




the selected point by the total discharge. That calcu­

lation is repeated for both the computed stream function 

and the actual discharge measured for several points on 

the contracted section.
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7.3.2 Flood of April 6 , 1964

A higher flood at Tallahala Creek at State Highway 528 

near Bay Springs, Mississippi, was recorded on April 6, 1964.
That flood overtopped the roadway of the left embankment.

The USGS made a discharge measurement during the flood and 

surveyed high-water marks near the bridge after the flood.

The discharge measurement was made after the flood 

crested, 0.17 feet below the peak; the total measured dis­

charge was 20015 cfs. Of the total discharge, ten percent 

was measured crossing the left embankment. The total dis­

charge at the peak (22,000 cfs) was obtained from the sta­
tion rating, and ten percent of that total (2,200 cfs) was 
assumed to cross the left embankment.

The stream function values at grid nodes adjacent to 

the left embankment were set by boundary condition in order 

to set the flow distribution on the overtopped embankment.

Ten percent of the computed flow was forced to cross the 

emb ankment.
The hydraulic roughness coefficients used are tabulated 

in table 7.6. They are the same as those used for the flood 

of April 14, 1969, except for the value at node (1=18,

J=16). Since the spur dike on the upstream side of the left 

embankment was not in place at the time of the earlier flood, 

it was not necessary to increase the roughness at that point.

The ground-surface elevations used are the same as those for 

the flood of April 14, 1969 (cf. table 7.2).

The computed results are tabulated in tables 7.7 and



TABLE 7.6
TALLAHALA CREEK AT STATE HIGHWAY 528 NEAR BAY SPRINGS, MISSISSIPPI 

FLOOD OF APRIL 6, 1964 
HYDRAULIC ROUGHNESS COEFFICIENTS 

(MANNING N-VALUES)

I j=l J = 2 C. II J = 4 C. II VT J=6 J = 7 00II“3 J=9 J=10 J=ll J=12 J=13 J=14 J=15 J=16

31 0.176 0.160 0.160 0.160 0. 160 0. 160 0.160 0.096 0.096 0.096 0.120 0.120 0. 144 0.160 0.032 0.035
30 0.176 0.160 0.160 0.160 0.160 G.160 0. 160 0.096 0.096 0.096 0.120 0.144 0.144 0.160 0.032 0.035
29 0.176 0.160 0.160 0.160 0. 160 0.160 0.160 0.096 0.096 0.120 0.120 0.144 0. 160 0. 160 0.032 0.035
28 0.176 0.160 0.160 0.160 • 0. 160 0.160 0.09b 0 . 096 0.096 0.120 0.144 0.144 0.160 0.032 0.032 0.035
27 0.176 0.160 0. 160 0. 160 0. 160 0.160 0.096 0.096 0. 120 0.064 0.032 0.032 0.032 0.032 0.032 0.035
26 0.132 0.120 0.120 0.120 0.120 0.120 0. 120 0.U32 0.032 0.032 0.032 0.032 0.032 0.032 0.032 0.C35
2b 0.132 0.120 0.120 0.120 0.120 0.120 0.120 0.048 0.048 0.048 0.032 0.032 0.032 0.032 0.032 0.035
2* 0.132 0.120 0.120 0.120 0.120 0. 120 0.120 0. 120 0.120 0.048 0.048 0.032 0.032 0.032 0.032 0.C35
23 0.132 0.120 0.120 0.120 0. 120 0.120 0.120 0. 120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.132
22 0.132 0.120 0.120 0.120 0. 120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0.120 0. 120 0.120 0.132
21 0.132 0.120 0.120 0.120 0.120 0. 120 0.120 0.120 0.120 0.120 0.120 0.120 0. 120 0. 120 0.120 0.132
20 0.132 0.120 0. 120 0.120 0.120 0.120 0.120 0.120 0. 120 0.120 0.120 0.120 0. 12C 0. 120 0.120 0.132
19 10.000 0. 120 0.120 0*048 0.048 0.048 0.048 0.048 0.048 0.080 0.080 0.080 0.08C 0.080 0.120 0.035
18 0.034 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.331 0.031 0.031 0.031 3.031 C. 331 0.C31 0.034
17 0.038 0.0 Jb 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.038
16 0.038 0.C35 0.035 0.035 0.035 0.035 0.035 C.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.038
lb 0.03b 0.040 0.C40 0.040 0.040 0.056 0.056 0. 160 0.160 0.160 0.160 0.160 0. 160 0.160 0.163 0.176
14 0.03S 0.040 0.040 0.040 0.040 0.05b 0.160 0.160 0. 160 0.160 0.160 0.160 0. 160 0.160 0.160 0.176
13 0.035 0.040 0.040 0.040 0.040 0.056 0.056 0.056 0.160 0.160 0.160 0.160 0. 160 0.160 0.163 0.176
12 0.035 0.040 0.040 0.040 0.040 0.056 0.056 0. 160 0.160 0. 160 0.160 0.160 0. 160 0. 160 0. 160 0.176
11 0.035 0.040 0.040 0.040 0.C40 0.056 0.056 0.056 0.160 0.160 0.160 0.160 0.160 0.160 0.160 0.176
10 0.035 0.040 0.040 0.040 0.040 0.071 0.071 0. 160 0. 160 0.160 0. 160 0.160 0. 160 0. 160 0. 160 0.176
9 0.035 0.040 0.040 0.040 0.040 0. 120 0. 120 C. 160 3. 160 0.160 0.160 0.160 0.160 0. 160 0.200 0.220

