FEIRYLF)

Bt w2250, 1563~161, 1993

Environmental Change of Suspended Sediment
Discharge by Human Action

Jong-Kwan Park

Department of Geography, College of science, Kon-Kuk University
(Manuscript received 11 December 1992)

Abstract

The problem of supply and transport of sediment from a mountainous catchment
is very important in explaining dynamic geomorphology and the hydrological cycle.
The discharge of suspended sediment is determined by a morphological system.
Human interference to environment is also an important, not negligible factor in
sediment production. Moreover, growing concern in recent years for the problems of
nonpoint pollution and for the transport of contaminants through terrestrial and
aquatic ecosystems has highlighted the role of sediment-associated transport in
fluvial systems. This study was conducted in forested and quarried catchments in
order to clarify the different discharge process and the mechanism of suspended
sediment dynamics for each catchment.

As a forested catchment, the Yamaguchi River catchment which drains a 3.12
km® area was chosen. On the other hand, the Futagami River basin, which is
formed by three subbasins (1.07, 159 and 1.78 km?), as a quarried catchment was
selected. These catchments are situated to the north and east of Mt. Tsukuba,
Ibaraki, Japan. The discharge pattern of suspended sediment from the Futagami
River basin is more unstable and irregular than that from forested catchment, the
Yamaguchi River catchment. Under the similar rainstorm conditions, suspended
sediment concentration from quarried catchment during a rainstorm event increases
from 43 to 27,340 mg/l. However, in the case of the forested catchment it changes
only from nearly zero to 274 mg/l. Generally, the supply source of suspended
sediment is classified into two areas, the in-channel and non-channel source areas.
As a result of field measurements, in the case of the forested catchment the
in-channel (channel bed, channel bank and channel margin) is the main source area
of suspended sediment. On the other hand, remarkable sediment source area on the
quarried catchment is the non-channel that is unvegetated ground.

Key Words : Suspended Sediment Concentration, Suspended Sediment Source,
Artificially Modified Catchment, Forested Catchment.

a wash load ; it is almost continually in sus-

1. INTRODUCTION

In general, sediment load is classified into two

pension and is transported rapidly through the

stream system.

groups by transport pattern, that is, bed load and
suspended load. It is known that the major part
of sediment load is transported by suspended
sediment (Nippes, 1974 ; Wood, 1977 ; Mizu-
yama, 1980 ; Park, 1990). Suspended load is
composed of fine particles and is predominantly
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Suspended sediment load is transported by
running water in different path ways. Usually,
it can be considered that the discharge process
of suspended sediment is diverse in the arti-
ficially modified catchment. Suspended sediment
discharge reflects the effect of human interfe-
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rence in the environment (Chow, 1967). Walling
and Gregory (1970) also indicated that the
measurement of the effects of man wupon
drainage basin dynamics at present is important
not only in explaining contemporary variations
in water and sediment yield, but it is also an
essential consideration in future predictions and
in palaeohydrological reconsideration.

Now a days, man’s impact to the environ-
ment becomes a social issue for lack of the
planning in utilization of the nature. The des-
truction of the nature such as the construction
of golf links, in particular, becomes into big
problems on the water quality, channel bed rise
and frequent occurrence of the flood. The ob-
jective of this study is to investigate the dis-
charge difference of suspended sediment bet-
ween forested and modified catchment during
rainstorm events and clarify the process and
mechanism of the suspended sediment dynamics
for each catchment.

2. TOPOGRAPHICAL CONDITIONS OF
THE FIELD AREA

The River Futagami, as an example of
modified catchment, drains a 4.44 km? basin
located in Tsukuba, Ibaraki Pref., Japan (Fig. 1).
The drainage basin is situated to the north of
Mt. Tsukuba and to the west of Mt. Kaba, and
can be subdivided into three catchments. For
convenience, each catchment was named tenta-
tively as the KITAZAWA catchment, the
NAKAZAWA catchment and the MINAMIZA-
WA catchment. The longitudinal profile of cha-
nnel in the three catchments was mapped as
shown in Fig. 2. The longitudinal profiles of
channel are approximately parallel to each other.
The mean channel slope of each catchment has
been estimated as between 0.174 and 0.232. The
geology of this area is exclusively composed of
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granite. In the Futagami River basin, quarries
are distributed widely. Man’s interference has
been a feature of the area for approximately 30
years. This study area, therefore, is a typical
example of the modified catchment by human
activities. The most modified catchment of the
three, the KITAZAWA catchment, has been
16.7 percent of the degree of human modifi-
cation, with quarries occupying 12.9 percent and
roads covering 7.53 km/km® of the catchment.
The NAKAZAWA catchment, which is the lar-
gest catchment of the three, is 6.4 percent
modified by human activity, 4.3 percent affected
by quarrying, and the road density of 5.62
km/km® The MINAMIZAWA catchment is the
least modified, with 3.2 percent of its catchment
distributed by quarries and roads, covering 2.14
percent and 2.7 km/km?® respectively. Vegetation
consists of sparse deciduous trees approxima-
tely 15 m high and dense pinetrees with a den-
se ground cover of shrubs. There is no signifi-
cant difference of vegetation among the three
catchments. Soil type is a direct reflection of
local lithology which ranges from silty-clay
loams, volcanic ashes to residual deposits of
granite.

