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On the Effect of Sand Storm in Controlling 
    the Mouth of the Kiku River

By

 TOjirO ISHIHARA AND  Yttichi IWAGAKI

Synopsis

 As the mouth of the Kiku River flowing into the Sea of  Ensyti always 
moves, being  blockaded in some cases, due to the sand-drift in the sea and 

on the coast by monsoons in winter, the  raised water level in the river 
mouth gives unfavorable effects to the upstream side of the river. There-
fore, the control project to maintain the river mouth and prevent it from 

blockading is becoming a pending problem of the river. It is very difficult 
to solve this kind of problem satisfactorily, and it is necessary to start 
fundamental researches in order to obtain a clue to settle this problem. 
Thus, in this paper, we tackled the effect of sand storm on the coast by 
wind, that is, estimating the sand quantity moved by sand storm in a 

year based on the data of wind-velocity, -direction and rainfall, we dis-
cussed the effect of sand storm on the movement and blockade of the 
river mouth from the point of view of civil engineering.

1. Introduction

   The Kiku River, which has a catchment basin of 157 sq.km and a 

planned maximum discharge of 660 m3/s, flows into the Pacific Ocean 
across a belt of dune  1000,2000 m wide on the coast of the Sea of 

 Ensyfi, as shown in Fig. 1, and is under the direct control of  the Ministry 
of Construction. In general, rivers flowing into the sea across dunes or 

 §and coasts where the sea is  rough and the sand-drift violent, suffer more



or less from the movement and blockade of their mouths, when the flow 
is gentle and discharge small. With the Kiku River, which is one of 
these rivers, the  above mentioned properties are considered to be due 

partly to the sand storm on the coast by monsoons in winter in addition 
to the sand drift in the sea, judging from the fact that a dune develops 
on this coast and that the wind direction of monsoon is almost parallel 
to the beach line. In this paper, we will discuss the effect of sand storm 

on the coast, and the results obtained  by the research on the sand drift 
in the sea will  be  reuorted in some future occasion.

   First, discussing the 

existing studies on the 
sand drift by wind, we 
will make clear the vari-
ous properties of the sand 
drift and then describe the 

results measured at the 
river mouth and the esti-
mated sand quantity moved 
by sand storm in a year 
based on these results.

Fig. 1. Situation of the Kiku River.

2. Theory on the Sand Drift by Wind

    (1) Relation between frictional velocity in which sand 
              grains begin to move, diameter of 

                 sand grains and beach slope 

   As the wind velocity increases gradually and becomes a certain value, 
sand grains begin to roll on the sand surface and move leeward, there 
being a number of experiments on the relation between this wind velocity 
and the diameter of the sand grain. But it is more convenient to in-

vestigate the relation between the critical frictional velocity in which 
sand grains begin to move and the grain diameter d, as the wind velocity 
varies with the height. The frictional velocity  v*=  ro/F, is one quantity 
which represents the intensity of wind, where  ro is the shearing stress 
acting on sand surface and p is the density of air. In Fig. 2 which 
represents the relation between the critical frictional velocity  v,, and the 

square root of product qd of the  rain diameter  and  its density, the
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experimental  results by  Chepil°), 

 Chigusa("' and  Akiba" are plotted. 
As shown in Fig. 2, in the region 
of  ad> 0.5,  v,1 is proportional to 

 V-a-d- and the following equation 
reduced by  Bagnold(4) holds good. 

 v  AV  (a  —  ,o)  gd  p 

where A is a constant and g is 
the gravity acceleration. Also the 
relation between  v, and 

 'V sin  (v
o+  a)  cos  vo is almost 

linear, as we can see in Fig. 3 
and Fig. 4 which represent the 
a of the sand surface, where  Soo
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   These relations can be reduced from the idea based on the air drag 
or the tractive force or the turbulence of air flow respectively, as 
follows. 

    1. Idea based on the air drag. This is a method to obtain the 

critical wind velocity, putting the air drag when the wind with velocity 
 u, knocks against a sand grain on a sand surface equal to the sum of 

the maximum static frictional resistance of the grain and the component 

parallel to the surface of gravity force acting on the grain. When the 
diameter d of the sand grain and the critical wind velocity are large, 
the relation 

 6                d3ug (tan  cosu.+sin  a) = 8P nc12u,2

.'

- 

~, . 
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holds good, and therefore 

 ur= V4 sin  (ro+a)  gad/3 cos  ropC„,  (1) 

where  C., is the  drag  coefficient. 
   Since the vertical velocity distribution on sand surface is expressed 

by the equation 

 u=  5.75  v, log  (300) 

and the value k on flat sand surface may be assumed to be equal to 
the diameter  of the sand grain, we obtain the equation 

 u,-5.75 log 30. 

   Therefore, from this equation and Eq.  (1), the critical frictional 
velocity is given by 

 v*,,- sin  (vol-  a)  /cos  Soo}'/2  V  god  /  (2) 

   Putting  a=0 and considering the buoyancy of air in this equation; 
an equation of the same form as Bagnold's equation can be reduced. 

   2. Idea based on the tractive force.  In this method, the shearing 
force acting on sand surface per grain of sand is considered to be equal 
to the sum of the maximum static frictional resistance of the grain and 
the component parallel to the surface of gravity force acting on the 

 grain(5). Now, if we consider the sand grains contained per unit volume 
of sand to be N particles,  N:=62/7rd3, because the total volume of sand 

grains A is equal to  N•rd3/6. On the other hand, since the number of 
wind-swept sand grains in a unit area of sand surface n is considered 
to  be equal to  Nom, it becomes n=  (62/3r)%.  (1/d)". Therefore, tthe 
frictional resistance acting on a grain of sand can be expressed by 

 pv,21n=-.p(r/62)%  d2 
and equating this to  (ircl3ag/6)  • (tan  ro cos  a+ sin a), we obtain 

 v*,=,  A" {sin  (coo+  a)/cos  Soo  }v2  •ogd/p (3) 

   The above equation has the same form as Eq. (2). 
   3. Idea based on the turbulence  of air flow. In this method, it is 

considered that, when the upward lift on a sand grain due to the tur-
bulence of air flow in the vertical direction becomes a value balancing 
with the gravity force acting on the grain, the grain is kept in such a 
very movable condition that it may be moved by the action of a large 
mean velocity in the horizontal  directiono). Now, if we consider the 
case of a  _horizontal  sand  surface,, the upward lift due  to the  turbulence
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of air flow can be expressed asapi d x1--rd-, where p' is the  fluctua-
               az 4 

tion of prersure and the z  —  axis is taken vertically upwards. Since this 
lift ought to balance with the gravity force acting' on the sand grain, 
considering the buoyancy of air, 

             4      —16                 7rd3 311  —p)g            az 

   Furthermore, taking the statistical average of turbulent air flow, 

the  following equation can be derived. 

