 0.53 0.10 8.08
VARIANCE 0.18 0.28 0.01 8.01
MAXIMUM 3.00 1.15 3.10 -2.44
MINIMUM 1.20 -2.08 2.51 -2.76
RANGE 1.80 3.23 0.59 8.32
AVERAGE 259.33 2.35 -0.52 239.33 2.82 -2.59
STD.DEV. 0.48 8.86 0.14 8.08
VARIANCE 0.16 0.73 8.02 0.01
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Appendix Table A22 - continued

Eievation
VELOCITY(in Ft/Sec) VELOCITY(in Ft/Secl

Y 2 Elevation Y 2
(MSL)I FPS FPS (MSL! FPS FPS

MAXIMUM 3.34 1.81 2.98 -1.94
MINIMUM 1.49 -0.22 1.88 n nn £• Li.

RANGE 1.85 2.03 1.10 0.34
AVERAGE 258.71 2.35 8.82 238.71 2.57 -2.04
STD.DEV. 0.45 0.59 0.32 0.04
VARIANCE 0.20 0.34 0.10 0.00

MAXIMUM 3.34 1.98 2.91 -1.88
MINIMUM 1.00 -0.81 2.34 -2.22
RANGE 2.34 2.79 0.57 0.34
AVERAGE 258.67 1.90 0.11 238.47 2.40 -2.03
STD.DEV. 0.66 0.47 0.13 0.07
VARIANCE 0.43 0.44 0.02 0.01

MAXIMUM 3.05 -0.02 3.37 -1.59
MINIMUM 1.74 -3.15 2.17 -2.03
RANGE 1.29 1.13 1.20 0.44
AVERAGE 258.74 2.39 -0.49 238.74 2.47 -1.77
STD.DEV. 0.33 0.27 0.29 0.09
VARIANCE 0.11 0.07 0.08 0.01

MAXIMUM 2.71 1.05 2.27 -1.74
MINIMUM 0.42 -1.25 1.59 -2.08
RANGE 2.29 2.30 0.48 0.32
AVERAGE 258.72 1.51 -0.07 238.72 1.97 -1.91
STD.DEV. 0.44 0.57 0.14 0.08
VARIANCE 0.42 0.33 8.03 0.01

MAXIMUM 3.39 0.42 1.42 -0.85
MINIMUM 1.44 -1.15 0.98 -1.20
RANGE 1.95 1.57 0.44 0.35
AVERAGE 258.73 2.20 -0.52 238.73 1.21 -1.03
STD.DEV. 0.39 0.34 0.10 0.07
VARIANCE 0.14 0.13 0.01 0.00

MAXIMUM 2.20 0.10 1.20 -0.78
MINIMUM 0.49 -1.98 0.90 -1.10
RANGE 1.71 2.08 0.30 0.32
AVERAGE 258.85 . 1.34 -0.83 238.85 1.05 -0.94
STD.DEV. 0.41 0.55 0.07 0.07
VARIANCE 0.17 0.30 8.00 0.01



Appendix Table A22 - continued

Elevation
(NBL)I

VELOCITY(in Ft/Sec)
Y Z

FPS FPS
Elevation

(MSL)
VELOCITY(in Ft/Sec)

7y L

FPS FPS
MAXIMUM 3.49 1.15 1.10 -0.76
MINIMUM 8.71 -0.66 0.78 -1.85
RANGE 2.78 1.81 0.32 0.29
AVERAGE 258.75 2.80 8.35 238.75 0.95 -0.88
STD.DEV. 0.79 0.40 0.07 0.06
VARIANCE 0.63 0.16 0.01 0.00
MAXIMUM 2.83 0.49 1.15 -0.76
MINIMUM -0.17 -1.44 8.78 -1.80
RANGE 3.00 1.93 0.37 0.24
AVERAGE 258.75 0.87 -0.59 238.75 0.95 -0.B6
STD.DEV. 0.61 8.47 0.09 0.06
VARIANCE 0.37 0.22 0.01 0.00

$ The fflounting baits holding the probe arns sheared during the tests; 
therefore these readings say differ somewhat fro* actual values.



Appendix Table A23. Velocities at the Folding Fraae upstreaa of Travelling Screen. 
McNary Powerhouse Turbine 5B. Full powerhouse loading. Low turbine load.

Elevation
VELOCITY(in Ft/Secl VELOCITYdn Ft/Sec)

Y Z Elevation Y Z
(USD* FPS FPS (MSL) FPS FPS

MAXIHUM 3.93 -2.51 3.54 -1.59
MINIMUM 3.52 -2.95 3.03 -1.88
RANGE 0.41 0.44 0.51 0.29
AVERAGE 257.00 3.71 -2.72 237.00 3.30 -1.73
STD.DEV. 0.09 0.09 0.11 0.07
VARIANCE 0.01 0.01 0.01 0.00

MAXIMUM 3.54 -2.86 3.52 -1.44
MINIMUM 3.10 -3.44 3.00 -1.83
RANGE 0.44 0.58 0.52 0.39
AVERAGE 258.26 3.33 -3.10 238.26 3.25 -1.66
STD.DEV. 0.11 0.11 0.11 0.09
VARIANCE 0.01 0.01 0.01 0.01

MAXIMUM 1.37 -1.64 3.39 -1.73
MINIMUM 0.90 -1.93 3.03 -2.15
RANGE 0.47 0.29 0.36 0.42
AVERAGE 264.75 1.18 -1.78 244.75 3.22 -1.98
STD.DEV. 0.12 0.07 0.07 0.09
VARIANCE 0.01 0.00 0.01 0.01

MAXIMUM 1.54 -1.25 3.59 -1.90
MINIMUM 1.25 -1.66 3.20 -2.20
RANGE 0.29 0.41 0.39 0.30
AVERAGE 267.16 1.42 -1.46 247.16 3.39 -2.04
STD.DEV. 0.08 0.08 0.08 0.06
VARIANCE 0.01 0.01 0.01 0.00

MAXIMUM 1.93 -1.07 3.39 -2.27
MINIMUM 1.56 -1.42 3.13 -2.56
RANGE 0.37 0.35 0.26 0.29
AVERAGE 271.17 1.76 -1.25 251.17 3.28 -2.41
STD.DEV. 0.09 0.07 0.06 0.06
VARIANCE 0.01 0.01 0.00 0.00

MAXIMUM 2.03 -1.17 3.59 -2.42
MINIMUM 1.68 -1.51 3.15 -2.73
RANGE 0.40 0.34 0.44 0.31
AVERAGE 273.12 1.90 -1.32 253.12 3.36 -2.56
STD.DEV. 0.11 0.07 0.11 0.06
VARIANCE 0.01 0.01 0.01 0.00
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Appendix Table A23 - continued

Elevation
VELOCITYdn 

Y
Ft/Sec)

Z Elevation
VELOCITY(in 

Y
Ft/Sec)

Z
(MSL)t FPS FPS !MSL) FPS FPS

MAXIMUM 2.03 -1.25 3.69 -2.47
MINIMUM 1.56 -1.49 2.49 -2.73
RANGE 0.52 0.24 1.20 0.26
AVERAGE 273.06 1.84 -1.35 253.06 2.93 -2.59
STD.DEV. 0.12 0.07 0.23 0.06
VARIANCE 0.01 0.00 0.85 0.00

MAXIMUM 2.08 -1.25 3.49 -2.42
MINIMUM 1.64 -1.54 2.86 -2.81
RANGE 0.44 0.29 0.63 0.39
AVERAGE 273.15 1.87 -1.38 253.15 3.21 -2.60
STD.DEV. 0.10 0.07 0.15 0.09
VARIANCE 0.01 0.01 0.02 0.01
MAXIMUM 2.17 -1.17 3.54 -2.42
MINIMUM 1.78 -1.64 3.10 -2.76
RANGE 0.39 0.47 0.44 0.34
AVERAGE 273.17 2.80 -1.38 253.17 3.31 -2.60
STD.DEV. 0.08 0.10 0.10 0.07
VARIANCE 0.01 0.01 0.01 0.01
MAXIMUM 2.03 -1.05 3.34 -2.47
MINIMUM 1.73 -1.44 2.88 -2.81
RANGE 0.38 0.39 0.46 0.34
AVERAGE 273.17 1.91 -1.26 253.17 3.09 -2.62
STD.DEV. 0.07 0.07 0.10 0.07
VARIANCE 0.00 0.00 0.01 0.01
MAXIMUM 2.05 -1.15 3.49 -2.47
MINIMUM 1.73 -1.49 3.00 -2.78
RANGE 0.32 0.34 0.49 0.31
AVERAGE 273.10 1.90 -1.29 253.10 3.22 -2.61
STD.DEV. 0.08 0.07 0.12 0.08
VARIANCE 0.01 0.00 0.02 0.01
MAXIMUM 2.08 -1.15 3.22 -2.42
MINIMUM 1.71 -1.44 2.81 -2.81
RANGE 0.37 0.29 0.41 0.39
AVERAGE 273.07 1.96 -1.27 253.07 3.01 -2.58
STD.DEV. 0.07 0.06 0.10 0.03
VARIANCE 0.01 0.00 0.01 0.01



Appendix Table A23 - continued

Elevation
VELOCITY(in 

Y
Ft/Sec) 

Z Elevation
VELQCITYiin 

Y
Ft/Sec)

Z
(MSL)t FPS FPS (MSL) FPS FPS

MAXI HUM 2.22 -1.15 3.61 -2.47
MINIMUM 1.33 -1.59 2.95 -2.78
RANGE B. 39 0.44 0.66 0.31
AVERAGE 273.11 2.06 -1.36 253.11 3.27 -2.61
STD.DEV. 0.10 0.11 0.15 0.07
VARIANCE 0.01 0.01 0.02 0.01

MAXIMUM 2.15 -1.10 3.44 -2.39
MINIMUM 1.73 -1.46 2.91 -2.66
RANGE 0.42 0.36 0.53 0.27
AVERAGE 273.00 1.92 -1.27 253.00 3.18 -2.53
STD.DEV. 0.09 0.03 0.16 0.07
VARIANCE 0.01 0.01 0.82 0.00

t The nounting baits holding the probe arss sheared during the tests; 
therefore these readings say differ somewhat from actual values.
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Appendix Table A24. Comparison of 30 minute vs 15 second samples of velocities 
at the Folding Frame upstream of Travelling Screen. McNary Powerhouse Turbine 5B. 
Full powerhouse loading.

Elevation
VELOCITY<in 

Y
Ft/Sec) 

Z
VELOCITY(in 

Elevation Y
Ft/Sec)

Z
High Turbine Load

MAXI HUH
(MSL)i FPS

6.57
FPS
3.93

(MSL! FPS
1.05

FPS
-0.56

30 min. MINIMUM -3.71 -4.22 0.28 -1.44
sample RANGE 10.28 8.15 0.85 0.88

AVERAGE 259.32 2.34 0.12 239.32 0.56 -0.90
STD.DEV. 1.45 1.32 0.13 0.19
VARIANCE 2.10 1.75 0.02 8.04
MAXIMUM 4.96 1.10 8.98 -1.15

15 sec. MINIMUM 1.39 -2.69 0.46 -1.44
sample RANGE

AVERAGE 259.23
3.57
3.18

3.79
-0.37

0.44
239.23 0.70

0.29
-1.28

STD.DEV. 0.82 0.80 0.11 0.06
VARIANCE 0.67 0.63 0.01 0.00

Medium Turbine Load
MAXIMUM 7.40 10.52 2.81 -8.85

30 sun. MINIMUM -5.05 -5.30 0.85 -2.12
sample RANGE

AVERAGE 258.75
12.45
1.75

15.82
8.01

1.96
238.75 1.71

1.27
-1.49

STD.DEV. 0.91 0.96 0.36 0.28
VARIANCE 0.83 0.93 0.13 0.08
MAXIMUM 2.71 1.05 2.27 -1.76

15 sec. MINIMUM 0.42 -1.25 1.59 -2.08
sample RANGE

AVERAGE 258.72
2.29
1.51

2.30
-8.07

0.68
238.72 1.97

0.32
-1.91

STD.DEV. 0.64 8.57 0.16 0.08
VARIANCE 8.42 0.33 0.03 0.81

Low Turbine Load
MAXIMUM 2.22 -1.03 3.93 -2.10

30 min. MINIMUM 1.49 -1.64 2.08 -2.64
sample RANGE

AVERAGE 271.25
0.73
1.81

0.61
-1.32

1.85
251.25 3.2?

8.54
-2.37

STD.DEV. 0.10 0.09 0.20 0.09
VARIANCE 0.01 8.01 0.04 0.01
MAXIMUM 1.93 -1.07 3.39 -2.27

15 sec. MINIMUM 1.56 -1.42 3.13 -2.56
sample RANGE

AVERAGE 271.17
8.37
1.76

8.35
-1.25

8.26
251.17 3.28

0.29
-2.41

STD.DEV. 0.09 0.07 8.86 0.86
VARIANCE 8.01 0.01 0.00 8.00

t The mounting bolts holding the probe arms sheared during the tests; therefore
these readings may differ somewhat from actual values.
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APPENDIX Table A25. Velocities at fixed locations inside Submersible Travelling Screen and on support framework. 
McNary Powerhouse. Turbine 5B. Full powerhouse loading. High turbine load. 15 second samples.
LOCATION 112 3 4 56

V Z Y Z Y Z Y Z Y Z yf Z
FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

HAXIHUN 2.08 0.15 2.17 0.46 2.15 0.49 0.49 -0.10 8.15 -0.66 0.17 -0.42
MINIMUM 1.64 -0.12 1.68 0.12 1.90 8.12 0.18 -0.51 -8.24 -1.25 -0.32 -1.80
RANGE 0.44 0.27 0.49 0.34 8.25 0.37 8.39 0.41 8.39 0.59 0.49 0.58
AVERAGE 1.39 8.00 1.91 8.31 2.04 0.38 0.38 -0.28 -0.06 -8.93 -0.09 -0.77
STD.DEV. 0.11 0.07 0.09 8.08 0.06 0.07 0.89 8.08 0.08 0.15 0.10 0.14
VARIANCE 0.01 0.01 0.81 8.81 0.00 0.88 8.01 0.01 0.81 0.02 0.01 0.02
HAXIHUfl 2.10 0.17 2.08 0.49 2.08 0.46 0.39 -0.10 0.22 0.46 0.07 -0.56
MINIHUM 1.56 -0.12 1.68 8.82 1.81 0.12 -0.05 -8.42 -8.22 -0.37 -0.37 -1.05
RANGE 0.54 0.29 0.40 0.47 0.27 8.34 0.44 0.32 0.44 0.83 0.44 0.49
AVERAGE 1.82 0.03 1.90 8.30 1.97 0.34 0.18 -0.24 0.04 -0.02 -0.12 -0.32
STD.DEV. 0.11 0.06 8.08 0.07 0.07 0.07 8.09 0.07 8.10 0.19 0.09 0.11
VARIANCE 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.04 0.01 0.01
MAXIMUM 2.03 0.12 2.12 0.46 2.08 0.51 0.46 -0.10 0.02 -0.37 0.05 -0.44
MINIMUM 1.49 -0.20 1.68 0.07 1.68 0.22 0.02 -0.61 -0.34 -0.95 -0.37 -0.90
RANGE 0.54 0.32 8.44 8.39 0.40 0.29 0.44 0.51 0.36 0.58 0.42 0.46
AVERAGE 1.74 -0.01 1.86 0.29 1.91 0.36 0.27 -0.39 -0.17 -0.69 -0.17 -0.71
STD.DEV. 0.11 0.07 0.89 0.83 0.09 8.06 0.09 0.10 0.08 0.14 0.08 0.09
VARIANCE 0.01 0.00 0.01 0.01 8.01 8.88 0.01 0.01 0.01 0.02 0.01 0.01
MAXIMUM 2.32 0.37 2.15 0.51 1.98 0.81 0.42 -0.02 0.49 0.02 8.27 -0.44
MINIMUM 1.64 -0.32 1.71 8.07 1.51 0.27 0.12 -0.46 -0.07 -0.42 -0.39 -1.10
RANGE 0.68 0.69 0.44 0.44 0.47 0.54 0.30 0.44 0.56 0.44 0.66 0.66
AVERAGE 1.97 -0.81 1.98 8.26 1.74 0.52 0.25 -0.24 8.21 -0.18 -0.05 -0.76
STD.DEV. 0.16 0.14 8.88 0.18 0.10 0.13 0.07 0.11 8.12 0.10 0.15 0.13
VARIANCE 0.03 0.02 8.01 0.01 0.01 8.02 0.01 8.01 8.0! 0.01 8.02 0.02
MAXIMUM 2.08 8.10 2.08 0.46 2.05 0.66 0.37 0.02 0.22 -0.32 0.17 -0.51
MINIMUM 1.59 -0.20 1.78 8.87 1.68 0.17 -8.07 -8.51 -0.29 -0.78 -0.27 -1.00
RANGE 0.49 0.30 0.38 8.39 0.37 0.49 0.44 0.53 0.51 0.46 0.44 0.49
AVERAGE 1.79 -8.04 1.94 0.27 1.86 0.42 8.13 -0.18 -0.04 -0.54 -0.04 -0.69
STD.DEV. 0.09 0.06 0.06 0.09 0.07 0.11 0.10 0.14 0.11 0.10 0.10 0.12
VARIANCE 0.01 0.00 0.00 8.01 0.01 8.01 0.01 8.02 8.01 0.01 0.01 0.01
MAXIMUM 1.93 0.15 2.17 0.51 2.12 0.44 0.27 -0.07 8.20 -0.85 0.17 -0.46
MINIMUM 1.59 -0.17 1.73 8.17 1.73 0.12 -0.05 -0.42 -0.42 -8.73 -0.37 -1.03
RANGE 0.34 8.32 0.44 0.34 0.39 0.32 0.32 0.35 0.62 0.68 8.54 0.57
AVERAGE 1.74 -0.01 1.98 0.34 1.93 0.30 0.17 -0.23 -8.09 -0.38 -0.14 -0.84
STD.DEV. 0.07 3.06 0.11 0.07 0.07 0.07 0.07 0.06 0.13 0.18 0.18 0.11
VARIANCE 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.02 0.03 0.0! 0.01
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Appendix Table A25 - continued
LOCATION it 6

Y 1
L Y Z Y 1

L Y Z Y Z Y Z
FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

HA11HUH 2.22 8.39 2.83 0.81 2.08 0.51 0.42 -8.02 -0.12 -0.34 0.17 -0.49
MINIHUH
RANGE

1.64
a. 58

-8.22
0.61

1.73
0.38

0.07
0.74

1.68
8.40

0.15
0.36

0.07
8.35

-0.3?
0.37

-0.44a 7nV. OL

-1.29
0.95

-0.27
0.44

-1.05
0.56

AVERAGE 1.94 -8.01 1.88 8.32 1.95 8.32 0.23 -0.28 -0.26 -0.78 -0.06 -8.76
STD.DEV. 8.14 0.89 8.86 8.13 0.88 8.08 8.07 0.08 0.88 0.26 0.88 0.11
VARIANCE 8.82 8.81 8.08 0.02 0.01 0.81 0.00 0.01 8.81 0.07 0.01 0.01

MAXIMUM 2.85 0.12 2.17 8.46 2.08 0.42 0.42 -0.12 0.22 -0.12 0.12 -0.42
MINIMUM 1.59 -0.17 1.66 0.07 1.68 0.12 8.87 -8.44 -0.27 -0.76 -8.24 -8.85
RANGE 0.46 0.29 0.51 0.39 0.48 8.30 8.35 0.32 0.49 0.64 0.36 0.43
AVERAGE 1.8! -0.01 1.94 0.31 1.98 0.38 8.30 -8.27 0.01 -0.51 -0.09 -0.65
STD.DEV. 0.09 0.07 0.13 8.08 8.08 0.08 8.07 0.07 0.12 0.17 0.07 0.18
VARIANCE 0.01 0.00 0.02 8.01 0.81 8.81 8.00 0.01 0.01 0.03 8.81 0.01

HA11 HUH 1.93 0.12 2.80 0.51 2.15 0.42 0.34 -0.12 0.17 0.34 0.15 -0.39
MINIMUM 1.49 -8.27 1.68 0.18 1.76 8.12 0.02 -8.46 -0.2? -0.46 -0.29 -0.93
RANGE 8.44 8.39 0.32 0.41 0.39 0.30 0.32 0.34 0.46 0.80 0.44 0.54
AVERAGE 1.76 -0.01 1.86 0.36 2.01 0.31 0.28 -0.28 -0.05 -0.10 -8.07 -0.67
STD.DEV. 0.10 8.09 0.07 0.08 0.08 0.07 0.08 0.07 0.10 0.20 0.09 0.13
VARIANCE 8.01 0.01 0.01 8.01 8.01 0.81 0.01 0.00 8.01 0.04 0.01 0.02

MAXIHUH 1.88 1.15 2.03 1.39 2.37 0.39 0.42 -0.17 -0.10 -0.15 0.20 -0.71
MINIMUM 0.81 -0.27 1.56 8.02 1.71 -0.24 0.02 -8.56 -0.76 -0.63 -1.29 -1.17
RANGE 1.07 1.42 0.47 1.37 0.66 0.63 0.40 0.39 0.66 0.48 1.49 8.46
AVERAGE 1.48 0.38 1.83 0.63 1.97 0.14 0.20 -0.36 -0.43 -0.40 -0.38 -0.94
STD.DEV. 0.21 8.32 0.12 0.27 0.16 0.15 8.09 0.07 0.17 0.11 0.27 0.11
VARIANCE 8.04 0.10 8.01 8.07 0.02 0.02 0.01 0.01 0.03 0.01 8.07 0.01

HAXIHUH 1.98 0.15 1.98 8.44 2.08 0.46 0.46 -0.07 0.00 0.12 0.17 -8.61
MINIMUM 1.49 -0.17 1.73 0.15 1.78 0.28 0.12 -0.46 -8.42 -8.71 -0.32 -1.17
RANGE 0.49 0.32 0.25 0.29 0.30 0.26 0.34 8.39 0.42 0.83 0.49 0.56
AVERAGE 1.79 0.03 1.87 8.31 1.95 8.32 0.26 -0.24 -0.21 -8.37 -0.04 -0.84
STD.DEV. 0.10 0.06 8.07 0.07 8.07 0.06 0.08 0.08 8.08 0.18 0.09 0.11
VARIANCE 0.81 0.88 0.01 0.01 8.01 0.00 0.01 0.01 0.01 0.03 0.01 0.01

HAXIHUH 2.12 0.12 1.98 0.51 2.10 0.42 0.37 -0.22 0.22 -0.12 0.12 -0.32
MINIMUM 1.66 -0.17 1.66 0.10 1.78 0.17 0.00 -0.56 -0.22 -0.61 -0.22 -0.85
RANGE 8.46 0.29 8.32 0.41 0.32 0.25 0.37 0.34 0.44 0.49 0.34 0.53
AVERAGE 1.89 0.01 1.86 0.33 1.94 0.29 0.20 -0.36 0.01 -0.38 -0.04 -0.63
STD.DEV. 8.11 0.07 0.07 0.09 0.07 0.06 0.08 0.07 0.09 0.09 0.08 0.10
VARIANCE 0.81 0.00 0.80 0.81 8.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
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Appendix Table A25 - continued

LOCATION «
Y Z V 1 Y Z Y •JL

\!1 7L Y Z
FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

HA it I MUM 2.22 0.32 2.08 0.76 2.10 0.66 0.42 -0.10 0.12 -0.51 0.27 -8.37
MINIMUM 1.68 -0,46 1.73 0.17 1.73 0.05 0.10 -0.56 -0.32 -0.95 -0.56 -1.15
RANGE 0.54 0.73 0.35 0.59 0.37 0.61 0.32 0.46 0.44 0.44 0.83 0.78
AVERAGE 1.94 0.01 1.91 0.45 1.93 0.31 0.27 -0.31" -0.07 -0.73 -0.16 -0.82
STD,DEV. 0.13 0.15 0.09 0.14 0.07 0.12 0.08 0.09 0.10 0.10 8.18 0.19
VARIANCE 0.02 0.02 0.01 0.02 0.00 0.01 0.01 0.01 0.01 0.01 0.03 0.04
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APPENDIX Table A26. Velocities at fixed locations inside Submersible Travelling Screen and on support framework.
McNary Powerhouse. Turbine 58. Full powerhouse loading. Medium turbine load. 15 second samples.

LOCATION # 1 2 3 4 5 6
t/1 7

L Y Z Y 7
L Y Z Y Z Y Z

FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

MAXIMUM 3.71 -0.07 3.39 0.44 3.42 0.61 0.27 0.12 0.39 -0.42 0.15 -0.90
MINIMUM 2.42 -0.44 2.91 0.07 2.95 0.24 -0.22 -0.37 -0.02 -0.88 -8.32 -1.49
RANGE 1.29 0.37 0.48 0.37 0.47 8.37 0.49 0.49 8.41 8.46 0.47 0.59
AVERAGE 3.10 -0.25 3.17 0.26 3.24 8.44 0.04 -0.08 0.21 -0.66 -0.08 -1.13
STD.DEV. 0.36 0.09 0.10 0.07 0.10 0.03 0.11 0.12 0.89 0.11 0.12 0.13
VARIANCE 0.13 0.01 0.01 0.81 0.01 0.01 8.81 8.01 0.01 0.0! 0.01 0.02

MAXIMUM 3.39 3.29 3.34 0.54 3.52 8.46 0.42 -0.17 0.22 0.02 -0.82 -1.10
MINIMUM 1.95 -0.37 2.98 8.12 3.05 0.10 0.10 -0.51 -8.12 -0.46 -0.71 -1.73
RANGE 1.44 0.66 0.36 0.42 0.47 0.36 0.32 0.34 0.34 0.48 0.69 0.63
AVERAGE 2.61 -0.11 3.19 0.34 3.35 0.27 0.26 -0.34 0.07 -0.18 -0.34 -1.47
STD.DEV. 0.38 0.13 8.09 0.10 0.10 0.88 8.07 0.88 0.08 0.10 0.17 0.18
VARIANCE 0.14 0.02 8.81 8.0i 8.01 0.01 0.00 0.01 0.31 0.01 8.03 8.83

MAXIMUM 3.15 0.12 3.37 1.25 3.49 8.66 0.46 -0.17 0.37 0.12 8.85 -0.88
MINIMUM 2.42 -0.4? 2.93 0.22 3.10 0.29 8.12 -0.56 -0.32 -0.22 -8.37 -1.44
RANGE 0.73 0.61 0.44 1.03 0.39 0.37 0.34 0.39 0.69 0.34 0.42 0.56
AVERAGE 2.77 -0.24 3.18 0.61 3.33 0.46 0.29 -0.33 0.01 -0.07 -0.20 -1.18
STD.DEV. 0.14 0.11 8.10 0.28 0.08 0.07 0.07 0.09 0.15 0.09 0.09 0.12
VARIANCE 0.02 0.01 0.01 0.08 0.01 0.00 0.00 0.01 0.02 0.01 0.01 0.01

MAXIMUM 2.76 0.22 3.34 0.46 7 cn0. JjL 0.71 0.37 -8.02 0.32 -0.27 0.07 -0.90
MINIMUM 2.12 -0.37 2.95 0.02 2.69 0.22 -0.07 -0.49 -0.07 -0.85 -0.39 -1.39
RANGE 0.64 0.59 0.39 0.44 8.83 0.49 0.44 0.47 8.39 0.58 0.46 8.49
AVERAGE 2.47 -0.11 3.20 0.24 3.26 0.43 0.14 -0.22 0.12 -0.52 -0.16 -1.18
STD.DEV. 0.12 0.18 0.08 0.11 0.18 0.13 0.10 0.11 0.08 0.14 0.11 0.11
VARIANCE 0.01 0.01 3.01 0.01 0.03 0.02 0.01 0.01 8.81 0.02 8.01 0.01

MAXIMUM 3.27 0.07 3.25 0.61 3.44 0,51 0.32 0.05 0.42 -0.02 0.18 -0.85
MINIMUM 2.51 -0.32 2.71 0.12 3.03 0.22 -0.05 -0.37 -0.02 -0.71 -0.49 -1.56
RANGE n ~t t «i. /O 0.39 0.54 0.49 0.41 0.29 0.37 8.42 8.44 0.69 0.59 0.71
AVERAGE 2.92 -0.15 3.02 0.35 3.20 0.38 8.14 -0.17 0.21 -0.48 -0.18 -1.25
STD.DEV. 0.18 0.07 0.12 0.11 0.10 8.07 0.09 0.11 0.11 0.16 0.14 0.18
VARIANCE 0.03 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.03 8.02 0.03

MAXIMUM 2.66 0.42 3.74 0.81 3.44 0.76 0.42 -0.17 0.34 0.17 0.07 -0.90
MINIMUM 1.73 -0.42 3.25 0.17 2.76 0.29 0.02 -0.51 0.02 -0.42 -0.46 -1.56
RANGE 0.93 0.84 0.49 0.64 0.68 0.47 0.40 0.34 0.32 0.59 0.53 0.66
AVERAGE 2.31 0.01 3.44 0.46 3.14 0.58 0.22 -0.32 0.17 -0.06 -0.20 -1.19
STD.DEV. 0.23 0.21 8.10 8.12 0.16 0.10 8.07 0.08 0.07 0.13 0.13 0.15
VARIANCE 0.05 0.04 0.01 0.01 0.03 0.01 8.01 0.81 0.00 0.02 0.02 0.02
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Appendix Table A26 - continued
LOCATION it

Y
1

Z
2

Y 7
L Y Z

4 
Y 7

L Y
5 

Z
6

Y Z
FF'S FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

MAXIMUM 2.86 0.88 3.56 8.66 3.44 8.73 0.61 -0.29 8.22 0.12 0.07 -0.78
MINIMUM 2.15 -0.46 2.64 0.20 2.95 8.02 0.17 -0.63 -0.42 -8.61 -0.37 -1.56
RANGE 0.71 1.34 0.92 0.46 0.49 0.71 0.44 0.34 0.64 8.73 8.44 0.78
AVERAGE 2.57 8.84 3.02 8.41 3.22 0.26 0.35 -0.44 -0.i9 -0.29 -0.15 -1.14
STD.DEV. 8.16 0.34 8.18 0.18 0.10 0.16 8.10 8.07 0.15 0.18 0.10 0.18
VARIANCE 0.03 0.12 0.83 8.01 0.01 0.02 0.01 0.00 8.02 0.83 0.01 0.03

MAXIMUM 3.20 0.07 3.54 0.49 3.54 8.98 0.42 -0.10 0.32 -0.02 -0.85 -0.95
MINIMUM 2.61 -0.37 2.31 -0.05 2.71 0.24 0.82 -0.42 -0.12 -8.42 -0.46 -1.49
RANGE 0.59 S.44 8.73 0.54 0.83 0.74 0.40 0.32 8.44 0.48 0.41 0.54
AVERAGE 2.91 -8.18 3.21 8.24 3.20 0.44 0.21 -0.25 0.09 -0.17 -0.24 -1.21
STD.DEV. 0.13 8.10 0.16 0.13 0.17 0.11 0.08 8.07 0.89 0.10 0.09 8.12
VARIANCE 0.02 8.81 8.82 0.02 0.03 0.01 0.01 0.00 0.01 0.01 0.01 8.01

MAXIMUM 3.42 0.20 3.30 0.51 3.98 8.46 0.56 -8.17 0.39 -8.07 0.87 -0.85
MINIMUM 1.49 -8.46 3.08 -0,18 3.05 -0.12 0.20 -0.51 -0.22 -0.51 -0.42 -1.64
RANGE 1.93 8.66 0.38 0.61 8.93 0.58 0.36 0.34 8.61 8.44 0.49 0.79
AVERAGE 2.64 -0.19 3.16 8.21 3.48 8.23 0.37 -0.36 8.12 -0.27 -0.23 -1.29
STD.DEV. 8.52 8.12 8.08 0.13 0.22 8.13 8.07 0.07 0.15 0.11 0.09 0.14
VARIANCE 0.27 8.81 0.01 0.02 8.05 0.02 8.01 8.81 0.02 0.01 0.01 0.02

MAXIMUM 3.44 -0.02 3.34 0.61 3.08 1.42 0.42 0.00 0.42 0.12 0.22 -0.81
MINIMUM 2.56 -0.66 3.85 8.22 2.51 0.32 0.07 -0.46 -0.10 -0.51 -0.27 -1.25
RANGE 0.88 8.64 8.29 0.39 0.57 1.10 0.35 0.46 0.52 0.63 0.49 0.44
AVERAGE 3.04 -0.28 3.28 8.37 2.88 0.68 0.25 -8.28 0.14 -0.21 -0.02 -1.02
STD.DEV. 0.22 0.15 0.07 8.08 0.12 0.27 0.07 0.10 0.15 0.16 0.10 0.10
VARIANCE 0.05 0.82 0.88 0.01 0.01 0.07 0.00 8.01 0.02 8.03 8.01 8.01

MAXIMUM 3.74 0.63 3.71 0.81 3.32 0.59 8.56 -0.07 0.22 0.54 0.29 -0.68
MINIMUM 1.98 -8.51 2.93 8.02 2.73 8.07 8.10 -0.68 -0.22 -1.07 -0.78 -1.76
RANGE 1.76 1.14 0.78 0.79 0.59 0.52 0.46 8.61 0.44 1.61 1.07 1.88
AVERAGE 2.79 -0.07 3.34 0.34 3.00 8.32 0.32 -0.40 8.85 -0.26 -0.15 -1.88
STD.DEV. 0.41 0.30 0.21 8.20 0.15 0.18 0.10 0.13 0.89 8.43 0.31 0.29
VARIANCE 0.17 8.89 0.04 0.84 0.02 8.01 0.01 0.02 8.01 0.19 0.10 8.08

MAXIMUM 2.98 8.29 3.34 0.61 3.37 8.66 0.42 -8.15 8.27 -8.10 -0.12 -1.10
MINIMUM 2.27 -0.59 2.95 0.07 2.95 8.32 8.12 -0.63 0.00 -8.59 -0.61 -1.68
RANGE 8.71 0.83 0.39 0.54 0.42 8.34 0.30 0.48 0.27 0.49 0.49 0.58
AVERAGE 2.65 -8.21 3.13 8.34 3.15 8.51 8.25 -0.37 0.15 -0.33 -8.35 -1.36
STD.DEV. 8.17 0.20 0.10 0.12 0.88 8.87 0.07 0.09 0.06 0.11 0.12 0.15
VARIANCE 0.03 0.04 0.01 8.82 8.01 0.00 0.00 8.01 8.00 8.01 0.02 0.02



ippendix Table A26 - continued

LOCATION S 1 n
L 3 4 5 6

V Z Y Z Y Z Y Z Y Z Y 7L
EPS FPS FPS FPS FF'S FPS FPS FPS FPS FPS FF'S FPS

NAXIHUfi 3.44 0.17 3.27 0.63 3.32 0.98 8.66 -0.27 8.12 -0.51 -0.20 -1.20
MINIMUM 2.47 -0.32 2.93 0.20 2.64 0.15 0.29 -0.78 -0.34 -1.25 -8.66 -1.86
RANGE 0.97 0.49 0.34 0.43 0.68 0.83 0.37 0.51 8.46 8.74 0.46 0.66
AVERAGE 2.93 -0.0B 3.10 0.40 2.94 0.56 0.49 -0.50 -0.09 -8.85 -0.37 -1.41
STD.DEV. 0.24 0.11 0.07 0.1! 0.14 0.16 0.89 0.13 0.09 0.16 0.18 0.15
VARIANCE 0.06 0.01 0.01 0.01 0.02 0.83 0.81 0.02 0.01 0.03 0.01 0.02



APPENDIX Table A27. Velocities at fixed locations inside Submersible Travelling Screen and on support framework. 
McNary Powerhouse. Turbine 5B. Full powerhouse loading Low turbine load. 15 second samples.