VO
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TABLE 7.6 CONTINUED

TALLAHALA CREEK AT STATE HIGHWAY 528 NEAR BAY SPRINGS, MISSISSIPPI 
FLOOD OF APRIL 6, 1969 

HYDRAULIC ROUGHNESS COEFFICIENTS 
(MANNING N-VALUES) I

J=1 J=2 J=3 J = 9 J = 5 J=6 d = 7 c. II 00 J=9 J = 10 J=ll J=12 HII“3 d=19 J=15 UDHII*3

8 0*035 0.040 0.040 0.040 0.040 0.120 0. 106 0.106 0.160 0.160 0.160 0.160 0.160 0.200 0.200 0.220
7 0.035 0.032 C.C32 0.032 0.160 0.120 0.120 0.160 0.160 0.160 0.160 0.160 0.177 0.200 0.200 0. 220
e> 0.078 0.035 0. J32 0.160 0.120 0. 120 0.120 0. 120 0.120 0.160 0.160 0.160 0.200 0.200 0.200 0. 132

0.088 0.080 0.160 0.160 0. 120 0.120 0. 120 0.120 0.160 0.160 0.160 0.177 0.200 0.200 0.120 0. 132
0.101 0.142 0.160 0.160 0.120 0. 120 0.120 0. 160 0.160 0.160 0.160 0.200 0.200 C.142 0.120 0.132
0.106 0.209 0.2C0 0.191 0. 144 0.056 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0 • 036 0.040
0.106 0.20C 0.200 0. 144 0.144 0.048 0.036 O.U 36 0.036 0.036 0.036 0.036 0.036 0.036 0*036 0.040
0.106 0.096 0.200 0.144 0.144 0.048 0.048 0.036 0.036 0.036 C. 036 3.036 3.036 0.036 0*036 0.04C

VO00
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7.8. Table 7.7 tabulates values of the computed normalized 

stream function and table 7.8 tabulates computed water 

levels. The values are tabulated for the nodes of the fi­

nite element grid which can be located by reference to 

figure 7.2.

Since the flow over the left embankment can be ex­

pected to be critical, the pressure equation (4.9) cannot 

be applied on computed streamlines that cross the embankment. 

Additional approximations are thus necessary for the appli­

cation of algorithm 5.1 to the higher flood. Water levels 

were not computed for grid nodes in the region upstream 

from the left embankment that were on computed streamlines 

that crossed the embankment; water levels at those nodes 

were approximated by extrapolating the computed water levels 

at neighboring nodes on the water-level contour map (figure 

7.6). The numerical entries are not tabulated in 

table 7.8 for those nodes. The water levels on figure 7.6 

are to gage datum (265.43 feet above mean sea level).

