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ABSTRACT

Jashout experiments have been carried out under

different conditions, and empirical formulse for washout

rates were derived from which the time of washout can be

estimated.

A study has also been made to compare the results
obtained from the time-scales derived from the experimental

formulae with those obtained from the time-scales obtained
from the well known bed load formulae of Sheilds, Einstein,

and Kalinske,

Finally, a comparison of the observed washout rates
with those computed by the Einstein and Kslinske's bed

load formulae, has been made,

iiil
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NOMENCIATURE

Qcon, - Constant water discharge in cubic feet per
second / foot width of channel. |
Qeri. Critical water discharge in cubic feet per
| second/foot width of chamnel,
As . Sediment discharge in cubic feet per second
per foot width of channel.

D Water depth at upstream toe of the dam in ft.

Ye | Critical water depth in ft.
Ss Speeific gravity of the material used.
oL

Angle of repose of the material uvused in rzdians.
g

H Height of dam in Tt.
B Average length of dam in Tt.
a Particle size of the materiasl in ft.
S Energy slope-
T Time of washout in seconds.
N , Manning's roughness coefficient,
To Shear stress in 1b/ft2,
% Critical shear stress in 1b/ft%
2y Acceleration due to gravity in ft/sec%
¥ Specific weight of water in 1b/re3.
ﬂ? Bed 1oad'function;
1/%? Entrainment function.
n Porosity of the material used,
/9 Density of water in slug/ftB.
) Kinematic viscosity in ftz/sec.
Cq Du Royst' coefficlient.

xii
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 1

INTRODUCTION

1.1 Description and Object of the Investigaltion

Generally, a fuse plug is simply a rockfill dam.
It has a factor of safety equal to that for ordinary rockfill
or earth dams when it functions as a dam. Tt will be washed
out by the reservoir water automatically at a suitable rate
when the spillway capscity is required to pass an extraordinary
flow, DMNormally, laboratory experiments using model techniques

are undertaken to demonstrate the feasibility of a fuse plug

in a spillway of a major dam before it is constructed.

(=3

The fuse plug is often designed according to theoretical

upon bed lcad transportatiocon

0
0]
®
o
=
i\
Fet
vy
&

computations b
principles and modern concepts of soil mechanics,

Laboratory investigations, were performed to determine

a) The mechanics of the washout process.,
‘) The similitude relationship for the rate
of washout.
The study involved two approaches:-

1) Empirical formulze, that permit the application of
model test results to rates of washout, were based
on the experinments which were carried out in four
series as follows:-

a) Washout at constant upstream vater level with

downstream supercritical flow,

1
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b) Washout at constant upstream water level with

downstream subcritical flow.
‘¢) Washout at constant discharge with downstreaﬁ
supercritical flow,.
d) Washout at constant discharge with downstream
subcritical flow,
The washout time scale was then derived from the previously
mentioned empirical formulae, This time scale was compared
with those derived from Sheilds, Einstein, and Kalinske's

bed load formulae,

A study of side effects has been made by using dams of

different widths.
2) Rates of washout were calculated from successive

photos taken during the eXperiments. These rates
were compared with those obtained by substituting
in the bed load formulae suggested by Einstein and

Kalinske.

2
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CHAPTER 2

THEORETICAL PACKXGROUND

2.1 Significance of sediment properties:-

The entrainment, transportation, and deposition of
sediment depend fully as much upon the properties of the

sediment as upon the hydraulic characteristics of the flow,

Such properties may be classed as those which are
typical
| a) of the individual particle (such as size, shape,
and specific'gravity),
b) of the particle distribution,
¢c) of the sédiment in bulk (such as porosity, and

specific weight),

2.2 Bed load formulae

Many such formulae have been developed, some purely
‘empirical, others having a background of semi-rational
and /or semi-dimensional argument., They usually involve the
difference, or the ratio between the actual bed shear stress
7% and the critical shear stress 7. , at which movement
begiﬁs; ‘
Some of the better known formulae will now be described

a) Du Boys! classical formula:-

For many years, transport functions for bed

3
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load have been based on this formula (8]

qS:CS ('];—j:) ¢ s o (2.1)

in which qg is the rate of sediment transport along
the bed in volume of material per unit time per unit
width of section; Jo= ¥YS is the intensity of bed
shear, and T¢ is that value of To at which the

function intersects the qg = 0 axis. Although

Du Boys based his analysis on the over simplified
piecture of sliding lsyers of bed‘material kept in
motion by the sheaf of the moving fluid, in effect
the shear terms express the complex system of forces
exerted by the flow upon the bed and the term Cg |
expresses the relative susceptibility of the given
-sediment to movement. If the formula is correct in
principle, its successful use evidently depends upon
correct evaluation of the parameter Cs. Straub
found by examining the work of many investigators
that for grain water systems Cg is equal to OJ73/d3“ﬂ

where d is the grain size in millimeters.

b) Shields? formula:-

Shields [7] put forward a bed load formula.

QS(SS"]-):lG (T, - %) (2.2)
q S ¥(sg-1)a

vhere q, S, and § are defined in the normal way as
water discharge per unit width, bed slope, and
water specific weight., The eguation is dimensionally

homogeneous, so that any consistent system of units

L
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can be used. Also, it includes the specific

gravity as a variable. It fits fairly well to

a wide range of experimental data.

¢c) Einstein's formula:-

Einstein[6] departed radically from Du Boys

type of analysis through the following combination

of physical, dimensional, and statistical
considerations. He first concluded on the basis

of observations that a given size of particle moves
in a series of steps of definite length and freguency,

and that the rate of transport depends upon the
number of particles moving at any time, The pro-
bability that any one particle will begin to move
in a2 given unit of time was thus assumed to be
expressible in terms of the rate of transport, the
size and relative weight of the particles, and

a time factor equal to the ratio of the particle
diameter to its velocity of fa2l11l, The same
probability was expressed again in terms of the

ratio of the forces exerted by the flow to the
resistance of the particle to movement. The two

forms of the probability relationship were then

equated to yield the general function
= f(L
The terms J is Known as the bed load functlioni
it involves the rate of movement, the particle size

and weight in water, and =z dimensionless function F

5
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of the fall veloclty:

$ = Qs

2
fz(ss -1) F a°/?

where

. _ N1 2 ) 2 o
F =l/§"+ ; 36 _ / ’\36 2
V3 gd-(Ss-1) ng)(Ss—l)

The quantity P involves essentially the same

particle characteristics and the bed shear L=YYS :

- o
Vo g (Ss-1)d

The empiricald - 1AP relation is plotted in

Fig.l , in a form due to Brown[8], who also deduced

the equation
_uoliq’
P =iy
or

A 3
QS "’4’0; ’j: -i s e s s (203)

i

2 L %(sg-1) a |

Tor the upper straight line portion of the curve,
At low values ofc%, and hence of g4, the curve
swings away from this straight line to the

asymptote
2 - 0.056
Y

Experimental data relating to uniform sand
and gravel sizes it moderately well to the curve
in Fig.1l.

d) Kalinske's formula:-

Kalinske[6,8] likewise sought to improve upon

the purely empiricel type of formulation by

6
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incorporating relationships between bed shear and

turbulence., His development, like that of Einstein,

proceeded from the simple statement that the volume

rate of sediment movement per unit width must be
equal to the product of the particle volume Ade,
the mean particle velocity %S, and the average
number of particles moving per unit bed area P/Ajd

s = AZd%-§sx P/Ale: —%g“ﬁs Pd
where the coefficients 4q,Ar are dependent on the
geometry of the particle.

As a conclusion to Kalinske'!s argument, the
particle velocity Vgwould be proportional to the
shearAvelocitygﬁ?,and that the coverage factor P
would be 2 function éf the ratio 7/%, which is
directly proportional to the entrainment function

%AP. It follows that

3s _p - ol
R

The line plotted in Fig.2. hag been fitteé to
a number of experimental data, whcih show about
the same degree of scatter as for the Einstein
function.
~ The upper straight line portion of the curve

has the ecquation
2

9s = 10 {_——

1]
Iﬁ;‘;}?d ‘PJ

7
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oTr

' 2
qS :10[- ’j: -‘ ,......(2.“’)
T/ d | ¥(Sg-1) a |
and as in Fig.l the lower part curves away to the
asymptote-%7-= 0'056f

2.3 Washout of fuse plug:-

'The washout process starts when the water overtops
the crest level of the fuse plug. The washout process
was condvcted under two different conditions:

a) Constant upstream water elevation, during which

the water level upstream of the fuse plug was
kept constant. The experiments were carried out
for different constant weater levels starting
from the crest level.

b) Constant discharge, during which the experiments

were carried out for different constant discharges.