LOCATION <t 4i TL 3 4 5 6
V z Y 7

L Y Z Y Z Y Z Y Z
FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

MAXIMUM 18.38 10.96 3.64 5.47 4.39 0.81 0.39 0.22 8.37 -8.46 2.81 -2.51
MINIMUM 0.32 -2.51 -0.02 n nn 

~L. LL 3.74 -0.66 -0.12 -0.42 -0.17 -1.20 -1.83 -4.57
RANGE 18.06 13.47 3.66 7.69 0.65 1.47 0.51 8.64 8.54 0.74 4.64 2.06
AVERAGE 9.55 4.71 1.83 1.90 4.04 0.13 0.16 -0.07 0.15 -0.06 0.14 -3.58
STD.DEV. 5.84 4.81 0.04 2.52 0.16 0.48 0.14 8.16 8.11 0.17 1.40 0.59
VARIANCE 34.08 16.07 0.71 6.36 0.02 0.23 0.02 0.02 0.81 0.03 1.96 0.34

MAX I HUN 4 a n 4 ill. 7 l 5.49 8.72 3.83 5.10 1.25 0.71 8.02 8.61 0.56 0.42 -1.76
MINIMUM -5.66 -6.91 2.15 -3.05 4.37 0.07 0.10 -0.66 8.12 -0.71 -1.68 -3.66
RANGE 16.57 12.40 6.57 6.88 0.73 1.18 0.61 0.68 0.49 1.27 2.10 1.90
AVERAGE 2.55 -0.56 4.78 0.42 4.72 0.72 0.42 -0.33 8.36 -0.17 -0.63 -2.79
STD.DEV. 4.79 3.58 1.88 1.91 0.13 0.32 0.18 0.18 0.13 0.39 0.53 8.41
VARIANCE 22.92 12.85 3.54 3.65 0.02 0.10 0.03 0.03 0.02 0.15 0.28 0.16

MAXIMUM 12.96 12.82 8.37 1.98 4.91 1.3? 0.56 8.85 8.66 8.12 3.49 -1.68
MINIMUM -9.64 -9.86 2.71 -3.91 4.32 -0.29 B.07 -8.42 8.22 -0.78 -1.44 -3.91
RANGE 22.60 22.68 5.66 5.89 0.59 1.6B 0.49 0.47 8.44 0.90 4.93 2.23
AVERAGE -0.12 1.85 5.53 -0.71 4.61 0.43 0.34 -0.1? 8.44 -0.35 0.16 -3.09
STD.DEV. 6.06 8.33 1.43 1.59 0.12 0.46 0.11 0.11 8.18 0.24 1.32 0.59
VARIANCE 36.67 69.37 2.03 2.54 0.01 0.21 0.01 8.01 0.B1 0.86 1.74 8.34

MAXIMUM 15.50 8.76 7.54 3.54 4.47 1.37 0.66 -0.37 8.51 0.02 1.39 -1.6B
MINIMUM -6.98 -6.93 -2.98 -5.42 3.83 1 < c1 . I J 0.27 -8.76 0.02 -0.61 -2.64 -4.49
RANGE 22.48 15.69 10.52 8.96 0.64 2.52 8.39 0.3? 0.49 0.63 4.03 2.3!
AVERAGE 1.36 -1.40 n cn

Lt jd -1.63 4.23 0.03 0.41 -0.57 0.26 -0.29 -0.61 -3.28
STD.DEV. 5.74 4.07 2.53 2.46 0.13 0.77 0.09 0.0? 8.14 0.13 1.14 0.74
VARIANCE 32.94 16.54 6.66 6.03 0.02 0.59 0.01 8.01 8.02 0.02 1.29 a cr V.JJ

MAXIMUM 15.33 9.74 2.95 4.49 4.81 1.20 0.78 -8.05 0.37 8.15 2.47 -1.86
MINIMUM 0.98 -2.78 -1.64 -0.66 4.13 0.12 0.28 -0.93 -0.07 -0.78 0.20 -4.54
RANGE 14.35 12.52 4.59 5.15 0.68 1.08 0.58 0.88 8.44 0.93 n m 

L,U 2.68
AVERAGE 7.98 3.87 0.74 2.45 4.46 0.69 0.45 -0.44 0.18 -0.38 1.16 -3.16
STD.DEV. 4.10 3.36 1.01 1.57 0.19 0.23 0.15 0.24 0.11 0.25 0.58 0.64
VARIANCE 16.77 11.27 1.82 2.48 0.04 0.05 0.02 0.06 0.01 0.06 0.34 0.41

MAXIMUM 21.46 13.50 7.54 6.40 5.10 2.15 0.88 -0.12 0.71 0.00 5.54 -0.88
MINIMUM 3.34 0.46 -0.34 1.10 3.86 0.15 0.32 -0.59 0.00 -8.81 0.07 -3.10
RANGE 18.12 13.84 7.88 5.30 1.24 2.00 0.56 0.47 0.71 0.81 5.47 2.22
AVERAGE 12.97 7.1! -71

L.: i 4.13 4.38 0.98 0.59 -0.40 8.40 -0.36 2.18 -2.26
STD.DEV. 5.87 3.76 1.79 1.47 0.32 0.53 0.12 0.12 0.18 0.22 1.49 0.48
VARIANCE 34.5! 14.14 3.22 2.16 0.18 0.28 8.02 8.02 0.03 0.05 n n? 8.23



Appendix Table A27 - continued

LOCATION II 2 3 4 5 6
Y Z Y Z Y Z Y Z Y Z Y Z

FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

MAXIMUM 4.91 11.11 6.40 1.88 4.88 2.71 0.51 0.44 0.37 0.07 3.05 -1.49
MINIMUM -3.96 -9.86 3.64 -2.83 3.93 -0.32 -0.27 -0.54 -0.15 -1.05 -1.20 -3.49
RANGE 13.87 20.97 2.76 4.71 0.95 3.03 0.78 0.98 0.52 1.12 4.25 2.00
AVERAGE 8.22 -1.69 5.10 -0.04 4.40 0.96 0.11 -0.10 0.13 -0.57 1.57 -2.50
STD.DEV. 3.30 4.80 0.61 1.24 0.22 0.73 0.20 0.31 0.11 0.26 0.99 8.50
VARIANCE 10.88 23.02 0.37 1.55 8.05 0.54 0.04 8.10 0.01 0.07 0.9B 8.25

MAXIMUM 2.61 10.57 7.40 1.98 4.88 0.93 1.15 -0.12 0.22 -0.51 4.27 -0.56
MINIMUM -9.35 -9.74 2.71 -2.05 3.63 -0.78 0.37 -0.95 -0.44 -1.15 0.22 -3.47
RANGE 11.96 20.31 4.69 4.03 1.05 1.76 0.78 0.83 0.66 0.64 4.05 2.91
AVERAGE -2.68 -2.00 5.32 0.49 4.38 -0.14 0.79 -0.52 -8.11 -0.86 2.00 -1.82
STD.DEV. 2.96 4.28 1.18 1.01 0.22 0.42 0.22 0.18 0.15 0.14 1.00 0.75
VARIANCE 8.74 18,31 1.40 1.02 0.05 0.18 0.05 0.03 0.02 0.02 0.99 0.56

MAXIMUM 22.97 14.43 4.98 6.71 5.25 1.10 0.49 0.15 0.78 0.00 2.59 -2.17
MINIMUM -1.61 -4.54 -3.54 -0.85 4.00 -0.51 0.05 -0.42 8.24 -0.46 -2.12 -4.49
RANGE 24.58 18.97 8.52 7.56 1.25 1.61 0.44 0.57 0.54 0.46 4.71 2.32
AVERAGE 10.57 5.35 0.83 2.44 4.64 0.41 0.22 -0.11 0.50 -0.20 0.11 -3.48
STD.DEV. 7.49 5.92 2.11 2.28 0.31 0.47 0.09 0.14 0.11 0.10 1.40 0.70
VARIANCE 56.08 35.06 4.45 5.22 0.10 0.22 0.01 0.02 0.01 0.01 1.95 0.49

MAXIMUM 10.86 8.08 4.79 3.81 4.76 0.66 0.61 -0.17 0.46 0.07 0.98 -2.51
MINIMUM -2.37 -2.86 0.71 -0.02 3.74 -0.42 0.12 -0.66 0.12 -0.71 -2.88 -4.32
RANGE 1 t n? Lo. L-J 10.94 4.08 3.83 1.02 1.08 0.49 0.49 0.34 0.78 3.86 1.81
AVERAGE 3.81 2.19 2.87 1.94 4.18 0.03 0.39 -0.39 0.29 -0.20 -0.69 -3.39
STD.DEV. 3.98 3.07 0.91 1.03 0.24 0.30 0.10 0.11 0.08 0.17 0.95 0.39
VARIANCE 15.82 9.42 0.83 1.06 0.06 0.09 0.01 0.01 0.01 0.03 0.89 0.15

MAXIMUM 10.91 5.35 5.49 2.47 4.B3 1.03 0.63 -0.24 0.37 -0.12 2.54 -0.78
MINIMUM -0.05 -4.08 -0.90 -1.20 3.74 -0.32 0.12 -0.66 -0.10 -0.56 -2.95 -4.57
RANGE 10.96 9.43 6.39 3.67 1.14 1.35 0.51 0.42 8.47 0.44 5.49 3.79
AVERAGE 4.34 -0.31 2.24 0.31 4.22 0.22 0.39 -0.46 0.15 -0.32 0.88 -2.33
STD.DEV. 2.67 2.22 1.55 0.91 0.30 0.29 0.11 0.11 0.11 0.10 1.28 0.67
VARIANCE 7.14 4.91 2.41 0.83 0.09 0.08 0.01 0.01 0.01 0.01 1.63 0.45

MAXIMUM 12.38 6.35 7.67 3.54 5.30 1.66 0.88 -0.02 0.63 0.10 3.15 -1.73
MINIMUM -3.98 -3.44 7 mJ. Ll. -1.88 3.74 -0.42 0.12 -1.00 -0.17 -1.00 -1.73 -3.69
RANGE 16.36 9.79 4.45 5.42 1.56 2.08 0.76 0.98 0.80 1.10 4.88 1.96
AVERAGE 5.41 2.19 5.35 1.35 4.53 8.49 0.48 -0.56 0.24 -0.37 0.77 -2.89
STD.DEV. 4.54 2.74 1.88 1.43 0.45 0.61 0.20 0.24 0.22 0.28 1.37 0.50
VARIANCE 20.64 7.51 1.17 2.06 0.20 0.37 0.04 0.06 0.05 0.08 1.88 0.25



Appendix Table ft27 - continued

LOCATION I 6
Y Z Y Z Y Z Y Z Y Z Y Z

EPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

RAH MUM 11.87 6.47 6.45 3.49 4.88 0.88 0.61 -0.32 0.37 -0.32 2.49 -1.39
MINIMUM -0.51 -2.08 1.22 -0.44 3.83 -1.10 8.22 -0.63 -0,07 -0.98 -1.44 -2.81
RANGE 12.38 8.55 5.23 3.93 1.80 1.98 0.39 8.31 8.44 0.66 3.93 1.42
AVERAGE 5.75 2.17 3.62 1.49 4.45 8.21 0.44 -0.47 0.12 -0.64 0.40 -2.28
STD,DEV. 3.72 2.33 1.48 1.00 0.25 0.58 8.10 0.07 0.11 8.15 1.02 0.32
VARIANCE 13.85 5.45 2.28 1.81 8.06 0.25 0.81 0.81 8.81 0.02 1.05 0.10

MAXIMUM 6.9i 4.54 6.47 2.61 4.71 0.85 0.49 -0.05 0.68 0.42 1.39 -1.93
MINIMUM -9.81 -8.47 2.86 -3.64 3.86 -0.76 0.82 -0.46 0.17 -0.24 -2.44 -5.10
RANGE 15.97 13.01 3.61 6.25 0.85 1.61 0.47 0.41 0.51 0.66 3.83 3.17
AVERAGE -0.69 -1.60 4.26 -8.86 4.32 8.08 0.24 -0.24 8.46 8.03 -0.30 -4.01
STD.DEV. 3.64 2.88 0.76 1.68 0.18 0.41 0.11 0.09 0.11 0.15 0.99 0.74
VARIANCE 13.28 8.27 8.57 2.83 0.03 0.17 0.01 8.01 0.01 8.02 0.98 0.55



APPENDIX Table A2S. Comparison of 30 minute vs 15 second samples of velocities at fixed locations inside Submersibl 
Travel ling Screen and on support framework at HeNary Dam.

LOCATION « 
Y

1 
Z Y

2 
1L Y

3 
2 Y

4 
Z Y

5 
7
L Y

6
Z

FPS FPS FPS FPS FPS PPS FPS FPS FPS FPS FPS FPS
HIGH TURBINE LOAD

HAXIHUM 24.24 16.60 18.33 8.81 C 7CJ. OJ 2.64 1.03 0.44 0.90 0.37 6.18 0.59
30 tin. HINDUS* -IS.65 -16.58 -3.49 -7.40 3.15 -1.88 -0.17 -1.05 -8.56 -1.56 -4.52 -5.98
sample RANGE

AVERAGE
42.89
3.63

33.10
3.33

13.82
3.13

16.21
3.43

2.28
4.36

4.52
0.46

1.20
0,34

1.49
-8.30

1.46
0.18

1.93
-0.55

10.70
8.95

6.57
-2.65

STD. DEV. 7.18 5.41 1. S6 2.56 0.30 0.67 0,17 0.24 0.19 0.34 1.68 1.01
VARIANCE 51.49 29.23 3.47 6.54 0.09 0.45 0.33 0.06 0.84 0.11 2.82 1.02

HAXIHUH 21.51 i13.38 4.35 6.35 4.61 1.73 0.49 -0.07 0.12 -13.71 5.30 -!8.66
S5 sec. HINIHUH 5.08 1.49 -0.61 1.00 3.86 -0.32 0.82 -0.56 -0.27 -1.15 -0.37 -4.17
sample RANGE 16.43

AVERAGE 13.47
11.89
7.71

4.96
1.82

5.35
3.50

0.75
4.24

2.05 0.47
8.79 3.22

0.49 0.39
-0.34 -8.07

0.44 5.67
-0.87 2.13

3.51
-2.17

STD. DEV. 3.86 2.96 1.28 1.49 B.23 0.62 0.10 0.12 0.08 0.10 1.32 0.85
VARIANCE 14.92 8.76 1.63 2.23 0.05 0.38 0.81 0.02 0.01 8.0! 1.75 0.72

RED!UN TURBINE LOAD
NAZI HUM 3.83 1.29 3.69 1.20 5.03 1.22 0.78 0.56 8.5! 0.37 0.59 -0.56

38 sin. HINIHUH 1.38 -3.95 2.66 -0.27 0.37 -8.42 -0.37 -8.85 -8.59 -1.34 -0.90 -2.03
sample RANGE 1.95

AVERAGE 2.34
2.24

-0. IS
1.03
3.17

1.47
0.32

4.66
3.08

1.64 1.15
0.42 0.23

1.41 1.18
-0.23 3.11

1.71 1.49
-8.36 -0.19

1.47
-1.23

STD.DEV. 0,33 0.21 0.15 0.18 8.20 0.16 0.15 0.20 0.16 0.25 0.19 0.20
VARIANCE 8.11 8J5 8.82 0.03 8.04 0.02 0.82 0.84 0.03 0.86 0.03 0.34

RAXIHUH 2.91 0.12 3.49 0.61 3.30 0.61 0.66 -8.24 8.51 0.07 0.07 -8.85
15 sec. HINIHUH 2.08 -0.37 2.9! 0.02 2.76 0.22 0.10 -8.68 8.18 -0.42 -0.42 -1.49
sample RANGE 8.83

AVERAGE 2.50
8.49

-0.16
0.58
3.24

8.59
0.19

8.54
3.12

0.39 0.56
0.41 8.42

0.44 0.41
-8.58 0.29

0.49 0.49
-0.16 -0.13

0.64
-1.12

STD.DEV. 0.18 0.10 0.12 8.11 0.11 0.88 0.11 0.10 0.09 8.13 8,18 0.13
VARIANCE 0.03 8.01 0.01 8.01 3.01 8.01 8.01 0.81 8.01 0.02 0.81 3.02

LON TURBINE LOAD
HA?, 1 HUH 2.34 3.73 n «.c 1.28 2.91 1.93 0.61 0.12 8.42 8.37 0.85 -0.12

30 ain. HINIHUH 1.17 -3.76 1.39 -0.27 1.22 -1.15 -0.07 -8.63 -0.56 -1.15 -8.63 -1.34
sample RANGE 1.17

AVERAGE 1.76
1.49

-3.81
0.86
1.92

1.47
8.34

1.69
1.88

3.03 0.68
0.34 0.27

0.75 0.98
-0.27 -0.87

1.52 1.48
-0.46 -8.06

1.22
-0.70

STD.DEV. 0.15 8.13 3.10 0.13 0.15 0.21 0.10 0.11 0.16 0.25 8.15 0.17
VARIANCE 8.32 0.82 0.31 8.02 8.02 0.04 0.01 0.01 0.03 0.06 0.02 0.03

HAXI HUH 2.20 0.32 2.2? 0.71 2.91 0.44 0.37 -0.10 3.17 0.87 0.49 -0.44
15 sec. HINIHUH 1.49 -8.37 1.73 0.07 1.90 -1.15 8.05 -0.56 -0.46 -0.56 -0.22 -1.05
sample RANGE 0.71

AVERAGE 1.75
0.69
0.04

0.49
1.98

0.64
0.41

1.81
2.25

1.59 0.32
-8.13 0.22

0.46 0.63
-0.32 -8.19

0.63 0.71
-0.23 0.81

0.61
-0.76

STD.DEV. 0.14 8.14 0.18 0.13 0.27 0.41 8.08 0.11 0.16 0.13 0.15 8.11
VARIANCE 0.02 0.02 0.3! 8.02 0.87 8.17 8.01 0.01 0.02 8.02 0.32 0.01
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Appendix Table A29. Velocities at Bulkhead Slot. McNary Dam Turbine 5B. 
Full powerhouse. High turbine load.

Elevation Y Z Elevation Y Z
(MSU FPS FPS (MSL1 FPS FPS

MAXIMUM 10.35 -3.74 8.11 -0.12
MINIMUM 9.64 -4.93 4.13 -4.74
RAN6E 0.71 1.19 3.98 4.62
AVERAGE 253.31 9.95 -4.30 233.31 5.99 -2.03
STD.DEV. 0.17 0.31 1.05 1.03
VARIANCE 0.03 0.09 1.10 1.05
MAXIMUM 10.06 -3.83 8.86 -0.95
MINIMUM 9.42 -4.96 5.91 -4.08
RANGE 0.64 1.13 2.95 3.13
AVERAGE 253.26 9.75 -4.49 233.26 7.68 -2.49
STD.DEV. 0.11 0.23 0.70 0.76
VARIANCE 0.01 0.05 0.49 0.57
MAXIMUM 10.35 -4.08 8.13 1.10
MINIMUM 9.79 -5.10 3.98 -5.22
RANGE 0.56 1.02 4.15 6.32
AVERAGE 253.27 10.07 -4.58 233.27 6.19 -2.03
STD.DEV. 0.14 0.27 1.19 1.48
VARIANCE 0.02 0.08 1.42 2.20
MAXIMUM 10.16 -3.64 8.86 -0.32
MINIMUM 9.59 -4.86 5.47 -4.44
RANGE 0.57 1.22 3.39 4.12
AVERAGE 253.30 9.90 -4.25 233.30 6.74 -2.34
STD.DEV. 0.11 0.27 0.86 1.25
VARIANCE 0.01 0.07 0.74 1.57
MAXIMUM 4.39 -1.B8 8.96 -1.83
MINIMUM 3.83 -2.37 5.69 -6.42
RANGE 0.56 0.49 3.27 4.59
AVERAGE 256.66 4.11 -2.16 236.66 7.21 -3.91
STD.DEV. 0.13 0.12 0.88 1.09
VARIANCE 0.02 0.01 0.78 1.18
MAXIMUM 2.47 -2.03 7.71 -1.68
MINIMUM 2.15 -2.42 4.64 -5.05
RANGE 0.32 0.39 3.07 3.37
AVERAGE 263.85 2.30 -2.22 243.05 6.14 -3.55
STD.DEV. 0.08 0.0? 0.78 0.83
VARIANCE 0.01 0.01 0.61 0.69



Appendix Table A29 - continued

Elevation Y Z Elevation Y Z
(MSL) FPS FPS (MSL) FPS FPS

MAH MUM 2.51 -1.98 8.69 -1.32
MINIMUM 1.98 -2.47 3.20 -3.91
RANGE 0.53 0.49 5.49 2.59
AVERAGE 263.05 2.25 -2.21 243.05 6.23 -2.68
STD.DEV. 0.14 0.10 1.68 0.76
VARIANCE 0.02 0.01 2.81 0.58
MAXIMUM 2.51 -2.08 8.59 -1.59
MINIMUM 2.17 -2.47 5.59 -3.32
RANGE 0.34 0.39 3.00 1.73
AVERAGE 263.05 2.32 -2.26 243.05 6.92 -2.39
STD.DEV. 0.08 0.08 0.75 0.41
VARIANCE 0.01 0.01 0.56 0.17
MAXIMUM 2.47 -1.76 10.50 -1.98
MINIMUM 2.22 -2.51 3.39 -4.57
RANGE 0.25 0.75 7.11 2.59
AVERAGE 262.98 2.37 -2.29 242.98 6.84 C

O
t-0
roi

STD.DEV. 0.06 0.10 2.08 0.66
VARIANCE 0.00 0.01 4.31 0.43
MAXIMUM 2.51 -1.78 9.35 -0.59
MINIMUM 1.93 -2.44 4.10 -4.76
RANGE 0.58 0.66 5.25 4.17
AVERAGE 263.04 2.20 -2.03 243.04 6.30 -2.46
STD.DEV. 0.13 0.15 1.40 1.25
VARIANCE 0.02 0.02 1.95 1.56
MAXIMUM 2.49 -1.78 8.64 -3.39
MINIMUM 2.15 -2.42 3.61 -5.44
RANGE 0.34 0.64 5.03 2.05
AVERAGE 263.09 2.35 -2.19 243.09 5.82 -4.40
STD.DEV. 0.08 0.16 1.32 0.46
VARIANCE 0.01 0.03 1.73 0.21
HAXIMUM 2.47 -1.83 9.99 ! fO C

O O
'-

MINIMUM 1.95 -2.34 5.59 -4.49
RANGE 8.52 0.51 4.40 1.63
AVERAGE 263.09 2.23 -2.09 243.09 8.00 -3.62
STD.DEV. 0.13 0.13 1.24 0.38
VARIANCE 0.02 0.02 1.55 0.14



Appendix Table A29 - continued
Elevation Y Z Elevation Y Z

(MSL1 FPS FPS (MSL) FPS FPS
MAXIMUM 2.49 -2.00 8.81 -2.12
MINIMUM 2.08 -2.34 5.00 -4.00
RANGE 8.41 0.34 3.81 1.88
AVERAGE 263.08 2.32 -2.16 243.08 6.90 -3.05
STD.DEV. 8.09 8.09 0.97 0.52
VARIANCE 8.01 0.01 0.94 0.27
MAXIMUM 2.03 -2.29 7.81 -3.44
MINIMUM 1.73 -2.64 2.71 -5.20
RANGE 0.30 0.35 5.10 1.76
AVERAGE 266.47 1.87 -2.45 246.47 5.63 -4.33
STD.DEV. 0.06 0.08 1.36 8.35
VARIANCE 0.00 0.01 1.85 0.12
MAXIMUM 2.10 -2.15 6.18 -2.44
MINIMUM 1.68 -2.31 2.86 -5.15
RANGE 0.42 0.66 3.32 2.71
AVERAGE 266.52 1.38 -2.51 246.52 4.96 -3.75
STD.DEV. 0.08 0.12 0.92 0.79
VARIANCE 0.01 0.02 0.84 0.63
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Appendix Table A30. Velocities at Bulkhead Slot. HcNary Da# Turbine 5B. 
Full powerhouse. Mediu® turbine load.

Elevation Y Z Elevation Y Z
(MSL) FPS FPS (MSL) FPS FPS

MAXIMUM 1.32 -1.49 5.22 -2.76
MINIMUM 0.90 -1.83 1.20 -3.69
RANGE 0.42 0.34 4.02 0.93
AVERAGE 265.52 1.14 -1.64 245.52 2.91 -3.20
STD.DEV. 0.07 0.08 1.13 0.26
VARIANCE 0.00 0.01 1.27 0.07

MAXIMUM 1.64 -1.22 7.54 -0.81
MINIMUM 1.25 -1.59 5.49 -2.56
RANGE 0.39 0.37 2.05 1.75
AVERAGE 261.43 1.43 -1.37 241.43 6.62 -1.64
STD.DEV. 0.09 0.08 8.52 0.50
VARIANCE 0.01 0.01 0.27 0.25

MAXIMUM 2.22 -1.05 7.54 -1.44
MINIMUM 1.73 -1.46 6.08 -4.47
RANGE 0.49 0.41 1.46 3.03
AVERAGE 256.48 1.95 -1.25 236.48 6.73 -2.92
STD.DEV. 0.14 0.09 0.32 0.62
VARIANCE 0.02 0.01 0.10 0.39

MAXIMUM 6.74 -2.81 5.30 -0.66
MINIMUM 6.32 -3.15 3.83 -2.34
RANGE 0.42 0.34 1.47 1.68
AVERAGE 252.33 6.54 -3.00 232.33 4.64 -1.56
STD.DEV. 0.10 0.08 0.40 0.37
VARIANCE 0.01 0.01 0.16 0.14

MAXIMUM 6.91 -2.93 5.52 0.12
MINIMUM 6.52 -3.30 3.25 -2.42
RANGE 0.39 0.37 2.27 2.54
AVERAGE 252.24 6.71 -3.13 232.24 4.37 -1.31
STD.DEV. 0.07 0.09 0.64 0.72
VARIANCE 0.01 0.01 0.40 0.52

MAXIMUM 6.86 -2.86 6.47 -2.25
MINIMUM 6.47 -3.34 3.54 -3.78
RANGE • 0.39 0.48 2.93 1.53
AVERAGE 252.20 6.68 -3.03 232.20 4.98 -3.85
STD.DEV. 0.08 0.11 0.77 0.36
VARIANCE 0.01 0.01 0.60 0.13



Appendix Table A3B - continued
Elevation Y Z Elevation Y Z

(HSL) FPS FPS (HSL) FPS FPS
HAT 1 HUM 6.81 -2.91 5.98 -0.98
MINIMUM 6.47 -3.34 2.81 -4.27
RANGE 0.34 0.43 3.17 3.29
AVERAGE 252.18 6.64 -3.16 232.18 4.38 -2.44
STD.DEV. 8.07 0.13 0.95 0.87
VARIANCE 0.01 0.02 0.91 0.75
HAT 1 HUH 6.86 -2.81 7.10 -1.10
MINIMUM 6.52 7 nc O.XJ 2.66 -3.54
RANGE 0.34 0.44 4.44 2.44
AVERAGE 252.28 6.69 -3.84 232.20 5.12 -2.45
STD.DEV. 0.08 0.08 1.28 0.65
VARIANCE 0.01 0.01 1.64 0.42
HAT1 HUH 6.74 -2.83 5.98 -0.93
MINIMUM 6.42 -3.30 3.69 -3.30
RANGE 8.32 0.47 2.29 2.37
AVERAGE 252.19 6.58 -3.07 232.19 4.76 -2.26
STD.DEV. 0.08 0.10 0.62 0.66
VARIANCE 8.01 0.01 0.39 0.44
HAT I HUH 6.81 -2.83 7.23 -0.85
HINIMUH 6.42 -3.30 4.66 -3.54
RANGE 0.39 0.47 2.57 2.69
AVERAGE 252.17 6.62 -3.07 232.17 6.25 -2.22
STD.DEV. 0.10 0.09 0.69 0.83
VARIANCE 0.01 0.01 0.48 0.69
HAT I HUH 6.88 -2.93 5.69 0.22
MINIMUM 5.96 -3.32 2.08 -3.34
RANGE 0.92 0.39 3.61 3.56
AVERAGE 252.13 6.65 -3.15 232.13 3.27 -1.05
STD.DEV. 0.13 0.08 0.94 8.86
VARIANCE 0.02 0.01 8.88 0.78
HATIHUH 6.96 -2.86 5.71 -1.20
HINIHUH 6.52 -3.25 2.83 -3.54
RANGE 0.44 0.39 2.88 2.34
AVERAGE 252.14 6.76 -3.03 232.14 4.42 -2.42
STD.DEV. 0.09 0.09 0.73 8.67
VARIANCE 0.01 8.01 0.53 0.44



Appendix Table A30 - continued
Elevation Y Z Elevation Y Z

(MSL) FPS FPS (MSL) FPS FPS
MAXIMUM 6. S6 -2.76 6.03 -0.44
MINIMUM 6.27 -3.22 3.54 -2.27
RANBE 0.59 0.46 2.49 1.83
AVERAGE 252.11 6.66 -2.98 232.11 4.97 -1.20
STD.DEV. 0.12 8.11 8.55 0.51
VARIANCE 0.01 0.01 0.30 0.26
MAXIMUM 6.96 -2.91 5.76 -0.27
MINIMUM 6.35 -3.34 3.71 -2.47
RANBE 0.51 0.43 2.05 2.20
AVERAGE 252.07 6.66 -3.11 232.07 4.65 -1.41
STD.DEV. 0.13 0.10 0.46 8.60
VARIANCE 0.02 0.01 0.21 0.36



Appendix Table A3i. Velocities at Bulkhead Slot. McNary Da* Turbine 5B. 
Full powerhouse. Low turbine load.

Elevation V Z Elevation Y Z
(MSI) FPS FPS (MSL) FPS FPS

MAXIMUM 4.59 -1.90 5.44 -1.33
MINIMUM 4.27 -2.29 2.59 -2.81
RANGE 0.32 0.39 2.85 1.78
AVERAGE 251.95 4.40 -2.09 231.85 3.99 -1.99
STD.DEV. 3.07 0.07 0.83 8.37
VARIANCE 0.0! 0.01 0.68 0.14

MAXIMUM 2.12 -0.78 5.35 -0.73
MINIMUM 1.56 -1.15 2.91 -2.32
RANGE 0.56 8.37 2.44 1.59
AVERAGE 255.05 1.83 -0.96 235.05 '4.15 -1.55
STD.DEV. 0.12 0.08 0.64 8.47
VARIANCE 0.01 0.01 8.41 8.22

MAXIMUM 1.17 -0.78 7.81 -0.37
MINIMUM 0.81 -1.12 -3.66 -1.81
RANGE 0.36 0.34 11.47 1.44
AVERAGE 260.08 1.02 -0.93 240.08 2.97 -1.14
STD.DEV. 0.08 0.07 3.18 0.33
VARIANCE 0.01 0.01 10.10 8.11

MAXIMUM 1.00 -0.61 4.47 -1.54
MINIMUM 0.59 -1.32 2.95 -2.37
RANGE 0.41 0.71 1.52 0.83
AVERAGE 264.93 0.82 -0.92 244.93 3.68 -1.96
STD.DEV. 0.08 0.17 0.43 0.22
VARIANCE 0.01 0.03 0.19 0.05

MAXIMUM 0.90 -0.85 4.17 -1.34
MINIMUM 0.34 -1.64 2.98 -2.17
RANGE 0.56 0.79 1.19 0.83
AVERAGE 264.92 0.64 -1.25 244.92 3.54 -1.76
STD.DEV. 0.11 8.19 0.29 0.21
VARIANCE 0.01 0.04 8.08 0.04

MAXIMUM 0.90 -0.95 3.91 -1.25
MINIMUM 0.51 -1.44 2.95 -1.93
RANGE 0.39 0.49 0.96 8.68
AVERAGE 264.88 0.72 -1.16 244.88 3.43 -1.62
STD.DEV. 0.09 8.11 0.27 0.17
VARIANCE 0.01 0.01 0.07 8.03
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Appendix Table A31 - continued

Elevation V 2 Elevation Y Z
!MSL) FPS FPS (MSL) FPS FPS

MAX I HUH 0.85 -0.98 3.74 -1.73
MINIMUM 0.56 -1.37 3.05 -2.17
RANGE 0.29 0.39 0.69 0.44
AVERAGE 264.SB 0.70 -1.18 244.88 3.36 -1.97
STD.DEV. 0.07 0.08 0.14 0.89
VARIANCE 0.00 0.01 0.02 0.01

MAXIMUM 0.98 -0.88 3.88 -1.46
MINIMUM 0.46 -1.32 2.91 -2.27
RANGE 0.52 0.44 0.97 0.81
AVERAGE 264.89 0.74 -1.08 244.89 3.17 -1.99
STD.DEV. 0.09 0.10 0.21 0.14
VARIANCE 0.01 0.01 0.04 0.02

MAXIMUM 0.95 -0.33 4.13 -1.54
MINIMUM 0.63 -1.25 3.00 -2.22
RANGE 0.32 0.42 1.13 0.68
AVERAGE 264.89 0.30 -0.99 244.89 3.58 -1.82
STD.DEV. 0.07 0.09 8.26 0.13
VARIANCE 0.00 0.01 0.07 0.02

MAXIMUM 0.83 -0.85 4.20 -1.39
MINIMUM 0.51 -1.29 3.52 -1.78
RANGE 0.32 0.44 0.68 0.39
AVERAGE 264.91 0.70 -1.07 244.91 3.79 -1.59
STD.DEV. 0.07 0.11 0.14 0.08
VARIANCE 0.01 0.01 0.02 0.81

MAXIMUM 0.85 -1.00 4.03 -1.39
MINIMUM 0.51 -1.42 2.73 -2.12
RANGE 0.34 0.42 1.30 8.7-3
AVERAGE 264.88 0.73 -1.19 244.88 3.31 -1.84
STD.DEV. 0.08 0.08 0.34 0.14
VARIANCE 0.01 0.01 0.12 0.02

MAXIMUM 0.83 -0.76 3.88 -1.54
MINIMUM 0.46 -1.20 2.91 -2.03
RANGE 0.37 0.44 0.97 0.49
AVERAGE 264.88 0.64 -1.03 244.88 3.45 -1.78
STD.DEV. 0.08 0.08 0.26 0.09
VARIANCE 0.01 0.01 0.07 0.01



Appendix Table A31 - continued
Elevation Y 2 Elevation Y Z

(MSL) FPS FPS (MSL) FPS FPS
MAXIMUM 0.88 -0.76 3.69 -1.54
MINIMUM 0.54 -1.25 2.91 -2.88
RANGE 0.34 0.49 0.78 0.54
AVERAGE 264.85 0.72 -0.98 244.85 3.33 -1.77
STD.DEV. 0.08 0.13 0.19 0.14
VARIANCE 0.01 0.02 8.04 0.02

MAXIMUM 0.85 -0.83 4.03 -1.54
MINIMUM 0.51 -1.29 3.22 -2.17
RANGE 0.34 0.46 0.81 0.63
AVERAGE 264.83 0.68 -1.07 244.83 3.60 -1.89
STD.DEV. 0.08 0.11 8.19 0.16
VARIANCE 0.01 0.01 0.04 0.03



Appendix Table A32. Comparison of 30 minute vs 15 second samples of velocities 
at Bulkhead Slot. McNary Dam Turbine 5B. Full powerhouse.

Elevation V Z Elevation Y Z
(MSI) FPS FPS (HSL) FPS FPS

High Turbine Load
HAXIHUM 5.05 -1.71 19.53 21.07

36 iin. MINIMUM 3.59 -2.86 -1.34 -11.01
sample RANGE

AVERAGE 256.72
1.46
4.32

1.15
-2.26 236.72

20.87
7.88

32.08
-3.37

STD.DEV. 0.25 0.15 1.66 i.85
VARIANCE 0.06 0.02 2.75 3.42

MAXIMUM 4.39 -1.88 8.96 -1.83
15 sec. MINIMUM 3.83 -2.37 5.69 -6.42
sample RANGE

AVERAGE 256.66
0.56
4.11

0,49
-2.16 236.66

3.27
7.21

4.59
-3.91

STD.DEV. 8.13 0.12 0.88 1.09
VARIANCE 0.02 0.01 0.78 1.18

Medium Turbine Load
MAXIMUM 7.30 -2.61 8.83 0.85

30 min. MINIMUM 5.98 -4.20 1.66 -4.42
sample RANGE

AVERAGE 252.15
1.32
6.58

1.59
-3.05 232.15

6.37
4.97

c m J tL!
-1.60

STD.DEV. 0.12 0.13 1.00 0.86
VARIANCE 0.01 0.02 1.00 0.75

MAXIMUM 6.81 -2.83 7.23 -0.85
15 sec. MINIMUM 6.42 -3.30 4.66 -3.54
sample RANGE

AVERAGE 252.17
0.39
6.62

8.47
-3.07 232.17

2.57
6.25

2.69
-2.22

STD.DEV. 0.10 0.09 0.69 0.83
VARIANCE 0.01 0.01 0.48 0.69

Low Turbine Load
MAXIMUM 1.15 -0.63 4.66 -1.25

30 min. MINIMUM 0.34 -1.64 2.22 -2.66
sample RANGE

AVERAGE 264.95
0.81
0.73

1.01
-1.14 244.95

2.44
3.50

1.41
-1.81

STD.DEV. 0.09 0.14 0.39 0.20
VARIANCE 0.01 0.02 0.15 0.04

MAXIMUM 0.90 -B.85 4.17 -1.34
15 sec. MINIMUM 0.34 -1.64 2.98 -2.17
sample RANGE

AVERAGE 264.92
0.56
8.64

0.79
-1.25 244.92

1.19
3.54

0.83
-1.76

STD.DEV. 0.11 0.19 0.29 0.21
VARIANCE 0.01 0.04 0.08 0.04
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Appendix Table A33. Velocities 10 feet upstream and 1 toot upstream ot trashracks of
Turbine 128 at the Bonneville Second Powerhouse. Partial powerhouse loading. High Turbine load.

UPSTREAM
PROBE

VELOCITY' 
X

(in Ft/Sec!
Y 7

DOWNSTREAM
PROBE

VELOCITY 
X

(in Ft/Sec)
Y l

ELEV'tMSL! EPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM
*!NINUM

« "i . T7 ( J
-2.5!

