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Abstract

This project covers two potential large-scale landslide areas located in
Yanchang (Yenliou) and Hetianshan of Shoufeng Township, Hualien County.
Both areas have experienced sediment-related disasters in the past. Considering
the protected targets and the recurrent nature of these hazards, the Hualien
Branch of the Soil and Water Conservation Agency (SWCA), Ministry of
Agriculture, initiated investigation and monitoring work in 2017. The objective
was to establish and analyze the fundamental geological models, potential
landslide scales, failure mechanisms, and hazard assessments for both regions.

Investigation results indicate that slope stability in the project areas is
closely influenced by rainfall intensity and groundwater fluctuations. While the
slopes generally remain stable under normal conditions, significant sliding has
been observed during typhoons, extreme rainfall, or prolonged precipitation.
Therefore, the primary objectives of this year’s project include continued
monitoring, incremental updates to previous findings, and the installation of
additional monitoring instruments to improve data completeness and support
future decision-making by the Agency.

1. Yanchang (A Area), Shoufeng Township, Hualien County (Site D001)

Based on current conditions, geological surveys, and drilling results, the
primary potentially hazardous material in the Yanchang investigation area is the
colluvial layer distributed along the upper slope above Provincial Highway No.
11. This material covers an area of approximately 3 hectares, with an estimated
thickness of 1-8 meters, representing the likely maximum sliding depth. Two
types of failure mechanisms have been identified in the area:

(1)Erosional-type failure:

The loosely bonded colluvial layer on the slope surface is easily mobilized

during high-intensity or concentrated rainfall events. The resulting runoff can

entrain surface debris, leading to downslope flow and deposition.



(2)Overall slope movement:

A pronounced scarp has formed near the slope crest, and monitoring data
further confirm that groundwater rise during intense daily rainfall or
long-duration storms correlates with measurable slope displacement, indicating
an overall sliding mechanism.

Since 2021, the “Shoufeng Yanchang Large-Scale Landslide Mitigation
Project” has been implemented in three phases, all of which are now completed.
Large-scale slope stability has progressively improved; however, localized slope
anomalies still exist. During recent extreme rainfall events, cracks were
observed on the southern upper slope, while no significant abnormalities were
found elsewhere.

Montitoring results show that before the mitigation works (2017-2020),
cumulative subsurface displacement reached approximately 16.4 cm, with a
sliding depth of about 5 meters below the surface. During the first and second
phases of construction (2020-2023), displacement increments decreased to
about 3.3 cm, and no significant movement was detected during the third phase.

Groundwater levels also improved: prior to Phase II completion, the
groundwater level averaged about 10.6 meters below ground surface; after
completion, levels dropped by approximately 4.2 meters to 14.8 meters. Peak
groundwater levels during extreme rainfall events were also significantly lower
compared to previous years.

During this project period, the area experienced the April 3 earthquake and
multiple typhoons yet no slope failures occurred.

Based on the overall assessment, large-scale slope activity has stabilized,
and the three-phase mitigation works have effectively reduced groundwater
levels near the slope toe. It is recommended that the current monitoring
thresholds be maintained to support early warning and disaster prevention.
Additionally, monitoring frequency can be adjusted—intensified during the wet

season and reduced during the dry season—to optimize resource allocation



while continuing to track slope activity and evaluate the effectiveness of the
mitigation measures.
2. Hetianshan (C Area), Shoufeng Township, Hualien County (Site T006)
Based on current conditions, surface surveys, and drilling data, the
potential landslide area in Hetianshan covers approximately 2.5 hectares. The
geological materials are highly weathered and fragmented, and drilling cores
show a clear transition between highly fractured weathered rock and slightly
fractured weathered rock. Due to the significant difference in mechanical and
hydraulic properties between these two layers, the interface is prone to sliding.
Montitoring results show that although groundwater levels are generally low
during normal conditions, they fluctuate significantly during rainfall events.
Groundwater levels can rise by 8—13 meters following heavy rainfall—reaching

above the sliding surface—and triggering instability. Subsurface displacement

has been detected at depths between 26 and 28 meters.

Considering the relatively deep sliding surface, conventional retaining
structures are expected to provide limited effectiveness. Subsurface drainage is
therefore recommended to reduce groundwater levels and improve stability.
During the course of this project, the Hualien County Government initiated
relevant post-disaster reconstruction works, which are currently under
construction. It is recommended that these efforts be coordinated with the
project’s monitoring system to evaluate engineering effectiveness and adjust

mitigation strategies and design parameters based on updated monitoring results.