2.4 BEvaluation of variables:-

a) Counstant upstream water level cas2:- . (Fig.7)

The sediment discharge per unit width gg depends
upon the critical water discharge Qggnj: height
of dam H, mean lehgth of dam B, depth of water
upstream of dam D, mean dizmeter of grains 4,

angle of repose of grains in redians «¢,and specific

gravity Sg of the material used,
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Qg = f(qcrj_i i, B,.D, d:“r Ss)
By dimensional analysis [3,4] the above function
can be written as

3.2
__2_5__7_ = £(a(D-0.58)"/q5p1s B/B, 1/(Ss-1), D/ded)
cri

(D-0,5H) is kniown as the effective head of water

abové the washout material, H/%Ais representative
of the shape of the dam, and Qeri= 3+09 D2

An equation of the form

q - : 2,7 0081, ,. (22 .

crl

where the exponents aq, a,, =

coefficient K7 are constants,uvhich are to be found
by statistical methods [1,2] based on the experi-
mental data, can be written,

b) Constant discharme case:- (Fig.7) The sediment

discharge per unit width gg4 depends upon the
constant water discharge qcoﬁ!height of dam H,
mean length of dam B, critical water depth Y%,
and the properties of material such as 4, «
and Sg.

Qe = f(qcon’ Halév Vesr Gy, Ss)

Agein by dimensional analysis {3,4} the above

function can be written as

qs . P & 3/ 2 ) b Q(_ -y 3
a_(;(;l’-l— = f(c‘;H “Qcon? H/B_, 1/( Ss~-1) 'y Q/Q"‘)
5
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. 2 . L
The term 8H3/Qcon represents the reciprocal

of the Froude number,

An equation of the form

b -\ b b =, bl
s = ooy (e89/0°,) My /a0 2 (/8- 0 (/) YL L(2.6)
Qcon _ _
where the exponents by, bp, b3 and by and the
coefficient Cl are constants, which are to be

found from statistical methods [1,2] based on

the laboratory cbhservations, can be formulated,

10
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CHAPTER 3

EXPERIMEJTALvAPPARATUS'AND PROCEDUR

3.1 Fig.3 shows the 9"'wide channel vsed for the’

washout experiments, The discharge was measured by an

electronic flow meter.
Fig.lt shows the 6" wide flume used for another

series of washout experiments. The discharge was measured

by vertical and sloping manométers,
Finally, a series of experiments (using fuse plug
widths of 18", 36" and 60") were conducted using the 60"

wide channel shown in figs 5,6, The discharge was measured

by a triangular notch,

2 Materizl Used:

s

o) Mechanical analysis:
The purpvose of the mechanical analysis is to

grains which constitute

determine the sizes of the
the material and the percentage of the total
weight represented by the grains in wvarious

A" series-of mechanical analysis

were conducted for different gravels and sands

excluding materials No 3,5, The diameter of

a particle than which 507 (by weight) of the

material is finer, was used (see Fig.9).

11
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Material No 3 refers'to'particlé size that
passed a sieve with " openings and retained
by sieve‘No 4 (Tyler).

Material No 5 refers to particle size that
passed both 1" and No 4 and retained by sieve

No 8 (Tyler).

b) Specific gravity, vorosity, and angle of repose:

Specific gravity and porosity were determined

experimentally for each of the materials used.
The angle of repose was obtained from the

curves prepared by the U.S.B.R., and used in the

derived equations to indicate the angularity of

each material (see Fig.8).

+
CEI,

[©)

Table No 1 shows the mean diameter in millinm
specific gravity, porosity and angle of repose

in radians for the different materizls used.

3.3 Experimental investication:

14 types of dams of different shapes and sizes have been
used (Fig.7).

a) In the 9" wide channel, materials of specific
gravities ranging from 2.57 to 2.77 have been
used to build 14 types of embankments, and the
exXperiments were conducted under both constant

upstream water level and constant discharge,

with two different washout conditions,

(1) supercritical, by building the dam near

12
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the downstream end of the channel, and
(2) Suberitical, by building the dam within

the mid-panel of the channel,

b) In the 6" wide flume, materials of specific
gravities raging from 2,65 to 4.5 have been used
to build 7 (type 2) dams, and the experiments
were carried out under the case of constant
upstream water level with the subceritical.
washout condition,

e) In the 60" wide channel, a materisl of 2.57
specific gravity has been used in building 3
(type 2) dams of widths 18%, 36" and 40Y to study
the effect of the change in width. The experi-
ments were conducted under the constant discharge

case with the supercritical washout condition,

In all the previously mentioned experiments, the time of
washout was recorded starting at the moment the water overtops
the fuse plug. Fhotographs were taken during the washout

process,

.
:

3.4 Exverimental Errors:

The possible errors which might have occured during the
experiments could be due either to errors in the instruments
or errors of observation.

The instrument errors are related to the electronic flow

meter and its degreerf accuracy, to the air bubbles inside

13

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the masnometers, and to the calibration of the clock. The
observations] errors are many and sometimes compensating.
The flow chart 1s graduated to read to a minimum value

of 50 gallons per minute and can be interpolated to read to
within an acduracy of about lo.gallons per minute. The
clock'!s scale is graduvated to read directly to 1 second.
The water levels over the weir were measured to within an
accufacy of 1/100 of an inch. In the washout experiments
for the case of constant upstream water level, there were
difficulties in controlling the gate valve to maintain a
coﬁstant unstream vwater level during the washoul process.
Thus, i1t is anticipated that the derived empirical formulze

b d on these experimental datzs will show more scatter than

]

®

a
th derived from the washout experiments for the case of

Q
D

s

constant discharge.

14
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ANATLYSIS AND DISCUSSION

" L,1 Evaluztion of Constants:

Based on statistical analysis [1,2], the constants in
equations (2,5 and 2.6) were found using the experimental
data.

The most satisfactory embirical equations obtained are

as follows:

a) Constant uopstream water level, supercritical case:

22
‘ 92 . iy bl
s 1 fe(D-0.52)7 /a2 ] Oqzr(“/d )7’12551/591)3 O{\I—,’B)}"w‘l
Teri 73,50 [ 4 4 L 301
b) Cohstant upstream water level, suberitical case:
-12 Cr :1 22
s . _1 {z(p-0. sm27e? 90N /ach ’ﬁ /os=1) T RE/BYTL L (n2
deri 295.72 L crif L |
c) Constant discharge, suvercritical case
i 0082~ ‘l0125— -T * e 7
e e R (UL e CVZSS iy SVEPEY L* 3J (83
decon 73.39 - ¢ 'J L 1L ‘
d) Constant discherge, suberitical case:
? e ")8\2 .1 5 -2.0— _—.22
95 == 1 [.1’/q R COVZ T N GV R 373 ok
qCOI'I J-L??,?“f Lv C — Lbc | L_ -~ . L -
15
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where

Qe =

Sediment discharge in c.f.s/ft.

Depth of water at upstream toe of the
dan in ft,

312
Critical water discharge = 3.09 D c¢,f.s/Tt.
Constant discharge during the washout

process, c¢.f.s/ft.

3 g2
Critical water depth =[nggg in ft.
g

Submerged specific gravity of the material,

- Height of dam in ft.

Average length of dam in ft,

Angle of repose of the material used
Ain radians,

Mean particle size of the material used

in ft..

From the previous equations the time of washout could

be calculated 2as T =

where

O]

il

where n is the

Yg
Qg

the effective volume of the dam

n

volune of damx (1- —)

100

porosity of the material,

The observed times of washout versus those computed from

the above equations are plotted in Figs.58 to 61.

16/1
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The .correlation coefficients of equations 4.1, L,2, 4.3
and 4.4 were calculated and the results are 0.31, 0.40, 0.78

and 0,42 respectively,

It can be seen from figs. 58 to 61, that, the washout time
values obtained from the experimentally derived equations for
the case of downstream suberitical flow exhibit more scatter

than those obtained from the derived equation for the case of

downstream supercritical flow,

The reason for this is obvious. In the case of the washout
experiments with downstreanm suberitical flow, after the water
overtopped the dam crest, the dam started to lengthen in the
downstream direction and the washed out material were transported
to the downstream end of the channel forming rivples, dunes and

antidunes which affect the washout of the danm.

*
>

f

<t
0]
9]
touzet
by

id failure and breakthrough, =&

Ef

a

0o}
)—J

-
aL

[y

r the init
slower sediment transport state followed. The remaining part of

the dem continued to be washed out as in the case of bed load

transport,

It took a relatively much longer time to complete this final
phase of washout. However, in the case of the washout experiments
with downstream supercritical flow, the dam was built near the
dovnstream end of the channel; 211 the washed out materisl fall
immaediately into the collecting box without leaving any behind

to impede the transporting process,.
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4,2 Time-scales:

a) Derived from the experimental formulae:

7 3/%’(Ss~1)p] Cpo Tt qrup]'l‘% ceo(84,5)
" [Gevm]| [an]  m]

where S is the model scale = Lyp/Lp

The above eguation can be derived from either the constant upstream

water level equations or the constant discharge equations as well.

b)) Derived from the bed load formulae:

i) Shields! formula

2. ﬁ]_
S po g (4.6)
Tm -~ o l;-.(ss-l)m.i Ldm-J >0 0 .\

T\
Lk ] i !
i

Ss l)mJ _de {AFpJ

It is obvious from the Einstein equation that the time
scale does not depend on the length scale (3) as it is a
function of the properties of the material only.