1.49 -1.44
1.10 -1.78

-2.91
-3.66

5.10 -1.44
4.88 -1.78

RANGE 0.78 0.39 8.34 0.75 1.10 0.34
AVERAGE 1.13 -2.83 1.32 -1.5B -0.87 -3.31 4.46 -1.62
STD.DEV. 8.156 0.892 8.089 0.176 0.260 0.084
VARIANCE 8.024 8.838 0.838 0.031 0.36B 0.007

MAXIMUM -1.28 1.56 -1.34 -2.34 4.27 -1.51
MINIMUM -1.98 1.10 -1.83 -2.91 3.93 -L.LL

RANGE 0.78 8.46 0.49 8.57 0.34 0.71
AVERAGE 1.9? -1.51 1.35 -1.55 -0.01 -2.62 4.10 -1.77
STD.DEV. 8.132 8.116 0.116 0.124 3.882 8.179
VARIANCE 0.018 8.813 8,013 0.015 0.387 0,032

MAXIMUM -1.27 2.17 -1.98 -1.93 4.37 -1.54
MINIMUM -1.64 1.64 -2.42 -2.44 3.93 -2.12
RANGE 8.37 3.53 0.44 8.51 8.44 8.58
AVERAGE 6.48 -1.42 1.89 -2.16 4.48 -? 4.18 -1.92
STD.DEV. 8.873 8.136 8.110 0.124 0.188 0.144
VARIANCE 8.885 8.819 3.814 0.015 8.018 3.021

MAXIMUM -1.85 1.71 -1.76 -2.32 a nn *♦, LL -3.95
MINIMUM -1.54 1.32 n nn 

L,LL -2.86 3.81 -1.25
RANGE 8.49 3.39 3.46 0.54 8.41 0.38
AVERAGE 12.67 -1.24 1.56 -2.03 18.67 -2.35 4.10 -1.13
STD.DEV. 8.104 8.079 8. IBB 0.137 0.096 8.871
VARIANCE 8,81! 0,006 0.812 0.01? 0.389 0.085

MAXIMUM -1.25 1.64 -2.35 -1.98 4.20 -1.90
MINIMUM -1.59 1.27 -2.56 -2.86 3.66 -2.61
RANGE 8.34 8.37 0.51 0.88 0.54 0.71
AVERAGE 18.23 -1.48 1.47 -2.26 16.23 -2.38 3.99 -2.15
STD.DEV. 0.882 0.837 0.125 0.261 0.114 0.128
VARIANCE 8.887 0.308 0.016 8.068 8.013 0.016

MAXIMUM -0.85 1.81 -2.22 -1.76 4.22 -2.08
MINIMUM -1.34 1.29 -2.54 -2.44 3.71 -2.51
RANGE 3.49 3.52 0.32 0.68 0.51 0.43
AVERAGE 18.24 -1.10 1.59 -2.36 16.24 -2.09 4.80 -2.24
STD.DEV. 0.893 8.136 0.07? 0.202 0.136 0.098
VARIANCE 0.80? 0.019 0.006 0.041 0.319 0.013
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Aeaendix Table A33 - continued

UPSTREAM
PROBE

VELOCITY tin 
I Y

Ft/Sec!
Z

DOWNSTREAM
PROBE

VELOCI TY 
l

(in 
w
1

Ft/ Sec)
Z

ELEV(MSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM -1.12 1.61 -2.03 -2.22 3.64 -1.68
HINI HUM -1.56 1.29 -2.54 -2.7! 3.17 -2.12
RANGE 3.44 0.32 3.51 0.49 0.47 0.44
AVERAGE 23.85 -1.29 1.49 -2.23 21.85 -2.41 3.42 -1.84
STD.DEV.
VARIANCE

0,093
0.809

0.083
3.007

0.119
3.014

0.397
0.009

0.107
0.011

0.085
0.007

IWXMUH -1.10 1.49 -1.29 -2.27 3.66 -3.95
MINIMUM -1.68 1.15 -1.73 -2.76 3.20 -1.66
RANGE 0.58 3.34 3.44 0.49 3.46 3.71
AVERAGE 23.75 -1.32 1.33 -1.50 21.75 -2.50 3.48 -1.25
STD.DEV. 0.100 0.083 0.11! 0.122 3.094 3.170
VARIANCE 0,010 0.007 8.012 3.015 0.309 0.029

MAXIMUM -0.95 1.39 -1.54 -1.76 3.42 -1.54
MINIMUM -1.29 1.03 -1.83 -2.20 3.10 -1.93
RANGE 0.34 0.36 0.29 0.44 3.32 0.39
AVERAGE 29.68 -1.14 1.26 -1.67 27.68 -1.98 3.25 -1.70
STD.DEV. 0.077 0.030 0.067 0.088 0.072 0.084
VARIANCE 3.006 0.006 0.004 3.008 0.005 0.007

MAXIMUM -1.29 1.20 -2.22 -1.49 2.59 -2.34
MINIMUM -1.73 0.8! -2.59 -2.32 1.95 -3.00
RANGE 0.44 0.39 0.37 0.33 0.64 0.66
AVERAGE 35.80 4 C<

~i. Jl 1.02 -2.37 33.80 -1.30 2.28 -2.69
STD.DEV. 0.096 0.090 0.081 0.174 0.100 0.150
VARIANCE 0.00? 0.008 0.006 0.030 0.032 0.022

MAXIMUM -1.39 1.03 -1.93 -2.34 1.00 -2.29
MINIMUM -1.71 0.51 -2.34 -3.25 0.49 -2.73
RANGE 0.32 0.52 0.41 0.91 0.51 3.44
AVERAGE 12.42 -1.56 3.78 -2.10 40.42 -2.98 0.75 -2.49
STD.DEV. 0.073 0.114 0.093 0.196 3.122 0.389
VARIANCE 0.005 0,013 0.009 0.038 0.015 0.038

MAXIMUM -0.46 3.39 -1.59 -1.12 0.02 -1.45
MINIMUM -1.29 -3.32 -2 iv -1.86 -0.76 -1.83
RANGE 0.83 0.4! 0.53 0.74 0.78 0.34
AVERAGE 48.57 -0.88 0.18 -1.8! 46.57 -1.50 -0.26 -1.63
STD.DEV. 0.264 0.086 0.123 0.177 0.188 0.877
VARIANCE 0,070 0.307 0.014 0.031 8.035 0.806
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Appendix Table A33 - continued

UPSTREAM
PROBE

VELOCITY (in 
X Y

1:t/Sec)
Z

DOWNSTREAM
PROBE

VELOCITY (in 
X Y

!-t/Sec)
7

ELEV(HSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

WAXIHUH 1. IS -0.66 -0.24 1.15 -1.83 -0.56
HINIHUH -0.37 -1.51 -0.95 -0.15 -2.69 -1.34
RANGE 1.47 0.85 0.71 1.30 0.86 0.78
ri rpftg£ Cl R T

JC . *0 0.27 -1.04 -0.61 54.43 8.59 -2.24 -8.87
STD.DEV. 0.402 0.235 0.163 8.310 0.177 0.186
VARIANCE 0.162 0.055 0.026 8.096 0.031 0.834
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Appendix Table A34. Velocities 18 teet upstream and ! toot upstream ot trashracks or Turbine 128 
at the Bonneville Second Powerhouse. Partial powerhouse loading. Medium Turbine load.

UPSTREAM
PROBE

VELOCITY 
X

(in 
y

Ft/Sec)
Z

DOWNSTREAM
PROBE

VELOCITY 
X

(in 
Y

Ft/Sec)
Z

ELEVIMSU FPS FPS FPS ELEV(MSL) FPS FPS FPS
MAXIMUM -3.31 1.73 -0.12 -1.15 4.37 0.02
MINIMUM -1.54 8.98 -1.07 -2.17 3.49 -0.78
RANGE 3.73 8.75 0.95 1.82 0.88 3.30
AVERAGE -7.54 -1.26 1.48 -0.63 -9.54 -1.61 4.82 -3.45
STD.DEV. 3.175 8.280 0.271 0.298 0.258 8.213
VARIANCE 3.831 8.043 0.073 8.084 8.363 0.845

MAXIMUM -3.37 1.29 3.37 -0.76 4.22 0.59
MINIMUM -0.8! 0.85 -0.98 -1.34 3.44 -1.03
RANGE 3.44 8.44 1.35 0.58 8.78 1.62
AVERAGE -4.65 -3.56 4 4 7

i. i -0.24 -6.65 -1.01 3.00 -8.44
STD.DEV. 3.893 0.396 0.481 0.126 0.285 8,497
VARIANCE 0,813 0.009 8.16! 0.016 8.042 8.247

MAXIMUM -1.07 1.69 -8.8! -1.73 3.74 -8.71
MINIMUM -1.46 1.39 -1.25 -2.12 3.39 -1.28
RANGE 3.39 0.29 0.44 0.39 3.35 0.49
AVERAGE 1.38 -1.27 1.53 -1.88 -8.62 -1.95 3.59 -0.94
STD.DEV. 3.872 0.063 0.187 8.072 0.073 8.136
VARIANCE 8.835 0.084 8.011 0.085 0.335 3.011

MAXIMUM -1.20 1.93 -1.42 -1.20 3.81 -1.29
MINIMUM -1.66 1.39 -1.93 -1.73 3.22 -1.86
RANGE 3.46 0.54 0.51 0.53 0.59 0.57
AVERAGE 6.53 -1.45 1.67 -1.7! 4.53 -1.46 3.49 -1.63
STD.DEV. 8.884 0.125 8.115 0.157 8.141 8.127
VARIANCE 3.007 0.016 0.813 0.025 8.328 0.016

MAXIMUM -1.88 1.61 -0.90 -1.66 3.42 -0.46
MINIMUM -1.44 1.22 -1.44 -2.42 3.03 -1.15
RANGE 0.44 3.39 0.54 3.76 3.39 8.69
AVERAGE 12.27 -1.21 1.44 -1.18 18.27 -2.85 3.2! -0.76
STD.DEV. 3.125 0.084 0.126 8.218 0.091 0.177
VARIANCE 3.316 8.037 0.016 8.044 0.038 0.831

MAXIMUM -3.71 1.44 -1.37 -1.20 3.42 -1.68
MINIMUM -1.28 1.85 -1.93 -1.76 2.95 -2.12
RANGE 3.49 0.39 0.56 0.56 8.47 8.44
AVERAGE IS. 34 -3.93 1.27 -1.63 16.04 -1.50 3.24 -1.91
STD.DEV. 0.121 0.098 8.121 0.132 8.883 3.10!
VARIANCE 8.815 8.010 8.815 3.017 0.807 3.813



Anoendis Table A34 - continued

UPSTREAM
PROBE

VELOCITY 
X

(in 
Y

Ft,-'Sec)
Z

DOWNSTREAM
PROBE

VELOCITY 
x

(in 
Y

Ft,-'Sec)
Z

ELEVSM3L! EPS EPS FPS ELEViNSL) FPS FPS FPS

MAXIMUM -8.05 1.54 -1.25 -1.25 3.52 -1.29
MINIMUM -1.29 1.10 -1.76 -2.05 2.95 -1.76
RANGE 0.44 3.44 8.51 8.38 8.57 0.47
AVERAGE 18.86 -1.! i 1.31 -1.52 16.06 -1.61 3.19 -1.51
STD.DEV. 8.834 0.303 8.130 0.227 0.117 8.111
VARIANCE 8.887 0.887 8.817 0.052 0.014 8.012

MAXIMUM -0.51 1.34 -1.25 -1.10 3.05 -1.25
MINIMUM -8.83 1.80 -1.73 -1.64 2.76 -1.76
RANGE 3.32 0.34 0.48 0.54 8.29 0.51
AVERAGE 24.37 -8.67 1.21 -1.52 22.37 -1.37 2.91 -1.47
STD.DEV. 8.865 8.073 8.111 8.124 3J64 0.106
VARIANCE 8.084 0.005 0.812 0.015 0.884 0.011

MAXIMUM -8.76 1.44 -1.73 -0.90 3.10 -1.59
MINIMUM -1.15 1.12 -1.98 -1.37 2.54 -2.03
RANGE 8.39 0.32 0.25 0.47 0.56 0.44
AVERAGE 29.3? -3.96 1.30 -1.35 27.39 -1.15 2.88 -1.81
STD.DEV,
VARIANCE

8.093
0.809

8.870
8.806

8.863
0.085

0.117
0.014

8.143
0.821

8.10B
0.012
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Appendix Table A35. Velocities 10 Test upstream and 1 foot upstream of trashracks of Turbine 122 
at the Bonneville Second Powerhouse. Partial powerhouse loading. Law Turbine load.

UPSTREAM
PRGFE

VELOCITY (in 
X Y

Ft/Sec'
Z

DOHNSTREAH
PROBE

VELOCITY (in 
X Y

Ft
7
L

IJJ
tr»

ELSV(NSL) PR'S PS FPS ELEViMSLi FPS FPS FPS

MAXIMUM -1.34 0.98 -8.42 -1.03 3.56 -8.66
-1.86 8.44 -1.64 -2.76 2.90 -1.98

RANGE 3.52 8.46 1.22 8.93 0.58 1.32
AVERAGE -9.68 -1.61 8.66 -3.9! -11.68 -2.31 3.23 -1.19
STD.DEV. 8.132 0.106 B.37B 0.231 0,148 8.349
VARIANCE 0.017 8.811 8.143 3,853 0.822 8.122

H*K!MU!1 -0.37 1.51 -1.54 -1.08 3.71 -1.64
MINIMUM -1.69 0.81 -2.25 -1.81 2.86 - ■? 22
RANGE 1.31 8.78 8.71 8.8! 8.85 0.58
AVERAGE -2.17 -1.12 1.14 -1.89 -4.17 -1.48 3.13 -1.38
STD.DEV,
VARIANCE

0.364
0.132

8.105
8.034

8.177
8.831

8.243
8.057

8.208
8.843

8.187
8.835

MAXIMUM -8.46 1.71 -0.12 -1.05 4.03 -8.87
MINIMUM -1.18 1.22 -1.10 -1.93 3.42 -1.15
RANGE 8.44 0.49 8.90 8.80 0.61 1.08
AVERAGE -4.56 -8.89 ! .53 -8.48 -6.56 -1.46 3.77 -8,74
STD.DEV. 0.898 8.112 8.249 8.214 8.161 8.276
VARIANCE 8.838 8.013 8.862 8.846 8.826 3.876

MAXIMUM -1.17 1.34 -1.44 -1.42 3.05 -1.44
MINIMUS -1.7fc 3.,;8 -2.51 -2.39 2.66 -2.51
RANGE 8.59 0.44 0.87 0.97 8.39 1.07
AVERAGE 1.9! -1.53 1.14 -2.85 -8.0? -1.92 2.92 -1.97
STD. DEV. 8.120 8.186 0.277 0.382 0.838 3.346
VARIANCE 8.814 8.011 8.077 8.891 0.308 8.126

HAXISU!* -1.18 1.25 -2.15 -1.64 2.76 -1.54
MINIMUM -1.76 8.81 -2.73 -2.8! 2.27 -2.25
RANGE 8.66 8.44 8.50 1.17 8.4s 8.71
AVERAGE 7.90 -1.44 1.03 -2.48 5.98 -2.19 2.51 -1.89
STD.DEV. 8.162 8.398 0.121 8.327 0.188 0.185
VARIANCE 0.826 8.818 8.015 8.107 0.812 3.034

flA XI HUM -0.49 1.56 -1.56 -8.81 3.49 -1.44
MINI NUN -1.59 1.12 -2.12 -1.54 2.83 7ri

~L % L'L.

RANGE 1.18 8.44 0.56 0.73 8.66 0.8B
AVERAGE 13.97 -1.85 1.30 -1.39 11.97 -1.15 3.15 -1.81
rc.DEv.
VARIANCE

8,313
8.898

8.893
0.809

8.147
8.821

8.156
8.024

8.169
8.828

8.267
8.871
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AppendiTable A35 - continued

UPSTREAM
PROBE

VELOCITY' 
X

(in 
V

Ft)'‘Sec)
Z

DOWNSTREAM
PROBE

VELOCITY (in 
X Y

Ft/Sec)

ELEV(MSL) EPS FPS FPS ELEV(HSL) FPS FPS FPS

MAXIMUM -1.15 3.25 -3.73 -2.10 3.23 -0.42
HIMItIUM -1.54 2.44 -2.88 -2.66 2.49 -1.61
RANGE 0.39 0.81 1.27 0.56 8.71 1.19
AVERAGE 19.30 -1.33 2.98 -1.38 17.30 -2.30 2,°6 -1.11
STD.DEV. 0.007 0.225 0.351 0.120 0.168 8.256
VARIANCE 0.038 8.858 0.123 3.314 0.826 0.066

MAXIMUM -0.78 2.91 -1.37 -1.44 2.88 -1.34
MINIMUM -1.05 2.47 -1.68 -1.83 2.54 -1.59
RANEE 0.27 0.44 0.31 0.39 0.34 8.25
AVERAGE 24.29 -0.90 2.78 -1.51 22.29 -1.66 2.73 -1.44
STD.DEV.
VARIANCE

0,059
8.003

0,107
8.311

8.876
8.886

0.103
0.011

3.385
0.037

0.060
0,004

MAXIMUM 0.02 2.61 -1.34 -1.10 2.73 -0.95
MINIMUM -3.90 1.90 -1.88 -1.76 2.27 -1.51
RANGE 0.92 0.63 0.54 0.66 0.51 0.56
AVERAGE 29.03 -8.40 2.35 -1.61 27.83 -1.39 2.53 -1.25
STD.DEV. 8.244 8.136 0.138 0.174 0.112 8.135
VARIANCE 8.078 8.818 0.017 0.830 0.013 0.018

MAXIMUM -8.95 1.00 -2.12 -1.20 1.71 -2.44
MINIMUM -1.44 0.56 -2.42 -2.32 1.37 -2.36
RANGE 0.49 8.44 8.38 1.12 0.34 0.42
AVERAGE 36.45 -1.18 0.79 -2.28 34.45 -1.63 1.54 -2.66
STD.DEV. 0.898 0.395 0.083 0.271 8.083 0.092
VARIANCE 0.818 0.B39 0.887 0.873 8.087 8.00?

MAXIMUM -0.90 1.18 -1.49 -1.56 3.93 -1.49
MINIMUM -1.44 0.5? -2.03 -2.88 0.39 -1.98
RANGE 0.46 0.51 0.54 1.32 0.54 0.4?
AVERAGE 42.10 -1.22 8.9? -1.72 43.10 n m

L! 0.67 -1.76
STD.DEV. 8.892 8.113 0.129 0.331 0.128 0.099
VARIANCE 3,888 0.813 0.817 0.109 0.016 8.010

MAXIMUM 1.86 0.37 -0.07 -1.05 0.61 -1.29
MINIMUM -0.59 -8.90 -1.83 -2.54 -0.49 -1.68
RANGE 2.45 1.27 1.76 1.49 1.10 0.39
AVERAGE 45.61 8.25 8.06 -1.28 46.61 -1.82 0.12 -1.46
STD.DEV. 0.523 0.268 0.361 0.476 0.244 0.088
VARIANCE 0.274 0.068 0.138 0.227 0.059 0.008
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Appendix Table A35 - continued

UPSTREAM
PROBE

VELOCITY (in 
X Y

Ft/Sec!
Z

DOWNSTREAM
PROBE

VELOCITY (in 
X Y

Ft/Sec)
Z

ELEV(MSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM 0.12 1.00 -1.34 -1.83 0.17 -1.29
MINIMUM -1.29 -0.51 -1.98 -2.34 -0.56 -1.68
RANGE 1.41 1.51 0.64 0.51 0.73 0.39
AVERAGE 54.47 -0.49 0.10 -1.57 52.47 -2.13 -8.22 -1.44
STD.DEV. 0.374 0.418 0.145 0.149 0.212 0.082
VARIANCE 0.140 0.175 0.021 0.822 8.845 0.007

MAXIMUM -1.59 0.29 -0.83 -2.05 0.12 -0.46
MINIMUM -2.22 -0.02 -1.25 -2.66 -8.22 -0.90
RANGE 0.63 0.31 0.42 0.61 0.34 8.44
AVERAGE 68.55 -1.91 0.15 -1.06 58.55 -2.34 -0.05 -0.69
STD.DEV. 0.156 0.067 0.112 0.152 0.069 0.101
VARIANCE 0.024 0,004 0.013 8.023 0.005 8.018

MAXIMUM -2.10 0.24 -0.37 -1.12 0.02 0.05
MINIMUM -3.15 -0.24 -0.90 -1.81 -0.39 -0.46
RANGE 1.05 0.46 0.53 0.69 0,41 0.51
AVERAGE 66.94 -2.52 -0.04 -0.66 64.94 -1.45 -0.16 -0.18
STD.DEV. 0.301 0.105 0.125 8.170 0.096 0.134
VARIANCE 0,091 0.011 8.01b 0.029 0.809 8.818
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Appendix Table A36. Comparison of 30 minute vs 15 second samples of velocities 12 feet upstream 
and 1 foot upstream of trashracks of Turbine 12B at the Bonneville Second Powerhouse.
Partial powerhouse loading.

UPSTREAM
PROBE

VELOCITY 
X

(in Ft/Seel
Y Z

DOWNSTREAM
PROBE

VELOCITY 
X

(in 1:t/Sec)
Y 2

ELEV(MSL) FPS FPS FPS ELEV(fiSL) FPS FPS FPS

nigh Turbine Load
MAXIMUM ■8.66 1.66 -1.27 -0.59 3.98 -6.46

30 oin. MINIMUM -2.12 0.85 -3.13 -3.69 2.76 -3.10
sample RANGE

AVERAGE 23.80
1.46

-1.27
0.83 1.36
1.35 -1.99 21.80

3.10
-2.26

1.22 2.64
3.47 -1.77

STB.DEV. 0.245 0.131 0.352 0.413 0.161 8.381
VARIANCE 0.060 0.017 0.124 0.170 0.026 8.145

MAXIMUM -1.15 1.49 -1.29 -2.27 3.66 -0.95
15 sec. MINIMUM -1.46 1.15 -1.71 -2.76 3.38 -1.37
sample RANGE

AVERAGE 23.73
0.31

-1.31
2.34
1.34

0.42
-1.48 21.73

0.49
-2.49

0.36
3.48

8.42
-1.18

STD.OEV. 0.066 0.881 8.102 0.126 0.087 6.184
VARIANCE 0.004 8.206 0.010 0.016 0.808 0.011

Medium Turbine Load

38 «iin.
MAXIMUM
MINIMUM

-8.95
-1.29

1.44
1.15

-1.25
-1.76

“1.25
-2.05

7 -7 ao«o4•n nc
L. 7J

-1.37
-1.76

sample RANGE
AVERAGE 18.06

8.34
-1.12

0.29
1.38

0.51
-1.51 16.86

0.8B
-1.61

0.39
3.16

0.39t c <i1. wit
STD,DEV.
VARIANCE

0.380
8.886

0.072
8.805

8.136
0.819

0.238
0.856

8.896
8.009

0.899
0.810

MAXIMUM 8.88 1.83 -0.42 -0.37 3.83 "If. J7

15 sec. MINIMUM -1.73 8.90 -3.00 -2.61 2.86 -2.93
saaple RANGE

AVERAGE 18.18
1.73

-0.95
8.93
1.35

2.58
-1.66 16.10

2.24
-1.51

8.97
7 7C0. J J

2.54
-1.6!

STD.DEV. 3.258 0.128 8.359 0.344 0.133 8,349
VARIANCE 8.867 0.814 0.129 0.118 8.018 8.122

Low Turbine Load
MAXIMUM -3.07 3.42 -0.49 -0.27 3.34 -0.37

38 sin. MINIMUM “1.76 1.39 _7 nn -2.83 n ■*'.n
l.LL -2.64

sample RANGE
AVERAGE 19.25

1.69
-8.87

2.03
2.62

2.73
-1.78 17.25

2.56
-1.49

1.12
2.90

2.27
-1.58

STD.DEV. 0.344 0.335 8.444 0.488 0.176 0.398
VARIANCE 8.118 8.112 0.197 8.230 8.031 8.159

MAXIMUM -1.15 3.25 -0.73 -2.10 3.20 -0.42
5dCi MINIMUM -1.54 2.44 -2.00 -2.66 2.49 -1.6!

BdiTip 1 & RANGE 8.39 8.8! 1.27 0.56 0.71 1.19
AVERAGE 19.30 I 77 

"l . -'w* 2.90 -1.38 17.30 -2.38 2.96 -1.11
STD.OEV. 8.887 8.225 8,351 0.120 8.160 0.256
VARIANCE 8.808 0.058 0.123 0.014 0.026 8,866
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Append is: Table A37. Velocities at the Foldinp Fra«e upstream of Travelling Screen. 
Bonneville Second Powerhouse. Turbine 12B. Partial powerhouse loading. High turbine load.

VELOCITY( :r 
Elevation V

Ft/Sec)
7 Elevation

VELOCITY(in 
Y

Ft/Sec)
Z Elevation

VELOCITY(in Ft/Sec!
Y Z

'HSU PPS FPS (HSL) FPS FPS (HSL) FPS FPS

HAXI NUN -0.61 4.52 8.69 6.05 1.29 -0.02
ninihun -0.85 1.78 0.98 -1.64 -8.63 -2.22
RANEE 3.24 2.74 7.71 7.69 1.92 2.20
AVERAGE 14.34 -8.72 3.03 10.34 5.46 2.33 -9.66 0.35 -1.19
STD.DEV. 8.859 0.746 2.127 1.899 0.508 0.523
VARIANCE 8.083 0.557 4.525 3.604 0.258 0.274

MAXIMUM -0.69 4.66 6.35 1.15 1.05 0.00
HINIHUH -0.90 0.90 1,87 -2.47 0.00 -2.03
RANGE 0.22 3.76 5.28 3.62 1.05 2.03
AVERAGE 14.53 -0.78 2.46 < a ifi. C7 4.11 -0.44 -9.47 3.46 -0.91
STD.DEV. 0.046 3.874 1.406 0.781 0.299 0.524
VARIANCE 8.082 0.763 i.977 8.618 8.389 0.274

MAXIMUM -0.66 6.76 7.89 1.68 1.59 8.56
MINIMUM -0.38 2.95 -0.85 -1.32 0.73 -0.93
RANGE 0.22 3.81 B.74 3.00 8.86 1.49
AVERAGE 14.56 -0.73 4.71 18.56 3.65 0.88 -9.44 1.10 -8.11
STD.DEV. 0.054 1,206 2.233 0.770 3.224 8.389
VARIANCE 0.003 1.454 4.987 0.594 0.850 0.151

MAXIMUM -0.66 5.00 10.03 4.32 1.85 0.10
MINIMUM -0.85 2.51 5.80 -1.34 -0.22 -1.05
RANGE 0.19 2.49 5.03 5.66 1.27 1.15
AVERAGE 14.57 -0.74 3.74 18.57 7.58 1.55 -9.43 0.47 -0.52
STD.DEV. 0.853 0.650 1.392 1.429 0,314 8.295
VARIANCE 8.803 8.422 1.938 2.843 8.099 8.087

MAXIMUM -8.44 5.35 7.69 2.86 1.90 0.68
MINIMUM -8.66 1.64 2.95 -8.46 8.24 -1.76
RANGE 0.22 3.71 4.74 y ?n •J.Oi 1.66 2.44
AVERAGE 14.64 -2.53 3.48 10.64 4.73 1.04 -9.36 1.01 -0.60
STD.DEV. 0.061 0.694 1.107 0.888 0.490 8.622
VARIANCE 8.004 0,482 1.226 0.652 0.240 0.387

MAXIMUM -8.42 4.03 C fl <1J « *T*t 3.25 1.12 -0.17
MINIMUM -8.66 8.12 2.76 -0.32 -0.27 -1.86
RANGE 0.24 3.91 2.68 3.57 1.39 1.69
AVERAGE 14.65 -3.52 1.68 10.65 3.96 1.76 -9.35 8.38 -1.09
STD.DEV. 0.052 1.293 0.664 0.744 0.380 0.449
VARIANCE 8.805 1.671 0.442 0.554 0.144 0.201
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Aooendix !?rie A3/ ■ continued
VELOCITYUn Ft/Sec)

7Eievat an V Elevation
VELOCITYU n 

Y
Ft/Sec)

Z Elevation
VELOCITY(in Ft/ Se

V/ 7f L

(HSL FPS FPS (HSL) FPS FPS (HSL) FPS FPS

HAXIKUH -3.il 5.47 6.32 2.15 1.4? 3.34
HINIHUH -0.85 2.34 2.61 -1.56 3.22 -0.76
RANGE 0.24 3.13 3.71 3.71 1.27 1.18
AVERAGE 14.65 -6.72 3.57 13.65 4.92 0.08 n 7 c "7 . JJ 3.96 -0.31
SID.DEV. 3.355 0.976 8.932 8.98? 0.406 0.277
VARIANCE 0.087 0.953 3.869 0.826 0.165 0.077

HflXIHUH -0.42 2.76 6.81 8.8! 1.44 8.32
HINIHUH
RANEE

-8,66
0.24

0.29
2.47

2.03
4.78

-1.29
2.18

3.44
1.00

-1.39
1.71

AVERAGE 18.93 -8.51 1.44 14.93 4.29 -0.16 -5.07 0.84 -3.66
STD.DEV. 8.043 0.662 1.456 6.422 8.205 0,445
VARIANCE 8.004 0.438 2.119 0.178 3.042 8.198

HAH HUH hi * n
*L 3.83 5.05 1.15 1.85 -0.56

HINIHUH -0.64 0.71 2.88 -1.87 -0.15 -1.4?
RANGE 0.24 3.12 2.17 2.22 1.20 0.93
AVERAGt 18.97 -8.5! 2.03 14.97 4.83 -0.28 -5.03 0.53 -1.09
STD.DEV,
V'AS IANCE

8.35?
0.083

0.843
8.718

8,521
0.272

8.652
0.425

8.261
8.868

0.228
8.052

HAH HUH
HINI HUH

-0.42
-0.63

* 71“ • /
1.44

3.25
-8.54

1.25
-1.18

1.54
8.42

0.46
-1.07

RANEE 8.2! n n? 3.79 •n 7C
L, JJ 1.12 1.53

AVERAGE 21.IB -0.53 22 17.10 1.28 0.U -2.98 0.99 -0.38
STD.DEV. 0.352 0.322 1.332 0.548 3.270 3.339
VARIANCE 0.003 0.676 1.864 8.301 8.073 0.115

HAXIHUH -0.42 4.64 2.98 0.93 1.68 -0.34
HINIHUH -0.59 4 .4 41 . 8.7! -1.10 8.71 -2.12
RANGE 0.17 3.20 n ni

Lt Li 2.00 0.97 1.78
AVERAGE 2^.40 -8.49 3.34 20.40 1.77 -0.14 3.48 1.12 -1.30
STD,DEV.
VARIANCE

0.352
0.363

0.734
0.496

8.527
0.278

0.594
0.353

8.237
3.856

3.49?
0.249

HA XIHUH -3.34 4.52 3.74 1.12 1.59 -0.46
HINIHUH -0.5? 2.47 1.88 -0.12 0.07 -2.37
RANGE n ~iC. L J 2.85 i. 86 1.24 1.52 1.9!
AVERAGE 24.57 -3.46 3.48 23.57 n in 0.44 8.57 3.83 -1.61
STD.DEV. 0.063 0.493 0.452 8.382 3.364 3.425
VAR IANCE 0.804 0.244 0.205 0.891 0.133 8.181
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Appendix Table A37 - continued
VELOCITY'(in 

Elevation ¥
Ft/Sec)

7 Elevation 
VELOCITY(i n 

Y
Ft/Sec!

7 Elevation
VELOCITY (in Ft/Sec)

TY L

(MSI! EPS FPS {MBL) FPS FPS (MSL) FPS FPS

MAXIMUM -0.34 4.76 7 * C• j . i J 1.46 1.34 -8.73
MINIMUM -0.5? 2.12 8.95 -8.27 8.56 n m-Ltt!

RANGE 8.25 2.64 2.28 1.73 0.78 1.54
AVERAGE 24.5? -8.47 3.65 20.59 2.81 8.71 8.59 8.91 -1.45
STB.DEV. 8.055 0.608 8.543 8.403 0.223 0.396
VAR IhNCE 0.083 8.368 8.317 8.162 8.858 8.157

The sounting bolts holding the probe arss sheared during the te 5ts; therelore these readings ®av di-f-fe
sosewhat tro§ actual values.
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Appendix Table A38. Velocities at the Folding Fraee apstreas of Travelling Screen.
Bonneville Second Powerhouse. Turbine 12B. Partial powerhouse loading. Medium turbine load.

VELOCITY t
Elevation Y

n Ft/Sec;
L Elevation

VELOCITY!in Ft/Sec)
Y Z Elevation

VELOCITY(in Ft/Sec)
Y Z

(HSU* FPS FPS (MSLit FPS FPS (MSLi FPS FPS

MAX!HUH -8.48 3.05 4.83 1.76 0.98 -8.10
MINIMUM -0.98 1.63 3.54 -1.29 8.32 -0.81
R'ANSE 0.22 1.37 2.47 3.05 0.66 8.7!
AVERAGE 15.04 -0.77 2.49 11.34 4.74 3.26 -0.96 0.68 -0.30
STD.DEV. 8.854 8.384 0.420 8.902 3.173 0.136
VARIANCE 8.803 8.148 8.385 0.814 8.038 8.818

MAS I HUM -0.7! i.bii 4.88 1.34 < 1. nr LJ -8.27
MINIMUM
RANGE
AVERAGE
STD.DEV.

13,94

-0.97
n nns. Li
-0.7e
8.854

1.44
1.28
2.0!

8.275
14.94

3.54
1.32
4.23

8.332

-3.37< "* *1« / i
8.44

8.489
-5.06

8.54
3.71
8.87

3.151

-1.18
0.83
-8.64
8.193

VARIANCE 8.887 8.875 3.118 0.147 0.023 8.037

HAXIHUM -8.48 3.15 ■>. os 3.10 1.61 8.08
MINIMUM \ Oft ~a, ’U 1.88 8.42 -1.93 0.59 -1.25
RANGE 0.22 1.27 2.83 2.83 1.02 1.25
AVERAGE 21.87 -3.77 2.54 17.07 1.47 -0.88 n nr

L% 7 1.13 -0.99
STD.DEV,
VARIANCE

0.85;
0.803

8.332
0.111

0.840
8.785

8.637
0.406

8.267
8.871

0.171
0.029

HAS IHUH -0.48 3.32 n ncZJ 1.10 3.95 -0.85
MINIMUM -8.97 2.41 1.27 -0.46 8.20 -1.54
RANGE 8.25 0.71 3.93 1.56 8.75 6.69
AVERAGE 24. i6 -0.78 2.94 20.14 1.85 0.33 8,16 0.67 -1.30
1*6.DEV. 8.859 8.143 8.244 8.396 8.195 3.168
VARIANCE 8.033 8.821 8.871 3.157 3.038 8.828

MAXIMUM -0.71 3.88 4.32 8.22 1.83 -0.46
MINIMUM -8.93 2.17 2.47 -1.68 0.44 “i.XJ
RANGE 8.22 8.91 1.85 1.98 8.59 8.79
AVERAGE 24.01 -0.80 "l C7 i.JO 22.81 7 *7 j. H 1 -8.83 2.01 0.76 -3.74
STD.DEV. 0.845 n, -err 

t'. i JJ 8.544 8.49! 0.138 0.200
VARIANCE 8.889 8.845 8.318 8.24! 3.819 0.340

MAXIMUM -0.71 3.25 2.84 8.93 1.17 3.51
MINIMUM -8.95 2.44 1.41 -0.27 0.61 -1.07
RANGE 3.24 3.59 1.25 1.17 0.56 1.58
AVERAGE n *:a. an k;d -8.81 2.84 22.88 n -7n 

i.. i.L 8.37 2.08 8.89 -8.41
STD.DEV. 8.854 0.127 8.339 8.223 3.136 8.403
VARIANCE 0.887 8.014 3.395 3.353 8.818 8.162
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Appendix Table A38 - continued

VELOCITY (in 
Elevation Y

Ft/Sec'
7 Elevation

VELOCITY(in 
Y

Ft/Sec)
7 Elevation

VELOCITY(in F t/Sec?
7Y

(MSL! FPS FPS (MSL) FPS FPS (HBLS FPS FPS

MAXIMUM -0.48 3.74 3.28 0.90 1.44 -0.44
MINIMUH -0.98 2.54 1.76 -0.46 0.51 i ir,-1 • 0 7
RANGE 3.22 1.20 1.44 1.36 3.93 0.95
AVERAGE 24.20 -3.80 7 -,r •>. i-J 22.20 2.61 0.25 2.28 0.99 -1.04
STD.DEV. 3.35: 8,218 8.357 0.250 0.221 0.229
VARIANCE 0.803 8,048 8.123 8.063 8.849 8.052

MAXIMUM
MINIMUM

-3.74
-0.96

7 -7C • j • *_
2.28

3.15
1.98

8.81
-0.98

* 77I * j /
8.51

-8.54
-1.25

RANGE 0.22 1.85 1.17 1.79 8.86 0.7!
AVERAGE 24.34 -0.05 2.67 22.36 2.48 -8.89 2.36 0.98 -0.86
STD.DEV. 3.341 0.272 8.237 0.507 0.194 0.181
VARIANCE 0.034 3.874 0.856 0.257 8.838 0.033

tlsMMtlH -8.74
-0.98

U , 4 /
2.54

3.44
1.44

0.98
-0.59

1.44
8.02

-0.27
-1.25

RANGE 0.22 0.93 2.00 1.57 1.42 1.18
AVERAGE 24.23 -8.84 2.94 27 n-r 2.35 8.26 7 r-7 2.84 -8.57
STD.DEV. 3.859 0.205 8.508 8.438 8.387 0.254
VARIANCE 8,083 0.042 0.258 0.185 0.150 0.065

t The aounting belts holding the probe arse sheared during the tests; therefore thee e readings say differ
sosewhet fro® actual values.
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Appandi: Tstle A39. Velocities at the Folding Fraae upstrea® of Travelling Screen, 
Bonneville Second Powerhouse. Turbine 12B. Partial powerhouse loading. Low turbi ne load.

VELOCITYf (in 
Elevation V

Ft/Sec)
i
L Elevation 

VELOCITY(in Ft/Sec)
2Y Elevation

VELQCITYlir Ft/Sec)
1Y L

(HSU t FPS FPS (MSI)? FPS FPS (HSU FPS FPS

HftXIflUH -3.71 3.76 6.08 3.13 0.85 -0.02
KINIHUN -0.95 2.6? 3.78 -1.64 0.24 -0.46
RANGE 3.24 1.07 2.33 4.77 0.6! 0.44
AVERAGE 
SIS.DEV. 

15.14 -3,33
3.063

3. Id
0.239

11.14 4.51
0.489

1.02
1.238

-8.86 3.57
0.137

-0.25
0.099

VARIANCE 8.334 0.084 0.167 < CTT1 . JO-' 8.019 0.010

KAKINUH -8.'6 2.47 7.03 2.81 0.85 -0.05
MINIMUM -8.=5 1.78 t cn

J. %li -0.02 0.32 -0.42
RANGE 3.19 3.69 7 Cf0 « J 1 2.83 0.53 8.37
AVERAGE 13.15 -3.82 ■ i n 

i., ii 11.15 5.65 1.34 -8.05 0.61 -3.24
STD, DEV. 
VARIANCE 

8.351
3.383

0.162
3.026

0.833
0.689

0.812
0.660

3.126
0.016

0.085
0.007

“AX JMUM -3.78 3.44 5.54 0.46 3.93 -3.07
MINIMUM -1.83 2.47 2.91 -1.5? 0.42 -0.56
RANGE 3.25 0.97 2.63 2.05 0.51 0.4?
AVERAGE 15.24 -0.89 3.02 11.24 4.51 -0.52 ■8.76 0.67 -0.31
STD.DEV. 0.359 8.266 0.616 0.583 0.121 0.119
VARIANCE 8.881 8.071 0.379 0.336 0.315 0.014

MAXIMUM -3.7S 4.33 5.05 3.59 3.6B -0.10
MINIMUM -1.35 2.54 2.66 -8.27 0.17 -8.59
RANGE 0.27 1.49 2.39 3.86 0.51 8.4?
bVERASE
STS.DEV.

15.36 -0.91
3.065

3.20
n, 3. am *t**l

11.36 3.68.1 MTTo. v ! 1
1.79

1.834
-8.64 8.46

0.117
-0.35
0.100

VARIANCE 0,304 3.195 8.683 1.869 0.814 8.010

MAX IMUM
MINIMUM

-8.78
-1.05

3.42
“ 7

5.64
3.52

2.12
-0.07

3.68
0.32

0.82
-8.5?

RANGE 3.27 1.88 2.32 2.19 0.36 3.61
A/ERASE
STD.DEV.

15.42 -3.91
0.0t3

2.87
0.25?

11.42 4.55
0.649

1.11
8.611

-8.58 0.52
0.37B

-0.2B
0.150

VARIANCE 3.884 B.067 8.421 3.373 0.806 0.023

MAXIMUM
MINIMUM

-0.70
-1.30

3.64
2.34

5.44
7 70

2.10
-4.22

0.95
0.37

-0.05
-0.42

RANGE
AVERAGE
STD.DEV.

15.45
0.22
-0.89
0.051

1.30
2.98

3.275
i « AC: i . 7 j

2.85
4.50

0.481
6.32

-1.26
1.712

-8.55
8.53
8.78

0.113
0.37
-8.22
8.895

variance 0.303 3.076 8.231 2.931 3.313 0.889
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fi::?ndis T*&le -39 - continued
VELOCITY 1 in Ft/Sec)

Elevation Y I !Elevation
VELOCITY(ini 

Y
Ft/Sec)

t Elevation
VELOCITY'in Ft/Sec

Y Z
(MSL' EPS FPS !MSL> FPS FPS (MSI) FPS FPS

HATINUN -0,78 3.59 5.44 2.66 8.85 8.00
MINIMUM -1,08 2.27 3.44 -1.68 8.37 -3.42
RANGE 8.22 1.32 2.80 4.34 0.49 3.42
AVERAGE 15.49 -8.86 2.86 11.48 4.63 0.29 -8.52 8.68 -8.16
STD.DEV. 0.854 0.36? 0.590 1.277 8.126 0.095
VARIANCE 0,003 8.136 8.358 1.638 B. 816 8.88?

