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                Effects of Channel Conditions on Profile of Flows

                                in Open Channel

                      Daisaku SASAKI*and Yoshio OGIHARA**

                              (Received August 19,1969)

               It is general tha七the bed of natura1 river channel has the composite

            roughlless-non uniform across channel transverselyーand for the

            purpose of bank protection the toe part of the bank has the greater

            roughness.

               In such a case two different types of flow profile must appear due

            to individual roughness. However practically in the plane betweell

            different roughness, the mixing of discharge and shearing friction

            occur and the flow profile becomes medium.

               Authors published the calcula七ion of the profile by the direct

            mixing discharge method in December 1966. At present authors propose

            the new method of calculation by means of the shearing friction and

            mixing discharge both occurring on the boundary between two且ows

            with different velocities.

                                  1.  Introductio]1

    1t is important to calculate accurately the back water curve in the case of flood

disaster or water profile due to dams, bridge and other hydraulic structures. In

general, the river channel has the composite section which consists of different

roughness. In such a case it is not able to calculate by the ordinary customary method

owing to coexistence of M and S curves in one channel. Authors published the flow

profile computation in the composite roughness channel by the flow mixing method in

1966.In this report introduced here, the new calculating method which involves the

head loss due to vortex owing to the velocity differerence between rough and smooth

parts in the channel and the flow mixing in the dynamic equation of gradually varied

flow.

                         2.The equipment for experiment

    The two channels used for the experiment are rectangular and prismatic. The one

is composed of the glass side wall of 40cm height and the stainless steel bottom of 8.Om

reach and 50cm width. Another is 10.Om long and 60cm wide having the same sidewall

height as the former.

    In both channels, bottom slope can be changed from 1/150-1/200 by the slope

adjuster set at the end of the channe1. The vertical irregularity of the stainless steel

bottom is within 1.Omm. For the discharge measurement, the two triangular weirs
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were set at the in1et of the channe1．For the measurement of the depth the point gage

was used．

                    3．Determimation of m皿g上11ess coe血。iellt

   The measurement was made in the fo11owing way；

   Two sections where the且。w seems to be a uniform iow are chosen．At each

section，the mean depth of the water area is measured．It must be ca1cu1ated from

the dynamic equation of gradua11y varied iow．Therefore m is expressed by the

fo11owing equation．

              ・一助1512／㍉／…（・一㍑；1。）l1   （・一1）

where
   R1represents the hydrau1ic radius of the section1．∫■maybe near1y equa1to
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Fig．2－1

In ca1cuIating m for the rough channe1，it wi11be found that when the depth with

regard to the height of the grave1wi11be used forツin Eq．（2－1），then m ca1cu1ated

wi11not have a constant va1ue・So it is to re1ate the effective height of the grave1．

The Prob1em in the roughness height has been discussed by many engineers．It is not

the aim of the authors experiment・So the effective height of the grave1was simp1y

made as fo11owing．

   The grave1s are put on the bottom of the box with25cm

width，15cm1ength and20mm depth in the way showed in

Fig．2－2．The water is poured into this box unti1the a1most

a11the grave1wi11be covered with the water．Next the

weight of the water used for covering the grave1is measured．

From this experiment，the effective water are among the     Fig．2－2

grave1can be estimated． Basing this va1ue，the roughness height of the grave1was

determined to后＝8mm（mean diameter of the grave1a＝13mm）．

   In the rough channe1ツin Eq．（2－1）must be a vaIue of the experimenta1depth

minuS尾．

   Since in rough channe1the roughness of the bottom is much1arger than the

roughness of the side wa11，the perimeter of the water area of the rough channe1may

be considered to be equa1to the width of the bottom，name1y B．Hence R in rough

channe1may be equa1to the depthツ．On the other hand，R in smooth channe1may be

equaI to3ツμ3＋2ツ．

                                    （2）           Memoirs of Chubu
                                                          Institute of Techno1ogy
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4．The t㏄bni卵1e of experime］1ta1composite c11am1e1

