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A19197 4.1  NanaIsNTEUYIYUAA LIANSIUNealn yeansuvuaa tiinade
0.35 uu. (o = 1.66)

Run Bed: form Percent Finer than Indicated Size in am.-
No.
1.190| 2.00| 4.78
1 Ripple 99.01/99.80|100.00
2 Ripple 99.23)99.45|100.00
3 Ripple+Dune 83 353 87. 99.36{99.59|100.00
4 Dune -";‘fﬂ-' 95| hg 50| 96.95| 98.72|99.91|100.00
5 Dune | 89.01|99.72|100.00
6|  Dune

98.09/99.65|100.00

7 |Washed out Dune|1.65] 11 99,.27(99.64|100.00

B |wWwashed out Dune|3.23 li'ﬂ'“ 98.09|99.65|100.00

12.05

9 Plane | 43.10 98.43|99.83|100.00
m

f—

10 | Standing ¥ave12.56| 11.81 §7.52| 98.70{99.01]100.00

11 Standing Wave .'FL 11. 91 48.01| 64.78 %‘.’.52 88.70|98.01{100.00
'}

12 smdinsgfrﬂ - 3 ‘HEJ WT. ﬁ]ﬂf

13 | Standing Wave [2.83| 11. 22 48.21) 65.42| 97.68| 99.15|99.33|100.00

o 0 A o, e e

15 Antidune 2.37| 10.89| 47.21| 64.27| 97.34| 98.50(99.81|100.00

89.35/99.45|100.00

Average % Finer |2.60| 11.67| 47.58| 64.80| 97.55| 98.89/99.60|100.00

i aonh



A1379 4.2  mantTnaAdeufiinlAtavlEnsauvunn winmdy 0.35 uu. wazdAnag (Fuatlif = 1.66

Run | Slope plscharge| Deplh | welociLy | Wis alugh ed ped Halerinl Reglne Bed Form
[T ('] (1] wi =
I 2
No. [afL./0L. Y lefed Ly .lfjll- [ 2 v TPpwh]C . piemeler |Oredsbion
- W, -
x e N prL.oxie™  wd
1 0,21 1. 132 0.50 1.15 BT y o LT \ 1.148 1.8413 Lower Elpples
' 4 (2 4 N
z 0.30 1820 | a8 | 1.8 " .00 o7 \ 1.172 1825 Lower Ripples
- hlldama | L
3 0,51 1,855 848 1.923° 17 .-f"":!ﬁ* By 7Y 1 1. 168 1.668 Lower Ripples
i 0.81 1.110 8.50 1.758 B. e = 110 1200 1.678 Lower Dunes
P e
5 B.80 2110 0.8 2.188 b7 ;@Eaj T [} 1,085 1,082 Lever brres
g 1.12 .ot |'o.se | zoesT (W § TF | ae 1,022 1.893 | Tremsibion [Veshed Out dune
A M
1 1,73 2.720 0.51 2,710 :)11_1- T-mis A ' 5 1.108 1.705 | Tremsitiem |Veshed oub dume
] 1,82 g.000 0.52 1,874 THE 2 1, 1.093 1.655 | Tramsiblen [Washed Oul dume
8 2.71 3. 181 8.50 1.23% . ?(\_ 102 5,136 1.E82 Upper Plene hed
1 342 waes | oo [ e gn :.m|ﬂ 1,138 1,088 wpper | Standing ¥ave
" 4.52 4.E05 0.5 R IT 157 7.0 a,820 | 2,238 1122 1,058 vpper | Staading Wave
= @
12 5.22 4.023 (R q.ﬂ EIFJ h{m . (] 1.030 Upper | Stunding Wave
13 a.nr 1,532 .51 4,505 ! w " ,ﬂ:] f Sl 1.800 Upper Standing Wave
T 7.54 LT B.ie m-y B.E7 8. 12z | e | otz 1.084 Upper Ank idunns
15 5,81 1,552 l.ﬂ WRI mﬂ ‘ . qﬂﬂ-m Upper Ank Idunas
L]

Mesn size of bed walerial d,, » 1.124 x 107" fL = 0.35 su. vith & seaswre of grodalioa 6 = 1.08

9
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A1TNT 4.3 Wan1TnTrvuveIvHIA AN ufe el veentawvwa tiia tady

0.70 u¥. (6 = 2.13)

Run Bed Form Percent Finer than Indicated Size, in ma.