The fall was measured by the USGS at the time of the
discharge measurement (0.17 feet below flood peak). The 

water levels were marked at the downstream side of the 

abutments and on the upstream side of the embankment one 

bridge width from the abutments according to the field pro­

cedure discussed in section 1.2.2. That measured fall is 

reported by the BPR (1970, table B-2, p. 102) as 1.62 feet.

The fall at the flood peak can be expected to be somewhat

greater.



TABLE 7.7

TALLAHALA CREEK AT STATE HIGHWAY 528 NEAR BAY SPRINGS, MISSISSIPPI 
FLOOO OF APRIL 6, 1964 

COMPUTED FLOW DISTRIBUTION 
(COMPUTED NORMALIZED STREAM FUNCTION)

I J = 1 J=2 c. II J = 4 J=5 J=6 J=7 C- II 00 J = 9 J = 10 c. II k-* J= 1 2 J= 13 J=14 0=15 J= 16

31 0.000 0.023 0.050 0.079 0.108 0.136 0.171 0.229 0.302 0.382 0.472 0.543 0.615 0.658 0.735 1.000
30 0.000 0.019 0.048 0.082 0.108 0.134 0.17S 0.215 0.299 0.392 0.468 0.547 0.617 0.663 0.759 1.000
29 0.000 0.024 0.046 0.082 0.119 0.155 0.194 0.264 0.346 0.423 0.510 0.591 0.650 0.700 0.778 I. 000
28 0.000 0.028 o.osa 0.095 0.132 0.172 0.228 0.299 0.407 0.491 0.566 0.629 0.672 0.710 0.864 1.000
27 0.000 0.029 0.067 0.106 0.143 0.198 0.257 0.356 0.440 0.S18 0.606 0.678 0.723 0.805 0.917 1.000
26 0.000 0.037 0.078 0.123 0.170 0.224 0.288 0.356 0.470 0.542 0.667 0.750 0.810 0.885 0.943 1.000
25 0.000 0.043 0.095 0.139 0.191 0.246 0.295 0.349 0.438 0.586 0.677 0.746 0.808 0.866 0.931 1.000
26 0.000 0.048 0.111 0.163 0.210 0.271 0.312 0.36S 0.420 0.493 0.640 0.743 0.790 0.857 0.921 1.000
23 -0.000 0.056 0.111 0.167 0.216 0.275 0.319 0.362 0.414 0.506 0.566 0.708 0.770 0.836 0.920 1.000
22 0.000 0.041 0.110 0.171 0.228 0.280 0.319 0.357 0.397 0.451 0.535 0.701 0.746 0.803 0.904 1.000
21 0.000 0.026 0.092 0.164 0.224 0.274 0.317 0.348 0.382 0.426 0.506 0.650 0.755 0.794 0.871 1.000
20 0.000 0.001 0.082 0.137 0.205 0.2S0 0.303 0.335 0.393 0.461 0.S40 0.680 0.766 0.811 0.866 1.000
19 0.000 0.000 0.0S3 0.110 0.152 0.217 0.281 0.336 0.394 0.468 0.566 0.651 0.756 0.822 0.908 1.000
18 0.000 0.000 0.0S6 0.098 0.256 0.390 0.473 O.S30 0.572 0.612 0.649 0.686 0.735 0.789 0.835 1.000
17 0.000 0.074 0.171 0.267 0.386 0.491 0.545 0.589 0.627 0.664 0.698 0.734 0.771 0.813 0.855 1.000
16 0.000 0.135 0.286 0.396 0.497 0.586 0.636 0.692 0.713 0.736 0.760 0.786 0.811 0.838 0.859 1.000
IS 0.000 0.089 0.179 0.286 0.398 0.493 0.653 0.703 0.738 0.768 0.802 0.835 0.861 0.879 0.891 1.000
14 0.000 0.040 0.185 0.330 0.492 0.638 0.668 0.713 0.755 0.793 0.834 0.864 0.876 0.893 0.906 1.000
13 0.000 0.045 0.171 0.328 0.498 0.585 0.671 0.724 0.764 0.804 0.846 0.863 0.878 0.892 0.910 1.000
12 0.000 0.034 0.171 0.293 0.424 0.558 0.671 0.720 0.767 0.809 0.833 0.850 0.869 0.896 0.921 1.000
11 0.000 0.043 0.147 0.270 0.389 0.492 0.627 0.709 0.766 0.796 0.825 0.850 0.876 0.900 0.928 1.000
10 0.000 0.027 0.138 0.2SS 0.388 0.497 0.616 0.698 0.767 0.792 0.825 0.857 0.884 0.91 1 0.940 1.000
9 0.000 0.031 0.129 0.260 0.400 0.488 0.603 0.696 0.762 0.790 0.821 0.862 0.894 0.923 0.948 1.000