   Putting the impermeab1e transparent thin viny1p1ate on the center1ine，the rough

and smooth channe1s are made to become independent to each other．

   The且。ws are backed up by weir p1ate set at the end of the channe1．The water

pro丘1es are measured at interva120cm a1ong the channe1．The mean depth in cross

section is considered to be the depth at the center of each chame1，which measured

from the bottom surface to the water surface．Then we can think theoretica11y that

two different types of water proi1e（for examp1e S．M．）co－exist in one channe1．

   Now the preceeding viny1center wa11is taken off．But other conditions of the

channe1and method of measuremet are same as before described．

   Then we can ind the median proi1e between S．M．An examp1e of these resu1ts

is shown in Fig．2－5as described before．
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5． The theory

   Assuming two different type of channe1s which have rough and smoot1h roughness

respective1y coexist in one channe1，we wi11derive the dynamic equations of且。w in

                        each channe1and sti11more introduce into these equations
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the vortex 1oss due to shear stress acting on the boundary

betwee two且。ws with different veo1cities．
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We丘rst show the two foI1owing equations．

一・∫・一一・…劣麦・α・嘉（ξ芸）…

一・∫・一一・…猪・α・嘉一（笛）一・・

／（5一、）

」

（3）
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where

S∫■，S∫2 are the s1opes of energy1osses in channe1I and II respective1y，

Soユ，S02are the sユ。pes of bottoms of chan皿e1I and II respective1y，

κshows the distance axis a1ong channe1direction，

α1，α2are the correcting coe箇。ient of energy head－in channe王I，II respective1y，

（aSSumeα■＝α2＝α）

｛11，02are mean ve1ocities in channeI I and II respective工y，

So shows boundary friction s1ope due to the difference of veIocities．This is a new

idea，we introduce．

   We assume this head1oss lmay be proportiona1to the squares of ve1ocities di甜erence

between each channe1name1y（0110r021021）。 In addition，it may be proportiona1to

the area on which the stress is acting，and inverse1y proportiona1to the squares of the

channe1width（it is B2）；

              Sm－mm－mρユ1ρ・1一ρ・1ρ・1      （5－2）
                    aκ     2gB4ツ

             where

             m coe伍。ient which has dimension1ess va1ue．

ツ1，y2are the depth in channe1I and II respective1y，and assuming no change of water

depth trans verse1yツ1＝ツ2＝ツ

   4里＝め・＝aツ              （5－3）
    伽  aκ  aκ

by theory of continuity

   ρ1＋Q2＝Qf     ・              （5－4）
Hence

   aρ1＿ aQ2       ＿一                                  （5－5）
    aκ   aκ

Ve1ocity head term in Eq（5－1）血ay be deve1oped as fo11ows；

α嘉（矧一α去（2農1・）一書（斜察」貫搬1）

             ＿αQ■aρ1αQ■2 む
             ■9B2y2aκ gB2ツ3aκ

Simi1ary in the sm6oth chame1，ve1ocity head change is

α嘉（箸）一号轟祭舌舟裟

From   R■＝ツ■＝y and R2＝ツ2＝ツ，

         m■2Q1ρ1 m■2Q1Q1   m22ρ2Q2 m22Q2Q2
   S∫・＝A・R…＝〕・。11・・□S∫・＝A、・R、・。、＝一的1…一

App1ying these conditions，Eq．（3－1）become

（5－6）

（5－7）

（5－8）

一蹴雲1…一・・十俄・）告・舌森饗

一締ξ2・・卜・・一（1一歩チ・）窯一号轟讐 （5－9）

・11m1…i・・a[1…m（・一・）

（4） Memoirs of Chubu
Institute of Techno1ogy
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・ツ、・・篶Q1尋Q2一冊鵠・・（1・…仇2＋1出つ、。

伽     1＿αQ・ρ・
                g B2ツ3

From Eq． （3－2）

、ツ．・・緑2m（Q11捗921Q2，）

77

ρ1ρ2（lQ11m■2＋lQ21m22）

  α ρ1ρ2
1一一  一  g B2y

B2ツ1o／3ρチSo

（5－10）

（5－10）

79

W・・・・・…饗m塞・・・…（・一・）・…11…

  幽＿亙（Q・lQ・1・・Lρ・lQ一・・2）＿2Sm旦B2ツ2＋ρ・一ρ・ay

   〃 α   Q〃ツ4／3     αρナ  ツ 伽
0r we get

  aQユ＝ムS．
   aκ F1

Where

（5－11）

（5－11）’