MAXIMUM -3.78 3.59 *7 -1C
i x Lxi 2.25 0.90 0.87

MINIMUM -1.00 2.56 3.44 0.24 8.20 -0.44
RANGE
AVERAGE < c .« n 

] J . M 7
0,22

-0.89
1.03
2.97 11.49

3.81
4.98

2.01
1.14 -8.51

0.78
8.61

8.5!
-8.14

STD.DEV.
VARIANCE

0,063
8.004

0.269
0.873

1.893
1.194

8.440
0.194

8.196
0.039

8.112
0.012

MAXIMUM -0.78 2.73 5.47 0.73 0.63 -8.17
MINIMUM -1.08 1.76 3.32 -1.93 0.24 -0.61
RANGE 3.22 8.97 2.15 2.66 0.39 3.44
AVERAGE 15.56 -0.89 2.34 11.56 4.50 -3.48 -8.44 0.47 -8.38
SID.DEV. 0.854 8.256 3.604 8.649 8.078 8.895
VARIANCE 0.003 8.066 0.365 0.422 0.086 0.00?

MAXIMUM -e.7e 2.90 5.09 2.69 8.63 0.27
MINIMUM -1.35 1.9G 3.25 -1.88 3.32 -0.37
RANGE 0,27 1.88 1.33 4.57 8.31 0.64
AVERAGE 15.75 -0.88 2.47 11.75 4.15 8.86 -8.25 0.46 -3.07
STD.DEV.
VARIANCE

0,85’
0.003

8.264
3.070

0.414
3.171

1.128
1.272

3.082
0.307

0.167
0.828

MAXIMUM
MINIMUM

-0,73
-8.95

2.12
1.59

3.83
2.39

1.37
-1.46

1.85
8.37

3.10
-0.37

RANGE 8.27 8.53 1,44 2.83 0,68 0.47
AVERAGE 19.23 -8.52 1.97 15.03 3.35 0.35 -4.97 0.73 -8.13
STD.DEV. 0.854 0.101 8.393 0.594 8.152 8.104
VARIANCE 3.337 3,010 0.155 0.353 0.023 8.811

NAM. HUH -8.76 2.95 2.37 0.81 0.90 -0.37
HINIHUN -8.95 2.12 1.37 -1.93 0.34 -8.85
RANGE
AVERAGE " 4 7"

8,!?
-0.33

8.33
2.62 17.37

1.00
1.78

2.74
-0.21 -2.63

0.56
8.65

0.48
-0.68

STD.DEV. 3.058 0.200 0.225 3.742 8.145 0.116
VARIANCE 0.003 0. 340 8.051 0,550 8.021 0.013
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Apoendir Table A39 - continued
VELDCITV(in Ft/Sec)

Elevation Y Z Elevation
VELOCITY(in Ft/Sec)

Y Z Elevation
VELOCITY(in Ft/Sec)

V Z
(HSU FPE FF’S (NSL) FPS FPS (M3L > FPS FPS

HAXIMUf! -0.76 2.95 2.64 1.39 1.15 -0.51
HUil HUH -0.95 2.34 1.59 -1.93 3.68 -1.00
RANGE 8.19 0.61 1.05 7 7*”. 

0.U4 8.47 0.49
AVERAGE
STD.DEV.
VARIANCE

24.5; -0.84
3.06!
0.804

2.60
3.146
0.021

20.51 2.04
0.248
8.061

-0.05
0.743i? ccnV. JJi

a c <B. J1 8.95
8.890
0.010

-8.71
8.185
8.011

flAKlHUH -0.73 3.18 2.71 1.39 1.07 -0.37
MINIHUH -0.95 1.98 1.6B -2.03 0.37 -8.90
RANGE 0.22 i. 12 1.83 3.42 0.70 8.53
AVERAGE 24.75 -0.02 2.52 23.75 2.14 -0.27 8.75 0.79 -0.65
STS.DEV. 8.061 8.310 0.261 0.908 0.142 8.123
VARIANCE 0.004 0.096 0.868 0.889 0.020 8.015

HAXI HUN -8.7! 3.32 3.85 8.51 1.12 -8.42
1INIMUH -3.95 2.54 1.59 -3.78 3.56 -0.95
RANGE n i t‘«. it 0.78 1.46 1.29 0.56 0.53
AVERAGE ic. 58 -0.81 2.90 22.58 2.19 -0.19 2.58 0.78 -0.63
STD.DEV. 0.852 3.175 8,427 8.388 0.120 8.102
VARIANCE 0.303 0.033 0.182 8.151 8.014 8.013

i The tounting baits holding the prate arss sheared during the tests; therefore these readings *av differ 
SDsevi'rat froa actual values.



Appendix Tab!? A40. Comparison of 30 minute vs 15 second samples of velocities at the Foldino Frame upstream of 
Travel I ica Screen. Sonne', ills Second Powerhouse. Turbine 12B. Partial powerhouse loading.

VELOCITY(in Ft/Sec 5
Elevation V Z Elevation

VELOCITY(in Ft/Sec)
Y Z Elevation

VELOCITY!in Ft 'Seel
Y Z

(fISL) I FPS FPS (MSL)t FPS FPS tnsD FPS FPS
High Tu*••tire Load

MAXIMUM -0.44 6.96 10.47 5.54 1.93 1.44
30 fin. MINIMUM
sample RANEE

AVERAGE

-0,85 8.00
0.41 6.96

14.53 -0.42 3.28 13.58

-0.66 -3.39
11.13 8.93
4.84 1.04 -9.42

-8.66 -2.71
2.59 4.15
0.72 -0.72

STD.DEV. 0.077 1.143 1.529 1.338 8.432 8.446
VARIANCE 0.004 1.306 2.337 1.789 8.162 0.417

MAXIMUM -0.44 4.47 6.96 2.56 1.90 8.68
15 sec. MINIMUM -8.46 2.33 2.95 -0.46 0.24 -1.76
sample RANGE

average
STD. DEV.

14.47
0.22
-0.53
0.062

2.44
3.56
3.60B

18.67
4.01
4.63
1.038

3.02
0.98

8.779
-9.33

1.46
0.97

0.512

2.44
-0.49
3.641

VARIANCE 0.004 0.360 1.074 8.606 0.262 0.418

Medium Turbine Load
MAXIMUM

33 sin. MINIMUM
-8.68
-0.90

3,74
2.98

3.20
1.93

0.90
-0,42

1.39
0.51

-0,44
-1.39

sample RANGE
AVERAGE 24.24

8.22
-8.79

0.76
3.30 22.24

1.27
2.67

1.32
0.24 2.24

0.83
0.94

0.95
-1.89

BTO.ftV. 8.858 8.157 0.333 0.234 0.194 0.218
VARIANCE 0.003 3,025 0.111 0.055 0.837 3.044

MAXIMUM -8.68 4.30 4.37 1.73 1.96 0.66
15 sec. MINIMUM -0.98 1.93 1.22 -1.37 -8.07 -2.42
sample range

AVERAGE 26.28
8.30
-0.33

2.37
3.89 n-i nn

Li.* id
3.15
2.70

3.18
0.14 2.23

2.05
0.95

3.88
-8.98

STD. DEV. 8.059 0.386 0.460 0.499 0.301 0.440
VARIANCE 0.003 3.149 8.212 0.239 0.098 8.193

Low Turbine Load
MAXIMUM -3.71 4.35 7.40 5.25 1.20 0.32

30 *in. MINIMUM
sample RANGE

AVERAGE c ? 4I -J. jL

-1,03
0.32
-0.36

1.51
2.64
2.87 11.31

3.73
6.62
4.65

-4.30
9.55
8.50 -3.69

3.85
1.15
0.60

-0.38
i. 20

-0.25
STD.DEV. 8.060 8.385 0.846 1.265 8.178 3.176
VARIANCE 8.004 0.14S 0.720 1.603 0.832 0.83!

MAXIMUM -8.71 3.76 6.88 3.13 850.  ’ -8.32
15 sec. MINIMUM -0.95 2.69 3.78 -1.64 0.24 -0.46
sample RANGE

AVERAGE • ~ uIj.it
0.24
-0.93

1.87
3.18 11.14

2.30
4.51

4.77
1.02 -8.86

8.61
8.57

8.44
-0.25

STD,DEV.
VARIANCE

8,060
0.004

0.2B9
0.834

0.409
0.167

1.23B
1.533

8.137
8.819

0.899
0.818

% The mountinq bolts holding the probe ants sheared during the tests; therefore these readings aav differ somewhat 
frsa actual values.
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APPENDIX Tab If Ml. Velocities at fixed locations inside Submersible Travelling Screen and on support fraeewert 
Bonneville Second Powerhouse. Turbins 128. Partial powerhouse loading. High turbine load. 15 second samples.
LOCATION e

f

I 7
L V Z Y Z Y

4
I Y 7 Y L

EPS FPS F-S FPS FPS FPS FPS FPS FPS FPS FPS FPS

HA*:HUH 5 ns- -0.07 2.08 8.02 3.91 8,90 8.39 0.5? 9,8? 7.25 -1.34 -3.17
MINIMUM 3.74 -0.76 1.66 -0.46 3.59 8.51 -0.59 -0.42 2.15 0.78 -2.46 -5.85
RANEE 1.43 0.69 8.42 0.48 8.32 0.47 0.98 1.81 7.74 6.47 1.32 1.88
AVERAGE 4.5! -8.44 1.37 -0.19 3.76 0.79 -a. 17 -3.86 4.95 5.66 -1.98 -4.89
STB.DEV. M26 0.139 0.099 8.127 0.069 0.892 8.214 0.242 1.892 1.334 0.320 8.4B2
VARIANCE 2.182 0.81? 3.018 0.316 8.085 8.089 0.846 8.858 3.578 1.779 8.103 3.233

MAXIMUM 4.61 -8.18 2.27 0.28 3.83 8.99 -0.17 0.29 49.98 7.45 -1.18 -3.B3
MIHIHUM 3.27 -1.05 1.71 -0.51 3.27 8.6! -1.85 -8.85 1.03 6.37 -2.34 -5.66
RANGE 1.34 8.95 0,56 8.71 8.56 8.37 0.98 1.14 40.95 1.08 1.24 1.83
AVERAGE 3.37 -0.58 2.03 -8.12 3.59 8.77 -0.60 -8.14 5.86 6.83 -1.31 -4.83
STD.DEV. 0.312 0.233 0.135 8.183 8.138 0.070 0.214 8.277 6.337 0.250 8.290 0.511
VARIANCE 8.097 0.853 3.818 0.834 0.819 3.885 0.846 0.0’" 40.163 0.863 0.084 8.261

MAXIMUM 4,79 0.37 1.95 -6.02 3.91 0.90 0.12 -8.12 24.79 6.68 -1.35 -2.71
MINIMUM 2.86 -0.71 1.5" -0.59 3,32 0.61 -8.85 -8.76 -2.36 -4.17 -2.12 -4.57
RANGE 1.93 8.78 0.36 3.57 8.59 8.2? 8.97 0.64 27.64 11.05 1.87 1.86
AVERAGE 4.30 -0.35 1.88 -8.33 3.62 8.77 -8.34 -0.53 5.2? 4.65 -1.76 -3.56
STD.DEV, 0.47? 0.211 0.863 0.112 8.138 8.076 0.294 8.129 3.99! 2.278 8.266 8,467
VARIANCE 3.22? 0.845 3.386 0.813 8.819 8.086 0.086 8.B17 15.926 5.18? 8.071 0.218

MAXIMUM 4.93 -0.27 2.17 0.10 3.9! n r.c «/. 7 J 0.12 -0.85 7.47 6.27 -8.98 -2.22
MINIMUM 3.54 -1.05 1.6B -8.46 3.34 8.54 -0.59 -1.83 -8.33 -1.00 -2.17 -3.81
RANEE 1.44 0.73 0.4? 0.56 8.57 0.41 0.71 8.98 15.80 7.27 1.27 1.59
AVERAGE 4.31 -0.68 1.91 -3.28 3.63 0.72 -8.19 -1.41 1.18 2.83 -1.51 -3.19
STj.DEV.
VARIANCE

0.346 0.167
8.119 8.028

8.096
0.009

0.119
0.814

0.126
0.016

8.09]
8.088

0.194
0.838

0.244
8.059

2.752
7.575

2.849
4.199

0.258
8.362

0.233
8.088

MAXIMUM 4.17 -0.87 2.27 -0.82 4.25 1.03 0.66 -8.27 17.1? 7.28 -0.81 -3.42
MINIMUM T 27 -8.90 1.4? -0.46 3.64 8.63 -0.07 -1.10 -3.49 -1.15 -2.27 -4.74
RANGE 0.98 0.83 0.78 0.44 8.61 0.37 0.73 0.83 28.68 8.43 1.46 1.32
AVERAGE 3.72 -3.51 1.97 -0.26 3.96 8.88 8.37 -0.78 1.98 2.64 -1.58 -4.18
S’lvBEV. 3.213 8.219 0.177 8.114 8.153 0.001 8.171 0.188 4.170 2.430 8.48? 8.341
VARIANCE 8.845 0.843 0.071 0.813 0.823 8.807 0.829 0.336 17.338 5.761 0.167 0.117

MAXIMUM 5.59 -0.17 2.85 -3.87 3.83 1.07 0.22 -0.27 5.93 6.48 -8.17 -3.08
MINIMUM 3.69 -0.71 1.54 -0.4? 3.22 0.66 -0.56 -8.95 -8.27 -0.66 -1.54 -4.74
RANGE 1.98 0.54 3.5! 8.42 8.61 8.41 0.78 0.68 4.28 7.15 1.37 1.74
AVERAGE 4.39 -8.4? 1.88 -0.26 3.56 8.87 -0.22 -8.78 2.24 1.76 -0.82 -3.73
STD.DEV. 8.398 0.137 0.116 8.883 0.133 8.094 0.178 8.153 1.717 1.410 0.413 8.417
VARIANCE 8,15? 0.819 0.013 0.037 0.018 8.005 8.032 3.324 2.949 1.987 0.171 8.174
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ftpcendi* Teble A*! - continued
tffCATION # 1

7 7 Y Z
T

Y 7
L

4
Y 7

L

c
J

Y Z
6

V 7

PS EPS EPS EPS EPS FPS F6S FPS FPS FPS FPS FPS

"’Ail HUH
HINI NUN
RANGE

■t ran
J. _'CT 07 oi uv
i 1 ~T
i.t>

-0.46
-1.85
0.59

- « C j
1.49
8.34

-8.82
-8.37
8.35

4.13
3.28
0.98

1.03
8.66
8.37

8.46
-0.63
1.09

8.81
-0.93
1.74

49.98
-4.76
54.74

6.37
-7.40
13.77

-1.42
-2.05
0.63

-3.73
-5.54
1.76

average
STD. DEV'.

4.69
8.342

-0.74
8.109

1.66
8.886

-0.21
3 877

3.69
8.217

8.85
0.877

-0.83
8.274

-8.31
0.340

1.74
6.317

1.40
4,174

-1,73
8.145

-4.59
0.432

VARIANCE 8,117 8.812 3.807 3.836 0.847 8.336 2.075 8.116 39.903 H A 77
Li . ‘U. j 0.321 8.233

HAillWN
MINI HUH

c rar
•J, OJ
7 ~ A
■J.  1 7

a ran-ItJ.lui.
i nn 

~1. Ll

1.83
i. 29

-8.82
-0.51

3.33
3.15

1.88
8.46

6.69
-0.66

14.58
-11.84

40.45
-28.65

5.69
-7.62

-0.27
- i • j<c

-2.33
-5.69

RANGE 1.61 1.20 0.54 8.49 0.68 0.54 7.35 26.42 61.10 13.31 3.85 2. Bu
AVERAGE
STD.DEV.

'■ LA“ . U7

0:418
-8.44
0.225

l.|B
3.181

-3.25
3.128

7 c-r
J • J 7

8.146
8.81
8.104

1.51
1.943

2.92
3.938

-1.08
3.282

-1.75
2.906

-2.11
8.699

-4.95
8.716

VARIANCE 6.163 8.851 0.318 0.814 3,321 8.011 3.777 15.445 68.595 3.443 8.488 a ct7
C. JIJ

MAXIMUM 4.91 -8.82 n i n
It ll -8.87 3,64 1.87 13.79 1.25 38.49 13.28 -8.12 -2.81

MINIMUM 3.74 -1.28 1.6E -0.56 3.13 8.61 -8.15 -8.05 -9.96 -9.74 -1.56 -4.52
RANGE i.l? 1. I'd 3.44 3.49 0.51 0.46 13.94 1.30 40.45 23.02 1.44 1.71
AVERAGE
STD.DEV.

4 , /r £

8.318
-8,47
0.296

1.94
3.186

-8.34
3.128

3.07
8.124

8.85
0.893

2.81
3.297

0.22
0.177

8.77
7.486

-1.67
5.396

-3.63
0.319

-3.54
8.473

VARIANCE 8.096 0.888 3.011 3.814 0.015 0.089 10.872 8.83! 54.855 29.11? 0.102 8.224

MAXIMUM 4.nn -8.12 2.13 8.02 3.83 0.98 6.86 17.36 8.91 13.94 -8.66 7 n n 
“0. 1<Q

MINIMUM
RANGE

3.54
1.44

-8.59
8.47

1,68
8.42

-8.32
8.34

3.39
8.44

0.59
3.39

-0.95
7.81

8.12
17.24

-6.76
15.67

-9.35
20.29

-2.73
2,07

-5.05
1.95

AVERAGE 4.05 -8.35 1.98 a ac 
“0, I J 3.62 0.78 0.84 2.63 1.58 8.69 -1.63 -4.26

STD. ML 6.383 0. 06 7 8.887 0.378 8.189 3.877 2.051 2.858 ra nan
0 ■ l C 7 4.194 0.54s? 8.438

VARIANCE 0,147 8.889 8.887 8,006 0.812 0.036 4.287 8.169 18.293 17.592 3.302 8.185

MAXIMUM 5.05 -8.42 2.88 0.07 3.54 8.88 2.10 1.86 4.93 l m
a. n -8.56 n ~ra 

~ L. . 7

MINIMUM 3.25 -1.15 1.73 -8.32 2.91 0.42 -0.32 -8.46 -1.98 -4.10 -1.98 -4.76
RANGE 1.08 8.73 8.35 0.39 3.63 0.46 2.42 n 7n 6.83 10.37 1.42 1.33
AVcRAGE
STD.DEV.

4.19
,1a.  C1Jl  7o

-8.7G
8.188

1.89
0.877

-0.14
3.874

3.15
0.105

0.62
8.098

8.02
3.280

-8.22
0.257

1.97
0.397

r ny

1.356
-1.19
0.370

7 Q7 
~ j, Qj

0.510
VARIANCE g 264 8.835 8.886 8.885 3.311 0.808 8.078 0.866 0.S84 1.839 8,137 0.268

MAXIMUM 4.52 -8.32 1.93 -8.12 3.54 0.98 7.15 4.17 7 n-r 
■j.Lf 4.47 a 77

■~xi.ii
nr

MINIMUM 3.49 -8.78 1.61 -8.51 3.18 8.56 -8.27 -8.28 -8.48 -4.05 -1.93 ••6.23
RANGE
AVERAGE

1.03
4.04

8.46
-8.56

0.32
i.76

8.39
-0.2?

0.44
7 77j , J

8.34
0.75

7.42
0.99

4.37
1.47

11.67
1.31

8.52
1.59

1.66
-1.02

2.98
-4,35

STD.DEV.
VARIANCE

8.214
0.346

0.181
8.818

0.074
0.885

8.884
8.887

3,879
3.806

8.030
8.006

1.719
2.956

1.805
1.809

1.53!
2.344

2.156
4.647

8.445
8.198

3.881
8.642
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Appendix Table A41 - continued 
LOCATION 4 1

V z Y 7
L Y 7 Y 7

L Y Z y 7

FPS FPS FPS FPS FPS FPS FPS FF'S FPS FPS FPS FPS

MAjIMUM
moun

4.17
2.86

-3.32
-0.76

2.17
1.68

0.02
-8.27

3.59
2.86

1.35
8.61

1.51
-0.56

5.88
-8.59

49.88
0.95

6.62
-1.42

-0.71
-1.54

-2.61
-4.47

RANGE 1.31 0.74 3,49 8.2? 0.73 8.44 2.87 6.47 48.93 8.04 8.83 1.86
ftVEPABE 3.57 -0.46 1.99 -8.13 3.19 8.86 -0.19 -0.23 3.24 5.56 -1.16 7 CC

STD.DEV. 8.347 0.172 3.091 8.8-10 8.147 8.891 8.253 8.718 5.633 1.037 8.186 8.504
VARIANCE 3.121 0.02? 0.008 3.804 3.822 8.088 8.064 8.517 31.732 1.076 8.835 0.254



121

APPEND!t table 442. Velocities at fixed locations inside Subaergible Travelling Screen and on support framework. 
Bonneville Second Powerhouse. Turbine 12B. Partial powerhouse loading. Mediu# turbine load. 15 second saf.ples,

ICC AT ION 4
V

1
L V

2
Z V

3
Z M

4 T
L V

5
1 Y

6
Z

i:'S CpQ EPS FPS ERG EPS FPS FPS FPS FPS FPS FPS

HflJfIWUH •-.27 -8.05 1.93 3,12 3.85 8,71 3.10 -0.37 3.10 3.15 -0.78 -2-83
MINIHU“ 3.15 -0.56 ■ 1.49 -0.28 2.7! 0.44 -0.46 -8.66 -4.17 -6.25 -1.68 -3.91
RANGE 1.12 8.51 8.44 8.30 0.34 3.27 8.56 0.29 7.27 9.48 8.98 1.38
AVERAGE 3.76 -0.29 1,74 -8,24 2.98 8.58 -0.19 -8.58 8.44 -0.23 -1.20 -3.42
STL1. CIV. 8.33? 8.116 3.138 0.871 3.876 8.859 8.125 8.872 1.646 2.361 8.263 8.221
VARIANCE 0. It? 8.313 8.313 0.005 8.086 8.803 0,316 0.035 2.753 5.574 8.069 0.049

HAXIHJi*
UNtlfJH
RANGE

3,91
3.13
3.78

-0.17 2.05
-8.66 1.71
3.4? 0.74

8.12
-0.34
8.46

3.83
2.64
3.39

0.91
0,42
0.39

-3.2D
-8.59
0.39

0.27
-0.29
0.5s

5.5?
-1.86
M5

4.7!
-3.93
9.64

-8.27
-8.95
0.68

-2,91
-3.88
8.97

AVERAGE 3.44 -0.43 i.89 -0.12 2.86 8.65 -0.44 -0.03 1.68 2.35 -0.54 -3.37
STD.DEV,
VARIANCE

8.173
8.830

3.096 3.068
0.20? 3.005

2.189
8.812

8.096
0.809

0.893
8.007

8.085
8.007

8.177
0.033

1.549
2.399

2.396
5.748

8.16?
0.029

8.285
8.081

MAXIMUM 7.4“ "• n -8.10 i. alii 0.15 2.96 c.ea 0.82 0.42 49.98 5.08 8,87 -2.71
MINIMUM
RANGE

:.2t
8.58

-8.66 1.78
0.56 3.44

-8.29
0.44

2.47
8.39

8,32
8.56

-0.56
3.58

-8.59
1.81

-6.71
56.69

-3.28
8.20

-0.85
8.92

-3.49
0.78

AVERAGE
STD.DEV,
VARIANCE

3,21
8.142
8.02S

-0.30 1.98
0.124 0.122
0.815 0.013

-8.86
0,2'?7
8,809

2.68
8.873
3.005

0.61
8.133
8.819

-0.23
8.127
3.816

-0.33
0.318
8.896

4.59
6.984

47.669

3.02
1.922
3.69!

-8.48
8.255
0.065

-3.01
0.287
8.043

NflilNUN 3.74 -?.27 2.17 0.02 3.05 8.73 0.15 -8.32 6.93 5.6? -0.28 -2.8!
MINIMUM 3.85 -0.71 1.63 -8.37 2.47 0.7T -8,55 -1.80 3.37 -0.5! -8.88 -3.71
RANGE 8.7! 0.44 0.34 0.39 0.59 8.36 3.66 0.68 6.56 6.28 0.68 0.90
AVERAGE 7.43 -8.47 2.81 -0,15 2.75 8.57 -0.16 -0.53 2.73 4.74 -8.58 -3.28
STD.DEV. 8.224 0.09? 8.075 8.87! 8.144 0.888 0.168 0.142 1.838 8.65! 8.150 0.246
VARIANCE 0.042 0.012 8.006 0.005 8.021 8.088 8,026 8.028 3.376 0.724 8.023 8.060

wftXIMUH 3.74 0.00 2.09 0.80 2.83 8.71 8.17 -0.51 6.45 5.79 -8.10 -2.76
MINI HUM 2.47 -0.66 1.83 -3.42 2.47 8.34 -8.27 -1.15 0.61 3.38 -8.66 -3.64
RANGE !. 27 3.66 0.25 8.42 8.36 8.37 0.44 0.64 5.84 2.49 8.56 3.88
AVERAGE
STD.DEV.

3.02
8.387

-0.48 1.97
8.162 8.865

-0,18
8.892

2.67
8.075

8.55
8.879

-0.08
3.10!

-8.87
0.140

2.17
1.411

4.98
0.623

-8.43
0.186

-3.85
8.194

VARIANCE i. 153 0.026 0.284 0.083 8.086 0.086 0.818 8.828 1.991 0.388 8.811 0.038

MAXIMUM 3.61 n «n-0.82 i.» L± 8.18 3.10 0.8! 0.42 -3.37 15.97 6.18 -8.28 -2.71
MINIMUM
RANGE
AVERAGE

2.7!
0.927 Or/
■J. *. i

-0.76 1.76
0.94 0.46

-0.42 2.82

-8,29
0.39

-8.11

2.64
8.46
2.04

8.27
8.54
0.62

-0.37
8.79
-3.85

-2.93
0.53

-8.63

8.17
15 80
5.55

4.05
2.13
5.37

-0.93
8.73

-0.59

-3.71
1.88

-3.1!
BID.DEV,
VARIANCE

221
2.049

0.185 8.892
0.034 8.80?

8.135
0.011

0.104
8.011

8.088
0.038

8.176
8.031

0.146
3.82!

4.34?
23.51!

0.552
8.305

8.166
3.820

8.268
0.072
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Aoosndix Table Ad2 - continued
LOCATION a 7

L Y Z V Z
4

Y 7L V 7
L Y Z

FPS FPE FPS PPS FPS FPS FPS FPS FPS FPS FPS FAS

HATI HUH
illNINUK

3.64
2.54

-3,12
-S.56

2.27
i.ee

0.13
-0.42

2.83
2.44

8.78
8.37

0.32
-0.51

0,00
-1,34

1.56
8.15

6.37
4.10

0.28
-1.34

-2.71
-3.74

RANSE 1.10 3.44 0.39 0.52 3.3? 0.41 0.83 1,34 1.41 2.27 1.54 1.33
AVERASE 3. “37 -8.33 2.11 -3.14 2.64 0.62 -0.12 -1.05 0.88 5.98 -0.37 -3.18
STD.DEV. 0.238 0.890 3.090 0.181 3.091 0.888 0.165 0.282 0.391 8.264 0.282 8.192
VARIANCE 3,293 0.008 3.803 0.010 0.008 0.306 0.827 8.080 0.153 3.070 8.383 8.037

MAXIMUM
MINIMUM

3,33
2.08

-8.13
-0.73

2.34
2. IS

8.32
-0.27

2. SI
2.17

0.81
8.34

3.32
-8.46

-0.17
-0.66

0.90
3.28

6.15
5.49

-8.12
-0.54

-2.91
-3.69

RANGE
AVERAGE
STD.DEV,
VARIANCE

1.22“ -rc

0.322
0.104

0.63
-0.36
0.152
0.023

3.26
2.21
3.873
3.035

3.29
-3.09
0.374
8.305

0.64
2.57
8.139
8.019

3.47
8.56
0.085
0.307

0.78
-8,06
3.186
8.835

8.49
-0.30
0.114
0.313

8.70
0.55
8.185
0.834

0.66
5.80
8.134
0.018

0,42
-0.34
3.107
0.011

8.73
-3.24
0.162
0.326

MAXIMUM 3.0S -0.27 2.47 8.13 3.00 8.88 0.42 0.46 1.15 6.38 -0.27 -2.64
MINIMUM 2.17 -0.5? 2.23 -0.27 2.42 0.56 -0.37 8.80 -8.28 5.32 -1.00 -4.03
RANGE 0.91 0.32 3.27 0.37 3.58 8.72 0.79 3.46 1.35 0.76 0.73 1.39
AVERftSt
STD. DEV.
VARIANCE

2.61
0.200
0.040

-0,41
0.893
3.307

2.35
8.075
3.886

-0.85
8.073
0.005

2.69
0.160
0.026

0.72
8.077
0,036

0.81
0,187
0.835

0.27
3.182
0.018

8.65
0.276
0.876

5.64
8.196
8.038

-3.62
0.206
3.042

-3.23
0.383
3.147



APPEND!X Table A43. Velocities at lufd locations inside Subnersible Travelling Screen and on support frasesork. 
Serneville Second Powerhouse. Turbine 128. Partial powerhouse loading. Low turbine load. 15 second samples,
LQSATTON i

7 V
2

z •:■ V l
L V

4
1 Y lL y Z

EPS rPS '"PS EPS -PS EPS FF'S EPS FPS FPS FPS , FPS

MAXIMUM 3.4? -3.10 1 -7 -8.82 2.69 3.81 -0.32 3.4? * 1.05 5.91 -8.12 -2.51
2.?3 -0.59 2.05 -8.37 2.22 0.42 -8.63 -8.07 0.18 5.32 -0.61 -3.38

RANGE
AVERAGE
STD.DEV.
VARIANCE

?, 76
3.13
?,i?8
3.03?

8.49
-8.31
8.184
0.811

8.32
2.28
a.rs
0.886

3.35
-8.16
8.369
0.335

8.47
2.47
0,114
3.813

3.39 8.66
3.63 -0.37
8.377 3.154
0.886 8.324

3.56
B. 21
(0.132*0,017

8.95
3,6?
8'. 231
0.854

3.59
5.70
0.133
0.318

8.49
-8.3?
8.132
3.017

3.39
-2.98
3.187
3.835

HAilH'jH
HININUN
RANGE
AVERAGE

3.15
2.42
8.73•

-8.13
-0.51
8.41

-0,31

7j.  . 7j-QT
1.86
3.41
3.14

8.85
-8.2?
3.27

-8.87

2,47
2,17
8.38
2.33

8.95 -0.20
0.66 -8.66
0.29 8.46
0.77 -0.39

-0.27
-3,63
3,36

-3.43

1,03
8.22
0.81
3.78

5.98
5.35
3.63
5.66

-8.29
-1.28
8.91

-8.72

-2.44
-3.44
1.80

-3.00
SIP,DEV, 3.195 8.802 3.877 0.369 0.8.66 8.865 0.181 3.083 3.186 8.134 0.212 3.231
VARIANCE 8.839 0.009 8.086 3.034 0.304 8.884 3.318 8.337 3.335 0.018 3.045 8.079

HAH HUH 3.13 -8.02 •7
L, Ji 3.22 2.49 3.81 8.27 8.46 1.20 5.84 -8.85 -2.34

minihou 2.34 -8.45 1.76 -0.27 2.12 8.4? -8.34 -0.27 3.15 5.18 -0.63 -3.32
RANGE 8,79 8.47 3.56 8.29 8.35 8,32 8.6! 8.73 1.05 3.66 0.79 8.98
AVERAGE 2,?7 -8.20 2.84 -3.13 2.29 0.67 -8.00 0.13 3.78 r ciJ. Ji -3.58 -2.85
STD.DEV, 8.153 0.8?3 8.132 3.368 0.875 3.867 0.133 0.15- 8.213 0.178 0.161 0.255
VARIANCE 8.837 8.836 8.818 3.085 0.836 8.084 3.318 0.024 0.046 8.032 8.326 3.865
HA)I HUN
HINIHliH
RANGE

2.81
2.34
3.47

-3.15
-0,63
8.53

2.34
1.93
3.41

0.08
-8.29
3.29

2.54
2.17
8.37

0.S1 -8.24
0.51 * -8.5?
3.38 8.35

-0.07
-8.98
8.83

8.71
3.02
3.69

5.27
4.71
8.56

-8.1?
-8.68
0.56

-2.37
-3.22
8.85

AVERAGE
STB.DEV.

2,55
8.183

-8.44
0.112

2.15
8.371

-3.12
3.862

2.38
8.083

0.60 -0.38
8.363 0.873

-8.37
0.257

8.32
8.169

5.03
8.134

-0.35
8.128

-2.76
0.188

VARIANCE 0.011 0.313 8.885 3.884 8.883 0.884 8.835 8.066 8.329 8.818 0.814 8.835
hp;inon
H; NHUH

■7 ntr j . Ac
2.56

8.12
-8.78

2.34
1.38

8.82
-3.37

2.47
1.93

1.18 -0.05
3.24 -0.76

8.42
-8.78

1.49
-8.71

7.89
3.56

-8.12
-0.66

-1.56
-3.5?

RANGE 8.69 8.98 8.46 3.39 8.54 . 0.86 8.71 1.20 2.23 3,52 0.54 2.83
AVERAGE 2,95 -0.42 2.13 -8.17 2.21 3.71 -0.34 -0.11 0.26 5.64 -3.37 -2.53
STD.DEV.
VARIANCE

8.153
8.023

3,236
8.056

8.050
2.008

8.896
8.309

8.109
3.312

8.281 3.165
8.848 8.027

0.288
8,078

0.551
3.303

3.73?
8.546

8.128
8,314

8.572
8,327

HA; I Mil Hn: nihum
r 7“»

2.37
-8.07
“0.63

2.42
2.86

-8.82
-0.42

2.81
2.27

8.71 0.02
3.42 -0.51

3.00
-1.22

1.64
0.20

6.30
4.99

-8.82
-8.68

-3.80
■3.81

RANGE 8.55 3.56 8.34 0.40 8.54 8.29 3.53 1.22 1.44 1.51 8.66 8.81
AVERAGE
STD.DEV.

2,75
8.198

-8.39
8.147

2.26
8.864

-0.17
8.872

2.62
8.125

8.5S -8.23
8.062 8.186

-3.65
0.287

8.88
8.354

5.25
8.373

-8.39
0.150

-1.37
8.160

VARIANCE 8.836 0.821 0.884 0.035 0.816 0.384 0.011 8,383 8.125 3.139 0.822 0.832
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Appendif*Ble A43 - continued

.OCA! 101% it 1
V 7i Y 7

L

■i
Y Z

4
Y l

c

Y l
6

Y 7L
CPC FPS FPS FPS FPS FPS EPS EPS FPS FPS FPS fps

ptflxrwui
MINIMUM

3.05
2.27

-0.15
-0.90

2.22
1.73

0.12
-3.42

2.54
2.33

8.83
8.34

8.51
-0.76

0.80
-1.05

1.44
-8.4?

5.54
3.91

-0.87
-0.33

-2.03
-3,61

RANGE 0.78 S.75 8.49 0.54 0.5! 3.49 1.27 1.93 1.93 1.63 0.76 1.58
AVERAGE 2.70 -0.47 2.05 -8.12 2,32 0.68 -8.16 -0.14 0.63 4.77 -8.44 -2.83
S-D.DEV. 3.160 0.183 8.093 3.119 3.132 8.397 8.309 8.405 0.425 0.352 8.132 8.327
VARIANCE 0.826 0.032 3.813 0,014 0.813 8.309 0.095 0.235 0.181 8.124 3.817 0.1B7

NAUfiUi' 3.13 -0.13 2.3" 2.05 2.44 8.35 -8.02 -8.56 1.46 5.86 -0.32 -2.42
HIMI HUH 2 59 -0.76 1. op -3.42 2.18 8.49 -£.66 -1.42 0.59 4,52 -0.8! -7.30
RANSF 0.51 0.6c 3.35 0.47 3.34 0.36 0.64 0.86 0.87 1.34 8.49 8.88
AVERAGE 2.90 -0.42 2.15 -0.11 2.26 0.65 -3.29 -0.97 1.03 5.28 -0.58 -2.74
STD.DEV. 0, 10' 0.137 8.00! 8,104 0.838 8.883 0.151 0.286 0.178 0.373 0.189 0.193
VARIANCE 0.011 0.018 0.0F7 0,011 8.806 0.807 8.823 0.042 8.032 0.139 3.012 £.837

HA U NUN 7.97 -0.10 2.29 0.22 2.8! 8.03 @.@5 -8.17 1.46 5.74 -8.42 -2.59
HINTHUH 2. a7 -0.56 1.75 -0.22 2.34 0.59 -8.5! -0.66 0.32 4.52 -0.31 -3.39
RANGE 1.00 0.44 8.34 0.44 3.47 8.29 8.56 0.49 1.14 1.22 0.39 8.80
AVERAGE 2.94 -@.34 2.14 8.01 2.48 0.74 -0.19 -0.41 3.87 5.08 -0,62 -2.91
STD.DEV. 0.294 0.124 3.377 0.397 0.005 3.070 8.140 8.118 0.25! 0.32? 0.895 8.174
VARIANCE 0.086 8.311 8.886 3.010 3.807 3.885 0.320 8.314 8.863 8.188 0.009 3.033

HA XIHJM 3.05 -0.02 2.34 0.15 2.5! 0.98 8.18 -8.28 1.15 6.83 -8.2? -2.8!
MINI lfU“ 2,44 -0.59 1.98 -3.24 2.83 8,5i -8.46 -0.76 -8.12 4.9! -8.78 -3.39
RANGE 3.6! 8.5" 8.34 8.39 8.48 8.39 8.56 0.56 1.27 1.12 8.49 3.58
AVERAGE 0 7C -0.35 2.15 -0.05 2.27 8.71 -8.17 -0.46 8.52 5.43 -8.53 -3.06
EfD.SEV. e i-i 0.128 0.071 0.031 8.138 8.838 8.132 0.152 8.36! 0.352 8.115 8.140
VARIANCE 3.016 8.816 8.885 8,887 8.818 0.836 0.810 0,023 8.130 3.124 8.013 0.019

fSA'IHUr 2,86 0.12 2.47 8.22 2.76 8.85 0.88 3.37 1.66 5.84 -0.42 -2.38
HINIHON 2.25 -8.66 l.?S -0,20 2.28 8.37 -1.34 -1.12 8.22 4.18 -1.15 -4.27
RANGE 2.57 8.79 ? 45 0.42 8.56 3.43 1.34 1.49 1.44 1.74 8.73 1.39
AVERAGE 2,5c -0.28 n nn

iiiC 0.03 2.55 8.63 -0.64 -3. a? 1.03 5.09 -8.69 -3.70
STB.DEV 2.127 0.17! 8.110 8.897 8.180 8.1S5 8.485 0.407 0.347 0.477 8.158 £.290
VAR IANCE e.aii 0.829 0.812 8.839 8.012 0.01! 0.164 £.167 3.128 0.228 0.025 8.089

HA;I HUH 2.98 -3.17 2.37 0.10 2.34 3.71 8.49 8.27 1.28 5.13 -8.27 -2.71
"INI HUH 2.29 -0.6! 1.83 -8.22 1.86 3,37 -0.27 -0.37 8.12 4.37 -1.18 -3.44
RANGE 0.69 0.44 0.54 3.32 8.40 8.34 0.76 3.64 1.38 8.76 0.83 8.73
AVERAGE 2,;7 -3.38 2.12 -3.05 2.16 8.57 0.87 -0,84 0.74 4,76 -0.76 -3.11
S"S.DEV. 2.155 0.295 0.1:3 3.377 C.113 8.088 0.183 0.139 £.262 0.173 8.186 3.134
VARIANCE 3.324 0.009 3.012 8.086 8.813 0.086 0.333 3.81? 8.068 0.029 0.035 0.834



125

Appendi: Table i-AZ - continued

.OCATION * •1 2 70 4 J 6
Y 7 Y Z Y Z Y 7

L Y Z Y 7
L

F PS FF'S cpq EPS EPS FF'S EPS FPS FPS FPS FPS EPS

MAX IHUH 2.81 -8.10 2.17 8.12 2.47 0.76 8.29 -0.22 0.S8 5.49 -0.29 -2.44
MINIMUM 2.20 -0.66 1.8! -8.49 2.05 0.24 -0.42 -1.05 0.02 4.54 -1.00 t nn 

■i* uQ
RANGE 8.61 3.56 0.36 8.61 8.42 0.52 0.71 0.83 0.86 . 0.95 0.71 1.44
AVERAGE
STD.DEV.