1ii) Kalinskets formula

, 2.0 1/6
Tp S1/3 l’(ss-l)p] fdp-] oo (B,3)

T ® [Eein] [

A comparison of the above different time-scales can be

found in table 10 and Fig,.62,

L,3 Application of the bed load formulae to the fuse;plgg washout:

The data obtained from the 6" wide flume were used for

this application, Successive photos were taken during the

17
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washout process at various times.
From the photos,
1) The absoclute time (T) since the start of

washout and the water discharge at that

time were recorded.
ii) The depths. of water flowing over the dam
were measured; hence the average flow depth

over the dam was obtained for any given time;

111) The cross-sectional area of the dam still
remaining behind was measured by a planemeter.
at that given time,

The observed sediment discharges were calculated as
followus:
2) Both the time interval and the washout area
between two suvccessive absolute times were

calculated from
AT = TE—T]_

An-Aq in sq.ft./ft width of channel,

AODA =
b) The sediment discharge gq Weas estimated from’
as = 22 L (2. _n) c.f.s/ft.

o AT 100
The computed values of gg were obtained as fol;éws:
a) The value of shear stress(T) wes calculated from
o= §YS

where y

average water depth over the dam at the

corresponding absolute time,

18
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S and N are obtzined ffom the Manning and the Strickler

2 7

22 1/6

¥ 4ma v o= o0.03ka
2,21 ylo/3

b) gs was determined by substituting in both the

equations [8] that is S =

Einstein and the Kalinske bed load formulae;

the average qg = sy g 152 was taken.

The values of g, (observed), qg (calculated) and the
ratios of qg obs to gg comp. are given in tables 11 to 17

and tables 18 to 24,

19
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CHAPTER

CONCLUSION,

5.1 From the tests conducted in the laboratory it
appears that the shape of the dam (upstream and downstream
slopes of the dam) has no appreciable effect on the time of

washout if the volume of the dam is kept constant,

5.2 The results obtained from the time scale relation

derived from the experimental formulae were found to be closer

to those obtained from the time scale equation derived from
the Kalinske formula rather than those from the Sheilds and

the Einstein formulae.

53 Results of washout experiments for fuse plugs of
widths 18", 36", and 60" showed that there were no significant

side effects resulting from the 6" & 9" wide fuse plugs.

5.4 The application of the bed load formulae to the

fuse plug washout indicated that this method lacked the

accuracy desired., These formulae deal with the bed load only

and do not cover the suspended -load range. It appears from
tables (22 to 24), (where the particles of the materials used
are very small) that the ratios of gg obs : qs cal. are very

large. It can be concluded, thus that most of the sediment

20
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was washed out as suspended load., In addition, the bed load
formulae were based on experimental data conducted under

steady flow conditions, while the washout experiments were

conducted under the case of spatially varied flow,

5.5 Equations 4.1, 4.2, &.B.and L,t, can be used to
calculate the sediment discﬁarge dg c.f.s/ft; knowing Qg and
the effective volume of dam (ftj/ft), the time of washout
of that dam can be estimated. .

5.6 Equation 4.5 can be used to calculate the time scale

[

for the washout problem,

Two different types of eroslion occured during the

5.

washout process. In the case of gravels, erosion progressed

~q

with a flat or mild slope while in the case of sands the

process of washout was accompanied by a steep slope.

21
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APPENDICES
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Fig.7 Shapes Of Fuse plugs Tested
Scale 10in.to1in.
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Fig.7 : type (10)
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Fig.10

Exp., No. 2-HO-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
LEVEL WITH DOWNSTREAM SUPERCRITICAL FLOW.
Type (1) danm
Upstream water level maintained 0'" above fuse plug crest

faterisl No. 2
a

Sg = 2.57

n = 41,0%

=< = 0,532

d = 6.35 mm,
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Fig.11

Exp, No, 2-H2-9"

EFEROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUPERCRITICAL FLOW,

Type (1) dam
Upstream water level maintained 2" above fuse plug crest

Material No. 2

Ss = 2'57

n = 41.0%

=< = 0.532

d. = 6035 mnm., ' : *
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Fig,12
Exp. No, 2-H4-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUPERCRITICAL FLOW,
Type (1) dam
Upstream water level maintained 4" above fuse plug crest

Material No. 2

Sg = 2.57
n = 41,0%
o< = 0,532
d = 6,35 mm,
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Fig.13

Exp. No. 3-HO-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATEB
IEVEL WITH DOWNSTREAM SUPERCRITICAL FILOW,
Type (1) dam
Upstream water levei maintained 0OY" above fuse plug crest

Material No. 3

8, = 2.70
n = 40.0%
xX = 0.454

d = 4,60 mm,

Ldy
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Fig,14

Exp. No. 3-H2-9"

EROSION OF DAM AT CCNSTANT UPSTREAM WATER
LEVEL WITH DOWNSTREAM SUPERCRITICAL FIOW.

Type (1) dam |
Upstream water level maintainedAZ" above fuse plug crest

Material No. 3

n = 40,09

a = 4.60 mme

b7
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Fig.15
Exp. No. 3-H4-9o"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
LEVEL WITH DOWNSTREAI"?. SUPERCRITICAL FLOW,
" Type (1) dam
Upstream water level maiﬂtained Lv above fuse plug crest

Material No. 3

Sg = 2.70

n = 40.0%

=< = 0,454

d = 4,60 mm,
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Fig.16
Exp. No., 5-HO-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
ILEVEL WITH DOWNSTREAM SUPERCRITICAL FLOW,
Type (1) dam
Upstream water level maintained O" abgve fuse plug crest

Material No. 5

Sg = 277
n = 46.0%
o< = 0.26?

d = 2,20 nnm,
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Fig.17
Exp. No, 5-H2-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUPERCRITICAL FIOW.
Type (1) dam
Upstream water level maintained 2" above fuse plug crest

Material Yo. 5

Sg = 2.77
n = 40.0%
X = 00267

d = 2,20 mm,
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Fig.18
Exp. No. 5-H4-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
ILEVEL WITH DOWNSTREAM SUPERCRITICAL FLOW,

Type (1) dam
Upstream water level maintained Lt gbove fuse plug crest

Material No, 5

SS = 2:77
n = LPO.O%
e = 0.267

d_ = 2.20 mm.
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Fig.19

Exp. No, 7-HO-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUPERCRITICAL FLOVW,
Type (1) dam
Upstream water level maintained O" above fuse plug crest

Material No. 7

Sg = 2.65

n = 41.0%
o< = 0,066

d = 0.80 mm,
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Fig.20

Exp. No. 7-H2-9%

EROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUPERCRITICAL FLOW.

Type (1) dam

Upstream water level maintained 2" above fuse plug crest

Materisl No. 7

SS = 2.65
n = LPl.O%
0L = 0-066

4 = 0.80 mm,
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Fig,21

Exp. No, 2-HO-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
LEVEL WITH DOWNSTREAM SUBCRITICAL FLOW.

Type (1) dam

Upstream water level maintained 0" above fuse plug crest

Material No,., 2

SS = 2'5?
< = 0,532

d = 6.35 mm.,
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Fig.22

Exp. No, 2-H2-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
- LEVEL WITH DOWNSTREAM SUBCRITICAIL FLOW,
Type (1) dam

Upstream water level maintained 2" above fuse plug crest

Materisl No. 2
Sg = 2.57

n = 41.0%

=< = 0,532

d = 6,35 mm,
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Fig.23
Exp. No, 2-B4.9*"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUBCRITICAL FLOW.
Type (1) dan
Upstream water level maintained 4" above fuse plug crest

Material No, 2

Sg = 2.57

n = 41.0%
XK = 0.532

d = 6.35 mm,
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Fig.24
Exp. No, 3-HO-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL W ITH DOWNSTREAM SUBCRITICAL F1OW.
Type (1) dam
Upstream water level maintained 0" above fusé plug crest

Material No. 3

Sg = 2,70
n = L40,0%
~ = 0.454
d = 4,60 mnm,
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Fig.25
Exp, No. 3-H2-9"

EROSICR OF DAM AT CONSTANT UPSTREAM WATER
LEVEL WITH DOWNSTREAM SUBCRITICAL FLOW.

