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The sand bed material was placed in the flumes to a dapth of 0.5 foot to

0.7 of a foot. In the 8 ft flume this depth of sand was sufficieat that even
under maximum dune conditions the floor of the flume was not exposed except
at one or two pot holes which were two or three sguare feet in area: The bed

was never exposcd in the two-foot wide fluzae under test conditions.

PROCEDURE

The data collection procedure for the investigation weas the same, in
general, for both flumes, and for the various sand sizes, except that for the
0.47 mm and 0. 54 mm sand a fine clay (bentenite) was added to the flow to

investigate the affzct of the increase in viscosity resulting from thie fine clay

on fiow phenomsana, Also, the effect of viscosity on flow pheromena vias

investigated using the 0, 32 rom sand by varying temperature. The deviations

from the general prozedure for these three sands will be described later.
There were some changes in method of measuring some of the varisbles
during the course of the investigaticn which will be described under "Data
Obtainec''.

The genaral procedure followed for each individual run involvad
recirculating a given discharge of the water-sediment mixture in the flume
at a given slope until equilibrium conditions were establigshed. Slope sclac-
tion was accomplished in a general sense. In any flow system where discharge,
depth and slopa can be varied, only two cf the three variables can be conzidered
as independent, In a naturel stream, the discharge and slope are normslly
independent, with depth dependent. In the flume, the discharge was independent,
slope was indepeadent within limits, and depth was dzpendent. The slop2 was
preset at the beginning of a run by adjusting the tail gate. Such edjustment
indivectly influenced the depth as a dependent variable. Generally, especially
at the flatter slopes (0. 00014 to 0. 006 £t/1t), the slope of the water surface was
adjusted parallel with a screaded bed. With the developme: . of the bad config-

uration, the slope and depth adjusted to the new condition of bed roughness.



L.

[ S

&

PO

-

Thus, for these experiments the slopz and depth are a function of dizcharge
and a roughnass which dev.e’loxm for thst regime of flow., The non-uniformity
of flow caused by change of bad roughness was eliminated by continuing the

run L,n"il the bed slope and tha slope of the water surface again became parallel
to each other by natural edjustment of the sand bed. Equilibrium flow wes
considered as established and measuremant of the data started when (1) the
bed configuration was established for the full length of the flume, excluding

the sections influenced by entrance or exit ceaditions, and (2) the water
surface slope remained essentially constant with respect to time. The period

of time required to establish equilibrium ccaditions varied with the slope end

‘discharge. Some2 runs with flat slopes qudr‘,d three and four days to achieve

equilibrivm, whereas, with the steeper slo'pss. equilibrium was established
within two or three hours, Every run involved continuous flume operations
until it was cemolc;eted Whether or not equilibfium conditions are esgtablished
in the final enalysis rests on the measured data and the judgment of the
experimenter, To ingure the achievement of equilibrium conditions, mnst

cf the experiments were continued longer than the required timae asg indicated
by measurements.

The general procedure was different for the 0.47, 0,54 and 0. 32 mm
gand m ihe followin'r way., After equilibrium was esteblished and the datsa
coliected for a given run, bentonite was added or extracted {rom the flow for
the 0.47 and 0, 54 sand or the temperature changed for the 0, 32 mm sand
without stopping the run, The new run was then continued until equiliﬁrium
was sgeain establizhed and then the neceasary data were collected. This
procedure of adding or extracting bentonite or changing the temperature

without stopping the flow was continued for a geries cf runs ranging from 2 to

5 in humber.
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BASIC DATA .

The data obtained for each equilibrium run were: water surface slope,
water-sediment discharge, water temperature, depth, average velocity,
velocity profiles, concentration of total bed material transport. concentration
of fine seﬂiﬁnent transport when fine sediment had been added to the flow,
suspended sediment concentration, characteristics of the bed material, bed
configuration, kinematic viscosity, apparent kinemetic viscogity of the water-
fine sediment complex, and descriptions and photographs of the water surface

end corresponding bed configuration.

Water Surface Slops
B The weter surface slope was determined by measuring the water surface
elevation with a level and rechanical point gage and also by a differential
bubbler gege. Bo?h mg¢thods were in close egreement. The bubble gage
| continuously recordes the difference in elevation of the water surface to within
'0. 001 ft between two polnts from which water suriace slope can be computed.
The continuous recoxd of the bubble gage slepe was usad to deterxﬁine when
equilibrium conditions were established., Equilibrium existe when average .
slope does not change with time, The bubble gage was not used in the 2 ft

flume or for the 0. 45 mun send study.

Water-Sediment Discharge

Discharges of the water-gediment mixture were measured with
calibrated orifice meters and water-air manometers. The calibration of
the orifice meters was checked pariodically to determine if any change had

occurrcd in the calibration.

Water Temparature

The water temperature was measured to the nearest half degree
centigrade with a mercury thermometer., Water temperature was essentially

constant for a particular run but varied from run to run. The variation in
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watar temperature for experimentz with any given sand are given in Table 1,

Alihough Table 1 indicates a wide variation in temperature for each sand size,

Q

a
the températme range for moat of the runs for the 0,19, 0,28, and 0,93 m

sand was lesg then 3° Centigrade. In the experiments in the 2-ft flume with

the 0. 32 mm sand, the water temperature was deliberately changed to determine

the effect cn fiow phanomaena,

P}
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' The avarage depth of flow wes deiermined by measuring the difference
in elevation between the water surface and the sand bed with a péint gage.
Measurements were made at selected intorvals down the length of the flumes.
The selaction of the intervel dependad upon the bad configuration that existed
for the run, the intervals being closer spaced for a dune bed conliguration
§ ¢! than for an antidune or a ri'pplra ved confisvration, This method of measuring
N depth was used er all the sands except the 0. 45 mm size. Measurements of
- depth for the 0,45 mm sand were ohtained by screeding a 30-40 ft central

section of the sand bed, determining the average elevation of the sand bed and

- subtracting this elevation from the average elevation of the water surface. The
' two methods of measuring depthe yield essentially the same results. The

3 measurement: of average depth are accurate to within + 0,03 ft,

L

| Velocity _
i . i ’ '
The mean velocity was calculated by dividing the measured-discharge
by the area of the water cross-section, worefore, it accumulates errors

! inherent in the depth and discharge measurements,

{ Velocity Profiles

" Velccity profiles were obtained for most of the runs. The profiles

" were measured in 3 verticals in the cross-gection located 00 to 100 ft down-

stream from the entrance in the 8-{t flume and at 1 vertical located 35 ft
dewnastream from the evirance in the 2-ft flurae. The velocity profile data

is not given in this report.
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Concentration of Totzal Bed Material Discharga |

The total sediment discharge was measured with a width-depth integra-
ting total load sampler located where the water discl:e.z;ged from the flurae into
the tzil box. With a dune bed configuration eight samples were collected curing
a two-hour period. With all other bed configurations, four to six samples were
coilected during a -to 2-hour pericd. This procedure was used for eisparimen'ts
with all sand gizes e:-zce.p the 0,45 mm sand. With the 0,45 mm sand only,
four to six sumples were obtained in a l-hour period for the dune bed configura-
tion. This number of samples over this short time period was not sufficient to
accurately deterrning the average concentration of the bed material discharge.

Fach sample consisted of 70-110 pounds of the water-sediment mixture,
Concentration of sediment in parts per million was computed on a dry weight
basis. ‘

In the experiments where fine sediment was added to the flow (0. 47 and
0. 54 mam sand efkperimcnf:fs), the concentration of fine sediment wes determinad
by separsting the total load sarmaples into a fine rasterial fraction and a bad
material fraction. The fine material fraction was determined by taking a sample
of the water-sediment mixture efter it had been allowed to settle { minute. Ths
bed material fraction of the total scdiment discharge was that material retained
after washing on a 200 sieve,

The size distributicn of each total load sample was determined in the
visual eccumulation tubs (Colby and Christensen, 1856). The median diameter

and the gradation ag measured by K are given in the tables of bagic data.

Suspendad Sediment Concentration

Suspended sadiment was sampled 95 to 100 fi downstream from the

entrance of the 8-t flume and 35 1 c‘:oemstrcax'n from the entrance of the 2-£%

flume with & speecially designed dapth integratiﬁg sampler. The samplef

consisted of a brass nozzle, 3" long and 1/4" in diameter, attached to a wading

rod. The nozzle wos connectad to a flexible tubs., A water-sedirnent girple
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was dreawn turough the tube to a coenfalier by & vacuuwm pump which wras adjusted

to draw water at a vriocily approcimmad
this eguipment a 5 10

method for each run.

2ly equul to the velocity of the flow. Using

& pound samp:le was collacted by the equal transit rate

/

Some suspended bed material concentrations were larger then correspond-

ing total bed material concentration.

number of suspendad sediment samples an

This was due, in part, to the inadequate

d the pessgibility of sampling in a region

of flonv where local shear stress and turbulence was mauch larger than average

‘yalues

& 1
gf@wMaterim Characterist'g;‘;

A large szmple of the bed material was collected for

aach run. Each

sample consisted of saveral one~-inch dizmeter cores, 3 to 8 inchas in length,

taken at random . from the bed of the flume.

1 .

determine the fall demeies distribvion.

added, the fine sedimnant was rinsad from the sampl

®

and anzlyzing

&

givea in thr waof Basie Variubiles.

t

givea in the besic datow
me:arial for &l tha

frora the following eguation:

!
Ka=1/2 ‘3~

iz which

d is the msdian size,

"

d\16 ig the size for whic

ny . - -} " . . -
The medign size and gros

v il o T oy oY
: runs with a given sand

[

h 18 percent i

Tha saroplas were dricd, split and

Cana’yzed in the visual accumulatios tube (Colby and Christensen, 1958) to

In the runs where fine sedimesnt was
e before drying, spliting
ation for the sample for each run is

The pariicle-size distribution curves

gletermminzd by averaging the analyses of the bed

The gradation (K) vas determined

o

d is the size for which 34 peresnt ig finer.

