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A Study on the Public Consciousness of Environmental Conservation in Shimanto River Basin
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Abstract

The questionnaire survey was conducted in order to investigate the public consciousness of environmental conservation
to the residents who lived in Shimanto River basin. The total of 1600 questionnaires was distributed to the residents in
Higashitsuno, Kubokawa and Nakamura: 300, 300 and 1000 respectively. The rate of the total collected questionnaires was
45.1%. The result showed that many of the local residents considered Shimanto River as the special river with the beautiful
landscape. They placed a high value on the various functions such as the water resources, the tranquility, the natural environ-
ment, the local landmark and the various creatures. While they were satisfied with the function as the place for their relax-
ation, they were dissatisfied with the water pollution, the decrease of the living creature in recent years and the destroyed
environment with the public works. As for the conservation movement, they were highly conscious of the local activities and

events to collect the rubbish and to reduce the agricultural chemicals.

Key words : environmental conservation, questionnaire survey, Shimanto River
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APPLICATION OF SYNTHETIC TANK MODEL SIMULATION ON THE AREA

Outline of the Tank Model

WITH POOR BASIC HYDROLOGICAL DATA AVAILABILITY
Ryoichi Kawasaki*

EREMAXBRALZOBBFTLMBE TCOHESLIVIETILZI2L— a3 OEHE
I L —

Sanyu Consultants Inc., International Dept.*

W
WFEROAINZL S 7 P AFRHTET N L L TRRD 7 o 7 =701, Lo niohligl, Ehus bbb REEOmL Vi
HLIZE-TAARDHZ BT, 2L DEA TESHASN TS, TELIL, 0¥ 77V TRICE CIEELEFS
7 BT MBEIEET V) LRV, MR- TFREZFET B, NIGHRTE21T> TE/m, ZOBRERS Y 7 E7N
5, FRCHRE K SO ORE LA LR HEIZR T, 7 nijiil~ A5 —77 2 LU COBREHIED
Y& LTHRO TREICh D ZEREE Uiz, Z2IZ, TOMEEEREN 5 L THRERIOZ Ly, & L3k it
WMTIDETNEAVDZLOBIRE, £ZORRE LT,
Abstract
One of the famous surface nnofl model, Sugawara’s “Tank Model” is now applied in world wide for river nmoff and/or surface
water balance analysis, because of its simple structure, but nevertheless quite accurate response. ~ Synthetic Tank Model (Synthetic Storage
Model: SSM) is an extended application of the Tank Model to subsurface system. The authors have been studying a water flow/balance
simulation analysis both surface and groundwater using SSM, and could have the conviction that the model is particularly effective to analyze a
comprehensive water balance in the area where there are not enough basic hydrological data It means the model can be a quite useful tool for
formulation of water resources development plan at a master plan level in most of the developing countries, where hydrological data used to be
lacking. The paper introduces the model, and explains the merits to apply this model, as well as its demerits.

Keywords: Synthetic Tank Model, Synthetic Storage Model, flow/balance analysis, tool for development planning

of the easiness of understanding and cleamess of its structure, several

The Tank Model is one of the world famous simulation model of
surface water nmoff analysis, developed by Dr. M. Sugawara (National
Technical Center of Disaster Prevention, 1972)" . As it is well known, the
model is a senal storage type nmofl system, as shown in Fig.1 (Direct
Storage Model™).

The surface runoff’ system is explained by plural tanks connected
vertically. Those tanks usually consist of three level tanks: the upper, the
middle, and the lower tanks. The tanks have one or some onifices on the side
and the bottom. Side flow is not observed until water level reaches any
orifice, on each tank. The side-flow from the upper tank mdicates a flood ora
surface flow; the one from the middle tank means a normal river flow, and
the side-flow from the base tank is a base flow. The water infiltrating from
the lowest tank recharges the groundwater. Since the model was published, it
was adopted by many official agencies in charge of water resources
development or management i and out of Japan, such as in USA, Canada
and European countries, owing to simple and easily understandable model,
and nevertheless it indicates very accurate response for surface runoff, In
Japan, the Tank Model has been officially adopted for main concept on a
landslide disaster forecasting by National Meteorological Agency”. Because

applications for nmoft analysis or water balance simulation were developed.
Synthetic Storage Model (SSM) introduced herein is one of the applications
of the Tank Model, extended to groundwater system.

2. Synthetic Storage Model (SSM)

SSM was developed (1976) by M. Yoshikawa® and established in
Japan through the course of development of Underground Dam Scheme,
one of the high technology of Japan, under closed cooperation with the
Ministry of Agriculture, Forestry and Fishery (MOAFF), Japan™. After the
completion of Minafuku Expenimental Underground Dam in Okinawa, it
was established and adopted by the Ministry formally, as one of the effective
water balance simulation model. Then, the model was applied for several
projects in several countries through JICA Studies, e.g. in Nepal?, Thailand®,
Syriag), and etc.