Type (1) dam

Upstream water level maintained 2" above fuse plug crest

Material No. 3

SS = 2,70
oK = 0.454

d = ll'.éO mm,

g7

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



b
°
o] \%
o9 Y
5 °
o%c %oa
m.eo [}
\wom A
° 0
aoo ooo
ao.u 0
\oooo oo 0!
000 \oo o]
o L]
0
ooeowo oaMo
oooaw awoao
\oo 004 050 ©
\oaOoooo XL
g o by
ooogwoo oaaa
. ooooooo ccco )
- eoooocom 0 oo
0%04° 0 %a0
000g 0y 4
) %o O 0y’
9. "a ) -
LR [ I =
\Moouo o, - = oo..o A2
= 00, 09 70 = ©%g
- ~oaoeouu N w0 ™M 0% O
<« _ooaoa 9 %e <« ™M coao
00 oo 0% o o
o %9g0 0,0
oY 0 o
60 "g0000 0. 0
o 0 d0 9 4 oa
4 9,0 o0 aoo -
b /oaOOO o° - = N 2
< a9 00 ~— < © 9
° Q © ¢
O \s%ag % O O o O
oooeon 8 %y
/QOOOOO (4 __
1 ° % %9 1 H NN
0,00 0940
0P %, T °
m.l 090 o?
0 69 LY
I °
\oot Koo
0% ) °
& oL :
09 ) 0
0 ooooo ocwo
A PO 5 cwo
50 o 000
) 0 %
OOO °
° 0 o
poo )
o3 0 ° .9
LMY 9o
AN 0" o |
000| a9

88

hibited without permission.

ion pro

ht owner. Further reproduct

[¢)

f the copyr

ISSIon 0

Reproduced with perm



4 bo / /
[+ \Qa \
0 of | % \
0y o, \
(=¥ o
Ooo ooO \ \
o /
]
owcoa / ooao
o
0° 0 o \ 0 /
0 0 0
aowu oo \
ucD o 0 o
ooQWO 00 /
wooow w% / /
004 39 . /
() O
10g 9 L \ \
. %4 9 9o
\ .000009 coo - \ - \
= oeem - o O ~ \ ~ \
0 =
O %6 34 O ! A Q] : O
O o - - _
coe] e _ 5 _ _
N L e | |
0% d _ o0 ! h
PO o o | o N _
%ow o © 9, - r © o /
-~ [3 - o -
™ oooeoc % Q] cM O \ ooo N \
o 2% R O % \
owwc @ °0 /./ 0 O. \
0% 4 00 0] °
H oao”c " o% w i poo (l //
°
T oeooa T oooo T ﬂw T /
o
53 : \
5 0¢ O 0
oo%o /ODQ / 0; //
9
A o) / \
0% o o
OOQ OD X
,.W%M %o ¥
w%c oonov oo
ooon Y 0 .
owm coon N

89

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Fig.26

Exp. No., 3-H4.9"

‘ EROSION OF DAM AT CONSTANT UPSTREAM WATER
LEVEL WITH DOWNSTREAM SUECRITICAL-FLOW.
Type (1) dam
Upstream water level maintained 4" above fuse plug crest

Material No. 3

S = 2.70

a = }#.60 mm,
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Fig.27
Exp. No, 5-HO-9'

EROSION OF DAM AT CONSTANT UPSTREAM WATER
LEVEL WITH DOYWNSTREAM SUBCRITICAL FLOW,
Type (1) dam o

Upstream water level maintained 0" above fuse plug crest

Material No. 5

Sg = 2.77
n = 40.0%
(= 0.267

d = 2.20 mnm,
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Fig.28

Exp, No, 5-H2-9"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUBCRITICAL FILOW,
Type (1) dam -
Upstream water level maintained 2" above fuse plug crest

Material No. 5

Sg = 2.77

d = 2.20 mm,
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Fig,.29
Exp. No, 5-Hb_gw

EROSION OF DAM AT CONSTANT UPSTREAM WATER
LEVEL WITH DOWNSTREAM SUBCRITICAL FIOY.
Type (1) dam
Upstream water level maintained 4" gbove fuse plug crest

Material No., 5

Sg = 2.77
n = 40.0% )
X = 0.267

d = 2.20 mnm,
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Fig.30

Exp. No, 7-HO-9"

EROSIOW OF DAM AT CONSTANT UPSTREAM WATER
ILEVEL WITH DOWNSTREAM SUBCRITICAL FLOW,
Type (1) dam
Upstream water level maintained O" above fuse plug crest

Materisl No. 7

d = 0,80 mm,
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Fig.31
Exp., No, 7-H2.9%

EROSION OF DAM AT CONSTANT UPSTREAM WATER
ILEVEL WITH DOWNSTREAM SUBCRITICAL FLOW.

Type (1) dam

Upstream water level maintained 2" above fuse plug crest

Ss = 2,65

n = 41,0%

x = 0,066

d = 0.80 mm,
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Fig.32

Exp. Mo, 1-HO-6"

EROSION OF DAM AT CONSTANT UPSTREAM WATER

LEVEL WITH DOWNSTREAM SUBCRITICAL FLOW.
Type (2) dam

Upstream water level maintsined O" above fuse plug crest

Material No. 1

Sg = 2.76
n = b40.2%
o< = 0.596
d = 8,0 mm,
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FPig.33

Exp, No., L_HO_6¥

EROSIOM OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUBCRITICAL FILOW,
Type (2) dam
Upstrean water level maintained 0" above fuse plug crest

Material No, 4

Sg = 2.76

n = b0.2%

o = 0,438

d = 4,00 mm,
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Fig.34

Exp. No., 6-HO-6"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
LEVEL WITH DOWNSTREAM SUBCRITICAL FLOW.
Type (2) dam
Upstream water level maintained O" above fuse plug crest

Material Ne., 6

Sg = 2.74
n = 35.0%
o< = 0,251
d = 1.90 mm,
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Fig.35

Exp., No., 7-H0-6"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUBCRITICAL FLOW.
Type (2) dam
Upstream water level maintained 0" above fuse plug crest

Materlial No. 7

Sg = 2.65
n = Ul.O% !
o~ = 0.066

d = 0.80 mm,
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Fig.36

Exp. No, B-HO.6"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUBCRITICAL FIO¥W.
Type (2) dam
Upstream water level maintained O" above fuse plug crest

Material No, 8

Sg = 3.26
n = 37.6%
< = 0,035

d = 0.43 mm,
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Fig.37

Exp, No, 9-HO-6"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
LEVEL WITH DOWNSTREAM SUBCRITICAL FLOW.

Type (2) dam

Upstream water level maintained 0" above fuse plug crest

Material No., 9

SS = 2.65
n = 32.1%

d. - 0.23 mm.
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Fig,.38

Exp. No. 10-HO-6"

EROSION OF DAM AT CONSTANT UPSTREAM WATER
IEVEL WITH DOWNSTREAM SUBCRITICAL FIOW.
Type (2) dam
Upstresm water level maintained O% above fuse plug crest

Material No. 1O

SS = L“n SO
n = 32.1%

d = 0,14 mn.
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Fig.39
EXD. I\]O L] ZQ?SO-,Q"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUPERCRITICAL FLCVW.
Type (1) dam

Washout discharge = 2.27 cfs/ft
Materizal No, 3

Sg = 2.70

n = 40.0%

< = O.45ﬁ

d = 4,60 mm,
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Fig.LoO

Exp, No, 3-Q1000-9"

ERQOSION OF DAM AT CONSTANT DISCHARGE
WITH DOWRSTREANM SUPERCRITICAL FICW.
Type (1) dam

Washout discharge = 3.03 cfs/ft

Material No. 3

n = bL0,0%
o< = 0,454

d = 4.60 mnm,

143

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T: OO, 551’

© 9 e 04 o o

T=01 09"

i
- o~ o

= N o
N ere o TO®

©® o« % o so0

- o
o

e 0 b

o
v o
o

14
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



®

T=01"1

36 i

L3
3 r oo -« o
e ® 0" 05 . Vo o0 £ v e © s, Tgv, . 0 ¢~ L -

O,

T= 07

46"

145

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Fig.41
Exp. No. 3-Q1250-9"

EROSICN OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREA¥ SUPERCRITICAL FLOW.
Type (1) dam

Washout discharge = 3.79 cfs/ft

Material No., 3

Ss = 2.70
O = O L] 45“’

d = 11.60 mm.,
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Fig.h2

Exp, WNo, 5-Q2750-9¢

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUPERCRITICAL FLOW,
Type (1) dam

Washout discharge = 2.27 cfs/ft

Material No., 5

Ss = 2.77
n = L0.0%
o< = 0,267

d = 2.20 mm,
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Fig.L3

Exp. No. 5-Q1000-9™"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUPERCRITICAL FILOW,.
Type (1) dam

Wahsout discharge = 3,03 cfs/ft

Material No. 5

Sg = 2477
n = 40,09

d = 2,20 nm.
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Fig.lUl
Exp, No, 5-Q1250-9"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREANM SUPERCRITICAL PFLOW.
Type (1) dam

Wahout discharge = 3.79 cfs/ft

Material No,., 5

Ss = 2-?7
n = 40,0%
X = 0.267

d = 2.20 nm,
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Fig [} 11"5
Exp, Mo, 7-Q250-9*"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUPERCRITICAIL FLOY.

Type (1) dam
Washout discharge = 0.76 cfs/ft

r~

Material No. 7
Sg = 2,65
n = 41,0%
o< = 0,066

d = 0080 mm.
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Fig.u46

Exp. No, 7-Q500-9"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUPERCRITICAL FIOW,
Type (1) dam

Washouf discharge = 1.51 cfs/ft

Material No. 7

Sg = 2.65

n = 41,0%
o< = 0,066

d = 0,80 mm,
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Exp. No. 7-Q750-9"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUPERCRITICAL FLOW,
Type (1) dam

Washout discharge = 2.27 cfs/ft

Material No, 7

Sg = 2.65
n = ul.O%
< = 0.066

d = 0,80 mm,
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Fig .48

Exp. No. 2-Q500-9"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUBCRITICAL FLOYW,
Type (1) dam

Washout discharge = 1,51 cfs/ft

Material No. 2

Sg = 2.57
n = 41,09
< = 0.532

d = 6.35 mm,
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Fig.lh9

Exp. No., 2-Q1250-9"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUBCRITICAL FLOW,
Type (1) dam B

Washout discharge = 3.79 cfs/ft

Material No, 2

Sg = 2.57
n = 41,0%
o< = 0,532
a = 6.35 mm,
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Fig.50

Exp. No. 3-Q750-9%

EROSICN OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUBCRITICAL FLOW.