84
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The fall velocity for the average medcian fall disraster of the bed material at
the texoperature of the water-zedizaent mixture of the rua is given in the basic |
data., For the 0,47 mam sand and 0. 54 mm sand, the fall velocity of the average
meadizn fall dgiameter of the bed material es it is &1actmd by the increase in
vigcosity that results from the adaition of the fine material;is also given, This
fall velocity iz denoted by w' . The d' givea in the toble for the bed material

is the f2ll diameter corresponding to w'.

Bed Configuration

The ampli*ude. the length, and the velocily of the various bed configura-
tions in feet per m}mﬁe were evaluated by:

1, Measurament ot the chservation windews.

2, Measurement using a point gage and foot attachment. _

3. Utilizing a sonic depth soundsr. This method was only applicable
when the form of bed rovghness was ripples, dunes, or traasition
dunes,

The sonic depth sounder was in the development stage while collecting most of
these data and was not available to measure the bad configuration of all th rin,,‘;é

and dune runs,

Kinematic Viscosity

The viscozity of the water-sedimant mixture is given in the basic data
as determined from the temperature of the water and appropriate standar&
tables. Where fine material (bentonite) was added to the flow, the apparent
kinematic .vi@.cosi‘ty ag effected by the fine material is also given, Apparent
kineraatic viscogily'was determined from Pig. 3. The viscosities given in
Fig. 3 were dsftermined by testing various percentages of vrater-bentonite

mixtures in a Stermer Viscometer., Thoge measurements were made for

()]

concentraticnz of 0 5 1, z, Z, and 10 percent bentonite on & dry weight

basis. The temperaturs for these measurements was varied from 5 to 45
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degrees centigrade for cach concentration. The apparent kinematic viscosities
iven on Fiz. 3 were computed using dynamic viscosity valuss and the specific
g j (=] 3 o

dengity of the fins sediment.

Bed Form

As a result of theze experiments, we have clagsified the various bed
forms that will cecur in the flumas and more important, in the field into an
upper and lower flow regime on thz baais of thzir for;:n, resistance to flow and
sediment transport (Simons and Richardscen, 1860). In the lower flow regime,
the bed form consizte of plain bed without sediment movement, ripples, and
dunes. 1@ bed‘form in the upper flovw regime consiets of plain bed after dunes,
stending waves, end antidunes. These bed configurations ave illustr.ated in
Fig. 4.

Ripples are small ridges and crests, triangular in shape which have
amplitucdeg less than 0, 2 ft and len-jth less than 2 ft. Duncs are triangular
shaped elements which have amplitudes larger than 0. 2 ft ond length greater
than 2 ft. Standing waves ave symmetrical in phase (coupled) 's'az:'d and water
waves which gradually build up and just as gradually die down. Waves of this
type are stationary, or essentially so, and usually develop in series. They
reform somcwhatl periodically after disappearing. Antidunes are symmetrical
sand sz;nd Wé.ter surface waves which are in phase (coupled) and which move
upstream. The surface waves build up with time, bezcoming gradually stecper
oa the upstream sidz, until they break like the sea surf, or; a hydraulic jump,
and disappear. These waves usually develop, break, and reform in groups of
two or more.

Dunes and ripples travel downstream as the result of the movement of

the sediment up the upstream slope, and deposit most of this material on the

" downstiream slope, This is8 the mode of sediment movement with ripples and

dunce; whereas, with plane bed, standing waves, and antidunes, the sediraent
moves as individual particles in continuous contact with the bed. They do not
move downstream in a wave front similar to ripples and dunsa. The bed form

given in the basic data is based on the claseilication given in Fig. 4.
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- ARl - GENERAL TIFORIATION ABOYT 1HE SANDS USED IN THE EXPERIMENTS . =

K I Where Sands Were Obtained I Method of Obtaining Sand Temperature | Type Of
and Amount of Processging Variation Study
Gradation °c 3
' !
1. 20 Decomposzd sandstone deposits Commercial Sand Company. 12.3t0 9.7 General
located near Denver, Colorado The sandstone was run through
2 hammermill to break up the {
larffe chunks and washed to .
. emove the clay binder. _ ;
1.54" Tlkhorr River near Waterlou, Obtained by wet screening 0.28 |10.21%0 18.5 General g
Nebraska . mm sand to remove material ' :
coarser than 2, 0 mm. ;
1,67 do Uy drﬂf'line scoommg sand from 9.01t0 17.6 " Gernersl 8
ddle of flowing river. No
p*occwina.
1.57 do From 0. 27 mm sand. No 7.0 to 34,3 | Effect of 2
processing. Sand became viscosity
coarser as a result of {ines by varying
washing away in over{lew. temperature
4 1.60 Cache la Poudre River at Commercial Gravel Company. 9.0 to 20.0 General 8
Fort Colling, Colorado. . Wc:;:xcd and scalped on 8 mesh
screen and retained on 200
mesh,
1.54 : do Same sand as .45 mm. Sand 10.7 to 24.5 | Effect of 8
became coarser as a result viscosity
of fines washing away. ) by varying
cone, of
fine sedi-
ment,
I - ;
1.52 do ; co do - 2
i
: : - B
» e
i.54 North Platte River near i Commercial Sand Co. Washed £16.7 t0 22,7 General |
4 1
Scottebluif, Nebraska . and scalped on a 4 mesh screen : ;’
T I O P R S N PSSO B A R e T )< !
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Tablg . --Pasic variables for runs with 0,19 mm sand in the 8 foot Flume,
" Run Susp. Bed Material N SQ&G,H&Xﬂﬁ; ] Bed Remarks
Load dxl0° o ¥ | e 177 e T Forms
PPM ft - ft/sec ft ft ft/min
24Bp = - = [.,0724 - - - Plane General Movement
24A - - - 0717 o = - Plane General Movement
22A1 - - = 0705 | 0.57 |[0.023 | - Plane No Movenent
2 0 0,656. 1,34 | 0637 . 0.00098 [Ripples
228 - - - 0709 - - - Plane Movement
26 - 626 1,33 1.0727 s - - Piane
25 - <613 1,30 | .0727 44 .034 == Ripples
22C - - 0712 Plane Ripples forming
30 | 7.0 .626 1.28 | ,0699 .62 .032 | .024 |[Ripples
1 0 .643 1.32 | .0654 .49 +023 .00085 Ripples
31 42 + 8623 1.27 | .0713 .58 .038 = Ripples
27 = 623 1.32 1.0713 .53 .033 = Ripples
5 805 . 640 1.36 | .0691 .92 .045 .080 |Ripples
23 0 «597 1,33 1.0713 .45 .031 .0029 {Ripples This run developed
from 22c overnight
32 | 362 . 649 1,30 {.0714 3,97 .096 23 Dunes Ripples Superposed
8 | 506 .630 1.33 | .0716 5.39 .18 17 Dunes Ripples superposcd
28 - .623 1.28 |.0712 .58 .038 | - Ripples
33 | 627 .656 1,320 |.0704 8,0 .65 «13 Dunes Ripples Superposed
29 31 .643 1,31 {,0726 .60 .038 = Ripples
3 - 059 - | 1,32 |.0637 «70 -035 032 Ripples Close to dunes
11| 795 « 583 1.32 1.0724 11,6 .39 .21 Dunes
13} 772 . 590 1,31 |.0728 (13,4 <13 .20 Transition | Some Dunes upstrean
14| G50 <564 1.29 },0729 (18.8 W17 = Transition| Long Dunes upstream
151130 .584 1,32 1,0728 20,5 .04 Transition| Plane
341 393 .653 1,30 1.0693 | 1,67 .044 | .26 Dunes Ripples Superposed
12| 929 .593 1.35 |.0732 | 17.7 .32 .20  |Dunes
6 550 620 1,33 {,0676 5.06 .18 .10 Dunes Ripples Super osed
71 918 .614 1.33 |.0712 7.4 « 31 .24 Dunes Some Ripples
Superposed
35 729 656 1,27 {,0718 4,50 13 .24 Dunes Some Ripples
. Superposed
16| 1350 «597 1.31 |.0722 - - o Transition; Plane bed
10 861 387 1.33 |,0726 24,0 .10 .78 Transition| Long Sand Waves
9 697 623 1.34 1.0720 5.1¢ .20 . ] Dunes Some Ripples
Superposed
17 4030 .561 1.39 |.0726 4,4 .10 = # Antidunes
18 7270 e 397 1,30 |.0724 4,9 .10 - Antidunes
19} 13400 « 564 1.36 |.0721 ™~ = = Antidunes
391 20100 - - 20722 = = - Antidunes No Chute and Pool
20 | 23300 .500 1,30 {.0718 - . = Antidunes Chute and Pool
21 21900 - I - |.0721 - - - Antidunes
38| 316G0 - } - L0711 - - - Antidunes Occasiconal Chute
36 | 38800 676 11,26 1,00696 = - - Antidunes ! Chute and Pool
37| 57300 .68Y ;1.22 0702 - - - Antidunes Chute and Pool
DTS S J -
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; Table o—Basic variables for runs with 0,19 nm smd in the 8 foot Fluume,
rfun Slopg Discharge | Depth | Velocity |Viscosity| Tenp, Total lpﬁ.a—f o
x 10 x 10° Bed dx10¥ | o
ft/ft cfs ft ft/sec ft?/sec °c Material ft -
) PPM

24B 0,005 6e 61 0,9% 0.86 % § | 18,9 - - =
24A 006 6,44 .91 .88 $1,13 18,4 = = -
22A .010 2.99 .43 78 1,16 17.5 == = =
2 .015 .6.98 1,06 .79 .33 12,3 0.2 = =
228 o016 2,99 .43 «87 1.15 17,8 =5 = -

26 JOY7 - - « 30 Lod 1.10 19,2 - = =

25 ,018 6.45 .93 <87 1,10 19,2 o3 - -

22C .018 2,99 42 .89 1.14 18,0 = == .
30 .028 8,91 1,00 1,11 1.17 17,0 3.7 0,321 {1,.80

DY .034 3,42 .58 074 1,28 13.6 1.0 £712 | 1,40

31 .043 10,62 1,02 1.30 1.14 18,1 29,4 «433(1.59
27 057 4,08 - 4.35 .93 1,14 18,1 4.0 o334 | 1,61
5 .058 12,67 1.03 1,54 1,19 16,4 120 .499 | 1,62

