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On the Photo.Electric Measurement of
Concentration of Suspended Load.

                By

Hisao FUKUSHIMA and Isao YAKUWA

the

                      (Received March. 31, 1953)

   A turbidimeter whieh employs a photo'cell and a lamp mounted in brass tube,s has
been eonstructed and adjusted by the authors･ With this apparatus, an attempt was made to

determine the coneentration of suspended load by measuring the transmission of Iight through

the water. In tbis paper, a description of the apParatus and the results obtained between

September, 1951 and November, 1952 on the lshikari River are reported with some discussion

                                  on the relative $izes of silt particles- The
                                  apparatus has been ascertained to be use-
iill･g-･;extt. ¢.
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ful for the quantitative study of sediment

transportation in a river.

   On the study of the trans-
mission of light in the sea or lake

by the photo-electrie method,
some works have already been
published. But so far as the
present writers know, in the case

of river few investigations have

been made either on turbidity
due to suspended materials, or

on the relation between the tur-

bidity and the silt concentration.

An apparatus emloying a photo-

cell was eonstructed by the
writers for the study of trans-

mission of light through the sus-

pension. It was designed for
use in the field too. If the re-

lation of turbidity to the mass

of suspension for one river or



light in the water of the Ishikari River.

The experiments were carried out with
waters having the original coneentrations

and also with diluted water, These ob-
servations were made from September, 1951

to November, 1952. The water samples
were collected at Ishil<ari at the mouth
of the Ishikax'i River, and sometimes at
Ebetsu, which is situated 251<m up the river

from the estuary. '
   tt                  '
   ' Apparatus and Measurement.

    The apparatus consist$ mainly of two
brass cylindrical tubes as showq in Figures

1 and 2. Tube B conta･ins an automobile
tail lamp as light souree and a couple of

eonvex len$es to make light beam from the

lamp parallel. Stop S is furnished in the

should arin've at the photo-cell P, which is

tube A. Cireular glass plates Ci and C2 are

rubber paekings. These two tubes are
as shown, so that the distance between Ci and
the desired value,

of lower temperature than the air the glass

the condensation o£ water vapour, So dry air
and 'tightly sealed,

    On a boat a storage battery (6 vo!ts, 60

sib"tance o£ 1 ohm, and an ammeter were
ends of a captire eord from the lamp, The
to the photo-eell, which was also on the boat,

eurrent up to 150gA in full scale. The whole

issehematieallyshowninFig.3, '･'
bhotloleetRewCaasS?'mO$etrhseedaCitn"tglt"hS.ewia"t,,,
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stream is obtained, it will be possible to determine the coneentration

of suspended load wi.thout any sampling of water. By making use of

this apparatus obse)fvaeions were made o£
theseasonalvariationoftheextinetionof o
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iO cm
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                           li                               /tttt1t
                             ,O,,,. z･ .･ '

                    cylinder A, lest stray light

                     attached to the bottom of
                       set. in bxass frames and

                  eeupled by means of two rods
                         C,, can be adjusted to
When the set of, these tubes･is immersed into water

                       plates are fogged due to
                        is blown into,･the 'tubes

                        ./. . ..1.11.1..../tl,..../11 . .....
                       '
                      ampere-hours), a slide re-
                    eonneeted in series to both
                       microammeter conneeted
                         could be used for the

                        system o£ the apparatus
                         .. ..t . .....11.                            t ttttttt
                measurement, fir$tly before the
                   the variable resistance R was
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                            Fig, 3.

adjusted so that the reading of the mieroammeter was 100/tA or
90FtA, [l]hen the tubes were sunk ftnto the water whose transmis-
sibility was to be measured, The length of the path of limcr. ht in the

water was always 6,Ocm. Zhe observatj.ons oj7 transmissibility were
made two or three times a month at Ishikari together wi'th obsez'-

vations o£ veloeity of fiow. The vertieal distribution o£ transmissibility
was almost vtniform in the river. But when the saline water appeared

at the depth under the fresh water, in the dearth period iin sumrner

and winter, the "Sprungschicht" was clearly observed between the
saline and fresh water strata. Several experiments were added to
study the extinetion of the diluted samples, The water from the river

was poured into a tank whose inside walls were blackened, and was
mixed with a eertain quantity of pure water in succession after eaeh

reading was finished, being stirred up lest sedimentation should oecur.

    The water whose transmissibility was to be measured was sampled
to the amount of 2 litres by a Watey sampler. These samples weye
filtrated at the laboratory. They were desiceated and weighed care-

£ully, Though the size distribution o£ the suspended materials genera}ly

varied with the phase o£ the river, the total mass of them was meas-
ured in this experiment,

  'tt t ttt /t/tttttttltttt tt ttt tt /tt      '
                     Results and Discussion.
                             '                                       '                                       '
    In Table 1, the silt concentration, m and the coeficient of extinetion,

k are given together with the date of observations and the ve]ocity o£

fiow v, The value o£ ic is obtained by the formula ･/'･
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         ic==---l--ln-t- .,".".-,t-,i.,-"....,-.,-."..,..,..,..(1)

               x zo
where x represents the length of the path of light through water in
em, i and io are the photo-electric eurrents for turb{d water and air

respectively. The dfferenee between pure ,water and air was almost
negligibly small in this casel,

   In Fig. 4, are plotted k of ecah water sample against the silt con-

eentrat･ion, and to eompare ,with them sevexal values for Ebet$u and
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Curye III.

Curve IV,

No.