No. 0.075 |0.149]|0.250{0.420]0.841|2.000|4.760

2 Ripple a\,h\\ ,A/g;u 21.98|54.5890.21] 100.00
YL .

21.25(53.71|90.20| 100.00

5 Ripplews 756 [1.83 |8 30u{2 60.96(93.83| 100.00
' 56.09|90.83| 100.00

58.08|90.56| 100.00

55.61(81.77| 100.00

T Dune 63.48|93.09| 100.00

B Dune 55.61|95.47 100.00

9 Dune 29.76165.46|91.45 100.00

12 D%ﬁr 4164.73(96.30} 100.00

13 |Washed uui P

58.89(90.98| 100.00

| —
14 |Washed out yne . Q.u 58.39/92.31| 100.00

10 Sta.miing ‘Hafh 0.79 5.8% |12.16 29,1;‘:54.53 893.77 100.00
‘ ‘ 38 8

11 stﬁiu &LQ nﬂ ﬂiawy 1{]4 }1.25 93.70| 100.00
Y

15 Antidune 0.86 [3.08 |8ca3 [21.81|55%47]|89.61| 100.00

A AN FIN YRS

Average % Finer 0.91 |3.46 | 9.07|24.63|59.15|92.62| 100.00




- » ™
A1T19f 4.4 manaanadeniialitauiiniauvuan inwdu 0.70 uu. wariidniFuaiiia = 2.13

Run |Slope Discharge |Depth|Velocity 'I'iscusit-,r Guspended Bed malerial Ded Fora
No. s) Q) m | o (7] , (ppa)

(ft.#fL.y| ters.y JUfk.)| tfps.} |isq.fL/sec.) Diamecker Regine

x 10°° x 10°° (fLox1d’| 6
2| wo.25 1.186 |0.488| 1.232 811 2.451 | 2.200| Lower Ripple
3| 0.48 1,420 |0.497| 1.503 8.26 2.526 | 2.160| Lowver Ripple
§ | 0.75 1.097 |0.494] 1.129 B.45 2.133 | 2.176] Lower Ripple
1| 2.29 1.858 |0.496| 1.903 B.08 2.329 | 2.156| Lower Dune
4| 2.92 2,106 |[0.496| 2.157 8.22 2.362 | 2.120| Lower Dune
6| e.24 2.508 [0.498| 2.589 B.45 2.441 | 2.013| Lower Dune
T 5.14 2.629 0.4968] 2.048 B.30 2.133 2. 146 Lower Dune
0| 6.8 2,816 |0D.505| 2.811 8,40 i i'—:.-:*: 2,420 061| Lower Dune
9| s.78 3.035 |0.502| 3.030 B.54 58— | =2.000 | 2.086| Lower Dune
12| 1.5 2,919 |[0.498] 2.991 B.45 .0 3,948 2,591 m 2.067 | 2.173| Lover Pune
13| 71.50 3.106 [D.472| 3.344 B.45 ';n ~gf 8 ~2.323 | 2.188|Transition Vashed Out Dune:
14 | T.54 3.1968 |0.492] 3,301 B. “FJJ MEJ:J ty ﬂﬂj EIh ﬂ i.jzs 2.116|Transition|Vashed Out Dume
10 | B.68 3.898 |0.460( 4.307 33.3 &, 328 2,199 2.934 | 2.1%0 Upper Standing Vave
11 | B.98 4041 0. 46T 4,327 q ﬁ’] h‘ﬂ ﬂ i ]Js%dz:w -]q 1‘] EI f]zasi 2.152| Upper Standing Wave
15 | 10.00 4.191 |o.484| 4.400 Ta.34 a1.8 6,507 2,390 2.481 | 2.198| Upper antidune

pean size of bed malerinl d , = 2.26Bx 10 ft. = 0.70 am. with a measure of gradation f= 2.13