100



TARLE 7.7 CONTINUED

TALLAHALA CREEK AT STATE HIGHWAY 528 NEAR BAY SPRINGS, MISSISSIPPI 
FLOOD OF APRIL 6, 1964 

COMPUTED FLOW DISTRIBUTION 
(COMPUTED NORMALIZED STREAM FUNCTION)

J=1 J = 2 C_ II J = 4 c_ II J=6 c_ II -nJ C- II 00 c. II 10 J = 10 J = ll J=12 C_ II JTII J = 15 J=16

a 0.000 0.021 0.123 0.260 0.366 0.465 0.557 0.632 0.711 0.783 0.828 0.872 0.910 0.941 0.966 1.000
7 0.000 0.033 0.084 0.251 0.373 0.456 0.543 0.595 0.689 0.755 0.826 0.878 0.929 0.950 0.978 1.000
6 0.000 0.046 0.174 0.291 0.385 0.457 0.519 0.582 0.661 0.744 0.822 0.889 0.933 0.953 0.983 1.000
S 0.000 0.153 0.236 0.297 0.368 0.438 0.506 0.584 0.661 0.726 0.818 0.876 0.924 0.948 0.980 1.000
4 0.000 0.106 0.168 0.226 0.288 0.357 0.452 0.519 0.S94 0.664 0.768 0.848 0.897 0.934 0.966 I. 000
3 0.000 0.062 0.108 0.143 0.176 0.222 0.342 0.424 0.501 0.601 0.718 0.797 0.880 0.928 0.962 1.000
2 0.000 0.060 0.084 0.106 0.123 0.143 0.258 0*328 0.413 0.500 0.609 0.737 0.830 0.899 0.957 1.000
I 0.000 0.072 0.091 0.10S 0.116 0.143 0.27S 0.350 0.398 0.467 0.560 0.684 0.780 0.872 0.969 l.OOC
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31
30
29
28
27
26
25
24
23
22

21
20

19
18
17
16
15
14
13
12
11

10

9

TABLE 7.8

TALLAHALA CREEK AT STATE HIGHWAY 528 NEAR BAY SPRINGS, MISSISSIPPI 
FLOOD OF APRIL 6, 196^
COMPUTED WATER LEVELS 

(FEET ABOVE MEAN SEA LEVEL)

