(2)

The
the

(3)

(a) Crossings for River

Acrogs the main tributaries, Hume concrete pipes will be
laid din the check and consolidation dams for siphon flow,

(b) TIntakes for Groundwater

In order to increase the amount of Iintake, water collection
ducts will be laid on the upstream side of the dams so that
there can also be intake of the water held back by the dams.

{c) Sediment remover willl be installed to dispose of deposits
in front of the intakes,

Irrigation Canals

following is a description in outline of the irrigation canals,
standard cross sections for which are given in Fig, 25,

{(a} Veloecity of Flow

§ince the main canals are to be for multipurpose use, the
velocity of flow should not be too fast. Since, however,
the cross section of the canal will have to be large if the
velocity of flow is too low, a range of V=0,5-1.0m/s should
be a correct compromise value.

(b) Lining

The lining of the canals is to be masonry for the following
reagons:

- To keep the site width as narrow as possible, a smaller
roughness coefficlent is better.

- To keep loss as small as possible considering the length
of the canals.

— To maintain the stability of the roads planned along the
canals,

Crossing of Small Rivers

Besides the main tributaries there are many small rivers requir-
ing facilities for the crossing of irrigation canals., As indicat-

ed

in Fig, 24, the standard structure of such crossings will

be of the aqueduct type, with roads running above the aqueducts,
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2.4.4 Road Plan

The road planned to conmnect K. Pabelan with K. Woro along the planned
main canal is discussed in detail helow,

a) Background of the Road Flan

A main road is to be made hy widening the maintenance and management
road along the main canal so that 1t can be used as a main route

in the upstream part of the area covered by the plan., This will be
much more economical than building a new road and will be very effec-
tive, as explained helow,

The main technical and economic problems of road construction are
the points where this road crosses the main tributaries. There is,
however, the possibility of using the check and consolidation dams
planned as disaster prevention facilities for this purpose by build-
ing the substructure of the bridges into the dams. This is, of
course, technically feasible and much more economical then building
separate bridges.

This whole idea presupposes that the road will be planned together
with the canal., If it is to be separate from it, the problem of
bridges will have to be yestudied,

b) Effects of the Road

The effects that can be expected of this road are listed as follows:
(1) Provision of an Agricultural Road Network
This road will make it possible to improve the inadequate agri-
cultural road network in upstream areas. Although any lengthening
or Increase of the number of agricultural roads will represent
only a very small increase per unit of area, one can expect
auxiliary connecting roads will be built once this road is pro-
vided,

(2) More Contacts between Isolated Areas

With this road, there will be an increase in contacts hetween
areas hitherto cut off from one another by rivers,

(3) Raising Development Potential

By comnmecting different parts of this homogeneous area in which
agriculture is the central occupation running along an isometric
line, this road can be expected to raise the regional development
potential,

{4) Evacuation Route

As a road running parallel to isometric lines and crossing rivers

perpendicularly, this voad will be important for emergency evacu—
ation at times of Lahar and other dangers.
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2.4.,5 Plan for Micro Hydro-electric Power Stations

Micro hydro-electric power stations are to be bullt on mailn irrigation
canals.

1} Background of Plan

A supply of electriclty to the areas on the slopes of Mt, Merapi
"include in the area coverad by the plan from the Yogyakarta power
supply system cannot be expected at least in the near future., It
will therefore be very effective in terms of raising the potential

of such areas to provide micro hydro-electric power stations on main
lrrigation canals as related facilities in the context of provision
of disaster preventlon facllities. As for technical feasibility, use
of German Osberger turbines is possible in the range of flow of
20-9,000 2/s and head of 1-200 m, and the flow and head of the main
irrigation canal in this case fall within this range.

2) Construction Locations

Since hydro-electric power generation utilizes only head and does not
congume the water itself, micro-power stations could be set up any-
where along main irrigation canal on the mountain slopes. However,
it would be most efficient to set them up in the vicinity of intake
works, which Inevitably have head, since there would otherwise be a
reduction in the dirrigation acreage because of too much head (see
Fig. 24). 1In other words, there is a head of 5-10 m between the
level of the water that crosaes check dams or consolidation dams by
siphon and the level of intake water from these dams. With such an
arrangement it would be possible to set up eleven micro hydro-electric
power stations on Main Canal-l,

3) Generation Capacity
The amount of power that can be generated can be calculated as follows:
P = 9.8n1ns QH,

Where P : Amount of Power (KW)
Q : Amount of water flow (m3/s)
ny: Turbine efficiency (0.7% if P<100KW)
no: Generator efficiency (0,91 1if P<1LOOKW)

Assuming an average water flow of Q = 1.0 m3/s and an average effec-
tive head of H = 6m, the average amount of power (P/per station)
would be as follows:

P=9,8x0.79 x 0.91L x 6 = 42 (KW)

Accordingly, the total power generation capacity comes to 462 KW
(42 KW x 11), which means that the area as a whole could expect to
have a power supply of roudily 400-500 KW. With a maximum consump-
tion per household of 100 W, this would be enough to supply 4,000-
5,000 households in the area with electricity,
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¢) Structure and Cross Section

Fig, 25 ghows the structure and cross section of this road, and
Fig. 24 generalizes the bridges and canal crossing.

Since this road will function not only as a canal maintenance and
management road but also as a main agricultural road and hence as
a reglonal development road, it should have a width of at least 4m.

2,4,6 Other Associated Works Plans

In addition to the related facility plans making use of the sabo facilities
(i.e., the irrigation plan (main canal), the road plan, and the micxo
hydroelectric power station), other uses exist to which these related
facllities can be used, thereby increasing their effectiveness,

1) Fishery Nurseries

At present ponds in the yards of farm households and even paddy fields
are belng used to raise fish as a valuable source of cash income and
animal protein,

The main canal will be very important in terms of developing fishery
nurseries in this area, Tt will be possible both to railse fish in
ponds dug on the way from the main canal to the fields and to use

the main canal itself as a fishery nursery by widening it at selected
places,

— ‘

0ff take Trashrack Trashrack

Farm

2} Supply of Domestic Water

In areas where farmland is presently being used mainly as paddy fields,
the groundwater level is generally high, and there is no problem
supplying the water needed for use in daily life, In upstream areas
where the farmland is mostly dry fields, however, the shortfall of
water gets to be very serious during the dry season. In the K. Woro
basin upstream of the 400m elevation, for instance, groundwater

level is low, and the people have a hard time getting enough water
for daily use in the dry season. Presently at some places spring
water is piped from quite a distance upstream for use at public water
points, and at other places, rainwater is stored in reservoir ponds,
but the amount 1s still insufficient, and not all the hamlets get a
sufficient share. Furthermore, the stored water leaves wmuch to be
desired from the standpoint of sanitation.
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A new supply of water in such areas can be expected to help consider-
ably in railsing the standard of living of the people.

3) Demonstration of Comprehensive Rural Village Improvement

¢
Demonstration areas should be designated and a comprehensive rural
village improvement plan should be formulated im order that all of
the related facilities, that have been described above, be efficiently
-utilized and that the systems involved, spread as broadly as possible
throughout the area covered by the plan, thereby raising the standard
of living of all of its residents,

a) Selection of Demonstration Areas

Considering the size of the area covered by the plan, at least two
demonstration areas should be designated within it. Hamlets along

the main canal near K. Pabelan and K. Krasak would be the best choices
for such demonstration areas in that the two rivers are sufficiently
far from one another, they can be expected to provide larger water
intakes than cother rivers, and it sheould be possible ro install many
different kinds of associated facilities.

b) Size of Demonstration Areas

The larger the demonstration areas, the greater visible effect they
will have; however, in view of the fact that none of the related
facilities will be on a large scale, the most appropriate size for
each of the demonstration areas 1Is a kelurahan, with about 150-2(00ha
of farmland.

¢) Description of Demonstration Comprehensive Rural Village Improve-
ment Plan

The following improvements will be made in the demonstration rural
villages, using the related facilities described ahove as basic
facilities.
(1) Improvement of Irrigation Canal Network
The irrigation canal systems in the demonstration villages are
to be developed to the secondary and tertiary levels from the
main canal,
(2) Improvement of Agricultural Road Network
The canal maintenance and management roads in the demonstration
villages are to be improved along with the network of agricultural
roads assoclated with the canal system.
(3) Introduction of Small Industry
Cottage industries and other small-scale industry are to be

introduced, making use of the electricity produced by micro
hydroelectric statiouns,
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(4) Introduction of Fishery Nurseries

Fishery nurseries are to be introduced by making use of the main
canal, :

(5) Hamlet Improvement

Road networks, irrigation canal networks, livestock sheds, etc,
within the hamlets are to be improved, and the level of the liv-
ing environment within them is to be railsed.

(6) Model Farms

Model farms are to be studied within the model villages for
the following purposes:

(a) Tests and research on rice cultivation methods.

(b) Training and retraining of agricultural extension workers.
{(e) On-the-job training and classroom audio-visual .,
instruction regarding the main work invelved in crop culti-
vation: seed preparation, sowing, plowing, weeding, insecti-
cide spraying, application of additional fertilizer, harvest-

ing, and crop management,

(d) Production and distribution of superior seeds.

2.4,7 Construction Cost Estimation

The construction cost of associated works is estimated as Rp.3 billion.

Irrigation canals Rp.1,693,092,000
Bridges 778,320,000
Sub-total 2,471,412,000
Micro hydro-~electric power statilon 330,000,000

Total Rp.2,801,412,000
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(1)

(2)

(3)

(4)

(5)

(6)

Unit Cost for Construction works

Main Canal (per meter)

Earth work Rp. 1,500
‘Concrete work R 21,500
Total Rp. 23,000

Bridge (H-shaped steel beam:

Sub-structure work
Bridge work

25 m length, 4 m width)

Rp.12,000, 000
35,000,000 -

Total
Intake

Gate work (¢41,000, #600)

Rp, 47,000,000

Rp.1,720,000

Pipe work ($1,000, #600) 8,040,000

Concrete work 250,000

Earth work 710,000

Total Rp.10,720,000
Siphon

Pipe work ($1,000)

Rp.10,912,000

Mason work 2,199,000

Earth work 389,000

Total Rp.13,500,000
Aqueduct

Concrete work

Gate work (600mm x 600mm)
Mason work

Earth work

Rp. 3,220,000
750,000
1,270,000
50,000

Micro-electric power station

D = 50 kw
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2.4.8 TImplementation Plan

Since the associated facility plans depend on the sabo facility plan, the
construction work for the intakes and the siphons and bridges for crossing
the main tributaries will be carried out at the same time as that of the
disaster prevention facilities themselves, but the construction work for
the main canal and some other associated facilities will take place later.
This is because it is better for such facilitlies to be provided after area
stability has been enhanced by the sabo faellities, Ag for Main Canals-1
and -2, which have been left for future consideration, they will be evalu-
ated after It iz seen how effective Main Canal-l and the model area
activities have been.

