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D. B. SIMONS.

The authors made several timely statements pertaining to the application of the regims con-
cepts to the design of alluvial channels  Certainly it is very importanm. as stated by the authors,
to establish design concepts which more effectively consider the role of sediment transport 1n rela-
tion to design. performance. and maintenance of canal and river systems

New field data were presented by the authors as well as flume data collected by the writer and
other engineers interested in and working toward a more fundamental and practical solution to
the many problems associated with the mechanics of flow in alluvial channels.

.

The presentation of the new feld data is significant in itself. However. such data would
prove even more valuable if greater detail were given: such as the form and dimensions of the
bed roughness (probably ripples and/or dunes), the total bed material load. the more significant
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characteristics of the fine sediment load including its concentration, and water temperatl
Some of such additional information is both difficult and expensive to obtain.  However, new
struments such as the sonic sounder reported on by Richardson, Simons and Posakony (6)
Karaki (4) simplify one aspect of this probleni. )

The authors, in the opinion of the writer, correctly point out that the presence of laige ¢
centrations of fine sediment (in general smaller than about 0.074 mm) increases the capacity
channel to transport bed material sizes.  In addition, Simons. Richardson and Haushild (9) h
verified that the presence of fine sediment atfects resistance to flow.  In brief. the writer belig
that both the physical grain size and the fall velocity or fall diameter (2) of the bed material siga
cantly influence both bed material transport and resistance to flow. Simons and Richardson
In brief, the grain size s related to grain roughness and the tall velocity or fall diameter are ra
ted to form roughness and particle mobility and hence to the transportability of the bed mater
In general. the form roughness encountered in stable canals with sand beds and alluvial banks
ripples and/or dunes.  The spacing and amplitude of the dunes is refated to the fall velocity of
bed material.  For small fall velocities the spacing between dunes is relatively large, the du
are less angular. and resistance to flow is relatively small. Coasidering bed materials with large
velocities, the opposite is true —the dunes are more closely spaced, more angular and resistance
flow is larger. Recognizing that fall diameter plays a significant role in fluvial mechanics aws
matically emphasizes that the concentration of fine sediment, d--0.074 mm. 1s an important va
able. Specifically. an increase in the concentration of fine sediment increases the specific grav
and the apparent viscosity ¢f the water-fine sediment complex.  The increase in apparent viscos
1s sufficient to radically reduce the fall velocity or fall diameter of the bed material and cven
ter its effective gradation. It is largely the effect of the fine sediment on viscosity that makes
a significant variable. To illustrate these important points, refer to Figs. A and B. Figure
shows the effect of fine sediment on apparent viscosity and Fig. B shows the reduction in fall dian
ter caused by the slight increase in specific weight of the fluid and the change in viscosity.
certain alluvial streams in the Western United States it is not uncommon to find concentratic
of fine sediment at flood stage sufficient to reduce the fall velocity and fall diameter of the b
material to about half its corresponding clear water values.

In the authors report and in conjunction with the preceding paragraph fall velocity warra:
still further discussion. In evaluating the fall velocities of sediment the authors refer to and
Rubies fall velocity relationships, see Fig. Ib.  These relations are in error, particularly for |
ger sizes of sediment.  The writer suggests the use of the fall velocity information presented
Report No. 12 (10) prepared by the Joint Inter-agency Committee on Sedimentation.  The ba

Cp versus Re relation for sediments of various shape factors from Report 12 is presented

Fig. C.

The proposed design procedure recommended by the authors involves the use of their Fi

D. B. Simons
Project Chief
U. S. Geological Survey
Fort Collins, Colorado.
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5d, Sg. and the remime refationa g -0.4 Q' 2 . These two figures have been redrawn including new
data as Figs D and E  Reference 1s made to these two figures in that it brings out several points
of possible interest.  To begin with, consider Fig: 5d and the writer’s bz, D

1. In these figures the silt concentration is the abscissa parameter  Both laboratory and
field data were used to develop these tiguras.  Unless the writer is misinterpreting the use of these
data. the silt concentration used for the field study is suspended silt Targer than 0.0S mmom diame-
ter whereas the ~ilt concentration of the lab data s total bed material foad which mcludes both

TABLF V1 A

DATA FROM A STRAIGHT REACH OF THE FLKHORN RIVER AT WATERLOO. NERRASK A

Meas. No Q S \ D w' ‘ > < Com.*
. vVow P o PR
e (r -Yudy,

-628 2830 92 3460 2 ¥8S : - 0707 998 4430
630 8960 180 S 7175 448 94 11 6 1292 1632 6260
632 8850 395 5750 S 30 1015 1392 1316 1 66 5010
633 7900 437 562 S 150 0994 1494 1404 177 5700
634 7860 440 S0 S17S 101S 14 88 1422 1795 s010
835 7540 467 5175 S.075 1046 1535 1480 1.87 3300
636 6520 491 1745 4.775 1015 1562 1465 1 8S 4140
637 5610 431 4433 4410 0993 1Y.¥ 1186 1495 1780
638 4020 89 1610 3910 0994 1064 0949 1195 460
640 2860 359 330 1.020 0677 85s 1520
642 4100 374 37200 3815 109 9 89 0891 1124 2570
644 2150 398 2435 3.070 " 0762 961 1000
646 1700 431 2410 2.480 1068  8.57 0667 843 13
648 1500 an 2205 2.400 212 79 0661 836 500
650 1540 425 2062 2.480 1nex 17 065% 83 698
651 $740 350 4760 4187 1068 10 72 0939 1182  Ki}
636 879 287 1.588  1.960 132 112 0351 443 fend
657 1820 368 2155 2.923 133 67 0671 848 3410
658 1890 287 2,255 2.835  — 0509 642 3400
664 2840 415 2570 3.760 1285 B &6 0971 1222 190
666 1150 463 2.035  2.003 - 0578 73 330