J=1 J = 2 J=3 d = <l J = 5 J=6 J = 7 J-8 J=9 oII“D J = I1 12 J = 13 J=1L

315.62 315.36 315.52 315.61 315.71 315.63 315.73 315.90 315.92 315.56 315.86 315.75 316.07 316.06
31S.13 314.86 315.02 315.IS 315.28 315.24 315.26 315.42 315.44 314.99 315.42 315.28 315.69 315.60
314.88 314.51 314.74 314.90 315.08 315.02 315.14 315.16 314.88 314.92 315.09 315.44 315.56 315.22
314.57 314.18 314.59 314.61 314.77 314.79 314.88 314.82 314.64 314.67 315.12 315.23 315.13 314.96
314.31 313.88 314.37 314.34 314.58 314.69 314.76 314.65 314.60 314.68 315.13 315.02 314.99 315.07
314.10 313.76 314.18 314.48 314.40 314.64 314.67 314.65 314.S0 314.55 315.00 315.33 314.99 315.89
313.98 313.76 314.08 314.27 314.41 314.52 314.58 314.67 314.57 315.11 314.96 315.30 314.95 315.04
313.75 313.S9 314.25 314.12 314.34 314.43 314.47 314.59 314.50 314.44 315.26 315.24 315.01 315.72
313.43 313.70 314.13 314.00 314.25 314.29 314.37 314.46 314.42 314.50 315.04 314.96 315.05 314.87
313.23 313.39 313.98 313.85 314.06 314.13 314.09 314.24 314.17 314.20 314.60 314.84 315.08 314.76
313.09c 312.76 313.52 313.72 313.97 313.96 314.00 314.10 313.95 313.96 314.38 314.70 314.94 314.67
312.82 313.19 313.33 313.55 313.71 313.81 313.78 313.85 313.78 313.82 313.66 314.33 314.43 314.48
312.76 312.90 312.84 313.65 313.62 313.77 313.80 313*91 313.80 313.75 313.51 313.60 314.24 313.93
312.75 312.98 313.16 313.17 313.81 313.67 313.71 313.39 313.19 313.39 313.48 313.66 314.08 313.88
312.69 313.07 313.64 314.07 313.82 313.51 312.81 313.08 313.21 313.21 313.65 313.95 313.78 313.72
312.98 313.53 313.93 313.79 313.85 313.51 313.60 313.75 313.81 314.00 314.03 313.79 313.76 313.62
312.90 313.07 313.34 313.70 313.54 313.65 313.56 313.77 313.98 313.80 313.70 313.59 313.59 313.49
312.79 312.78 313.46 313.81 313.68 313.59 313.41 313.69 313.91 313.66 313.49 313.37 313.38 313.34
312.65 312.96 313.34 313.78 313.70 313.25 313.37 313.71 313.79 313.52 313.30 313.35 313.24 313.19
312.50 312.45 313.22 313.48 313.44 313.34 313.42 313.64 313.64 313.44 313.32 313.15 313.20 313.09
312.39 312.47 313.01 313.52 313.19 313.60 313.47 313.56 313.59 313.41 313.24 313.04 313.06 312.99
312.35 312.09 312.99 313.46 313.14 313.49 313.36 313.49 313.48 313.36 313.18 313.01 312.89 312.91
312.30 312.19 313.00 313.45 313.15 313.40 313.22 313.39 313.48 313.25 313.16 312.93 312.77 312.83



TABLE 7.8 CONTINUED

TALLAHALA CREEK AT STATE HIGHWAY 528 NEAR BAY SPRINGS, MISSISSIPPI 
FLOOD OF APRIL 6, 196<t 
COMPUTED WATER LEVELS 

CFEET ABOVE MEAN SEA LEVEL)

J=1 J=2 J=3 J = 9 c. II \*n J=6 J=7 c_ II 00 c. II wo d=10 C_ II H J=12 J = 13 J-II“3 c. II vn J=16

a 312*29 312.02 313*05 313*44 313.22 313.18 312.97 313.22 313.18 313.27 312.91 312.76 312.65 312.40 312.28 312.63
7 312*27 312.06 312*37 313.37 313.04 312.93 312.76 312., 63 312.85 313.01 312.74 312.38 312.29 312.29 312.12 312.20
6 311*75 312.18 312*62 312*88 312.66 312*70 312.94 312.34 312.68 312.77 312.54 312.13 311.95 312.01 311.63 311.49
s 311*54 312.38 312*64 312*45 312.26 312.11 312.72 312.22 312.46 312.34 312.27 311.68 311.56 311.47 311.37 311.OS
4 311*24 310*95 311.56 311*78 311*40 311*37 311.26 311.15 311.20 310.9S 310.95 310.71 310.59 310.48 310.51 310.47
3 310*40 310*88 310.78 310*45 310.17 310.33 310.33 310.32 310.23 310.23 310.21 310.07 310.09 310.05 310.00 310.12
2 310.06 310.21 310.22 310*04 310.14 309.91 310.27 310.03 310.08 310.06 310.OS 310.02 309.98 309.99 309.98 309.94
1 309*90 309.90 309.90 309*90 309.90 309.90 309.90 309.90 309.90 309.90 309.90 309.90 309.90 309.90 309.90 309.90
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COMPUTED RESULTS o High-Water Marks