o

L

T quarry
> slope failure

.- active source area

inactive source area

road(pavement i

~ road{unpavemvent)) !

«« sampling site ;

Fig. 1. The map of the Futagami River basin.
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Fig. 2. Longitudinal profile of the main channel
in the Futagami River basin

On the other hand, the Yamaguchi River ba-
sin as an example of forested catchment was
chosen (Fig. 3). The drainage basin with an
area of 3.12 km® is located in the north of Mt.
Tsukuba. The canopy density of the catchment
is generally high. This study catchment is not
nearly modified by human activity, but naturally
preserved, though within the catchment the road
had been constructed. It is not considered that
sediment discharge from the road does not
occur because the road was paved. Typical
morphologic factors are shown in Table 1.
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Fig 3. The map of the Yamaguchi catchment.
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Table 1. Typical morphometric indices for the
study catchments.

Kita. Naka. | Mina. | Yama
Catchment  area(km®)| 1075 [ 1.783 1585 312
Basin shape factor 1.203 0.445 0.439 0.41
Mean channel gradient 0.174 0.207 0.232 0.18
Mean siope degree 20.5 223 24.7 22.9
Minimun altitute(m) 65 115 120 135
Maximum altitute(m) | 709 675 627 621

Kita. : kitazawa, Naka. : Nakazawa

Mina. : Minamizawa, Yama. : Yamaguchi

3. METHODOLOGY

The hydrologic response to the rainfall was
monitored at the outlet in each catchment as
shown in Figs. 1 and 3. Water discharge from
the Futagami River basin was measured by
using a weir and established constructures such
as pipe. A stage/discharge relation for the weir
has been derived from formulae supplemented
by a current meter. It was not very effective,
however, in shallow water. On the other hand,
running water from the Yamaguchi River cat-
chment was measured by a contracted rectan-
gular weir. Three water stage recorders were
established at the weir, which two of them are
the digital type gauges and the other one is a
daily chart type gauge. Therefore, discharge
during rainstorm events could be measured very
accurately.

Suspended load samples were collected by a
hand sampling method using 1 liter polyester
bottle at the each sampling site. An automatic
pumping sampler could not be used because the
water depth was too shallow. Sampling sites
are shown in Figs. 1 and 3. Dry weights of
suspended load samples were measured later in
the laboratory, and grain sizes were analyzed
by a setting tube system, the efficiency of
which was discussed in detail by Gibbs (1974)
and Gibbs et al. (1971). Precipitation was mea-
sured by using a natural siphon rainfall recorder
placed in each catchment.



4. MAGNITUTE AND PATTERN OF
SUSPENDED SEDIMENT DIS-
CHARGE

4.1. Concentrations and loads of suspended

sediment

In the case of the Futagami River basin,
many storms were recorded in the course of the
study between June and October in 1987. The
storm of June 20 which is the typical rainstorm
in the measured events was selected. The total
rainfall was 32.0 mm and the peak rainfall
intensity of the storm was 10.0 mm/hr. On the
other hand, five rainstormn events were mea-
sured at the outlet of the Yamaguchi River
basin for the analysis of the suspended sedi-
ment discharge. Table 2 shows the hydrologic
characteristics and suspended sediment concent-
rations during the measured events. Total rain-
fall amount ranges from 30.5 mm to 32.0 mm.
Although it ranges almost same values, various
sediment concentrations were observed because
the rainfall intensity is different each other. Fig.
4 represents the relationships between the peak
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water discharge (Qp) and the suspended sedi-
ment concentration at Qp (Cp). Usually, it is
known that the value of Qp and max. value of
suspended sediment concentration (Cnax) does
not coincide. This phenomenon is, in general,
called the hysteresis effect and it is found from
the Table 2. Park(1991) also described that the
loops of suspended sediment concentration in
the Yamaguchi catchment showed the clockwise
hysteresis. In the Futagami River basin, the
hysteresis loops of suspended sediment con-
centration are shown in Fig. 5. It shows clock-
wise hysteresis loops. From the Fig. 5, it is