*Concentration in ppmn of suspended sediement larger than approxunat-l- 0062 mm
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suspended load und bed load. Hence, the silt concentrations for the field data should be increa
sed by an unknosn amount cqual to the bed load.  This would sihuft these points on Figs. 5d an
D to the right w0 | perhaps suggest a change in the position of the recommended design line A-#
of Fig 5d. in 2:acrai v the dune form of bed roughness the bed lcad is roughly equal to the
suspended bed i1l for sndow depthis of flow,

2. Additona! lancraiory and neld data were used to develop Fiz B These data includ
those collected b Suncns ind Bender (7), U. S. Geological Surevey fluime data using 0.19 mm bee
material, and Eikhorn R data. a2 Elkhorn data are presented o Table VIE AL The bec
roughness in the Simons and Bende canals was ripples superposcd v dunes or dunes for the
most part and the suspenced bed material load was ti general fess than 100 ppm. The Elkhors
River's bed roughnes. v o dunes and transition when the suspended bed material concentration
ranged from 300 to [twe) pam and was plane when the concentration cxceeded 1000 ppm. The
0.19 mm flume data covored the same range of bed material concenr tuons as the 0.28 mm fAlume
data cited by the autho ~  The authors recommended design line A=\ of Frg. 3d as lustiated 1

Fig. D as well below e nagority of the Simons and Bender canai e and the lume data where

silt concentrations are + 1!l but serves as an upper limit for the tlahorn River data. The

dashed line on g D 1 representatine of the relation betweenw | ¢ \d and € for the 0.1*
‘ AN

mm data which - 5 plotted but which represent the trend very « by dey for these data. Sumw
marizing, both the s i tional field and laboratory data, sugoests thar e authors” design fine shoule
be raised m the e 2o of small stlt concentrations - from O to 1000 ;o

3. Acarctos stady of Figs Dandicates that the size of hed mars o may be 4 third varnable
Pechaps wath oo 1 stady and possible inclusion of additionai cate the ordinate paramete
2 -rpd con b os meditied te doabetter job of superposing ait oot on a common line or the

size of bed a0 and saght be retwmed Gy a third canabie

The auti: - 1z Sphas been redrawn as Fig, EFousing the dato presented by the avthors pluw
the addition v o ratory and dicdd data used to prepare Fre. D Rele sz to Fig D and compar
me it witl “eonote that

. The coapheations of usmz suspended bed material for the neid datae and total bed ma

tewral Toad ! aalome dita may enostfor Fige 3 gas tor Fres 3d

2 Ther sy consderable scatrer i the relation oo st mtens tos tanaing from 1 to 1006
ppm. ’

300 The wnhization of the addimonal faboratory and fichd data indicares that a design curve
different fi o0 that of Figo Sp should be established approximately s indicated by the new curve
of Fig. B lhe equation of the proposed new curve 1s

! 2,5 C
9" 3 S
Wi 2 |+ 5S¢ : (A
The authors pointed out that Eq. 21 1s very similar to the Meyer-Peter equanion.  Equation 21 i
also very simulur to Einstein’s bed-load function equation (3) and Bagnold's stream power equa
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tion (1). In fact, it would be worthwhile and very interesting to try and improve ihe relations
presented in Figs 5d. Sg. D and F by following some of Einsten’s concepts more closely.

The example problems solved by the authors demonstrate that the results obtained by their
method are in fanly good i greement with those obtained by applying the standard regime concepts
within the range of silt intensities where the procedures are comparable.  Refer to Table VI B
which compares the deswn dimensions for the Qadirabad-Balloki Link canal arrved at by the
writer with dimensions ginen by the authors in their Table V.

TABLE VI B
DESIGN DIMENSIONS OF THE QADIRABAD BALLOKI LINK

Slope ' Depth Velouity ¢ n gAr htre

-
Authors 0 00011 13.4 112 059
Simons 0 00012 13.6 4.20 0.10

= 5. ; -

The writers computed value of bed material concentration was determined by the Finsten
method (3) using the regime velocity given in the tabulation.

The suggested changes in the authors” Figs. 5d and Sy would alter the design of example 1,
which is designed to triunsport a very small silt concentration.

Referring to design ~ample 3 the writer wishes to emphasize that he doubts that the banks
would be stable for condraons cited.  Ttis true that the writer (7) has previously stated that. under
special conditions, it may be possible to have stable channe!s with Froude numbers as large as

0.3, but it is very quesionable in thiv instance.  Note the umiform magmitude of the Froude num-
ber for the canal data presented by the authors.  The average Froude nunibes for those channels
is approximately 0.19  Along the sume line of thouvght the writer (7) also indicates that the upper
limit of concentration «i bed matenal d2-0.074 mm, s appronmately 300 ppm The concentra-
tion of 1000 ppm cite.d 1o example ¥ is almost double this arbitriary ot

In example 4 the miteresting problem of designing a canal to carry such a large silt concentra-
tion that instability withcut some type bank stabilization 1s a certainty. 1s discussed.  The wri-
ter has quite successfully applied regime concepts and Lane’s (5) tractive toice concepts to the
design of channels in thes category where graded rock or gravelis to be used 1o stabilize the banks.
Lane’s tractive force methicd could also be used very effectively with the authoey design procedure
to actually design the pitching required to maintain bank stability.
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