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Abstract and Suggestions

Abstract
This integrated project restoration and planning area includes
Chunglu and Tonshing two sub-watersheds at Yushui Stream up stream
of Bachum Stream Basin. The total area reaches 1,980 ha and the spatial

distribution is shown as Figure 1.

The topographic terrain of the project area is increasing from
northwest to southeast, the elevation is distributed from 200~600 meters
for 67.4% of total area. The main sloe degrees are fifth and sixth degree,
the main aspects are west, northwest, and north. The geological
formations are alluvium, Chaolan, Chinshui shale, and Kechulin
stratifications, among them, the Chaolan and Kechulin stratifications are
the most top percentages. The soil property in Chunglu watershed is

mainly colluviums soil and Tongshing watershed is mainly rocky soil.

This watershed is suffered by Typhoon Morak and resulted in
floods and landslides. The landslide debris were transported to
downstream villages and caused debris-dammed channels. There are
many revetments and bridges were damaged, therefore, the traffic were

interrupted temporally.

In order to solve the debris hazards, and ensure lives and property
safety, this watershed is selected to implement an integrated watershed
restoration and planning project based on the integrity, safety, ecological,
humanity considerations. This project can be a short, middle, and
long-term treatment basis. Hopefully, sediment excavation, sediment
control, hazard prevention, damage reduction, area development, can be
achieved and watershed agriculture, ecology, and land use can be

recovered step by step.
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Figure 1 Illustration of watershed spatial distribution

|. Basic data collection

The basic data for analysis in this watershed integrated and
planning project were collected, including geomorphologic, hydrologic,
transportation, land use, ecologic, and historical hazards data.

I1. On-field investigation

In this project, on-field investigations of the torrents, landslides,
roads, and 65 slopeland treatment and hazard prevention cases have
been done from August, 1999 to December, 1999. The investigated

categories and quantity of treatment locations are listed in Table 1.
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Table 1 Summary of investigated categories and quantity of treatment

locations
Category Treatment quantity
Torrent on-field
. o 26
investigation
Landslide on-field 19

investigation
Road on-field investigation 16
Current slopeland treatment
and hazard prevention
facility on-field
investigation

65

1. Torrent on-field investigation

Massive landslides at torrent upstream in the watershed caused
sediment deposition, channel section area decreased, road buried, bridge
and revetment damage. Although some treatment facilities implemented
at tributaries, some structures were damaged seriously by channel bed

longitude and latitude scouring and caused structure base loses.

2. Landslide on-field investigation

There are total 19 sites were investigated for the watershed
landslides, most of them are located at near channel banks ad roadside.
They are major sediment sources, among them, there are 8 sites
belonging to A and B category of landslide. The endangered targets are

mainly roads, bridges, and residential buildings.

3. Road on-field investigation

The connection roads in this area are Provincial #3, Chiayi #141,
and County #172. The road drainage facilities are not in good condition,
but no serious soil and water conservation problem. The traffic may be
interrupted during typhoon season because the poor drainage resulted in

roadside landslide and road base loses.
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4. Current slopeland treatment and hazard prevention facility on-field
investigation

There are 65 cases and NT$ 202,656,000 for hazard prevention
structures in these two watersheds had been implemented by Soil and
Water Conservation Bureau Nantou Branch and Chiayi County
Government from year 2001 to year 2008. Among them, 48 cases are
torrent and gqully treatment, 10 cases are landslide and slopeland
treatment, 7 cases are road maintenance. From the investigation results,
the main channel structures are in good condition therefore the basic
function can be maintain. However, the flow velocity is too rapid due to
steep slope. Some bases of the structures are scoured seriously and need
be repaired. There 11 investigated structures need be repaired for their

damage more than 20%.
I11. Watershed characteristic analysis

1. Hydrologic, hydraulic, and bridge calculations

The geomorphologic and hydrologic information were calculated
using bridge as outlet of the delineated watershed, and the bridge cross
sections were also checked. From the results, most of the bridges are
sufficient for design flood, only Chunglu #1, #4, and #6 bridges are

insufficient, the cross section calculations are listed in Table 2.
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Table 2 Summary of the cross section calculations for each control point

Coordination Pass
Item|Watershed| Cross section (TWD67)

< v or not

1 | Tonshing | Yushui Bridge | 201268 | 2586761 | Yes
. Tonzechao

9 Tonshing Stream Bridge 201760 | 2585918 Yes

3 | Tonshing | Sinbo Bridge | 201932 | 2585738 | Yes

4 | Tonshing |Sansiun Bridge| 202497 | 2585170 | Yes

5 | Tonshing | Sintin Bridge | 202747 | 2584415 | Yes
. Tonshing #2

5 Tonshing Bridge 202736 | 2584214 Yes
. Tonshing #3

7 Tonshing Bridge 202828 | 2584201 Yes

8 | Tonshing |Chiahui Bridge| 203023 | 2583798 | Yes

9 | Tonshing | Futon Bridge | 202923 | 2583695 | Yes

10 | Tonshing Culvert 203546 | 2584387 | Yes
Yushui #1

11 Chunglu Bridge 201386 | 2586841 Yes
Chenlong

12 Chunglu Beridge 201763 | 2586754 Yes

13 | Chunglu | Yuku Bridge | 202843 | 2586971 | Yes
Chunglu #1

14 Chunglu Bridge 203480 | 2587052 No
Kinglong

15 Chunglu Bridge 204593 | 2586481 Yes
Chunglu #3

16 Chunglu Bridge 204399 | 2586096 Yes
Chunglu #4

17 Chunglu Bridge 204538 | 2585855 No
Chunglu #5

18 Chunglu Bridge 205739 | 2585851 Yes
Chunglu #6

19 Chunglu Bridge 205847 | 2586264 No
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2. Sediment analysis

The landslide sediment quantity was calculated by landslides
caused by Typhoon Toraji and Minduli and investigated by Soil and
Water Conservation Bureau coupled with three different stages satellite
Images on 2002/01/06, 2009/01/15, 09/09/26 (after Typhoon Morak).
The spatial distribution of main channel bridges and tributary points are

illustrated in Figure 2.
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Figure 2 Deposition and scouring of bridges and tributary points in this
project area.
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IV. Different year period implementation plans and budget for the
watershed