The model is, as mentioned above, originally the extension of ““Tank
Model Simulation” to the groundwater system. ““Tank Model” explains the
surface system with one or plural tanks with some onfices on the bottom
and side. SSM is simply the extension of the tanks to groundwater system as
shown in Fig. 2.
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In the figure, RF means Rainfall, SI is Surface Inflow, and SF is
Surface outflow (Runoff). ET means Evapotranspiration, SR is Soil
Retention. PC, RE, and DF are Percolation, Recharge, and Drafting,
respectively, and SY is Specific Yield.

3. Characteristics of the Model

The Model (SSM) makes a quite simple calculation as, in every
sub-basin at daily basis, “(RF) - (ET) - (SR) — (SF) =(RE)” (refer to
Fig. 2).

Groundwater system starts based on the Recharge from the surface
tanks. In the groundwater tark, the recharge amount is converted into the
increasing of the groundwater level in accordance with a Storativity (or
Specific Yield: SY) of the ground, such as: “(RE) / (SY)” = increasing
groundwater level (/JH)”. Groundwater flow is to be decided by the
comparison of groundwater levels (H1) in between neighboring sub-basins,
and groundwater nms from high to low level sub-basin, in accordance with
“Darcy’s Low™.

Generally, in the hydraulic analysis which applies the potential
solution methods such as FEM and FDM (for example “MODFLOW™),
the water head is initially solved, and then the water storage is secondarily
defined On the contrary, SSM solves initially the change of storage
(balance) of an aquifer in a sub-basin through the recharge by Tank Model,
and water head is driven through the relationship between the storage and
head which has been previously defined This methodology is the big
particularity of the model, and is the origin of the model’s name'.

Because of the characteristics, the model can analyze both surface
and groundwater balance simultaneously under the condition of minimum
available data sets. It needs only rainfall data and some numoff observation
data at least enough to make (Surface) Tank Model Simulation, then, it can
estimate roughly the groundwater system and balance. When the model has
been established with enough data sets, further detailed mathematical
groundwater model  simulation analysis such as “Advection-Dispersion
Analysis” or “Density Diffusion Analysis™ can be done using the model’s
output on groundwater recharge (explained later).

Surface
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Fig. 2 CONCEPT OF STORAGE MODEL
4. Merits and Demerits
SSM has several merits as listed below; and these are quite useful or
convenient to analyze the comprehensive water balance in the developing
countries, those lack or have too short hydrogeological data or records.

a.  The model demonstrates a natural meteo-hydrological and
hydro-geological phenomena such as  precipitation,
evapo-transpiration, surface nunoff, soil refention, and recharge,
quite honestly, so it is easily understandable (refer to Fig. 3'").

b. The model can amalyze water balance, both surface and
groundwater, in the condition of minimum available data sets
(rainfall and runoff’ data) using “Passive Verification™.

¢.  Themodel deals with the target area into sub-basins with desired
shape and wideness, so that it can divide and treat the area into
preferable size of sub-basins in every river basin or remaining
basin.

d. The model has a finction which can express the spring

phenomena, in relation with the groundwater elevations, and it is

quite important in the groundwater balance simulation in the

Karstic zone such as in Lebanon'?.

The model has a fimction that can express a tunnel or canal that

conveys water from a certain basin to another basin, so it can

easily calculate the water balance including artificial canal or
tunnel systems.

f. It has strong pumping simulation function, so it can make any
stories of firture pumping simulation'.

g The model has the fimction of “underground dam’” simulation,
because it has been developed for, and it increases the possible
strategies for the water resources development in the firture.

h.  The major outputs of the simulation are calculation results on
water balance items such as rainfall, evapotranspiration, runoff,
spring out, efc., in each sub-basin, at daily basis and for any years,

g
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Fig.3 Hydrogeological Circulation Model
if the rainfall data is available. long period and reliable data set It can estimate total water
i It calculates groundwater level and groundwater flow of each balance on daily, weekly, or monthly basis, but these are not
sub-basin at daily basis. Thus, any data set in any time series can refiable because there is no snow data right now. Only yearly
be arranged after completion of simulation'?. water balance can be available.
j. The SSM Program is written using Visual Basic (Microsoft) and 5. Combination Use of SSM with other Simulation Models

it is provided i the Project, together with source code, therefore, it
is very easy to understand the program structure and the user can
modify it in accordance with the requirement in the future,

Those are some of the merits of SSM simulation, and the reason why
the model was adopted in most of hydrogeological studies. On the other
hand, SSM and its simulation have also demerits. These are mainly for
methodology on operation and structures, such as:

The target area of the Study shall be divided into desired shaped
subbasins and the calculation and verification shall be
conducted on sub-basin bass, therefore, the number of
sub-basins has practically a limitation. One or two hundreds of
sub-basin divisions shall be the maximumn from the procedures
of sub-basin by sub-basin verification.

Verification of the surface system is a pattem matching between
actual unoff’ records and model outputs through tank model
simulation. Pattem matching is a kind of trial and error approach,
and it needs some patient works and sense to obtain smooth and
good results. Some users do not like these procedures.
Verification of the groundwater system is called “Direct
Verification” and it is also a pattem matching between the model
outputs and actually observed groundwater hydrograph. And,
this procedure has the same problem mentioned above.