・・一Qa2一驚12酌3■基912＋Q22）／

・篭Q21Q2■笛鴻Q11m12・Q1ρ2（ρ2島1綜豊1ρ21m22）

        αρ1Q2
and  F■＝ユー一
        g B2ツ3

         6．Norma1depu1iI1冊e composite cha皿m1

  The norma1depth for the who1e section may be deined as the depth that makes

the numerator of Eq．（5－9）vanish．So the norma1depth for the who1e section may

be expressed as fo11ows；

1） In the case where Sm is appreciab1e，

  〃一1（1・∫・）Q1Q2（1雫勝1ρ21m22）13／u    （・一）

・・…∫・一絆1るξ2…一・坐1ρ歩箒，Q生⊥

2）

Since〃is a mu1tip1e fmction of two variab1esρ1and Q2，the genera1characteristics

of the norma1depth curve can not easi1y discussed．

In the case where Sm is neg1esib1e，

from Eq．（5－10）

ツ・一
^ρ1ρ2（1鵠辛妄1Q21m22）13／’o      （・一・）

If the且。w is a uniform且。w，

  Q1 m2
  一一＝一，ρ1＋Q2＝Qチ
  Q2 m■

S．Q。＝m2α，Q。＝m1Qチ          （6－3）
     m■一ト？Z2          mユートm2

Substituting these re1ations into （6－2）

〃一階ニヅ （6－4）

（5）
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   Dividing Eq．（6＿2）by Eq．（6－4）

（岩・ジ／3－Q1ρ2（1Q11m12＋1Q21m22）（若背、）2・1・
（6－5）

Let力＝Q■／Q云∫＝m2／m2

  Eq．（6－5）is written by

（糾／3一（1＋∫2（力（1一書11力十（1一力）∫2｝
（6－6）

                   7．CriticaI dept止in u1e㏄mposite611anne1

   The critica1depth that makes the denominator of Eq．（6－2）vanish，may be written

as fo11ows

／・一9繋
   Since at the criticaI section of the channe1the discharge of

                      Q云

equa1，that is ρ1＝Q2＝                      2

   Substitutiエ1g this re1ation into Eq．（7－1）

／・’一9／
｡（霧）2

Dividing Eq．（7＿1）by（7＿2）

麦ξ9／・音書1一ダ幼一（・一力）

         （7－1）

each channe1may be

（7－2）

（7－3）

                           8．Me冊。a of comp11帖tion

   The numerica1integration was used for so1ving the differentia1equation of（5－10），

（5－11）．

   The practica1computation was carried by the digita1computer（FACOM231

produced by FUJI ELECTRIC COMPANY）．

   To diminish the a㏄umu1aton of the error a㏄ompanying with the operation the・

Runge－Kut1er method was used．

   The ca1cu1ation is started from the upstream end．

1） The channe1conditions（Bottom s1ope So，channe1width B，roughness coe舶。ient of

   each channeI mユ，m2）are given． The totaI discharge Q云is given．

2）The boundary va1ues of the discha㎎e of each channe1are computed from Eq・

   （6－3）

   That is ρo■＝  m2 Qナ，ρ02＝ m1 Qチ
                 ？Z1一一クZ2          m1一←m2

3）The determination of the norma1depth for entire cross section．Though this

   norma1depthツm shou1d be determined from Eq．（6－2）by use of the try and error

   method，it is very Iaborious．For practica1purpose，it wi11be a11owed to make an

   apProximation aS fo11ows．

     The d－epth in Sm is rep1aced by the norma1depth where the head1oss due to

   vortex is neg1esib1e，name1y〃in Eq．（6－2）．

     When Sm is determined，Eq．（6－1）can direct1y so1ved for〃．

                                    （6）            Memoirs of Chubu

                                                          Institute of Techno1ogy
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For the boundary vaIue of the depth，中e preceeding norma1depth m口1tip1ied by a

factor例m is adopted． This factor in4icates where the water surface1ine at the

beginning1ies name1y above normat dΦth，

L・taκ・・p・・…tth・i・t・…1・fth・i・≒・g・・ti・・，ay／伽…b…mp・t・dfmmEq．

（5－g）・At the same time，aQ1／aκand aρ2／aκcan be computed from Eq．（5－10・）．

 AppIying the method of Runge－Kutte，’