            \ 22 

 ( 3P ;)— 3  (  P)  g  (4) 
   If the relation for p' is transfered into the relation for the velocity 

fluctuation w' in the vertical direction by the application of Taylor's 

theory of isotropic turbulence, Eq. (4) becomes 

 2  (")  2 1  3  w"  (  2  a — p  gy                                    (5)  4\ z/  \9B p 

where is the diameter of the smallest eddies and B is a constant near 

1. Next, assuming'‘/7,012 CO Vu12 and puttingVdu, the relation 
                                           dz 

between  w' and  v* becomes as follows. 

 1 v* 

   If we put  li=sz and assume that the mixing length  I and the  dia-
meter of the smallest eddies may be expressed as parabolas of the 
higher order of  z, 

                      n1/n1=10  {1 x    to  z), 2=2,{1±(fi_z)n}':                                \  A, 

where  e, x and are constants near 1, 0.4 and 2 respectively in the 
case of a smooth wall, inserting these relations into Eq. (5) and assum-
ing that the conditions for a sand grain are satisfied at  z=d, the 
critical frictional velocity  is given by the following equation. 

    v*, . 4/ 9BaLp_Isrcps 1.4_gdv}-2in { 1 +1Id\n} -/n    p6Ao 

                d2 {1 + ICl\n}in-2111  (6) 
                             10
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   This equation becomes, in the  case when diameters of sand grains 
 are, large, i.e., in the region of  (x/10) d 1 and  (p/  A0)  d 1, 

          20-- -xg _A/—c r (7)        v„,--Al 9B 
p g e  'V  2 

and in the case when diameters of sand grains are small, i.e., in  the  • 
region of  (x//o) d  4 1 and  (QA) d 1, 

           2  a—  nl 1  
            v,,        —A/ 9B 

 z d  (8) 

   Eq. (7) shows that  v,, is proportional  to  ^1.-1 in the case of large 

sand grains and also Eq. (8) shows that  v*, is proportional to 1/  Vd in 
the case of small sand grains. Although this theory is based on various 
assumptions, the above obtained relations explain satisfactorily the ex-

perimental results shown in Fig. 2. The effects due to the slope of the 
sand surface, however, can not be explained. 

 Moreover, in Fig. 2,  v*, based on the experimental results which 
Prof. Akiba obtained in winter is smaller than the other, but it seems 
to be owing to the fact that tan  500 becomes small due to low humidity 
in winter. 

      (2) Vertical distribution of quantity of  drifting 
                     sand by wind 

    It is considered that there are no reasonable methods to treat this 

problem but the following  two  ; that is, the one is to treat the sand 
grains as projectiles, neglecting wholly the turbulence of wind in  'spite 
of the certain effects it has on the sand drift when the diameter of dune 
sand is  0.2,0.3 mm, and the other is to use the coefficient of eddy 
viscosity as in the case of temperature or suspended silt in water, as-
suming that the sand grains are suspended in the air and their motion 
depends entirely on the turbulence of wind. 

    1. Case when we regard the sand grains as projectiles. Assuming 
that the distribution of the vertical velocity component  w, of sand grains 
which jump out from the sand surface owing to the collision of saltant 
sand is expressed as Maxwell's distribution,  Kawamura(" derived the 
following equation for the vertical distribution of the drifting sand quantity, 
using the notation q(z) for the total mass of sands passing through a 
unit area per unit time at the height z in a steady state. 

 q(z)—  2  no expr_  z 
                h.°  (9)
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where  a  =  37rted, is is the  coefficient of viscosity,  no the number of sand 

grains jumping out from the sand surface per unit area in a unit time, 
 It, the average value of the maximum height h of the saltant path of 

grains and the wind velocity V is assumed to be constant in the vertical 
direction. Afterward assuming the distribution of  e-'0"' type instead  of 
Maxwell's distribution as the distribution of  wl, he obtained the follow-
ing  equations''. 

 4(z)  =Go [2  2{Ko(e)—  ,9,s1   ho  IC,(e)} 

             21  

             a/3".75 h°„ {Ko(e)  K2(e)}],  (10) 
     2z — where, A=^ h0^2u,gh37rpd 

                                            o and  V--= a  ̂ z  is assumed as the vertical distribution of the wind velocity, 
and  Go is the mass of sand grains jumping out from the sand surface 

per unit area in a unit time,  u, the average value of the horizontal 
velocity components of sand grains jumping out from the sand surface, 
m the mass of a sand grain, a a constant, and  Ko,  K, and  K, are Bessel 
functions of zero, first and second order respectively. 

   2. Case when we regard the sand grains as being suspended in the 
air. Taking  x  —axis in the direction of the main wind and  z—axis 

                                                          vertically upward, the equation of motion of suspended sand grains is 
given by  0) 

 uo = a  (v wo ac° (11) 
 ax az az az

where  q is the mass of sand grains contained in a unit 
falling velocity of a sand grain,  uo the mean velocity of 
the  x—  direction and the coefficient of eddy viscosity. 
that  72 is constant in the  z—  direction, Eq. (11) becomes 

              ama2,„  u
o   +wo        ax  az- az 

   In the case of a steady state when  9 is constant 
tion, solving this equation with the conditions of  9= 

 —0 at  z=oo,  , gives 

 9=9,  exp  (  —  wozA)•  

volume,  wo the 

a sand grain in 

 Now assuming

  (12)

in the  x—  direc-

coo at  z  =  0 and

 .... (13)
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   Since  u, may be assumed to be proportional to wind velocity  V, 

using the proportional constant c, we have the equation 

 q(z)  =c5o,,V  exp  (—wozA)  •  (14) 

   Eq. (9) and (14) show that the relation between log  q(z) and z 
is linear. In Fig. 5 which represents the experimental results obtained 
by Kawamura, the full lines denote the theoretical results computed by 
Eq. (10), properly assuming the various factors in the equation.  Al-
though the theoretical results by Eq. (10) coincide with the experimental 
results satisfactorily, the equation is complicated and inconvenient to use. 

                             Since it may be considered that the 
                             relation between log  q(z) and z is 

 o  V=12.6 "'Xs 
                                almost linear from  z=5 cm to 

 <-> •                  •V=70.5'4. 
 _7  • z=30 cm, as shown in Fig. 5, Eq. 

