
























































r"1 

U 

I I, 

I I' 

L.J 

.'--\ 
\ '. 

\ I 

comparison was broken down into thirds, based on force, i.e. the highest 1/3, 
the middle 1/3 and the lowest 1/3. Hence, an approximate qualitative 
comparison of velocities can be obtained with high velocity defining velocities 
above 0.5 Vmax, medium velocities between 0.1 Vmax and 0.5 Vmax and low 
velocities 0.1 Vmax or below. Where Vmax is defined as the maximum point 
velocity within the basin for a given flow condition tested. 

The final round of data analysis for the pressure and velocity 
measurements involved the computation of a cavitation coefficient, sigma. 

Ho + HATM - HVAPOR 
(J' - v 2/2g 

where Ho:;:: 

HATM -

HVAPOR :;:: 

static head in feet at tap location, measured using 
same scanivalve and associated pressure transducer 
used in earlier testing 

atmospheric pressure head in feet 
vapor pressure head of water in feet 

v - mean velocity at location in ft/s, measured using 
Prandtl tube. 

g - acceleration of gravity 

A summary of the sigma values can be found in Figures 8 and 9 and A-73 
through A-80 in the appendix. For reference, the velocity and pressure data 
used in computing sigma can be found in Figure 6 and Tables through 
A-10 of the appendix. Sigma was computed for both the minimum and 
mean pressure values recorded during the testing. The lowest minimum value 
of (J' == 0 was found in an isolated location between the center front two 
basin blocks for Q=8400 at high pool. The lowest mean values of (J' = 0.30 
were found to the right of the rightmost basin block for a single (right) gate, 
Q = 3700 cfs high pool condition. 

The data in Figures 8 and 9 and A-73 through A-80 show a potential 
for cavitation erosion in the baffie. block region. In the center of the basin, 
the mean cavitation coefficient typically varies from about 0.9 to 1.5. This 
encompasses the range from (J' = 1.15 to (J' == 1.30 between which the most 
severe erosion is anticipated for the splitter blocks. On that basis, we believe 
it is reasonable to expect that cavitation erosion on or near the baffie blocks 
may be present at the range of sigma's observed in the model. The sigma's 
along the outside basin block typically fall in the range of supercavitation 
found in the water tunnel tests of the splitter block. These blocks may 
experience a localized zone of severe erosion in the region where the sigma 
increases to above supercavitating conditions. Similarly discharges at other 
reservoir elevations may exist within the operating envelope where the outside 
basin block may be subject to a range of sigma's suitable for producing 
severe erosion. . 
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Table 7. Load Testing Summary 

No.of Pool Loads (lbs) 

Q Gates Elev. Direction Average Minimum Maximum RMS 

3700 l(L) Longitudinal 84,455 6520 139,978 18,043 
Lateral -54,446 -311,675 219,622 87,115 

5600 l(L) Longitudinal 102,055 36,530 169,987 18,170 
Lateral -67,362 -322,754 225,130 98,954 

5600 l(R) Longitudinal -1,874 -33,491 49,888 10,211 
Lateral 2,041 -62,613 86,798 14,625 

5600 2 Longitudinal 27,793 -33,490 83,253 15,891 
Lateral -31,148 -178,850 92,305 42,608 

8400 2 Longitudinal 36,087 -23,424 93,257 16,904 
Lateral -29,892 -206,517 180,433 55,143 
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Splitter Block: Force Tests 

Experiments 

Tests were conducted to determine the longitudinal and lateral forces on 
the left (looking downstream) splitter block for different flow conditions. 
Tests were conducted at reservoir elevation 1357 for single gate flows of 3700 
and 5600 cis. Tests with dual gate flows were conducted at 5600 and 8400 
cis at reservoir elevation 1357. In addition, one single gate test was 
conducted at 5600 cis, at reservoir elevation 1357, with only the right gate 
opened to observe effects on the splitter block not directly in the flow. 
Positive longitudinal forces are in the downstream direction and positive 
lateral loads are toward the centerline of the model. 