2.48
8.135

-0.37
0.125

1.96
3.867

-8,39
8.154

2.25
8.090

B.56
0.116

-0.12
0.145

-3.66
0.170

0.39
0.167

5.13ri n « c to, iU
-0.63
8.154

-3.21
0.378

VARIANCE 0.318 3.816 3.885 0.824 0.888 0.014 8,821 0.829 3.828 8.046 8.024 0.143

MAXIMUM 2.93 -8.27 2.25 0.12 2.32 0.73 8.17 8.56 1.17 5.40 -8.17 -2.39
MINIMUM i.% lL -0.71 1.98 -8.37 1.98 0.37 -8.49 -0.37 0.22 4.76 -0.68 -3.27
RANGE 3.71 0.44 3.35 0.49 8.34 8.36 8.66 8.93 3.95 0.64 8.51 0.88
AVERAGE 2.57 -0.49 2.12 -8.10 2.15 8.57 -0.15 3.24 0.62 5.17 -0.41 -2.81
STD.DEV. 0.159 3.898 3.876 0.101 8.063 0.078 0.145 rc nc!U. UD 8.199 0.156 3.121 8.216
VARIANCE 3.825 8.818 3.886 0.010 0.884 8.086 8.821 0.066 3.848 0.024 8.315 8.047

MAXIMUM 3.05 -0.05 2.27 0.12 2.54 0.81 0.82 -0.07 0.78 6.15 -8.12 -2.76
MINIMUM 2.17 -8.66 5.93 -8.24 2.15 8.46 -0.46 -0.90 -0.18 5.27 -0.85 -4.03
RANGE 8.88 3.61 0,34 8.36 8.39 3.35 3.48 3.83 8.3S 0.88 8.73 1.27
AVERAGE 2.68 -0.35 2.13 -8.83 2.34 0.69 -0.26 -8.39 0.37 5.64 -0.46 -3.28
STD.DEV. 8.189 8.123 0.377 3.878 0.882 8.067 0.120 8.238 8.234 0.190 8.164 8.335
VARIANCE 8.036 8,815 <i rim C.C30 8.805 8.807 0.005 0.014 8.057 8.041 0.036 0.027 8.11,2



Appendix Table A44. Cosparison of 3B minute vs 15 second sa»ples of velocities at fixed locations inside Submersibl 
Travelling Screen and on support framework. Bonneville Second Powerhouse. Turbine 12B. Partial powerhouse loading.

LOCATION 4 
Y

1 7
L Y Z Y Z Y

4 
Z Y

5 
Z

6
Y Z

FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

High Turbine Load
NAXISUH 5.93 0.07 2.27 0.20 4.35 1.07 6.69 49.46 40.45 6.84 0.07 -1.73

IB sin. HINIHUH 2.56 -1.29 1.27 -0.56 2.93 0.37 -1.00 -11.84 -23.80 -9.16 -3.32 -5.93
sasple RANGE 3.37

AVERAGE 4.23
1.36

-0.54
1.80
1.36

0.76
-0.19

1.42
3.53

0.70
0.75

7.69
-3.00

61.30
0.49

64.25
1.46

16.00
2.80

3.39
-1.40

4.20
-4.04

STD.DEV. 0.562 0.202 0.139 0.115 0.232 0.109 0.806 3.100 4.260 3.239 0.527 0.726
VARIANCE 0.316 0.04! 0.036 0.013 0.054 0.012 0.649 9.611 18.146 10.491 0.277 0.527

NAaIHUM 5.35 -0.02 1.76 -0.02 3.83 1.00 6.69 14.58 40.45 5.69 -1.49 -4.47
15 sec. MINIMUM 3.74 -0.78 1.29 -0.51 3.34 0.66 -0.66 -11.84 -20.65 -5.44 “3.32 -5.69
sample RANGE 1.61

AVERAGE 4.70
0.76
-0.39

3.47
1.57

0.49
-0.22

0.49
3.62

0.34
0.83

7.35
1.64

26.42
3.04

61.10
-0.75

11.13
-1.31

1.83
-2.35

1.22
-5.27

STD.DEV. 0.392 0.191 0.100 0.116 0.103 0.088 2.056 3.890 9.092 2.800 0.522 0.264
VARIANCE 0.154 8.056 0.010 0.014 0.011 0.008 4.226 15.133 82.667 7.838 0.273 0.070

Medium Turbine Load
MAXIMUM 4.08 0.22 2.54 0.22 3.10 0.98 0.44 0.61 2.39 6.69 8.37 -1.95

30 sin. MINIMUM 1.59 -0.35 1.54 -0.42 2.08 0.32 -0.78 -1.86 -0.66 4.10 -1.68 -4.76
sasple RANGE 2.49

AVERAGE 2.96
1.07

-0.35
1.38
2.15

0.64
-0.07

1.02
2.59

0.58
0.63

1.22
-0.16

2.47
-0.54

3.05
0.81

2.59
5.84

2.05
-0.58

2.81
-3.26

STD.DEV. 0.330 0.155 0.132 0.096 0.164 0.093 0.201 0.415 0.375 0.270 0.282 0.411
VARIANCE 0.109 0.024 0.017 0.009 0.027 0,009 0.040 0.172 0.141 0.073 0.079 0.169

MAXIMUM 3.52 -0.12 2.27 0.02 2.81 0.78 0.32 -0.95 1.56 6.37 0.2B -2.71
15 sec. MINIMUM 2.54 -0.56 1.88 -0.42 2.44 0.37 -0.51 -1.34 0.20 4.10 -0.66 -3.54
sasple RANGE

AVERAGE
0.98
3.01

0.44
-0.31

3.39
2.10

0.44
-0.17

0.37
2.65

0.41
0.63

0.83
-0.10

0.39
-1.14

1.36
0.96

2.27
5.99

0.86
-0.30

0.83
-3.15

STD.DEV. 0.279 0.039 3.093 0.087 0.088 0.0B0 0.174 0.091 0.389 8.270 0.219 0.181
VARIANCE 0.073 0.003 0.009 0.008 0.008 0.006 0.030 0.008 0.151 0.073 0.048 0.033

Low Turbine Load
MAXIMUM 3.47 0.46 2.49 0.59 3.00 1.12 0.98 1.37 2.61 7.32 8.29 -8.59

30 sin. MINIMUM 2.05 -1.12 1.64 -0.59 1.78 0.12 -1.17 -2.12 -0.68 2.42 -1.20 -6.25
sasple RANSE

AVERAGE
1.42
2.77

1.58
-0.36

8.85
2.10

1.18
-0.07

1.22
2.34

1.00
0.64

2.07
-0.25

3.49
-0.30

3.29
8.81

4.90
5.06

1.49
-0.57

5.66
-3.02

STD.DEV. 0.239 0.186 0.136 0.149 0.163 0.133 0.232 0.490 0.449 0.599 3.199 0.535
VARIANCE 0.057 0.034 0.013 0.022 0.027 0.018 0.854 0.248 0.201 0.359 0.040 8.286

MAXIMUM 3.05 -0.15 2.22 0.12 2.54 0.83 0.51 0.88 1.44 5.54 -0.07 -2.03
15 sec. MINIMUM 2.27 -8.90 1.73 -0.42 2.03 0.34 -0.76 -1.05 -0.49 3.91 -0.83 -3.61
sasp1e RANGE

AVERAGE
0.78
2.70

0.75
-0.47

0.49
2.05

0.54
-0.12

0.51
2.32

0.49
0.60

1.27
-0.16

1.93
-0.14

1.93
0.63

1.63
4.77

0.76
-0.44

1.58
-2.83

STD.DEV. 0.160 0.188 S.098 0.119 0.102 0.097 0.309 0.485 8.425 0.352 0.132 0.327
VARIANCE 0.826 0.032 8.010 0.014 0.010 0.009 0.895 0.235 0.18! 0.124 0.817 0.187
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Appendix Table A45. Velocities at bulkhead slot in turbine intake. 
Bonneville Second Powerhouse, Turbine 12B. Partial Powerhouse loading. 
High turbine load.

Elevation Y Z Elevation Y 7
(MSLf FPS FPS (MSL) FPS FPS

MAXIMUM 8.67 -2.98 8.62 1.51
MINIMUM 8.18 -3.73 -0.90 -4.49
RANGE 0.49 0.80 9.52 6.00
AVERAGE 5.24 8.43 -3.37 -14.76 2.92 -1.15
STD.DEV. 0.092 8.173 9 799 1.232
VARIANCE 0.008 0.030 7.408 1.518

MAXIMUM 8.96 -3.05 3.74 -0.56
MINIMUM 8.57 -3.78 -5.15 -4.76
RANGE 0.39 0.73 8.89 4.20
AVERAGE 5.29 8.75 -3.40 -14.71 0.35 -2.63
STD.DEV. 0.080 0.152 2.439 1.115
VARIANCE 0.006 0.023 5.951 1.243

MAXIMUM 8.91 -2.95 6.27 -0.07
MINIMUM 8.47 -3.81 -0.98 -3.74
RANGE 0.44 0.86 7.25 3.67
AVERAGE 5.29 8.66 -3.43 -14.71 2.42 -1.93
STD.DEV, 0.081 0.215 1.857 0.780
VARIANCE 0.007 0.046 3.449 0.609

MAXIMUM 3.8! -3.15 4.71 1.44
MINIMUM 8.47 -3.88 -1.15 -4.37
RANGE 0.34 0.73 5.86 5.81
AVERAGE 5.32 8.64 -3.48 -14.70 1.99 -1.14
STD.DEV. 0.077 0.158 1.612 1.411
VARIANCE 0.006 0.025 2.597 1.990

MAXIMUM 8.81 -3.10 5.98 2.27
MINIMUM 8.37 -3.96 -0.22 -3.10
RANGE 0.44 0.86 6.20 5.37
AVERAGE J. Zl 8.59 -3.54 -14.68 2.73 -0.93
STD.DEV. 0.104 0.222 1.631 1.246
VARIANCE 0.011 0.049 2.661 1.552

MAXIMUM 8.86 -2.95 2.81 2.22
MINIMUM 8.18 -3.88 -1.15 -2.83
RANGE 0.68 0.93 3.96 5.05
AVERAGE 5.33 8.56 -3.38 -14.67 0.99 -1.09
STD.DEV. 0.159 0.244 1.057 1.291
VARIANCE 0.025 0.059 1.117 1.666
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Appendix Table A45 - continued
Elevation Y Z Elevation Y Z

(MSL) FPS FPS (MSL) FPS FPS
MAH HUM 9.81 -3.00 6.62 2.81
MINIMUM 8.64 -3.78 -8.05 -3.49
RANGE 0.37 8.78 6.67 6.38
AVERAGE 5.35 8.84 -3.33 -14.65 4.10 -0.59
STD.DEV. 8.881 8.199 1.346 1.573
VARIANCE 8.387 0.840 1.811 2.476

MAXIMUM 9.28 -3.25 7.01 4.57
MINIMUM 8.57 -4.83 8.42 -1.07
RANGE 0.63 0.78 6.59 5.64
AVERAGE 5.43 8.88 -3.65 -14.57 3.88 1.04
STD.DEV. 8.159 0.218 1.702 1.742
VARIANCE 0.825 0.047 2.897 3.033
MAXIMUM 8.81 -2.86 2.51 2.27
MINIMUM 8.23 -3.64 -1.78 -2.81
RANGE 8.58 0.78 4.29 5.08
AVERAGE 5.43 8.56 -3.25 -14.57 0.54 . -0.39
STD.DEV. 8.133 8.196 1.106 1.352
VARIANCE 0.818 8.038 1.223 1.828
MAXIMUM 6.88 -1.03 5.00 B.98
MINIMUM 5.37 -2.69 1.73 -3.61
RANGE 0.71 1.66 3.27 4.51
AVERAGE 9.48 5.72 -1.74 -10.52 3.52 -1.41
STD.DEV. 8.205 0.434 0.644 1.134
VARIANCE 0.042 0.189 0.712 1.287

MAXIMUM 2.76 -1.39 8.03 -1.34
MINIMUM 2.29 -1.86 -1.44 -4.42
RANGE 8.47 0.47 9.47 3.88
AVERAGE 13.88 2.54 -1.64 -6.12 4.14 -2.76
STD.DEV. 0.091 0.121 2.776 8.760
VARIANCE 0.808 0.015 7.706 0.578
MAXIMUM 2.91 -1.22 6.05 -0.02
MINIMUM 2.51 -1.73 -2.61 -3.81
RANGE 8.40 8.51 8.66 3.79
AVERAGE 13.92 2.69 -1.50 -6.38 2.09 -2.01
STD.DEV. 0.087 0.116 2.2B8 0.838
VARIANCE 8.808 0.813 5.235 0.783
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Appendix Table A45 - continued

Elevation V Z Elevation Y Z
(HSU FPS FPS msu FPS FPS

MAXIMUM 2.93 -1.15 2.88 -0.42
MINIMUM 2.51 -1.61 -6.96 -4.59
RANGE 0.42 0.46 9.84 4.17
AVERAGE 13.93 2.71 -1.40 -6.87 -2.42 -1.74
STD.DEV. 0.097 0.888 2.119 1.092
VARIANCE 8.009 0.003 4.492 1.191
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Appendix Table A46. Velocities at bulkhead slot in turbine intake. 
Bonneville Second Powerhouse, Turbine 12B. Partial Powerhouse loading. 
Medium turbine load.

Elevation Y 1 Elevation Y Z
(MSL) FPS FPS (MSL) FPS FPS

MAXIMUM 7.50 -2.71 7.03 2.BO
MINIMUM 7.13 -3.39 -0.37 -3.49
RANGE 0.37 0.68 7.48 6.37
AVERAGE 5.21 7.34 -2.99 -14.99 2.69 -0.44
STD,DEV.
VARIANCE

0.078
0.086

0.142
8.020

1.658
2.748

1.655
2.740

MAXIMUM £>.47 -1.83 3.91 2.03
MINIMUM 5.98 -1.56 -5.96 -6.52
RANGE 0.49 0.53 9.87 8.55
AVERAGE 9.82 6.21 -1.28 -10.98 -8.31 -2.24
STD.DEV. 0.120 0.127 2.805 2.440
VARIANCE 0.014 0.016 7.870 5.956

MAX I HUM 2.32 -0.88 4.61 3.05
MINIMUM 1.98 -1.27 -1.71 -1.17
RANGE 0.34 0.39 6.32 4.22
AVERAGE 13.83 2.15 -1.07 -6.17 1.83 0.71
STD.DEV. 0.078 0.084 1.669 @.975
VARIANCE 0.006 0.007 2.786 8.951

MAXIMUM 1.22 -1.00 3.96 -0.51
MINIMUM 0.85 -1.54 -2.12 -3.03
RANGE 8.37 0.54 6.08 2.52
AVERAGE IS,57 1.07 -1.21 -1.43 1.03 -2.00
STD.DEV. 8.077 0.135 1.436 0.560
VARIANCE 8.006 0.018 2.062 0.314

MAXIMUM 1.15 -1.05 8.IB 0.59
MINIMUM 0.81 -1.37 3.78 -1.64
RANGE 0.34 0.32 4.40 2.23
AVERAGE 18.52 1.00 -1.22 -1.48 5.71 -0.62
STD.DEV. 0.070 0.079 1.071 0.595
VARIANCE 0.005 0.006 1.148 0.354

MAXIMUM 1.12 -1.05 6.23 -1.39
MINIMUM 8.78 -1.44 -2.12 -4.32
RANGE 0.34 0.39 8.35 2.93
AVERAGE 18.57 0.97 -1.22 -1.43 1.33 -3.03
STD.DEV. 8.058 0.097 2.386 0.680
VARIANCE 0.003 0.089 5.693 8.463
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Appendix Table A46 - continued
Elevation Y Z Elevation Y Z

(HSU FPS FPS (MSL) FPS FPS

MAXIMUM 1.10 -0.76 6.86 0.27
MINIMUM 0.81 -1.34 -3.98 -4.20
RANGE 0.29 0.58 10.84 4.47
AVERAGE 13.58 0.97 -1.05 -1.42 3.54 -1.89
STD.DEV. 0.072 0.127 2.785 1.046
VARIANCE * 0.005 0.016 7.756 1.093

MAXIMUM 1.15 -0. B5 10.23 2.47
MINIMUM 0.81 -1.25 2.37 -1.88
RANGE 0.34 0.40 7.86 4.35
AVERAGE 18.63 0.97 -1.04 -1.37 5.64 0.14
STD.DEV. 0.066 0.078 1.854 1 . LLJ
VARIANCE 0.004 0.006 3.436 1.502

MAX I MUM 1.07 -0.93 8.47 8.76
MINIMUM 0.78 -1.25 0.88 -3.78
RANGE 0.29 0.32 7.59 4.54
AVERAGE 18.64 0.94 -1.08 -1.34 3.88 -1.97
STD.DEV. 0.067 0.076 2.364 1.349
VARIANCE 0.005 0.006 5.587 1.82



132

Appendix Table A47. Velocities at bulkhead slot in turbine intake. 
Bonneville Second Powerhouse, Turbine 12B. Partial Powerhouse loading. 
Low turbine load.

Elevation Y I Elevation Y 7

(MSI) FPS FPS (MSL) FPS FPS

MAXIMUM 6.8 6 -2.17 5.18 -0.17
MINIMUM 6.42 -2.51 3.22 -1.81
RANGE 0.44 0.34 1.96 1.64
AVERAGE 5.29 6.61 -2.35 -14.71 4.10 -1.15
STD.DEV. 0.188 0.078 0.507 8.388
VARIANCE 0.012 0.006 8.257 8.150
MAXIMUM 6.79 -2.12 5.47 -8.88

MINIMUM 5.66 -2.49 8.73 -2.51
RANGE 1.13 8.37 4.74 1.63
AVERAGE 5.30 6.15 -2.27 -14.78 2.67 -2.00
STD.DEV. 0.265 8.096 1.317 0.372
VARIANCE 0.070 0.089 1.735 0.139

MAXIMUM 7.13 -1.73 6.57 -8.51
MINIMUM 5.76 -2.34 3.39 -3.15
RANGE 1.37 0.61 3.18 2.64
AVERAGE C TfJ. Ol 6.56 -2.07 -14.69 4.71 -1.63
STD.DEV. 0.296 0.129 0.783 0.522
VARIANCE 0.0S7 0.017 0.613 0.272
MAXIMUM 6.96 -2.05 5.59 -1.05
MINIMUM 6.37 -2.51 2.86 -2.56
RANGE 8.59 6.46 2.73 1.51
AVERAGE C 77J. 00 6.65 -2.27 -14.67 4.00 -1.68
STD.DEV. 0.136 0.097 0.638 0.376
VARIANCE 8.018 0.089 8.408 8.142

MAXIMUM 7.01 -1.93 5.44 -1.88
MININUN 6.25 -2.17 1.59 -3.20
RANGE 0.76 0.24 3.85 1.32
AVERAGE C 7CJ. OJ 6.55 -2.04 -14.65 3.32 -2.44
STD.DEV. 0.173 8.866 0.981 0.366
VARIANCE 0.030 0.804 0.962 0.134

MAXIMUM 7.30 -2.42 6.32 -0.98
MINIMUM 6.47 -2.93 3.66 -3.00
RANGE 0.83 0.51 2.66 2.02
AVERAGE 5.43 6.74 -2.65 -14.57 4.85 -1.89
STD.DEV. 0.168 0.118 0.693 0.561
VARIANCE 0.228 0.014 0.480 0.314



Appendix Table A47 - continued
Elevation Y Z Elevation Y Z

(HSU FPS FPS (MSL) FPS FPS

MAXIMUM 7.15 -2.17 5.15 -1.20
MINIMUM 6.37 -2.64 1.15 -2.93
RANGE 0.78 0.47 4.00 1.73
AVERAGE 5.44 6.73 -2.37 -14.56 3.30 -1.94
STD.DEV. 0.210 0.102 1.038 8.371
VARIANCE 0.044 0.010 1.078 0.138

MAXIMUM 6.84 -2.17 7.23 0.02
MINIMUM 6.35 -2.66 4.20 -1.25
RANGE
AVERAGE 5.44

3.49
6.63

0.49n *rn“il. v>0 -14.56
3.03
5.37

1.27
-0.69

STD.DEV. 0.103 0.132 0.813 8.283
VARIANCE 0.011 0.017 0.660 0.079

MAXIMUM 7.23 1 AC-l.JLJ 5.59 -1.71
MINIMUM 6.08 -2.76 3.05 -2.71
RANGE 1.15 0.51 2.54 1.00
AVERAGE 5.46 6.82 -2.50 -14.54 4.42 -2.25
STD.DEV. 0.266 3.122 0.603 0.213
VARIANCE 0.071 0.015 0.363 0.046

MAXIMUM 6.76 -2.15 5.30 -8.71
MINIMUM 6.10 -2.71 1.98 -2.08
RANGE 0.66 3.56 3.32 1.37
AVERAGE 5.47 6.45 -2.46 -14.53 3.99 -1.42
STD.DEV. 0.175 8.120 0.896 0.336
VARIANCE 0.031 3.014 0.803 0.113

MAXIMUM 6.93 -2.12 4.47 -3.71
MINIMUM 5.76 -2.76 -0.37 -3.25
RANGE 1.17 0.64 4.54 2.54
AVERAGE 5.54 6.35 -2.44 -14.46 2.63 -2.02
STD.DEV. 0.345 0.159 1.237 0.6B4
VARIANCE 0.119 0.025 1.531 0.365
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Appendix Table A47 - continued
Elevation Y Z Elevation Y Z

(MSL! FPS FPS (MSL) FPS FPS

MAXIMUM 6.08 -0.59 9.50 5.84
MINIMUM 5.47 -0.98 2.56 -0.07
RANGE 0.61 0.39 6.94 5.91
AVERAGE 9.99 5.80 -0.76 -11.01 5.47 2.40
STD.DEV. 8.173 8.894 2.369 2.885
VARIANCE 8.030 8.809 5.613 4.019

MAXIMUM 2.10 -0.68 4.96 0.51
MINIMUM 1.78 -1.15 -1.54 -2.20
RANGE 0.32 0.47 6.50 2.71
AVERAGE 13.43 1.96 -0.91 -6.57 1.90 -0.94
STD.DEV. 0.069 0.087 1.715 0.577
VARIANCE 0.885 8.007 2.940 0.333

MAXIMUM 2.17 -0.78 6.18 2.85
MINIMUM 1.76 -1.25 1.22 -1.54
RANGE 0.41 0.47 4.88 3.59
AVERAGE 13.54 1.91 -1.83 -6.46 3.33 0.29
STD.DEV. 8.099 0.096 1.539 0.890
VARIANCE 0.010 0.009 2.370 0.792

MAXIMUM 0.95 -0.95 7.32 3.03
MINIMUM 0.63 -1.32 1.98 -3.56
RANGE 0.32 0.37 5.34 6.59
AVERAGE 18.57 8.33 -1.14 -1.43 4.94 -0.43
STD.DEV. 0.059 0.075 1.194 2.096
VARIANCE 0.883 8.006 1.426 4.394



Appendix Table A4S. Comparison ot 30 minute vs 15 second sampling oT velocities 
at bulkhead slot in turbine intake. Bonneville Second Powerhouse, Turbine 12B. 
Partial Powerhouse loading.

Elevation V Z Elevation VI Z
(HSL) FPS FPS (MSL) FPS FPS

High Turbine Load
MAXIMUM 9.20 -2.22 11.16 5.20

30 ain. MINIMUM 8.18 -4.32 -4.47 -6.81
samp 1e RANGE

AVERAGE 5.29
1.02
8.67

2.10
-3.39 -14.71

15.63
2.98

12.01
-0.87

STD.DEV. 0.169 0.263 2.650 1.630
VARIANCE 0.029 0.069 7.022 2.683

MAX INLH1 8.62 -2.98 8.62 1.51
15 sec. MINIMUM 8.18 -3.64 -0.90 -2.66
sample RANGE

AVERAGE 5.24
0.44
8.41

0.66
-3.33 -14.76

9.52
2.74

4.17
-0.96

STD.DEV. 0.081 0.164 2.691 1.175
VARIANCE 0.006 0.027 7.241 1.380

Medium Turbine Load
MAXIMUM 1.29 -0.76 10.52 1.76

30 min. MINIMUM 0.61 -1.46 -5.88 -6.25
sample RANGE

AVERAGE 18.63
0.68
1.01

0.70
-1.14 -1.37

16.40
7 CCJJ

8.01
-1.96

STD.DEV. 0.062 0.104 2.356 1.212
VARIANCE 0.007 0.011 5.549 1.469

MAXIMUM 1.10 -0.76 6.86 0.27
15 sec. MINIMUM 0.81 -1.27 1.34 -3.59
sample RANGE

AVERAGE 18.58
0.29
0.97

0.51
-1.03 -1.42

c cnJ« Ji

4.78
3.86
-1.59

STD.DEV. 0.074 0.123 1.341 0.914
VARIANCE 0.005 0.015 1.799 0.835

Low Turbine Load
MAXIMUM 7.59 -1.68 B.08 0.27

30 tin. MINIMUM 5.30 -2.93 -0.02 -3.59
sample RANGE

AVERAGE 5.29
2.29
6.48

1.25
-2.28 -14.71

8.10
3.90

3.86
-1.64

STD.DEV. 0.293 0.211 1.168 0.593
VARIANCE 0.086 0.044 1.365 0.352

MAXIMUM 7.13 -1.73 6.57 -0.51
15 sec. MINIMUM 5.76 -2.34 3.39 -3.15
sample RANGE

AVERAGE 5.31
1.37
6.56

0.61
-2.07 -14.69

3.18
4.71

2,64
-1.63

STD.DEV. 0.296 0.129 0.783 0.522
VARIANCE 0.087 0.017 0.613 0.272



Appendix Table A49. Velocities 10 -feet upstreau and 1 foot upstreas of trashracks of Turbine 123 
at the Bonneville Second Powerhouse. Full powerhouse loading. High Turbine load.

UPSTREAM
PRGBE

VELOCI TV (in Ft/Sec)
X Y Z

DOWNSTREAM 
PROBE

VELOCITY (in Ft/Sec)
7X Y

ELEV(MSL) FPS FPS FPS ELEV(NSL) FPS FPS FPS

HAXIHUtl -30.54 -1.25 -30.18 0.22 3.96 0.93
niKIKUM -38.84 -1.5! -30.44 -3.88 -2.42 -2.86
RANGE 0.30 0.26 8.26 4.18 6.38 3.79
AVERAGE 1.66 -30.67 -1.34 -30.38 -8.34 -1.40 0.83 -0.74
STD.DEV. 0.865 0.060 8.059 0.914 1.496 1.113
VARIANCE 8.004 0.304 0.803 0.835 2.237 1.239

MAXIMUM -30.47 -1.22 -38.22 -1.81 3.59 -0.34
MINIMUM -30.81 -1.46 -30.44 -4.37 -1.73 -2.64
RANGE 0.34 0.24 0.22 2.56 5.32 2.30
AVERAGE 7.81 -30.65 -1.34 -30.31 5.01 -3.12 1.07 -1.56
STD.DEV. 0.066 0.061 0.060 0.548 1.100 0.497
VARIANCE 0.004 0.004 0.004 0.300 1.211 0.247

MAXIMUM -30.57 -1.25 -38.IB -3.47 5.62 -0.02
MINIMUM -30.76 -1.49 -30.44 -5.44 2.39 -1.54
RANGE 0.19 0.24 0.26 1.97 3.23 1.52
AVERAGE 11.68 -30.66 -1.35 -30.29 9.68 -4.34 3.92 -0.90
STD.DEV. 0.056 0.065 0.061 0.459 0.933 0.394
VARIANCE 0.003 0.004 0.004 0.211 0.871 0.155

MAXIMUM -30.54 -1.05 -30.18 -1.93 4.52 -1.05
MINIMUM -30.76 -1.49 -30.44 -5.27 -0.12 -2.86
RANGE 0.22 0.44 0.26 3.34 4.64 1.81
AVERAGE 18.65 -30.64 -1.30 -30.29 16.65 -3.54 2.39 -1.97
STD.DEV. 0.068 0.102 0.069 0.933 1.147 0.510
VARIANCE 0.005 0.010 0.005 0.870 1.315 0.260

MAXIMUM 3.23 -1.29 -30.15 6.93 -25.49 -3.61
MINIMUM 7.64 -1.56 -30.42 -30.00 -30.84 -4.27
RANGE 0.59 0.27 0.27 36.93 5.35 0.66
AVERAGE 23.35 8.05 -1.42 -30.27 21.35 -23.45 -29.88 -4.11
STD.DEV. 0.095 0.056 0.063 8.180 1.077 0.081
VARIANCE 0.009 0.003 0.004 66.912 1.160 0.007
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Appendix Table A50. Velocities 10 Feet upstream and 1 toot upstream ot trashracks ot Turbine 12B 
at the Bonneville Second Powerhouse. Full powerhouse loading. Medium Turbine load.

UPSTREAM
PROBE

VELOCITY' (in Ft/Sec)
7X Y L

DOWNSTREAM
PROBE

VELOCITY (in Ft/Sec)
X Y Z

ELEVfMSL! FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM -2.98 3.34 -3.98 -4.05 6.27 2.05
MINIMUM -6.54 -0.32 -4.32 -6.42 1.73 -0.29
RANGE 3.56 3.66 0.34 2.37 4.54 2.34
AVERAGE -12.87 -4.83 1.49 -4.12 -14.87 -5.52 3.46 0.83
STD.DEV. 1.151 0.984 0.073 0.591 1.303 0.650
VARIANCE 1.324 0.968 0.005 0.350 1.697 0.422

MAXIMUM -0.78 3.20 -11.47 -2.76 6.67 0.98
MINIMUM -2.98 0.88 -11.72 -5.54 2.78 -8.73
RANGE 2.20 n 7n L.-IL 0.25 2.78 3.89 1.71
AVERAGE -10.0? -2.00 2.31 -11.58 -12.09 -4.44 4.86 0.17
STD.DEV. 0.545 0.632 0.066 0.773 1.091 0.510
VARIANCE 0.297 0.399 0.004 0.598 1.191 0.260

MAXIMUM -2.69 4.79 -11.40 -3.86 5.71 0.20
MINIMUM -4.03 3.83 -11.79 -5.27 2.56 -0.83
RANGE 1.34 0.96 0.39 1.41 3.15 1.03
AVERAGE -3.44 -3.28 4.29 -11.59 -5.44 -4.50 4.18 -0.40
STD.DEV. 0.354 8.202 0.078 0.427 8.948 0.250
VARIANCE 0.125 8.041 0.806 0.183 0.899 0.062

MAXIMUM -1.42 3.91 -11.68 -1.88 4.49 -0.88
MINIMUM -2.25 2.29 -11.84 -3.17 1.46 -1.93
RANGE 0.83 1.62 0.24 1.29 3.03 1.05
AVERAGE 2.18 -1.91 3.38 -11.70 0.18 -2.53 2.59 -1.34
STD.DEV. 0.203 0.441 0.059 0.387 0.729 0.286
VARIANCE 0.041 0.195 0.004 0.150 0.531 0.082

MAXIMUM -2.37 1.61 0.63 -1.86 3.49 -1.25
MINIMUM -4.08 -9.47 -0.17 -4.27 -0.76 -2.34
RANGE 1.71 11.08 0.80 2.41 4.25 1.09
AVERAGE 8.00 -3.31 0.70 0.25 6.80 -3.02 1.27 -1.76
STD.DEV. 0.344 1.334 0.216 0.710 1.233 0.340
VARIANCE 0.119 1.780 0.047 0.504 1.520 0.115

MAXIMUM -1.37 1.81 0.05 -3.37 4.61 -1.34
MINIMUM -3.66 -1.00 -1.51 -4.57 2.98 -1.76
RANGE 2.29 2.81 1.56 1.28 1.63 0.42
AVERAGE 14.97 -2.68 0.41 -0.52 12.97 -3.82 3.33 -1.55
STD.DEV. 0.728 0.790 0.371 0.294 8.341 0.100
VARIANCE 8.531 0.625 0.138 0.086 0.116 0.010



Appendix Table A50 - continued
UPSTREAM

PROBE
VELGC1T'i 
X

iin 
Y

Ft/Sec'
7

DOWNSTREAM
PROBE

VELOCITY 
X

(in 
Y

Ft/Sec)
Z

ELEV(MSL) EPS PPG FPS ELEVCMSL) FPS FPS FPS

MAXIMUM -1.20 1.68 0.44 -2.95 5.30 -8.27
MINIMUM -4.49 -8.83 -0.51 -4.96 1.93 -2.05
RANGE 3.29 2.5! 0.95 2.01 3.37 1.78
AVERAGE 23.30 -3.48 0.51 -0.12 18.00 -4.13 3.29 -8.91
STD.DEV. 3.842 0.478 8.218 0.428 3.866 8.432
VARIANCE 0.708 0.229 0.048 0.176 0.750 0.187

MAXIMUM
MINIMUM

-2.34
? ~}riJl i.ii

1.46
-0.27

8.37
-0.10

-2.54
-3.39

3.28
n in

-0.93
-1.90

RANGE 0.08 1.73 0.47 0.85 1.08 0.97
AVERAGE 25.49 _n 77 0.68 0.18 23.49 -2.94 2.7! -1.47
STD.DEV. 0.264 0.446 3.104 0.266 0.304 0.212
VARIANCE 0.070 0.199 0.811 8.071 8.092 0.045

MAXIMUM -1.71 0.10 8.51 -4.54 2.93 -0.81
MINIMUM -2.78 -1.27 -0.63 -5.49 1.46 -1.66
RANGE 1.07 1.37 1.14 0.95 1.47 0.85
AVERAGE 31.22 -2.26 -0.43 0.13 29.22 -4.99 2.02 -1.32
STD.DEV. 0.265 0.403 8.259 0.240 0.380 0.166
VARIANCE 0.070 0.162 0.067 8.057 0.890 8.028

MAXIMUM -2.20 0.51 0.44 -2.91 2.76 -1.93
MINIMUM -3.00 -0.85 -0.20 -5.15 0.49 -2.44
RANGE 0.80 1.36 0.64 2.24 2.27 0.51
AVERAGE 37.5 6 -2.50 -0.16 0.15 35.56 -4.12 1.58 -2.16
STD.DEV. 0.176 0.382 0.142 8.635 0.621 8.103
VARIANCE 0.031 0.146 0.020 8.483 8.385 0.011

MAXIMUM -3.20 -0.44 8.49 -3.78 -0.29 -8.66
MINIMUM -3.81 -1.76 -8.42 -4.79 -1.54 -1.71
RANGE 0.61 1.32 0.91 1.01 1.25 1.05
AVERAGE 42.71 -3.49 -1.34 0.08 43.71 -4.44 -0.70 -1.28
STD.DEV. 8.122 0.352 0.182 8.2SS 0.253 0.258
VARIANCE 0.015 0.124 0.033 8.083 0.064 0.066

MAXIMUM 0.05 -1.07 -3.76 0.93 1.15 -0.56
MINIMUM -0.44 -2.44 -1.44 0.15 -2.17 -1.03
RANGE 0.49 1.37 0.68 0.78 3.32 0.47
AVERAGE 45.36 -0.21 -1.56 -1.08 43.36 0.54 -8.67 -0.78
3TD.DEV. 0.126 0.322 0.144 0.194 0.927 0.094
VARIANCE 0.016 0.104 3.021 0.038 8.859 0.009
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Apoendix Table A51. Velocities 10 feet upstream and ! toot upstream of trashracks of Turbine 121 
at the Bonneville Second Powerhouse. Full powerhouse loading. Low Turbine load.