6E
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AITIM 4.5 wan1nszeuved tianstuiesih veanitwvuan iin ade

0.95 uu. (6 = 1.82)

Run Bed Form Percent Fiper than Indicated Size, in mm.|’

‘%“ ”
No. 0: -n-..- .*-;__J 1.5002.380|4.760
— —
f o
6 Rlpple ( ) Sﬁh j 93.84|100.00
9 Ripple 94.96|100.00|

8 Dune {(small 897.15|100.00

3 Dune 94.38|100.00
T Dune 94.41|100.00
i0 Dune

82.26(100.00

00191.24]100.00

11 Dune {hinf):l

12 Transition 84.19]|100.00
13 |Standing Wave

91.91/100.00
14 |Standing Wavel|0.24

St e A
CTLRER i 0 3 D 131 20




A151aft 4.6 wantInadeuiialdtauldnsauvuaa tiansau \ady 0.95 wu. uarilAnidvaiiia = 1.82
pun| Slope |Discharge|Depth|¥elocity Viscosity 'Iﬂpeut e " uspended Ped Haterial Regime Bed Form
No.| (S w m o () /
ebosre.y]| ters.y leeea]| teps.y |tsq.rbrsec.y| weSsmw— {:.}!lpp
x 1070 x 107 piaseter |Oradation
. (rLaxio ™| (6
8| o.s2 1.21  [o0.490| 1.200 8.650 2.950 1.978 Lower Ripple
2 5.70 1.45 |o0.s10] 1.480 8.350 3.080 2. 101 Lower Ripple
8 1.37 1.60 0.510f 1.625 a.480 2.BB5 1.BTS Lower Denes [Smalld
3| 1.89 1.80 |0.520] 1.780 8.510 3.145 1.834 Lower Dune
1| 3.18 2.10 (0.480| 2.265 8.540 3. 145 1.810 Lower Dune
10 | 3.0 2.29 |0.S05| 2.350 4.500 3.670 1.7386 Lowver Dune
11 | e.79 .62 |o.480] 2.230 2.510 L:j = 3.150 1.788 Lower Dunes (Big)
12 6.50 2.07 0,520 2.BE0 B. 430 2.550 1.721 |Transition|washed Cut Dume
13 7.50 3.18 0.520] 3.150 8. 450 2.950 1.810 Upper Standing Wawe
14 B.33 3.50 n.500| 3.620 B.340 3.080 1.823 Upper Steading Wave
15 | s.50 3.75 [0.490| 3.900 ﬂmulﬂ ’}:ﬂ %sﬁ ja.uan 1.775 Upper | Standing Wave

e et i - QR RPTOTUTTIITE

1.82

44
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L}
713137 4.7 ¥9¥a91NNANTITNAABIYEY Simons war Richardson &u3uNsay

Yu1A LA 1ady 0.19 uy.