Type (1) dam
Washout discharge = 2.27 cfs/ft

Material No. 3

Ss = 2.70
n = 40,0%
oL = O.LI’SLI'

d = 4,60 mm,
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Fig.51
Exp., No, 3-Q1000-9"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUBCRITICAL FILOW.
Type (1) dam

Washout discharge = 3.03 cfs/ft

Material No. 3

Sg = 2.70
n = L40.0%
o< = 0,454
d = 4,60 mm,
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Fig,52

Exp. No., 3-Q1250-9%

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUBCRITICAL FLOW.
Type (1) dam

Washout discharge = 3.79 cfs/ft

Material No. 3

el = OQL"SM’

d = 4,60 mm,
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Fig.53
Exp, No. 5-Q750-9"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUBCRITICAI FLOW.
Type (1) dam

Washout discharge = 2,27 cfs/ft

Material No, 5

Sg = 2.77
n = 40.0%
X = 0.267

d = 2,20 mn,
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Fig.54

Exp., No., 5-Q1000-9"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUBCRITICAL FILOW,
Type (1) dam

Washout discharge = 3.03 cfs/ft

Material No. 5

Ss = 2,77
n = 40.0%
o = 0.267

4a = 2.20 mnm,
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Fig.55
Exp. No, 5-Q1250-9"

EROSION OF DAM AT CONSTANT DISCEARGE

WITH DOWNSTREAM SUBCRITICAL FLOW.

Type (1) dam
Washout discharge = 3.79 cfs/ft

Material No, 5

SS = 2-?7

d = 2,20 mm,
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Fig.56

Exp. No, 7-Q250-9"

EROSION OF DAM AT CONSTANT DISCHARGE
WITH DOWNSTREAM SUBCRITICAL FLCW,
Type (1) dam

Washout discharge = 0.76 cfs/ft
Materisl No. 7

n ] 41.0/"‘5
d = 0080 mm,
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Fig.57
Exp, No, 7-2500-9"

EROSION OF DAM AT CONST. ‘NT, DISCHARGE
WITH DOWNSTREAM SUBCRITICAL FLOW,
Type (1) dam

Washout discharge = 1.51 cfs/ft

Material No. 7

Ss = 2.65
n = u‘luof‘g
o¢ = 0,066

d = 0.80 mm,
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TARIT No.l

{ ; . . T
Material Diam, Types Angle of repose sp, pr/Porosity
. materials $ 7 Remarks
No d mm, [of mate Degrees Radians s n
ver -
- angular
nmoderately '
2 6.35 J 30.5 10.532 2.57 41,0%
angular
slightly
3 | .60 £ 26.0 lo.ss | 2.70 | so.oZ || @
: angulax . g
;8
slightly
I .00 BT 1250 jo.438 12,76 | 40.221 (O
angular
moderately
5 2,20 . 15.3 (0.267 | 2.77 Lo.o%
rounded :
noderately
é 1.90 14.3 0.251 2.74 35.0%
rounded -
very large
L4 4 -
7 0.80 I‘Oun.ded. 3.8 OqOOL 2.65 41.0/9 Sillca.
very
8 0.43 2.0 [0.035 | 3.26 37.6% plivine
rounded o
very small
9 0.23 1.1 [0.019 | 2.65 32.1%
rouvrded silica
‘ very .
10 |o0.14 0.7 [0.012 [4.50 | 32,17 | Teom
rounded
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TABLE No .2

Observ- {Volume ;’Sediment . onstant
: ed time 'of dam Qischarse ' U/s ¥
Exp. No. Diam. | of Us qS=L§*%:2E@-max. depth D Remarks
il AAE TR WP
2-EO-9" 6.35 95 2.95 10.,01831 | 3.15 9,950 type (1)
2_-H2-9" 6.35 | 42 2,95 [0.04142 | 4,24 11,50 o
2 H4 QN 6.35 | 40 | 2.95 |0.03866 | 5.60 13.00 n
3-HQ-9" h,50 112 2.95 0.01586 4,09 111.20 "
3-Hz-g" L, 60 70 2.95 10.02528 4,07 ]10.90 "
3-HLh-gH L, &0 60 | 2.95 10.02950 | 5.69 |12.90 0
5_30-9" 2.20. 115 |- 2.95 |0.01539 | 3.80 |10.ko "
5.H2-9" 2,20 90 2.95 | 0,01966 5.€0 13.09 d
5-HL4.gn 2.20 67 2.95 | 0.02641 | 5,75 |13.25 L
2_H0.Q" 0.80 8o | 2.95 lc.02175 | 3.3¢6 | 9.85 "
7-H2.9" 0.80 60 2,95 10.02900 | 4,98 12,60 "
3-H0-9*" 4,60 L1 0.738 .0.01080 2.12 5.80" ltype (2)
3.H2.9" L, 60 30 | 0.73280.01476 | 2.5 6.25 u
5_.H0-9" 2.20 60 0.7380.00738 | 1.82 5.00 "
5-H1-9" 2,20 L7 0.738 | 0.00942 | 2,42 ¢,00 "
5-E2.Q" 2,20 37 0.73810.01197 | 2.98 £.85 "
¥ U/S = upstream
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TABLE No.3

Nbserv- [(Volume |Sediment bonstant
Diam. led time jof dam discharge ' qp,y Uu/s
Exp. No. of Vs g =Ve(l-n/00) depth D Remarks
d mm. washout ftS/ft c.f.s/gt 'c.f.s/ft inch,
T sec. »

2-HO~.9" 6.351 930 2,95 1 0.,00187 | 3,45 110,45 iype (1)
2-H2.9" 6.35| 495 2,95 | 0.00351 | 4,09 [11.70 f
2-Hlh_gn 6.35| 210 2,95 | 0.00828 | 4,72 [12.60 g
3-H0-9" b,60 | 715 2,95 | 0.00247 | 3.27 {10.00 i
3.H2~9" 4,601 365 | 2.95 | 0.00484 | 3,94 111.20 "
3~.Eh.gn L,60 | 235 2.95 | 0.00753 | 4.69 [12.50 1
5_HO.Q" 2.20 630 2.95 | 0.00280 2.95 9.40 "
5.H2.g" 2,20 3138 2.95 | 0.00523 3.48 10.50 "
S-El.gn 2.20 205 2.95 0.008¢3 h,75 12.70 o
7-H0-9" 0.80 355 2,95 0.00490 2.79 g9.00 L
7-H2..9" 0.80 80 2.95 | 0.02175 | 3.48. 110,50 "
3-.H2.9" L,60 | 540 0.738 | 0.,00082 | 1.97 7.25 &ype (2)
3-H3-9" L,60 | 210 0.738 | 0,00210 | 2,50 8.50 &
5-H1-9" 2.20 | 645 0.738 | 0.00068 | 1.59 €.35 "
5-H2.9" 2,20 305 | 0.738 | 0.00145 1.82 7 .00 "
1-HO-A™ 8,40 | 100 0.738 | 0,003 | 0,875 | 5,25 "
L. H0-.6" L,00 86 0.738 | 0.00515 | 0.907 5.50 "
6-E0-6" 1.90 85 0.738 | 0.00565 | 0.867 | 5,20 '
7-HO- 6" 0.80 88 0.738 | 0.00496 | 0.900 5.40 "

-HO.6" o.L43 | 129 0.738 | 0.00355 | ©.891 i 5.35 "
9-HO-6" 0.23 88 0.738 | ©.00571 | 0.925 | 5.55 "
10-HO-6" 0.14 | 260 0.738 10.00193 | 0.933 | 5.60 f
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TABLE No.k4

7
Constant

Observ- [Volume Sediment
Diam,. [ed time of dam. discharge }water q
Exp. No. of Vs Ye(1-n/10) 5 - con. )
b Ag=—"F dis cfs/ft RemarXks
d mm. washout |Ft3/rt cfs/Tt Lharge Q
T sec. : U.3.GPM
2-Q750 9% 6.35 105 2.95 0.01657 750 2.27 fEype (1)
2-01000-9% | 6.35 | 59 2,95 |0.02949 | 1000 3.03 "

2-Q1250-9" | 6.35 L5 2.95 [0.03866 | 1250 3.79 . "
3-Q750 ;9" 4,60 108 2,95 0.01638 750 2.27 "

3-Q1000-9" | 4,60 67 2.95 |0.02641 | 1000 3.03 -
3-Q1250-9" | 4.60 60 2,95 |0.02650 | 1250 3.79 "
5-Q750 -9" | 2.20 110 2.95 10.01609 750 2,27 "
5-Q1000-9" | 2,20 79 2.9 0.02240 | 1000 | 3.03 u
5-Q1250.9" | 2,20 €9 2,95 0.025¢65 1250 3.79 "
7-0250 -9 | 0.80 | 240 |2.95 |0.00725 | 250 | 0.76 t
7-Q500 -9% | 0.80 89 2.95 10.,01955 500 1.51 "
7-Q750 -9" | 0.80 60 2,95 |0.,02900 750 2,27 "
3-Q500 -9" | 4,60 L5 0.738 | 0.00984 500 1.51 fype (2)
3-Q750 -9" | 4,60 37 0.738 | 0.01197 750 2.27 "
3-Q1000-9" | 4,60 30 0.738 | 0.01476 | 1000 3.03 "

