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ABSTRACT: Measurement of SS is performed as the method of measuring the traffic of the 
detailed particle at the time of a flood. It is clear that SS is participating in transportation of 
the nutritive salts in river greatly in recent years. And when SS considers being conveyed in 
large quantities for a short period of time at the time of a flood, it is a problem very important 
when considering river environment to presume the traffic of SS. Then, this research reports 
the result examined about the presumed method of the traffic of SS, and conformity.  
 
1.  INTRODUCTION 
 
A river's discharge capacity changes during floods, due to the erosion and aggregation of 
sediment in the river channel.  In addition, rivers recently have been experiencing 
unbalanced sedimentation budget between upper and lower reaches.  Both of these issues 
relate to maintenance of river structures and have prompted various measures aimed at 
controlling sediment transport over the entire river system.  One measure is measurement of 
turbidity and suspended solids toward determining the volume of very fine particles 
transported during flood1),2),3),4). 
 
In recent years, it has been established that very fine particles such as sediment play a key part 
in the transport of nutrient salts in rivers5).  Given that large 
volumes of very fine particles can be transported in short 
time periods during flood, it is considered an extremely 
important river management task to estimate the volume of 
very fine particles that are transported during flood. 
 
This report examines ways to estimate the volume of 
suspended solids (SS) transported, with reference to the 
findings of Miyake et al.5) 
 
2.  2000 SNOWMELT FLOOD 
 
2-1.  OUTLINE OF OBSERVATIONS 
 
To clarify the movement of SS at the upper reaches, SS 
survey was carried out at Kosei Bridge on the Pankeshuru 
River, a tributary of the Mukawa River.  Figure 1 shows the 
location of Kosei Bridge.  The Pankeshuru River basin is a 
small, mountainous basin at the upper reaches of the Mukawa  
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River basin.  The Pankeshuru River basin measures 73 km2, and 71.5 km2 of this is 
mountainous.  The Pankeshuru River joins the Mukawa River at the Shimukappu area of 
Shimukappu Village.  The main river channel extends 12.4 km.  The area experienced 
rainfall from 16:00 on April 5 to 16:00 on April 6, 2000.  The heaviest period of rainfall, the 
ten hours until 01:00 on April 6, recorded a maximum intensity of 8 mm/h.  Thereafter, it 
rained intermittently, with intensities of 1 to 3 mm/h.  Figure 2 (a) shows the distribution of 
the rainfall intensity as recorded at the AMeDAS station in Shimukappu. 
River water was sampled for water quality and the discharge was measured, both of these 
from 14:00 on April 5, immediately before the rainfall, to 14:00 on April 8.  The discharge 
was measured every hour using floats.  Water was sampled from the bridge by bucket every 
hour up to 13:00 on April 6 and thereafter every 2 to 6 hours in accordance with the drop of 
the water level.  Figure 2 (b) shows measured discharge and SS concentration. 

2 - 2.  MOVEMENT OF SUSPENDED SOLIDS 
 
The Pankeshuru River basin is a small, mountainous basin.  The river channel extension is 
relatively short.  It is presumed that SS can be supplied to the river water in two ways: 
 
1.  By rainfall water washing slopes to transport sands and soils from slopes to river water. 
 
2.  By flood waves tracting SS that have 
been deposited on the riverbanks and 
floodplain and carrying them to the river 
water.  As the flood subsides, the SS 
re-sediment on the riverbanks and floodplain. 
The SS that are transported in the first way 
appear to relate to the components of primary 
runoff on slopes.  Figure 2 shows that the 
discharge and SS concentration graphs 
roughly correspond with each other, except 
that the concentration peaks slightly earlier 
than the discharge.  This suggests that in a 
small mountainous river basin, SS that have 
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Figure 2.  Survey results at Kosei Bridge 
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Figure 3.  Behavior of suspended solids 



 

 

been carried from upstream appear at a given location at roughly the same time as the SS at 
that location are tracted up by the relevant flood waves.  To obtain the same unit for SS 
concentration and discharge, we divided the SS load (SS concentration multiplied by 
discharge) by the density of sediment materials is 2,650 kg/m3 to obtain the observed SS 
volume.  Figure 3 shows the changes in the observed volume of SS at various discharge 
levels.  The rise and fall of the discharges forms a loop.  At any given discharge, the 
observed SS volume is always larger in the rising phase than in the falling phase.  This is 
probably because the observed SS volume during the rising phase includes sediments that 
have been tracted up from the riverbanks and elsewhere while that for the falling phase does 
not include sediments that have already settled. 
 