. clear that the suspended sediment concentration

during the rainstorm is in the decreasing order,
the KITAZAWA, the MINAMIZAWA, the
NAKAZAWA catchment. Fine-grained materi-
als under 4 ¢, in particular, were transported
during rainstorms about 80 % in suspended
sediment concentration. The transport rate of
silt and clay is the highest value in the MINA-
MIZAWA catchment (Fig. 6).

On the other hand, the max. values of sus-
pended sediment concentration from the Yama-
guchi River basin range from 103 to 274 mg/l,
even if the values of the rainfall intensity have

Table 2. Hydrologic characteristics and suspended sediment concentrationsduring the measured events.

Event Total 'Rainfall Water discharge Suspended sediment
date rainfall intensity
(zm) (mm/30min) | Qb(1/sec) | Qb(1l/sec) | Cplmg/ L) Cp(mg/ £)
KITAZAWA June 20, 1987 320 10.0° 14.8 42.7 22,374 27,338
NAKAZAWA June 20, 1987 32.0 10.0° 22.1 82.7 12,868 19,501
MINAMIZAWA June 20, 1987 320 10.0* 125 54.0 2,431 6,438
YAMAGUCHI Jan. 23, 1989 315 35 72.4 153.1 126 233
YAMAGUCHI Feb. 17, 1989 320 30 615 179.3 97 103
YAMAGUCHI Apr. 15, 1989 31.0 40 84.0 240.2 107 274
YAMAGUCHI June 28, 1989 315 35 117.1 243.4 273 273
YAMAGUCHI July 13, 1989 305 35 979 179.3 139 155

Qb; baseflow before the rainstorms.
Qp; peak value of water discharge during a event.
Cp; suspended sediment concentation at Qp.

Cmax; Max value of suspended sediment concentration.
* indicates the rainfall intensity per one hour (mm/hr).
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similar to that of the Futagami River basin
(Table 2). The suspended sediment concentra-
tions in the forested catchment are low values
about two orders of magnitute over that those
in the artificially modified catchment.

4.2. Discharge process of suspended sediment

Universally, the supply source of suspended
sediment loads during unrainy days is almost
in-channel because suspended sediment trans-
port from unvegetated ground does not occur.
This regulation, of course, is not only applied in
the forested catchment but in the quarried cat-
chment. The in-channel process including in-
channel sediment transport, and in-channel sto-
rage, is a very important factor in understan-
ding suspended sediment dynamics. There is a
great amount of fine—grained particles well
sorted in the channel. Particularly, the parts of
the channel margin which deposited much
fine-grained particles influence the fluctuation
of suspended sediment concentration during
ordinary stages in the case of the modified
catchment. Fig. 7 represents the suspended se-
diment concentration which was measured along
the upstreams in the Futagami River basin. It is
found that the values of suspended sediment on
the falling stage, July 19, 1987 (total rainfall ;
17.0 mm) is less than those of ordinary stages,
July 7 and 8, 1987. In the case of the KITA-
ZAWA catchment, sampling site K2, K3, K7
and of the NAKAZAWA, N2, N8, N9, of the
MINAMIZAWA, M1, M2 and M4, it can be
seen that the values of suspended sediment
concentration during unrainy days are large. It
suggests that the suspended sediment concent-
ration taken during ordinary stages is not
always stable, and also indicates that the im-
portance of the role of channel on the problem
of suspended sédiment transport has to be rea-
ppreciated a new.
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On the other hand,
becomes to be changed during rainstorm events.
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impact are important as input factors of the
suspended sediment delivery system. Especially,
in the artificially modified catchment which
unvegetated grounds range in basin, the pattern
of suspended sediment discharge has some
distinctive features. In the case of the Futagami
River basin, sediment supply from scattered
waste heaps of earth in quarries has a direct
effect on the fluctuations of suspended sediment
concentration (Fig. 8). It was confirmed, even if
not recored, that surface flow from a quarry in
the MINAMIZAWA catchment flowed into the
forest along a sloping road (Fig. 9). Moreover,
unpaved road plays an important role of the
increment of the suspended sediment concentr-
ation. Under the conditions of the concentrated
heavy rains, running water produces rill or
gully erosion and a great deal of fine materials
is transported into the stream. Duck (1985) also
described that the effect of road construction on
sediment deposition has to be considered in the
estimation of the process of sediment discharge.
These road effect as one of the morphological
factors in modified catchment can not be
considered in natural condition.
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Fig 8. The waste heaps of earth in the quarry.