                           (14) is  applicable in  computing 

                             bthyewttotal quantityqpuearntiutynunittimemdrifting                                                       rsand I.-2 
t3t,breadth from the observed vertical 

  Q>)                                 distribution, as mentioned below.   c, 

                                                 , 

   1111111.Above z=30 cm, the observed re- 
                                suits deviate from the linear rela- 

                              tion mentioned above and the 
-41                              quantity of drifting sand becomes 

 0 70 20 
Z in cm30                               larger than the theoretical value, 

     Fig. 5. Relation between which is a fact considered to be 
         q(z) and the result of assuming the wind 

velocity V in the vertical direction as constant. 

     (3) Relation between the mass of drifting sand by 
                wind and the wind velocity 

    1. Case when 'we regard the sand grains as projectiles. The total 
mass Q of drifting sand grains by wind passing through a unit breadth 
in a unit time from the sand surface to z=  CO is given by 

 Q=znn0L, 

where m is the mass of a sand grain and L the mean saltant distance 
of sand grains. Solving the equation of motion under the assumption 
that the saltant time of sand grains is short and  w„  u, are also small, 

 Kawamura(b) obtained the following relations based on the theories of 
kinetic energy and momentum.
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        L= 2  aViviymel,  w1.kmgv*/aV,  no=  pv*/2km, 

hence  Q—k   mg 
gP v*3—C  P   v*3,  (15)              aV 

where k is a constant and the wind velocity V above the sand surface is 
assumed to be always constant in the vertical direction, and therefore C 
becomes a constant. This equation has the same form as Bagnold's 
equation. 

   2. Case when we regard the sand grains as being suspended in the 
air. Integrating Eq. (14) from  z  0 to  z=  oo  , the total mass of sand 

grains is given by 
 Q=  crovV/wo.  (16) 

   Now, if the theory of the case when we regard the sand grains as 
projectiles is applied,  Soo is expressed as 

 io0,-  2  rano/iv,  =  2  Go/w,  . 
   In the case when we regard the  sand grains as being suspended in 

the air, it is not reasonable to consider the wind velocity to be always 
constant as in the case when we regard the sand grains as projectiles. 

 Since in this case V is proportional to  v*,  w, becomes independent of 
the wind velocity, and from Kawamura's  experiments  (7).  Go is propor-
tional to  V, resulting in  Soo becoming proportional to V. Furthermore, 
as the coefficient of eddy viscosity is also proportional to  Pm'1), we 
can see that  Q  co  V3, that is, the total mass of drifting sand is propor-
tional to the third power of the wind velocity. Thus, it becomes clear 
that a strong wind blowing a short time is more effective than a mild 
wind blowing a long time in moving sand grains. 

      (4) Sand drift when the wind blows from the sea 
    Assuming that the sand grains are suspended in the air, we can 

treat the problem for the case when a sand drift begins from a beach 
line by applying the fundamental equation  (12). As  shown in Fig. 6, 
taking the beach line from which the sand drift begins as the original 

point, we assume that the initial and boundary conditions are given by

 So= 0 

            50..—_50o= constant 

 =  0 

Now dividing  r into  50, and

 at  x  0, 

 at  z=0,  . 

 at  z  oo, 

 co, and putting

(17)
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 Z  it'="56.1—  Cb2  9  (18) 

                 V we consider as follows, that is,  5o, 
                          which is independent of x satisfies the 

                            equation 
 .Z  

..;„;  • a2FiaC1° — 0 ,  
                  az,+wo(19)                                        az 

        Fig. 6. and the boundary conditions 

 io,=.  0 at  z  =_-  oo  , and  5o,  =  ioo at  z=  0  ,  (20) 

and also  so, satisfies the equation 

 aVo a2r2 aco2  (21)  u
oa x—ax2wo                                az 

and the initial and boundary conditions 

 592=so, at x=0,  (22) 

 v,=  0 at  z=0 and  F2=0 at  z=  co. 

   Then  9, which satisfies both Eq. (19) and Eq. (20) is given simply 
by 

                                                     WO  z 

 FI=Foe  (23) 

   On the other hand,  io2 which satisfies both Eq. (21) and Eq. (22) 
is obtained as follows, using Fourier integral. 

                        W  

 992—  2F° e-2714uol  sin  ez  •e  ....  (24)  7r  
o  $2+  (w0/2V) 

   Therefore, from Eq. (18), (23) and  (24)  ,  co becomes 

               9,0 z22 1, fpiAnTe- 11,422t222t2    5o=5.00e`)— eoc„,  (25)                  A/ 7T-

where  C=  ̂ uoz/2  Vvx. 

   If  x is converged to  co in Eq.  (25)  , then Eq. (13) will be obtained. 
    1. The mass of sand grains moving through a section per unit time 

per unit width is givenby 

            Q = uolyodz -=111)5'9°   F,(C), (26) 
 0  wo 

where
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F,(C1) = erf (C) —2C"{1— erf (C)} +   2  c'e-'0, c' — w° x.  (27) 
 Tr  2  A/ u022 

   If x is converted to  co in Eq. (26), it becomes 

 Q  volwo  , 

which is the same equation as Eq. (16) when  uo is assumed to be pro-

portional to wind velocity V. 
   2. The mass of sand grains scoured per unit time per unit area of 

sand surface becomes as 

 —  
az   +  woFz-owoF2(C)  (28) 

                1  

 where  F2(c')  —  2 V  r e1 + erf (C)}  (29)  cl--t/ 2 

    3. The mass of sand grains scoured from the beach line to a 
certain section per unit time per unit width of sand surface is obtained 
as follows, integrating Eq. (28) from 0 to  x. 

 Q=  uo7)Vo(~')  ,  (30) 
                               wo 

which coincides entirely with  1.0 

           loam Eq.  (26)  , as it ought to.  08IRFig. 7 represents the rela- 
tionsbetween  F,(C'),  F2(C') 
andC' 111P4111^^^^^ 

                  :0.0     N
ow if we assumeLz.. 