Table 25 summarizes the construction work schedule for the related
facilities,

Table 25 Implementation Plan for Associated Works

Stage
8 lst Ind Stage 3rd Stage
Stage
Works 3‘3‘1& 5 10 15 20 25

Main Canal- 1
(Alt. a)

Main Canal- 1
(Alt., b) *

Main Canal— 2

Main Canal- 3

Micro~electric
Power Station
Demonstration
Model Farm Plan

* 1 lst Stage: K. Pabelan v K. Krasak
2nd Stage: K, Krasak ~ K. Woro

2.4.9 Conclusion
1) Effectiveness of Associated Facilities

As a project principle, the planning of the associated facilities
depends on the check dams and consolidation dams. With these facil-
itles, the existing primitive intakes will be integrated, and linkage
of these facilities in the direction of isometric lines will possi-
bly also make use of the same routes as main canals and trunk roads

in upstream areas. Among the effects that can be expected are in-
crease in agricultural production through stabilization of irrigation,
supply of badly needed water for everyday use to areas with severe
shortages, and more contacts between areas that have hitherto been
isolated from one ancther by lack of river crossings. The canals

can also be effectively used for generation of electric power by micro
hydro-electric power stations and for fishery nurseries. All these uses
and effects are summarized by a chart (see Fig, 26).
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Only the production hoosting effect of Main Canal-1 has been consilder-
ed in quantifying the economic effects of the associated facilitles.
With stabilization of the supply of irrigation water, it will be
possible to raise the average rice yield (3.5t/ha) and rice intensity
(L.4) in the upstream areas to the same levels as downstream (4.0t/ha
and 2.0), and about 4,800ha of farmland should benefit from this
effect, assuming a relative flow in the dry period of =1,0m3/s/100km?
to be on the safe side.

2,4,10 Further Study Required

The following items will require further study in order to raise the
precision of the master plan for the related facility plans presented
herein:

(1) Determination of Dry Perlod Flow

As there 1s no data yet availlable concerning dry period flow which

is one of the most basic factors 1In irrigation planning for the study
~area, it will be necessary to generate flow and rainfall statistics

in the basin of K. Pabelan, the largest in terms of area in the study

area, during a dry pertod.

(2) Use of Groundwater
For more effective use of groundwater, which in general appears to
have a high level in the paddy field parts of the study area, it is

necessary that the groundwater level be surveyed throughout the year.

(3) Determination of the Exact Area to be Covered by the
Irrigation Plan

In view of the fact that the water supplies vary considerably between

different parts of the study area, it will be necessary to determine
exactly where the shortages exist for irrigation planning purposes.
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Fig. 24 Standard Cross Sections of Intakes
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CHAPTER 3 SOCIO—ECONOMIC EVALUATION

3.1 Purpose and Methodoiogy

3.1.1 General

The purpose of this chapter is to analyze the present disaster prevention
plan from economic, social, and financial angles to determine the feasi-
bility of the plan.

Generally land erosion and volcanic debris control works have a number of
different effects. In this chapter a cost~benefit analysis is to be made
of these anticipated effects that relate to economic efficiency.

In addition, a qualitative and quantitative analysis is to be made of the
main social effects expected. The financial significance of implementa-
tion of the plan is to be considered from the standpoint of procurement
of dunds. Finally, an overall analysis is to be made of the results of
these economie, social, and financial analysis, taking into account
congruency with the goals of Repelita-III or the nationmal level and the
level of Central Java Province and D.I. Yogyakarta, so as to assign
priorities to the alternatives.

3.1.2 Economic Effects

The economic effects of the project which can be directly expected from
the planned sabo facilities and the associated works excluding those
effects from K. Progo, K. Opak and Matarum Canal include the following:

(1) Damage reduction effects by way of sabo facilities.

(2) Effects from stabilization of the rivers and agriculture in the
area, and

(3) Development effects resulting from the multi-purpose use of sabo
facilities: use of the associated facilities.

The standard of evaluation in the economic analysis is to be intermal
rate of return {(IRR),

In estimating the amount of damage incurred annually, use has been made
of various statlstics and of the results of the socio-economic survey
carried out locally instead of predicting the future amount of damage on
the basis of past trends since, for one thing, there is too little data
available on past damage., The estimated damage incurred in the case of
farmland and yards has been based on the annual net income from them; in
the case of houses and private assets it is based on the average net
worth per household; and in the case of recads, it is based on the con-
struction costs involved in restoring them to their original condition
after such damage. As for the area it is impossible to estimate it on

a probability basis in connection with eruptions of G. Merapi and rain-
fall. Instead, therefore, damage has been estimated based on the
amounts of area involved in past damage and the amounts of sadiment that
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would be deposited if the area was not to be protected by disaster
prevention facilities over a perlod of 25 years for Type-I area, 50
years for Type-II areas and over a period of 100 years for Type-TII
areas, Accoordingly, 1n the event that the plan were not implemented
1/25th of the area protected by the disaster prevention facilities in
Type-~I areas can be expected to suffer damage each year on the average,
1/50th of the same in Type-II areas, and 1/100th in Type-IIl areas.
Since it can be expected to take a great deal of time and cost to
restore farmland and yards that have suffered sediment damage to their
original state and get them back on into production, it has been assumed
that it would not be possible to start cultivation again within the life
of the project, and that the estimated not lost income of farmers from
such farmland and yards would be taken as the extent to which damage will
be reduced by implementation of the plamn.

In the case of houses and private assets and roads, the number of houses
and the length of roads included in the amounts of land that as expected
to suffer damage each year have been estimated, and the average worth in
assets of each household and the construction cost of restoration of each
unit of road multiplied respectively by these figures have been taken as
the extent to which damage would be reduced by implementation of the
plan. From the conditions of damage sustained in the past in the case of
K. Krasak, however, it has been assumed that only about 25% of the houses
on the area of land concerned would actually be destroyed.

3.1.3 Socilal Effects

This project has a very high feasibility in the besides its direct
economic benefits, it can be expected to contribute greatly to the bal-
anced development of the area through such soclal effects as protection
of life and property, increase of development potential through enhance-
ment of safety, increase of food production, creation of more employment
opportunities, narrowing of the regional income gap, improvement of
social infrastructure and living standards, and mitigation of population
pressure by resettlement,

In the social evaluation, consideration has been given to the following:
(1) 4increase in production of food,
{2) employment opportunities
(3) dincome distribution,
{(4) resettlement, and
(5) other social effects.
In addition to these, there are a number of other socio-economic benefits
* for the reglon: improvement of the standard of living as a by-product
of road construction, electrification from installation of micro hydro-
electric generator, supply of water for dailly domestic use, diversifica-

tion of agriculture through introduction of improved technology, and
introduction of cottage Industry. '
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3.2 Economic Evaluation

3.2.1 Benefits

1)

2)

Effect of Reducing Damape

Table 26 gives the estimated annual amount of damage that could
be expected in the case of each river if the plan were not to be
implemented. . For the net income from farmland the net earnings
perhectare from farmland in the kahupaten in which the particular
river is located has been used. In the case of K. Krasak,
however, which runs through both Kab., Magelang and Kab. Sleman,
the proportion of the area involved in each (Magelang 45%,

Sleman 55%) was taken into account in calculating the average
net income on this hasis,

It 18 not easy to estimate the extent to which fleoding of farm-—
land will reduce crop ylelds in view of the fact that many
factors, ineluding the time of year the following occurs, the
duratlon of the £looding, and the depth of the flood waters, have
a bearing on it. Tu the flood protection plan in North Sumatra,
the following rates were adopted for reduction of wet rice yilelds
owing to floocding:

Depth of flood water (m) Rate of reduction in yields (%)
0,0~ (0.5 20
0.5~ 1,0 60
1.0 100

In this report it has been assumed that the flooding of paddy,
which is the most generally grown crop in the rainy season, to a
depth of 0.5 ~ 0.99 m and for a duratiom of 1 ~ 2 days would
cause a 25% reduction in the yleld.

Effect of Increasing Production Through Its Stabilization

Implementation of the disaster prevention plan can be expected

to stabilize production in the area benefiting from it as well as
securing a stable supply of lrrigation water with intake facili-
ties making use of check dams. Accordingly, an increase in
production can be expected over that would result in the case in
which the plan were not implemented.

In reports of several agricultural projects near the area covered
by this plan the estimated annual rates of increase in paddy pro-
duction that would result without the project are 2.1 ~ 2.8% in
the first 5 years and 0.7 ~ 1.0% from the sixth to the twentieth
year; it is also anticipated that these rates can be raised to
6.8 v 7.3% and 1.4 ~ 1.7%, respectively, with project implementa-
tion. This means a difference of 4.2 ~ 5.1% in the first five
years and 0.4 ~ 1,0% in the next [ifteen years between the two
case, i.e., the case of non-implementation and the case of im-
plementation of the agricultural project in question. For the
firat three years the accumulative difference would be 13.1 »
16.1%, for the first five years it would be 22.8 ~ 28.2%,
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and for the entire twenty-year period it would be 34 ~ 437,

In the local questlonnalre surveys that were carried out In the
case of the present project, most of the respondents sald that
they expected an increase of at least 10% in agricultural produc-
tion as a result of Implementation of the plan, and some even
expected an increase of 100%.

It has therefore been adopted that the average increase in pro-
duction would be 157 over the present level in the third year
after completion of the project construction work, and 20% in
the fifth year.

Table 27 gives the estimated figures for increase in production
owing to implementation of the project in the third vyear after
completion of the construction work (the 18th year from commence-
ment of the construction work) and in the fifth year (the 20th
year from commencement).