23 061 2.99 .44 .85 1.14 18,1 2;0 ,499 | 1,38

32 .066 13.64 «95 1,79 1.13 18,2 281 +456 1 1,53

)

8 070 14,81 .93 1,99 1,13 18,3 519 427 | 1,67
28 079 4,49 1eD4 1.04 1,14 18,0 34 .518 ‘ 1,32
33 .083 16,66 - 1,086 1,96 1,16 17.4 836 . 482 ;1.46
29 .084 5.08 <56 1,13 1,11 19,1 58 .558 1,45

3 .092 5.20 +55 1.18 1..33 12,3 84 .528 i1.36

|

11 .099 20,47 1,09 2435 1.1 18,9 1300 . 446 '.‘1.55

13 .100 21,98 <89 3.09 1,10 19,3 1240 .453 |1.54

14 106 22:12 .86 3.22 1,10 19.4 1490 «522 11,43

15 112 21.84 . <79 3.46 1,10 19,3 2000 . 561 §1.38

34 <127 7.00 s 92 1,68 1,18 16,6 503 eS518 11,36

{

12 .130 21 .96 1,02 2,69 1.09 19,7 1270 0436 { 1,54
6 130 8,14 +61 1.67 1,22 15.3 861 « 489 i1.42
i .140 9,06 .68 1.78 1.14 18.0 ' 1240 «499 11,56

35 .147 752 . 1,81 1,12 18,5 i 999 «531 /1,40

16 .156 22.14 72 3.84 1,12 18.8 i 2750 «620 11,24

10 «170 11,68 51 2,89 1.11 19,1 2480 «548 11,40
9 .104 8,22 .49 2,10 1:12 18.6 1210 L4095 | 1,46

17 L1066 22,10 .67 4,14 1,11 19,1 46 50 J544 ;1.30

18 « 300 22,16 .64 4,33 1,11 18.9 9240 522 11,29

19 . 350 22,19 .64 4.33 1,12 18.7 12300 «522 | 1,38 |
39 « 390 22,33 .61 4,58 1,12 18,8 16200 .495 11,30
20 <460 i 22,17 <60 4,62 1,12 18.5 23900 «512 11,33
21 .542 ¢} 16.13 .50 4,03 1.12 18,7 | 25200 .502 | 1,26
38 .582 22,00 58 4,74 1,14 17.9 | 26600 +5322 11,33
36 .845 15,54 «51 3.81 1.18 16,8 'f 35500 .541 11,31
37 .95 * 21.84 +65 4,20 1.16 17,3 f 47300 .512 11,31,

. - L ' i =

d = 0,623 x 10% ft, 0 = 1,30
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Table - eov-wuasic variabies for runs witih Q.27 mm gand in the G £Looy £-AksTe

- oo

Run Slope i Discharge [Depth jVelocity |Viscosity |[Tceopg | __Total lozd

x 107 x_10° Bed | axi0o” | ¢

ft/ft éfs ft ft/sec ft?/sec e Material ft —

PPM
49 | 0.005 6,04 1.03 j 0.73 1,38 10,8 0 - -
50A .007 6.09 «96 .79 1.28 14,5 - - -
50D .018 6.09 .01 .84 1.21 15,8 0.5 - .
51 046 9,86 .99 1,24 1,20 16,0 12 0,705 1.71
52 065 12,25 .94 1,63 1,20 16,0 98 <696 1,61
54 034 13,82 .93 | 1,83 1.13 18,3 | 200 .607 | 1.56
53 »108 15,58 1,02 1,91 1:17 16,9 358 .584 1,49
57 126 5,11 +48 1.33 1,27 | 13,9 93 JI7TY 1,56
56 .126 11,09 « 75 1.85 .22 15,3 550 .623 1.58
55 .130 17,80 1,08 2,06 1.14 18,1 639 L6456 1,48
45 .138 21,84 .84 3.25 1,15 17.8 | 1270 «755 1,76
43 .140 19,23 1,13 2.)3 1,16 17.4 931 686 1,60
44 163 | 21.55 1,03 | 2,62 1.18 1618 | 833 630 | 1,56
42 167 15,68 .94 2,09 1.24 14,8 704 o656 1,60
&5 167 21,76 .74 3,68 1,12 18,5 | 1670 .853 1,64
58 .185 6.75 ¢ 46 1,83 1,26 14,2 753 . 702 1.53
47 280 21,79 +63 4,32 1.28 13,6 | 4760 .758 1,73
48 .493 21,69 <59 4,60 1,20 15,9 | 9080 L6456 1,53
39. .813 21,71 .55 4,93 1.40 10,2 |28700 .656 1,46
b .952 15,41 .45 4,28 1.38 11.0 |35600 .636 1,42

40 j1.022 21.35 .60 4,45 1438 10,8 {35800 L L6s6 1,45
! ) REPVRCS, 2 S ol

0.886 x 10°ft
1.54
= 1,94

Y = 62,41
4P = 3,20
A = 102,94

—O7 114

A = 5,14

£ = 165,35

g = 32.17

nn

d
o
P

L}
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Table '.~“Ba$ic variables for runs with 0,27 mm sand in the 8 foot Flume,
Runf Susp, Bed Material Sand Waves Bed Remarks
Load dx10” [ W L H g Fornms
PPM ft o= ft/sec ft ft f t/min
49 0 - = 0,104 - = = Plane no movenent
50A 0 - - .110 w - - Plane .movement
50D 0 0.856 1,48 «X12 0.41 . | 0,04 |0,0002 Ripple
51 9 . 889 1,60 112 1,19 .03 .053 Ripple
52 57 .820 1,52 | 112 | 1,69 .06 | 096 Ripple
54 157 .935 1.57 .116 5.13 e 17 .055 Dune
53 461 . 902 1,53 .114 6,00 £28 29 Dune
57 0 .951 1,52 .109 <66 .05 .080 Ripple
56 407 .823 1,54 2111 4,88 w20 | .16 Dune
55 935 . 886 1,43 116 9.15 « 356 13 Dune
45 679 951 1,76 2116 - &~ - Trans, w;shed out dunes
43 556 .912 1,50 L115 9,69 .44_ .13 Dune
44 623 . 856 1,42 .114 111,08 .41 .18 Dune
42 416 .837 1,54 .110 8,47 .40 .086 Dune
46 857 «827 1+ 56 <116 - . - "Trans, Plane bed
58 751 902 1.52 .109 9.01 «3D 20 Dune Close to trans,
47 3770 863 1,51 .108 -4 - - Ant}dune
48 110800 .856 1,54 112 3 = = Antidune
39 }34000 . 737 1.43 102 = = = Antidune
41 | 43300 .955 .1.47 .104 - o- - Antidune
40 | 41400 1.033 1.64 .104 - - - Antidune