                       2 thatwo-2 m/s(the value0 
for thecaseof d=0.2,0rMMIMMiIll^Igll 
0.25  mm),  72.2.103  cm3/s,  0  82  00 0.6 0.8  10  1.7 1.0  i5 

 u0.10 m/s and  x=4 m, it $7,                               Fig. 7. Relation between  Fe),  F2(cO and e. becomes  C.1.414,  and 
 F,  (1.414)  =0.99 and  F2  (1.414)  =0.004 are obtained. This fact means 

that the mass of sand grains moving through a unit width at x=4 m in 
a unit time is  99% of the mass of moving sand grains in a steady state 
independent of  x and also the mass of sand grains scoured per unit area 
of sand surface at  x m in a unit time is  0.4  % of  soowo. From the 
above computed results, we can conclude that the scouring of the sand 
surface is limited to the neighbourhood of the beach line. This conclu-
sion gives a solution to the question of from where the enormous volume 
of sand grains in a dune is  transported.
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    (5) Sand drift when the  sand grains flying over the 
              sand surface  drop into the water 

   This case can also be analysed mathematically by  applying Eq. 

(12), as mentioned above. If we take the water edge as the original 
                       point, as shown in Fig. 8, the initial and 

 Z boundary conditions will be given by 

 F.roe  .4 at  x.0, 

 a9   —0 at   (31) 
 az 

 —0  at  z.  co. 
           Fig. 8. 

                          The second condition in Eq. (31) 
shows that the sand grains which drop into the water never jump out 
from the water surface again. Now transferring  co into 0 by the equation 

 ago  _0 ,  (32) 
 az 

Eq. (12) and (31) become respectively 

           ae a20   (33) 

 0 

         aX+w° az 

 0=  —   w0  Foe at  x=0, 
 (34) 
         0=0 at  z=0, and  F=0 at  z=  co. 

   As the solution satisfying these conditions, the following is obtained 
similar to Eq. (35). 

               W02,,,op^y-fg-_21i602;22  _t,    0 - - 7-ee dc (35) 
 7r 0 

   Transforming  0 inversely into  F by the relation 

 So=— o  6(z+  p,  x)dp, 

Eq. (35) becomes as follows. 

                4__,4.2L,„/2v71,__ t2dc 
  50oe"         71. 0
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       2sooi 1  —  erf  iv0 )1 
                 2  Vvx  2r.VCoi 

                                                                     _wo 

  (36)                   ( uozzooVx )1,dx990e       +w°29°.r{1— erf          2uoof2Vvx2^uov 

    1. The mass of sand grains dropping into the water surface per 
unit time per unit area is given by 

 we  woCoofi  (V)  '  (37) 

wherefi(c')= {1  —  erf  (c4)} (1±2:42C' 2) —  e  .  (38)                                           -V 7r 

    2. The mass of sand grains dropping into the water surface from 
the water edge to a certain section per unit time per unit width of the 
surface is obtained as follows. 

 Q  'wovz=odx  f2(c'),  (39) 

 

0  wo 

where  f2  (C')  erf  (c')  +  4  c"  {1  —  erf  (44)}  (1  +  c") 

                                    eV2                —C4C" e-t'214- 1' (40) 
                    V 7r 2/4 

    Fig. 9 represents the  1
.0 

relation between  A (v) , 

 (c,) and  c If  w  0=  2  m/s,v.2-103 cmys,  u0=e":61/2(r)111 10  m/s and x = 4 m as EL  tar 
 assumed  before,  then  C=  0U 

 f,  (1.414)  0.012  and  4:,- 
 f,(1.414).  0.97. Therefore  a2PrilliEr^1111111111111 we see that the mass of  a-A 

 0aza;anasto1.11./!sand grains dropping into 
 5" th

e water surface at  x=4                               Fi
g. 9. Relation between  Pc'),  f2((/) and  c/. 

m per unit area per unit 
time is  1.2  % of the mass  scow° at the water edge, and also the mass of 
sand grains dropping into the water surface from the water edge to  x  =  4 
m per unit width per unit time is  97  % of the mass  1102990/  wo of sand 

grains moving through the section at the water edge. From the above 
computed results, we come to the conclusion that the saltant sand grains 

mostly drop into the water surface near the water edge. A project 
based on the above mentioned properties of sand grains was applied to
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the Kawachi River, Tottori Prefecture, long ago, and the farm land is 

being protected from the landward movement of sand drift by wind. 

Moreover this theory is applicable in tackling the problem of the dropp-

ing of salt contained in sea wind which is harmful to the crops and 

trees on the land near the sea, and also in explaining the experimental 

results of  Uchida(13) 

   3. The Coast near the -Kiku River Mouth where 

              Sand Drifts by Wind 

   The topography near the mouth of the Kiku River as surveyed in 

August, 1950 and 1951 where the mean tidal level of Tokyo Bay is 

                                                                                          -1-- 

          0 .                           1.1,j411-41-T \ 
                                           Ai  

• - - , ( • c==, (7) 
. \ 

          --

„ --- 

                                                     „p4 
                                                     .,7 

 ;>\\1(                                                                      Stole  0  SO  AV  Ix  az, 
                        - - - Contour line Surveyed  in  Aug.,  7950.  Refeted  lb  The Mean  Tidal  Level  of  likyo  Boy. 

  Ditto  in  Aug.,  1951. 
                      — —  — Beach line  in  the  Case of Ebb Tide  Surveyed in  Dec, 1950. 

            Fig. 10. Topographical map near the Kiku River mouth. 

taken as the datum plane of leveling, is represented in Fig. 10. In this 

figure the beach line at ebb tide surveyed in Dec., 1950 are also shown. 

Although the river mouth curved westwards long ago, the mouth was 

transfered artificially into a straight water course about 10 years ago, 

as shown in Fig. 10. But after that, due to this mouth becoming
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blockaded, the water course changed naturally into course ®, little by 
little. The water course near  0, newly excavated after the blockade of 

the mouth ® in Sept., 1950, is now changing eastwards and the posi-
tion  ® represents the mouth surveyed in August, 1951. 

   By the afforestation and sand hedges, this belt of sand dune is now 
being fixed, except for about 100 m from the beach line which is inclined 
25° to the direction from east to west as shown in Fig. 10. Since the 
direction of the strong wind which is the monsoon in winter is almost 
W. at Omaezaki and W.N.W. (or N.W. in some cases) at the Kiku River 

mouth as mentioned below, the sand quantity moving landwards by wind 
is small, the main part moving from west to east parallel to the beach 
line. Therefore, the scale of the sand dune near the Kiku River mouth 
is small, compared with that at Tottori where the monsoon blows from 
the sea to the land at almost right angle to the beach line. Con-

sequently, at  the Kiku River mouth, the sand drift on the coast by wind 
is caused  mainly  by the  transportation of 
sand grains along the beach line from 

west to east, rather than the formation of 
                    11111•1111111• sand dune. 