UPSTREAM
PROBE

VELOCITY' 

X
(in 

Y
Ft/Sec)

Z
DOWNSTREAM

PROBE
VELOCITY (in 
X Y

Ft/Sec)
Z

ELEVIMSLI FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM -30.93 -8.95 -29.83 -3.05 3.20 -1.20
MINIMUM i n a 

."01 IV -1.20 -30.10 -3.83 1.20 -2.12
RANGE B.27 0.25 1.27 0.78 2.00 0.92
AVERAGE n c c  

L,JJ -31.86 -1.37 -29.69 0.55 -3.47 2.44 -1.6B
STS.DEV. 0.069 0.0/0 8.293 0.172 0.512 0.254
■VARIANCE 0.005 0.005 0,086 8.030 8.262 0.064

MAXIMUM -30.93 -1.25 -8.32 -2.83 4.10 -1.25
MINIMUM -31.23 -1.46 -1.73 -3.49 1.83 -1.83
RANGE 0. d8 0.21 1.41 1.46 2.27 0.58
AVERAGE 7.93 -31.07 -1.35 -1.12 5.93 -2.76 3.15 -1.54
STD.DEV. 0.076 8.053 0.310 8.363 3.534 0.136
VARIANCE 0.086 0.083 0.096 0.131 0.285 0.019

MAXIMUM -31.13 -1.20 -0.27 -3.64 2.42 0.02
MINIMUM -31.48 -1.46 -1.34 -4.71 -0.56 -1.12
RANGE 8.27 8.26 1.07 1.07 2.98 1.14
AVERAGE 12.32 -31.24 -1.33 -0.94 10.02 -4.13 1.86 -8.47
STD.DEV. 0.868 8.057 0.284 0.278 3.655 8.264
VARIANCE 0.084 0,003 0.381 0.073 8.430 8.069

MAXIMUM 8.01 -1.05 -30.66 -0.95 4.61 -2.37
MINIMUM 7.74 -1.27 -30.93 -3.42 1.54 -3.39
RANGE 0.27 0.22 0.27 2.47 3.07 1.02
AVERAGE 22.87 7.98 -1.15 -38.79 28.07 -1.62 2.16 -2.87
STD.DEV. 0.359 0.063 0.866 0.507 8.551 8.237
VARIANCE 8.083 8.804 8.004 0.257 8.384 0.856

MAXIMUM 3.08 -1.25 -30.22 -2.91 4.76 -0.29
MINIMUM 7.76 -1.46 -38.57 -4.81 1.56 -2.17
RANGE
AVERAGE 27.38

0.32
-  T nn
i . 7 i.

0.21
-1.34

8.35
-38.41 25.08

1.90
-3.83

3.20
2.86

1.88
-1.56

STB.DEV. 3.868 0.056 0.067 0.385 8.864 8.477
VARIANCE 0.085 0.003 0.005 0.149 0.746 0.22B
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Appendix Table A52. Comparison of 30 minute vs 15 second samples of velocities 10 feet upstream 
and 1 foot upstream of trashracks of Turbine 12B at the Bonneville Second Powerhouse.
Full powerhouse loading.

UPSTREAM
PROBE

VELOCITY' (in Ft / Sec!
X Y 1

L

DOWNSTREAM
PROBE L

VELOCITY (in Ft/Sec!
V 7A Y

ELEV(MSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

High Turbine Load
KAXIHUH

30 min. HINIHUfl
16.65 12.60 -29.98

-38.76 -3.7! -38.42
31.86 31.74 11.35

j n-38.00 -30.98
samole RANGE 47.41 16.31 0.44 61.86 62.72 15.87

AVERAGE 23.58 -12.78 -1.38 -30.25 21.50 27.45 -14.91 8.10
STD.DEV. 17.359 0.907 0.362 13.856 25.054 4.321
VARIANCE 381.319 0.824 0.804 191.997 627.715 18.669

MAXIMUM 8.23 -1.29 -30.15 6.93 -25.49 -3.61
15 sec. MINIMUH 7.64 -1.56 -30.42 -38.00 -30.84 -4.27
sample RANGE

AVERAGE 23.35
0.59
n 0. nc BJ

0.27
-1.42

8.27
-38.27 21.35

36.93
-23.45

5.35
-29.88

8.66
-4.11

STD.DEV. 0.095 0.856 0.063 8.180 1.077 0.081
VARIANCE 0.089 0.003 8.084 66.912 1.160 0.007

Medium Turbine Load
MAXIMUM -0.37 3.81 4.91 -1.37 5.93 0.81

30 min. MINIMUM -5.37 -2.42 -3.20 -7.23 -1.44 -3.59
sample RANGE

AVERAGE 19.90
5.00
-2.88

6.23
0.59

8.11
0.18 17.90

5.86
-3.84

7.37
2.68

4.40
-1.22

STD.DEV. 0.827 0.825 0.714 0.B77 0.965 0.687
VARIANCE 8.683 0.680 0.510 0.770 8.931 8.472

MAXIMUM -1.20 1.68 8.44 -2.95 5.38 -0.27
15 sec. MINIMUM -4.49 -3.83 -0.51 -4.96 1.93 -2.05
sample RANGE

AVERAGE 20.80
3.29
-3.48

2.51
0.5!

0.95
-0.12 18.00

2.01
-4.13

3.37
3.29

1.78
-0.9!

STD.DEV. 0.842 0.478 0.218 0.420 0.866 0.432
VARIANCE 0.708 0.229 8.048 8.176 8.750 8.187

Low Turbine Load
MAXIMUM 8.18 -1.05 17.41 1.00 6.47 0.83

30 min. MINIMUM 7.71 -1.66 -30.93 -7.50 -2.61 -5.08
sample RANGE

AVERAGE 22.11
0.47
7.89

8.61
-1.24

48.34
-29.99 20.11

8.50
-2.98

9.08
2.11

5.91
-2.19

STD.DEV. 0.064 0.079 3.737 1.150 1.163 0.671
VARIANCE 8.084 0.886 13.962 1.322 1.353 0.458

MAXIMUM 3.01 -1.05 -30.66 -0.95 4.61 -2.37
15 sec. MINIMUM 7.74 -1.27 -30.93 -3.42 1.54 -3.39
sample RANGE

AVERAGE 22.07
3,27
7.98

0.22
-1.15

0.27
-30.79 20.07

2.47
-1.62

3.07
2.16

1.02
-2.87

STD.DEV. 0.059 0.863 8.066 0.507 0.551 0.237
VARIANCE 0.003 0.084 8.804 0.257 0.304 0.056



Appendix Table A53. Velocities at the Folding Fraise upstream of Travelling Screen. 
Bonneville Second Powerhouse. Turbine 12B, Full powerhouse loading. High turbine load.

Elevation
VELOCITY(in Ft/Sec) VELOCITY(in Ft/Sec)

y l Elevation Y 2 Elevation
VELOCITY(in Ft/Sec)

Y 7L
(MSI) FPS FPS (MSL) FF'S FPS (MSL) FPS FPS

MAXI HUH -0.46 6.38 10.52 1.86 0.51 0.32
MINIMUM -0.68 1.68 3.98 -1.54 0.20 -0.66
RANGE 0.22 4.62 6.54 3.40 0.31 0.98
AVERAGE ID. 57 -8.55 3.46 6.57 7.88 8.03 -13.43 0.37 -0.23
STD.DEV. 0.054 1.051 1.695 0.824 0.872 8.24?
VARIANCE 8.003 1.184 2.873 0.679 0.005 8.862

MAXIMUM n a i ""W. 10.25 9.86 2.39 0.51 -0.17
MINIMUM -8.68 5.47 4.91 0.68 0.20 -1.07
RANGE 0.24 4.78 4.95 1.71 0.31 0.90
AVERAGE 11.85 -0.54 7.91 7.85 7.43 1.49 -12.15 8.35 -0.61
STD.DEV. 0.057 1.281 1.282 8.394 0.076 0.213
VARIANCE 0.883 1.642 1.644 0.155 0.086 8.045

MAXIMUM -0.46 2.95 7.23 1.05 0.51 0.07
MINIMUM -8.66 8.59 4.15 -1.98 0.15 -8.29
RANGE 0.28 2.36 3.08 3.03 0.36 8.36
AVERAGE 19.65 -8.54 1.59 14.65 5.54 8.02 -5.35 0.35 -0.10
STD.DEV. 0.061 8.529 0.754 0.814 8.08? 0.093
VARIANCE 0.004 8.280 0.569 8.663 0.008 0.809

MAXIMUM -0.46 6.13 4.00 0.66 0.51 -0.02
MINIMUM -0.68 1.88 1.37 -1.20 0.12 -0.51
RANGE
AVERAGE 28.43

0.22
-8.56

4.25* no n. ll 16.43
2.63
2.56

1.86
-0.27 -3.57

0.39
8.31

0.49
-3.27

STD.DEV, 0.058 8.967 0.647 0.395 8.081 8.107
VARIANCE 0.883 0.934 0.418 0.156 0.087 0.011
MAXIMUM -8.42 7.03 5.20 8.51 0.51 0.27
MINIMUM
RANGE
AVERAGE 24.43

-0.73
0.31
-0.52

8.83
6.20
4.6? 28.43

-0.17r r*TJ.O/
2.16

-0.95
1.46

-0.23 0.43

8.15
8.36
0.33

-0.73
1.08

-0.16
STD.DEV. 0.078 1.368 1.365 0.341 0.071 8.200
VARIANCE 0.005 1.871 1.063 0.116 0.805 0.040

MAXIMUM 1.80 5.40 8.20 1.50 0.78 8.60
MINIMUM 1.60 -0.80 -0.18 -0.70 0.48 -0.50
RANGE 0.28 6.20 8.38 2.20 0.38 1.10
AVERAGE 26.31 1.74 2.69 22.31 4.57 0.31 2.31 8.56 0.10
STD.DEV. 0.066 1.591 2.294 0.441 0.365 8.283
VARIANCE 8.884 2.532 5.262 0.195 0.004 0.098

The mounting bolts holding the probe arms sheared during the tests; therefore these readings say differ somewhat 
•from actual values.
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Appendix fable A54. Velocities at the Folding Frame upstream of Travelling Screen. 
Bonneville Second c'owerhou5e. Turbine 128. Full powerhouse loading. Medium turbine load.

VELOCITY Iin Ft/Sec)
Elevation i l Elevation

VELOCITY(in Ft/Sec)
Y Z Elevation

VELOCITY(in
Y

Ft/Sec!
T
L

ItISLit FPS FPS (MSL)t FPS FPS (MSL! FPS FF'S

MAH MUM
MINIMUM

-0.15
-8.37

6.74
1.61

6.08
2.28

-2.25
-5.42

2.88
1.59

-0.29
-2.54

RANGE 0.22 5.13 3.88 3.17 1.29 2.25 
AVERAGE
STD.DEV.

18.39 “0 '"v”'
8.061

3.99
1.434

6.89 4.12
0.898

-3.57
0.679

-13.11 2.13
8.330

-1.25 
8.51B 

VARIANCE 0.084 2.053 0.806 3.461 0.145 8,261

MAT HUM -8.15 5.18 8.06 -2.20 3.13 -0.S3
MINIMUM -0.37 1.59 -8.27 -4.38 1.66 -2.56
RANGE 8.22 3.59 8.33 2.10 1.47 1.68
AVERAGE 11.84 -3.24 3.35 7.84 3.92 -3.38 -12.16 2.55 -1.89
STD.DEV. 0.053 8.742 2.325 0.381 3.386 0.489
VARIANCE 8.803 0.551 5.407 8.145 8.149 8.16?

MAH MUM -8.17 2.08 4.88 3.83 2.27 2.34
MINIMUM -0.39 -0.15 1.61 -0.56 8.6! -1.83
RANGE 8.22 2.23 3.27 1.39 1.66 3.37
AVERAGE i 9 c 11 -8.25 1.23 15.27 3.85 8.11 <! “777, i 1.47 8.26
STD.DEV.
VARIANCE

3.058
8.383

0.619
0.384

8.730
0.533

8.287
8.082

8.338
0.114

0.808
3i cn. QJi

MAT I MUM
MINIMUM

-0.17
-8.37

3.03
1.49

4.20
3.83

8.88
-0.34

3.25
1.22

-0.85
-2.83

RANGE
AVERAGE
STD.DEV.

20.76
0.20
-8,25
8.854

1.54
2.47

0.372
16.76

3.37
2.35
0.727

1.22
8.38

0.268
-3.24

2.83
2.09

8.586

1.98
-8.92
8.536

VARIANCE 8.883 0.139 8.529 8.860 8.343 8.287

MAXIMUM
MINIMUM

-8.1?
-8.37

4.08
2.56

4.37
2.85

8.95
-0.44

2.49
8.78

8.29
-4.17

RANGE
AVERAGE 28.13

8.23
-8.23

1.52
3.21 41.86

2.32
2.9S

1.39
0,24 21.86

1.71
1.69

4.46
-1.85

STD.DEV.
VARIANCE

8.858
8.382

8.319
0.181

0.611
0.373

0.374
8.140

8.438
3.185

1.104
1.219

MAXIMUM
MINIMUM

-3.17
-8.57

2.98
2.20

3.74
1.98

0.22
-8.46

2.91
1.18

-0.98
-3.15

RANGE 0.22 8.78 1.76 0.68 1.81 2.17
A."RAGE
STD.DEV.

26,33 -3.25
8.356

2.54
0.18!

22.80 2.75
0.478

-8.18
8.136

•- r. n
L. QE1 1.38

8.525
-2.15
0.627

VARIANCE 8.883 0.033 8.228 8.819 2.272 0.393
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Appendix Table A54 - continued

VELOCITY tin Ft/Sec) VELOCITY(in Ft/Sec) VELOCITY (in Ft/Sec!
Elevation V z Elevation V Z Elevation Y Z

(USD EPS EPS !HSL) FPS FPS (usd FPS FPS

MAXIMUM -0.17 4.20 4.57 1.15 2.76 -0.85
MINIMUM -8.39 2.47 8.78 -0.73 8.63 -3.22
RANGE 8.22 1.73 3.79 1.83 2.13 2.37
AVERAGE
STD.DEV.

nn c <!i/. J*t -8.25
8.841

3.21
0.396

23.54 2.47
0.838

0.52
0.363

3.54 1.59
0.380

-2.04
0.485

VARIANCE 8.884 0.157 8.689 0.131 0.144 0.235

MAXIMUM -8.42 2.73 4.03 1.88 2.00 -0.54
MINIMUM -8.41 1.93 0.98 -0.88 0.98 -2.73
RANGE 8.19 3.80 3.10 1.88 1.02 2.1?
AVERAGE 27.39 -8.49 2.32 23.39 2.28 8.33 3.39 < c»1. J*t -1.27
STD.DEV. 3.85S 0.1S7 0.729 8.499 8.246 0.562
VARIANCE 0.883 0.035 0.532 3.249 3.863 0.316

MAXIMUM -3.42 3.17 2.78 1.12 2.69 -1.27
MINIMUM -8.63 1.93 0.18 -8.17 1.85 -2.54
RANGE 0.21 1.24 2.68 1.29 1.64 1.27
AVERAGE 27.89 -0.48 2.54 23.89 1.56 8.3B 3.89 1.84 -1.92
STD.DEV. 0.854 0.300 0.767 0.299 8.432 0.285
VARIANCE 0.883 0.098 3.588 8.089 3.166 0.081

MAXIMUM -3.42 3.66 4.83 8.49 2.71 -0.42
MINIMUM -0.61 2.71 2.93 -0.59 1.15 -3.34
RANGE 8.19 8,95 1.90 1.88 1.56 2.92
AVERAGE 27.27 -0.51 7 nr •J. iJ 23.27 3.88 8.02 3.27 1.82 -1.91
STD.DEV. 0.056 8.224 0.530 0.279 8.370 0.735
VARIANCE 0.003 0.050 0.201 8.078 0.137 0.616

MAXIMUM -8.42 3.71 3.83 0.81 2.71 -1.00
MINIMUM -8.63 2.17 2.08 -0.88 1.37 -2.83
RANGE 8.21 1.54 1.75 1.69 1.34 1.83
AVERAGE m nn -8.53 2.84 23.27 3.11 -0.09 3.27 2.86 -1.90
STD.DEV. 0.35S 0.459 0.392 0.381 8.358 0.422
VARIANCE 0.803 0.211 8.154 8.145 0.128 0.178

MAXIMUM -8.42 3.86 3.64 1.29 2.86 -1.51
MINIMUM -0.66 2.54 -0.34 0.27 1.12 -3.03
RANGE 8.24 1.32 3.98 1.82 1.74 1.52
AVERAGE 27.48 -3.52 3.80 23.48 1.80 0.67 3.48 1.99 -2.33
STD.DEV. 3.859 8.329 1.309 0.233 8.452 0.347
VARIANCE 8.884 8.188 1.713 0.854 0.204 0.120

t The mounting bolts holding the probe arms sheared during the tests; therefore these readings say differ somewhat 
from actual values.
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Appendix Table A55. Velocities at the Folding Frame upstream of Travelling Screen. 
Bonneville Second Powerhouse. Turbine 12B. Full powerhouse loading. Low turbine load.

MAX I HUM
MINIMUM
RANGE
AVERAGE
STD.DEV.
VARIANCE

VELOCITYlin 
Elevation Y

(HSU FPS
-0.44
-8.66
8.92

12.26 -8.54
8.059
0.00^

Ft/Sec)

FF'S
5.74
4.4?
1.25
5.04

0.361
0.138

Elevation
(usd

8.26

VELOCITYiin 
Y

FPS
5.47
4.08
1.39
4.79.1 U, 7CC OJJ

8.126

Ft/Sec)
Z

FPS
2.88
-8.78
2.86
8.42

8.689
0.475

Elevation
(MSL)

-11.74

VELOCITY(in 
Y

FPS
3.98
8.56
0.42
8.74

8.101
0.010

Ft/Sec)
Z

FPS
0.10
-0.63
0.73
-0.29
0.138
8.019

MAXIMUM
MINIMUM
RANGE
AVERAGE
STD.DEV.
VARIANCE

-8.27
-8.49
0.22

18.15 -0.36
8.866
8.804

2.81
1.68
1.13
2.04
0.236
0.056

14.15

3.54
1.78
1.76
2.73
8.475
8.226

-0.20
-1.34
1.14

-0.88
0.280
0.078

-5.85

2.08
1.85
1.83
1.50

8.203
0.841

-0.56
-1.64
1.08

-1.17
0.220
8.048

MAXIMUM
MINIMUM
RANGE
AVERAGE
STD.DEV.
VARIANCE

-8.28
-8.44
0.24

19.98 -0.30
0.057
0.887

1.83
0.90
8.93
1.25

8.206
8.042

15.98

2.15
3.85
1.30
1.33

0.262
0.069

-8.32
-1.27
8.95
-0.73
0.231
0.853

-4.02

3.18
2.88
1.10
2.64

3.279
8.078

-1.73
-3.08
1.27

-2.44
8.264
8.070

MAXIMUM
MINIMUM
RANGE
AVERAGE
STD.DEV.
VARIANCE

-8.22
-8.46
0.24

23.57 -8.34
0.063
0.084

2.76 
1.95 
8.81 
2.35 
8.176 
8.83i

19.

2.37
1.25
1.12
1.88

8.297
8.838

1.20
-0.37
1.57
8.45

0.444
8.197

-8.43

2.37
1.73
0.64
2.05

0.138
3.819

-1.32
-2.69
1.37

-2.06
0.394
8.155

MAXIMUM
MINIMUM
RANGE
AVERAGE
STD.DEV.
VARIANCE

-0.22
-0.46n n aKJ . A*t

25,4B -8.33
0.053
8.803

2.61
1.49
1.12
2.05

8.327
0.107

21.48

3.13
1.98
1.25
2.44

8.231
8.053

3.66
-8.32
3.98
8.28

8.241
8.358

1.48

2.39
1.59
8.88
1.95

8.210
3.044

-1.4?
-2.95
1.46

-2.1?
8.468
0.212

» The mounting bolts holding the probe ares sheared during the tests; therefore these readings may differ somewhat 
from actual values*



Appendix Table A56. Comparison of 38 minute vs 15 second samples of velocities at the Folding Frame upstream of 
Travelling Screen. Bonneville Second Powerhouse. Turbine 12B. Full powerhouse loading.

VELOCITY(in 
Elevation V

Ft/Sec! 
7

VELOCITY<in 
Elevation Y

Ft/Sec) 
Z

VELOCITY(in 
Elevation Y

Ft/Sec)
Z

(HSU* FF'S FPS (MSL)t FPS FPS (MSL) FPS FPS

High Turbine Load
RAXIHUM 1.76 11.77 9.30 2.17 0.59 0.51

38 sin. MINIMUM -0.85 -3.76 -3.91 -1.66 8.05 -0.95
sample RANGE

AVERAGE
2.61

24.49 8.37
15.53
3.86

13.21
20.49 3.07

3.83
0.21

0.54
0.49 0.33

1.46
-0.21

STD.DEV. 8.725 2.882 1.941 0.583 0.879 0.211
VARIANCE 0.526 4.334 3.768 0.340 0.086 0.845

MAXIMUM -8.42 7.03 5.20 0.51 0.51 0.27
15 sec. MINIMUM -0.73 0.83 -0.17 -0.95 0.15 -0.73
sample RANGE

AVERAGE
0.31

24.43 -0.52
6.20
4.69

5.37
20.43 2.16

1.46
-0.23

0.36
0.43 0.33

1.00
-0.16

STD.DEV. 8.070 1.368 1.365 0.341 0.071 0.208
VARIANCE 0.305 1.871 1.863 0.116 0.805 8.048

Medium Turbine Load
MAXIMUM -8.17 4.98 7.52 1.66 3.47 0.54

38 sin. MINIMUM -8.5? -0.29 -1.27 -1.37 0.00 -5.10
sample RANGE

AVERAGE 27.48
0.42

-8.37
5.27
3.02 23.40

8.79
2.51

3.83
0.30 3.40

3.47
1.78

5.64
-1.79

STD.DEV. 8.09! 8.681 1.071 0.467 0.558 0.772
VARIANCE 0.338 8.464 1.147 0.237 0.311 8.596

MAXIMUM -0.17 4.20 4.57 1.15 2.76 -0.85
15 sec. MINIMUM -3.39 2.47 0.78 -0.73 8.63 7 nn "O.it

sample RANGE
AVERAGE 27.54

3.22
-8.25

1.73
3.21 23.54

3.79
2.47

1.88
0.52 3.54

2.13
1.59

2.37
-2.84

STD.DEV. 3.861 8.396 0.830 0.363 0.380 0.485
VARIANCE 0.084 8,157 8.689 8.131 8.144 0.235

Low Turbine Load
MAXIMUM -0.27 3.96 4.86 1.59 2.17 8.12

38 min. 
saiple 

MINIMUM
RANGE
AVERAGE 18.31

-0.66
3.39
-8.44

1.13
2.86
2.23 14.31

1,10
3.78
2.87

-2.78
4.37

-0.55 -5.69

0.51
1.66
1.34

n 7n

2.44
-0.97

STD.DEV. 3.877 0.366 0.532 0.606 0.288 8.357
VARIANCE 0.386 0.134 0.283 8.367 8.878 8.127

15 sec. 
MAXIMUM
MINIMUM

-8.27
-3.49

2.81
1.68

3.54
1.78

-0.20) T/t k. Jt

2.08
1.85

-8.56
-1.64

sample RANGE
AVERAGE 18.15

8.22
-0.36

1.13
2.04 14.15

1.76
2.73

1.14
-0.88 -5.85

1.03
1.50

1.08
-1.17

STD.DEV. 0.866 8.236 8.475 0.280 0.283 0.220
VARIANCE 8.384 8.056 8.226 0.070 0.841 8.048

I The mountiriQ bolts holding the probe arms sheared during the tests; therefore these readings may differ somewhat 
from actual values.
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APPENDIX Table A57. Velocities at fined locations inside Submersible Travelling Screen and on support framework. 
Bonneville Second Powerhouse. Turbine 12B. Full powerhouse loading. High turbine load. 15 second samples.

LOCATION it 1 5
Y Z Y 7

L Y Z Y Z Y Z Y Z
FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS

MAXIMUM 7 nnJ. LL -0.32 2.78 -0.32 2.69 1.85 0.56 0.02 i A Ai.nt 6.84 1.00 -3.13
MINIMUM 1.25 -1.17 2.39 -0.71 2.12 8.59 -0.27 -0.59 -0.27 5.74 -0.90 -4.71
RANGE 1.97 0.85 8.39 0.39 8.57 0.46 0.83 0.61 1.71 1.10 1.98 1.58
AVERAGE n ncL » L J -0.65 2.57 -0.48 2.36 8.79 3.17 -8.23 0.27 6.29 0.05 -3.75
STD.DEV. 0.441 0.245 8.086 8.087 0.11! 0.113 0.178 8.139 0.480 0.211 0.442 0.432
VARIANCE 8.212 0.060 0.087 0.808 0.012 0.013 0.032 0.019 0.160 0.044 8.196 8.187

MAXIMUM 2.95 -0.17 2.56 8.00 2.64 1.08 0.56 0.51 0.71 6.74 8.32 -1.76
MINIMUM 0.S8 -1.00 2.25 -8.51 1.95 8.42 -0.44 -0.61 -1.00 5.81 -8.71 -4.57
RANGE 2.37 0.83 3.3! 8.51 8.69 8.58 1.83 1.12 1.71 0.93 1.03 2.81
AVERAGE 2.10 -0.61 2.43 -0.29 2.28 8.78 8.06 -0.0! -0.28 6.29 -0.22 -2.94
STD.DEV. 0.547 0.231 0.082 8.119 0.144 0.114 0.225 0.358 0.321 0.258 8.260 8.731
VARIANCE 0.299 0.053 0.087 0.814 8.021 0.813 0.051 0.128 0.103 0.066 8.068 0.534

MAXIMUM 3.25 -0.44 2.78 -0.10 2.56 0.90 8.49 0.81 8.61 7.25 0.24 -2.54
MINIMUM 1.73 -0.88 2.42 -0.42 2.15 0.49 -0.24 -0.10 -0.95 6.49 -1.87 -4.08
RANGE 1.52 0.44 0.36 0.32 0.41 8.41 8.73 0.91 1.56 0.76 1.31 1.54
AVERAGE
STD.DEV.

2.45
0.481

-0.65
0.109

2.68
0.095

-0.25
0.070

2.34
0.105

0.73
0.093

0.20
8.175

0.32
0.267

-0.18
0.460

6.86
0.167

-0.39
0.404

-3.37
n ?cc C. jJJ

VARIANCE 0.161 0.812 0.089 0.005 0.012 0.009 8.831 0.071 0.212 0.028 0.163 0.126

MAXIMUM 3.47 -0.07 2.66 -0.07 2.86 1.07 0.71 1.15 1.10 7.40 8.37 -2.25
MINIMUM 2.17 -8.95 2.28 -0.51 1.93 0.61 -0.29 -0.59 -1.34 6.35 -1.34 -4.22
RANGE 1.30 0.S3 0.46 8.44 0.93 8.46 1.00 1.74 2.44 1.05 1.71 1.97
AVERAGE 2.70 -0.43 2.42 -0.29 2.46 8.88 0.24 0.30 -0.31 6.95 -3.39 -3.25
STD.DEV.
VARIANCE

0.289
0.384

0.204
0.04!

8.184
8.011

0.111
0.012

0.252
0.064

0.111
0.012

8.286
8.082

8.539
8.290

0.585
0.342

0.268
0.063

0.395
0.156

0.491
8.241

MAXIMUM 3.71 0.15 2.73 8.12 2.66 3.95 0.49 0.59 1.59 7.74 8.71 -2.44
MINIMUM
RANGE
AVERAGE
STD.DEV.
VARIANCE

1.44
2.27
2.16
0.445
0.198

-0.76
8.91

-0.30
0.197
0.339

2.17
0.6!
2.58
3.136
8.018

-0.42
8.54

-0.87
0.110
8.012

2.10
0.56
2.36

0.134
0.018

0.51
0.44
8.73

0.094
0.009

-0.71
1.20

-0.03
0.269
0.073

-0.24
0.83
0.21

0.189
0.036

-0.56
2.15
8.63

0.483
0.233

6.15
1.59
7.30

0.364
0.133

-1.37
2.88

-8.28
0.405
8.164

-4.42
1.98

-3.55
8.393
8.154

MAXIMUM 3.90 -0.48 2.98 -8.30 2.£0 1.10 0.70 0.30 3.50 7.50 1.80 -2.88
MINIMUM
RANGE
AVERAGE
STD.DEV.

0.60
3.30
2.01
0.898

4 nn “I . 03
0.60

-8.74
0.136

2.48
0.50
2.65
8.106

-0.88
0.50

-0.46
0.110

1.90
8.50
2.15

0.112

8.43
0.70
8.79

0.189

-1.00
1.78
8.05
0.523

-0.68
0.90

-0.23
0.285

-1.60
2.10

-0.44
0.500

6.70
0.88
7.1!

0.214

-8.90
2.70
0.07
0.671

-4.70
1.90

-3.80
0.478

VARIANCE 0.837 0.319 0.011 0.012 0.013 0.836 0.274 0.381 0.250 0.046 0.450 0.228



147

APPENDIX Table A5B. Velocities at fixed locations inside Submersible Travelling Screen and on support framework.
Bonneville Second Powerhouse. Turbine 128. Full powerhouse loading. Medium turbine load. 15 second samples.

LOCATION « 1 n
i.

70 4 5 6
Y l y Z y Z Y Z Y Z Y 7

FPS FPS FPS FPS EPS FPS FPS FPS FPS FPS FPS FPS

MAXIMUM 7 T?o. i i -0.22 2.88 0.02 sr ?n J»0£ 5.10 8.68 -0.02 8.22 6.05 1.85 -2.22
MINIMUM 1.27 -1.05 2.54 -0.46 5.05 4.88 -8.78 -0.73 “i.Oi 5.37 -0.63 -4.38
RANGE 2.33 8.83 3.34 0.48 8.27 8.22 1.46 8.71 1.54 0.60 1.68 1.86
AVERAGE 2.18 -0.73 2.68 -8.24 5.20 5.00 -0.06 -0.32 -0.64 5.78 8.34 -3.36
STB.DEV. 3.40! 0.197 8.878 8.117 0.361 8.053 0.394 0.162 8.41! 0.197 0.314 0.470
VARIANCE 8.161 0.339 8.305 0.314 3.004 8.883 0.155 8.026 0.169 3.339 3.099 0.221

MAXIHUM 3,88 0.15 2,83 -3.85 5.38 5.13 -0.05 0.02 1.15 6.67 0.12 -2.17
MINIMUM 8.61 -1.20 2.39 -0.46 5.85 4.88 -0.54 -8.71 -0.76 5.48 -0.98 -3.98
RANGE 3.17 1.35 0.44 3.41 8.25 8.25 8.49 0.73 1.91 1.27 1.10 1.81
AVERAGE 1.77 -8.67 2,66 -8.26 5.19 5.02 -0.29 -0.42 0.19 5.92 -0.52 -3.16
STB.DEV. 3.758 0.388 0.878 8.378 0.067 0.853 0.111 8.191 3.397 0.293 0.352 0.474
VARIANCE 3.563 0.898 0.006 8.386 8.085 0.303 0.012 8.837 8.157 0.886 0.124 8.225

MAXIMUM 3.15 -8.24 2.95 -0.82 5.30 5.18 0.37 0.34 -0.42 5.84 0.90 -2.15
MINIMUM 1.35 -1.83 2.54 -0.39 5.05 4.88 -0.18 -8.49 -1.81 5.32 -0.90 -3.25
RANGE 2.13 8.79 8.41 8.37 8.25 8.22 8.47 8.S3 1.39 0.52 1.88 1.10
AVERAGE 2.13 -8.63 2.73 -8.18 5.19 5.83 0.12 -0.09 -1.11 5.60 0.03 -2.81
STB.DEV. 0.468 8.170 8.892 8.072 0.853 0.859 3.108 8.204 8.305 0.116 0.525 0.246
VARIANCE 0.219 0.029 0.308 8.005 8.883 0.883 0.012 0.042 0.893 0.014 0.276 0.061

MAXIMUM 4.37 -0.20 2.76 -8.17 5.30 5.13 0.22 -0.24 0.44 6.42 0.24 -2.37
MINIMUM 2.34 -0.88 2,34 -0.63 5.05 4.88 -8.68 -0.95 -1.54 4.96 -1.05 -4.00
RANGE 2.33 0.68 8.42 0.46 0.25 0.25 0.90 0.71 1.98 1.46 1.29 3.71
AVERAGE 3,14 -8.51 2.55 -6.38 5.19 5.31 -0.22 -0.57 -8.66 5.83 -3.58 -3.39
STB.DEV. 3.438 8.139 3.079 0.109 8.868 0.055 0.224 0.138 0.422 0.312 8.374 0.416
VARIANCE 3.19! 0.819 0.006 0.012 0.034 0.303 8.050 0.019 0.178 0.097 8.140 0.173

MAXIMUM 2.44 0.18 2.83 -0.10 5.40 6.83 0.49 3.83 1.86 7.88 -8.02 -3.30
MINIMUM 3.78 -1.66 1.71 -2.00 5.08 4.88 -1.05 -0.76 -8.76 5.91 -2.83 -4.57
RANGE 1.66 1.76 1.12 1.90 0.32 1.15 1.54 1.59 2.62 1.17 2.01 1.57
AVERAGE 1.73 -0.62 2.6B -0.33 5.21 5.01 -3.30 -0.02 3.63 6.53 -8.97 -3.84
STB.DEV. 3.294 8.209 8.128 0.222 8.854 0.133 0.454 0.479 0.690 0.313 8.43G 0.418
VARIANCE 3.886 0.844 8.016 8.849 0.003 3.018 0.206 0.229 0.475 0.096 0.239 0.175

MAXIMUM 3.08 -0.22 2.69 -0.24 5.32 5.13 8.68 0.93 8.59 6.35 1.46 -2.39
MINIMUM 1.29 -0.98 2.37 -8.59 5.05 4.83 -0.27 0.05 -8.51 5.40 -1.46 -4.85
RANGE
AVERAGE

1.792 ?c 0.76
-8.58

0.32
2.54

8.35
-8.39

0.27
5.20

8.25
5.00

3.95
8.20

8.88
0.66

1.18
-0.03

0.95
5.90

2.92
8.20

1.66
-3.22

STB.DEV. 8.453 8.162 0.862 8.086 0.071 8.859 0.268 0.203 0.258 3.241 0.841 0.430
VARIANCE 3.210 0.026 0.884 0.087 0.085 0.003 3.072 0.041 8.062 0.058 0.707 0.184
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Appendix Table A58 - continued 
LOCATION # 

V
FPS

1
Z

FPS
V

FPS
Z

FPS
Y

FPS
Z

FPS
Y

FPS
Z

FPS
Y

FPS
Z

FPS
Y

FPS
1L

FPS

HAXItIUW
MINIMUM
RANGE
AVERAGE
STD.DEV,
VARIANCE

3.49
0.83
2.66
2.35
0.756
0.57!

-0.05
-1.03
0.98

-0.41
0.217
0.047

2.93
2.37
8.56
2.67
0.896
0.009

0.85
-0.42
8.47

-0.13
0.897
8.809

5.32
5.05
8.27
5.22
8.864
8.084

5.13
4.88
3.25
5.00

8.055
0.003

0.78
-0.63
1.41

-0.83
8.310
8.896

8.78
-8.07
8.85
0.30
8.190
0.836

0.95
-1.90
2.85

-0.22
8.652
0.425

6.40
5.49
0.91
5.89

0.181
0.033

0.73
-1.66
2.39n n*r. £0
8.509
0.259

-2.34
-4.25
1.91

-3.15
0.465
0.216

HAH MUM
MINIMUM
RANGE
AVERAGE
STD.DEV.
VARIANCE

7 7 n ■j » • j ji.

1.34
1.98
2.44
0.553
0.306

-0.10
-0.93
0.83

-0.58
0.218
0.048

3.03
2.64
0.39
2.81

0.089
0.808

3.00
-8.44
0.44

-0.20
0.093
0.009

2.73
2.34
0.39
2.56
8.899
8.010

0.81
8.24
0.57
0.54

8.147
0.022

-0.15
-1.44
1.29

-0.49
0.261
0.06B

-8.15
-0.54
0.39

-0.33
0.096
8.009

2.08
-0.37
2.15
1.84

8.565
0.320

6.84
5.47
1.37
6.12
0.428
0.183

1.93
-0.34
n m £.£/
0.78

3. j66
0.328

-2.05
-3.54
1.49

-2.59
8.337
0.114

MAXIMUM
minimum
RANGE
AVERAGE
STD.DEV.
VARIANCE

2.83
1.07
1.76
2.12
0.477
8.227

-0.12
-0.68
0.56

-0.45
0.127
0.016

2.76
* ££

•1 cs d. j*t
2.54
8.116
0.813

-8.28
-8.59
8.39

-8,35
8.082
0.087

2.54
2.10
0.44
2.29
0.896
0.809

0.68
0.29
8.39
8.53

0.083
0.007

0.59
-8.39
0.98
0.15

8.265
8.078

0.68
-0.34
1.82
0.20

0.38!
8.891

8.32
-8.95
1.27

-0.25
0.387
8.150

5.71
5.05
0.66
5.45

0.160
0.026

8.13
-1.95
2.05

-1.18
0.503
0.253

-2.83
-3.98
1.15

-3.3B
0.246
0.861

MAXIMUM
MINIMUM
RANGE
AVERAGE
STD.DEV.
VARIANCE

2.71
1.15
1.56
1.85

0.369nt * 7l {. i-jb

-0.32
-0.98
0.66

-0.67
0.126
0.016

3.27
2.56
0.71
2.96
0.197
8.839

-0.15
-8.59
0.44

-0.31
8.898
0.813

2.86
2.42
0.44
2.66
0.186
8.311

0.S1
0.44
0.37
0.61

0.387
8.008

0.27
-0.93
1.20

-0.38
8.318
8.101

0.63
-0.20
0.33
0.26

0.228
8.052

0.73
-1.18
1.83

-0.14
8.519
3.278

6.37
5.22
1.15
5.81
0.307
0.094

1.86
-0.17
2.03
0.86

8.490
B.240

-2.61
-4.13
1.52

-3.43
0.398
0.152

MAXIMUM
MINIMUM
RANGE
AVERAGE
STD.DEV.
VARIANCE

•7 j. nc U
2.03
1.22
2.6?
0.367
0.135

-0.27
-0.61
0.34

-0.44
3.081
0.087

L. BO
n £. nr. L -

8.59
2.60
8.133
0.018

8.10
-0.29
0.39

-0.10
0.185
8.011

2.93
2.27
0.66
2.59
8.144
8.021

0.78
8.34
0.44
0.61

8.091
8.088

0.27
-0.46
0.73
-0.89
8.178
0.032

-0.05
-0.54
0.49

-8.38
0.126
8.016

0.37
-8.73
1.10

-3.30
0.252
3.063

5.79
5.10
3.69
5.49

0.153
0.823

3.34
-1.64
1.98

-8.58
8.475
8.226

-3.03
-4.88
1.85

-4.06
3.462
0.214

MAXIMUM
MINIMUM
RANGE
AVERAGE
STD.DEV.
VARIANCE

2.95
0.81
2.14
1.81

0.391
0.153

-0.29
-8.81
8.52

-0.54
8.113
8.013

2.86
2.27
8.59
n cn £ • J7
8.158
3.025

-0.05
-3.46
0.41

-8.25
0.106
0.011

2.71
2.15
8.56
2.38

0.128
8.016

8.68
8.34
0.34
0.54

0.074
8.006

0.37
-8.68
1.05

-0.13
0.266
0.071

-0.29
-8.71
8.42

-0.53
0.087
0.037

0.95
-0.95
1.90

-8.03
8.517
0.267

6.08
5.66
8.42
5.87

0.106
8.011

0.10
-1.59
1.69

-0.77
8.384
0.148

-2.71
-4.57
1.86

-3.61
0.554
0.307



APPENDIX Table A59. Velocities at fixed locations inside Submersible Travelling Screen and on support framework.
Bonneville second Powerhouse. Turbine 12B. Full powerhouse loading. Low turbine load. 15 second samples.