5.Q100 -9" | 2.20 240 0.738 | 0,0018%4 100 0.30 "
5.0150 -9" | '2.20 | 155 | 0.738 |0.00285 | 150 | 0.46 “
5-Q200 -9" | 2,20 125 0.738 | 0.00354L 200 0.61 "

5.Q250 9% | 2,20 100 . 0.738 | 0.00443 250 0.76 "

5.0300 -9 | 2,20 | 95 |0.738 |0.00466 | 300 | 0.91 "

5.Q350 -9 | 2,20 80 0.738 | 0.00553 350 1.06 "

5-Q400 -9" | 2,20 70 0.738 | 0.00632 ¥ele) 1.21 o

5-Q450 9" 2.20 60 C.738 | 0.00738 450 1.36 "
209
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Continued
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1 5-Q500 -9 | 2,20 52 | 0.738 | 0.00851 | 500 | 1.51 |type (2)
5-Q750 -9" | 2,20 40 0.738 | 0.01107 750 2.27 "
5.Q1000-9" | 2,20 31 | 0.738 | 0.01429 | 1000 3,03 "
3-Q500 -9" | L4.60 L 0.716 | 0.00976 500 1.51 jtype (3)
3-Q500 9" | 4,60 L2 0.695 | 0.00992 500 1.51 |type (&)
3-Q500 ~9" | 4,60 42 0.695 | 0.00992 500 1,51 type (5)
3-Q500..-9" | 4,60 41 | 0.651 | 0.00952 500 1.51 |type (6)
3.Q500 -9" | 4,60 5} 0.651 | 0.00952 500 1.51 ltype (7)
3-Q500 -9 | 4,60 35 J.564 | 0.00967 500 1.51 itype (8)
3-Q500 ~9% | 4,60 66 0.912 | 0.00828 500 1.51 jtype (9)
3-Q500 -9" | L4.60 51 0.796 | 0.00935 500 1.51 jtype (10)
3-Q500 -9" | 4,60 61 0.854% | 0.00839 500 1.51 ltype (11)
3-Q500 -9" | 4,60 €6 0.912 | 0.00828 500 1.51 itype (12)
3-Q500 -9" | 4,60 75 1.085 | 0.00868 |. 500 1.51 itype (13)
3-Q500 -9 | 4,60 85 1.259 | 0.00888 500 1.51 itype (14)
2.Q500 ~18" 6.35 85 0.436 | 0.00512 | 500 0.76 itype (2}
2.Q1300-36"! 6,35 70 0.436 |-0.00622 | 1300 0.98 "

| 2-Q1300-60" 6.35 110 0.436 | 0.00396 | 1300 0.59 "
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-TABLE No.5

Observ- Volume?Sediment bonétan%
Diam. ied time jof dam discharge| water

| 9con.
axXp. No, of Vs o Ve(l-nfmgie- c¢fs/ft | Remarks
d mm. washout ft3/ft | S T charge Q .
| T sec. PeEes/TY s ern
2-Q750 9" | 6.35 | 1135 2,95 10.,00173 750 2.27 (type (1)
2-Q1000-9" | .35 | 1005 2.95 | 0.00153 | 1000 3.03 g
2-Q1250-9" | 6.35 280 2.95 | 0.00621 | 1250 3.79 "
3-0750 9" | 4,60 | 719 | 2,95 |0.00246 | 750 | 2.27 o
3-Q1000-9" | 4,60 273 2,95 | 0.00648 | 1000 3.03 "
3-Q1250-9" | 4,60 235 2,95 |0.00753 | 1250 3.79 "
5-Q750 9% | 2,20 470 2.95 | 0.00376 750 2.27 "
5-Q1000-9" | 2,20 290 2.95 | 0.00610 1000 3.03 "
5.Q1250-9" | 2,20 203 2.95 | 0.00871 | 1250 3.79 "
7-Q250 -9" | 0.80 | 1050 2.95 | 0.00165 240 0.76 "
7-.Q500 -9" | 0.80 353 2.95 | 0.,00687 500 1.51 "
3-Q750 -9 | 4,60 266 0.738 | 0.001656 750 2,27 |type (2)
3-Q1000-9% | 4,60 116 0.738 | 0.00381 | 1000 3.03 1
3-01250-9" | 4,60 79 0.738 | 0.00560 | 1250 3.79 "
5-Q350 -9" | 2.20 900 0.738 | 0.,000LG 350 1.06 "
5-QL0o0 -9" | 2,20 720 0.738 | 0.00061 400 1.21 "
5-Q450 -9" | 2,20 570 0.738 | 0.00077 450 1.36 "
5-Q500 -9 | 2,20 382 0.738 | 0,00115 500 1.51 "
5-Q600 -9" | 2,20 315 0.738 | 0.001L40 610 1.85 st
5.Q750 -9" | 2,20 158 0.7738 | 0.00280 750 2.27 "
5-Q1000-9" | 2,20 97 0.738 | 0.00456 | 1000 3.03 "
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TARIE MNo.6

Sediment discharge Time of washout
Diam, qq ofs/ft, seconds
Exp. No, ; Remarks
d mm. | observed icalculated Observed Calculated
2-H0-9" 6.35 | 0.01831 0;01746 95 - 99,62 |type (1)
2-H2-9" | 6.35 | 0.04142 | 0.02448 L2 21,05 o
2-Hi.g" 6.35 | 0.03866 0.03028 L0 57 .46 "
3-H0-9*" 4,60 | 0.01580 0.02117 112 83.57 "
3-H2.9" L,60 | 0.02528 0.02019 70 87.65 "
3-Hh.g b,60 | 0.02950 0.02706 60 65.39 "
5_HO-9" 2,20 0;01539 0.02009 115 88,08 "
5.H2.9" 2.20 | 0.01966 0.02965 20 5§.7o "
5.HL.o" 2,20 | 0.02641 0.03063 67 57.77 "
7-HO-9" 0.80 | 0.02175 0.02837 80 61.32 "
7-H2-9n 0.86 0.02900 0.04369 60 39.83 "
3-H0-9" 4,60 | 0.01080 0.00730 L1 60,68 type (2)
3-H2-9" 4,60 | 0.01476 0.00831 30 53.30 "
5-HO-9" 2.20 [ 0.,00738 0.00607 60 72.90 "
5-H1-9" 2,20 | 0.00942 | 0.00837 Ly 52,92 "
5.H2.9" 2,20 | 0,01197 | 0.01051 37 42,11 "
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TABLE

No.7

Sediment discharge

Timg of washout

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Diam. ag cfs/ft, seconds.,
Exp. No. Remarks
4 mm. | opgerved Calculated Observed Calculated

2-HO-9" 6.35 | 0.00187 i 0.00416 930 418,06 |type (1)
2-H2-9" 6.35 | 0.00351 | 0.00507 495 342,92 y
2.Hh_gn 6.35 | 0.00828 | 0.00576 210 301.57 u
3-HO-9" L,60 | 0.002h7 | 0,00348 715 507,64 "
3-H2-9" IL,60 | 0,00484% | 0.,00425 365 415,64 "
3-Hb.g" L,60 | 0.00753 | 0,00515 235 343,39 "
5-HO-Q" 2.20 | 0.00280 | 0.00337 630 524,63 1
5-H2_9" 2,20 | 0.00523 | 0.00410 338 430.70 "

© 5.H4.QM 2,20 | 0.00863 | 0,00572 205 309.08 i
7-HO.Q" 0.80 0.00490 0.00484 355 358.79 "
7-.H2.9" 0.80 0.02175 0.00639 80 272.26 u
3-H2-9" 4.60 | 0.00082 | 0.00215 540 205,46 |type (2)
3-H3.9" 4,60 | 0.00210 | 0,00282 210 156,84 "
5-H1-9" 2.20 | 0.00068 | 0.00185 645 238,61 0
5.H2.-9" 2,20 | 0.00145 | 0,00219 305 201,82 "
1-EO0-6" 8,40 | 0.00443 | 0,00103 100 429,71 o
L.HO-6" L,00 | 0.00515 | 0.00127 86 347,28 t
6-50-6" 1.90 | 0.00565 | 0.00139 85 345,03 "
7~-HO-6" 0,80 | 0.004956 | 0,00217 88 200,23 "
8~-HO-6E" 0.43 | 0.00355 | 0.00133 129 342,92 "
9-HO-6" 0.23 | 0.00571 | 0.00311 88 160.91 "
10-HO-6" 0.1% {0.00193 | ©0.00079 260 632.40 "
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TABLE Mo,8