    The distribution curve of the diame-                       68111111=111111111 
ters of sand grains on this  coast, shown migrainis 
in Fig. 11, is not the weight distribution,  t 
but the grain number distribution which  et  la  WENN 
was obtained by the microscopic measure-  1111E/11111111•11 
ment of the diameters of 107 sand grains  013  0.33  t 053 
taken arbitraly from the coast. Although Diameters of Sand  Grains  in  mm 

the grain diameter in an ordinary sandFig. 11. Distribution curve 
                                               of the diameters of sand d

une is  0.2,0.3 mm, the mean diameter                                                     grains on the coast. 
on this coast is 0.33 mm, and the value 
of when the grain begins to move is  25-.30 cm/s which corresponds 
to the wind velocity of about 6  m/s at the height of 1 m.

 A

 I
 R- I  I

 

I I  I  1--
-r-

 813  013  0.33  tw 053

      4. The Wind at the Coast of  EnsTLY Sea 

         (1) Data at the Omaezaki Weather Station 

   It has already been mentioned that the sand grains become easy to 

jump out of the sand surface at low humidity. As shown in Fig. 12 
which represents the monthly mean humidity in 1950 at the Omaezaki 

Weather Station  about 16  kin E.S,E,  from the Kiku River mouth,
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humidity is  low in  Deo., Jan., Feb. and March. Both this fact and the 

strong monsoon in winter  a.,  vo 

are the causes of violent G Militill111111111111111 
sand drift by wind on thismml=1=Mmr^rlimmi 

                      ea coast. Regarding the data of  t111111121111111111110111 

                     60M wind velocity and direction,7°.EI 
               615.11.1.^^^^^^^11 . 

a self-recording meter was  Jan.Feb.Mard; April May June July  Aug.  Set.  Oct  Nest  Dec. 
established in the forest near Fig. 12. Monthly mean humidity at  Omaezaki. 

the Kiku River mouth in(Jan.—Dec„ 1950) 

August, 1950, but owing to some trouble in the meter there are some 

blancks in the data. Moreover as mentioned below, the wind velocity 

at the coast near the beach line where sand drifts by  wind was of a 

closer value to that observed at the Omaezaki Weather Station  than to 

that  meaured by the self-recording meter in this forest. Therefore, we 

will now describe the data at Omaezaki. 

   Since the quantity of sand drift is nearly proportional to the third 

power of the wind velocity as mentioned above, the large wind velocity 
comes into question in discussing the quantity of sand drift. Thus we 

will first discuss the data on  large wind velocity.  In Fig. 13 which re-

presents the frequency of the daily mean maximum wind velocity for 10 
                                  minutes, the thick line re-
 36 presents the sum of the 
  31                                      wind frequency of S.S.W., 

                                       S.W.,N.N.W. and N.  direc- li 

                                    tions which means distingui-

 r/6shing the left side of the 1::/28, Jo IIIwater course in the river                                   mouth from the right side. 

                                    Thus we can see that the 

 0  ? I 6  e  Ii II /6  /8  10  ll  14  16  g wind of a large velocity has 
              V  mmiJ the direction of S.S.W., S.W. 

Fig. 13. Frequency of the daily mean  maximum N . and belongs 
     wind velocity for 10 minutes in 1950 

                                 to the right side of the river 
mouth, and also presuppose that a much larger quantity of sand grains 

drops into the river mouth from the right side bank than from the left 

side bank. In Fig. 14, the wind direction diagram of the daily mean 

maximum wind velocity for 10 minutes is represented , distinguishing that 
for  April-..Sept. from that for  Oct.-..March, and we can see that the 
strong wind of W. prevails especially in  Oct.--March. Refering to Fig . 
15 which represents the wind velocity diagram, the mean velocity of the



 W

south wind is large, but as shown 

in Fig. 14, its frequency is  -very 

small, so that it is out of question. 

 N 
                      30  timer

         \') 

Fig. 14. Wind direction  d 
    daily mean maximum 

       for 10 minutes in 

     In Fig. 14 and 15, 
      Thick line; for A 

       Fine  line  ; for  0 

    In Fig. 16  whicl 
 data observed at  6, 

 is that for the wind 

 grains begin to  mow 
 as for the wind of 

 far the most  frequ( 
 months there are  vas 
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 zaki Weather  Static)] 
 the Kiku River  mom 

 the wind direction 
 in some cases) when 
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 parallel to the beach 
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 ./N ction diagram of theN 
iximumvelocity 
atesin 1950. 

 td 15,  
; for  April—Sept. Fig. 15. Wind velocity diagram of the 

 for  Oct.—March daily mean maximum velocity for 
                                  10 minutes in 1950. 

which represents the wind direction diagram based on the 
at  6,. 12, 18 and 24 o'clock daily, the part painted black 

wind of a velocity greater than 6  m/s when the sand 
 move. According to this wind diagram, we can see that, 
 Id of a velocity greater than 6  m/s, the west wind is by 

frequent in Dec., Jan., Feb. and March and in other 

re various wind directions without any distinguished one 
ncies are all small. 

rd to strong wind, a comparison of the date at the  Ornae-

Station with that of the self-recording meter situated near 
 mouth shows that the wind directions are not the same, 

tion at the river mouth always being W.N.W. (or N.W. 
when the wind direction is west at Omaezaki. Therefore, 

 l direction is west at Omaezaki, the wind blows almost 
beach line at the coast near the  -Kiku River mouth (cf
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current measured by a propeller type anemometer using a 

rator. In this figure, the intensity of turbulence is the 

standard deviation of wind velocities  a=  ,./.1f;  (ui—ic)°/N 
the mean velocity  it, where  a is the arithmetical average of
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 e) value  u, obtained by measuring every 

 50 Dote  1Dec.2.9,  1.950 three seconds for 10 minutes at the 

 90Time  16.30                    WindDirection  WSW height of about 1 m  above- the 
P>_— HermVelocity 0.09:4 z,30beach line,f,the frequency of the                   _ Intern/leofle %                  Turbulence   20

Skewness0.2541—value  uand N the number of  all'               VT                       —Kurtosis 132 2.007  10 
                                observed values. The skewness ^  Pi  T-  

      is2.5  35 4.5 15  6.5 is given by 
 Vin  CVs                                 1  

                                      f,(u,—a)3 / 
 V  7 

 mh which must become zero in the case 
 •

-•••  •  • 

     . • • •••'''•••• • • of a symmetrical distribution.  Fur-

  

1 • • • •• 

  ••`••  ••••kthermore, the kurtosis is given by 
  •. 