v 4P= 3.20

A Slope poorly defined

?n

32,17

. ‘ Table «~~Basic variables fqr runs with 0,28 mm sand in the 8 foot Flume,
- Run Slope Discharge |Depth [Velocity :ViSCosity Temp, Tbt&I—Tfﬁp“:-“ e
x 102 x_107 Bed dx107 I @
§ ft/ft cfs ft ft/sec ft2/sec % Material ft -—
~ i PPM
T‘_’
i 6 0.005 3.79 0.90 0,53 1,46 9,0 3] - -
7 .007 6.61 1.01 .82 1.27 13,9 0 o o
8A .011 7.76 1.00 .97 1,34 11,9 - - -
8n .023 1.76 1.01 { .96 1.38 10,9 3.3 - -
10 .041 4,16 .59 «88 1.23 15,1 1.0 ,0.902 | 1,58
5 .045 10,73 1,00 1,34 1,19 16,5 12 .850 { 2,08
1338 .062 13,46 1.00 1,68 1,10 16,4 75 .663 ) 1,82
4 .069 10.73 .86 1,56 1,25 14,6 51 650 ] 2,00
11 .073 4,92 .59 1,04 1,23 14,9 20 <006 ) 1,60
33 .090 15.74 1,06 1.86 1,15 17,6 330 .630 } 1,60
& 1 . 100 12,70 .88 1.80 1.18 16,7 405 423 1 2,13
12 .108 7.19 +57 1.58 1,20 16,0 150 7511 1,92
14 L116 8.61 .62 1.74 1,21 15,6 298 «7251 1,71
20 .120 18,14 11,05 2.16 1.21 15,6 506 607 § 1,62
£ 2 .131 15.18 | .92 2.06 1..21 15,8 664 «554 1 1,96
i
I 31 .131 20,39 1,07 | 2,38 1,19 1 16,5 732 .591 | 1,64
19 .134 9,90 L .65 1,90 1,23 14,9 563 627 | 1,69
& 16 .134 17,23 }1.02 2,11 1,21 15.8 549 574 1 1,74
i 23 .134 22.02 i .91 3.02 1.21 15,6 1230 656 | 1,64
17 .136 10,01 | .65 1.92 1.24 14,7 505 630 | 1,72
e 3 .136 15,28 } .88 2,17 1.22 15,2 733 640 | 1,9%
4 18 141 11,96 boL6l 2,45 1,24 14,7 1040 699 | 1,63
§ 30 142 15,68 L .64 3,06 1.25 14,5 1370 .627 | 1,47
' 34 .150 5.50 .44 1.56 1,26 14,1 480 .788 { 1,69
22 .153 l 14,92 . .60 3.11 1,3 32,7 1540 «755 1 1,62
! %:15 .158 l 12,87 L .75 2.14 1,30 13.0 789 .620 | 1,68
i 24 g2 . 21,98 i .82 3.35 1.21 15,7 2350 689 | 1,77
25 .199 21,85 | <72 3,79 1.24 14.7 2710 .804 | 1.64
28 .229 15,72 b .55 3,57 1,23 15,1 2760 .833 | 1,51
29 .278 i 15,70 .52 3,77 1,22 15,4 3120 .886 | 1,72
26 .328 ! 15,51 ! .50 3,88 1,23 15.0 5060 .820 | 1,62
32 .470 21,76 .58 4,69 1,38 10,8 10500 ,676 | 1.71
27 533 v 15,47 .43 4,50 1,23 15,1 11500 .682 | 1,71
\ 31 .593 Po21,34 .56 4,76 1,40 10,2 13000 .501 | 1,34
o 13s .815 ; 21,33 <54 4,93 1.38 10,9 27600 .65 | 1,46
;- ! |
§ 37 .820 | 8.34 «30 3,48 1,35 11,6 19900 .885 { 1,91
P38 | .930 15,26 .40 4,77 1,37 11,1 36100 .656 | 1,48
i il 36 1,007 21,38 57 4,69 1,36 11,5 42400 .666 | 1,43
d = 0,919 x 10® ft ¢ =1,68 = 165,35
= 5,14 7= 62,41
P =1,94 47 = 102,94
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Table .—~Basic variables for runs with 0,28 mm sand in the 8 foot Flumé,
Run | Susp Bed Material T
* Sand Havaos Bed ’
Load | dx10% o W RS aYRS . Py Remarks
PTM ft - |ft/sed ft ft | ft/min
f; g > - 0.105 o = - Plane no movement
- - 114 - - -
. Plane no rement
8A 0 0.985 1.64 .110 - - = Plane ; 22:;:;21:
8B 0 985, 1,78 .109| 0.55 [0,022] 0.029 | Ripple )
10 0 .866 1,52 Jd16) .49 .031| ,055 | Ripple
S 0 . 985 1,62 J18| .71 .036{ .040 | Ripple
13B 99 .949 1,81 L1181 115 061 .31 Ripple
4 0 .902 1.51 J115( .80 ,060] .077 | Ripple
11 0 .951 1,57 J161 62 .032| .027 | Ripple
33 377 .853 1.54 .120] 6.15 <27 .10 Dune #
1 | 734 1.064 | 1,60 | .118| 7,06 | .29 | = | Dune
12 74 .886 1,64 1171 .92 .043| .22 Ripple
14 134 .853 1,61 L1171 1,48 ,066| .080 | Dune 2
20 347 .928 1.65 17| 9,63 .46 17 Dutia ¥
2 583 .918 1,80 JA17111,16 .35 - Dune ~#
21| 528 .866 1,53 .1181.9,76 31 .16 Dune #
19 | 423 .870 1.65 J116 | 5.82 .20 .123 | Dune’
16 | 436 .820 1,65 J171 7.31 .34 .12 Dune
23 608 . 997 1.71 J117111.82 .26 .38 Trans. washed out dunes
17 } 262 .892 1.69 .115] 6,21 .25 L1 Dune
3| 445 .843 1.68 J16! 7,61 o27 .13 Dune
18] 439 .814 1.67 L115(11.66 .24 .20 Trans, washed out dunes
30 548 + 975 1,71 «115 - .041 - Trans. washed out .lunes
341 -~ "~ .951 1,72 L1141 1,82 .063{ .095 | Dune”
22| 442 .951 1.72 5 s - — - | Plane
15| 389 0.837 1.69 Jd121 8,17 .35 .098 | Dune
24 763 .899 1.73 L117116.22 .23 « 36 Trans. washed out dunes
25| 972 1,031 1.70 150 - - - Plane
28! 804 .8%3 1.58 16| - - - Plane
29| 1240 .929 1,69 Jd16| - - - Plane
26| 1740 .886 1,60 Jd16 | - - - Astidune
32 | 9490 .846 1,65 09| - - - Antidune
27 | 8240 .916 1.62 16| - - - Antidune
31 16400 . 906 .1,68 o 1OT - - - ‘Antidune
35 (31800 .03 1,60 s109 | - = . Antidune
!
37| 7620 .935 | 1.70 Jd10f = - - Antidune
38 |33800 L012 | 1,63 L1090 | = - - Antidune
\ 36 {47400 .984 ! 1,85 | .110| = - - Antidune
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Velocity

Viscosity

5 Run Slope Discharge |Depth Tenp. Total load
L x 10? _ x 10° Bed dx10° o
ft/ft cfs ft |ft/sec ft/sec Material ft -
s ' b2 PPM
14 0.015 3.94 0.61 0,81 1.40 10,2 < LN - -
17 .016 6,22 .98 .80 1,34° 12,0 .70 w -
16 .017 5,11 Bl .79 1,34 12,0 1.4 0,728 | 2,70
13 .019 1.84 .35 .65 1,46 9,0 - - ~
15A .015 5,07 .71 1,38 11,0 - - -
158 .023 5,07 .80 .79 1,38 11,0 .9 .837| 2,68
3 18 .031 3,62 58 «78 1.35 11,3 .4 - -
g .036 7.90 .82 | 1,20 1,38 11.0 94 ,068! 2,47
3 .039 7.90 .85 1,16 1,36 11,5 101 .935| 2,79
; 9 .040 3.84 .55 .88 1,34 12,0 1.9 <361 3,80
" 1 .042 7.85 .80 | 1,23 1,45 9,0 23 1.160! 3,95
5 ,047 7.93 JI5 1,32 1,38 11,0 26 4863} 2,77
11 .049 1,95 +35 »70 1,36 11,5 4,7 - -
4 057 7.94 .69 1,44 1,41 10,0 92 1,020 2.29
8 .060 3.63 _o51 .93 1,34 12,0 7.6 8161 2,78
§ 7 .078 7498 .70 1,43 1,36 11,5 268 .637] 3.3
10 .088 1.95 .33 « 75 1,39 10,5 20 1.400| 1.64
6 ,088 3.90 .46 1,07 1,43 9,5 . 42 1.440| 1,86
12 .106 1,95 v29 .85 1,35 11,7 1,0 <773| 3.70
; 19 .112 4,24 041 1,30 1.14 18,0 208 .9511 3,28
. 21 114 12,12 .96 1.58 1,20 16,0 641 .8200 2,81
.22 §124 13.54 11,00 | 1.70 1,81 15,7 710 L7091 | 2,58
- 125 .189 4,91 .42 W47 98 17,0 378 1,100 2.03
" 120 .193 8.14 +61 1.68 1.19 16,4 508 W663] 2,84
23 .247 13,34 065 2. 57 1,20 16,0 856 2755 2,43
i 24 .289 8,73 062 1,76 1,17 17,0 1200 <820 | 2,29
40 . 301 21,41 «81 3,32 1,11 19,0 2460 .810 | 1,97
139 . 364 20,64 .55 4,71 111 19,0 3960 1,010 | 1,92
3 26 « 366 14,45 .34 5.38 1,17 17,0 4580 1,140 1,87
28 . 366 11,19 .40 «52 1,20 16,0 4230 1,110 1,84
29 . 369 4,54 +30 1,89 1,16 17.4 1850 1,190 | 2,08
31 .432 14,85 .44 4,24 1,16 17,5 4750 1,250 1.80
127 . 436 7091 +33 2,99 1.14 18,0 4100 1,210 1.98
136 . 446 3.15 <19 2,04 1,11 19,0 1370 1.350| 2,10
41 .466 21,62 + 54 5.05 1;12 18,7 4340 1.380 | 1.76
’ 30 L4902 5.33 e 27 2,47 1.16 17.2 3550 1.350 | 1,85
35 <494 5.58 .25 2,80 1,17 17,0 4610 1,330 1.71
34 . 546 8,44 .28 3.73 1.16 17,5 5690 1,450 | 1,77
boo133 L607 10,02 «27 4,60 1,20 16,0 6810 1,360 | 1,85
38 .619 21,38 «50 5,38 1,11 19,0 6230 1,590 1,83
37 2620 18,87 .43 5,54 1.12 18,5 5570 1,740] 1.83
. 132 .656 14,66 37 5.03 1.14 18,0 6180 1,670 | 1,84
. |43 .862 5.58 028 2,50 T {1 18,9 9630 1.590 | 1,61
* laa .898 10,83 0.28 4,78 1.10 19,4 115160 1,570 | 1,60
. laz . 986 13,43 0.31 5,35 1.08 20.0 |11400 1,720} 1,65
| 113 [ 1.0 21,42 0.43 €,18 1.12 18,5 | 11500 1,280 1.80
d=148 x 1073 F¢ 6= 160
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Table e TLASAC. VAL aULTS LOL Lild. Wikl 4D, 0ud S4nd 1D THE & T00T riung,
Run | Susp, _Bed Material Sand Waves Bed Reriarks
L Load dx10-~ (o W L H Vg Forms
PPM ft - ft/sec ft ft ft/min
14 | - - 0,199 - - Plane no movement
17 s & <204 |1 0,77 | 0,44 Ripples
16 = - . 204 .69 .06 Ripples
13 - - «195 - - Plane no movement
154 - - e 201 -~ - Plane movenent
158 . 1,44 1560} .201 - - Ripples
18 - L 202 a7l 04 Ripples
2 1,35 1,60 { o201 1.21 ,07 Ripples
3 1,48 1,60 | 202 1.36 ,09 Ripples
9 1,54 1,60} ,204 o -3 .06 Ripples
1 1.44 | 1,601 .19% 2,00 .10 Ripples
5 1.52 1,60 201 "1,00 .07 Ripples
11 1.46 1.60 | ,202 .80 .06 Ripples
4 1,51 1,60 | (169 4,16 «15 Dunes
8 1.39 1,60 | .204 +73 .06 Ripples
7 1.46 1.60 | 202 4,41 ool Dunes
10 1.54 1,60 | .200 .83 .08 | Ripples
6 ' 1.64 1,60 | ,198 1,56 | ,L10 Ripples
12 1,54 1,60 [ ;203 .+89 .06 Ripples
19 Y59 1,60 | .,218 6,42 <20 Dunes
k21 1.36 1,60 | .213 4,82 s34 Dunes
22 1,25 1,60 | .212 7.50 «92 Dunes
25 ’ 1,50 1.60 | 216 6.29 .26 Dunes
20 1.61 1,60 | .214 5.37 . 30 Dunes
23 1.40 1,60 | .213 6, €0 <4l |- Dunes
24 1,23 1.¢0 |.216 5451 o3l Dunes
40 1,41 1,60 | .,221 " | 7.35 31 Dunes
39 " 14,53 1,060 14221 3.68 .10 ) Trans,
26 1.54 1,60 1.216 - o Trans,
28 1,65 1,60 |,213 2.57 .05 Trans,
29 1.43 1.60 | (217 6,40 23 Trans,
31 1,58 1,60 {,.217 3.16 o) Trans,
27 1,66 1.60 | 218 110,22 .19 Trans,
36 1,50 1,60 | ,221 .93 .03 Trans,
41 1.14 1.60 | .220 3.93 14 {Trans,
30 1.57 1.€60 | ,216 6,02 12 Trans,
35 1.48 1.60 | 216 2,20 07 Trans,
34 1.3 1,60 | 217 2,46 «C38 Transg
33 1.26 1,60 | ¢213 2,76 .10 Trans,
33 1,36 1,601 .223 3.81 .09 Trans,
37 1,65 1,60 | .22 3,82 .08 Trans,
432 1,35 1.60 | 218 3.71 <29 Antidune ‘
145 1,33 1,60 | 221 1.59 . | Antidune
44 1,74 1,60 {.222 2,95 i} Antidune
42 i 1,30 1.60 | .223 3,62 25 Antidune :
{
43 157 1,60 | .220 5.81 .27 Antidune 1