3) Effect of Increase in Production of the Associated Facillities

The net increase in income per hectare through increase in pro-
ductlon of paddy made possible by provision of a maln ilrrigation
canal for stabllization of drrigation water supply has been cal-
culated as follows:

0f the paddy filelds presently being supplied with irrigation
water, 4,800 ha are to be additlonally supplied with water by
means of the new maln irrigation canal. At present they have an
average yield of 3,5 tons/ha, and on average they are used for
cultivation of 1.4 paddy crops per year. With the additional
supply of dirrigation water, it wlll be possible to raise the
yleld to 4.0 tons/ha and the average number of paddy crops per
year to 2.0; this will bring about a gross increase in earnings
of Rp.300,700/ha. Subtracting the increase in cultivation cost
of Rp.40,755/ha due to the increase in the number of crops
planted a year, the net increase In earnings comes to Rp.
Rp.259,945/ha, or Rp.1,248 million for the 4,800 ha in question.

In addition, 760 ha of dry crop filelds can be converted to paddy
fields as a result of the new supply of irrigation water. The
gross earning from them, assuming a yield of 4.0 tons/ha and two
paddy crops a year, will be Rp.776,000/ha. Subtracting the cost
of Rp.135,850/ha and the loss of Rp.210,800/ha from reduction in
cultivatioen of cassava and sweet potatos, the net earnings of
such new paddy flelds comes to Rp.430,150/ha, or Rp.327 million
for the 760 ha in question. It hds been assumed that such an
effect of increase in production willl arise at the beginning in
the third year after completion of the construction work.

3.2.2 Costs

As stated in the section on construction cost estimate, the total
investment involved in the implementation of the present disaster
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prevention plan will be Rp.39,379,640,000 at 1979 prices.

The construction period is to be fifteen years, with a S5eyear first
phase and a 10~year second phase. S$ince the order of construction of
the facilities within each phase has not yet been decided, the annual
construction cost for each year has been taken as one-fifth of the total
construction cost for the first phase (in the case of each of the first
five yeaxrs) and one-tenth of the total construction cost of the second
phase (in the case of each of the ten years after that).

As for the investment cost of the associated facilities, the total con-
struction cost of the main irrigation canal has been estimated at
Rp.1,693,092,000, and the first alternative calls for its completion
within the first construction phase. "The construction cost for it each
year, therefore, would be one-fifth of its total construction cost in
that case., The third alternative, however, calls for completion of the
section be tween K, Pabelan and K, Krasak during the first phase and the
rest, i.e., the section from Krasak te K. Woro, in the second phase,
Accordingly, the annual construction cost for it would be one-fifth of
its total construction cost of Rp,817,222,000 in the first phase (for
the first five years), and one-tenth of its total construction cost
Rp.875,870,000 in the second phase (for each of the ten years there-
after).

The annual maintemnance and management costs of the disaster prevention
facilities and the associated facilities taken together after completion
of their construction have been taken as 1% of thelr total comstruction
costs, and the duration of such maintenance and management costs has
been taken from the year after completion of the construction works to
the end of the life of the project.

The life of the works has been taken as fifty years, starting rrom com-
mencement of the construction works in view of the durability of the
structures, Furthermore, the salvage value of the structures after the
end of the life of the works has been taken as zero.

Table 28 gives the annual eonstruction costs for each of the four alter-
natives.

3.2.3 Evaluation

The calculated internal rates of return for the four alternatives are
as follows:

Total {sabo facilities

with sabo facilities with associated works)
Alternative-l 7.7 11.4
Alternative-2 7.7 7.7
Alternative-3 7.3 10.6
Alternative-4 7.3 7.3

Interms of economic efficiency, therefore, the order of priority of the
alternatives is: Alternative-l, Alternative-3, Alternative-2, and
Alternative-4.
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Sensitivitity analysls was performed on the internal rates of return
for the following cases: a structure life of 40 years, 10%Z higher con-
struction costs, and 10% lower constructlion costs. The results have bee
been calculated as follows:

Alter- Alter- Alter- Alter-~
native 1 | native 2 native 3 native 4

Structure life of 40

11.2 7.2 10.4 6.7
years
10% higher construc- 10.1 6.7 9.4 6.6
tion costs
10% lower construc— 12.7 8.9 11.7 8.3

tion costs

3.3 Social Evaluation

3.3.1 General

Protection of production infrastructure, domestic infrastructure, trans-
portation Infrastructure and social infrastructure such as cultural
assets, educational and medical care facilities, mosques and other reli-
gious facilities, and meeting places and other public buildings is very
important in terms of regional stability and enhancement of development
potential. Consequently, the disaster prevention facilities should be
assessed not only in terms of thelr economic effect but algso in terms of
their social or socio-economlie effect. The following 1s a quantitative
and qualitative analysis of thils latter effect.

3.3.2 Evaluation

1) TIncrease in Food Production

With implementation of the plan, the farmland and irrigation
facilities in the area covered by it will be protected from lahar
and banjir, and the amount of intake of irrigation water will be
stabilized with stabilization of the river courses. As a result,
damage to agricultural crops will be reduced, and there will be
production of more food as agricultural production is stabilized.
This is very important in view of the high population density of
the area and government policy of increasing its population
supporting capacity. Table 29 gives estimated figures for the
" amount of rice production in the area that will result from
implementatrion of the plan.

2) Employment Opportunities

Implementation of the disaster prevention plan will mean creation
and availability of employment opportunities. Temporary employ-
ment will be inecreased by the jobs available in the construction
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of the disaster pre-ention facilities and the related facilities
and in the supply of materials for use in such construction work;
permanent employment will be increased by the jobs available in m
maintenance and management of the facilitiles after they are com—
pleted, in afforestation and other planting activities for
conservation and land use improvement purposes, and in agriculture
as a result of further intensification of agricultural production.
Furthermore, protection of farmland from damage due to lahar will
be of great significance in texms of stabilizing employment
opportunities in agriculture.

S8ince there is already a considerable surplus labor force in
rural communities of the area covered by the plan and the popula-
tion of working age will continue to increase in view of the age
structure of the population, and it should be easy to secure the
amount of labor needed in the implementation of the plan and as

a result of it. Furthermore, the creation of job opportunities
is one of the main goals of Repelita III.

Table 30 gives figures regarding the amount of employment that
will be available in the construction of the disaster prevention
facilitlies and the related facilities. These estimated figures
are based on an assumed average worker wage of 600 rupiah a day
and 200 working days a year. Alternative-l and Alternative-3
would both create 164,300 man-years of direct employment over a
period of 15 years, and Alternative~2 and Alternative-4 would
both create 157,520 man-years of direct employment over the same
period. Alternative~l and Alternative~2, however, are the ones
that would have the greatest employment creation effect in the
early years.

As for the amount of employment that would be created in the agri-
cultural sector, it has been estimuted in terms of rice cultiva-
tion, the most important facet of agriculture in the area.
According to a report of the K. Progo Project, 1,500 ~ 2,400 man-
hours are required to work 1 ha of paddy field, and the daily
amount of labor per worker is 3.5 ~ 4 hr. Assuming an average
requirement of 2,000 man-hours and a working day of 4 hrs, two
people would be required for 1 ha of rice cultivation annually,
On this basis the amount of employment lost by lahar damage and
the amount of employment created by the associated facilities
have been estimated (see Table 31). If the plan were not tc he
implemented, the amount of employment lost would be equivalent to
319 workers per year, or nearly 4,800 persons over a period of

15 years. As for the amount of employment that would be created
by the associated facilities, it would be about 1 person per
hectare in the case of increased production of rice on the
existing 4,800 ha of paddy fields, and 4 persons per hectare in
the case of creation of 760 ha of new paddy fields. Subtracting
2 persons per hectare from this latter figure as the amount of
employment already existing in cassava and sweet potato culti-
vation on this land before its conversion to paddy fields, one
gets a net increase in employment of 2 persons per hectare in the
case of these 760 ha. Furthermore, employment opportunities for
30 @ 40 persons per hectare will be provided in the afforestation
program for land-use improvement.
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3)

4)

. 5)

Income Distribution

In the economic evaluation, consideration has already been given
to the amount of reduction in damage to farmland, yards, and
houses and the amount of increase in farm income resulting from
stabilization of agricultural income and increase in ylelds due
to related facilities that would be derived as benefits to the
area covered by the plan from the implementatilon of it. Besides
contributing to the economy of the area as a whole, these effects
will have a social effect in terms of income distribution.

Tn the area covered by the plan the overwhelming majority of the
farmers have less than 0.3 ha of farmland, and therefore the
average Income per household is quite low. Furthermore, there is
a considerable surplus of labor. Through implementation of the
plan, money will be pumped into the local economy in the form of
wages of the workers employed at the construction sites of the
facilities and after completion of such facilities farm income
can be expected to increase through higher yields of agricultural
products, '

Of the total estimated comstruction cost of the project of

RP, 39,380 million, Rp.23,630 million (60%) will be for labox
costs, and a very substantial part of that can be expected to go
inte the pockets of residents of the area,

Fig., 27 gives figures on the amount of increase in farm household
income that can be expected per person with respect to the
164,000 persons living in the areas that will protected by the
disaster prevention facilities after they are completed (based
on a 1% annual increase in population). In the case of Alter-
native-l or -3 this per-capita increase can be expected to be
Rp.12,550 over twenty years, or 20% of the per-capita income

for D.I. Yogyakarta in 1976. As local residents get to be better
off economically as a result of such income distribution, they
will become more interested in development, and there will be a
higher potential for cottage industry and diversified farming,

Resettlement

The resettlement of 50,400 persons presently residing in Planning
Zone~1 and Zone-2 areas will not only reduce the danger to life,
but alse help to relieve the population pressure of the area
covered by the plan, Without such resettlement, the present
population of 1,300,000 could be expected to increase to
1,510,000 in 15 years at an annual rate of Increase of 1Z.
Resettlement of these 50,400 persons, who would grow to 58,500

in the same period at the same rate of increase outside the area,
will have the effect of lowering the annual rate of population
increase of the area from 1% to 0.74%.

Other Social Effects

By their very nature, land erosion and volecanic debris control
works are more often than not carried out in remote mountain area.
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Since there is little soclal overhead capital in such areas,

there tends to be a considerable gap between them and other areas,
The various effects of disaster prevention works of this kind go
a long way toward bridging this gap, particularly when they are
provided as long-term programs as in this case., The following is
a brief summary of other major social effects of such works in
addition to those already taken into account.

(1) Congtruction and Evacuation Roads

Construction roads, faclllty management roads after comple-
tion of the works, and evacuation roads improve local com—
municatlons and raise development potential in additlon to
their basic functions. Access to markets willl stipulate
economic activity, and better communication between local
areas will have many positive social and cultural effects.