                          192= N(ut4/64' 

  2 

 a  7  2  3  4  5 
 Time in Minutes which is a coefficient becoming 3 

          Fig. 17. in the case of Gaussian normal dis-

tribution. Since the quantity of sand drift by wind is measured by the 

quantity entering a sand collector in a certain time and also since it is 

proportional to the third power of the wind velocity, the intensity of 
turbulence naturally has an influence on that quantity. That is to say, 
it may be thought that the larger the intensity of turbulence is, the larger 
the quantity of drifting sand by wind is, even if the wind velocities are 
the same. 

    As shown in Fig. 17, the intensity of turbulence is smallest in the 
case of (b), and comparing its wind diagram of velocity fluctuation with 
those in other cases, we see that the period of fluctuation is small in 
the case of (b) but with the cases of the four other examples there is a 

period of several minutes. Therefore, it may be considered that there 
are two kinds of wind blowing from the sea directly, one which has the 
intensity of turbulence of  about  10% and the other  or  20-,-25%. The 
same fact was ascertained in our observation at Ajiro Harbour, Tottori 
Prefecture, some time ago, but the value observed by Prof. Kawata using 
the same type anemometer at Ikeshinden coast of  Ensyu Sea was about 

 10% and the one of  20-...25% was not obtained. In this way, even 
when the velocity is the same, different results for the quantity of sand 
drift by wind may be obtained, because it is possible for the intensity 

of turbulence to be different.
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 5. Measurement of the  Quantity of Drifting Sand 

    (1) Vertical distribution of the quantity of drifting 
                     sand by wind 

   The sand collector which catches the saltant sand grains may be 
divided into two kinds, the total quantity type and the distribution type. 
In order to  measure its vertical distribution, we used the sand collector 
of the distribution type as shown in Fig. 18. Besides this there are 
various other sand collectors of this type, but they all measure a quan-
tity less than the actual value and the real quantity of drifting sand can

8i/k Cloth

 Duralumin
 Plate

Wind
qt,L

eS‘
C.

c===
c==

:===

C.===
 rezr,

FEW.=

tr.=

 100

     Fig. 18. Sand  collector., 
       (vertical direction) Fig. 19. Vertical distribution of  the 

                                  quantity of drifting sand by wind. 

not be grasped. Moreover Chepil experimented by a method using a 
vacuum pump, but the one as shown in Fig. 18 is simple and convenient. 
Refering to Fig. 19 which represents our results obtained at the Kiku 
River mouth, Eq. (10) holds good strictly as mentioned above, but we 
can say that there exists a linear  relation  between log q (z) and z 
except for the part under several cm and above 30 cm from the sand 
surface and that Eq. (14) holds fairly good in the region above men-
tioned. 

    (2) Horizontal distribution of the quantity of drifting 
 sand by wind 

   Using sand collectors as shown in Fig. 20, we can measure the 
horizontal distribution of the quantity of drifting sand, as in the case 

when the saltant sand grains on the coast drop into the water surface. 
The sand  collectors shown in Fig. 20(a), which is named box type, has

 30
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                          a width  of 5 cm and a length of  (a) Box 7:ype 
 V 42 cm and is divided into  compart-

                              ments with duralumin plates. The 
     (                             one shown in Fig.20(b), which is 

      OW ‘^:%*7;.: '...;;;:',;-::::".;',,,,I,i',--,...                               named tube type, has many test 
                            tubes standing side by side which 

                             are full of water so that the sand 
 (b)  Tube  Type grains  dropping into the tubes will  

: ,,, :, . : " *. -  , Test-not fa of weer not jump out again. 
             )-, ), ‘,-, ;-, .   . In Fig. 21 which represents the 

 i:- ;IIIIIII II  '  II  II  II  II  IJ  II  ::." . 

 (  

  1,11111111111111111111 ':.resultsobtained by these sandcol-                               lectors,thereisonlyanexampleof       ..:,!...;,:.:......i.,-,.7.:::;.,:.::.. 
                             the result obtained by the collector 

      Fig. 20. Sand  collector, of the tube type, which agrees well 
        (horizontal direction)                             with that by the collector of the 

box type in the region of x> 10 cm, but the former is considerably 
small compared with the latter in the region of x <5 cm. This may be 
considered as due to the fact that the sand collector of the tube type 
does not catch the real quantity of drifting sand, because a large quantity 
of sand grains can not drop into the tubes as the entrances become 
blockaded with wet grains. 
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 Refering to Pig. 22 which represents the relation between the wind 

velocity and  q_, at  x=10 cm in the case of sand collector of the box 
type and x=9 cm in the case of the 

tube type,it ispossible topresume5.0                                         0  BoxTypex=10cm0 

that the almost real quantity canVig                                               • Tuhe Type X=Scvn 
be obtained when the wind velocity 47  30 
is small because must become  4`28 
zero in general when the velocity 
is m/s, and that the sand 
collector of the box type catches 6 7  8  .9 10 11 12  19  14 15 
only a quantity much smaller than V  in  m/s. 
the real one when the wind velocily Fig. 22. Relation between  qz and 
becomes large.                                                     wind velocity.                                              w 
    If we know the values of  w„  u0, and  you in Eq. (37) and (38), 

the relation between  q(x) and  x can be computed. Nevertheless, as  cc0 
can not be obtained by measurement, there is no method in practice but 
to compare the theoretical results with the measured results by means 

of the ratio between  q, and That That is to say, using the relation 

 fi(C'),wAra-           'pao  (41) 
 q,=aL(cat)" 2  Vu0,2 

only a qualitative comparison is possible. In this way, in Fig. 23 which 

represents the relation between  q.,/q.,=„ and x where  a=10 cm in the 
case of the box type and  x=9 cm in the case of the tube type, the real 
lines are the theoretical curves computed by Eq. (41), assuming that 

w0=4.3  m/s since d=0.33 mm and that  u0 is equal to the wind velocity 
V. Moreover, we adopted here the value of  72 obtained from Fig. 24  

-  which represents the relation between  72 and V obtained by Eq. (14) 
refering to the slope of the real line in Fig. 19. Since V is proportional 
to  v it is seen that a linear relation between and V or v,, exists as 

shown in Fig. 24, even if we are based on the assumption that the sand 

grains are suspended in the  air"o("). 
    As seen in Fig. 23, the results measured coincide satisfactorily with 

the theoretical values in the region of x  > 10 cm,  but the larger the 
wind  velocity is, the larger the former are than the latter in the region 
of  x  <10 cm, i.e., small valves of x. This seems to be due to the fact 
that the sand grains moved in the condition of surface creep are added 
and also that  qz decreases rapidly along  x—  direction, because instead of 

being constant in the vertical direction  u0 becomes much smaller and  v 
also becomes smaller near the sand surface. But the qualitative agreement

0 BoxType x=10cm

 •  Tube  Type  x=,9cyn

 of

 0
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 is satisfactory except in the region of  a  
  the small values of x. These points 

  mean that the relation between log q(z)  1.6   and z is not strictly linear.aes 04. 
     In this way, as the main part of 16  

  the drifting sand drops into the water 

  surface in the region  of  the  small  16 

                                          — 

  values of x, actually the quantity 
  dropping on per unit area per unit 

  time is smaller than  1.2  % of  coo w,  1.1 
  and also that dropping on per unit  6  0 10  11  1/1 16 

  width per unit time is larger than V in  'Vs 
 97  % of uo7 2coo/ wo, both of which are Fig. 24. Relation between 

                                                          72   th
e values obtained by the theoretical and  V. 

  computation in (5) of chapter 2. 