Table Dasic varlables for runs with C.4% wn sanu i e O LUOV Fhluis,
i .
“FRun | Slope |[Disch, [Depth |Velocity | Viscosity [Temp. - _.Total Load ) ]
v x 10? _ x 0% W, L. Bed | Total {dx10° ©
ft/ft | cfs ft ft/sec | _ft2¥sec b PPM  Material | PPM ft
. 1 2 PPM e
46 |0.084 | 14,54 | 1.11 1.64 1,30 |- 13.1 - 181 180 | - -
47 .042 | 9.59 75| 1,60 [1.36 |- 11.5 - 23 23 [t,141 ] 1.85
48 ,052 | 15.26 | 1,23 1.55 1.36 |~ 11,5 = 60 60 1.148 ] 1.85
49 173 | 21,32 | 1.33| 2.00 1.38 |7 11.0 - 588 588 [0.823 ) 1,96
85 .047 7.11 .78 1.13 1.31 |~ 12,7 - 12 12 |1.364 | 1.60
86 .046 6.92 .76 1.14 1.77 [X.32 | 17,0 | 4,800 1.6 4,800 0,249 | 3.19
- 87 .046 6.96 .75 1.16 1.1 (137 | 19,1 | 8,400 2.3/ 8,400(0,210 1 4,37
88 .049 7.10 .74 1.20 1.13 | 150 | 18,3 [11,400 2.5[11,400(0,417 | 2,04
00 | .0s3! 6.97| .e0| 1.45 [1.17 i'zg 17.1 | 6,950 37 | 6,990]1.345 | 1.70
89 .065 7.08 60| 1,47 1.12 |=* 18.5 | 9,000 31 9,030§1.361 | 2.50
93 072 | 7.20 L62( 1,45 1.24 | ~ 14,7 1 99 100 |1.4521 1.55
92 .090 7.14 .63 1.43 1,12 |1.33 | 18,5 | 6,070 106 6,180{1.509 | 1,93
o1 L1117 7.12 .58 1.53 1.14 |(1l.42} 18,0 | 8,400 195 8,600]1.443 [ 1.90
82 .248 8.16 .64 1.60 1,00 |~ 23.2 133 429 s62|1.463 1 1.64
51 .236 8,11 .62 1,62 1.28 |~ 13.1 584 545 1,130]1.351 | 1,66
52 .222 | 8,01 55 1.81 1.20 | Y28 16,0 | 1,020 578 2,200{1,456 | 1.63
73 .222 8.20 .61 1.67 1,06 {1.24} 20,7 | 5,670 662 6,330{1.509 } 1.83
74 | .215| s.18] .es| 1.58 |1.0s |13l 21,0 7,970 534 | 8,500[/1.420} 2,08
£ 26 .203 8.49 .63 1,69 h,08 {1.38} 20,0 9,320 463 9,790]1,387.1 2,00
75 . 204 8,24 .64 1,60 11,05 |1.36| 21,21 9,460 625 _110,10011,5741 1,84
fi 53 235 8,01 <57 1.77 1.16 | 1.52( 17,2 [10,700 s71 | 11,20011.361.] 1.65
4 77 .199 8,76 .65 1.68 1,11 | 1.52} 19,1 112,500 639 113,100]1.246°| 2.91
96 . 201 8.31 531 1,94 1,12 | 1.93| 18.6 | 25,000 761 | 25,800{1,006 | 2,66
94 .237 ] 11.30 .81 1,74 1.28 | ~ 13,5 R 480 48711.404 | 1,77
-83 ,200 | 15,58 .91 2,14 1,19 |~ 16,2 - 583 ss8]1,151 1 1,74
54 ,240 | 15,36 L9201 2,03 (1,18 [ 12>} 16,6 1,940 657 | 2,600]1,253! 1,74
s6 | .242] 15.36 90l 2.14 11,03 | Y11} 221 | 2,860 1100 | 3,960{1.143} 1,70
ss | L2371 15.36] .74] 2,04 (1,2 | 1291 18,51 4,060 765 | 4,820{1.164| 1,83
s7 | .259! 1s.30| .87 =2.20 J1.,05 | 1191 21,3} 4,320 761 | 5,080[1.325] .1,¢
|ss | 233! 15,28} .00} 2,11 11,08 1.251 20,1 | 5,270 807 | 6,08001.210] 1,94}
05 | .180 | 15.38| .80] 2.39 1,12 | S°Y1 18,7 {25,100 1{640 [ 29,90011.099 | 2,42
78 | 320l 11.52! .72 2.00 ]1.07 | 1+#| 20.3{12,000f 14510 | 13,500{1.089} 2.88
59 .326 1 15,36 .65 2,96 1.04 i'fg 21,7 | 44570 12,920 | 7,490{1.,312 | 1.73
1 60 .342 | 21,35 62| 4.28 1,06 3° 01 21,1 1 3,000} 3,290 6,800]1.427 | 1.64
631 L3550 21,320 L6101  4.36  11.00 $ 23,21 6,070} 3,39 9,56011,440 | 1.63 1
71 | .s31| 8.22| .32] 3,20 (1,04 1'§“> 21.4| 3,600] 5,250 | 8,850[1.525| 1,63
72 .550 | 8.26 .32 3.26 1.08 i'éé 20.2| 7,100} 5,680 | 12,800{1.505 | 1.55
70 | .640 | 8.14 .30 3.41 1.08 § (*7(l 20,213,010} 6,510 § 10,200 1,476 | 1.60
63 .570 | 15,50 .431  4.48 1.05 | "0 21,21 3,0204 5,360 | 8,380 1,633 | 1.60
64 $78 | 15,61 L bl 8t s 21,236,440 5,480 20001 1,630 11,60
o NS O 42| 463 | 1.04 | Y.3A1T2176 |19,0001 5,160 [ 14,200[1.534 ¢ 1.64
66 .575 ] 15.52 .45 4,234 | 1,01 | 1.38; 23,0112,300} 5,130 | 17,400/ 1,647 | 1.76
80 | .643 | 15.27 39! 4.01° 1,04 | 1.43! 21,812,100} 7,140 [ 19,100{1,624 | 1,76
81 .634 | 21,35 .55 4,85 1,38 | - 10.7 71 4,480 4,450{ 2,076 | 1,61
. 62 622 | 21,23 .54 4,89 .08 | 1.12} 24,5 4,790} 4,490 9,280 2.030 | 1,54
67 | .646 | 20,87 .531 4,91 1,02 i IT36 22,7 [ 11,200 4,39 | 15,600[1.994 [ 1,57
79 651 | 21.31 .55] 482 1,05 | 1.46¢ 21,012,400} 5,760 [ 18,200 2,204 1,82
84 | .740 ! 15.36 1 .41 4.67 1.28 | T 15.0f - 7} 7,100 | 7,11Q 1.410 | 1.39
69 | .73¢ | 15,541 .43] 4,48 1,02 2% 23,41 7,020 8,280 | 15,300{1.601 | 1,71
o8 | .740y 20.941 .53l 4.95 [ 1.00 1.231 23.51 7.6200 6,760 } 14,400 2,181 1 1.55.
08 .821 | 15,80 .44 a.51 11,111 2% 19,042,000} 17,700 | 59,70q 1.237 | 1,90
100 .790 | 21.42 <51 5.28 ‘ 1,29 f gl 13.3 106 8,440 { 8,550 2.322 | 1,40
i %o | .g06 | 21.27] .so| s.32 [ 1,00 7% 19,61 6,000f 16,100 | 43,00 1.361 | 1.93
o7 | Los0 | 12,00t .37l 407 f1.10 1.1 19,5] 5,800] 8,960 | 14,804 2,165 | 1.0 |
T T T T perature d= 154 %107 42
l, Temperatvre deed Bentenide
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i e

w'! fall velocity in beatenite - waler c(.':/éflfn

C(' Fffective Foll diameler of The quproge mediZy

J{J e and (4= 1 5 €x w? 10)

Run | Susp. Bed Material r 3 Sand Waves
3 Load | X107 170~ Wifps. [d7¢ d’x10° [ L Il v, Bed Forms
PPM ft — - - ft ft fpnm