Total Bed Suspended Bed Bed Haterial
Materlal Discharge | Haterlal Discharge Bed Form
Run ct, (ppm.) Cs, {(ppm.)  |Ave.Dlsmeter | Gradstion
¥o. ' (re.) x 10* | (6)
2 o 6.580 1.340 Ripple
1 | -~ 6.430 1.320 - | Ripple
5 5.400 1.360 Ripple
23 ' 1.330 Ripple
29 1.310 Ripple
'8 , ( 1.330 Dune
1 1,300 F ). (s 4 : 1.320 Dune
34 _ 4309 i\ 1.300 Dune
12 1,270 o G .5.903 1.360 Dune
6 7 s, 1.330 Dune
7 1,240 S : “1.330 Dune
as 1.270 Dune
9 1,210 23C 1.340 Dune
13 1,240 T el X 1.310 | Transitlon
14 : 1,490 I-I e 5264 1.290 | Transition
15 2,000 . 1.320 | Trensition
16 2,750 . : 1.310 | Transitlon
10 ﬂqu EJ q rl 3 ‘j 1.330 | Transitlon
17 4,850 1.390 .| Antldune
18 ] 2 _ ‘ 7 U Antidune
20 1) w:;]’aq ﬂ ) W | - ﬂ*ﬂf] a EI Antldune
21 [T 25,200 - : 3 Antidune
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¢
m'n«m 4.8 1uua1ﬂnuannaaﬂn~: Simons uas Richnrdsnn #miunsu
YUIA LA mau 0.27 uu.
Total Bed Suspended Bed Bed Haterial
Material Discharge : -
4 Run ct, (ppm.) Ave.Disseter| Gradstion | Bed Form
' No. (fe.) x 10* | (4)
50D 1.480 Rlpple
51 1.600 Ripple
® 52 1.520 Ripple
57 1.520 Ripple
54 1.570 Dune
56 1.540 Dune
43 1.500 - Duns
44 1.420 Dune
42 1 Dune
58 1 Dune
45 1.760 Transitlon
40 1 Transition
47 1.510 Antldune

ﬂumwﬂmwmm
Qﬁﬂaﬂﬂimﬂliﬂﬂﬂmﬁﬂ
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15137l 4.9 ¥0YANNANIINARLIYEY Simons uat Richardson Hmdy

d < -
NITUYUIA LUA LRAY 0.28 ny.

Total Bed Suspended Bed Bed Haterial
Haterlal Dlscharge | Haterisl Discharge
Run ct, (ppm.) Cs, (ppn.) Ave.Dismeter| Gradatlon | Bed Form
No. (re.) x 10™ (6)
8B 9.850 1.780 Ripple
10 8.660 1.520 Ripple
5 9.850 1.620 Ripple
4 '9.020 1.510 R Eipp[;
11 9.510 1.570 Ripple
12 1.840 Rlpple
14 1.610 Dune
20 1.650 Dune
2 1.800 Dun=
.21 1.530 Dune
19 1.6830 Dune
16 J1.650 Dure
17 1.680 Dune
3 1.680 Dune
15 1.690 Dune
23 1.710 Dune
18 1.690 Transitlon
30 . HI.I 1.670 Iransitlon
24 2 380 w 3 1.730 Irensitlon
22 ﬂm ﬁJ ’g V] EJ m ,.1 n 1.720 Transition
25 3" ¢ 972 ~| - 10.310 Q1.700 Plane
28 7 Qﬂﬁamﬂ:ﬁ’]"‘ nﬂ’] aﬁa Plane
29 OI @ g i 1.690 Plane
268 5,080 1,740 1.6800 Plane
3z 10,500 9,480 8.460 1.830 Antiduns
27 11,500 8,240 g9.140 1.620 Antidune
ar 19,900 7.820 9.350 1.700 Antidune
as 36,100 33,800 9.120 1.630 AntIdune
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1
A19147 4.10 YO¥AINNANIINAADIYEY Simons uat Richardson mMSunsqe

Yu1a ilin1adv 0.32 uu.

Total Bed Suspended Bed Bed Haterlal
Haterlal Discharge | Haterlal Discharge -

Run Ct, (ppm.) Ave.Dlemeter| Gradatlon | Bed Form
No. (re.) x 10" (8)

3 55 1.340 Ripple

4 61 l.440 Ripple
30 g1 1.360 Ripple
29 117 1.330 Duns

-] 226 1.310 Dune

& 168 1.520 Dune
27 " 455 | L.570 Dune
28 787 1.570 Dune
208 854 1.620 Duns
25 714 1.520 Dune
21 a07 1.650 Iransition
22 1150 1.500 Transition
24 683 1.490 Transitlon
23 g 1150 1.400 Transition