3.  RELATIONSHIP BETWEEN PRIMARY RUNOFF AND SUSPENDED SOLIDS 
 
Miyake et al.5) suggested a close relationship between the components of SS and those of 
primary runoff.  In an attempt to verify this, the observed discharge was separated into the 
components of primary runoff and those of secondary runoff using the filtering separation 
method, and comparison was made between the primary components and the SS volume to 
reveal a correlation.  A time constant of Tc = 19 was used.  Hino et al.6) recommend a 
damping coefficient of δ = 2.0 - 2.5, and the truncation accuracy of ESP = 0.001 - 0.005.  
Based on this, δ = 2.0 and ESP = 0.005 were used for calculation (Figure 4).  As the figure 
indicates, the secondary runoff components began a gradual increase near the peak observed 
discharge, prior to which the primary runoff components were dominant. 

Regression analysis was made to 
identify the relationship between the 
primary runoff and SS (Figure 5).  
Primary runoff and observed SS 
volume can be expressed by 
regression equation (1). 
 

49.1055 prisob QEQ −=  ・・・(1) 
 
where, Qsob : observed SS volume 
(m3/s) and Qpri : primary runoff (m3/s).  
The primary runoff components and 
SS correlated closely (0.97 variance) 
in the regression equation.  The 
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Figure 4.  Separated runoffs and SS 
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primary runoff was substituted into Equation (1) (Figure 6).  Although this operation used 
the data from which Equation (1) was derived, the calculated values around the peak were not 
close to observed values. 
Miyake et al.5) reported a close correlation between the primary runoff and the observed SS 
volume at Kosei Bridge, which is in a small, mountainous river basin.  However, this 
correlation was not reproduced in our observation of the 2000 snowmelt flood.  This may be 
because of our fewer observation sites for the rising phase than for the falling phase (Figure 3), 
which overweighed the recession phase in Equation (1).  Also, SS tends to form a loop when 
the primary runoff is dominant.  Equation (1) cannot express such tendency.  Finally, the 
flood was caused by rainfall in the thaw season, and the observations were carried out 
between April 5 and 8.  The total rainfall during the observation period was 19.7 mm while 
the total runoff for the corresponding period was 44 mm.  This suggests that the observed 
discharge may have consisted of flood caused by both snowmelt and rainfall.  As a result, 
the time constant chosen for filtering separation was considered inappropriate, thereby 

preventing the primary and secondary runoff components from being adequately separated.  
To further clarify the relation between the primary runoff components and the observed SS 
volume at Kosei Bridge, examinations similar to those described earlier were carried out 
regarding a flood that took place between July 28 and August 1, 1999, a period unaffected by 
thaw. 
 
4.  1999 FLOOD (July 28 to August 1, 1999) 

Miyake et al.5).analyzed this flood; however, their data are considered to be incomplete.  
Revised data have since become available.  They were used for the following examination.  
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The discharges observed at Kosei Bridge were separated into primary and secondary runoff 
using a filtering separation method.  A time constant of Tc = 23.0, corresponding to the 
recession stage of first peak of discharge, was used, with a damping coefficient of δ = 2.2 and 
ESP = 0.005.  Figure 7 shows the calculation results and the observed concentration of SS.  
For the sake of convenience in the following discussion, the flood in Figure 7 is divided into 
three: floods A, B and C. 
 
In filtering separation of observed discharge, absence of runoff would produce a negative 
volume.  Observation was terminated at the 85th hour; thus, no data were available on how 
the discharge for flood C would have dropped off from the 86th hour.  It is quite doubtful that 
runoff volumes for flood C separated completely.  The effect of this on floods A and B was 
considered to be minimal, given that most of the components of the flood were from primary 
runoff and that it was quite unlikely that the secondary runoff would have a larger share.  
Thus, it was concluded that floods A and B were separated adequately. 
 
Therefore, the following paragraphs will address floods A and B, focusing on flood A, most 
of whose components were considered to be from the primary runoff.  The relationship 
between primary runoff components separated from flood A and SS was studied.  Figure 8 
(flood A) shows the behavior of the observed SS volume at various primary runoffs.  Again 
in this case, a loop is formed by the 
rising and falling phases.  In flood A, 
the observed discharge, primary 
runoff and SS volume all have the 
same peak, and the SS volume shows 
bivalence.  This has led us to believe 
that the stream-caused traction and 
sediment of river channel sediment, a 
phenomenon observed at the Mukawa 
and Hobetsu bridges at the lower 
reaches of the Mukawa River7), may 
be occurring also at Kosei Bridge.  
It is presumed that at equal discharge, 
those having higher concentration of 
SS have more components that can be 
traced up while those with lower SS 
concentration have more components 
that can sediment. 
 