Sediment discharge Time of washout
‘Diam, aq cfs/ft seconds,
Exp. No. RemarXxs
d . Observed [Calculated Observed Calculated
2.Q750 -9" | 6,35 |0.01657 | 0.01648 105 105.52 |type (1)
2-Q1000-9" | 6,35 | 0.,02949 | 0.,02148 59 80.97 "
2.Q1250-9" | 6.35 |0.03866 | 0.02638 L5 65.94 "
3-Q750.-9" | 4,60 |0.01638 | 0,01493 108 118,51 g
3-Q1000-9" | 4,60 | 0.02641 | 0.01946 - 67 90.94 g
3-Q1250-9" | L,60 | 0.02950 | 0.02390 60 74,05 L
5-Q750 -9% | 2,20 |0,01609 | 0.01614 110 109.63 "
5.Q1000-9" | 2,20 |0,02240 | 0.02103 79 84,13 "
5.Q1250-9" | 2,20 | 0.02565 | 0.02583 69 68.51 "
7-Q250 -9% | 0.80 | 0.00725 | 0.00913 240 190.52 "
7-Q500 -9* | 0.80 | 0.01955 | 0.01728 89 100.66 "
m.Q750 -9" | 0.80 | 0.02900 | 0.02510 60 69.30 "
3-Q500 -9" | 4,60 | 0.00984 | 0.,00868 L5 51.03 |type (2)
3-Q750 -9" | 4,60 | 0.01197 0.61260 37 35,13 "
3-Q1000-9" L,60 | 0,01476 | 0.01643 30 26,96 "
5-Q100 -9" | 2,20 |0.00184 | 0.00213 .| 240 207,68 u
5.Q150 -9% | 2.20 | 0.00285 | 0.00309 155 142,99 "
5-Q200 -9" | 2,20 | 0.00354 | 0.00403 125 109,72 | "
5-Q250 -9" | 2.20 0.00443 | 0.00LgS 100 89.35 "
5-Q300 -9" | 2,20 | 0.C04E6 | 0.,00586 95 75.55 "
5-Q350 -9" | 2,20 | 0.00553 | 0.00675 80 65.55 .
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Continued

5.Q400 -9" | 2.20 | 0.00632 | 0.0076k 70 57.97  ltype (2)
5.Q450 9" | 2,20 | 0.00738 | 0.00851 60 52,02 "
5-Q500 ~9" | 2,20 | 0,00851 | 0.00938 52 47.20 "
5-Q750 -9" | 2.20 {0.01107 | 0.01363 Lo 32.51 "
5.Q1000-9" | 2,20 | 0,01429 | 0.01776 3 24,94 "
3-Q500 -9" | 4,60 | 0.,00975 | 0.00873 4l Lg,21 type (3)
3-Q500 -9 | L,60 | 0,00992 | O.00879 42 L7 Lo type (L&)
3-Q500 -9" | 4,60 | 0.00992 | 0,00879 L2 L7, Lo type (5)
3;Q5oo -9" | 4,60 ;0,00952 | 0.008%2 L1 43,82 type (6)
3-Q500 -9% | 4,60 ’0.00952 | 0.00892 5} 43,82 type (7)
3-Q500 ~9" | 4,60 | 0.00967 | 0.00920 35 " 36,81 type (8)
3-Q500 ~9" u.éd 0.00828 | 0.00828" 66 £6.00 type (9)
3-Q500 -9" | 4,60 0.00935 | 0.00853 51 v55.86 type (10)
2.Q500 9% | 4,60 0.C0839 |- 0.00840 61 60.90 type (11)
3_Q5oo._9" | b.60 | 0.00828 | 0.00828 66 66.00 type (12)
3-Q500 -9" | 4,60 | 0.00868 | 0.00797 75 81.63  |type (13)
3-Q500 -9" | 4,60 0.00838 0.00771 85 97 .94 type (14)
20500 -18%| 6.35 | 0.00512 | 0.00506 - 85 86.03  |type (2)
2_Q1300-36"| 6.35 | 0.00622 | 0.006k5 70 67 .59 "
2-Q1300-60%"| 6,35 0.00396 | 0.00403 110 108,11 "
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TABLE No.9
_ Sediment discharge Time of -washout
Diam, Qg cfs/ft | seconds,
Exp. No. ~Remarks

d mm. | Observed {Calculated Observed (Calculated
2-Q750 -g*" €.35 0.00173 | 0.00330 1135 527,10 type (1)
2-01000-9" | 6.35 | 0.00153 | 0.00253 1005 | 686.90 "
2-.01250-9" | 6,35 | 0.00621 | 0.00405 280 429,23 "
3-0750 -9" | 4.6€0 | 0.002L6 | 0.00229 719 271,45 "
3-G1000-9" | k,60 | 0.00648 | 0.00298 2713 591.98 "
3-Q1250-9" 4,60 0.00753 0.00367 235 482,06 3
5.Q750 -9" | 2,20 | 0.00376 | 0.00248 570 713.67 "
5.Q1000-9" | 2,2C | 0.00610. | 0.00323 290 547 .64 1
5.Q1250-9" | 2,20 | 0.00871 | 0.00396 203 445,95 "
7.Q250 -9" | 0.80. | ©.00165 | 0.0014C 1050 [1240.20 u
7-Q500 -9" | 0.80 | 0.00687 | 0.00265 353 655.23 "
3-Q750 -9" | 4,60 | 0.00166 | 0.00193 266 228,70 |type (2)
3-91000-9" | 4,60 | 0.00381 | 0.00252 116 | 175.50 "
3-01250-9" | 4,60 | 0.00560 | 0.00309 79 142,91 "
5-Q35o -9" | 2,20 | 0.00049 | 0.00103 900 h26.71 "
5-Q400 -9" | 2,20 | 0.00061 | 0.00117 , 720 377.36 u
5.Q450 -9" | 2,20 | 0.00077 | 0.00130 570 | 338.59 "
5-Q500.-9"_- 2,20 | 0,00115 | 0.0014L 332 307.29 L
5.Q€00 -9'" | 2,20 | C.00140 | 0.00173 315 255,90 "
5.Q750 -9" | 2,20 | 0.00280 | 0.00209 158 211.57 "
5.Q1000-9" | 2,20 | 0.00456 | 0,00272 Q7 162.35 "
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TABLE No.10

Material Diam. Model Time.écale values according to
No. d mm, scale Derived :
eqn. (4.5) Kalinske Sheilds Einstein

1 8,40 1 1.29 1.24 1.55 1.93
2 6.35 2 1.27 1.18 1.26 1.26
3 Ly, 60 2 i.ho 1.32 1.33 1731
3 4,60 1 1.10 1.05 1.18 1.31
b4 4,00 1 1.13 1.09 1.21 1.33

T s 2.20 2 1.30 1.26 1.22 1.00
€ 1.90 1 0.9L4 0.94 0.92 0.89
7 0.80 2 0.84 0.93 0.70 0.51
8 0.43 1 1.03 1.24 0.95 0.82
9 0.23 1 0.47 0.60 0.41 0.27

| 10 O.14 1 1.88 2.h7 1.56 1.39

¥ Material
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No.5 is used as a model.
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TABLE No,11
Exp. No, 1-HQ-A"

d= 8.4 mm., Sg= 2.76, n= 40.2%

Remai-| Rec¥# Water |Mean [Time | | Sediment | Calculated sediment
Photol 1€ jabs, disch-{wster inte- discharge duscgarge cfs/ft
Area Al time jprge qldepthirval | 4 A cfs/ft
Yo, Sq.in.T' sec CfS/ft it AT Sqe g éA(l-Tl/’lﬂﬂ
S€c. | in, S 144aT Xalinske | Einstein
4 98,28 82,3(/0.438 [0.034 . 1.0C00013 |.00000035¢C
: 6.5 9.29,0059!
5 |88.99! 88.8]0.536 0,042 | ' .00087 .00086
14,2 113,89, 0040
6 {75.10/103,0/0,983 0.077 .00075 .00072
13 .2 29'- 33 00092
7 WE,771116,211,674 10.131 - |.00074 00071
11,7 R1.48, 0040
8 |3k,20[127.212.325 0,183 .00062 .00057
TABIE No.18
Exp, No, 1.H0-6"
d= 8.4 mm,, Sg= 2,76, n= 40,27
Observed Ca%culated sediment a dbs./qb cal.
. sediment discharge cfs/ft s S
Fhoto discharge
N LECRATE Kalinske Einstein Kalinske ; Einstein
O qe ofs/ft
b-5 |0.0059 0.00044 0.00043 13.57 13.76
5-6 10.0040 .. 0.00081 0.00079 L.99 5.12
-7 0.00¢2 0.00074 0.00C71 12.30 12.84
7-8 10,0040 0.00068. 0.0006% 5.95 6,32
average 9,20 9.51L
* Rec. abs., = recorded absolute

218

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




TABIE No.12
L_HO-6"