         〃ユ＝a〃（ρOi，ρ。。，y。）

 where

    ツ。 represents the boundary va1ue of the depth．

      aQユ＝a堰（ρO1，QO。，ツO）

      …一・κ∫（ρ・1・a婁1・・lra雪1・…aさ1）

     …一・κ小1・a書1ルーa茅1，ツ・・a妾・）

         ・ツ・一桝（・l1・竿トa婁・，…a老・）

         …一価（・11・等2ルーa冒・，ツ・・a三・）

         伽一・κ中1・等需ra雲・，ツ・・争）

         ・ρ・一・κ小十弩3，トa婁・，ツ・・苧）

   The change of depth and the change of the discharge in rough channe1may be

expressed as fo11ows；

            1

       aツ＝万（ay・十2め・十物・十aツ・）

            1

       aρ＝一6一（aρ・十2aρ・十2aρ・十aρ）

6） The depth and the discharge in the next section become，

       ツ＝ツO＋aツ

       ρユ＝ρO玉十aρ，ρ2＝ρO。一aρ

7） The preceeding steps are repeated a1ong the channe1reach．

             9・Exp1amti0110f pmgram11sed for comp11tatio皿

The type of the program is ALGOL．

Th expIanation wi11be stated with each subdivided parts of the program．

Part A）

Part B）

Part C）

Part D）

Part E）

Part F）

The dec1arat土6n of the identiiers．

The statetements of printing．The reading of the data．

The determination of the bomdary vaIues of the discharge and depth．

Computation of constant factor．

The computation of ve1ocities，head，norma1depths and critica1dept11for

subsection and for entire cross section，repectiveIy． The statement of the

printing of the preceeding computed va1es．

The computation of勿／aκand aQ／aκ．

                            （7）
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The statement of乍he printing．

The computatio b文the method of Runge Kutter．

                10．Progmm for t11e water pro丘1e

begin comment rea11ength：＝5；

議沙篶災㍗二し㍗之二二〕一

LFEED；CRLF；Print string（COMPUTATION OF WATER PROFILE）；

CRLF；CRLF：

Prints tring（SLOPE，WIDTH1（M）WIDTH2（M） ROUGHNESS1
ROUGHNESS2
TOTAL DISCHARGE（L／S．），）；GRLF；

READ REAL（S0）；Print string（‘1ノ，）；Print integer （ix（10．／S0））：

Print string（‘0，250．25，）；Read rea1（m1）：Read rea1（m2）：Print丘x（m1，

5，3）；Print丘x （m2，6，3）；Space（6）；

Read rea1（ρナ）；Print丘x（ρナ＊1000．O，3，3）；CRLF；CRLF：

Print string（‘X（一M）γ（C〃）Q1（L／S）Q22（エノS）Pl P2 γユγ2佃1（CM）

んe2（C〃） γ！V（αM）γC（CM），）；CRLF；CRLF：

Read rea1（aκ）；Read rea1（ム）；Read integer（SE工亙Cτ）；Read rea1（mm）；

Read rea1（m）；

if SELECT1then beginρ01：＝2ノ（mユ十m2）＊ρナ

  Q02：＝m1ノ（mユ十m2）＊Q左；

  ツ0：＝Q01＊Q02＊（m1↑2＊Q01＋m2↑2＊Q02）／0．0625＊ρ才＊S0））↑0．3；

  y5：＝y0；

  Sm：＝0．0766／ツO＊（ρ01＊励∫（ρ01－Q02＊oa∫（Q02））；

  y0：＝mm＊ユ．0＋Sm／S0＊（Q01－Q02）／ρチ）↑O．3＊ツ5

  end e1se

  begin Q01：＝O．5／＊0ナ；Q02：＝0．49＊ρナ；

     ツ0：＝舳＊（1，795＊Q01＊Q02）↑0．3333；

  end；

  S031：＝（m1／0．25）↑0．6／S0↑0．3；S032：＝（m2／0．25）↑0．6／S0↑0，3；

  D：＝0．0625＊S0＊Qナ；Saκ：二S0＊aκ；

  W1：＝8．90＊m1↑2ノρナノS0；W2：＝8．90＊m2↑2／Qチ／S0；

  W3：＝m1↑2／D；W4：＝m2↑2／D；PartD

  forκ：＝0．O step aκunti1ムd0

begin

  万1：＝20．0＿S0＊κ＊100’0：

  ツ：＝ツ0；ρ1：＝ρ01；Q2：＝ρ02；

  171：＝ρ1／0．25ツ；γ2＝Q2／0，251ツ；

  んe1：＝ツ十γ1＊励∫（γ1）ノ19．6；んe2：＝ツ十γ2＊励∫（γ2）ノ19．6；

                          （8）           Memoirs

PaJt B

Part C

Part D

      of  Chubu
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  ツm1：＝S031＊ρ1ノ励∫（Q1）＊励∫（ρ1）↑O．6；