1.590 Irensitlon |
1.040 Iransitlon

7 -

=
19 ﬂau EJ dm ' 1.420 Plane
10 518 1. 9 1.0 Plane

QL4560 Plane

12 3520
20 Jq Wm\aﬂﬁmgﬂw’] Wﬂlﬁ aH Antidune

g 5 ! 0.935 1.500 | Antldune
11 5250 1810 1.051 1.480 Ant idune
14 12300 _ 5340 1.215 1.560 Antidune
13 8780 2100 1.040 1.490 Antidune
15 26100 19000° 1.160 | 1.500 Antldune
I8 21000 14700 1.527 1.890 | Antidune
18 20800 17400 1.231 1.600 Antidune
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A1 4.11 "l'ngai"inuﬂmmnaaum Simons ua: Richardson a#miunsau

Yu1a tlin adu 0.47 uu.

Total Bed Suspended Bed Bed Material

Material Discharge
Run ct, (ppm.) Ave.Diazeter Erld.n:inu Bed Fora
No. ' t.) x 1079 16)
86 4,800 1.350 Ripple
87 8,400 1.560 Ripple
a8 11,400 1.540 Ripple
90 6,930 1.330 .| Ripple
89 9,030 1.480 Ripple
93 100 1.500 Dune
92 6,180 1.530 Dune
91 8,660 1.380 Dune
82 ; 562 1.580 Dune
52 -'.'» — 1.470 Dune
76 9,740 1.510 Dune
53 11,200 E 1.5 |  Dune
83 588 503 1.633 1.540 Dune
. ﬂuﬂqwﬂ%sw WY - |
55 820 2,59 7 1.692 o }5% Dune
CAWIRNNI RN ﬂ'ﬁ!'ﬂﬁ‘&i" »
58 |g 8, : 1.480 Dune
78 13,500 4,220 1.453 1.490 Dune
59 T.490 ° 13,306 1.535 1.500 Dune
80 - 6,890 5,820 1.699 1.480 Plane
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L ! i i
A157437 4.11 YOYaIINHANIINAABIYDY Simons ua: Richardson @ miunsau

‘yunA ilia 1ady 0.47 wu. (Ae)

Total Bed Suspended Bed Bed l}urhl
Material Discharge | Material Discharge |

Run Ct, (ppa.) Ave.Dianeter| Gradation Bed Fora
No. (re.) = 1074 (6)

71 8,850 21.722 1.550 Plane

72 12,800 L5673 1.610 Plane

70 10,200 1.560 Plane
100 8,550 1.660 Plane

81 4,490 1.510 Plane

62 9,280 1.660° | Standing Wave
67 15,600 1.647 1.480 | Standing Wave
79 18,200 1.355 1.480 | Standing Wav
68 14,400 1.738 1.580 | Standing Wav
63 E':{f& 1.540 | Standing Wav
64 12, 1.560 Antidune
65 14 .znug'"‘“*--.. i | 1.430 Antidune
66 17,400 11,600 1.526 1.560 Antidune
a0 : “h u ; j 4 1.460 Antidune
84 @ﬂﬂ ’] Emj w EJ ftﬂi 1.530 Antidune
69 15,300 “3,800 1.430 1.580 Antidune
ARIRANTUHAIININ R | e
99 43,000 42,200 1.492 1.600 Antidune
D7 14,800 6,300 1.507 1.650 Antidune
61 9,560 4,390 1.722 1.550 Plane




SUSPENDED LD.HD.'L‘-.-{ ppm. }

RELATION OF

;ﬂﬂ 4.4

TOTAL LOAD & SUSPENDED LOAD

In ppa. for RIPPLE BED FORM

—1 M

L0

ﬂ‘lJE

'H'J"Illﬁl.l‘l“l "l

AR Sk

60 N B0

Symbols

oD OO OBOD

memm

o010
0.33
0.85
0.18

-0.27

0.28
0.22
0.47
0.25

"“’“‘i&m eyt 1

BEERBERRE



RELATION OF TOTAL LOAD & SUSPENDED LOAD

in ppn. for DUNE BED FORM

RO aOO

SUSPENDED LOAD, C,-(ppn. )

Y. (g
o4 /

S0 (Bod
¢ &7 [C

I u"‘.