TALLAHALA CREEK AT STATE HIGHWAY 528 NEAR BAY SPRINGS, MISSISSIPPI
Flood of April 6,1964
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The high-water marks shown on figure 7.6 support the 

higher computed water levels upstream from the left embank­

ment as compared with the levels upstream from right embank­

ment (see figure 7.6). That configuration is also typical 

of the computed water levels shown on figure 7.4 for the 

flood of April 14, 1969; the high-water marks for that flood 

do not support that water-level differential.

7.3.3 Computed Fall (Ah)

The difference in water level across the approach em­

bankment Ah was defined in section 1 .2 .2.2 and its impor­
tance as an objective index for verification work was dis­

cussed. Two different definitions were given. The first 

was that used by the BPR and was based on the water level 

at the channel centerline on section (3) (cf. figure 1.2) as 

a measure of water level on the downstream side of the em­

bankment. The second was based on the field procedure for 

measuring fall during floods; it used the average of the 

water levels at the abutments of the bridge as a measure of 

downstream water level.

The computed water surface shown in figures 7.4 and 

7.6 are not characterized by the descriptions of typical 

water-surface configuration of the BPR (1970, p. 25) or of 

Kindsvater, Carter and Tracy (1953, p. 4) (cf. section 

1.2.2). Referring to the schematic diagram of figure 1.2, 

the average computed water level on the region AEFG is not 

the same as the average computed water level on the region 

ABCD; the computed water levels are not constant on those
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two regions as postulated In section 1.2 .2; there is no 

stagnation zone or corresponding pool water level down­

stream from the left embankment; and the computed flow dis­

tribution indicates a significant angle of flow with the 

contracted section.

The writer suggests that an appropriate value to assign 

to the computed fall for comparison with observed fall on 

the basis of the field practice definition would be the 

difference between the average computed water level on the 

region ABCD (cf. figure 1.2) upstream from the left embank­

ment and the computed stagnation water level downstream 

from the right embankment. The comparison of a computed 

water level on the region upstream from the left embankment 

with the stagnation water level downstream from the right 

embankment is justified by the eccentricity of the computed 

flow distribution. Those two regions are the only regions 

where the pool water levels emphasized in the definitions 

of fall (cf. section 1.2.2) are approximated. The calcu­

lations are summarized in table 7.9.

Another value for the computed fall appropriate to the 

BPR definition could be obtained by comparing the average 

water level on the approach section (1) with the centerline 
water level on the contracted section (3) (cf. figure 1.2). 

That value might seem more objective since it more nearly 

represents the nominal fall postulated by the BPR defini­

tion (BPR, 1970) (cf. section 1.2.2) even though it is 

based on a computed water surface that is not characteristic



107

Table 7.9 
Comparison of Computed and Observed 

Fall Based on the Field Practice Definition

April 14, 1969

Water Level

Upstream from left
emb ankment...........

Stagnation zone
downstream from right 
emb ankment...........

Average of left
and right abutments..

Fall (Ah) .............

Computed Observed

312.6

311. 4

1.2

312.85

311.54

311.55

1.3

April 6 , 1964

Upstream from left
emb ankment........... .

Stagnation zone
downstream from right 
emb ankment...........

Fall (Ah)..............

49 .6

47.75

1.85

49.5

47.8

1.7

Fall measured during 
flood 0.17 feet below 
crest................ 1.62
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of the BPR typical water-surface configuration as discussed 

above. The calculations are summarized in table 7.10.