  ym2：＝S032＊Q2ノαろ∫（Q2）＊励＊励8（ρ2）↑0．6；

  yo1＝1，215＊Q1／oう∫（Q1）＊励8（Q1）↑0．6667；

  γo2：＝1，215＊Q2ノ肋∫（Q20＊励8（Q2）↑O．6667；

  print ix（κ，2，2）：print丘x（ツ＊100．O＋亙工2．3）；

  print丘x（Q1＊1000．00，2，3）：print丘x （ρ2＊1000．0，2，3）；

  print ix（Q1／Qナ，1，2）；print丘x （ρ2／ρナ，1，2）；

  print丘x（γ1，1，2）；print ix（172，ユ，2）‘

  print ix（んe1＊100．O＋五ム2，3）；print ix（んe2＊ユ00．0＋Eム，3，3）；

  print ix（ツm1＊100．0＋万ム，2，3）；print ix（ツm2＊100．0＋五ム，2，3）；

  print丘x（ツ。1＊100．O＋五ム，2，3）；print丘x（yo2＊100．0＋万五，2，3）；

  ダ：＝0RETグ：＝ダ十1；

  γm：＝ρ1＊Q2＊（mユ↑2＊αろ∫（Q1）m2↑2＊αろ3（ρ2）／D

  γc：＝1，795 Qユ ＊ ρ2

  Z二）五ノV：＝Saκ／（1．0一γo／y↑3）；

  Sm：＝m／0．0766ツ＊Q1＊励∫（Q1（一ρ2＊oろ∫（2）；

  め：＝（1．OS例／S0＊（Q1＿Q2）／Q才＿γフV↑3，333）＊D五N；

  aQ：＝（（Q1＿ρ2）ノy＿Sm／S0＊（1．25＊ツ↑3＿Qユ＿ρ2＊ρ2）ノQナ／y

    ＋（W2＊Q2励∫（ρ2）一Wユ＊ρ1＊励∫（ρ1）ツ↑1．3333

    ＋Q1＊Q2＊（Q2＊励∫（Q1（＊W3－Q1＊oろ∫（Q2）＊W4）／γ↑4．3333）

     ＊D万ノV

ifク：＝1then begin

  ツ6：＝肋s（1．0＋S例／S0＊（ρ1－Q2）ノQナ）↑O．3；

  print ix（γ6＊100．0＋五五2，3）；

  p＝rint丘x（γC／αろ3（γC）＊oろ∫（γC）↑0．3333＊ユOO．0＋五ム2，3）：CR工F；

  space （7）；print丘x （ツ＊100．0，2，3）；space （26）；

  print string（！（，）；print丘x（Sm＊aκ＊100．02，5）：

  print string（’（，）；print丘x（んe1＊100．0，2，3）

  print ix（んe2＊100．0，3，3）：print丘x（ツm1＊100．2，3）

  print丘x（ツm2＊100．0，2，3）：print ix（yo1＊100．0，2，3）

  print丘x（ツ。2＊ユ00．O，2，3）；

  print ix（γ6＊100．O，2，3） print丘x（ツ。／α6∫（γC） ＊oう∫（γC） 0．3333

  ＊100．0，2，3）：CRムF：CR工F；

    end：

ifグ：＝1then begin aツ1：＝ay；aQ1：＝aQ；ツ：＝y0＋ay1＊0．5

  Q1：＝Q01＋O．5＊aρ1；一Q2＝Q02－O．5＊aρ1；9o to R五丁；end；

ifク：＝2then begin aツ2：＝aツ；aQ2：＝aQ；ツ：＝ツ0＋ay2＊0．5

  ρ1：＝Q01＋O．5 ＊aQ2；Q2：＝Q02－O．5 ＊aQ2go to R五丁；end；

ifク：＝3then begin ay3＝ay；aρ3＝aρツ：＝yO＋a1／3

  Q1：＝Q01＋aQ3；Q2：＝Q02－aQ3 go to R亙τ；end

  ay4：＝めaQ4：＝aρ

   め：＝（め1＋φ2＊2．0一句3＊2．O－ay4）＊0．16667

                        （9）
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     ツ0：＝ツ0＋ay；

    aQ＝（aQ1＋aρ2＊2．0＋aρ3＊2．0＋aQ4）＊0．16667；

      Q01：＝Q01＋aQ；Q02＝Q02－aQ；

      end

end；ZF亙亙亙

end end of Program

                     11．Res皿1t of experime皿t a皿d ana1ysis

   Ca1cu1ating the normaI depth and critica1depth for each channe1．

      〃1＝2．1cm，ツ。1＝1．2cm

      ツm2＝3．0cm，ツ。2＝2．4cm

   Thus the type of the proi1e in rough channe1is M1，whiIe in the smooth channe1

S1．In this case the pro丘Ie in the combination channe1may be considered to be formed

by the co－existence of the M1且。w and S1且。w．

   The resu1t of experiment on the water pro丘1es in the separeted channeI are shown

in Fig．（2＿5）shows the pro白1es in the case where the discharges of each channe1are

regu1ated in such a way that the depth of each channeI are equa1in the part of

uniform且。w in the upstream．The pro丘1e in the combination channe1is shown in the

same丘gure for comparison．Roughness coe冊。ient is determined as0．03for the rough

channe1and0．0ユfor smooth channe1（See Fig．2－3，Fig．2－4）

                        12．丁止e res111t of comp11tati011