ﬂﬂﬂ%%ﬂnﬂ@ﬂ&ﬂﬂ‘i
il HANA 3niauna Ylm@.ﬂ

Fmivinsusfisafituuuau

Symbols

070 mm.
0.33 nm.
0.895 mm.
0.15 mm.

0.27 mm.

0.28 mm.
0.32 mm.

-0.47 mm.

0.35 mm.
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SUSPENDED LOAD,C,-(ppa.)

RELATION OF TOTAL LOAD & SUSPENDED

In ppr. for TRANSITION BED FORM

REEFE 2!

% "‘%w o L
ﬂuﬂ‘wﬂ%ﬁwmrﬁ

ammmmumwmé’a

1ﬂﬁ 4.6 n1ﬁnawnnﬁ1aqn=nauu11uaauﬁun:nauﬁquln
dmivansoe e afiuuunsuddu

LOAD

‘I:L‘IS mm.
-0.27 mm.

0.28 mm.

0.32 mm. -

070 mm.

- 045 mm.

035 mm.
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SUSPENDED LOAD,C,-(ppm.)

RELATION OF TOTAL LOAD & SUSPENDED LOAD

10040

EDGE-

vl

7000

23C0

i00d

In ppmn. Tor PLANE BED IN UPPER REGIME

g

mnz:m;?omsnwmmmm1m

ﬂﬂﬂ’ﬂ"ﬂﬁﬁﬁﬂﬂ’m‘i

Symbals

L e

QW']ﬁNﬂ‘m.l UA1INYA Y

4.7 n11nRunufiaqnznnua11uaaununtnaumquun

ﬁﬁn%uanuu:nuquﬁunuinaulun

0.28 mm.

0.32 pm
0.47 mm.
0.2 mm.
0.35 mm.

S3 -
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RELATION OF TOTAL LOAD & SUSPENDED LOAD
In ppa. for STANDING WAVE S e
20000 )
12000 i
16000
| - ] / 4 Symbola
‘ - | ‘ ‘ .' 1 il ﬂJG mm.
5T 14000 1 - '=. // 5 . o
o = -. 2 095 mm.
& 12000 ) : 8. : %8
i ~ AN T ®. 017 o -
: ; & U
: s T
- E m ;r';_ U}: *1;-'
g P ;_“i
g g 2000 4 lﬁ'_p -::.I TEs
= re—
o 2% AT
wﬁ— i - fan ..'n' E
600 s : <
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COMPARISION BETWEEN MEASURED AND COMPUTED BED LOAD
' " MEYER-PETER & MULLER

for 0.35 en (g = 1.66)
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COMFARISION BEIWEEN MEASURED AND COMPUTED BED LOAD
ENGELUND AND HANSEN

for 0.35 pn (6 = 1.66)
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COMPARISION BETWEEN MEASURED AND COMPUTED BED LOAD
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U‘RED AND COMPUTED BED LOAD
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COMEARISION BEIWEEN MEASURED AND COMPUTED BED LOAD

| COMPUTED BED LOAD DISCHARGE, TON/DAY (Q,)

MEYER-PETER & MULLER

for 0.70 mn ( & = 2.13)
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COMPARISION BETWEEN MEASURED AND COMPUTED BED LOAD
-  ENGELUND AND HANSEN.
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COMFARISION BETWEEN MEASURED AND COMPUTED BED LOAD
- VAN RIJN
for 0.70 ma ( & = 2.13)
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COMPARISION BETWEEN MEASURED AND COMPUTED BED LO

MEYER—-PETER & MULLER
for 0.95 nn (6 = 1.82)
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COMPARISION BETWEEN MEASURED AND COMPUTED BED LOAD
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COMPARISION BETWEEN MEASURED AND COMPUTED BED LOAD
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Q, = 0.5801 Q, (4-8)
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- Q = 2.164 Q, (4-12)
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a _ Q, = 4.9253 Q, - 11.23 - (4-18)
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