Results 

Average minimum, maximum, and RMS values are summarized in Table 
7. Figures A-81 to A-85 in the appendix are time histories of the 
longitudinal forces. Included on the graphs are the minimum, maximum, 
average and RMS loads. Forces have been scaled up to the prototype values. 
Fi~ures A-81 and A-91 in the appendix are for the left single gate opened 
(L), and Figure A-83 in the appendix is for the right single gate (R). The 
maximum longitudinal load of 170,000 lbs is produced with the left single 
gate opened at a flow of 5600 cis. Figures A-86 through A-90 in the 
appendix are time histories of the lateral loads. As can be seen, the lateral 
loads are much higher than the longitudinal loads. The average loads in 
most cases are directed away from the centerline. Again, the forces have 
been scaled to the prototype. 

The maximum lateral load of 323,000 lbs is produced with the single 
(left) gate opened at a flow of 5600 cis. Figures A-91 through A-95 in the 
appendix are plots of the calculated power spectral density averaged over ten 
lO-5econd data samples for the longitudinal direction. Similarly, Figures 
A-96 through A-100 in the appendix show the power spectrum for the lateral 
loads. Both frequency and amplitude have been scaled to the prototype. 
The natural frequency of the model was determined experimentally in both 
air and water. Since the water surrounding the blocks is highly aerated, the 
effects of added mass are not precisely known. The following table gives the 
model's natural frequencies in prototype frequency for both air and water. 

TABLE 8. Block Natural Frequencies 

Direction Frequency in Air Frequency in Water 

Lateral 5.40 Hz 3.24 Hz 

Longitudinal 5.07 Hz 4.47 Hz 
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From the data it appears that the dominant frequency is in the 1 Hz to 2 
Hz range. Figure A-96 and A-97 in the appendix show very high 
magnitudes from approximately 1.3 to 3.0 Hz. 
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Chapter 4 

Summary and Conclusions 

A comprehensive model study of the Blue River Dam Power Project's 
spillway outlet works and stilling basin resulted in the development of a 
design which performs satisfactorily for all conditions tested. The test 
program evolved to include detailed pressure, cavitation, and load testing 
programs to assess the design's long-term stability. The information contained 
in this report, and associated video, should be valuable to the design 
engineer, the reviewers, and the developer. 

The final design for the basin, shown in Figures lOa, lOb, and 11, 
incorporates a separation wall and fillets at the outlet of the gates. These, 
in conjunction with a pilot channel downstream of the basin, prevent 
undesirable gate submergence during operation. Two large splitter blocks 
effectively distribute the high velocity jet exiting the gates and allow the 
basin to operate effectively for single and dual gate discharges. The existing 
basin blocks and a 15-foot high vertical endsill aid the splitter block 
performance by increasing submergence of the splitter blocks. 

The load tests should provide information for structural engineers to 
utilize when designing the block interconnection with the basin floor. The 
video and general test data will be of value to the engineers in sizing walls; 
pressure and velocity data will assist in determining possible areas in need of 
protection. 

Specifically the following conclusions and recommendations can be made 
from the hydraulic model study. 

• 

• 

• 

When tested, the design stilling basin shown in Figures lOa-b and 
11 provided energy dissipation equal or better than that of the 
existing design. 

The lengthened transition developed and tested in Phase 3 
performed well with pressure measurements showing no serious 
asymmetries or regions of low pressure susceptible to cavitation. 

By shortening the gate structure 7 ft between Phases 3 and 4, 
modifying the pilot channel, and installing the fillets, as shown in 
Figures lOa-b and 11, gate submergence at low discharges was 
reduced to an acceptable level. Flows as low as 500 cfs (the lowest 
flow tested in the model) were able to sweep the tailwater away 
from the gate. 
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• The splitter block proved an effective tool to dissipate the high 
discharge, high velocity jet entering the basin under single gate 
operations. By breaking up the jet the remainder of the basin was 
then able to further dissipate the energy exiting the basin to an 
acceptable level. 

• By placing the 15 ft high endsill and leaving the existing basin 
blocks along with modifying the pilot channel to that shown in 
figures lOa-b, any spray related to the impact of the high velocity 
jet on the splitter block was submerged. . Based on model 
operations, the remaining wave action should be able to be 
contained by raising the stilling basin sidewall 8 to 10 ft above its 
present height. 

• The spUtter blocks experience sizable low frequency fluctuating 
loads, especially in the lateral direction, which must be taken into 
account in their structural design and installation. 