(2) Transfer of Technology

A long-term 15-year disaster prevention preject of this kind
provides an excellent opportunity for transfer of technology
to unskilled workers in the area,

(3) Social Effect of the Related Facilities
Micro Hydroelectric plants: Besides raising the standard
of living of local residents, the supply of electrieity by

this means could very well stimulate handcraft or domestic
Industry.

Fishery nurseries: Promotion of this activity will not only
income in the area, but also help to improve the diet of

local residents by providing more animal portein.

Household water supply: A stable supply of water for this
purpose will greatly improve local sanitation conditions.

3.4 Financial Evaluation

3.4.1 Procurement of Funds

As already stated, the cost estimates of Rp.39,379,640,000 for construe-
tion of the sabo facilitles and Rp.1,693,092,000 for construction of the
associated irrigation canal facilities are based on 1979 prices.
Possible future inflation has not been taken into account in these
figures, but it will have to be taken into account in the procurement

of funds.

Table 32 shows the amount of dunds that each alternative would require

in the first 5-year construction stage if the works were to commence

in 1981, and Table 33 gives the annual budgets of the Merapi Office for
fiscal 1969 through fiscal 1978, Tor the five years from 1973 to 1978,
there was a tremendous average annual increase of 35% in that budget,
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Furthermore, this budget accounted for 1.7% of the total budget for
River Bureau works in fiseal 1978. Accordingly, in the first year of
implementation of the plan, funds equivalent to three times the Merapl
Office budget of fiscal 1978 will be needed.

The budget of the Merapl Office continues to increase at the rate of

5 n 15% a year. Therefore much preparation will be necessary in order
to ensure that the funds needed can in fact be procured.

3.4.2 Present Value of the Amount of Investment

The total Investment entailed by Alternative~l or Alternative-3 over the
15-year period at 1979 prices will be Rp.41,072,732,000, and that of
Alternative-2 or Alternative-4 will be Rp.39,379,640,000. However, the
necessary flow of funds for the different stages will be different
between the two alternatives of each palr. Accordingly, it is necessary
to determine the extent of the filscal burden that such investment will
entall by considering the present value thereof for each alternative,
Table 34 gives the figures for the present value of such investment in
the case of each alternative on the basis of discount rates of 8% and
10%.
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Table 26 Estimated Annual Damage Amount
(1) Type-I
Rivers K. Krasak | K. Bat K. Putih |K. Blongk

Items . Krasa . Batang . Putih . ongkeng
1. Estimated damage

area (ha) 1,823.8 1,516.7 1,370.9 1,054.4
2, Land use

farmland (%) 64 .4 64.4 64 .4 64,4

yvard (%) 28.0 28.0 28.0 28,0

road (m/ha) 118.4 118.4 118.4 118.4
3. House 5,289 4,398 3,976 3,058
4, Income and Assets

farm income (Rp./ha) 523,900 260,600 260,600 260,600

yard income (Rp./ha) 188,500 188,500 188,500 188,500

hougse and assets 1,000,000 | 1,000,000 | 1,000,000 1,000,000

road construction

cost (Rp./m) 13,500 13,500 l 13,500 13,500
5, Estimated annual 23.0 60.7 54.8 42.72

damage area C(ha)

farmland (ha) 47.0 39.1 35,3 27,2

vard (ha) 20.4 17.0 15.3 11.8

house 53 44 40

road (m) 8,643 7,187 6,488 4,996
6. FEstimated annual

damage area

farmland (million Rp) 25 10 | 9 7

yard " 4 3 3 2

house and assets (") 53 bt ! 40 31

road "M 117 97 88 67
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(2) Type-II1
Rivers K. Woro K. Gendol
Ttems

1. Estimated damage area 2,894.6 693.5
(ha) (1,675,6)

2. Land use
famland (%) 63.4 63.4
yard (%) 31.8 1.8
road (m/ha) 57.5 57.5

3. House 8,105 1,942

(4,692)

4, Income and Assets 739,300
farm income (Rp./ha) 550,300 739,300
yvard income ( ' ) 81,600 81,600
house and assets 1,000,000 1,000,000
road constructilon cost

5. Estimated annual damage
area (ha) 57.9(33.5) 13.9
farmland (ha) 36.7(21.2) 8.8
yard (ha) 18.4(10.7) 4.4
house 41 23 ) 10
road (m) 3,341(1,933) 799

6. Estimated annual damage
area
farmland (million Rp) 20 (3 7
yard ( " ) 2 () -
house and assets ( " ) 41 (6) 10
road { " ) 45 (=) 11

( ) Banijir damage
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(3) Type-III
Rivers i
Ttems K. Boyong K. Kuning K. Pabelan
1, Estimated damage area 1,148.1 447.5 409.0
(ha)
2, Land use
farmland (%) 70,6 70.6 70,6
yard (%) 21.0 21,0 21.0
road (m/ha) 55.7 55.7 55.7
3. House 1,952 76l 685
4, TIncome and Assets
farm income (Rp./ha) 739,300 739,300 260,600
yard income (Rp./ha) 71,700 71,700 188,500
house and assets 1,000,000 1,000,000 1,000,000
road construction
Fost (Rp. /m) 13,500 13,500 13,500
Estimated annual
damage area (ha) 1.5 he3 4.1
farmland (ha) 8.1 3.2 2.9
vard (ha) 2.4 0.9 0.9
house 5 2 2
road (m) 641 251 228
6., Estimated annual damage
area
farmland (million Rp) 6 2 1
yard ( " ) - - -
house and assets (') 5 2 2
road { " ) 9 3 3
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Table 27

Estimated figures for Increase
in Agricultural Production

(unit: million Rp)

3rd Year After the

5th Yeaxr After the

Type Project Project
K. Krasak 106 142
: K. Batang 50 67
Type~1
K. Putih 46 60
K. Blongkeng 35 46
K., Woro 257 343
Type~I1
K. Gendol 52 69
K. Boyong 93 123
Type-I11I K. Kuning 36 48
K. Pabelan 13 18
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Table 28 Expected Growth in Paddy Production in the Hazard Area
Without and With Project

Unit: ton
, With Project

Hithout Alier- Alter- Altor- Alter-
roject native-1 native-2 native-3 native-4
Q 44 853 44 853 44,853 44 831 . 44 853
5 35,396 54,354 45,970 50,318 45 663
10 30,573 70,323 49,363 60,526 48.502
15 25,749 72,946 51,986 68,879 50,717
20 20,927 74,783 53,823 74,783 53,823

Unit: ton

80,000

60,000

40,000 |
S — - -
S ."""--...__“
T e— —— | =—=== Without
——
T ——— e Alternative 1
20,000 | =] - — Alternative 2
e mm wae Alternative 3
— » == Alternative 4
0 1 1 |
0 5 10 15 20 years

Table 30 Expected Increase of Employment Opportunities
with Sabo Works and Associated Works

(1) Construction
Unit: man-year

Year Alter- Alter- Alter- Alter-
native-1 native-2 native-3 native-4

I~5 88,620 31,840 65,360 62,100
6~ 10 37,840 37,840 49 470 47.710
11 ~ 15 37,840 37,840 49470 47,710
1~13 164,300 157,520 164,300 157,520
Average 10,953 10,501 10,953 10,501

(2). Maintenance ,
unit: man-year

Year Alternative~l and -3 Alternative—2 and -4
16 ~ 50 1,640 1,575
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1)

Table 31 Expected Increase of Employment Opportunities
in Agriculture

Expected Decrease in Paddy field Hazarded by Lahar

(unit: person)
Type-I Type-I1 Type-IT1I Total
231 65 23 319

2)

Expected Increase in Paddy Field Improved by Assoclated Works

20,0001

10,000

~10,000

(Unit: person)
By Improvement of By Improving Dry Total
Irrigation System Field to Paddy Field
4,800 1,520 6,320
unit: persons/year

———
———
——,
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Flg. 27 Expected Increase in Personal Income

unit: Rp.10,000

14
e — = Without
T~ - mewe——= Alternative 1
T~ =—+— Alternative 2
-1+ T - —ewn == Alternative 3
.
*~_] == Alternative 4
é 10 15 20 year
Table 32 Procurement of Funds
(Unit: Rp. 1,000,000)
Year
Ttem 1981 15982 1983 1984 1985
Alternative-1 5,361 5,897 6,486 7,135 7,848
Alternative-2 4,951 5,446 5,991 6,590 7,249
Alternative-3 3,954 4,350 4,785 5,263 5,789
Alternative-4 3,757 4,133 4,546 5,001 5,501

{(Note:)
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Table 33 Yearly Budget of Merapi Project Office

Operation/
Year Construction Maintenance
Total g
Cost (Rp)ij Z Cost (Rp) b4 (Rp)
(98,000,000)

1869-'70 134:900:999 58.4 96,100,000 | 41.6 | 231,000,000 (| 100
'70-"71 131,773,000 73.2 48;227,000 26.8 | 180,000,000 ( 100
171172 110,550,000 | 71.3 44,450,000 28.7 155,000,000 ; 100
'72-'73 122,800,000 719.2 32,200,000 | 20.3 155,000,000 | 100
'73-174 129,100,000 | 83.3 25,900,000 | 16.7 155,000,000 | 100
174-"75 224,600,000 | 8s6.4 35,400,000 | 13.6 260,000,000 | LOO
'75-'76 325,500,000 ; 87.8 | 45,300,000 1 12,2 | 370,800,000 | 10O
'76—'77 290,400,000 78.8 78,200,000 | 21.2 | 368,600,000 | 100
'77-'78 234,500,000 79.1 | 88,500,000 20,9 | 423,000,000 | LOO
'78-179 528,000,000 | 88.0 | 72,000,000 | 12.0 | 600,000,000 | 100
Total 2,332,123,000 566,277,000 2,898,400,000

(80.5%) (19.5%) (100%)
Note: 1/ An Amount for Pre-Project expenses was added in brackets
 in the First Year; however preceuntages were calculated
without 4it.
Table 34 Present Value of Project Investment
(Unit: Rp. 100,000)
\\\\\‘ Alter- Alter- .. Alter- Alter-
\\\\\\\“ native-1 native-2 g native-3 native-4
. |
|
8% 30,759 | 29,066 27,610 | 26,394
i N
10% 28,447 | 26,823 25,095 23,979
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CHAPTER 4 PROJECT EVALUATION

Table 35 integrates the results of the economic, socilal, and financlal
asgegsments in score card form. As can be seen, Alternative-l ranks

best in every respect except the fiscal burden, with respect to which it
ranks last.