Environmental Change of Suspended Sediment Discharge by Human Action 159

Fig 9. Surface flow flowed from a quarry into
forest along the sloping road.

The unvegetated ground is classified into two
types, that is, active unvegetated ground and
inactive unvegetated ground. Active ground is
mainly formed by the heaps of earth with steep
slope. On the other hand, inactive type is
determined by not steep. and hard top soil
ground with few fine materials. These types
must be classified in the estimation of the
source of sediment supply.

5. CONCLUSIONS

This study on the suspended sediment
dynamics was conducted in a forested cat-
chment and quarried catchment. Suspended se-
diment discharge depends upon the morpholo-
gical characteristics of catchment. Under the
similar rainstorm conditions, suspended sedi-
ment concentration in the modified catchment
during a event is higher than that in the for-
ested catchment. And the discharge pattern of
suspended sediment from the artificially modi-
fied catchment is more unstable and irregular
than that from the forested catchment. Moreo-
ver, in the case of the modified catchment the
non-channel area is more important as the main
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source area of suspended sediment. The varia-
tion of suspended sediment concentrations ref-
lects the difference of artificial rate to the cat-
chment. And the degree of catchment modi-
fication is also important to the sediment
discharge.
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CALL FOR PAPERS

FOURTH INTERNATIONAL CONFERENCE ON ATMOSPHERIC SCIENCES AND
APPLICATIONS TO AIR QUALITY (ASAAQ).

Seoul, Korea, 30 May - 2 June 1994

The Fourth International Conference on Atmospheric Sciences and Applications to Air
Quality (ASAAQ) will take place in Seoul, Korea. This Conference was initially
scheduled to hold in Vladivostok. Due to social problems in Russia we now have
changed the place to Korea. The fourth conference in this series, which pays particular
attention to the Pacific Rim area will focus on global air quality.

The International Organization Commitee includes the following: M.E. Berlyand
(Russia); R.D. Bornstein (USA); AH. Bravo (Mexico); G. Braseur (USA); P.
Brimblecombe (UK); Y.S. Chung (Korea, Co-ordinator); Y.Y. Jiang (China); V.A.
Kimstach (Russia); J.P. Lodge (USA); R.E. Munn (Canada); T. Okita (Japan); S.E. Moon
(Korea); R.S. Soorer (UK); Yu.S. Sedunov (Russia); S. Suzuki (Japan); W.X. Wang
(China); W.E. Wilson (USA); D. Yap (Canada); M.M. Yoshino (Japan); A. Zaitsev
(WMO); Z.P. Zhao (China).

The Korean Environmental Science Society will host the Seoul meeting. Many
organizations are expected to cosponsor this conference including the Korea Ministry of
Science and Technology, Ministry of the Environment, Korean Federation of Science and
Technology Societies, Korea Science and Engineering Foundation, Science Council of
Japan, AMS, AWMA, CMOS, UNEP and WMO.

The main topics to be covered at the conference is global air quality. Other topics are
as follows: air quality meteorology; meteorological processes determining pollutants
diffusion in the atmosphere; modelling of atmospheric pollution; local and regional;
particular variety of meteorological regime dispersion of pollutants in coastal areas;
practical recommendations for use of calculation techniques with the aim of reducing the

atmospheric pollution; air pollution monitoring; local, regional and global scale; forecast of
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air pollution including that under accident; physical and chemical transformation of
pollutants in the atmosphere; dry and wet deposition of pollutants including acid rain,
and CO, and other green—house gases.

Contributions are invited on any of above topic. Informative abstracts in English
(200-400 words) should be submitted not later than 1 February 1994 to; Prof. Y.S.
Chung. Coordinator of the ASAAQ International Organizing Committee, Environmental
Science Institute, Korea National University of Education, Chongwon, Choongbook
363-791, Korea (Fax: 82-431-275-1100).

Manuscripts may be submitted as early as possible for inclusion in a special issue of
Atmospheric Environment, subject to successful peer review. Presentations should be in

English ‘at the conference.