Table 7.10

Comparison of Computed and Observed 
Fall Based on BPR Definition

April 14, 1969

Water Level Computed Observed

Average at section (1).............  312.3 312.85

Reference Mark (RM)...........  311.97

Centerline Section (3)........ 311.5________ ______

Fall (Ah)............................  0.8 0.88

April 6 , 1964

Average at section (1)........ 49 . 15 49 .7

Reference Mark................. 48.43
Centerline...........................  48.2 _____

Fall (Ah)............................  0.95 1.3



7.4 Computed Vorticlty

The calculations were all performed with the material 

derivative of vorticity D£/Dt (cf. equation 5.12) assumed 

to be zero. The vorticity was then computed on each ele- : 

ment of the finite element grid system using equation 

(5.19). The values for computed vorticity did not differ 

significantly from zero.

The material derivative D£/Dt represents changes in 

angular velocity of the fluid elements. Since the rota­

tional motion of the fluid is caused by viscous forces 

generated at the channel bottom G and solid boundaries 3DX 

and 3D2, it is not surprising that angular momentum of 

the fluid is dominated by the surface forces that generate 

it. Indeed the classical argument for the symmetry of the 

viscous stress tensor is based on the dominance of surface 

forces over body forces. Surface area of a fluid element 

is related to the square of a characteristic dimension 

for the element while volume is related to the cube of the 

characteristic dimension. As the characteristic dimen­

sion approaches zero the body forces which are related to 

the volume of the element are dominated by surface forces 

which are related to surface area (Pao, 1967 , p. 37).

For these reasons the material derivative D?/Dt will 

probably always be approximately zero. Equation (3.13) 

could then be represented by the homogeneous relationship:

(7.1) Curl F - 0
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The vorticity should always be computed, however, to check 

on the assumption.
Even though the vorticity is small, the conclusion 

that it is zero should be avoided. The computed flow 

distribution shown in figures 7.4 and 7.6 are very dif­

ferent from the potential flow distribution. To assume 

a potential flow distribution would be a serious error.

A significant change in flow distribution can be associ­

ated with a very small vorticity. The angular momentum 

associated with that small vorticity can be insignificant.



8. CONCLUSIONS

For the steady gradually varied subcritlcal flow of 

a fully developed turbulent boundary layer, the Bernoulli 

equation on a two-dimensional streamline equation (4.9) 

is an itegral identity of the Euler momentum equation; it 

is valid even along streamlines that pass through the con­

traction. Hydrostatic pressure distribution is specified 

by the definition of gradually varied flow.

Techniques for computing water levels in natural chan­

nels by the numerical solution of the Bernoulli equation 

are currently available (e.g., step backwater). For two- 

dimensional flow, however, the two-dimensional stream­

lines must be accurately located before the water levels 

can be computed. The Bernoulli equation is not inde­

pendent of path in a rotational flow field; it can only 

be used among points that lie on the same streamline.

The finite element technique developed by Zienkiewicz 

(1970) for computing the deflections of an elastic membrane 

can be used to locate the two-dimensional streamlines.

The stream function specifies the two-dimensional flow 

distribution and the level curves (contours) of the stream 

function are the two-dimensional streamlines along which 

the Bernoulli equation can be applied. The differential 

equation of motion which governs the flow distribution has 

a form similar to that of the unloaded elastic membrane



equation (cf. equation 3.13) (i.e., the homogeneous "quasi- 

harmonic" partial differential equation). The values of 

the stream function correspond to the membrane deflections, 

and a coefficient which is a function of channel convey­

ance and magnitude of velocity corresponds to the membrane 

stiffness coefficient in the membrane analogy. The 

boundary conditions are specified as forced deflections 

at the edges of the membrane.

Field data collected by the USGS at Tallahala Creek 

at State Highway 528 near Bay Springs, Mississippi, are 

characterized as follows: 1) above normal water levels 

downstream from the contracted section; 2) the absence of 

separation downstream from the left approach embankment; 

and 3) estimated backwater five times as great as the 

value that would be predicted by empirical techniques 

currently used by the USGS and the BPR. The mathematical 

model developed in this dissertation can explain each.