 6

7

s

 9

10

14

16

17

18

19

20

21

22

23

24

'25

4

5

15

29

Date

April

  )s

  ))

  7)

  ))

  ))

  7J

  )p

  )7

  p)

  ))

  "

 ))

 ))

May
  J)

17, l952

 ))

 7)

 ep

18

21

 )7

 ))

 pJ

 ))

 1)

 })

 Js

 7p

2

3

April

  i,

  )J

June

7, 1952

11

21
))

m (gll)

OJ 60

O.162

O.139

O.140

O.l59

O.153

O.12S

O.141

O.138

O.150

O.161.

0.149

O.164

O.152

O.224

O.164

O.3S5

O,545

O.202

O.176

k(11em)

 O.381

-O.376

 O.3S7

 O.3-S2

 O.36S

 O.33S

 O.363

NO.316

 O.364

 O.330

･- o.302

 O.336

 O.330

 O.316

 O.339

 O. 9,74

 O.391

NO.?,79

 O.615

 O.436

'v (mlsec,)

1.38

],IS'

1ll6

,r,,

1.36

1.28

l,10

1.02

1.13

1.63

1.45

1.5S

O.48

1.45

 ,O.652

-- o.537

 1.036

 O.401

 O.309

E 1.03

1.45

1.49

O.7S

some ior Moiwa along the Tokachi Riveri) are added.
   I't is assumed that the silt particles are opaque spheres and k is

proportional to the suni of the sectional area o£ these partieles. The
     tttassumption that '''' '
         kc-:,NelL' (a>10Fz) ･･･････････-････--`-･････=･-･･(2)

has been aseertained by Riehardson2), where N is the number of part-
ieles of diameter el in a unit volume. If m is the mas,s of the silt in

aunit volume, then .
         m c-･) -gL''nT3Np ･'･････'j･･･････････-･････=-･i･･t-････････････････ ( 3)

              '                '                       t tt
1) The data of the Tokaehi River is by courtesy of Mr. Dokoshi of the Department of

   Agriculture, this university. .
2) Riehardson, E, G.; J, Sei. Iiis't'r. 13, 229 (1.936). ''
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           @･･････Ishikari(surfaee)' A･･････Ebetsu(surface)

           O･････-Ishikari(nearthebed) zx･･････Ebetsu(nearthebed)

           e･･････Moiwa(surfaeel ,,.....,.., ,,

Wherie. Pthi.S ,t.h,e. d.ef"3iiiXtiO,f.,aNPallitaC,ie,.Od£u,r.addis"tSepT'by step and T is con-

stant, so from (2> and (3)

           ki4m ny･-･--･･-d-･ny-･-･--･-･--･-･-･-------- (4)

i,e, ic-m curve is a straight line through origin. k and m in the diluting

experiments,are plet'ted in Fig, 5. They ean almost be regarded to
be on straight lines, Slight deviations of their extnapolation froiin the

origin are supposed to be due to the･ errors. of volume measurement

which aceumu]ated with the successive di}utions,/･In the case of m=

constant,weobtain '- ･.,/,,'/ ,,･
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 A･･････ Data of July 23, 1952

 B,･････,Data,･ofMay･2,.1952
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O,20
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Feyrw-ula (5) me･arrs. khat the radi･i' o£i' the parCtcles

samples'- og the sa･me coneentnation, aye inversely

extinetlon･eee,Meient, '"''i
    In' Fig.' 4, it･ is found th'at ehetse points

groups-which are reprcesented'

grouping is tabulated as in Table 1.

O,24
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   The daily variation of the water stages observed at IshU<ari and
Ebetsu are shown in Fig. 6, to see the charaeteristies of these groups.

   Twelve observations whieh belong to group I are with a few

exeeptions, those of low-water in summer aRd be£oye spring flood, The
particle size is small and veloeity is also slow. The observations repre-

sented by eurve III are those of maximum elevation at the time of
the spring fiood due to snow thawing. The velocity is high and the
particles are very large. Curve II represents the intermediate group

between I and III, These observations were earried out in the front
oy the la'ter part of the flood wave. The results obtained above are

/
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'Ebetsux."m
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all in good agreement with the theeretical expectation. Lastly the
points of group IV, which has the largest size of particles, are those

of Apr'il 7, and of April 11, when the spring fiood was progressing
day by day. The silt concentration and the velocity of fiow are greater

than those o£ maximum time of the fiood. Points No. 15 and No. 29
are not those obtairied at the time of flood, but are values of the
depth of 5 meters.' It has been supposed that the water at depths
immediately 4bove the bed has relatively heavy silt concentrations
due to the saltation load. These observations showed that in this case

the suspended materials should contain many coarse partic]es,

    Strictly speaking, the assumption that the size o£ particles is uni-
form is not true, but if each size' distribution curve has a maximum
at one value of tadius, interpretat'ions o.f k-m relations above menttoned

would approximately be reeognized.
    From the data of the Tokaehi River, as plotted in Fig. 4, it is
shown that the silt particles are quite different in size and conce'ntration

from those of the Ishikari River, So it is expeeted that to obtain the

                               'k-m curve for the various rivers woyld be very interesting and valuable

in the study of exosion aitd sedimentation,r, '
                               / tttttttt
    We wish to express our thanks tQ ProE,,･Xoshiro Ikeda for his
interest and encouragement. Thanks are･,alsg,due to Mr. Tetsuzo

Sasakawa for his able eol]aboration in the course o S,i hese experiments.