46 = o o 0,217 - - 5.98 0,41 | ea Dunes

ol - N - .214 - ~ 8.20 0,22 |0,035 Dunes

48 - - . .214 _ B 6,24 |0,32 | .030 Dunes

49 - - - W212 - 7.28 | 0,35 .080 Dunes

83 - 1,502-1 1,52 ) ,216 - - 1,20 10,07 | ,0074 | Ripples

86 | 4070 |[1.437 | 1.56 | ,227 |[C-22° oL .96 |0.06 | .0033| Ripples

87 7100 1.521 1.56 | (232 | <224 1.44 ..91 |0.06 .0055 | Ripples

88 {10000 1,640 | 1,54 | .230 | 220 1.42 | 1.00 {0.07 .0015 Ripples

90 6650 1,355 1.54 | 227 .221 1,42 1,63 | 0,06 .027 Ripples

89 | 7490 |1,509 | 1.48 | .230 | 223 1.43 1.62 | 0.06 030 Ripples

93 ¢ 53 | 1.742 1 1.50 4 . 2 - 5.98 [0,17 .039 Dunes T
92 | 5350 | 1.619 { 1.55 | .230 | #225 1,45 4,56 {0.25 .050 Dunes

91 | 8050 | 1.610 | 1.58 | .229 | -222 1,43 4,33 |0.25 .084 Dunes

82 ! 235 1.679 1.55 ) .240 |~ - 4,12 }0.28 17 Dikivums

s1 | - - - 207 1o~ - 5.55 [ 0.20 | .19 Dunes

s2 | 1830 1,417 1,477 224 174223 L83 - ] 5433 | V.26 .18 “Dunes —
73 . - 1.565 | 1.52 ] .235 ; 4231 1.48 5.45 | 0.29 .26 Dunes

74 | - 11,627 | 1.55¢{ .236 | .229 1.47 | s.50 |0.3a8 | .17 Dunes f
76 | 9520 | 1.456 1,51 | .234 | 4226 1.45 5.71 1 0.30 .16 Dunes g
(- 1,443 1.47 | .236 { .228 1.46 4,37 10,28 15 Dunes '
53 1 2750 | 1.564 | 1,59 | o227 | .27 1,41 5.81 | 0,34 .11 Dunes

o o 1,581 1,53 | .232 +220 1,42 5.12 }0.29 .091 Dunes

9% , - |1.588 | 1.52 | .231 } #205 1.32 | 4,31 {0,24 ! .20 Dunes

94 N 1,624 1.54 | 4218 - - 5.21 | 0,32 .28 . Dunes

83 | 503 |1,633 | 1.54 | .225 . - 5,78 | 0,43 .16 Dunes

|54 2590 1,469 1,50 | .226 v o4 1.44 6,54 | 0,41 .33 Dunes

56 - - - ,238 | «236 1.51 5.30 | 0.29 | .20 Dunes

ss | 3140 | 1.692 | 1.53| .230 | »227 1,46 5.87 | 0.27 .23 Dunes

57 5010 1,518 1,391 ,237 | 232 1,49 5,12 | 0.29 .29 Dunes

ss | 4220 | 1,535 ) 1,48! ,234 | 230 1,48 5,36 .26 .21 Dunes
05 - 1.771 | 1.60| .231 | .203 1,32 - .33 [ .31 Dunes

78 113300 | 1.453 | 1,49 .235 | 223 1,43 7.36 39 .34 Dunes

50 | 5820 | 1.535| 1.50| .237 | +234 1.50 7.50 .07 .72 Dunes

60 | 4390 1,699 | 1,48 236 | 233 1,49 - - - Plane

61 7610 1,722 1.55] .240 | 234 1.50 - - - _Plane

71 13040 | 1.673 | 1.01| .237 | +233 1,49 - - = ‘Plane

72 | 7490 | 1.588 | 1.s6| ,234 | 228 1,46 - - - Plane

70 | 3840 | 1.515| 1.63| ,234 [ +231 1.48 2,43 | JAZ2 | = Plane

63 | 4540 | 1.535 | 1.54| ,236 | +233 1,49 3,43 | .23 | - Antidunes

64 | 8400 | 1,601 | 1,561 ,236 { 230 1,48 3.43 7 .20} *~ Antidunes |
65 | 11600 | 1,506 1.49| ,237 | 4%V 1.48 3.44 .20 - Antidunes ]
66 | 16600 1.526 1,56 | .240 | 228 1,46 3.34 .20 - Antidunes

g0 | 14000 | 1.594 | 1.46] ,238 | #3227 1.46 3,36 | .26 | - Antidunes

81 3380 1.584 1,66 211 - - 4,40 .04 = Standing Wave
62 | 7320 1 1.0a7 | 1.48) 243 ; #239 1.52 - - - Standing Wave
67 | 11400 | 1.620 | 1.55| ,230 | +22° 1747 | 7400 | .10 | = Standing Wave
20 | 15200 | 1.355| 1.48] .236 | <224 1,44 3.0 { .08 | - Standing Wave
84 3700 1.640 1.531 .222 - - 3.60 .21 - Antidune

69 9890 1,430 1,58 <239 232 1.48 373 .26 B Antidl}nc
| 68 | 12400 1 1,738 1,581 ,241 . ,234 1,50 4,00 { .05 - Stur.\d-}n[; Wave
98 | 57700 | 1,440 | 1.57; 4232 { 188 1.24 3.10 i 24| - Antiduncs
100 | 4240 | 1.561 1,51, .28 - - - - - Plane

00 | 42300 | 1.492| 1,60} 2331 207 1.34 4,04 31| - Antidunes
|97 | 6300 ! 1.597] 1.68, .233 | 203 1,46 338 .16 * _ Antidunes
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Table ,~—Basic variables for runs.with 0,Y3 mu sapd 1 the 8 LoQy vhune,

Run Slope Discharge| Depth | Velocity | Viscosity |Tenmp, Total L(:_z}«'_‘:

x 102 x 107 Bed dx10" o
ft/ft cfs ft ft/sec ft2/sec . Material ft —_
PPM

19 0.0129 8.06 1,01 1.00 1,09 19.8 0 - -
D.6A .0219 | 10.80 1,02 § 1,32 1,11 19,0 0 - -

D5 «0220 9.88 1,01 1.22 I 7o 19,3 0 - -

27 .0280 | 11,86 1,01 1.47 1,02 22,7 2.8 - -
R6 .C283 | 11,39 1,03 | 1.37 1,12 18,8 = - -

24 .0284 | 10,91 1,03 | 1.32 1.09 19,6 .4 - -
ax ,0295 | 12,06 1,01 1.49 1,07 20,5 .4 -

8 0370 | 13.42 1.01 1,66 1,14 18,0 21 2.64 1.43
28 L0373 | 14,53 1,04 1.75 1.06 20,7 28 2,95 1,37

9 L0426 4,62 « 50 1,16 1,11 18,9 0 -

2 ,0430 4,49 49 1,15 1,11 19,0 0 - -

0 ,0497 5,06 .51 1,25 1,11 18,9 - “ -

1 .0537 5,42 «50 1,36 1,18 16,8 4,2 - -

5 L0550 | 16,25 ° 1,05 1,93 1,09 19,7 65 2.58 1,45

3 L0615 5.10 .49 1,30 1,10 19,2 - - -

2 .0640 6425 «52 1,50 1,18 16,7 26 2,79 1,38

4 <0682 5,71 049 1,46 1.10 19,3 15 - -

4 .0710 7,41 «58 1,60 1,16 17.4 63 2,72 1,38
34 40800 7,08 - . 54 1,64 1,10 19,5 73 2,56 1,40
ihe I12 16,85 1,04 2,03 1,10 19,4 140 2,69 1,44
35 .130 7. 64 .53 1,80 117 17,1 201 2,82 1,48
L7 2136 16,83 1,00 2.10 1,10 19,2 211 2.89 1,50
33 0145 8,18 .56 1.83 1,11 19,0 253 2,53 ' 1,54

5 .183 16,41 0.93 2,21 1,16 17,5 308 2.62 2,42
0 .192 6,90 .46 1,88 1,11 19,0 450 2,76 1,53
37 <275 22,58 1,11 2,54 1,14 18.0 601 2,35 2.40
36 . 304 8,96 .55 2,04 1.16 17.3 519 2,69 1,62

6 .313 22,30 1,04 2,68 1,11 19,1 537 2,16 2,81

7 .339 10,10 .59 2.14 1,13 18,3 822 3,12 1,84
38 .356 22,69 1,02 2,78 1.11 18,9 1080 2,41 2.14
hl .393 22,22 .92 3.02 1,13 18,3 1180 2,39 2,74

8 .430 11,20 «S7 2,46 N 1,16 17,4 1490 2,80 1,53
2 ,437 22,19 <89 3.12 1,12 18.5 1900 2,49 2,33
3 « 587 22,09 +82 3.37 1,13 18,4 2750 2,63 1,84

9 . 600 11,32 .49 2,89 1,12 18,5 2620 3,05 1.64

3 L65 16,46 . 60 3,43 1.16 17.3 3110 2,85 2,02

1 .71 22,33 .68 4,10 1.10 19,3 4020 2,21 2,28

2 .92 22.07 .53 5,20 1,13 38,2 6140 2,82 1.75

4 .94 15,64 51 3,83 1.14 18,0 5090 2,76 2.11
41 1,12 15,67 J44 | 4,45 1.04 21.7 | 9480 2,68 1,96
42 1,16 20,44 .44 5,81 1,07 20, 4 7320 2,95 1,51
10 1,23 15.53 .38 5.11 1,09 19,6 |10200 3,47 1,34
43 1.26 20,63 .44 ) 5,86 1.05 21,0 7000 3.45 1,42
30 }1.28 | 20,88 .43 | 6,07 1.07 | 20,5 | 7010 | 3,35 } 1,50