• The splitter block appears to be relatively free from cavitation 
erosion susceptibility under the flow conditions tested in the model. 
Steel protection of the nose region and sidewalls may be beneficial 
to prevent impact erosion from sand and. gravel particles. SUch 
protection could, and perhaps should, be a part of the concrete 
formwork and be cross-cabled through the splitter to prevent 
removal by flow. 

• It also appears that conditions suitable for cavitation erosion may 
exist in the baffie block zone. Several options are suggested for 
review by Stone and Webster. One option is to place cavitation 
resistant cladding throughout the reach. A second option is to 
assess the statistical likelihood of flows producing severe cavitation 
erosion conditions. In doing such an analysis, one must include the 
potential for increased cavitation of the outside basin blo~ks at 
lower !es~rvoir head~discharges. Ca;vitation c~efficients ~or this zone 
of caVItation could 1ikely be apprmomated usmga velOCIty, v, equal 
to the exit velocity from the gate. A third option is to clad only 
the outside blocks if the inside blocks are statistically unlikely to 
experience erosion. A fourth option is to perform limited additional 
model testing under other flow conditions to assess the basin's 
cavitation susceptibility at flows and reservoir elevations different 
than those tested. 

A group, consisting of SAFHL research engineers, Stone and Webster 
Engineering, the Portland District of the Corps of Engineers and special 
consultant, Dr. Bank Falvey, combined to complete a complex and evolving 
project· in an effective and efficient manner. 
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Photo 1 Reservoir Elevation 1357 ft 
Q = 1000 cfs, left gate 

Photo 3 Reservoir Elevation 1357 ft 
Q = 5600 cfs, left gate 
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Photo 2 Reservoir Elevation 1357 ft 
Q = 3700 cfs, left gate 

Photo 4 Reservoir Elevation 1357 ft 
Q = 8400 cfs, both gates 
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Photo 5. Photo showing the final bifurcation, transit 
gate structure design. 

Photo 6. A view of the final stilling 
basin design when viewed from 
downstream. 
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Photo 7. A view of the final stilling 
basin looking downstream from 
the gate structure. 
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TABLE A-6 

Blue River Floor Pressure study Q= 8400 Dual Gate 
with ventilation Behind Block 
Preliminary Run (See Fig 5 ·for Tap Location) 
(All data is +- feet prototype from the basin floor) 

Model Minimum Maximum Average RMS 
Location 

1 14.62 34.54 23.61 3.22 
2 14.21 31.12 23.00 2.69 
3 12.19 35.74 20.74 3.78 
4 13.41 25.27 19.55 2.12 
5 11.60 32.73 20.29 3.38 
6 8.97 30.51 20.13 3.06 
7 10.38 29.71 20.26 3.53 
8 16.43 34.74 24.70 2.97 
9 17.83 34.34 26.44 2.97 

10 10.19 31. 71 19.07 3.42 
11 6.57 28.49 18.17 3.05 
12 7.57 29.71 18.02 3.57 
13 1.94 32.12 20.46 4.46 
14 7.16 34.34 21.40 4.85 
15 5.16 92.89 56.85 14.09 
16 -14.97 75.78 37.87 15.39 
17 3.94 43.79 23.33 7.00 
18 4.55 46.81 25.29 6.66 
19 8.38 37.35 24.16 6.36 
20 3.55 37.96 20.55 5.99 
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TABLE A-7 

Blue River Floor Pressure study Q= 3700cfs single Gate (Right) 
(All data +- feet prototype from the basin floor) 

,'1 
Model Minimum Maximum Average RMS Sigma Sigma 

.r--i Location Average Minimum 
; I 

1 24.42 66.05 40.52 0.36 1.598 1.250 
2 10.92 38.67 15.73 0.38 1.062 0.958 

1- ," 3 2.53 52.36 28.12 0.43 0.587 0.343 ! ,( 

! 4 2.53 32.93 17.65 0.28 0.487 0.343 \ .'1 

5 18.46 32.19 25.90 0.14 6.409 5.605 
6 -0.56 25.16 8.14 0.21 4.490 3.550 
7 3.57 3.13 3.31 0.24 0.350 0.353 
8 -2.00 23.31 8.14 0.24 4.490 3.394 