The contraction causes increased velocities and in­

creased lengths of streamlines in both the regions up­

stream and downstream from the contracted section; head 

loss due to friction along those streamlines is increased 

accordingly (cf. equation 4.9). Unless the flow is criti­

cal at some point on a streamline, the increaised friction 

losses will result in above normal water levels both up­

stream and downstream from the contracted section.

A necessary condition for separation is that the
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velocity head at the point of separation exceed the total 

head loss due to friction along the free streamline (cf. 

equation 6.3). If the velocity head on the free stream­

line is not sufficient to balance head loss due to fric­

tion on the free streamline then the Bernoulli equation 

on the free streamline (cf. equation 4.9) requires a 

change in water level somewhere on the free streamline.

But the free streamline is the boundary of the stagnation 

zone and the water level must be constant on the stagnation 

zone. Such water level fluctuations on the free stream­

line would thus result in discontinuities in the hydro­

static pressure distribution (cf. equation 4.2). Such 

discontinuities would result in forces that could not be 

supported by the fluid.

The necessary condition for separation can be used 

to predict the absence of separation. The absence of 

separation is associated with a flow distribution that can 

damage the downstream side of an earthen highway embank­

ment. The necessary condition for separation thus provides 

important design information. Where hydraulic roughness 

is large in the expansion zone downstream from a con­

traction and friction loss is expected to be great, 

separation should not be expected.

Comparison of computed and measured values of fall Ah 

(cf. tables 7.9 and 7.10) indicate that the finite element 

model can predict the large contraction losses that
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currently used empirical techniques seriously underesti­

mate.

Additional data is needed to completely verify that 

algorithm 5.1 computes the proper flow distribution over 

the entire two-dimensional region near the contracted 

section. High-water marks and ground-surface elevations 

are needed over a region subtended by one valley width 

upstream and one valley width downstream of the contracted 

section.

The writer suggests that the testing of equations 4.9 

and 7.1 (equation 4.9) under conditions of steady gradually 

varied turbulent flow might be valid subjects for labora­

tory hydraulic model studies. Once verified the equations 

would become the basis for an extension of the theory to 

field prototypes. This approach would be more valid than 

the presently used approach of comparing the field proto­

types directly to small scale models. The latter exa- 

gerates the effects of viscosity (cf. section 1.1) while 

the suggested approach merely tests a general hypothesis 

which when verified could be applied generally through 

mechanics.

There has been no experimental investigation of the 

two-dimensional nature of hydraulic roughness. Low values 

of roughness are usually assigned in main channels passing 

through wooded areas. But if the flow at flood stage is 

not directed along the channel then the low value is not



justified. Zienkiewicz1 a (.1970) general linear "quaai- 

harmonic" partial differential equation admits an aniso­

tropic conductance which, could easily be adopted to an 

anisotropic channel resistance in equation (5.3).

More extensive field surveys would be required, however, 

and the added effort would have to be justified economi­

cally.

The accuracy of the finite element solution procedur< 

used by algorithm 5.1 can be improved by the use of quad­

ratic elements; the form of the interpolating function 

(5.5) can be changed to one of the following:

(8.2a) <(>e “ a^x + a2y + a 3xy +

(8.2b) <{>e = ctjX + a2y + a 3x2 + a^y2 + a 5

(8.2c) (j)e = djX + a2y + a 3xy + a^x2 + a5y 2 + a6

The forms (8.2) are associated with elements that have

four, five, and six degrees of freedom respectively; the 

linear form (5.5) has three degrees of freedom. There 

must be one information node for each degree of freedom 

associated with each element. The increased number of 

parameters would increase the order of equations (5.8), 

but larger quadratic elements would make the same ac­

curacy obtainable with a smaller number of elements as



compared with the linear elements. Zienkiewicz (1970) 

suggests an element based on equation (8.2c) with six 

information nodes chosen at the vertices and midpoints.
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