The project was evaluated in terms of internal rate of return (IRR)
calculated on the basis of the following direct effects expected from
the planned sabo facillities and the associated irrigation canal-1l works,
excluding those effects from K. Progo and K, Opak and Mataram Canal;

(1) Sediment damage reduction effects by way of sabo facilitiés,

(2) Effects from stabilization of the rivers and agricultural in the
area, and

(3) Development effects resulting from the multi-purpose use of sabo
facilities; use of the assoclated irrigation canal-l1 facildities,

Four alternative implementation proposals were considered in determining
the effects for the project. The results of the comparison are shown

in Table 35 and indicate that alternative-l would bring the greatest
amount of benefits to the project area in terms of economic and social
effects.

In addition to direct economic benefit, the project implementation can
be expected to contribute greatly to the balanced development of the
area through such soclal effects as protection of life and proporty,
increase of development potential through enhancement of safety and
quantifiable benefits such as the following;

(1) An increase in rive production in the foothills of G. Merapi by
9 n 217%,

(2) A creation of employment opportunities on sabo construction
works and agricultural stability and development for
10,500 ~ 11,000 persons/year

(3) An increase In the income level in the sabo-protected area to
Rp.12,550/person/year

(4) A decline of the population growth rate by 0.26% as a result of
resettlement of residents from the nuee ardente danger area
{Zones 1 and 2)

In summary the project is highly recommendable not only to solve

regional problems, but to establish a firm foundation for regional
growth and achievement of regional development targets.
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Table 35 Summary of Soclo-economic Analysis

G-180

Ttem Alter- Alter- Alter~ Alter-
native~l1| native-2| native-3| native-4
1. Economie Evaluation 1 3 2 4
2. Social Evaluation |
Protected and Stabilized 1 1 3 -3
Increase in Paddy Produc— 1 3 2 4
{(Unit: ton) @ @ 68,87 @
Increase in Employment 1 4 2 3
(Unit: persomn) @ @ @
Increase in Personal 1 3 2 4
Income in 10 years o o
(Unit: Rp.) @ @
Improvement of Social I 3 2 4
Environment and Increase of [
Potentlality for Regional
Development
3, Present Value of Investment 4 3 2 L )
{Discount Rate: 10%) - - -
(Unit: million Rp.) @ ‘ @ @
4, Total Project Evaluation 1 3 2 4
Legend: Rank
{Unit: Rp million unless otherwise indicated)
where 1 = Highest
5 = Lowest
Note: 1. IRR: Internal Rate of Return



APPENDIX - A Form of Sediment Transportation in K. Krasak

There is considerable variation in the form of sediment traﬁsgor—
tation according to changes in hydraulic conditions., TForms of sediment
transport are classified as follows:

Mass movement Mud flow Lahar
Tractive-mass movement ...,
Individual movement Bed load Banijir
Suspended load and J
wash load

"G. Merapi
?‘O%o
o
v
e
\C‘O“{\
E
22
|
2
o i Nuee ardente < .
_\EJF{ = Lahar
Tractive-like mass movement !

Bed load

Suspended foad

Sediment deposits l Eroon

! j
15km 12km Ikm (km
' ~
I Distance from the top (km)

1) Tractive Massive Transport

While the sediment and water flow separately, the sediment
flows with tractive mass movement.
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——r—y v r—
% Individual movement . i .
(bed load suaspended load) g P e
— P
o Tractive mass movement R A
IR

° mass movement
(mud flow)

The equation of conditions of occurrence of tractive-
massive movement is explained as follows:

I = [ C*(Y "p) ]

tand
C*(y ~ p) + p(L + -g-)

where C#%
h

unit sediment amount (%)
water depth

diameter of particle

{(tan I) stream gradlent
density of particle
density of water

and: angle of internal friction

2% s® A% s e =e

d
I
o
P
£

Using this equation, the minimum water depth of tractive
massive transport in the vicinity of the river mouth of K. Krasak,
was calculated as 60 ~ 70 cm.

When the flood stage is 1.5 v 2,0 m in depth for the deisgn
discharge, the form of sediment becomes completely the tractive-

mass movement.

2) Suspended Load

The river bed consists of fine particles, the influence of
suspended load is the great. At Blaburan in the downstream area
of K. Krasak, where the mean diameter of bed materlals is 0.457 mm,
sediment become suspended load when the rate of flow is over the
value of 250 m3/s. With a design flood discharge of 560 m3/s and
probability of 100 years, the load will be completely suspended
load.

3) Grain Size of Riverbed Materials in X. Krasak

Although the average partlcle diameter (dm1) of the riverbed
materials deposited during the flood in 1976 averages 0.7 mm. The
average particle diameter (dmp) of present riverbed materials in
the downstream area averages 4.75 mm or 6.8 times larger than dmq.

Since particle diameter is inversely propotional to the amount
of sediment load calculated with Brown's formula, the sediment load

during the flood in 1976 was 6.8 times larger than that during
ordinary times,
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It is estimated that during a flood, a large amount of fine

materials might be produced by erosion and discharged to the down~
stream areas.

In order to solve the problems of sediment discharge during
floods and to evaluate the effects of decreasing values of average
particle diameter of sediment by reducing sediment production with
gabo faciliites, observation of sediment discharge during floods
ahould be carried out.
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APPENDIX -~ B Alternative Sabo Facilities Locatlion Plans for K. Bebeng

1) Case ~ 1l: Prevention of downward and lateral erosion with low
step dams

a) Check Dams

Four check dams (Be.D.6 ~ Be.D.9) of 7.5 ~ 12.5 m in hedght
are to be planned it steps at the upper stream of the 8.6 km
point from the summit,

b) Sand Pockets

The sand pockets between the 12 and 15 km points are to be
improved with the provision of three consolidation dams and
gabions to ensure that the deposits in the sand pocket are
well dispersed by leveling,

2) Case - 2: Preventlon of downward and lateral erosion by Means
of increasing riverbed

a) Check Dams

Construction of a dam with a height of 9 m on the deposit
area of the Be-D.6 dam at the 8.6 km point after deposition.
Provision of three other dams increasing heights to raise the
riverbed as high as possible (but not to the extent that there
would be lahar overflow) and about 5 m below the river bank.
The alm is to prevent erosion subsequent to possible stoppage
of the valley by Lahar.

b) S§and Pockets:

Same as in Case 1.

Lahar plugging

River bank

Riverbed
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3)

4)

Case - 3: Dispersal of Lahar flow by raising the riverbed in
the upper slope area to the level of the bank

a) Check Dams

Four dams in a line (Be-D.6A n Be-D.6D), each on the deposit
of the preceding one, should be constructed until the riverhed
is brought up to the level of the bank.

The Lahar overflow will alsc be directed in to the present
river course by means of the training levees of the wvalley mouth

fixation works,

b) Sand Pockets

1,000 x 103 m3 of sediment will be controlled in the sand
pockets of 500 x 103 m3 in the upper stream of the Be-D.6 dams.
As for remaining amount, 1t will be controlled with sand pockets
between the 12 and 15 km points, as in case 2,

Determination of the Final Plan

Based on a comparative study of the three cases, case - 1 was

selected because of are 1lts superidority is terms of safety and
low construction costs.
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APPENDIX - ¢ The Process of Caleulating Reduction Volume of Sediment
Production

The process of calculating the unit reduction volume of sediment
production is shown in Tables - C.1 and C.2.
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Table - C,1 {2} Unit Reduction Volume of
Sediment Production (K. Krasak)

Distance Sediment
from the Distance Voluem to Unit Reduction
Summdit be produced Volume Remarks
(km) (m) (x103m3) (@)
Main Channel
7-8 1,000 150 150
8-9 1,000 220 220
9-10 1,000 340 340
10-12 2,000 600 300
Sub Total 5,000 1,310
R.T.~T
7-7.6(1I-1) 600 84 140
7-7.6(1-2) 600 108 180
7.6-8 400 80 200
8-9 1,000 240 240
9-9.,4 400 120 300
Sub Total 3,000 632
R1 Tl ""II
9.4-9,7 300 48 160
9.7-10 300 60 200
Sub Total 600 108
Total 8,600 2,050
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Table ~ C.2 (1)

Reduction Volume of Sediment Production
(K. Begeng)

— Check and Consolidation Dam -

Reduction Reduction Unit Reduction
Facility District Length Reduction Volume Remarks
Volume
(icm) (m) (w3 /m) (x103m)
1 Case - 1
C~-5 11.6-11.5 100 12
c-6 11.5-11.4 100 12 1
c-7 11.4~11.2 200 12
c~8 11.2-10.9 300 18
wenmome o m )
c-9 10.9-10.6 300 156 47
-1 10.6-9.9 700 252
10.6-10 600 312 187
10-9.9 100 647 65
p-2 9.9-9.66 240 647 155
D-3 9.66-9.,2 460 647 298
D=4 9.2-8.9 300 175
9.2-9 200 647 129
9-8.9 100 459 46
D-5 8.6-8.6 300 459 138
Sub Total 1,087
D-6 8.6-8.3 300 459 138
D-7 8.3-7.9 400 212
8,3-8 300 459 138
8-7.9 100 745 74
D-8 7.9-7.43 470 745 350
D-9 7.43-7.2 230 745 171
Sub Total 871
Total 1,958
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Table ~ C.2 (1) Continued
_ " Reduction Reduction Unit Reduction
Facility District Length Reduction Volume Remarks
Volume
(km) (m) (m3 /m) (x10°m3)
2 Case - 11
c.5 - (.9 Same as
D.1 - D.5 1,087 Case~1
D-6A - E 8.6-7.2 1,400 1,120
8.6-8 600 590 354
8-7.2 800 958 766
Total 2,207
3 Case - III
C.5 - C.% 1,087 Same as
D.6A ~ D 8,6-7.2 1,400 1,245  case-l
8.6-8 600 656 1,394
8-7.2 860 1,064 851
Total 2,332
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Table - C.2 (2)

Reduction Volume of Sediment Production
(K. Krasak)
— Check and Consolidation Dam ~