Exr., No,

= "*l'.o mms; SS: 2'76’ N= LLO"?/’{:‘
Remai-| Rec, liater |Mean Time Sediment [Calculated sediment
Photoi ning | abs. |disch-~|wateriinte- disgh??%el discharge cfs/ft
N \rea A| tire.large q{depthirval ng iaf(limﬁﬁ
0. ; o L o P e e 4 SL s o : - n s
cq.in.|T.secjcfs/ft| ft ggé. in. Ps 14&AT{ Kalinske | Einstein
3 {91.50{. 57.0{0.160 |0.049 , 100117 00153
12,0 22.40]|.0C77
4 169,10| 69.,0;0.,374 10,113 .00075 .000920
- 14,0 25,34,0075
5 143,76] 83.0{0.559 [0.163 .00075 _ [.00090
16.3 16.34,0041
6 [27.42} 99,3/0.806 £.220 .00091. 1.00114
20.0 14.65,0030
7 12,7711312,310.920 0.302 .00037 .00039
L,7 12.77.c079 '
8 00,001 124,0]0.950 0117 Q000E .00004 |
I |
TABIE MNo,l19
CPxp. Vo, lLeEO-6"
d= 4.0 mm., Sg= 2.76, n= Lbeo,2%
Observed Calculated sediment
No . (discharge Kalinske Einstein  Ealinske | Einstein
qgcfs/ft
3-4  10.0077 ©.00096 0.00122 8.01 €.34
L-5 10,0075 0.00075 0.00090 9.93 8.31
6-7 [0.0030 0.00064 0.00076 L,69 3.96
7-8 0.007¢ 0.00022 0.00022 35.61 35.84
average 12,64 11.70
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TABLE No.l3

Exp. No, 6-HO-6"
d= 1.9 mm ,, Sg= 2.7“, N= 35.0%
- , Ves . ’Sediment Calculated sediment
Photo*emai Rec, | Water | Mean | Time discharge | discharge cfs/ft
ning |abs. |disch- waterinte- cfs/ft
. A4 a A (1-nAop)
No. Area Al time |arge depth rval Sq » Qom0 inske | Einstein
sq.in.T.sec.|cfs/ft £t |aT | in. 1hgar
16,1 {35.01,0098
5 | 51.30,73.3 | 0.47310.134 ‘ L 00111 .00178
11.9 {17.01. 0064
6 | 34,29 85.2 | 0.579{0.171 L 00080 00119
7 | 19.331 94.7 | 0.693]{0.217 L 00053 , 00074
e=-130,3 | 6,16,0008
8 12.17025.0 | 0.87410.2G6 L00032 . 00040
- TABLE No.20
Exp. Yo. 6A-E0-6"

d= 1.9 mm., Sg= 2.74, n= 35.0%

Observed Caléulated sedinent
Phot ) cbs, cal.
o0 sediment discharge cfs/ft 9s /qs
o, e
discharge Kalinske Einctein Kelinske | Einstein |
Qg cfs/ft i
3-5  [0.0098 0.00076 0.00115 12.89 8,46
5-6  |0.0064 0.00095 0.00149 6.73 4,32
6-7 |o.o071 0.00066 0.00097 10.63 7,32
7-8 |0,0008 0.000L2 0.00057 2,07 1.55
average 8.08 5.41
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TABLE No,14

Exp. No. 7-HO-6"
d= 0.8 mm., Ss= 2.65, n= 41.1%
Relnai— RECB ['Ie»ter I'iean : Ti’.’ﬂe ' Sediment Calcu_lated Sediment
Pnotol ning |abs. | desch- wateriinte- 91§§27£§€ discgarge cfs/ft
' 1T - :
No. Area Altime |arge | depth rvall &A1 “An(1_n/m) _
sq.in.T.sec.| cfs/fH Tt |AT in, S il AT Kalinske | Einstein
3“’.2 4‘8 '8510058 T
7 38,00, 87.5 0.541:0.178 ,00059 .00105
- 10.3 [11.7C.0046
8 | 26.30] 97.8 0.709[C.235 : .00050  [.00086
' 26,2 N19.60.0026 )
10 €.70]114.0 0.955 10.334 ,00033 .00052
TLRLE YWo,21
Exp, No., 7-E0-£6Y
A N 2 wam a . 2 A8 - U117
"l - w e PR YO AN 3 ’ 'JS-" — \JJ ’ R f— W —ey
Observed Calculated sediment q. obs./q. cal. |
Photo sediment discharge cfs/ft S S
Yo ‘discharge
o qs‘cfs/ft Kalinske Einstein Kalinske | Einstein
3-7 0.0058 0.00046 0.00079 12,50 7+35
7-8 0.00L% 0.00054 0.00095 8.53 L.89
8-10 | 0.0026 0.0C041 0.0006S 6.30 3.80
average 9.11 5. 34
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TABLE YNo.1l5

Exp. No., 8-H0-6"
d: OCLLB mm., Ssz 3.26, N= 37.6%
Eﬁi hemai- RQee, (Water | Mean | Time Sediment FPalculated sediment
Photo abs,., |disch- waterinte- AA discharge discharge cfs/ft
No. Area A|time |arge depth| rval; SQ-« Cfs/ft‘q, . .
sq.in.T.sec,|cfs/f £t |aT | in. qsiai(l_w@ﬁﬁallnske Einstein
140 AT ‘
3 77.3 1 0.057{0.038 ,0000268. 10000279
€.,7 | 5.67,0036 ;
L {78,451 84,0 | 0.079{0.051 L0000249  ,0000257
9.0 13.35,.0064 -
5 165.10 { 93,0 | 0.2120.,1€5% . ,0000049 {.0000036
900 8079-00“‘2 i
6 |56.31 102,0 | 0.329/0.168 A ,0000554  1,000C648
14,0 18,04),0055
7 |38,27 114£.0 | 0.43710.189 : . 0000867 [,0001145
TABLE No.22
Gxp. No, 8-H0-4"
d= 0.43 mm., S = 3.26, n= 37.6%
Dhserved Calculated sediment
) : q  obs./qg_ cal,
Photo sediment discharge cfs/ft s &
No, discharge Kalinske. - Einstein Kalinske | Einstein
qq cfs/ft '
3-4 0.0036 0.0000258 0.0000268 141,61 136.68
L.sg 0.0064 0.0000149 0.0000147 L29.23 437,26
5-6 0.0042 0.0000301 0.0000352 140,16 119.97
€-7 0.0055 0.0000711 0.0000906 78.52 61.57
average 197.38 188.87
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16
Exp. No. 9-HO-6"

d: 0923 mn‘l-g SS= 2.65’ N= 32¢1%

TABLE No.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Remai-| Rec. |Water | Mean | Time Sediment Calculated sediment
Photq ning | abs. |dischd waterjinte- d12%2§¥%e discharge cfs/ft
Area A| time | arge depth rval A4 "
No. . € Sqe ly LA(I-n0¢a7inske | Binstein
sqg.in.T.sec.icfs/ft ft |aT in s
. 144 AT
3 | 81L.44f 72.4;0.0740.039 .000167 ,000249
8.522,50,0124 ,
L | 85.94f 80.9/0.0880.0¢2 ,000029  1,000031
e, 8,1] 5.581,0032 :
5 | 53.36] 89.0/0.095/0,071 ,000C19  |.000018
 — 9.113.36[.0069 :
6 40,00! 98,1, 0.210|0.094 ,000218 .000344
——— 22 ® 921 . 74 . OOLI‘}*;'
8 |18.26/121,0[0.594(0.181 .001071  [.002321
TARIE Wo.23
Exp. No, 9-HO-EM
d= 0.23 mm., Sg= 2.65, n= 32.1%
Observed Calculated sedinent obs. / cal
Fhoto sediment discharge cfs/ft Us /s .
\| i o [ ' .
o discharge Kalinske Einstein {alinske | Einstein
Q. cfs/Tt ’
ig J
3-4 0.0124 0.000098 0.0001L40 126,72 88.75
4.5 | 0.0032 10.000024 0.000025 132.58 129.59
5.6 0.0069 0.000118 0.000181 58.25 38.16
6-8 0.0044 0.000645 0.001332 6.93 3.35
average 81,12 64,96
223




TABLE No.l1l7

Exn. No.

10-HO-6"

d.—_- O.l"* mm., SS: L"OS ’ N= 32.1%

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Remai-| Rec. | Water !Mean Time: Sediment Falculated sediment
Photo! nins ; , ; discharge v e
ning |abs, |dich- Water [inte- " ofs/ft | disonar;e cfs/ft
No. Area A;time |arge :depth rvalggq. qs=e%Ll:BmmKalinskeé Einstein
sq.secT.sec.|cfs/fy £t 1 AT in. | 144 AT
b | 75.68] 30.410.034:0.028 0000206 1,0000189
: 14.610.89.0035
6 | 64,79} 45.,0/0.062 0.038 .0000052 {,0000036
18-616g30.001‘"1 i -
8 |48.49: 63.6/0.150(0.075 . ,0000349 1,0000356
, 36.4R0.27.,0026 R
11 28,221100,0(0.392 [0.143 ,0001182 {,0001537
15 | 20.32]125.5 0.572 [0.166 ,0003364 ‘.0005391
TABLE No.24
Lxp, No, 10-HC-6*®
d= 0.14 mm., Se= 4.5, n= 32,17
Observed Calculated sediment !
- ObS. C Cal. i
Photo sediment discharge cfs/ft 4s /45 ;
No discharge ‘ . §
e Kalirnske Einstein Kalinske | Einsteiln |
d CfS/f:t :
b6 0.0035 0,0000129 0.0000113 271,69 311,24
6-8 0.0041 0.0000200 0.,0000196 205.83 210.66 |
8-11 | 0,0026 0.0000766 0.0000946 34,27 27.73
11-15 | 0.0014 0.0002273 0.0003464 6.42 L,21
average 129,55 138.46
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