         (3) Relation between the wind velocity and the 

 •quantity of drifting sand 
      There are two methods to measure the quantity of drifting sand in 

  a certain wind velocity, that is, the one is to use a sand collector of 

  the total quantity type which catches the total quantity of drifting sand, 
  and the other is to measure the vertical distribution q(z) of the quantity 

 by a sand collector of the distribution type as shown in Fig. 18 and 
  obtain the total quantity, integrating q(z) under the assumption of the 
  linear relation between log q(z) and z above z> 2 cm. Comparing the 

  total quantities obtained by these two sand collectors some time ago at 
  Ajiro Harbour, Tottori Prefecture, we ascertained that the quantity by 
  the distribution type was about twice that by the total quantity  typell4) 

  Therefore, in the case of the Kiku River mouth, we  obtained the total 

  quantity of drfting sand, using a sand collector of the distribution type. 
  As shown in Fig. 25 which represents the experimental results by the 

  authors and Prof. Kawata, the results seem to be scattered considerably. 

  This fact is due to the intensity of turbulence being different even with 
  the same wind velocity, the plotted points in the figure being based on 

  the data by various sand collectors and also the magnitude of  v,  vary-
  ing with the place of observation even in the same wind velocity, but it 

  can be said the quantity of drifting sand is proportional to the third 

  power of the wind velocity as shown in the theoretical results. Even in 
  the case of wet sand surface due to rain, it seems that the quantity of 
  drifting sand is proportional, as well, to the third power of the wind
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velocity 
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given in

in the region of the large velocity. 
this way, using the equation expressed by  Bagnold, 

the equantity of drifting sand Q and the wind 

general by

   Q=7.1 x  10-3C(V-4)3  , 

in  ton/m•day, V in  m/s  an( 
which the real lines  retire:

the relation 

velocity V is

where Q 
Fig. 25 in
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         Fig. 25. Relation between the wind velocity and the quantity 
                             of drifting sand. 

various values of C, it may be taken  C=  1.50 for dry sand considering 
the case of large wind velocity, and  C=  1.20 for wet sand, although we 
have only the data for wet sand at Tottori sand dune and Ajiro Har-
bour because it is very rare for a strong wind to blow on a rainy day 
at the coast near the Kiku River mouth.
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     6.  tstimation  of the Annual Quantity of 
                 Drifting Sand 

   In order to analyse the effect of sand storm on the movement and 
blockade of the Kiku River mouth, it is very necessary to know the 
annual quantity  of sand grains moving by the sand storm and dropping 
into the water surface at the river mouth. The annual quantity of 
drifting sand can be estimated from the data of wind velocity and direc-
tion, time  of the day when rainfall begins and ceases and rainfall inten-
sity etc.  In Fig. 26 which represents the variation diagram of the wind 
velocity and direction based on the data measured by self-recording 
meters situated at the
Omaezaki Weather Sta-
tion and the Kiku River  V 16 
mouth, the plotted points  '4  14 
are the wind velocities 12 

measured at the coast  10 
near the river mouth 
where the sand grains 
drift by wind. As shown 
in Fig. 26, the wind 4 

velocity on this coast 
approximates to that  ob-
served at the Omaezaki 
Weather Station rather Fi 
than that measured by 

the self-recording meter 
situated near the Kiku River 

quantity of drifting sand based 
Eq. (42) where the wind  velocil 
of those observed every three  h 

blows on a rainy day, but the 
   When a strong wind blows 

the moisture of the sand  sulfa( 
content becomes a certain value 
the surface. Refering to Akiba' 
moisture content  a of the sand 
and also the relation between 
wind begins to blow to the tim 
wind velocity V  in this case are

 .9 15 21 3 .9  15 21 3 9 15 21 
    27th  doy  28th  day  39th  ds, 

   Fig. 26. Variation diagram of the wind velocity 
        and direction. (velocities are plotted 

                 every three hours) 

liver mouth, and therefore we estimated the 
 rased on the data at Omaezaki, according to 

velocity was assumed to be the average  •valve 
Lree hours. At this coast a strong wind rarely 

 the question is how to treat the rainfall. 
blows on the wet sand surface after a rainfall, 
surface evaporates, and just when its moisture 
value, the sand grains begin to jump out from 

 kkiba's  experiment(m, the relation between the 

sand surface  and the critical wind velocity  V, 
 weep the time interval T from the  time the 

e time the sand grains begin to move and the 
se are given by
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        Ve=100aa+b,   (43) 

 V—   K1'  +K„  (44) 

where a, b,  K, and  K, are constants respectively. When the initial 
moisture content is  20--,30%, the time interval is about 2 hours and 
1.5 hours in the cases of  V=8  m/s and 10  m/s respectively. 

    According to the experimental results above mentioned, we estimated 
the monthly quantity of drifting sand by wind in a year per unit width. 
In  thi; case, we used the following three assumptions based on the above 
experiment by Akiba, that is, the first one is that the sand grains do not 

jump  out when the intensity of rainfall is larger than 1  mm/  hr, the 
second one that the sand grains begin to move just when the rainfall 
ceases and the quantity of drifting sand is computed by Eq. (42) using 

 C=1.20, and the third one that the sand surface becomes dry after 3 
hours from the time when the rainfall ceases and the quantity of 
drifting sand is also computed by Eq. (42) using  C=1.50. Since the 

quantity of drifting sand depend upon several factors as the property of 
the sand grains, the intensity and duration of the rainfall,  the wind velocity 
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   Fig. 27. Monthly quantity of drifting 
          sand by wind in a year. 

These properties are the same as those at 

but the tendency at the Kiku River  mo 

large in winter due to the small effect of 

The thick line drawn in Fig. 27  represents 

by the west wind. 