LOCATION * 1 n 3 4 5 6
V1 l

L V 7 Y 7 Y 7L Y Z Y 7

FPS FPS FPS FPS FPS FPS FPS FPS FPS FF’S FPS FPS

MAXIMUM 2.8s 5.96 1.39 -0.17 2.12 8.61 0.22 0.32 8.08 3.30 -0.17 -2.22
MINIMUM -1.64 8.20 1.18 -0.46 1.78 3.32 -0.17 -0.15 -28.39 -2.42 -0.35 n nn “i. 7C
RANGE 4.50 5.76 3.29 0.29 0.34 0.29 0.39 0.47 23.47 5.72 0.68 3.76
AVERAGE 1.73 3.37 1.23 -0.32 1.98 3.46 0.04 8.13 4.07 0.58 -0.54 -2.68
STD.DEV.
VARIANCE

1.229
i c i r*1. j i e

1.433
2.665

0.070
8.005

8.078
8.005

0.077
8.036

0.071
0.005

0.091
0.808

0.100
0.018

3.55*
an <7?
Li., OOJ

1.229
1.511

0.147
0.322

0.160
0.326

MAXIMUM 3.44 8.23 1.29 -0.27 2.05 8.71 0.27 -0.15 ?c n OJ.J/ 4.13 -0.51 -2.42
MINIMUM -0.2? 0.00 0.98 -0.59 1.68 0.32 -0.42 -0.54 -8.47 -2.34 -1.03 -3.25
RANGE 3.73 8.23 0.31 0.32 0.37 0.39 0.69 0.39 44.04 6.47 0.52 8.83
AVERAGE 1.97 n -?c i. / J 1.14 -0.41 1.86 8.53 -8.04 -0.30 5.8B 2.24 -0.74 -2.75
3TD.BEV. 1.110 2.281 0.082 8.078 8.077 8.893 0.128 0.094 4.949 1.399 0.116 0.190
VARIANCE 1.233 5.203 0.007 8.005 8.306 0.809 8.016 0.009 24.494 1.956 0.014 3.036

MAXIMUM 3.81 0.22 1.27 -0.12 2.15 0.54 0.32 1.08 13.48 4.39 -0.51 -2.15
MINIMUM 2.91 -0.59 0.85 -0.49 1. bii 0.27 -0.46 0.44 1.33 -0.56 -1.34 -2.86
RANGE 0.90 0.81 8.46 8.37 3.49 0.27 0.78 3.56 11.65 4.95 8.83 3.71
AVERAGE 3.30 -0.20 1.01 -0.32 1.93 0.43 -0.05 0.73 5.49 2.89 -3.94 -2.49
STD.DEV. 0.208 0.165 8.085 0.083 0.099 8.065 0.166 0.111 2.916 1.216 8.183 0.155
VARIANCE 0.043 0.027 0.007 8.007 0.018 8.004 3.027 0.012 8.504 1.479 0.034 0.024

MAXIMUM 3.39 5.69 1.56 8.00 2.37 0.76 0.49 3.98 27.22 4.03 -0.15 -2.27
MINIMUM -1.83 -0.15 1.07 -0.32 1.78 3.34 -8.17 -0.15 -17.31 -0.87 -8.95 -3.93
RANGE 4.42 c naJ. d*t 0.49 0.32 8.59 0.42 0.66 1.13 44.53 4.10 0.83 1.66
AVERAGE 2.02 1.66 1.32 -0.15 2.15 8.50 8.14 0.41 4.45 2.44 -8.48 -2.85
STD.DEV. 1.253 i £Cn i. OJi 0.091 3.076 0.121 3.093 0.159 0.232 7.093 0.850 3.170 0.252
VARIANCE i.573 2.728 0.B0G 3.806 8.015 0.809 0.825 8.054 50.309 0.722 0.029 0.063

MAXIMUM 2.78 -0.17 1.93 8.02 2.12 0.61 0.27 0.37 0.49 5.37 -0.07 -1.86
MINIMUM 1.98 -0.49 1.56 -0.32 1.68 8.32 -0.20 -0.56 -0.27 4.69 -3.66 -3.30
RANGE 0.83 n 7n 0.37 3.34 0.44 0.29 0.47 8.93 0.76 0.63 8.59 1.44
AVERAGE 2.4v5 -0.30 1.79 -3.36 1.86 3.44 8.05 -0.1B 0.12 5.10 -3.34 -2.58
STD.DEV. 3.176 8.081 0.070 0.068 8.894 3.864 0.102 0.262 0.209 8.165 0.162 0.370
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APPENDIX Table A60. Comparison of 30 minute vs 15 second samples of velocities at fixed locations inside Submersible 
Travelling Screen and on support framework. Bonneville Second Powerhouse. Turbine 12B. Full powerhouse loading.

LOCATION #1 2 3 4 5 6
Y Z Y Z Y 7 Y Z Y Z Y Z

FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS FPS
High Turbine Load

MAXIMUM 5.18 0.4? 3.61 0.32 3.61 1.37 1.59 1.61 3.42 0.50 3.20 -8.42
30 sin. MINIMUM -0.07 -1.6! - < 1Ln -0.85 1.61 0.20 -2.51 -1.56 -2.32 5.79 -4.88 -6.91
sample RANGE 5.25

AVERAGE 2.63
2.10

-0.56
1.49
2.70

1.17
-0.24

2.00
2.3B

1.17
0.81

4.10
0.05

3.17
0.17

5.74
-8.00

2.71
6.95

8.38
-0.33

6.49
-3.97

STD.DEV. 0.773 3.325 0.213 0.163 0.278 0.171 0.473 8.632 8.733 8.489 0.925 0.850
VARIANCE 0.598 0.106 0.045 0.027 0.077 0.029 0.224 8.399 0.537 0.168 0.856 3.723
HAXINUN 3.71 0.15 2.78 0.12 2.66 0.95 8.49 0.59 1.59 7.74 0.71 -2.44

15 sec. MINIMUM 1.44 -0.76 2.17 -0.42 2.10 0.51 -8.71 -0.24 -0.56 6.15 -1.37 -4.42
sample RANGE 2.27

AVERAGE 2.16
0.91
-0.30

0.61
2.50

0.54
,-3.07

0.56
2.36

0.44
0.73

1.20
-0.03

0.83
0.21

2.15
0.63

1.59
7.30

2.08
-0.28

1.98
-3.55

STD.DEV, 0.445 0.197 0,136 8.113 8.134 0.094 0.269 0.189 0.483 0.364 8.405 0.393
VARIANCE 0.198 0.039 0.018 8.012 0.018 8.009 3.073 0.036 0.233 0.133 0.164 0.154

Hedies Turbine Load
MAXIMUM 5.40 8.4 c 3.32 3.15 5.37 5.13 1.15 1.22 2.85 6.79 1.78 -1.42

38 min. MINIMUM -1.66 *-1 . Jt 2.27 -0.66 1.95 0.22 -1.29 -1.37 -2.93 4.74 -2.91 -5.10
sample RANGE 7.36

AVERAGE 2.26
1.76

-0.52
1.05
2.66

8.81
-0.21

3.42
7 7CU.JJ

4.91
2.86

2.44
-8.02

2.59
-8.15

4.98
-0.06

2.05
5.79

4.69
-0.27

3.68
-3.20

STD. DEV. 0.890 0.255 0.150 0.118 1.310 2.369 0.335 0.499 3.599 3.326 0.676 8.522
VARIANCE 0.791 0.065 0.823 3.814 1.717 4,282 0.113 0.249 0.359 0.106 0.457 0.273
MAXIMUM 3.49 -3.05 2.93 0.05 c ?nJ« 0L 5.13 3.78 0.78 0.95 6.40 0.73 -2.34

15 sec. MINIMUM 0.83 -1.03 2.37 -0.42 5.05 4.88 -0.63 -0.07 -1.90 5.49 -1.66 -4.25
sample RANGE 2.66

AVERAGE 2.35
0.98
-8.4!

0.56
2.67

8.47
-0.13

0.27
5.22

0.25
5.88

1.41
-0.03

0.85
0.30

2.85
-8.22

0.91
5.89

2.39
-0.23

1.91
-3.15

STD.DEV. 8.756 n >)(i0. LI ! 0.396 0.097 0.064 3.355 0.310 0.190 0.652 0.181 0.589 0.465
VARIANCE 0.571 0.847 0.009 0.009 8.384 0.003 0.096 0.036 0.425 0.033 8.259 3.216

Low Turbine Load
NAZI NON 4.08 5.69 2.25 0.00 2.71 0.B1 0.68 1.29 30,35 5.59 0.12 -1.73

38 sun. MINIMUM -1.03 -0.93 1.00 -0.61 1.39 0.22 -8.59 -1.15 -17.31 -5.25 -1.44 -4.13
sample RANGE 5.11

AVERAGE 2.68
6.62
-3.16

1.25
1.61

0.61
-0.24

1.32
1.93

0.59
0.55

1.27
0.02

2.44
0.05

47.66
2.22

10.84
2.81

1.56
-0.44

2.40
-2.86

STD.DEV. 8.471 3.574 0.212 0.094 8.224 0.096 3.185 0.427 3.047 2.044 8.208 8.352
VARIANCE 0.222 0.329 0.045 3.009 0.858 8.009 0.834 0.182 9.285 4.183 8.343 8.124
MAXIMUM 3.39 5.69 1.56 0.00 2.37 0.76 0.49 0.98 rn *?? 4.03 -0.15 _2 07

15 sec. MINIMUM -1.03 -0.15 1.37 -0.32 1.78 0.34 -0.17 -0.15 -17.31 -0.07 -0.95 -3.93
samp is RANGE 4.42

AVERAGE 2.024 OC7STD, DEV. 1 . iJO

5.84
1.66

1.652
8.49
1.32

0.891
0.32

-0.15
0.076

0.59
2.15

0.121
0.42
0.58

0.093
0.66
0.14

0.159
1.13
8.41

0.232
44.53
4.45

7.393
4.10
2.44
0.853

0.80
-0.48
8.170

1.66
-2.35
0.252

VARIANCE 1.570 2.728 8.808 0.806 0.015 0.009 0.025 0.054 50.309 0.722 0.029 0.863
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Appendix Table A61. Velocities at bulkhead slot in turbine intake. 
Bonneville Second Powerhouse, Turbine 12B. Full Powerhouse loading, 
High turbine load.

Eievation Y Z Elevation Y Z
(HSU FPS FPS (MSI) FPS FPS

UAH HUH 8.59 -2.32 8.54 3.15
MINIMUM 8.11 -2.93 0.02 -2.76
RANGE 0.48 0.61 8.52 5.91
AVERAGE 5.98 8.39 -2.67 -14.02 3.66 0.16
STD.DEV. 0.094 0.148 n l.in~r/i~r 1.558
VARIANCE 0.009 0.022 5.185 2.426

MAXIMUM 7.67 -1.03 6.74 1.37
MINIMUM 6.96 -1.70 1.15 -2.71
range
AVERAGE 9.63

0.71
7.32

0.75
-1.36 -10.37

5.59
3.45

4.08
-1.06

STD.DEV. 0.141 0.221 1.450 1.130
VARIANCE 0.020 0.049 2.103 1.276

MAXI NUN 2.91 -1.29 6.69 0.B5
MINIMUM 2.34 -1.03 -0.61 -2.51
RANGE 0.57 0.54 7.30 3.36
AVERAGE 14. ID 2.67 -1.49 -5.90 7 C<)o. jL -0.69
STD.DEV. 0.112 0.111 1.988 0.761
VARIANCE 0.012 0.012 3.953 0.579

MAXIMUM 1.46 -1.37 6.18 8,32
MINIMUM 1.15 -1.81 2.34 -3.28
RANGE 0.31 0.44 3.84 3.52
AVERAGE 19.22 1.31 -1.58 -0.78 4.36 -1.36
STD.DEV. 0.073 0.100 0.981 0.837
VARIANCE 0.005 0.010 0.963 0.700

MAXIMUM 1.56 -1.34 7.23 -8.27
MINIMUM 1.10 -1.66 -3.39 -4.64
RANGE 0.46 0.32 10.62 4.37
AVERAGE 19.17 1.33 -1.50 -8.83 3.48 -2.14
STD.DEV. 3.084 0.085 3.474 1.071
VARIANCE 0.007 0.007 12.071 1.147

MAXIMUM 1.50 -1.40 9.70 -0.80
MINIMUM 1.30 -1.80 1.70 -5.30
RANGE 0.20 0.40 8.80 4.50
AVERAGE 19.52 1.42 -1.58 -8.48 5.64 -2.13
STD.DEV. 0.067 0.092 2.353 0.912
VARIANCE 0.005 0.008 5.537 0.832
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Appendix Table A62. Velocities at bulkhead slot in turbine intake. 
Bonneville Second Powerhouse, Turbine 12B. Full Powerhouse loading.  
Medium turbine load.

Elevation Y 7 Elevation Y 7

(MSI) FPS FPS (MSL) FPS FPS

nan huh B.01 -1.93 7.13 0.44
MINIMUM 7.25 -3.18 -2.51 -4.03
RANGE 0.76 1.17 9.64 c m J. n

AVERAGE 4.39 7.65 -2.43 -15.61 2.45 -2.51
STD.DEV. 0.171 8.299 2.552 0.969
VARIANCE 0.029 0.889 6.515 0.939

MAXIMUM 5.9S -8.63 8.69 0.71
MINIMUM 5.25 -1.07 0.81 7 n -7 LL

RANGE 8.73 0.44 7.88 3.93
AVERAGE 5.30 5.55 -8.82 -14.70 4.33 -3.01
STD.DEV. 8.196 0.095 2.824 1.325
VARIANCE 8.833 8.089 4.097 1.756

MAXIMUM 2.34 -1.22 3.83 1.76
MINIMUM 2.05 -1.54 -2.54 -3.49
RANGE 0.29 0.32 6.37 5»25
AVERAGE 14.93 2.20 -1.36 -5.07 0.75 -1.18
STD.DEV. 8.072 0.074 1.624 1.401
VARIANCE 0.005 0.005 2.636 1.963

MAT I MUM 1.32 -1.20 9.52 -1.25
MINIMUM 1.03 -1.51 4.39 -4.20
RANGE 0.29 0.31 5.13 2.95
AVERAGE 19.14 1.18 -1.31 -0.86 6.51 -2.39
STD.DEV. 8.864 0.072 1.108 0.844
VARIANCE 8.884 8.085 1.227 8.712

MAXIMUM 1.46 -1.15 8.69 -1.85
MINIMUM 1.18 -1.73 0.85 -4.66
RANGE 0.36 0.58 7.84 3.61
AVERAGE 19.16 1.28 -1.40 -0.84 4.92 -2.94
STD.DEV. 8.876 8.158 1.967 8.867
VARIANCE 8.886 0.025 3.870 0.752

MAXIMUM 1.46 -1.22 5.84 -0.78
MINIMUM 1.15 -1.66 -8.68 -4.81
RANGE 8.31 0.44 6.52 4.03
AVERAGE 19.23 1.33 -1.44 -0.77 2.83 -2.93
STD.DEV. 8. BBS 0.092 1.738 1.154
VARIANCE 8.088 8.809 7 nm •J. VLL 1.331
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Appendix Table A62 - continued
Elevation V Z Elevation V 2

<M3L) FPG FPS (MSL) FPS FPS
MAXIMUM 1.54 -1.20 8.81 8.24
MINIMUM 1.12 -1.64 1.22 -4.32
RANGE 0.42 8.44 6.79 4.56
AVERAGE 19.26 1.37 -1.34 -0.74 3.73 -1.29
STD.DEV. 0.082 0.884 1.612 8.948
VARIANCE 0.007 8.087 2.597 0.S83

MAXIMUM 1.37 -1.25 7.35 -8.71
MINIMUM 1.18 -1.66 1.15 -3.25
RANGE 0.27 0.41 6.20 2.54
AVERAGE 19.29 1.24 -1.45 -0.71 4.17 -1.91
STD.DEV. 8.068 0.098 1.598 8.612
VARIANCE 0.005 0.010 2.554 8.375

MAXIMUM 1.44 -1.27 14.84 -1.07
MINIMUM 1.17 -1.66 6.54 -3.66
RANGE 8.27 8.39 7.50 2.59
AVERAGE 19.29 1.32 -1.43 -8.71 10.68 -2.25
STD.DEV. 0.057 0.084 1.919 0.620
VARIANCE 0.803 8.087 3.684 8.384

MAXIMUM 1.29 -1.05 5.93 8,54
MINIMUM 8.S3 -1.51 1.61 -3.17
RANGE 0.41 0.46 4.32 3.71
AVERAGE 19.34 1.11 -1.26 -0.66 3.52 -1,62
GTD.DEV. 8.888 0.092 8.973 1.181
VARIANCE 8.083 0.883 0.941 1.394

MAXIMUM 1.42 -1.22 9.86 -8.44
MINIMUM 1.12 -1.76 4.61 -2.32
RANGE 8.30 0.54 4.45 1.83
AVERAGE 19.43 1.38 -1.44 -8.57 7.85 -1.30
GTD.DEV. 8.868 8.121 1.108 8.436
VARIANCE 8.805 0.015 1.227 0.190

MAXIMUM 1.49 -1.42 18.81 -0.37
MINIMUM -8.20 -1.83 -11.99 -4.49
RANGE 1.69 0.41 22.08 4.12
AVERAGE 19.54 1.39 -1.68 -0.46 6.61 -2.80
GTD.DEV. 8.191 0.087 2.557 1.029
VARIANCE 8.836 8.008 6.538 1.059
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Appendix  Table A63. Velocities at bulkhead slot in turbine intake. 
Bonneville Second Powerhouse, Turbine 12B. Full Powerhouse loading. 
Low turbine load.

Elevation Y Z Elevation u1 7

(N3L1 FPS FPS (NSL1 FPS FPS

MAXIMUM 6.74 -1.73 5.64 2.34
MINIMUM
RANGE

6.18
0.56

-2.08
0.35

0.98
4.66

-0.78
t in■J* it.

AVERAGE 4.14 6.47 -1.89 -15.84 3.71 0.62
STD.DEV. 0.125 0.074 1.201 0.756
VARIANCE 0.016 0.006 1.443 0.572

MAXIMUM 6.71 49.98 2.76 0.90
MINIMUM 5.88 -0.81 -2.17 -2.51
RANGE 0.83 50.79 4.93 3.4!
AVERAGE 4.22 6.40 21.25 -15.78 -0.02 -1.08
STD.DEV. 0.105 10.270 1.101 0.886
VARIANCE 0.011 105.467 1.213 0.785

MAXIMUM 4.27 32.03 4.32 n i ->

MINIMUM -7.08 -5.81 -0.37 -1.25
RANG:: 11.35 37.84 4.69 3.42
AVERAGE 8.35 2.94 8.91 -11.65 2.04 0,41
STD.DEV. i. 329 4.079 1.278 0.839
VARIANCE 1.766 16.637 1.632 8.704

MAXIMUM 1.78 49.98 6.32 1.76
MINIMUM 1.15 -16.67 1.39 -1.10
RANGE 0.63 66.65 4.93 2.86
AVERAGE 12.92 1.46 11.54 -7.08 3.92 8.16
STD.DEV. 0.155 9.779 l.ZJU 0.774
VARIANCE 3.024 95.619 1.569 0.598

NAT 1 HUN 1.68 49.98 7.52 0.59
MINIMUM -0.39 -8.76 1.49 -4.57
RANGE 2.07 58.74 6.83 5.16
AVERAGE 14.90 1.41 14.97 -5.10 3.06 -1.67
STD.DEV. 3.241 7.591 1.572 1.294
VARIANCE 0.058 57.617 2.471 1.674
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Appendix Table A64. Comparison at 30 minute vs 15 second sampling of velocities 
at bulkhead slot in turbine intake, Bonneville Second Powerhouse, Turbine 12B. 
Full Powerhouse loading.

Elevation V Z Elevation Y Z
(MSL) FP3 FPS (MSL) FPS FPS

High Turbine Lead
MAXIMUM 1.63 -1.00 12.84 1.90

30 min, MINIMUM
sample RANGE

AVERAGE 19.3!
1.10
0.73
1.44

-2.33
1.03

-1.49 -0.69
-4.37
17.2!
4.43

-5.54
7.44

-1.88
STB.DEV. 0.121 0.134 2.695 1.221
VARIANCE 0.015 0.013 7.264 1.492

MAX I NUN 1.56 -1.34 7.23 -0.27
15 sec. MINIMUM 1.10 -1.66 -3.39 -4.64
sample RANGE

AVERAGE 19.17
0.46
1.38

0.32
-1.50 -0.83

10.62
3.48

4.37
-2.14

STD.DEV. 0.084 0.085 3.474 1.071
VARIANCE 0.007 0.007 12.071 1.147

Medium Turbine Load
MAXIMUM 1.59 -1.07 15.33 1.86

30 nin. MINIMUM 1.07 -1.90 -1.49 -6.35
sample RANGE

AVERAGE 19.20
0.52
1.33

0.83
-1.41 -0.80

16.82
5.00

8.2!
-1.77

STD.DEV. 0.084 8.119 2.185 1.892
VARIANCE 0.007 0.014 4,774 1.191

MAXIMUM 1.54 -1.20 8.01 0.24
15 sec, MINIMUM
samp 1e RANGE

AVERAGE 19.26
1.12
0.42
1.37

-1.64
0.44
-1.34 -0.74

1.22
6.79
3.73

-4.32
4.56

-1.29
STD.DEV. 0.082 3.084 1.612 8.940
VARIANCE 0.007 0.007 2.597 8.083

Low Turbine Load
MAXIMUM 7.03 49.98 8.42 3.44

30 nin. MINIMUM 5.88 -3.25 -3.64 -4.76
sample RANGE

AVERAGE 4.25
1.15
6.47

53.23
6.77 i C ”TCJ./J

12.06
n n/ i.. £0

8.20
-0.80

STD.DEV. 0.175 10.654 1.836 1.239
VARIANCE 0.031 113.582 3.370 1.535

MAXIMUM 6.7! 49.98 2.76 0.90
15 sec. MINIMUM 5.88 -0.81 -2.17 -2.51
sample RANGE

AVERAGE 4.22
0.83
6.40

50.79
21.25 -15.78

4.93
-8.02

3.41
-1.08

STD.DEV. 0.105 10.270 1.101 0.886
VARIANCE 0.011 105.467 1.213 0.785



Appendix Table A65. Velocities IB feet upstream and 1 toot upstream of trashracks of Turbine 12B 
at the Bonneville Second Powerhouse with no Submersible Travelling Screen in place, 
roil powerhouse loading, High Turbine load.

UPSTREAM
PROBE

VELOCITY 
X

(in 
Y

Ft/Sec)
Z

DOWNSTREAM
PROBE

VELOCI TY 
X

(in 
Y

Ft/Sec )
Z

ELEV(MSL) FPS FPS FPS ELEV(HSL) FPS FPS FPS

RAX I HUM 1.51 8.42 5.13 -0.98 5.74 4.74
MINIMUM -11.60 -3.74 -2.81 -6.69 2.61 -6.31
RANGE 13.11 12.16 7.93 5.71 3.13 10.74
AVERAGE -14.21 -3.06 3.76 8.56 -16.21 -3.87 4.81 0.11
STD.DEV. 3.592 3.238 1.987 1.512 8.787 2.658
VARIANCE 12.903 10.485 3.948 2.286 0.619 7.066

HAXIHUH 2.83 8.33 7.79 2.08 6.52 2.47
HINIHUH -13.67 -7.01 -5.62 -10.40 -0.2? -6.38
RANSE 13.50 15.33 13.40 12.48 6.81 3.76
AVERAGE -11.95 -4.52 1.03 -0.31 7 7 C -13.95 -4.17 / J -0.84
STD.DEV. 3.031 4.158 2.855 2.437 1.456 1.742
VARIANCE 9.189 17.289 8.152 5.941 2.128 3.836

MAXIMUM 2.56 7.79 2.76 0.85 7.01 1.66
MINIMUM -12.84 -5.88 -7.98 -10.03 0.56 -6.10
RANGE 15.41 12.87 10.74 10.08 6.45 7.76
AVERAGE -9.37 -4.08 1.41 -1.89 n co-10.37 -4.87 3.48
STD.DEV.
VARIANCE

T ?MCj.v'IJ 3.319 2.366
11.058 11.015 5.598

2.337 1.116 1.934
5.461 1.24b 3.73B

MAXIMUM 3.22 11.69 -0.02 15.38 16.04 13.45
MINIMUM -12.45 -11.84 -4.93 -15.84 -9.69 -6.86
RANSE
AVERAGE -2.63

15.67 23.54 4.91
-5.il -1.00 -2.38

nc 77 31.23 liJ. / J 20.31
-4.63 -2.35 2.55 -2.15

STD.DEV. 2.774 4.719 1.346 4.557 4.144 4.585
VARIANCE 7.696 22.268 1.813 20.762 17.171 23.293

MAXIMUM 2.32 24.00 2.37 4.91 9.45 1.95
MINIMUM -7.76 -7.01 -9.62 -9.23 -2.35 -5.37
RANGE 10.08 31.81 11.99 14.14 11.50 7.32

y y aAVERAGE 0. JM -2.58 3.05 -2.20 1.34 -1.94 3.04 -2.37
STD.DEV. 2.309 7.244 2.415 3.995 2.494 1.828
VARIANCE 5.333 52.478 5.834 15.957 6.221 3.343

MAXIMUM 2.71 13.38 3.86 4.15 3.79 7.01
MINIMUM -6.20 -10.67 -3.71 -10.52 8.5? -6.81
RANGE 8.91 24.05 7.57 14.67 8.20 13.82
AVERAGE 9.15 -2.29 0.78 -0.62 7.15 -3.39 3. g9 0.28
STD.DEV. 2.442 6.234 1.563 2.841 1.766 3.228
VARIANCE 5.963 38.860 2.442 3.070 3.118 10.423
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appendix Table A65 - continued

UPSTREAM
PROBE

VELOCITY 
X

(in 
Y

Ft/Sec)
Z

DOWNSTREAM
PRGBE

VELOCITY' 
X

(in 
Y

Ft/Sec)
Z

ELEV(HSL) FPS FPS FPS ELEV(HSL) FPS FPS FPS

MAXIHUH 4.96 15.19 2.59 11.57 9.77 6.81
MINIMUM -14.79 -16.87 -7.25 -10.50 -1.90 -4.05
kAWSE 19.75 32.06 9.84 22.07 11.67 18.86
AVER6BE 23.44 -3.05 0.51 -1.46 21.44 -0.72 3.59 1.18
STD.DEV. r n?c J.Z.OJ '.943 2.135 4.121 2.40? 2.797
VARIANCE nn i {17

n . 4(6/ 63.086 4.557 16.982 5.882 7.B22

MAXIMUM 10.13 14.40 1.12 2.00 11.28 6.45
MINIHUH -3.74 -3.56 -4.03 -7.40 -4.15 -1.17
RANGE 13.87 17.97 5.15 9.40 15.43 7.62
AVERAGE 29.34 -0.28 3.67 -1.49 27.34 -3.19 3.77 1.6!
STD. DEV. 2.807 3.414 1.262 1.887 3.131 2.013
VARIANCE 7.881 11.654 1.594 3.562 9.80! 4.052

MAX[HUH
MINIHUM

2.59 10.35 14.89
-5.91 -18.94 -13.70

4.20 16.28 5.47
-12.18 -0.34 -1.32

RANGE 8.50 21.2? 28.59 16.38 16.63 6.79
AVERAGE 29.93 -2.06 1.92 -2.12 27.93 -2.69 11.70 1.97
STD.DEV. 2.087 3.315 4.443 2.028 2.121 1.097
VARIANCE 4.358 10.992 19.744 4.111 4.499 1.283

MAXIMUM 1.34 5.08 -2.10 -3.03 2.59 1.68
MINI HUM -3.03 -3.3! -4.44 -5.59 -2.00 0.71
RANGE 4.37 8.8? 2.34 2.56 4.59 0.98
AVERAGE 36.16 -1.35 0.67 -3.28 34.16 -4.45 1.17 1.24
STD.DEV. 0.914 2.435 0.744 0.610 8.997 0.232
VARIANCE n cc?0.836 5.931 V. JJO 0.372 0.994 0.854

MAXIMUM -1.44 5.27 -0.10 -4.27 8.89 3.56
MINIMUM -4.32 0.07 -5.40 -7.45 -1.12 1.32
RANGE 2.83 5.20 5.30 3.17 10.01 2.25
AVERAGE 40.94 -2.76 2.35 -2.97 38.94 -6.24 4.82 2.64
STD. DEV. 0.795 1.508 1.599 0.981 2.903 0.557
VARIANCE 0.632 2.273 2.558 0.963 8.897 0.318

MAXIMUM 0.76 4.39 -0.24 -3.69 2.51 2.73
MINIHUM -5.13 -1.66 -3.27 -7.98 -0.34 0.42
RANGE 5.88 6.05 3.03 4.30 2.86 2.32
AVERAGE 46.26 -2.36 1.53 -1.75 44.26 -5.79 1.13 1.65
STD. DEV. 1.686 1.618 0.773 0.959 0.686 8.617
VARIANCE 2.580 2.616 0.597 0.920 0.470 0.381



Appendix Table A65 - continued
UPSTREAM

PROBE
VELOCITY (in 

X Y
Ft/Sec!

Z
DOWNSTREAM

PROBE
VELOCITY' 

X
(in 
Y

>Ft/Sec
Z

ELEV(MBL) FPS FPS FPS ELEV(MSL) FPS FPS FPS
MAXIMUM a.24 7.23 -1.22 -5.64 8.73 1.44
MINI HUH -5.13 0.61 -3.96 -7.45 -0.22 8.98
RANGE 5.37 6.62 2.73 1.81 1.00 0.46
AVERAGE 52.74 -2.39 3.13 -2.31 50.74 -6.24 0.27 1.25
STD.DEV. 1.423 1.433 8.885 0.494 3.260 8.184
VARIANCE 2.825 1.970 8.648 0.244 0.068 0.011

MAXIMUM 0.12 2.73 -2.47 -2.95 3.25 0.23
MINIMUM -2.49 -3.86 -5.22 -4.57 1.25 -1.54
RANGE 2.61 6.59 2.76 1.61 2.80 1.73
AVERAGE 53.72 -0.92 0.27 -3.79 56.72 -3.77 1.99 -0.82
STD.DEV. 0.585 1.745 8.760 0.497 8.473 3.402
VARIANCE 0.343 3.046 0.577 0.247 0.224 0.161

MAXIMUM < no 
-1.81 2.37 i . Lii -4.69 2.61 2.66

MINIMUM -6.32 -3.15 -1.18 -6.23 -0.02 -2.56
RANGE 4.52 5.52 2.29 1.54 2.64 5.22
AVERAGE 64.95 -3.33 0.84 -0.03 62.95 -5.55 1.49 0.58
STD.DEV. 1.367 1.416 0.533 0,445 0.612 1.601
VARIANCE 1.B69 2.806 8.284 0.198 0.375 2.564
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Appendix Table A66. Velocities 10 -feet upstream and 1 Toot upstream of trashracks ol Turbine 12B 
at the Bonneville Second Powerhouse with no Submersible Travelling Screen in place.
Full powerhouse loading. Medium Turbine load.

UPSTREAM
PROBE

VELOCITY (in 
X Y 

Ft/Sec)
Z

DOWNSTREAM 
PROBE 

VELOCITY 
X

(in Ft/Secl
Y Z

ELEV(MSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM .1 *?nU ■ JL 3.59 2.56 -1.25 3.71 4.86
"IN!HUM a na[

~H.LV -2.08 -3.88 -6.35 -0.61 0.90
RANGE i 4.n JL 5.66 6.45 5.10 4.32 3.96
AVERAGE n~L. LI 0.46 -0.53 -16.64 -3.45 1.89 3.48
STB.DEV. 1.046 1.091 1.172 1.086 0.923 0.926
VARIANCE 1.137 1.196 1.374 1.179 0.852 0.857

MAXIMUM 3.90 2.81 0.51 1.64 3.22 3.61
MINIMUM
RANGE

c n /~ J. / 0
6.67

-0.17
2.98

-3.27
3.78

-4.71
6.35

3.07
3.15

1.90
1.71

AVERAGE -14.54 -2.48 L .Li -1.42 -16.54 -1.64 1.91 2.75
STD.DEV. 1.747 0.666 0.953 1.265 0.683 0.427
VARIANCE 3.053 0.443 0.908 1.600 8.467 0.182

MAXIMUM 1.33 2.98 2.91 -1.27 2.53 5.38
MINIMUM -2.51 -0.22 -3.86 -6.27 0.66 -0.85
RANGE 4.35 3.20 6.76 5.00 1.36 5.93
AVERAGE -9.17 -0.19 1.37 -0.71 -11.17 -2.57 1.88 1.65
STD.DEV. 1.154 0.797 1.437 1.414 0.372 1.708
VARIANCE 1.331 0.636 2.064 1.999 0.138 2.917

MAXIMUM 2.51 4.93 0.73 -0.51 3.39 2.95
MINIMUM -0.33 2.32 -3.74 -4.22 1.78 0.39
RANGE 3.34 2.61 4.47 3.71 1.61 2.56
AVERAGE -3.11 0.76 3.51 -1.52 -5.11 -2.83 2.55 1.81
STD.DEV. 0.753 0.580 1.063 0.982 0.439 0.563
VARIANCE 0.566 0.337 1.131 0.964 0.193 0.317

MAXIMUM 1.98 6.13 -1.49 -1.05 1.93 3.76
MINIMUM
RANGE

-1.93
3.91

n anIn HL

3.76
-3.69
2.20

-4.79
3.74

0.59
1.34

-0.95
4.71

AVERAGE 3.08 0.32 3.99 -2.58 1.08 -3.69 1.14 0.12
STD.DEV.
VARIANCE

1.034
1.063

0.833
0.694

8.614
0.377

1.030
1.061

0.271
0.074

1.820
3.041

MAXIMUM 1.25 4.44 -0.66 -0.49 1.98 3.54
MINIMUM
RANGE
AVERAGE
STD.DEV.

9.03

-2.00
3.25

-3.94
0.585

2.03
2.42
3.17
0.59S

-5.05
4.39

-2.17 
1.243

7.03

-3.00
2.51

-2.13
0.543

0.68
1.29
1.28

0.262

0.32
3.22
1.64

0.747
VARIANCE 0.342 0.358 1.544 0.295 0.069 0.557
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Appendix Table A66 - continued
UPSTREAM

PROBE
VELOCITY (in Ft/Sec ) DOWNSTREAM 
X Y Z PROBE

VELOCITY (in Ft/Sec!
X Y Z

HAXIHUK
MINIMUM

ELEV(KSL) FPS FPS FPS ELEV(MSL) 
c r n3.3? J » *tM -8.85-2.12 -2.88 -1.71

FPS FPS FPS
-0.34 2.88-3.44 1.29

2.51
0.85

range

AVERAGE 14.95
5.52
0.84

7.52
1.84

0.85-1.26 12.95
3.10-1.96

0.78
1.68

1.66
1.83

STD.DEV.
VARIANCE

1.424
2.027

2.808
4.B81

0.197
0.039

0.971
0.942

0.169
0.028

8.402
8.162

MAXIMUM
MINIMUM

3.27-1.93
4.03
0.83

0.34
n «v7 “ L, LI

-0.95-5.18
2.69
1.15

3.74
1.61

RANGE
AVERAGE 28.94

5.28
0.91

3.28
2.12

2.61-1.41 18.94
4.22-4.14

1.54
1.82

2.12
2.68

STD.DEV. 1.889 8.772 0.515 1.182 8.480 0.629
VARIANCE 1.186 0.597 0.265 1.398 0.231 0.395

-MAXIMUM
MINIMUM

2.32-2.18
7.84-8.22

8.44-2.95
3.74-5.83

4.08
2.44

1.51
2.56

RANGE
AVERAGE 27.2B

4.42-8.14
8.86
3.01

3.39-2.00 25.28
1.29-4.37

1.64
3.30

0.95
1.11

STD.DEV.
VARIANCE

1.838
1.868

1.967
3.86S

8.693
0.480

0.376
0.142

0.353
0.124

0.211
0.044

-MAXIMUM
MINIMUM

2.83-2.44
7.37-2.20

1.73-1.73
5.76-6.42

2.91
1.36

1.20
0.22

RANGE 5.27 9.57 3.47- 0.66- 1.85 0.98
AVERAGE 33.42 0.52 3.58 0.30 31.42 6.07 2.36 0.84
STD.DEV. 1.384 2.855 0.785 8.143 0.224 8.241
VARIANCE 1.699 8.151 0.616 0.821 0.050 0.058

MAXIMUM
MINIMUM
RANGE
AVERAGE 39.4?