O = .54

d= 308 X107 £t
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Run-| Susp, Bed Materizl N Sand Waves Bed Remarks
Load | ox10° (V) W | L H L8 Forms
PPM ft - ft/sec | ft ft |ft/min
19 0 . - 10,483 - - - Plane no movement
26A 0 &= - 0481 . g - Plane some movement
25 0 - - .482 e e - Plane no movement
27 0 2,79 1.58 | .487 - - - Plane |general movenment
26 0 - " -4 481 - - - Plane some movement
20 Y - - «482 - - & Plane some mrovement
21 0 = = » 484 e = - Plane novenent,
18 0 3.15 1.52 | .479 2,1 10,04 | 0,06 Dunes very small
28 0 3,02 1.49 | .484 3.7 .05 | 0,07 Dunes small
29 Y - 4 »481 - - - Plane |° =~ no movement
22 0 - o «481 - - - . | Plane ~ no fwovement
30 0 i - .481L | - - -=. | Plane some movement
31 0 3,22 1,53 | +476 - - -~ | Plane | general movement
15 4,1 _3.28 1.52 .482 2.6 =09 <14 Dunes
23 0 Wt oo .481 s - L | Plane ‘ movement
32 0 2.98 1.85 | 476 = - - Plane | general 'movement '
24 0 - - 482 - - e Plane | general movement
14 0 3,25 1.47 «478 2,8 .03 ,30? Dunes small
34 0 2,82 1.48 +482 2.9 .02 A2 Dunes small
16 12 3.18 1.57 .482 3.6 .16 0.13 Dunes
35 - 3.02 1.50 JA77 2.9 L06 0,20 Dunes ) small
17 30 3,08 1,56 .431 e PR .18 «18 Dunes
33 14 2.99 1.57 . 481 3.3 | .08 .18 | Dunes
5 281 2,938 1,50 .478 5.2 .28 |’ W17 Dunes
10 123 3,22 1,42 .481 3.9 w12 s 24 Dunes
37 440 2,43 1,58 | o479 6.6 .34 | 0,27 Dunes
36 56 3,07 1.54 | .478 3.5 .13 .32 Dunes
6 281 ' 2,92 1,59 481 5.8 s 31 o 45 Dunes
7 | 437 3,38 1,42 | 480 | 4.5.1 419 | .44 | Dunes
38 | 422 2,48 1,54 | 481 | 6,3 | .30 | .58 | Dunes
11 }3050 3,15 1,48 | .480 y .32 | 0,60 Dunes
8 313 2,89 1,54 | 473 5.9 A7 | W56 Trans, _ Dunes
12 |1400 3.02 1.47 | ,430 | 4,8 | .23 | 1,16 | Trans, Dunes
13 |1900 3,02 1,49 | .480 | 6.2 .25 <30 | Trans,
9 498 3.17 1.48 | .480 2.7 B 3. 44 Trans,
3 4640 3,08 1,58 .478 .| 3.2 19 = Trans,
1 {3770 3,28 | 1,47 | .482 - - - Trans,
2 3120 . 3.02 1,49 <479 4,9 o 31 - Trans,
4 2340 3,038 1,558 <479 4,5 . +11 =t Trans,
41 2230 3.41 1.54 . 485 * o - Trans,
1 = i 4 .
42 |1610 2,66 1,52 |- .483 - - - Stand,
: Waves
40 1470 2,72 1,57 <482 = - -, Stand, Close to
Wayes Antidunes
43 2500 2.49 1,60 .484 - - - Stand, Close to
: Waves Antidunes
39 | 2300 3.35 1.40 | ,484 - - B Stand, Close to
' Waves Antidunes




CACHUETTT.

all

~n w020,

ANTLD In

M.

oy

COMP* "'

¢
(
t
=™
W
a
?

tGIED BY MAZEN, WHIPPLE 8 FULLER,
4TS Y

-
2

LOLARITMMIC PROBABILITY,

B A

- —— ]

=L

Fr

0.2 0.1 0.05

o e oo s

0.5

el

|
e el S

o

|
SR A

P 5.0 ) )
b o
| I Gl e g g )
+ - i i PG
-t SE e oy
L L . W 1
=g P o o s
T B ! —tt
| I _ | _ b
i 1! | '
el LI LOE SR) (N: (NI DU
T |
n_ | LI | ' i
" R T

99.8 20,9

$9.99

99 99.5

88

0.2

0.05 0.1

] [ ) ML
9 . (' ‘
b 2 1 8
\N_u\\nw\%\\n
- Vo i !
& Q ~

/20

N



C o b ta

Tlable

[rme—— o } % 712 1INl ac 8 e R R~ P 2] Y 5 . &
PS LaSAC Variables 0 Tuild witil Coow wa S

AW W

T T A

oy : v
PP I - LA A 8

[ Beleh
~

-~ %

Velocity

Run |} Slope | Disch, Depth Viscosity Temp, Total lecad |
x 10? x 10° Bed dx107 G
ft/ft cfs ft ft/sec ft?/sec . ¥ Material ft

PPM -

1 0.054 0.91 0.51 0.90 1.41 10,0 - - -

2 .015 .88 .52 .86 1,00 23.4 - - -
3 L112 1.31 .54 1.24 1.39 10,5 55 0.886 | 1,63
4 .086 1.31 .54 1,24 .91 27.8 61 .998 | 1,60
30 .110 1.56 + 57 1.39 1,24 14,7 91 .886 | 1.47
29 .103 1.57 .56 1,43 .80 33.8 117 1,248 | 1.43
5 .139 1.88 .56 1,72 1.40 10.2 226 .782 | 1.57
6 .118 1,88 .59 1.62 .92 27.2 168 .788 { 1,48
27 .110 2.28 .58 2,01 1,26 14,3 455 .854 | 1,36
28 214 2.29 .63 1,85 279 34.3 787 .913 | 1,48
26 . 201 2.67 .71 1,93 1,30 13.1 854 933 | 1.46
25 .210 2,64 .66 2,05 .81 33,1 719 .867 | 1.56
21 .184 3.13 .58 2,74 1.32 12.4 907 .847 | 1,58
22 166 3,13 .64 2,48 .80 33,9 1150 .886 | 1.63
24 172 3.48 .74 2,39 1,34 12.1 663 .847 | 1,52
23 .261 3.48 .73 2.43 .81 32,8 1150 .894 ! 1,52
7 .189 3.48 .60 2,95 1.34 11.9 1410 .925 | 1,58
8 .202 3,50 72 2,48 .92 26,9 1720 .926 ' 1,57
20 .566 4,55 «55 4,23 1.31 12,7 5600 1.012 | 1,49
19 .515 4,55 .56 4.18 .90 28.4 4340 .831 | 1,48
10 .710 4,78 .59 4,12 1,55 7.0 5180 1.015 | 1.54
9 .493 4,78 .56 4,35 1.00 23,5 5530 1.184 } 1,63
i2 . 456 5,32 .67 4,03 1.51 7.9 3520 .923 1 1,46
11 . 408 5. 30 .60 4,51 .98 23.8 5250 1,035 | 1.69
14 . 942 5,70 .60 4,86 1.32 12.5 12300 .906 i 1,51

d ]

13 .574 5.70 .60 4,84 .84 31,7 8780 991 | 1.43
15 - .983 6.63 .63 5.36 1.36 11,4 26100 .801 { 1.39
16 .962 | 6,64 .62 5.42 .93 26,7 21000 .864 | 1,44
17 .970 6.79 .62 5.58 1.30 12,9 29600 .871 | 1,42
18 656 6.82 .61 5:73 .90 27.9 20800 ©,886 i 1.62

d =105 x 107} ¢




v~

in the 2 foot Fiune,

d’ = effective fall diameter.