(In case of Lebanon Project) Same with the other models, it
cannot simulate exact water balance when there is not enough

a

As mentioned above, when SSM is built up, with accurate enough
and reliable data sets, the model outputs can give appropriate water balances
of both surface and groundwater, and finther, they can offer the boundary
conditions of other detailed mathematical model simulations (or potential
solution) through FDM or FEM, e.g. “MODFLOW” or “GMS””.

The most popular case of the combination use of SSM in the
groundwater model simulation is the combination with “MODFLOW” or
“MOD-PATH” application (USGS), as shown in Fug. 4 and 5. In general,
the basic equation of three dimensional groundwater-flow is as follows (in

case of completely homogeneous flow)'”:
o*h  o*h  0*h S, oOh
2 2 2 "+ 2 2 = '(1)
o°x* o0y- 0°z0 k ot

where, h is head potential, S, is specific storage potential, k& is
permeability, £ 1s time.

However, in the case of practical digital simulation, such basic
equation is converted into following equation'®:
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where, h is head potential, S is specific storage potential, 7" is
transmissivity, #d is additional groundwater, RE is recharge, and DF is
pump up.

The initial values of basic parameters such as & S, and T in each
element (or sub-basin) are estimated from the results of field pumping test,
and fixed through the SSM simulation.

The recharge element (RE) consists of natural recharge, artificial
recharge and leakage (in the case of multi-layered confed aquifer system).
The occurrence of natural recharge is, fundamentally, dependent on the
rainfall amount. As mentioned before (Section 3, Fig 2), the groundwater
recharge (RE) to the aquifer system is calculated as follows through the

extended tank model simulation (SSM):

RE = RF+SI-SF+DF+SR+ET) ......... (C))]

where, RE is recharge, RF is rainfall, SI is surface inflow; SF is
surface outflow, DF is drafl, SR is soil retention, and ET is
ifen
To solve the equation through FDM or FEM, the following three
types of boundary conditions are required'”:
a)  Dirichlet’s Boundary (no-flow boundary)

Themisnoﬁow(ahan =0).



b)  Neumann’s Boundary
Inflow (or outflow) value is known.

¢)  Steady Head Boundary
The water head is steady and known.

Those boundary conditions, especially b) and ¢) conditions, are
obtained from the outputs of SSM, and firther FDM solution can be
conducted” (refer to Fig. 4 and 5).

6. Concluding Remarks

In most of the developing countries, it is usually difficult to provide
complete sets of hycdro-geological data or records for long enough period.
However, a kind of extended “Tank Model”, Synthetic Storage Model
(SSM), can easily estimate both surface and groundwater balances in these
cases through passive verification or volume matching methods, even if
only rainfall and least minimum runoff records are available to conduct
“Tank Model Simulation™.

Further, SSM has several finctions such as a spring flow system, a
water convey through tunnel, an under ground dam system, pumping
simulation, and so forth. Thus, to estimate the water development potential,
as well as the comprehensive water balance, basin by basin, it is believed
that the SSM is one of the best solutions because this model simulates the
water balance in sub-basin units with desired shape and area, as mentioned
above, For these reasons, it is proposed to adopt SSM for Water Resources
Potential or Water Balance Studies m the areas where enough
hydrogeological data or records cannot be expected.
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Fig.3 Relationship between transparency and biomass
volume of filter feeding planktonic animals.



Fig.4 Landscape of pond where aquatic plants dominant.

Aquatic plants achieved high transparency.
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Fig.5 Transition of transparency and biomass volume of various kinds of organisms
during the unexpected release of carnivorous fish.
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A Simple Application of a Velocity Sensor based on the Doppler Effect of Ultrasonic Sound
Waves for Measurement ul; Discharge from Small-scale River
BLE 6mm

l&-f-b-l’rﬁ—ﬂr}: 16 £%, ll;:l

v e
Masanori YOSHIDA* and Toshifumi MURAKAMI* e L “’P‘]
BLE dmm

v
*  National Agricultural Rescarch Center for Westemn Region, 2575 Tkanochou, Zentsuji City, Kagawa 765-0053, Japan 1—[ A4 LX 114E, ”P"I

[712x 3@, om Abstract 4—] 74 250t—n K 1 o |

A hydrometry of small-scale river using a velocity sensor based on the Doppler effect of ultrasonic sound waves was
discussed. Cross-sectionally averaged stream velocity was estimated from velocity measured by the sensor. Then,
discharge data including storm runoff were obtained safely and accurately, by the way of multiplying the cross-sectionally
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2) cost spent on equipment and the settlement is low,
3) frequent and automatic measurement is available.

averaged stream velocity by cross-sectional area of flow estimated from water level.
In addition, the hydrometry using the sensor was revealed to have advantages as follows:
1) settlement of the sensor in a river is authorized easily,

From above results, the hydrometry using the sensor is concluded to be worth utilizing for a long-term monitoring
system to evaluate discharge and pollution load from small-scale river located on agricultural watershed in hilly and

10mm

mountainous region.
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Key words : ultrasonic sound wave, the Doppler effect, agricultural watershed, stream velocity, storm runoff’
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