1.46-6.54
8.81-1.69

4.54-8.63
5.18
2.89

-1.29-2.51
1.22-1.95 37.49

-5.54-6.47
0.93-6.02

1.98
1.25
8.73
1.64

0.81-0.37
1.17
0.21

STD.DEV. 2.556 1.448 0.331 0.178 0.144 0.297
VARIANCE L ^770. JJO 2.074 0.110 0.032 0.021 0.088

MAXIMUM
MINIMUM

7 nc 
■J.LJ-0.6! 4.71-0.93

-0.83-3.22
-5.83-6.05

0.83-0.93
0.42-0.49

RANGE
AVERAGE 45.83

3.96
1.88

5.64
1.29

2.39-1.85 43.83
1.03-5.47

1.76
0.12

0.90-0.09
STD.DEV. 8.835 1.488 0.537 0.275 0.454 8.178
VARIANCE 8.697 2.215 0.288 0.076 0.207 0.032
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Appendix Table A66 - continued
UPSTREAM

PROBE
VELOCITY (in 
X Y 

Ft/Sec)
Z

DOWNSTREAM 
PROBE 

VELOCITY 
X

(in 
Y

Ft/Sec)
Z

ELEV(MSL) FPS FPS FPSi ELEV(MSL) FPS FPS FPS

MAXIMUM 1.12 6.52 -0.61 -4.52 1.90 1.03
MINIMUM -1.78 0.42 -1.78 -5.98 -0.24 -0.66
RANGE 2.91 6.18 1.17 1.46 2.15 1.68
AVERAGE 45.35 -0.51 3.15 -1.19 43.35 -5.30 0.63 0.25
STD. DEV. 0.853 1.260 8.301 0.458 0.437 0.384
VARIANCE B.72B 1.587 0.091 0.210 0.191 0.147

MAXIMUM 4.61 5.52 0.15 -3.86 0.02 2.32
MINIMUM 1.39 0.05 -1.29 -5.22 -0.88 1.27
RANGE 3.22 5.47 1.44 1.37 8.90 1.05
AVERAGE 57.14 2.85 2.78 -0.63 55.14 -4.56 -0.33 1.75
STD.DEV. 0.802 1.298 0.328 0.349 8.204 0.225
VARIANCE 0.643 1.665 0.188 0.122 0.042 0.051

MAXIMUM 1.34 4.47 0.66 -3.52 -0.02 1.27
MINIMUM -1.34 0.78 -0.90 -4.61 -1.17 0.10
RANGE 2.69 3.69 1.56 1.10 1.15 1.17
AVERAGE 67.20 -8.02 2.10 -0.12 65.20 -4.09 -0.51 0.67
STD.DEV. 0.689 8.981 0.296 0.238 8.286 0.281
VARIANCE 8.371 8.963 0.087 0.083 0.B82 8.079

MAXIMUM 0.7a 1.64 0.68 -2.81 -1.03 1.25
MINIMUM -6.18 -1.51 -1.25 -4.15 -2.64 0.29
RANGE 6.96 3.15 1.93 1.34 1.61 0.95
AVERAGE 71.01 -3.32 0.28 -0.18 69.01 -3.41 -1.62 8.81
STD.DEV. 1.852 8.953 0.457 0.289 0.377 0.253
VARIANCE 3.431 0.987 0.209 0.084 0.142 0.064



Appendix Table A67. Comparison of 30 minute vs 15 second samples of velocities 10 feet upstream and 1 foot 
upstream of trashracks of Turbine 12B at the Bonneville Second Powerhouse with no Subaersible Travelling Screen 
in place. Full powerhouse loading.

UPSTREAM VELOCITY (in Ft,'Sec)
PROBE X

DOWNSTREAM
Y

VELOCITY (in Ft/Sec)
Z PROBE X Y Z

ELEV(MSL) FPS FPS FPS ELEV(BSL) FPS FPS FPS
High Turbine Load

MAXIMUM 7.63 17.30 14.98 4.20 16.30 9.10
38 am. MINIMUM -16.30 -12.30 -17.70 -12.20 -4.00 -4.78
sample RANGE

AVERAGE 30.03
23.90
-1.59

29.60
2.42

32.68
-2.14

16.40
28.03 -3.18

20.30
6.05

13.88
1.95

STD.DEV. 1.773 2.590 1.945 1.644 3.712 1.282
VARIANCE 3.142 6.707 3.7S4 2.704 13.776 1.644

MAXIMUM 2.60 10.40 8.30 4.28 16.30 4.40
15 sec. MINIMUM -5.98 -4.30 -13.70 -4.80 10.60 0.50
sample RANGE

AVERAGE 29.87
B. 50
-2.12

14.70
1.90

22.00
-2.33

9.00
27.87 -2.21

5.70
12.14

3.90
1.97

STD.DEV. 2.173 3.812 3.771 1.548 3.977 8.946
VARIANCE 4.721 9.073 14.219 2.396 0.955 8.895

Hediuu Turbine Load
MAXIMUM 3.50 10.20 1.80 3.50 3.80 4.20

39 min. MINIMUM -5.90 -5.78 -7.80 -6.00 8.30 -8.10
sample RANGE

AVERAGE 21.07
9.40

-1.56
15,90
2.35

9.63
-1.58

6.58
19.87 -3.16

3.50
2.13

4.33
1.80

STD.DEV. 1.450 1.858 0.857 1.114 8.371 0.613
VARIANCE 2.103 3.454 0.734 1.241 8.137 0.376
MAXIMUM 3.30 4.00 -0.80 -3.90 2.70 3.50

1b sec. MINIMUM -8.83 0.80 -2.33 -5.20 1.18 1.68
s-aspl e RANGE

AVERAGE 20.99
4.10
1.15

3,23
2.17

1.50
-1.59

1.30
18.99 -4.65

1.60
1.78

1.98
H C”? kl Jw

STD.DEV. 0.961 3.731 0.354 0.407 0.513 8.575
VARIANCE 0.924 8.611 0.125 0.166 0.263 8.330
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Appendix Table A68. Velocities 18 feet upstream and 1 foot upstream of trashracks of Turbine 12B 
at the Bonnevilie Second Powerhouse with ceiling extension in place. Partial powerhouse loading. 
High Turbine load.

UPSTREAM
PROBE

VELOCITY (in 
VA Y

Ft/Sec) 7
L

DOWNSTREAM
PROBE

VELOCITY (in 
X Y

Ft/Sec)
3

ELEV (USD EPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM 8.37 3.93 0.93 0.07 3.03 -1.34
MINIMUM -3.59 -8.15 -1.73 -2.66 -0.10 -3.34
RANGE 3.96 4.08 2.66 2.73 3.13 2.00
AVERAGE -5.42 -8.66 1.93 -0.48 -7.42 -1.24 1.74 _2.22
STD.DEV. 0.925 0.911 0.682 0.907 0.707 0.497
VARIANCE 0.356 0.830 0.465 0.823 8.588 0.247

MAXIMUM 8.17 5.22 -0.37 -1.86 7.64 -0.85
MINI MUM -2.22 8.71 -2.17 -3.91 2.54 -2.98
RANGE 2.39 4.52 1.81 2.05 5.10 2.93
AVERAGE -8.26 -1.05 3.05 -1.13 -2.28 -3.09 5.38 -1.69
STD.DEV. 0.529 0.994 0.393 0.582 1.228 0.924
VARIANCE 0.279 0.988 0.155 0.252 1.500 0.B54

MAXIMUM 8.17 5.79 -0.95 -0.18 4.52 -2.66
MINIMUM -3.30 -3.30 -2.71 -2.03 8.17 -4.80
RANGE 3.47 9.03 1.76 1.90 4.35 1.34
AVERAGE 7.B1 i ^7“ i • ' -J 0.57 -1.05 5.81 -1.29 2.38 -3.36
STD.DEV. 0.773 2.017 0.399 0.438 1.884 0.312
VARIANCE 0.597 4.070 0.159 8.192 1.175 0.097

MAXIMUM -2.64 2.91 -1.22 -2.61 9.38 -8.66
MINIMUM -5.49 -4.96 -4.39 -6.13 2.91 -3.25
RANGE 2.86 7.B6 3.17 7 cn0. JL 6.48 2.59
AVERAGE 15.61 -4.21 -1.35 -2.44 13.61 -4.30 5.88 -2.02
STD.DEV. 8.327 1.346 8.826 1.002 2.869 0.724
VARIANCE 8.603 3.407 0.682 1.005 4.282 0.524

MAXIMUM 0.51 5.13 0.24 -0.93 5.71 -1.93
MINIMUM -1.20 1.61 -2.37 -2.49 2.93 -3.30
RANGE
AVERAGE 19.29

1,71
-0.73

3.52
2.96

2.61
-0.79 17.29

1.51
-1.83

2.78
4.03

1.37
-2.48

STD.DEV. 0.357 1.038 0.646 8.395 0.309 8.335
VARIANCE 0.128 1.060 0.417 0.156 0.654 0.113
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Appendix Table A68 - continued
UPSTREAM

PROBE
VELOCITY' 
X

(in Ft/Sec!
Y Ll

DOWNSTREAM
PROBE

VELOCITY' 
X

(in Ft/Sec)
Y Z

ELEV(MSL) EPS FPS FPS ELEV (MSL I1 FPS FPS FPS

MAXIMUM -1.54 ? m Ot LL -0.66 -2.10 3.39 -2.12
MINIMUM -2.42 1.73 -4.27 -2.88 2.59 -2.69
RANGE 0.88 1.49 3.61 0.78 0.31 0.56
AVERAGE 25. IB -1.94 2.51 -2.62 23.18 -2.44 2.99 -2.39
STD.DEV. 0.225 0.320 0.872 0.154 0.169 0.154
VARIANCE 0.050 3.102 0.760 0.024 0.029 0.024

MAXIMUM 0.05 3.34 -2.29 -0.07 3.15 -2.22
MINIMUM -0.90 2.39 -3.30 -1.49 2.17 -2.76
RANGE 0.95 0.95 1.00 1.42 0.98 0.54
AVERAGE 31.24 -0.44 2.92 -2.67 29.24 -0.68 2.70 -2.42
STB.DEV. 0.244 0.232 0.218 0.389 0.280 0.113
VARIANCE 3.059 0.054 3.048 0.152 0.079 8.013



Appendi Table A69. Velocities 10 feet upstream and 1 toot upstream of trashracks of Turbine 12E 
at the Bonneville Second Powerhouse with ceiling extension in place. Partial powerhouse loading. 
Redin'* Turbine load.

UPSTREAM
PRGBE

VELOCITY 
1

(in Ft/Sec)
Y z DOWNSTREAM

PROBE
VELOCITY 
X

(in Ft/Sec)
Y Z

ELEViMSL) FPS FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM -0.17 4.66 1.32 -1.66 6.86 1.56
MINIMUM -1.37 1.07 -0.27 -2.83 3.44 -1.00
RANGE 1.20 3.59 1.59 1.17 3.42 2.56
AVERAGE -5.53 -8.63 3.85 0.57 -7.58 -2.26 4.91 8.41
STD.DEV. 0.318 0.961 0.324 3.363 1.201 8.661
VARIANCE 0.181 0.924 0.105 0.132 1.442 0.437

MAXIMUM 0.90 2.95 -0.17 0.93 4.57 -0.10
MINIMUM 0.32 1.95 -0.81 0.37 3.30 -0.88
RANGE 0.59 1.00 8.63 0.56 1.27 0.78
AVERAGE -8.29 0.59 2.54 -0.47 -2.29 0.64 3.88 -0.49
STD.DEV. 0.142 0.229 0.115 0.121 8.295 0.161
VARIANCE 8.020 0.053 0.013 0.315 0.887 0.026

MAXIMUM -0.27 3.47 3.59 -0.56 4.88 -2.22
MINIMUM -1.27 8.22 n r.c “Z.t 7J -2.34 1.93 -3.69
RANGE 1.00 *r nc ■J. LJ T C*

■j $ J : 1.78 2.15 1.46
AVERAGE 8.47 -0.84 2.08 -1.82 6.47 -1.39 3.15 -2.94
STD.DEV. 0.241 0.943 0.871 0.416 0.498 0.409
VARIANCE 8.058 0.884 0.758 0.173 0.248 0.167

MAXIMUM -0.68 3.15 0.20 -0.93 3.66 -1.71
MINIMUM -1.81 1.27 -3.78 -1.95 2.42 -4.22
RANGE 1.12 1.88 3.98 1.03 1.25 2.51
AVERAGE 14.B8 -1.13 2.03 -0.94 12.83 -1.37 3.11 -2.77
STD.DEV. 0.293 0.563 0.723 0.246 0.353 0.495
VARIANCE 0.886 3.317 0.522 3.061 E.125 0.245

MAXIMUM -0.68 3.09 -0.66 -0.81 4.15 -1.46
MINIMUM -1.49 1.29 -2.47 -1.44 2.47 -3.61
RANGE 0.81 1 *in i . /O 1.81 0.63 1.68 2.15
AVERAGE 18.22 -1.03 2.11 -1.51 16.22 -1.12 3.43 -2.75
STS.DEV. 0.191 0.495 3.417 8.146 0.436 0.528
VARIANCE 0.036 0.245 0.174 3.321 0.190 0.278



Appendix Table A69 - continued
UPSTREAM

PROBE
VELOCITY 
If

(in 
Y

Ft/Sec!
Z

DOWNSTREAM
PROBE

VELOCITY 
If

(in 
Y

Ft/Sec)
7L

ELEVfMSL) FP3 FPS FPS ELEVfMSL) FPS FPS FPS

MftXJMLH ■0.66 3.6? -0.63 -1.44 3.10 -1.83
MINIMUM -2.12 1.64 -3.88 -2.15 2.08 -2.61
RANGE 1.46 2.05 t 0. nc LJ 0.71 1.03 8.78
AVERAGE 24.65 -1.35 2.40 -2.23 22.65 -1.80 2.58 -2.24
STD.DEV. 0.381 0.470 0.896 0.154 0.253 0.153
VARIANCE 3.145 0.221 0.302 0.024 0.364 0.023

MAXIMUM -1.03 2.95 -0.37 -1.22 2.95 -1.32
MINIMUM -1.61 1.29 -2.51 -1.68 2.37 -2.00
RANGE 0.59 1.66 2.15 0.46 0.59 0.68
AVERAGE 30.86 -1.23 2.26 -1.36 28.06 -1.42 2.60 -1.68
STD.DEV. 0.144 0.426 3.572 0.091 0.132 0.155
VARIANCE 0.021 0.182 0.327 0.308 0.018 0.024
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Appendix Table A78. Velocities 18 feet upstream and 1 toot upstrea® of trashracks 
at Turbine 12B at the Bonneville Second Powerhouse with ceiling extensions in place. 
Partial powerhouse loading. Low turbine load.

UPSTREAM
PROBE

VELOCITY !in 
X Y

Ft/Sec)
Z

DOWNSTREAM
PROBE

VELOCITY (in 
l V

Ft/Sec)
Z

ELEVtHSD FPS FPS FPS ELEVINSL) FPS FPS FPS

HAISIHSJH 8.42 2.54 -P.22 -0.02 4.52 -0.56
HINIHUH -8.46 1.68 -1.56 -0.73 3.71 -1.51
RfiNBE 3.SB 0.85 1.34 3.71 0.81 0,95
AVERAGE -6.51 8.31 2.13 -3.75 -8.51 -3.34 4.22 -1.85
STD.DEV.
VARIANCE

3.138
3.835

0.171
0.329

8.366
8.134

0.161
3.026

0.177
8.031

0.209
8.844

rlAX I HUH 1.44 3.10 -0.32 -0.20 3.69 -1.46
HINIHUH 3.39 1.95 -1.61 -1.10 2.81 -2.29
hANGt. 1.85 1.15 1.29 0.90 3.88 8.83
AVERAGE -3. Si 8.91 2.43 a nn ~C. 1L -2.86 -0.65 3.24 -1.90
STD.DEV. 3.226 8.264 8.394 0.240 3.174 0.189
VARIANCE 0.351 0.070 3.155 0.057 8.838 8.836

HAXIHUH -8.17 2.47 -1.10 -B.51 2.76 -1.59
MINIMUM -1.85 1.59 -1.81 -1.39 2.10 -2.44
RANGE 8.83 0.88 0.71 8.88 0.66 8.85
AVERAGE 8.02 -3.47 1.97 -1.42 6.32 -0.93 2.41 -1.93
STB.DEV. 0.186 0.245 3.131 0.216 8.137 8.150
VARIANCE 3.335 8.360 0.317 0.047 0.319 0.322

MAXIMUM
HINIHUH

8,73
-3.51

2.95
1.29

-1.10
-3.42

-1.15
-1.93

2.69
1.78

-1.73
-2.44

RANGE
AVERAGE 14.23

1.25
3.13

1.66
2.11

2.32
n nn ~LtLL 12.28

0,78
-1.45

8.93n ? iLt 0 1
8.71

-2.18
STD.DEV. 8.258 8.411 0.493 8.184 8.210 8.17?
VARIANCE 3.367 3.169 3.248 8.034 8.048 0.332

MAXIMUM -8.35 3.25 -0.90 -1.10 3.83 -1.44
HINIHUH -1.22 1.66 -2.56 -1.59 2.29 -2.85
RANGE
AVERAGE
STD.DEV.

18.86
1.17

-0.44
0.217

1.59
2.62

0.390

1.66
-1.77
0.467

16.06
0.49

-1.31
0.102

8.73
2.72

0.198

8.61
-1.77
0.106

VARIANCE 8.347 0.152 0.218 0.818 0.036 0.811

MAXIMUM
HINIHUH

-8.12
-0.85

2.47
1.86

-1.15
-2.98

-0.46
-0.98

2.66
2.33

-1.22
-1.78

RANGE 0.73 0.61 1.83 0.51 8.63 0.56
AVERAGE
STD.DEV.
VARIANCE

I? n? £0.00 -0.42
0.138
0.019

2.14
0.146
8.021

-2.09
0.449
0.231

21.83 -0.67
0.109
0.812

2.39
8.128
0.816

-1.46
8.118
3.314
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Appendix Table 70 - continued
UPSTREAM

PROBE
VELOCITY (in 
l Y

Ft/Sec)
7

DOWNSTREAM
PROBE

VELOCITY (in 
X Y

Ft/Sec)
Z

ELEV(MSL) m FPS FPS ELEV(MSL) FPS FPS FPS

MAXIMUM -0.27 2.73 -0.01 -0.66 2.28 -1.29
MINIMUM -1.07 1.15 -1.86 -1.28 1.59 -1.86
RANGE
AVERAGE
STD.DEV.

29.98
0.8!

-0,61
0.204

1.59
1.93

0.345

1.05
-1.27
8.257

27.93
8.54

-8.93
0.805

8.61
1.95

0.122

0.56
-1.57
0.124

VARIANCE 8.842 8.119 0.066 0.807 0.815 0.815



Append!k Table A71. Velocities 10 feet upstream and 1 foot upstream of trashracks of Turbine 156 
at the Bonneville Second Powerhouse. Full powerhouse loading. High Turbine load.

UPSTREAM
PROBE

VELOCITY' 
If

fin 
Y

Ft.■'Sec!
L

DOWNSTREAM
PROBE

VELOC! TY 
X

(in 
Y

Ft/Sec!
Z

ELEV(HSL) FPS FPS FPS ELEVfMSL! FPS FPS FPS

MAXIMUM 1.40 4.73 -8.40 8.80 0.80 0.40
HINIS1UM -3.20 -0.38 -3.98 -3.40 -0.90 -2.90
RANGE 4.80 5.00 3.58 4.40 9.70 3.30
AVERAGE -4.29 -0.40 2.85 -2.25 -8.29 -1.35 3.83 -1.39
STD.DEV. 1.277 0.972 0.494 1.058 1.954 3.819
VARIANCE 1.430 8.945 3.481 1.119 3.824 8.670

MAXIMUM 1.10 4.70 0.70 3.38 8.30 2.90
MINIMUM -3.40 -0.90 -3.98 -3.20 -0.40 -2.90
RANGE 4.73 5.40 4.40 3.20 8.70 5.80
AVERAGE 0.80 -1.44 0.94 -0.84 -1.28 -1.50 2.98 0.62
STD.DEV. 1.154 1.199 1.827 8.730 1.418 1.763
VARIANCE 1.331 1.437 1.854 0.533 2.419 3.118

MAXIMUM 2.80 5.20 -0.78 8.00 4.90 -0.90
MINIMUM -2.40 -0.30 -3.90 -3.00 2.50 -2.93
range
AVERAGE 2.04

5.20
0.25

5.50
l, do

3.20
-1.41 0.84

3.00
-1.53

4.40
4.24

2.00
-1.93

STD.DEV. 1.077 1.243 0.440 0.430 0.823 0.460
VARIANCE 1.159 1.594 0.434 8.397 8.477 n ni n 

a

MAXIMUM 1.10 5.10 -2.10 0.00 5.20 -1.60
MINIMUM -2.53 -0.33 -3.90 -2.51 2.50 -3.20
RANGE 3.40 5.40 1.80 2.50 2.70 1.63
AVERAGE 5.23 -0.B4 3.15 n c*7 ~£. J/ 7 nr0. LO -1.50 3.44 -2.36
STD.DEV. 0.822 1.173 0.259 0.440 0.631 8.356
VARIANCE 3.474 1.374 0.047 8.212 8.399 0.127

MAXIMUM 4.50 8.40 -2.18 3.00 4.80 -2.00
MINIMUM -4.98 -0.93 -4.23 -2.20 1.80 -3.60
RANGE 9.40 9.30 2.10 •n naii. *210 3.00 1.60
AVERAGE 9.37 -0.30 3.48 -3,09 7.37 -0.85 3.10 -2.73
STD.DEV. 1.787 2.082 8.512 0.424 0.629 0.308
VARIANCE 3.195 4.334 8.242 3.182 0.395 0.095

MAXIMUM 1.10 4.10 -1.90 0.70 3.70 -2.80
MINIMUM -1.50 1.50 -2.70 -1.90 1.80 -2.90
RANGE 2.40 2.43 0.88 2.40 2.70 8.98
AVERAGE 14,39 -0.55 2.40 n 7? “*2 • 00 12.39 -0.98 2.59 -2.41
STD.DEV. 0.708 0.484 0.147 0.457 0.695 0.211
VARIANCE 0.502 0.448 0.028 0.432 0.484 3.045



Appendix Table 71 - continued
UPSTREAM

PROBE
VELOCITY (in 
X Y

Ft/Sec)
Z

DOWNSTREAM
PROBE

VELOCITY (in 
X Y

Ft/Sec)
Z

ELEV(flSL) FPS FPS FPS ELEV(MSL} FPS FPS FPS

MAXIMUM -0.40 3.30 -2.00 -0.90 2.28 -2.60
MINIMUM -2.60 1.20 -4.10 -1.90 1.40 -3.20
RANGE 2.20 2.10 2.10 1.00 0.80 0.60
AVERAGE 20.25 -1.17 2.23 -2.89 18.25 -1.38 1.86 -2.86
STB.DEV. 3.523 0.542 0.533 8.200 0.215 2.150
VARIANCE 0.274 0.294 0.284 0.848 8.046 0.822

MAXIMUM -0.40 1.10 -2.48 0.00 8.70 -2.40
MINIMUM -0.70 0.60 -3.60 -3.50 0.88 -2.80
RANGE 0.30 0.50 1.20 0.50 0.70 8.40
AVERAGE 
STB.DEV.

38.66 -0,54
0.078

0.8B
0.123 '

-2.97
0.264

36.66 -8.24
0.102

0.38
0.174

-2.61
0.097

VARIANCE 0.086 0.816 0.870 0.018 0.838 8.009

MAXIMUM -0.38 0.90 -1.80 3.50 0.50 -1.80
MINIMUM -0.70 3.60 -2.20 0.00 8.83 -2.18
RANGE 0.48 0.30 0.40 0. J@ 8.50 0.30
AVERAGE 44.93 -0.49 0.75 -2.02 42.93 8.27 8.28 -1.93
STD.BEV. 8.065 8.877 0.101 0.103 0.124 0.882
VARIANCE 0.884 0.386 3.010 0.011 0.815 8.007

MAXIMUM -0.20 0.50 -1.40 0.10 -0.10 -0.90
MINIMUM -0.88 0.13 -1.90 -0.60 -0.48 -1.40
RANGE 0.68 0.40 0.50 0.70 8.33 8.50
AVERAGE 51.39 -0.40 0.29 -1.65 49.39 -0.22 -0.24 -1.12
STB.BEV. 0.127 0.092 0.123 3.180 0.096 0.109
VARIANCE 0.016 0.008 0.015 8.333 3.08? 0.312

MAXIMUM -0.20 0.40 -1.80 -0.60 -0.30 -0.60
MINIMUM -0.70 0.10 -1.20 -1.18 -0.78 -1.00
RANGE 0.50 0.30 0.20 0.50 3.48 0.43
AVERAGE 59.49 -0.41 3.23 -1.07 57.49 -8.87 -8.55 -0.73
STD.BEV. 0.109 8.090 0.059 0.101 8.079 0.094
VARIANCE 0.012 0.033 0.883 0.018 0.086 0.009



Appendix lassie A72. Comparison of 30 minute vs 15 second samples of velocities 10 feet upstream and 
1 foot upstream of trashracks of Turbine 15B at the Bonneville Second Powerhouse. Full powerhouse loading.

UPSTREAM
PROBE

VELOCITY (in 
v;A Y

Ft/Sec)
Z

DOWNSTREAM
PROBE

VELOCITY' 
X

(in 
Y

Ft/Sec!
Z

ELEV(MEL) FPS FPS FPS ELEViMSL) FPS FPS FPS
High Turbine Load

MAXIMUM 9.40 11.68 0.60 1.20 6.50 -1.00
30 sin. MINIMUM -7.28 -5.18 -9.50 -3.80 -0.10 -4.38
sample RANGE

AVERAGE 9.36
16.68
-0.47

16.70
2.64

10.10
-2.63 7.36

5.80
-1.21

6.28
2.87

3.30
-2.53

STD.DEV. 1.264 1.646 0.636 8.716 8.751 0.484
VARIANCE 1.597 2.788 0.405 8.513 0.564 8.235

MAXIMUM 4.58 8.48 -2.13 0.08 4.38 -2.38
15 sec. MINIMUM -4.90 -0.98 -4.28 -1.40 1.88 -3.68
sample RANGE

AVERAGE 9.37
9.48

-8.24
9.30
3.78

2.18
-3.20 7.37

1.40
-8.78

2.58
3.81

1.30
-2.79

STD.DEV. 1.948 2.124 0.481 0.344 0.612 0.294
VARIANCE 3.794 4.589 8.231 0.113 3.375 0,087
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PREFACE

This final report of the design of velocity measurement 
systems and of a velocity measurement test program for use at 
Bonneville second, Bonneville first, and McNary powerhouses 
was prepared by Haner, Ross & Sporseen, Inc., 
Engineers-Consultants, Gladstone, Oregon. The work was 
performed under Contract No. DACW57-84-D-0073, Work Order No. 
0003. Peter M. Smith was the contractor project coordinator 
and Theodore D. Edmister was the Portland District, Corps of 
Engineers, point of contact.

i
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BONNEVILLE SECOND POWERHOUSE 
FISH GUIDANCE RESEARCH 

PROTOTYPE VELOCITY MAPPING PROGRAM

SECTION 1

INTRODUCTION

1.01 THE REPORT. The design of apparatus to support 
velocity measurement meters and a velocity measurement test 
program for velocity mapping are presented in this report. 
The velocity mapping is to be done at Bonneville second 
powerhouse in the forebay and turbine intake area, principally 
in the vicinity of the submersible traveling screens (STS). 
This test program is a part of an overall investigation of the 
cause of low guidance efficiency of downstream migrant fish at 
that structure. For comparison, equivalent studies are to be 
conducted at the Bonneville first and McNary powerhouses, 
which have intakes and power units similar to those of the 
Bonneville second powerhouse and have apparent successful 
passage of downstream migrants.

1.02 PRELIMINARY REPORT. The design of the apparatus 
and development of the test program were preceded by studies 
of alternative systems of instrumentation and instrumentation 
support. Those studies were presented in a preliminary report 
in April 1985. The type of meter to be used, the support 
apparatus, and the areas to be mapped were selected from those 
alternatives by the Portland District.

1
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SECTION 2

DESIGN OF METER SUPPORT SYSTEMS

2.01 DESIGN. Four meter support systems were designed
for use in the test program. The systems, shown in Figure 1,
will support meters in the forebay near the intake (Forebay 
System); in the intake at the upstream edge of the STS 
(Folding Frame System); at the bulkhead slot (Bulkhead Slot
System); and inside the STS and in the three flow passages at
the top of the STS (STS System). Each system will be
adjustable for use at all three powerhouses. The systems were 
designed to be relatively easy and fast to operate and to
require no assistance from powerhouse personnel or project
lifting equipment during testing. The apparatus is to be 
lightweight for ease of handling but adequately strong to 
prevent failure and possible damage to the turbines. A
minimum of modification of existing structures and a minimum
use of the project hoists will be required.

2.02 DESIGN DETAILS. Fabrication drawings of the 
systems are in Appendix A. Calculations showing the loading 
assumptions and the structural and mechanical adequacy of the 
systems are in detached Appendix B. Manufacturer and supplier 
literature and specifications for equipment required in the 
systems are in Appendix C.

2
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SECTION 3

INSTRUMENTATION

3.01 VELOCITY SENSORS. Electromagnetic velocity meters 
with the capability of measuring X & Y components of velocity 
within a plane were selected by the Portland District as the 
best velocity sensors for the proposed test program. The 
meters are sealed units with no moving parts and are 
relatively small. Two meters paired perpendicular to one 
another can measure X, Y, & Z components of velocity at a 
location. The Marsh-McBirney Model 511 meter or its 
equivalent has been recommended. With that meter the velocity 
magnitude of each component is indicated on a separate dial of 
a display instrument that is calibrated to the meter. The 
electrical signal from the meter can be recorded. 
Specifications of the Model 511 meter and an operating manual 
for it are in Appendix D.

Fifteen velocity meters with 200 feet of sensor cable 
will be required for the tests. One additional meter should
be available as a replacement, if needed, during the tests. 
The model 511 meter can be leased, but only a small number are 
available. Coastal Leasing, Inc., 22-1 Peters Street, 
Cambridge, Massachusetts, 02139-4521 [telephone (617)497-1122]
has five Model 511 meters to lease. The cost of leasing for 
two months is approximately 40 percent of the cost of the 
meter. With the anticipation that testing will occur in two 
or three separate periods of site availability during a period
as great as six months, purchase rather than lease of the 
sixteen meters 'is recommended. The price of a meter with 200 
feet of cable was quoted in June 1985 as $4,345 plus shipping 
cost with a 5 percent discount for quantity purchase. The
delivered cost per meter is estimated to be $4,150. The price
may be increased on July 1, 1985.

3
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The electromagnetic meter is subject to interference from 
stray electrical currents but not to currents as small as 
those at the powerhouse. It is recommended, however, that an 
electromagnetic meter be tested in a powerhouse intake before 
purchasing one. The National Marine Fisheries Service in 
Portland has a Marsh-McBirney meter that might be borrowed for 
testing.

During testing the meter sensor cables must be secured to 
the support apparatus and connected to the display and 
recording equipment at the powerhouse deck level. Materials 
needed to secure the cables are listed in Appendix D. 
Recommended plans for securing the cables are presented in 
Appendix E. Costs of the materials are listed in Section 6.

3.02 DATA RECORDER. In one phase of the testing 
velocities are to be observed simultaneously over an extended 
period of time. Those data must be recorded relative to one 
another and to time. Use of two Portland District 
oscillographs operated by District personnel is recommended.

3.03 INSTRUMENTATION SHELTER. Recording equipment and 
velocity display instruments should be housed in a shelter 
that can be placed beside the bulkhead slot of the test bay 
and easily moved aside when the area is needed for use other 
than testing. A government van is recommended. Electrical 
power would be provided by project provided extension cord 
from the powerhouse.

4
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SECTION 4

ON-SITE PREPARATION AND REMOVAL

4.01 PREPARATION. On-site preparation for testing con-
sists of:

a. At-project preparation by project personnel,
b. Assembly of meter support systems by test personnel 

assisted by project personnel,
c. Mounting of meters on support systems,
d. Installation of support systems and STS by project 

personnel, and
e. Connection of meters to display and recording 

equipment.

Care must be taken throughout this phase of the work to 
protect the velocity meters and cables from damage.

A detailed step-by-step description of the assembly and 
installation is tabulated in Appendix E.

4.02 REMOVAL. Removal of the test apparatus after 
testing and preparation of it for transport to the next test 
site or to storage will be the same as preparation but in the 
reverse order. Extreme care must again be taken to protect 
the meters and cables from damage while the STS and support 
apparatus are withdrawn from the intake. More detailed 
instructions are tabulated in Appendix E.

5
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SECTION 5

TEST PROGRAM

5.01 PURPOSE. The purpose of the tests is to determine 
the velocity magnitude, the flow pattern, and any fluctuation 
of that pattern immediately upstream and within the Bonneville 
second powerhouse where fish guidance efficiency is low. For 
comparison, the same velocity tests are to be made at the 
Bonneville first and McNary powerhouse where guidance 
efficiency is adequate.

5.02 PLACE AND TIME. Velocity measurements are to be 
made at and in the center bay of the intake of a main power 
unit at Bonneville second, Bonneville first, and McNary 
powerhouses. Units 5 and 12 at Bonneville and unit 4 or 5 at 
McNary have been recommended as test sites because other 
fishery data have been collected there. The final selection, 
however, will have to be made later on the basis of 
availability at the time of testing and the relative 
importance of the velocity data to data collected at other 
power units.

The time of testing at each powerhouse must also be 
determined later. The time will be dependent upon the 
availability of the test units to be out of service and the 
availability of project personnel and hoisting equipment. The 
fall and winter periods when there is less construction arid 
maintenance at the projects and less fish passage appear to be 
the best time. The time required to implement the program and 
fabricate the test apparatus will probably make early spring 
of 1986 the earliest possible time of testing.

5.03 MEASUREMENT LOCATIONS. Velocity measurements are 
to be made in a vertical plane parallel to the centerline of 
the unit 5 feet to the right of centerline. In the forebay at

6
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the intake, velocities are to be measured at 6-foot intervals 
from the water surface to the bottom along lines parallel to 
the intake face 1 and 10 feet upstream from the trashracks. 
In the intake, velocities are to be measured at 2-foot 
intervals along a vertical line immediately upstream from the 
STS and at 5-foot intervals at the bulkhead slot. Three 
measurements will be made behind the perforated plate within 
the STS, and one measurement will be made in each of the three 
flow passages at the top of the STS. The location of the 
measurement points are shown on Figure FI in Appendix F.

5.04 VELOCITY DATA. In the forebay, X, Y, & Z 
components of velocity will be measured to indicate the 
velocity magnitude and inclination from the horizontal in the 
principal plane of measurement and to indicate the lateral 
angle of the approach flow to the intake. Within the intake, 
X & Y components of velocity will be measured to indicate the 
magnitude and inclination of the flow. Instantaneous 
observations of velocities will be made at all locations. At 
a location further described in Appendix F an extended-time 
observation of velocities will be made to indicate any 
fluctuations in flow pattern with time. The data will be 
observed and recorded as scalar values of the velocity 
components and later reduced to the vector velocity in the 
plane of measurement.

5.05 TEST PROCEDURE. Details of the tests and test 
procedure are given in Appendix F.

7
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TEST DETAILS

SITE:
Center bay of selected main power units at Bonneville II 
Bonneville I, and McNary powerhouses.

TEST CONDITIONS:
Three power unit settings that are reasonable operating 
conditions having a high, medium, and low discharge.

MEASUREMENT LOCATIONS:
At all sites, in a vertical plane parallel to and 5 feet 
north of the bay centerline at points shown in Figure FI. 
The number of points to be measured in the forebay will 
vary from site to site relative to the depth of the 
intake sill. Accumulated trash at the bottom of the 
trash racks at McNary and possibly at Bonneville I will 
create a false bottom below which measurements cannot be made in the forebay.

MEASUREMENT DEVICES:
Electromagnetic velocity senso rs with the capability of measuring X & Y components of ve locity in the plane of orientation. In the forebay a pair of meters set perpendicular to one another wil 1 indicate the X, Y, & Z components of velocity. Within the intake single meterswill be used.

DATA TO BE OBSERVED:
Pool elevation 
Tailwater elevation 
Water temperature
Power unit setting - output, efficiency, discharge 
Location of meters at time of observation 
Time of observation 
X & Y (Z) components of velocity

DATA RECORD:
Visual readout and hand recording of velocity components 
indicated on dial displays. Each observation to be made 
for approximately 15 seconds (instantaneous). During 
extended-time observations, visual readout of each meter every 5 minutes.
Oscillographic recording of all observations (instan­
taneous and extended time).
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CALIBRATION:
Velocity sensors are factory calibrated with the dialdisplays to which they are coupled.
Oscillographic record will be calibrated with visualreadout data.

METER LOCATIONS:
Location of fix ed meters and movable meters in their lowest positio ns can be determined from fabrication drawings of met er systems and construction drawings of unit being te sted. Other positions of movable meters relative to the lowest positions will be determined bymarks on the ho ist ropes of those meters.
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TEST PROCEDURE

1. Set all movable meters at the lowest positions.
2. Read and record distance indicated by marks on the 

hoist ropes of the movable meters. Pick a convenient 
spot on the hoist assembly for reference.

3. Allow sufficient time for flow in intake to stabilize 
after a change of turbine setting.

4. Make instantaneous visual and oscillographic readings 
of all meters. Repeat readings with forebay meters 
moved upward 6 feet and folding frame meters moved 
upward 2 feet. Step by step, repeat readings with 
only forebay meters moved upward in 6-foot increments 
to the seventh position, which will align the meters 
close to the thread of flow past the STS.
With the last position of step 4 make an 
extended-time observation of 30 minutes.

6. Next, move all three sets of movable meters upward 
step by step as indicated in Figure FI through the 
full range of settings for each set. Make 
instantaneous readings at each setting.

7. Change turbine setting to next test condition and 
repeat steps 1 to 6.

DATA REDUCTION

1. Resolve each visually observed pair of X & Y 
components to a vector velocity as instructed in 
meter operating manual.
Plot the vectors computed in step 1 on cross sections 
of the intake for each turbine setting (cross section 
parallel to bay centerline and cross section 
perpendicular to centerline in forebay).

3. With values of visual readout for calibration, reduce 
oscillographic record of extended-time test of all 
me^Grs. *-° magnitudes of X & Y components. if 
significant velocity variation occurred with time, 
resolve X & Y components at one-minute intervals and 
at maximum and minimum component magnitudes to vector 
velocities.

4. If data in step 3 has been resolved to vectors, plot 
vector magnitudes and angles from horizontal against time .

F-3



f


	Structure Bookmarks
	SH15.Un54711 1987
	CONTENTS
	INTRODUCTION
	EQUIPMENT AND PROCEDURES
	DESCRIPTION OF TESTS
	RESULTS AND DISCUSSION
	CONCLUSIONS AND RECOMMENDATIONS
	LITERATURE CITED
	APPENDIX A - SUMMARIES OF VELOCITY DATA
	APPENDIX B - EXCERPTS FROM HANER, ROSS, SPORSEEN REPORT

	APPENDIX B - TABLE OF CONTENTS
	PREFACE
	SECTION 1 - INTRODUCTION
	1.01 THE REPORT
	1.02 PRELIMINARY REPORT

	SECTION 2 - DESIGN OF METER SUPPORT SYSTEMS
	2.01 DESIGN
	2.02 DESIGN DETAILS

	SECTION 3 - INSTRUMENTATION
	3.01 VELOCITY SENSORS
	3.02 DATA RECORDER
	3.03 INSTRUMENTATION SHELTER

	SECTION 4 - ON-SITE PREPARATION AND REMOVAL
	4.01 PREPARATION
	4.02 REMOVAL

	SECTION 5 - TEST PROGRAM
	5.01 PURPOSE
	5.02 PLACE AND TIME
	5.03 MEASUREMENT LOCATIONS
	5.04 VELOCITY DATA
	5.05 TEST PROCEDURE