   The computations were carried out by the digita1computer，changing the vaIues of

m from O．0to2．5．The samp1e of the resu1t of computation as shown in Tab1e1．

                        Ta．b1e1．

    FLOW PROFILE IN COMPOSITE ROUGHNESS CHANNEL
N1＝O．03N2＝0．01B＝O．250（M）DX＝0．20（M）SO＝1／156FACTOR M＝0．10

X（M）

0，00

0，80

1，60

2，40

3，20

4，00

4，80

5，60

6，40

7，20

8，00

8，80

9．60

10．00

Y（CM）

2．465

2．904

3．459

4．028

4．593

5．153

5．708

6．258

6．802

7．341

7．874

8．403

8’927

9．τ88

Q1（L／S）

1．250

0．960

0．673

0．462

0．330

0．269

0．273

0．335

0．444

0．587

0．752

0．926

1．100

1．185

Q2（L／S）

3．750

4．039

4．326

4．536

4．669

4．730

4．726

4．664

4．555

4．412

4．248

4．073

3．899

0．23

P1

0，25

0，19

0，13

0，09

0，06

0，05

0，05

0，06

0，08

0．11

0，15

0，18

0，22

0．76

P2

O．75

0，80

0，86

0，90

0，93

0，94

0，94

0，93

0，91

0，88

0，84

0，81

0．77

＊P1is percentage of Qf in rough part．

P2is percentage of Q！in smooth part．

                         （10） Memoirs of Chubu
Institute of Techno1ogy
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          13．Com脾rison betweem experime皿t a皿d computati011ana1ysis

   An examp工e of Comparison between experiment and computation ana1ysis by Eq．

（5－10）is shown in Fig．ユ3－1when m0．1we can ind the good agreement between

experiment and computation ana1ysis．
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                                14． Co皿。1皿si011

   Under existing circumstances，the water pro丘1es in the combination chame1are

computed by use of an equiva1ent roughness that is considered to be the representative

of the subdiveded sections． Though some discussion on e専uiva1ent roughness for a

uniform且。w in the combination channe1have been done，it is doubtfu1that this is

equiva1ent roughness coe伍。ient wi11be ab1e to be direct1y app1ied to a nonuiform

且OW．

   Authors observes the iow streaming in the combination channe1and estab1ish the

dynamic equation which is deduced from the basic assumption that the cross sectiona1

water surface is horizonta1transverse1y． By use of the author’s equation the1oca1

discharge in each subsection can be so1ved，whi1e the method of the equiva1ent roughness

does not give any information of the1oca1discharge．Thus author’s equation wi11be

e甜ective in such a case where the1oca1discharge wi11be needed for designing the

                                    （11）
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hydrau1ic structures， for instance in the case of the sediment transportation of the

r1Ver．

   The authors equation1ooks1ike comp1icated a1itt1e． But it takes not so much

time in the computation of the water pro丘1e by use of computer．
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