Reduction Reduction Unit Reduction
Facllity District Length Reduction Volume Remarks
Volume 3
(km) (m) (m3/m) (x10°m3)
KR-D~1 Main Channel
11.5-10.6 270
11.5-10.6 900 300 270
KR~D~2 13-9.4 900 264
10-9.4 600 340 204
R.T, - II R.T.: Right
10-9.7 300 200 60 Tributary
KR~-D-3 9.4-9,05 700 210
9.4-9.05 350 300 105
R.T. -~ 1
9.4~9.05 350 300 105
KRD~4 9.05-8.85 200 48
9,05~9 50 300 ‘15
9-8.85 150 220 33
KR-D~5 R.T, - I
9,.05-8.4 650 159
9,05-9 50 300 15
. 9-8.4 600 240 144
KR-D-6 R.T. ~ IT
9.4-9.7 300 160 48
Total 999
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Table - C.2 {3) Reduction Volume of Sediment Production
(K. Woro)
- Check and Consolidation Dam -

Reduction Reduction Unit Reduction
Facllity District Length Reduction Volume Remarks
Volume
(km) (m) (m3 /i) (x103m3)
C~4 9,7-9.4 300 92 28
c-5 9.4-9,2 210 92 19
D-1 9,2-8,7 480 184 88
D2 8,7-8.5 290 209 61
D-3 7.9-8.5 660 209 138
D~4 7.9-7.25 760 151 115
D-5 7.25-7 450 838 3
D-6 7~6.8 300 509 153
D-7 6.8-6,2 370 509 188
D-8 6.2-6 270 509 137
D--9 6-5.4 600 559 335
D-10 4. 4-~4,1 300 325 98
Total 1,737
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APPENDIX - D Expression of Degrees of Danger and Importance with
a Grid-Square System

1) Grid~Square System

The grid-square system has been used for evaluation of degree
of danger and importance in the area for the following reasons:

(1) In making a comparative study of different areas, it is
necessary to disregard administrative boundaries and to
standardize zone size. The grid system offers the ad-~
vantages of dividing the area into geometrically equal
shapes and displaying data visually.

(2) Since the area of each mesh in a grid system is the same,
the mesh area functlons as a common demonstrator for
making area comparisons,

(3) Since a grid system is not influenced by variation in
administrative area, topography, land use, etc., his~-
torical comparisons are facilitated,

(4) Since each area has the same shape, grids more easily
show the relationship between location and shape of area
phenomensa.

(5) 1Informaiton from standard surveys can make up for gaps
in exdsting information for a particular zone since the
grid areas are divided into equal parts.

(6) A broad statistical approach can be taken using accurate
high-speed electronic computers.

(7) Sdince data on terrain, land use, and other conditions
will be expressed in terms of mesh squares measuring 0.5
km on a side, the system of coordinates can easily be
converted to coordinates of longitude and latitude,

2) Basic Data

Evaluation of present conditions is based on the following
sources of information:

Type of Information Statistical Source
(1) Population Population density data (1976)
(2) Land productivity Crop yield indices data (1971)
" (1976}
Yield of paddy data (1976)
Projection of paddy
yield data (1981)
(3) Land use Socdal division (land use map)

Economic division (land use map)
Form of irrigation map
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(4) Soclal infrastruc~ Roads, irrigation facilities, etc.
ture and other
~ important facilities

(5) Topographical Slope grade map
conditions
{(6) Volcanic damage Type of volcanic material (nuee
ardente, lahar, and banjir area
map) .

Volcano frequency (direction of
eruption and river types map).

Degree of possible flooding map.

The basic data is expressed in Figs. D.1 v D.9.

(1) Population density division (1976) (Fig. D.1)
(2) Crop yield division (Fig, D.2Z2)
(3) Yield of paddy division (1976) (Fig. D.3)
(4) Present tendency of yield of paddy (Fig. D.4)
division (1981)
{5) Social land use division (Fig. D.5)
(6) Economic land use division (Fig. D.6)
(7) 1Irrigation areas division (Fig. D.7)
(8) Possible hazard area division (Fig. D.8)
{(9) Slope grades division (Fig. D.9)

3) Statistics of Degree of Danger and Importance

(1) Possible hazard area division (Fig. D.10)
a., 1) Possible hazard area division (Fig. D.8)

b, 2) Damage divisions: nuee ardente, lahar (10)
and banjir

¢, 3) Damage frequency

log(10) =—§— (log{a) + log(b} + log(c})
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Notes:

(2)

(3)

(4)

(1)

Degree of social importance classification (Fig. D.11)
d. Population density division (1976)
e. Socilal land use division

f. Distribution of social infrastructure (11)
and other important facilities.

log(11l) = —%— (log(d) + log(e) + log(£f))

Degree of economic importance classification (Fig. D,12)
g. Crop yield index division
h. Paddy productivity division (12)

i, Fconomic land use division
1 1
log(12) = —~ {(5~(log(g) + log(h) + log(i)}

Degree of future economic importance classification
(Fig, D.13)

j. Crop yield iIndex division

k. Future productivity of yield of (13)
paddy division

1. Economic land use division
1 1 .
log(13) = 5~ {(—5— (Llog(j) + log(k) + log(1l)}

Present tendency of paddy yield division (1981)
The estimated yield of paddy in 1881 are obtained from

- the following equation:

Y =a+hbt+u
where Y: Estimated yield (q/ha)
a. The present level of paddy yield in 1976 (q/ha)
b. The increasing or decreasing tendency (q/ha/year)
t: time Period (year) ... 5

U: ErTor CeTM vvvreerrnsn Estimated as "O"
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(2) Damage divisions: Nuee ardente zone, Lahar zone and Banjir

zone. Divisions and values determined for each zone are as

followa:

. Nuee Ardente Z0me .vvviverinsesrase 3
« Lahar Zome vieviinnsarniannnennnss b
« Banjilr Zone ..uisiisiesasesesaieass 3
 Others o i iiiiniiiiiisiiennnna 1

(3) Damage frequency
The hazard areas have been divided into four types

divisions and values determined as follows:

s Type = 1 area vovsvvranrtnnesnsrass 2
. Type = I AYE8 +ivsirneenessnsvnnae 3
oTyPE""III area olllnll|n-|o--.o-;12
. Type — IV% area ...vvevvnvnrvnassns 1L
% Type — IV area indicates land outside the proposed

hazard area,
3) Zoning Areas and their Countermeasures

The study area is zoned to the following form zone on the basis
of danger and importance degree classifications as follews:

{The hazard area from nuée ardente)
Zone - 1 Type - I

Type - IX
Zone - 2 Type - IIT
Zone - 3 {other areas)

Zonal Range of Degree of Danger and Importance

Degree of Socio-
Degree of Danger economic importance

1 2 3 4 5 1 2 3 4 5

Zone - 1 0 0 0 fu} o a
Zone ~ 2 0 o o 0 o] 0 o o o}
Zone - 3 o) o 0 0 0 o]

G-199



{Zone — 1)

and
(Zone - 2)
(Zone - 3)
(Zone - &)

Where the Inhabitant should be protected only by
relocation outside area.

From the stand-point of protecting human life
first, habitation in nuée ardente hazard zone of
type - I should be prohibited and the present
Inhabitants should be immediately relocated.

The inhabitants an& property should be protected by
Sabo works.

In order to reduce the damage and stabilizing the
channels, the possible lahar/banjir hazard areas

should be protected to some extent by abo works.

The hazard possibilities from the lahar/banjir are
very small in this area because it lies outside
the hazard zone and therefore 1t should be eccluded

from the objectives of sabe works at this time.
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Fig, D General Location Map of Grid Square System
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Fig, D.1  Poputation Density Division of 1976
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Fig. D.2 Crop Yield Division

NUMOER
LEVEL  SEGY  NuMuER Vary
o ¥ an3 Low leval of land produetivity both 1971 and 1976
T T wa” Low bevel of land productlvity both 1971 and 1976
i : 1;‘;: i.and praductivity decreasing—more than 100% in 1971 but less than 100% in 1978
4 M 057 Land productivity incraasing —lass than 100% (n 1971 but more than 100% in 1976
ERROR 1763 High level of land productivity both In 1871 and 1976
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Fig. D.3 yfeld of Paddy Division (1976)
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3 : :;: in47.5 — 62,6 a/ha
ERRCR 1783 ahove 52.5 a/ha
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Fig. D.4 Present Tendency of Yield of Paddy Division (1981%)
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LEVEL S1GN  NUMRER

a X 146 below 37.5

1 P 265 in37.6—428 g/ha

2 " 1095 In 42,6 — 47.6 q/ha *  wvaluas of the Paddy yiald estimated

: - : 1232 In47.6 — 62,5 q/ha from the aquation — Y =a + bt {t=4)
ERROR 1743 above 52,6 g/ha

G00000000(H0000000000 GOROAGG0000000000000000000000000006000000000000000000000
GO0000000 T 11111122 2222222233 388353 3 b id hhA444405555555555808608088670277777
12345678901 2345673901 234 5478901 2345678001 234547R90123465678701234547 8001234547