5.  RELATIONSHIP BETWEEN PRIMARY RUNOFF AND SUSPENDED SOLIDS 
 
If we consider rivers over the course of several years, scouring and sedimentation cannot be 
ignored.  Sato et al.8) calculated riverbed evolution under unsteady flow taking into 
consideration the stirring and settling of sediment for the section between the Hobetsu and 
Mukawa bridges at the lower reaches of the Mukawa River.  They found that it is necessary 
to consider the stirring and settling of sediment when analyzing the behavior of SS for a low 
water channel full of water.  They also found that in any given flood, the volume of tracted 
sediment roughly equals the volume of settled sediment.  Given this, let us suppose that 
flood A has equal volumes of stirred-up and settling sediment over the entire flood period and, 
therefore, that subtracting both of these volumes from the observed SS volume gives us the 
SS in the primary runoff. 
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Figure 8.  Behavior of SS in flood A 



 

 

Accordingly, the observed SS volume in the primary runoff can be expressed by Equation (2). 
 

b
pripri aQSS = ・・・(2) 

 
where, SSpri : the SS volume in the primary runoff (m3/s), Qpri : the primary runoff, and a and 
b are parameters. 
 
If the observed SS volume is expressed as SSi, and the SS volume and primary runoff at the 
observation site where the loop begins are expressed as SSo and Qpri,o, respectively, then we 
obtain Equation (3). 
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where, ∆ti : the time when the observed SS volume is represented by SSi. 
 
The SS volume in the primary runoff can be obtained by substituting the various observed 
volumes for flood A into Equations (2) and (3), which yields Equation (4). 
 

76.1053 pripri QESS −= ・・・(4) 
 
Figure 9 shows the relation between 
the observed SS volume and Equation 
(4).  The loop is shown to be divided 
by the line of Equation (4) into upper 
and lower sections.  The upper 
portion represents the SS caused by 
stirring while the lower portion 
represents the SS reduction by 
settling.  Now, let us discuss the 
components of floods A and B using 
Equation (4).  Figure 10 shows a 
comparison between the calculated 
SS volume using Equation (4) and the 
observed SS volume.  In flood A, 
the calculated values are smaller than 
the observed ones from the rising 
phase to a point past the peak.  This 
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difference is thought to represent the volume of suspended solids stirred up from riverbanks 
and elsewhere.  From the point past the peak, the calculated values become larger than the 
observed volumes.  This is thought to be the volume of SS sedimented.  The total observed 
SS volume is 155.7m3 while the calculated total is 153.3 m3, which indicates that Equation (4) 
can reproduce the SS volume for an entire flood period fairly accurately.  In flood B, few if 
any SS were generated in the rising phase.  There is a certain time period starting slightly 
before the peak that indicates substantial settling of suspended solids, with stirring beginning 
at the 46th hour in the recession phase.  This requires a reexamination that considers various 
factors such as possible influence of runoffs in floods A and C and specific local conditions at 
the time of the flood observation.  For the entire period of flood B, the total observed SS 
volume was 839.2 m3 while the calculated total is 977.5 m3, indicating that Equation (4) is 
less accurate than for flood A but is still reasonably accurate. 
 
6.  APPLICATION TO 2000 FLOOD 
 
Now, let us apply Equation (4), which was derived from data on the primary runoff in the 
1999 flood, to the 2000 snowmelt flood mentioned earlier in this study. 
 
Using the time constant of Tc = 23.0, which was taken from the recession stage of flood A in 
the thaw-free summer of 1999, the observed discharges of the 2000 snowmelt flood were 
separated by filtering separation method (Figure 11.).   

Using the primary runoff components separated as above, the SS volume in the primary 
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runoff was calculated using Equation (4) (Figure 12).  The figure indicates that the 
calculated and observed peaks roughly correspond. 
Figure 12 also shows the trend whereby the observed SS volumes exceed than the calculated 
values in the rising phase and become smaller in the falling phase.  Compared with flood A 
of the 1999 summer, the 2000 snowmelt flood has less stirred-up components and more 
sedimentation components, with the total observed and calculated SS being 201.3 m3 and 
272.7 m3 respectively.  Figure 13 shows the relation between the observed and calculated 
values of SS for the 2000 snowmelt flood.  Here again, a loop formed by the observed value 
of 5 is divided by the equation line into upper and lower sections.  The upper section is 
smaller than the lower section, which indicates that there was less stirring than settling.  This 
can be explained by the fact that the riverbanks still had snow, which may have hindered the 
flood from stirring up sediment.  Figure 14 shows a photograph of Kosei Bridge taken at 
12:00 on April 6, four hours after SS volume peaked.  The photo shows the riverbanks 
covered with snow, which may have reduced the area where the sediment was exposed to 
flowing river water.  In contrast, the settling volume is considered not to have been affected 
by the snow, causing a disparity between the observed and calculated values. 
 

 
7.  CONCLUSIONS 
 
This report discussed methods to estimate SS volume using data of two floods.  The methods 
considered the concept of stirring and settling of SS to further clarify the relations between 
the primary runoff and SS, and could reasonably reproduce the 2000 snowmelt flood as 
observed at Kosei Bridge.  The methods can be regarded as fairly effective in estimating the 
volume of suspended solids. 
 
The stirred-up and settling volumes of SS have yet to be defined as physical quantities for 
inclusion to the equation.  This, as well as the conditions in the river channel during thaw, 
requires further study. 
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