r-'~ 
9 8.70 36.08 25.35 0.23 0.537 0.385 

1 .. 1 10 -5.00 5.37 -1.09 ,NA 2.620 2.304 
11 -4.48 4.40 1.15 NA 2.802 2.346 
12 -6.55 6.68 -1.26 0.10 2.607 2.178 

" 13 0.68 15.15 6.70 0.12 0.302 0.257 ' I 
, j 

14 -1.39 21.83 6.66 0.22 1.083 0.865 I 
15 -0.36 21.46 7.84 0.20 1.115 0.893 

,i'l 16 6.88 38.48 21.09 0.26 0.411 0.304 
17 -0.78 33.30 15.91 0.31 0.372 0.246 

I 18 7.49 87.14 49.40 NA 2.065 1.020 
19 5.64 30.34 20.17 0.17 1.336 ' 0.974 
20 6.11 16.39 6.48 0.22 0.301 0.298 
21 -16.69 '22.20 1.92 0.41 0.881 0.417 
22 7.70 30.71 . 17.28 0.13 1.264 1.025 
23 11.21 46.25 

'. 
23.,68 0.22 1.424 1.113 

I~ 
ref 8.06 8.72 8.66 0.02 

J 
Location Velocity 

/-1 

,I (prototype) 
(ft/sec) 

A 54.58 
B 82~17 

L C 24.41 
D 83.96 
E 28.18 
F 92.40 

L G 48.81 
H 92.40 

~-l 

I 51.77 
;11' J 50.81 
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TABLE A-8 

Blue River Floor Pressure study Q= 3700cfs Dual Gates 
(All data +- feet 

Model Minimum 
Location 

1 12.04 
2 1.72 
3 12.67 
4 6.25 
5 29.23 
6 7.49 
7 9.16 
8 6.46 
9 8.33 

10 1.30 
11 3.57 
12 0.68 
13 7.09 
14 5.64 
15 6.88 
16 8.53 
17 5.85 
18 18.46 
19 22.39 
20 14.12 
21 -0.35 
22 8.12 
23 19.06 

ref 8.68 

model relative to basin floor) 

Maximum 

28.86 
23.31 
63.83 
35.89 
40.89 
24.42 
33.49 
28.31 
29.23 
15.98 
17.83 
17.43 
19.61 
20.72 
22.39 
26.46 
27.57 
68.64 
39.59 
22.20 
22.39 
26.46 
37.37 
8.81 

Average RMS Sigma 
Minimum 

19.80 0.14 
12.15 0.22 
30.90 0.40 
19.61 0.25 
33.67 0.11 
14.97 0.18 
17.83 0.22 
15.50 0.20 
17.19 0.21 

8.49 0.15 
9.42 0.11 
9.73 0.14 

12.30 0.11 
12.25 0.14 
13.36 0.13 
18.37 0.16 
17.15 0~19 
40.89 0.53 
29.97 0.16 
18.69 0.08 
12.15 0.20 
20.17 0.13 
26.27 0.17 
., 8.75 0.02 

I 

Location Velocity 
(prototype) 
(ft/sec) 

A 22.28 
B 31.51 
C 41.08 
D 33.05 
E 14.09 
F 63.02 
G 55.48 
H 41.08 
I 31~51 
J 50.81 

A-8 

5.90 
4.56 
2.99 
2.57 
2.39 
1.56 
2.76 
1.52 
2.46 

11.25 
11.99 
11.06 

0.66 
0.82 
0.84 
1.60 
1.50 
1.29 
1.39 
1.81 
0.82 
1.04 
1.31 

Sigma 
Average 

6.90 
5.91 
4.17 
3.44 
2.56 
1.85 
3.32 
1.87 
2.98 

13.59 
13.89 
13.99 
0.74 
0.96 
0.98 
1.98 
1.93 
1.85 
1.58 
1.99 
1.14 
1.34 
1.49 
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i ~ TABLE A-9 

,--, 

I i Blue River Floor Pressure study Q= 5600cfs single Gate (Right) 
I if, (All data is +- feet prototype from the basin floor) 

Tl Model Minimum Maximum} Average RMS Sigma Sigma 
" Location Minimum Average \ j 

r-] 
J • 

! 1 1 44.40 '96.39 68.45 0.52 0.78 1.02 
2 18.87 57.91 36.82 0.41 0.52 0.70 

r~' 3 10.19 68.27 32.93 0.58 0.66 1.00 
I 

4 11.21 44.03 23.31 0.32 0.67 0.86 , I , ; 