oM ! ! ! T T ! ! o1
ooz . ‘ L L ‘ 002
[]: 1} COWMAMERA R AR NN : 003
i1} ) R HARNARRANNANKRNRY nn&
0as LTI b i3 T g btsds] 005
-bos HENRERWUOOONERXNOERE, L 006
0ar WRMREANRNEARA XX XAARKKX KN AAR LY 007
i3] . . WIODRAREXNERANNRU XA R AL XAX KANA 408
nog HNMAAHHRA MM KR KRN AN AN A X XX KKK AAANR X a09
0td ' AR LELEITRE LR ERILETEPrES T EFFERTRIY 5T T . 010
o1 . BN NN NN WK AR AKX XXX AKX K AN KA XN o
L012_ HRNXH RN HRA A MAARA NN ALA KK KR ARRKARRK XL XA . 012
013 BNNRKNN A MK NANR WA ARNIENK AN A KEEKN XA KXXXNRL LA N 013
014 , u"lululxunnaﬂ.ua:nuunuxxxuxxxx:r'xxx:lxunnn: 014
ats P MRNEEI NI M R KM N R0EATEEN N XXX KX N W 015
018 . CHMMRRER NN R ANREN AN RN AR RENAMNN XX AKX R MNN N AN , LRT-]
01?7 NN ANKNKN N RN NR KN AX IO NNN X X KRR MNN N KN 01y
AL HMN KRN NN XK NN RTINS 8 IR0 60 MU I , 018
Q19 BUBETNE N MNOEJE 00O 0K 0036006 2000 NI 000N M M M N 019
20 DA NI M0 RN 020 0000205 000000000 0L 30003600008 0N N M M ) 020
1F3) EOIUN MM NN T 0006600000 0000900 D 000 00068 0 0K O S N o021
na2 MM B IEN DN O 02EIK06 N W 0o 6 M RN 022
nas DEDE D000 06 200000006 0 600260608 006 .06 2000 00K DO 0260636 13K 606205030 16 200 M M 023
024 B DRMRXAKARA A KM H NN ERR RN FAARNRAHNABHHE NN N 024
az2s LELEEREEEE LIRS IS RER LU LR SRR E RS EERERET I I LTI Y] 025
b2s BN MR 00 E0H00 000000008000 M D DM 260006 0 00000 360 D000 00 N DR M N N 024
Qa7 AL RLEIS ERE RIS EERELLLLLLLLEEN R LR EER ISR IS eI LT 027
i3] AL RRR LSRR AT AL LR VYR IR EREER I AN LR RV P ELY ] ] 028
O2F HE MMM N I NNRRI NN KRN NN MM RN AN NN NN MK NN R 029
QIO DRI NN TN 000 0NN M MM 0 86060 0000 XM MM AN 030
oM L ELE] HHNARAIERER A NN NN IR KRN NRANRNR XXMM A HHNNN "N
01z L1 ] RNRRHAAREN N KA MANA AN RN M AN RN N R X ANRR SN NN AN AR BEND N 032
0313 KA MEXMBHENEHAENCX X NN M KA AR S ARRRRM N RNR NN A NN NN NN BB D13
034 LEER LR LR TEL LRV T e s R TR F RS LR RS 2R RSP R FITEI P LETT LT FTTT I 3 1
ais NAKARENNN UM MEAMHMERAN KX XN XEHNNUH AN AR AR HE S LLLEL ) nis
036 _ eee NHAMEENNN HMMEHNNEHHANRHX XA XA N ANNNRNRRM R XA AR AN 03
037 REHKRNMAH HHKNNAMMHH MR XXX XA RN XA XX HHN N RN LT 637
018 LA LT L LY TR LT LS ERFS SN LT LA L LV ERLY S EEY | (11 niE
039 ERERRELLLL LN LE LIV EL DL R B LSS L ELPELET NI AR 20 ) 1] oy
040 CHRRNNHHMAN S NN N M N X XA B XXX X KANANMHN A RO RS RN AR BN 040
041 WHRHNEMAE N AN M H AR H NN X XXX XXX XA X KNHNRN NN MRRRERENNINN DY)
Q42 HUMMRRNRE 2ot WHHM R NE MR X XXX REX A XK AN NN AURRUMNERREHN 042

043 LR RN T T R E S S R s SN R EL T TY S ] HANNHONHN 043
D44 HHEHERS A NN NH N R X KX XX KNS AN M N N A NHEABEHN 044
045 ARNENERR AR RN MMN AR LRECL XA NMNARHRNRM RN NS ERUE PR R A A RRE AN 045
H4e LRI RRI R ELLEELL SRS S PRI LLLLLELLELETD LT RII RN LLEFLE LI LY}
047 ANERA SN A MMM A MRS XXX AANHNRMHNAMN M RN SRR MR NN N Q4T
048 _, LR AR R TR VI LLELLED LRSS Ve LY LELELELELELLLELEY EERA A REELELE LI Y
Ha9 I ELIERRE AL LIVEREEL LTSN EERLEEELELEL LTI E R EES SR DR R LEE LI D i T
oso UMMM N RN HAXHHHHX XXM XY QUHHH AN AN M HN A R X X e kA ng )50
051 LS LLERL RN D ERLUCELLELLESTLEY ] | ONHWAHMMNHM M MM N N MU NN 051
ns2 WHHRAN AN W HHMMHB A NN X AN N AR NOBBOANNNARHHHNRRREX NN X R NHHHRH 052
053 MHEEX R AU AN O AR NMA MG ES AN DRRRD DEENHHENN N NN X X R X MUNH N D5)
54, AHNAHSE RS R MU MHMABDBNNN KA HGORO RARADOOI NEDHANNN AN NN NN R NN A% 5L
0ss HENRNAER X A NHHNNGE GO NI NN RO DI TR RSB RRRENHUNNREENNAN R S S A X DENHARE D55
056 HENHHARHN X HHAnEBBE BN RA OO ROS LLEVELLEETESEEL A F R RS | nse
057 LELLEERLE PR LR EELEE LT} T E ] LLLLLAELEL LR LS SRS L 057
0S8 NANNNNHMHAMHORGRBEHNNES OO BN DENNEHN MM N W WM B58
ase NHHMHH B HNMNOBEBHEORADIQEANTRUBEARBEANNHNNHNHNRNNRER kN v haga R 050
oeR . e MHMMMHMMMNNNSORAMEERARUOAEINAND BUNHMNHNNNHEHRHNNHERE X ANRA D 08D
041 AANKARANAZBAANN RSN XD NQD BN BENHANHHNAMNH A AR NN RS BRAS AR D51

0642 AXRKEARDDRABUNKIX X XEANAODNG ELLLALELLLLLLELLL LY ] [ ] &2
063 ANEK X RRSAONHHNH RN GUBHHN N LELT PRV L EELTELE LR N T ] 063
LI AN BUABRLANMX XXX (XX DABRAHNMN PRV TR L TR ELEE LR LT (1.1
045 DABASHOHMNAEXAN XXX DRADARNNN WANAHHHNH NN M RN AR IS )
_Das . QEamBUHNMXXNIX X CREINE NUNNHNE MR HH N R R U NN H N KR 066
0s&? DOBRNKRNHAXXHHH NN MO OHNNHH RN NN HN N HA MM H R 0s?
058 RAHHWHNHNNAHH OO AU NDAHNNNNRHHURN NN R HN U A N H KN nek
Q&9 BANMNHMNNNHNHER A DO ARIUNNHNE RN NN MR NN 04%
oo HHNKHHHRHHHN §D WRHRHHH MMM HHNEHH MM NN HA N orn
on KNNHHHHH AN A OHORHHHA NN NN N H AN N (L4}
ore _____ . CETRC T LA LELE R D (LLLLL L LEEL L VLR LR ] ar2
073 LR L LU REE LR L EREE RV L LR E TS T ar3
074 WHENNN NN A RH NN NN M AN N 0%

0040000000000000000 0000020000 040000000400 MHO080000N0NN NI NANONNGH0N0DA0000
0000000001111 3110222222202 233330343 34004 44444055555955550400806046470272777
C12345e7890123456787012 345078701 2345678901 234567 A901234547 R0 12 345878901234567

G-205



a0m
402
003
oo+
005
a6
ooz
oul
o9
o010
011
042
013
014
a1y
014
017
01§
me
o020
o
22
123
Q24
azs
026
oe?
028
i} ]
030
(R3]

01}
034
0%
034
037
138
03y
0&0
(23]
042
0413
04d
045
Néte
047
VEY ]
049
as0
as1
052
053
054
0ss
054
057
058
59
[+1.11]
061
[\E.T4
0&l
04
D&%
LY
0e?
068
G
Nk
ar1
uzre
n7y
[LFE}

Fig. D.5 So

HUMBER
LEVEL SIGH  NUHBER

x_ 123,
] 132
X 2875
* avd
1
[

EaR R —)

107

EAR 17a}

4000000000000 000000000C0CNO0NONNNGGA000
0000000011 IV T 112224220222 343833333)
V2SLSaTRYDNIIGSLIBYN 2 La5hTaq012145a7HY

cial Land Use Division

Others

Forest or grass land

Farm land

Yard areas or semi-impartant structure are exlsting

Urban areas or important structures-natlonal road, trunk channal
atc—onge axisting .

a00r0en0aaN00000A000000000000000000N00
R A4 AALL 44555555995 50065660684677777777
IN2Y45478901234567 890123456791 254567

am

XX RN KANA Que

EENAENXRXE RN UGS

REKRRREXKXEAXAAAR el

LEEEREEE RIS AT RSN 0 s

. BRARA AN KA K AL L AN NN A Ol

BANKARARREE XXM RN MEAX ALK AL K X nn?

AXKKRAZRREAXKRAAREEAR RN LR N AN NNK XX nog

MARENAENA KRR AR RL A TR RN AR K AR N nye
MUNEANERENREXZAN LA KA AR KR MK KA XARN AN RN Q10

BRNNRNA AT KN NB TN AR AKX LN ANXEEN N NR NN a1
REXNKRXMAXTEARKEXNA XK K ALK XXX ARNHN X AN MU . mz
HRKAEREAARNRRE KT AR NL RN KA LN XXX MARAA R E AN RS B 013