Different year period implementation plan and budget for the soil
and water conservation priority in year 2009, 2010, and 2011 are listed
in Table 3. The budget for year 2009 is NT$ 54,569 thousand dollars,
for year 2010 is NT$ 171,900 thousand dollars, for year 2011 is NT$
62,100
implementation budget is NT$ 25,800 thousand dollars. The total
budget is NT$ 314,369 thousand dollars, the different year period

implementation plans are shown in Figures 3 to 6.

thousand dollars, suggested for other government

Table 3 Summary of the planning budget for the watershed

Suggested
2009 2010 2011 other Total
government
r engineering
category Budget Budget Budget Budget Budget
Cases|(thousand Cases|(thousand Cases|(thousandCases|(thousand Cases| (thousand
dollars) dollars) dollars) dollars) dollars)
Torrent and
9“";’}/2{:;‘6‘99 8 | 45972 | 17 |129600| 9 | 52500 | 2 | 6500 | 36 | 234572
treatment
Landslide ad
slopeland
drainage system| -- 6 | 37200 | 5 8700 | -- -- 11 45900
treatment
Road soil and
water
conservation
and road 2 8597 4 5100 2 900 12 | 19300 | 20 33897
drainage system
treatment
Total (thousand
dollars) 10 | 54569 | 27 [171900| 16 | 62100 | 14 | 25800 | 67 314369

V. Anticipated benefit evaluation

The definition of the treatment ratio is: the ratio of current already

completed treatment tasks to the requirement of total target treatment

tasks. The treatment ratio can be used as an indicator for evaluation and
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used to adjust the project. After proposed construction have
implemented in the future, the sediment treatment ration can reach

33.79% and 31.56% for Chunglu and Tonshing watershed, respectively.

Benefit analysis can be expressed as:
I=B=+C
where, | = benefit ratio; B = calculated year benefit after treatment;
C = year investment cost for treatment. Therefore, the benefit ratio will
be I = NT$ 402,540,000 / NT$ 360,600,000 = 1.12. From the

calculation, this project is practicable based on the economic analysis.
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Figure 3 Illustration of year period planning area — torrent treatment
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Figure 5 Illustration of year period planning area — road drainage system
treatment
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Suggestions

After the integrated watershed treatment investigation and
planning, several suggestions are proposed as:

(= ) The standard for debris-flow creek is the average stream channel
slope is more than 10 degree and the area of upstream watershed
IS more than 3 ha. Moreover, it is assigned as investigation site
whenever there are more than three residences, important bridge,
or roads need be protected along the downstream to outlet.
According to the on-field condition, the endanger grades need be
classified into high, middle, and low. Due to the massive
landslide at Dahudi Stream upstream, arge quantity of sediment
were transported to downstream and endangered villages, bridges,
and roads. Therefore, Dahudi Stream is suggested to categorize as

debris-flow potential creek.

(

) The main channel, Chinshui Stream, in the project area is

Iy

seriously dammed by sediment, the dammed channel may lad
further sediment and flood hazards. Revetment is suggested to
implement at security targets in the treatment plan. The seriously
dammed channel section need be excavate regularly including
Chunglu #1 Bridge, Kinglong Bridge, Chunglu #4 Bridge, and
Chiahui Bridge.

(

) In this project, besides Soil and Water Conservation Bureau,

i

there need corporation with Water Resources Agency and Chiayi
County Government to implement related engineering. The
suggested strategy need be considered by related authorities to

implement treatment task and maintain the ecological
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environment to achieve the best results for integrated watershed

management.

(= ) During the typhoons and storms, besides the integrated watershed
restoration strategy implementation, the education and for hazard
prevention and announcement need be pushed. Also the
emergency policy and evacuation planning need be proposed to

ensure the safety in this project area.

(Z ) In order to use river and slopeland area properly, avoid improper
land use, and decrease soil erosion and hazards, the riverine area
and steep slopeland development need be managed and controlled.
Furthermore, the correct soil and water conservation concepts and
sustainable land use education need be enforced to ensure river

and slopeland zoning utilization under safety and reasonableness.

(=) Through the year period treatment wusing periodical
implementation and feedback revised rolling management,
hopefully, Chunglu and Tonshing integrated watershed
restoration project can recover the agriculture, ecology, and land

use in the watershed.
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2410 Bk HEHG AR
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S ’EJD{ % ’J( Fe T
X y (ton/yr) (cm/yr)
1 P h BT B | 205769 | 2585789 | 80547.20] 2.64
2 L Lo oRIE | 204647 | 2586509 | 109466.00,  1.98
3 vk ¢ K- SUi | 203492 | 2587106 | 261378.00] 2.04
4 voA d 5 A 202887 | 2586912 | 269239.00| 1.90
5 vk i 201815 | 2586786 | 282987.00| 1.75
6 v oA =oK% - 5 | 201412 | 2586827 | 285202.00 1.70
7 i & A M 202973 | 2583666 4002.55|  0.60
8 i @ GBS M | 202728 | 2584153 | 26112.70]  1.16
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