5 6.05 28.68 13.43 0.23 12.80 15.19 \ 1 

6 2.53 29.60 11.36 0.19 11.66 14.52 
/l 7 8.94 52.36 2.05 0.33 0.64 0.53 
I I 
, I 8 2.94 35.15 11.86 0.25 11.79 14.68 
• ~ • _'I 

9 17.83 47.92 30.53 0.26 0.45 0.56 

· I 
10 -6.97 10.19 2.24 0.11 3.43 4.62 

I I, 11 -3.24 9.77 3.15 0.10 3.91 4.74 
\ J 12 -7.79 11.01 1.92 0.13 3.32 4.58 

13 2.33 24.61 11.06 0.21 0.36 0.44 
'1 14 1.31 26.64 9.81 0.26 0.75 '0.93 I I 

· I 15 1.91 28.31 11.17 0.23 0.76 0.96 
16 16.19 52.73 32.38 0.31 0.38 0.51 

I~ 17 6.88 47.36 24.05 0.39 0.31 0.44 
\1 18 -7.18 108.23 62.35 1.03 0.65 2.39 
Lj 

19 10.19 40.70 25.90 0.32. 1.09 1.48 

~I 
20 -5.11 21.83 8.20 0.24 0.22 0.32 

L\ 21 -22.57 26.83 4.13 0.44 0.27 0.94 
22 7.09 \ 22.39 16.98 0.11 1.01 1.26 
23 9.36 59.39 28.68 0.42 1.07 1.55 n 

'i j 
8.44 8.65 8.55 0.03 

1-1 Location Velocity 
(prototype) L9 
(ft/sec) 

(-1 A 80.33 
I ,'I B 65.34 
:,\ C 14.09 

0 85.71 

n E 22.28 
F 80.33 LJ 

G 54.58 
I ", H 91.32 

I I 

U I 80.95 
J 50.81 

U 
! \11 

; \~ 
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TABLE A-IO 

Blue River Floor Pressure study Q= 8700cfs Dual Gates 
(All data is +- feet model from the basin floor) 

Model Minimum Maximum 
Location 

1 21.65 44.40 
2 2.94 28.68 
3 8.73 50.69 
4 14.95 39.59 
5 10.40 35.71 
6 6.46 32.01 
7 11.84 32.19 
8 3.15 29.23 
9 13.91 35.15 

10 -3.87 19.98 
11 0.48 15.78 
12 1.79 14.52 
13 2.74 2.44 
14 1.09 26.46 
15 3.98 26.09 
16 11.01 34.78 
17 3.57 33.67 
18 0.46 85.29 
19 24.05 50.69 
20 1.39 24.79 
21 -38.42 15.98 
2.2 4.61 27.01 
23 18.26 ,61.98 
ref 8.93 9.18 

Average RMS Sigma 
Minimum 

33.30 0.185 
14.49 0.25 
30.90 0.368 
26.64 0.179 
23.13 0.219 
19.43 0.259 
20.91 0.228 
14.50 0.249 
24.79 0.141 
6.31 0.212 
7.18 0.14 
6.36 0.139 

11.69 0.175 
11.17 0.242 
14.76 0.199 
22.39 0.158 
18.07 0.198 
50.51 0.855 
39.78 0.253 
11.12 0.171 

-13.12 0.55 
17.65 0.241 
39.22 0.439 
9.06 0.038 

Location Velocity 
(prototype) 
(ft/sec) 

A 55.48 
B 66.84 
C 75.23 
D 70.46 
E 1.85 
F 79.71 
G 68.31 
H 55.48 
I 55.48 
J 60.61 

A-I 0 

1.15 
0.76 
0.61 
0.70 
0.50 
0.45 
0.65 
0.42 
0.61 

NA 
NA 
NA 

0.37 
0.48 
0.52 
0.93 
0.77 
0.59 
1.01 
0.73 

-0.09 
0.67 
0.91 

Sigma 
Average 

1.40 
1.00 
0.93 
0.87 
0.64 
0.60 
0.78 
0.55 
0.75 

NA 
NA 
NA 

0.46 
0.62 
0.66 
1.17 
1.08 
1.47 
1.28 
0.93 
0.36 
0.89 
1.27 
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