d =1,05x 107 ft

Table .—Dbasic variables for runs with 0.32 mn sand
A Run r Susp. Bed Material - J:ﬁd‘“ﬂﬁ%ﬁiﬁ Bed Forms Remarks
. Load dx1071T G VL g d’x10% L T R Vg
. i PPM ft | = ft ft | ft | fpm
1 0 - - 0.126 0.890 - = = ; Plane No Movenment
g 2 0 N - .151 1,030 - - - lPlane No Movement
3 0 - - 127 .896 Ripples
4 O i .854 | 1,56 | ,157 | 1.062 Ripples
‘30 24 11,021 1.44 | 131 .939 : Ripples
] 1
29 S 11.019 | 1.46 | .164 | 1.104 { 4 Dunes Ripples Superposed
b 56 .837 { 1.50 .126 .891 b Dunes Ripples Superposed
6 33 .854 | 1.58 | .156 | 1.058 ; Dunes Ripples Superposed
27 168 1.038 1.52 .134 .936 : Dunes Ripples Superposed
28 251 1,035 1.57 | .165 1.108 : Dunes ;
26 80 1,071 1.62 o ) § .923 E Dunes Ripples Superposed
25 274 1.019 1.52 | .161 1.086 , Dunes
21 196 1.035 1.65 | .130 .915 ; Transition
22 498 1.051 1,50 | .165 1,105 { Transition
24 + 307 . 969 1.49 | .129 .912 ; Transition
{ H
23 | 227 916 | 1.46 | .163 | 1.099 ! Transition
7 196 .+ 950 1.64 | .129 « 909 ; Transition Plane Bed
8 248 1.003 1,59 { .155 1,054 g Transition
20 1520 1,001 1.45 | ,131 .918 i Antidunes Mild
19 i 735 <979 l,42 .158 1,067 lTransition‘ Plane Bed
{10 | 2020 1.001 1.64 | .114 .826 , Transition Plane Bed
9 1480 .935 1.50 | .154 1,029 Antidunes Mild
J12 | 1480 1,051 | 1.56 ! .119 .851 ITransition | Plane Bed
({11 | 1810 {1,051 | 1.48 | ,148 | 1,030 lAntidunes Mild
14 5340 1,215 1.56 | .130 916 | fAntidunes Mild
13 2100 1,049 1.49 | 162 1.090 ; i Antidunes Mild
15 | 19000 1.160 1,59 .128 .904 | ; Antidunes
16 | 14700 1,527 1,89 | .155 1,052 | i Antidunes
17 | 20000 [1.103 | 1.52 | .13 020 | Antidunes
18 | 17400 |1.231 1,60 | .157 | 1,063 | 1 ntidunes
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Table .—-Basic varialles for runs with d = 0.54 mm sand in the 2 foot Flume,
v [Run [Siope |Disch, |Depth |[Velocity | Viscosity [Temp. Total }oad 1
x 10° x 10° W, L, Bed Total | dx10° | ©
ft/ft | cfs ft ft/sec ft2/sec o PPM  Materiall PPM ft
i 1 2 PPM
1 [0,016 | 1,06 0.61 0.89 1.20 | - 15.9 - = = - -
2 019 | 1,12 .60 ¢ 96 1.16 | - 17.4 - - _ - -
'h 5 026 | 1,21 262 1,00 1,17 | =~ 16,9 - 0.6 0.6 - -
4 .038 | 1.59 .59 137 1,14 | = 18,0 - 14 14 1.647 § 1,34
6 170 | 2,45 - N 1,74 1,12 | - 18,6 - 333 333 1.539 | 1.66
5 .201 | 3,12 81 1.95 1,10 | - 19,2 - 346 346 1,499 | 1,60
0 «336 | 4,28 D1 2.39 1.24 | - 14,7 - - - - -
20 «338 | 4,74 .72 3.36 1,08 | = 20,2 - 2450 2450 1.621 | 1,52
8 <351 | 3.82 .78 2,51 1,11 | - 18,9 - 1020 1020 1,585 | 1.55
8A | .331 | 3.82 .84 2.33 1,12 [1.31 | 18,7] 5740 {1050 6790 1,417 | 1,58
8C ( .248 | 3.69 .88 2.15 1.00 {1.46 | 23,3 {14500 660 {15200 1,673 | 1,47
83 | .293 | 3.84 .85 2.30 1,04 (1,70 | 215 |[20600 842 121400 1,483 | 1,67
8C | .294 | 3.83 .86 2,28 1.02 1,79 | 22,4 [24300 0040 {25300 1.594 | 1,75
8D | .198 | 3.77 .72 2,65 0,9 [3.20 | 25,0 |63700 521 |64200 0,787 | 2.92
-9 .388 | 3.42 .72 2,44 1,06 [ < 1 20,6 - 1090 | .1090 2,224 | 1,55
{
14 «399 | 4,77 .89 2,74 1.10 | - 19.3 - 1700 1700 1,667 1 1,45
147 | .366 | 4,78 82 2.95 0.98 [1,27 | 24.3{ 9580 {1760 |11300 1.532 | 1,64
14C | .377 | 4.80 .87 2.82 1,03 (1.74 | 22.2] 22400 51840 24200 1,739 ¢ 1,64
o 148 | .339 | 4,84 .70 351 1.02 |2,41 | 22,3| 44100 12960 47100 1,206 | 2,91
1o .408 | 3.82 .76 2.58 1,04 | =~ 21,5 - 1300 1300 1,453 | 1,56
Moe .433 | 4,16 .72 2,93 1,15 - 17.7 - 1520 1520 1,421 1,58
10 .486 | 5.33 64 4,30 1,07 | = 20.3 - 2690 2690 1,706 | 1.47
18 .520 | 7.62 71 5.44 1,02 | - 22,6 - 3330 3330 1,870 | 1.61
18A | .508 | 7.57 .76 5.11 1,02 |1.44| 22,5 13200.3400 |16600 1.804 | 1,62
188 | .790 | 7.59 .69 5,62 1.00 [1,70f 23.3] 3790019730 | 47600 1,558 1,61
18C | .900 | 7.59 «70 5.54° 0,99 | 3.00] 23,7 58700|22300 | 81000 1.421) 1,40
15 .551 | 6,94 .74 4,75 1.04 | — 21,7 - 3330 | 3330 1,821 ] 1,53
15A | .550 | 6.99 o 15 4,76 1,02 [ 1.47( 22,5 14200 4350 | 18600 1,519 1,88
"1SB | 537 | 6.96 .75 4,73 0.99 | 2.27] 23,71 40900 4710 | 45600 1.476 | 3.17
15C | .628 1 6,99 .73 4,85 0,99 | 2.98] 24,0 58600| 7640 66200 1,247 2,69
13 .565 | 6,37 <72 4,52 1.14| = 18.1 - 3350 3350 1.847 | 1.60
¥ .768 | 7.48 66 5.80 1,081 = 19,9 - 5690 { 5690 2,067 | 1,46
16A | ,930 | 7,82 L6711 5,92 1.00 11,351 23,84 11200 5600 { 16800 2,198 | 1,33
168 {1,075 | 7.84 .66 6,03 0.96 | 1,93} 25,0 31500 {10300 | 41800 1,496 .73
16C [ 1,305 [ 7.86 65 6,14 0.9 | 2.321 25.1] 4450015800 | 60300 1,132] 2.22
17 1,175} 7.89 .65 6,21 1.02| - 22,5 - 9180 9180 1.460 | 1,74
17A }1,365 1 7.83 .65 6.17 1,02 2,27] 22,3 39600} 23804 63400 1,214 1.63
17B }1.,928 | 7.86 .68 5.87 0.99 | 2,60] 24.0 s1500! 50004102000 1,460 | 1,30
| 12 }3,438 | 7.84 | 64 6427 1.17 - 16,9 - 2600 26000 | 1,486 | 1,74

. . D,’."A




/ Table .~“Basic variables for runs with 0,54 mm sand in the 2 foot Flume,
T s ) :
j Bed Material - Sand Waves
}; ax10¥ U .\'f : w'f ‘ J’iffo’ E i v Bed Form Remarks
S S t
/ £t - fiwr .y = £t £t  Fpm
/
1R - - p.258 | - - - - - Plane Sonme Movement
J | 2 - - |.262 | - - = = - Plane Some Movenent
3 1.585 1.53} .2061 = - 0.47 0,03{ 0,0001 Sand Waves Artificially
Induced
, 4 1,526 1,55 .264 - - s .10 .0004 Plane One Dune front
6 1,640 1,671 .266 - - 4.6 .35 .0047 Dunes -
el 5 1,575 1.57 ,268 - - 5,0 .26 ., 0080 Dunes o
0 1,565 1.5q .254 - o 4,0 . 30 .0054 Dunes -
20 1.716 1.51 .271 = - 4.3 P 1 .036 Transition Dunes
8 1.903 1,48 ,267 - - 3.6 23 012 Dunes -
. 3A 1.699 1.45 .265 .,258 1,730 3.8 . .20 012 Dunes =
; ;
8E 1,968 1,45 .278 262 1,688 3:6 .19 .0073 Dunes -
8B 1,949 1.4& .274 252 1.654 3.6 .20; .010 Dunes -
8C 1,772 1.4% .276 .248 11,632 4.4 .24 011 Dunes -
. 8D 1,706 1.51] ,282 .208 1,343 0.7 .08 L0062 Sand Waves -
1 1.804 | 1,53 ,272 ] - - 3.3 | .17 J012 Dunes -
14 | 1.903 |1.50 268 | - - 4.0 .20/ .021 | Transition  {unes
L 14A 1,837 1.50 .280 .7 {0) 1,711 5:8 .201  ,030 Transition Dunes
i 14C 1.837 :1.53 .275 . 250 1.643 5.8 190,034 Transition Dunes
148 | 1,837 | 1.48 .276 .228 | 1,500 £ = - Transition Plane
19 1.788 } 1,54 .274 - - 4.2 .16 .018 Transition Dunes
'54 |
{'o | 1.549 i1.50.263] - - 4.2 | .18 .022 | Transition  [Dunes
10 1.824 | 1,64 271 - w - - .| - Transition {Plane
§8 ! 1.870 | 1.49 .276 | - - - - - Standing Waveg -
18A | 1,837 | 1.48 .276 2262 | 1,695 - - = Standing Waves =
185 | 1,837 ! 1.45 ,278 .237 | 1.544 - - - Standing Waves -
: 1&3 i 1.919 1.44 ,279 . 208 1,388 o = e Anti-Dunes -
15 1,732 1.48 .274 ] - = = = i = Standing Waveg
V154 | 1,854 | 1.52 276§ ,201 1,689 = - - Standing Waves -
158 | 1.837 | 1.49 .279| .232 | 1.522 | - - | - Standing Waves -
15C 1,722 1.44 ,280 .213 1,388 = -3 - Standing Waves e
3 {
‘4——]»"
13 1,713 | 1.6d .265! - - - - - Standing Waves -
<11 1,509 { 1,62 ,270¢ -~ - - N &= Standing Waves -
164 = - | 278 266 | 1,703 = e = Standing Naveﬁ =
1683 1.713 1,45 .282 . 248 1,587 - - = Anti-Dunes -
|, 16C 1'1.837 1,38 .282 . 232 1.497 - - - Anti-Dunes -
f | |
‘1 ‘17 | 1.690 | 1,46 2760 - - - - - | Anti-Dunes -
\ 17A  1.837 | 1,42 .276|. .233| 1,532 - - - Anti-Dunes -
’ 117B} 2,100 | 1.40 .280 .221 1,441 - - - Anti-Dunes =
12 1.847 1.58 .2611 = - - - - Anti-Dunes - __J
! w' Faill yrl".l; in bentonrte < woter qispersieas ) .- o
.\'1 d‘ iHrtl.—t foll digm.ter
I“'}l




	CERF_61_31_001
	CERF_61_31_002
	CERF_61_31_003
	CERF_61_31_004
	CERF_61_31_005
	CERF_61_31_006
	CERF_61_31_007
	CERF_61_31_008
	CERF_61_31_009
	CERF_61_31_010
	CERF_61_31_011
	CERF_61_31_012
	CERF_61_31_013
	CERF_61_31_014
	CERF_61_31_015
	CERF_61_31_016
	CERF_61_31_017
	CERF_61_31_018
	CERF_61_31_019
	CERF_61_31_020
	CERF_61_31_021
	CERF_61_31_022
	CERF_61_31_023
	CERF_61_31_024
	CERF_61_31_025
	CERF_61_31_026
	CERF_61_31_027
	CERF_61_31_028
	CERF_61_31_029
	CERF_61_31_030
	CERF_61_31_031
	CERF_61_31_032
	CERF_61_31_033
	CERF_61_31_034
	CERF_61_31_035
	CERF_61_31_036
	CERF_61_31_037
	CERF_61_31_038
	CERF_61_31_039
	CERF_61_31_040
	CERF_61_31_041