ERARANE R AR N RRTEEER RN XN C NN RN AN AN N ni4
MARURHERE KA RANRK AT AR NN A XA CA N XA AAA LKA ARAS A X uts
HHARNMEXRX ANZNARER SRR N S RAME AN N NRE AN KAXRRE KX LA
AEMANNNNAX AN SRXAAARARARE A X AXMEREXREE RN AN AR KN A XN N 017
HANMAEEMHA R A XK AR AN XAN NN AR A X KR AR XXX RLL X XA R AR NN K AR 018
MNMMA NN AN ERRR AR RRRRAAX X KA A AN AA KRN RNRRXRRL RN K XA NAK 19
NRANAXHNKMENT AR AANAR AN RENR N R AR RA AR KA ARMNN AR ARKARR TR NN S G20
KAZARMEARNE XN AN ERARTAANMRAN R XEXR AR XXX N ARAA RN ARAXIANRRNANN ot
ARARNAER A ANN AN ANARR XA RAK AR AN BANA AN AR NN ARA AT AANE N AR AURAN g2?
AANHRRTAEAS L LANNNEESRE A AL ANKEN KK AN AN AR XA A KRN RN XA N T A AR AN N uey
B ORXARAEAAL LR AN AR TRANR A NN AU M KM AN MR HH A XS K XA XM A AKX ENR R AN A (1F 43
NARNEAKAAMA AL EANFATARMX NN KRR MU MR CA XXX RR NN RN NN NN AN nas
MERAKAMMARHA R LR XS AAX XM RHRKEEAR AR AR RRMAANA AN AN RS TANN AN WK fNen
LELE R LEE RN L ER TR PR ST RV ER R 2R N R R AT TILE RS PEFTTT] 0zt
NAXHERRERALAR AR AR AARRR KRN MENH N KRN RR KR A MR AR ARKA R KN KN N NN 28
FRENNANNNAANERRASEAFAANHARA AT NN ERRA R AR A NA NN A HN N R AN R KT XM AU CH MWK X K a2y
HERANREAAARNEAREXN XK SN NNAR S NN KN M R0 R K 06K N M A% X% X% %% 0% 0% XN 00k 31
ARKNRR HEARKAH AR AXANRARMNH R KA ZN R E B KR ARK AR H AR UM AN R H AR NN o
L1 ERARAXAX RN ANAA R RN R XX ER A FARKK AN M NA K AMNERNEHAMX XN HA KXW AR % 032
AANAHAMNX R R AN ARARA R XA KHAN R XX EA XM MARANRA RN A AN KN NN AN CAMEN RN MNEN D35
ARREXAXAX A RARMAANARAR EANRAX XA AR KX KRN KN KHARN XA AN MMM NN MHX X 034
HEXXRARAN XXAHENAARZXAXAXMKAAK AN NAMARRENARARXRXXANNANCXHMRHNNNENR D15
HHEXHRERNEARENNERNRRNN AU RN ARKRARRAAREX KRR AXNNRN AR RARKKSURNNRRANN O 16
NHEAXZNNE KANRKENAXRARRRAR AN REAXRKRRNEANINARHNK CRRRARRARKEANKHRNN 17
AHEENEMRAMEARNAREHNEEANXRNEHXXRANNARARKRANRNNERARA R R XA RNENNRXXNRARN D18
BHEEARAANE RARAARHNTRERRNN X ANRA SR AN R NE N ENHMA RN AR NI AN NN LA R NARK  (} 39
KUEKARHMAXRAHRAKENN KRR A KR N AANA AN RANRREN KA RMARNNS N RHANKEMARNRERN K D40
HEKHENNNEERAARMERMERRARE EHARA NN RXNXNARNKKAXRHNNAMRAXRRNRRNRXEANE (41

. REENERARE KANANANNH KA XX R X ARG CHMN MR XA NN AN KN AN SN NS AR R HE AR AR ) 42
EURNAMARH AN REANNER AR B R AN RN NNA RN RN RAA AKX XA AAREN KA RN (43
ARAXKXKNH ARMAEN A AANA XA A KA AR KRR XA NANKXANBA AN MR AN RNMEN SN XX N N4k
EEHRMMMNAXAUMANNA AR KRR LR KN AAARARRARRRNAANA RN RN R RMHEANT D a5

FHMERM ASHENEHANEX KRN AN KR KX NXHERREENAERNANERRREXRNRERNNKXRNRAE D bd
ARRKXNMANNREHHAA AN RS KR KR M RN AN RAARXXAREA RN XA XHNNRRAX RN D47

e BANREHAR AHFHRNAAMAXMR AR A NN AR KA AXAARANANANANRAKARAZAAAR AN XA ENE RS (4B
KANKEXEXKKNAMNXZARARRNSE RN RAE XK SHMA AN RNAN KU NMRX AN EMERERNRREXERE 149
HANRBARKKNNNENKHE AKX SHAR RN RS RMEH KM M AR K XN RENNR AR ANAR R RN AR EANNT (SO
RARHEENNANXARRARIHARREX K XRARKHRRAEAANERENRRARRRNRNXRAR AN AR XH KN (F 51
ANSERNAMBAAXNZMRMB XXX ARK R RHMN NN KX AN AN NN AR KN XXX X EXEHENN RN RENAKHN D52
ANIXRENHKNERERESEARNEAE R ESHN AN R RN R RE XM AR KR RS ERNSANNKR NEXEXXR  [53
ARKARNXZXEXRXAMAAXAXRAEALH KANNEARAXRXAANHARAAX AR RRARKENRKAUR R MAXE (054

AUHNAMAXRERAAZHAX A MR X HE WM
BRI ERER RN ERNITEE SIS ERT T
KESHMXNE AANZHAR AR AR SN N NNN
AEMMAX K X KBAHMARA XA MHH B X
HNHANKARRHRAA AN AMEN H¥
EABAXNHNXHNNNA XXX
LELLES ELEPERERRT N )]
ENUEAAKHMEXAM RN D "
ENAREEANNXKANADADAN IR Y
RAXNAAHNEENZBEN AN L]
ARKAAENZEANE
ERARZHREZNUANEABAAN
KAXAKNKKAMB AN N AN KUK
AMREAXNAMHEABU BT NN
ANMXMEMAEHRBIBIHNN
RAKHMAS XU NENRD RN
AEUMHNENERANN K &N

AUR AMHARXXNEAN

XMXRAXHEXR

NEXNAREXXXR

HUAXEX AN XX NANNRARREENNNHR XN NNE KX EXX A D55
HAXARZXTRMERAHARANRERNXKNXAXNRXXENNR XE  N154
NAAARKEXNE KNS ENAXRERHARRARE KR KR RARRN 057
HENXRAXANR XANARXANEXAXXAXNXRNR XN ANNRNY ] GR
MEARKENAMERMNRAMNAXFARAXKAAREXRXAR AR 059
HEAXAXENENKXREERXEREREXANRARIR RSN AN 4D
NERUUNEAXHER KX AR IA XA RANRKNKARX XA RN Dol
(L1 ] KAHRARREBXXANRAL A AR AR XRUN Née
RAXN R FARKXFANRERNRXRENRRARK 083
KARELRA EEXELRENKERENEARRRZARRLE Dat
[ EL V] REAXKEEXAARARXHAHAXKRA R RN (.3
HEBE KA XA NA MR R R M RN AN RERAREEERE RN fas
NHHEANRR A BN AN Z X AR N EXH AR TN XK XAXR 0&?
ARHTAARE RN AR N RN R RA R A RANLK K RAARN K o
HANSERAA R AKX A XX NANAR KRR RHAN RXRR MR oy
HEAKARRNENRXNKEEARNKAXREN AN K nH
EHNARKENNARHXNAEEX XK EANK X X an
HEREAHXA RN A RN KA AN IR AR AR NRAN K : n2
EERXEENANNANNAREREAA N KN RXXX u7s
EHMNKEXE KENNNE KA XA NN H X ure

00000000 0000000000000 000 000001BA0HNNENN 0N NN ANI0ONRO0HVLANEANNARDIO R DA0ONG

an0annondIT I 1IN E12222222222333311113)

RALLELELLES59350550580h00006664T7T7T77T

|23456?800|25456789ﬂ|2!510?300125&5&?800]Pikﬂﬁ?8001?3456?P93l2!4ﬁb789012‘&5&?

G-206



Fig. D.6 Economic Land Use Division
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Fig. D.7 Irrigation Areas Division
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Fig., D.8 Possible Hazard Areas Division

(From geomorphlc aspects)
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Fig. D.9 Slope Grades Division
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Fig, D,10 Degree of Danger Classification
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Fig. D.11 Degree of Soclal Importance Classification

NUSNHEP

and Hazard Areas

1450 i En
R Degree 1 of solal importance classlflcation {least important area)
B " g "
% " 3 +H
! w4
CpRRwe o8 " [most Important area)

GORENA T IN000MN U0 3LA0ANTIANEIRANDAANT FARATIOMNIGON0D 11D 1ANANANIDI00AN002 0
OONCMNTISIT IV 1IN 1122 22222222 337 3 3403 VAL AL ALALLASS55559%5360A00LAGELETTTRT?TT
12365677901 2305679901234 507 391 23 45A7 ANt 2T45AT RINIZS4S67RIT1 23456 TRINI 234547

K}
ong
cn3
[
nns
s
TanrT
G568
ang
1%
b1kl

et

3
177
N7
nr2

BUE) T

374

PR Al Ak RN AR AR T P ol L ¥ a R e B WE AT Bl B T Lt Rl REES oY ot B W Rl P B B RO R T 0 aha e Rl I R Tl o)
HRLAEAERRRERRE R F S ]
1234547397112345

aees

—IinH ExXARARARrET AN ennfz e e el iy ¥
R e R ez uR e HAR K T e 2 x[efx e e e v xafrhe ufede x 2 of7)

e w

S ey . T
nHp
not
nar
nes
N4

X RRXAPY
rw KE XA p AW L
Kl NREEAA RN RURL
RGP AR AEYAACKY
!x!!!b!‘“!!]’!!lil'

oy
nes
i)
AN
an
1)

i
nia
18
ng
rye
Nty
Wi
nan
f\,‘_ll
ne?
"?1
Ny

R L I T T
ney "

!Ql!ll"ﬂvil"ﬂ‘#'ril{"n:‘-ﬂ

nan

na?

XEX LR 2y
Hawanx 2
ERLELE L LIk A
T ETTY ALY
AR RN T4
e gexexr 2 134
Wb AR RS ik
dexaker s 110
34

oy g

NHAHXEYHR A 2 HOOATERANNAHE N » ¥
LERERIUNEN NI REFIERTE AR AN LS

AR MR A AR R TN T o n e X e e R RN B R e e e Y xn»\u

PR T R MR AKX H N e R Y PR NN oy e A XX Y B XU N NN N Y N

IR A2 R A1 MR RA ELE AR IR SRR LRI RS2SR 2RT R

ATEER N XN FE LM NS C s e r AN E XA S TS Tv g X R a R RN XYY
exde s HHAT LIV Ak 4 oA A AR ERLEI LS E S E NN MR

IR R R Tt A ERRE LR RS P EEELE LR FRTR TS 2 LA

:1; EXRAHKAYEHENN AL n X2 XA RN A A RN AN Ty A Fay

- ';i{{HP(HSN‘!*Gt%'*l!ﬁﬁ%l“l*‘l!l:*'i;
AHHEMUEH Y SRR et e EE Y AR AN ¥ WX

L RLYNBIE R
ALY MLARL L LAL AL G EGSTS N ELLNLRAGATZIITITT

FU2ZA652R0N JVASAZNGRI2RLSAPAAD I 2IASET EONI 234547

G-212



osn
05
0s2
D53
054
0ss
058
G4y
0s8
049
040
[i1}]
Daz
063
1Y)
085
Dok
0L?
naa
ba9
o
on
072
nzs
07¢

Fig, D.12 Degree of Economic Importance Classification

and Hazard Areas
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Fig, D.13 Degree of Future Economliec Importance

Classification and Hazard Areas
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