   Refering to the following table, 

quantity of drifting sand by wind in a  yeE 
direction, we can see that the quantity

   etc.,  it is not rational to 

   decide the necessary assump-

  tions uniquely, but in this 

   case the three assumptions 

   above mentioned were  prac-

   tically used. 

      Refering to Fig. 27 which 

   represents the monthly quan-

  tity of drifting sand by wind 

  in a year per unit width, the 

  quantity is very large in Dec., 
   Jan., Feb. and March, but 

  least in July and August. 

at the coast of Tottori Prefecture, 

 mouth that the quantity is very 

of rain and snow is remarkable. 

 nts the quantity of drifting sand 

 which represents the estimated 

 year arranged according to wind 
 due to the west wind is by  far
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the greatest and holds  68.5  % of the annual total quantity. In the 

table, the wind directions are divided into two groups of left  an] . right, 

refering to the direction of water 

course at the Kiku River mouth, Estimated quantity of  driftirg  sand by 
                                        wind in a year  arranged according to 

and the estimated quantity due                                             wind direction.  (unit  :  ton/m) 
to each wind direction belonging  =  

                                    left bank side of right bank side of to the left bank side is shown
the river mouth the  river mouth 

in the left column and that to                                         wind estimated I wind estimated 
the right bank side in the right direction  quantily direction quantity 

column. Therefore, the quantity N. N. E. 10.2 S. S. W. 28.1 

of drifting sand by wind which N.  E 16.4 S. W. 22.8 

 drops into the water surface fromE. N. E. 1.5 W.  S.W. 65.7 
 E. 3.1 W.  354.1 

the right bank side becomes  92.5  % E .  S E. 0.5 W.  N.  W. 7.1 
of the annual total quantity.  S. E. 0.5 N. W. 0.2 

    The actual quantity of sand S. S. E. 0.9 N. N. W. 0.1 

dropping into the  water surface S. 5.2 N. 0.8 

at the Kiku River mouth must sum 38.2 sum 478.8 

be  obtained, summingupthe —  (wind  direction  is  the  one atOmaezaki) 

quantity described in the above 
table multiplied by the width of each wind direction. Since there are 

 many sand hedges on the coast and the river mouth is moving, it is 
 difficult to estimate accurately the quantity of sand dropping into the 
water  surface at the river mouth, but considering that the  W.-- and 
W.S.W.— winds (these being the wind directions at Omaezaki, it is assumed 
that these become W.N.W. and W. respectively at the river mouth as 
shown in Fig. 26) give the most distinguished effect on the quantity and 
the breadth of the coast where sand drifts is about 100 m, the annual 
total quantity becomes about 41,000 ton which corresponds to about 
33,000 m3, assuming the apparent specific gravity of sand to be 1.25. 
Thus we can conclude that this quantity of sand drops into the water 

surface at the Kiku River mouth from the right bank side.

 We can  e: 

 1.  The f 

proportional 
 ad> 0.5. 

 2. In the

 extract the 

 frictional

  7. Conclusion 

following points from 

velocity in which the

is 

of

to  A/sin (yoo a)/cos  y,„ and  also 

case of a horizontal sand surface.

 t the 

sand 

 also

above description. 

grain begins to move 
to  A/ad in the region 

the frictional  velocity
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 v,, is  25,30 cm/s and the wind velocity at the height of 1 m corres-

ponding  to this value of  v*, is about 6  m/s. 
   3. The vertical distribution of the quantity of drifting sand by wind 

is given by Eq. (10) strictly, but there exists a linear relation between 
log q(z) and z except near the sand surface and z> 30 cm. Thereby 
the main parts  of the quantity of drifting sand are moving in the region 
of several cm above the sand surface. 

   4. The quantity of drifting sand by wind is proportional to  v,3 or 
the third power of the wind velocity. 

    5. When the wind is blowing towards the land from the sea and 
the drifting of sand grains begins from the beach line, the scouring is 
limited near the beach line on the coast. 

    6. When the sand grains moving towards the sea from  the land 
drop into the water surface, the greater part of the drifting sand drops 
into the water surface near the water edge. 

    7. The distinguished movement of sand grains near the Kiku River 
mouth is limited to the coast near the beach line and the sand grains 

are moving nearly parallel to this beach line from west to east. 
   8. The winds of large velocity belong to the right bank side of 

the Kiku River mouth and the quantity dropping into the water surface 
of the river mouth from the right bank side is very larger than that 
from the left bank side. 

    9. The intensity of turbulence of the monsoon in winter is divided 
into two kinds, the one being about  10% and the other  20,25%. 

    10. The experimeneal distribution of  the quantity of drifting sand 
in the horizontal direction coincides well qualitatively with the theore-
tical distribution by our  theory except in the region of small values of  x. 

    11. According to the estimated  monthly quantity of drifting sand 
by wind, the quantity is very large in Dec., Jan., Feb. and March and 
least in July and August. 

    12. The annual quantity of drifting sand due to the west wind 
holds  68.5% of the annal total  quantity. 

    13. The annual quantity of drifting sand dropping into the water 
surface from the right bank side holds  92.5% of the annual total 

quantity. 
    14. The estimated annual quantity of drifting sand dropping into 

the water surface at the Kiku River mouth becomes about 33,000 m3, 
assuming the breadth of the water edge from which the sand grains drop 

into the water surface to be about 100 m. 

    The following is considered from the conclusions above  mentioned,
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Following the periodical movement of sea water due to tide, the sand 

grains dropping into the water surface at the river mouth are transported 
to the upper and down streams, that is to say, at flood-tide they are 
moved to the upper stream and deposited at places where the river 

breadth enlarges, and contrarily at ebb-tide they are carried out of the 
river mouth by the flushing water and become the source of the sand 
drift in the sea. Since even the sand grains depositing at the upper 
stream will be carried out into the sea in the case of flood, it may be 
considered that the sand grains dropping into the water surface at the 
river mouth are all transported into the sea and become  the source of 

sand drift in the sea. Moreover, the fact that most of the drifting sand 

grains drop into the water surface near the water edge making the west 
bank side of the river mouth become shallow is considered to help the 

river mouth to move eastwards. Although the distinguished cause of the 
river mouth moving is not yet known, it is certain that the sand drift 
by wind on the coast is helping it to move eastwards. 

   It is a problem of sand drift in the sea what courses of movement 
the annual quantity of about 33,000 m3 of drifting sand carried out into 
the sea takes, and we will make a report on this problem in relation 
with the blockade of the river mouth at  'another opportunity. 
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