Keywords: Yansliao area, Hetianshan area, potential large-scale landslide,
slope activity monitoring.
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BEFALEDHFEI 2017 #2711 »@pt;ﬁ (2% H
LEORENAEHFRER LD REFE T
H3FE 2016 £ (7 T I HHE (R F AR M 2 BUR S

=R

CEAE) L35V 15m~35m A E

iR 3 PEMEFRFEE L BEETEL F) - B TG o470
et T 5 2§ 4o 3-33 2 ] 3-37 47T 0 & R IVRE BRI 3-11 AT o
3311  REAZHH PR R AFRL

5 = I % 2R | #my | (F | dem| N E

1 BH-1 24 | 66.55 | 2643139.18 | 311336.26
2 BH-2 23 | 64.28 | 2643155.68 | 311347.22
3 BH-3 20 | 62.25 | 2643183.59 | 311351.11

B AL B
4 B 2016 | BH-4 30 | 82.66 | 2643152.39 | 311300.40
3 PR s I8 Mt R
5 BH-5 30 | 86.58 | 2643184.71 | 31129519
6 BH-6 35 | 49.02 | 2643179.43 | 311385.70
7 BH-7 40 | 51.66 | 2643135.07 | 311374.42
8 A17-1 15 | 70.00 | 2643133.69 | 311328.77
9 AL7-2 25 | 18.00 | 2643244.42 | 311439.49
10 A17-3 25 | 26.00 | 2643153.93 | 31142561
11 Al7-4 25 | 28.00 | 2643083.68 | 311409.33
12 A17-5 20 | 15.00 | 2643128.66 | 311438.83
wmy ey
13 R 2017 | A17-6 35 | 85.00 | 2643013.67 | 311265.18
A/ 1| = 7+_

14 s AL7-7 25 | 35.00 | 2642982.32 | 311349.32
15 A17-8 35 | 95.00 | 2642935.09 | 311208.03
16 C17-1 35 | 356.0 | 2643014.92 | 310113.69
17 C17-2 30 | 357.0 | 2642910.14 | 310043.84
18 C17-3 30 | 370.0 | 2643053.28 | 310065.43
T C20-1W | 60 |394.0]2642977.30 | 310106.75
20 | mawamgma s i | 2020 | C20-2W | 40 | 384.0 | 2642988.12 | 310005.49
21 W FALERV R C20-3S | 35 |356.0 | 2643013.92 | 310114.69
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dopth (o)

REREKM
\ & )

- SRS —

-

-

( - = Nk

v "R

- s ¥

3 J W
~ Nemin
'L o
— A in

) th
e asr

H 343 BEWEE A17-3 BT KRR R85 E

Borehole #C17-3# Borehole #C20-2W#
Groundwater Resistance Logging experiment Groundwater Resistance Logging experiment
b % 2 (KOh-m) % re(KOh-m)
0 0.5 1 1.5 2 0 0.5 1 15
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113-114 # R EERBF 2 o LG A REHEA LT RS S 5H2

2316 Fo LB AFS TRRERDFHRS L

KRR IR 3 o PR
et smie | ERlpE _
(m) (cm/min) (°N) (m)
i 2022/09/21 27.8 0.038 77 27.15
2022/09/21 29.1 0.042 157 27.15
2022/09/20 38.0 0.051 176 37.50
C20-2W
2022/09/20 40.2 0.125 121 37.50
2022/09/21 34.2 0.049 155 34.00
C20-3s
2022/09/21 35.3 0.164 146 34.00
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2317~ Fo LB AR RTRESE L

: BEL &

g | ZE | e | s | s | s | 58 eme |

o R K* Mg?* Ca? Na* cr SO *Hi‘ij
e mM mM mM mM mM mM

m) | (MM) | (mM) | (mM) | (mM) | (mM) | (mM) (mM)

C17-3 27-28 0.06 0.66 1.99 0.83 0.73 0.47 2.99

C20-1W | 60-61 0.12 0.70 1.00 1.76 0.36 0.05 491

1. Piper -k & % 2 Bl ~ 17 :

(1) 3P : Piper(1944) Kk 5 % 27 B (41 % 1 a5 (4T ~ 4% ~ 4 ~ 49)

L (F B R B

R G RS ) A AERS £

RRZF AR ER Y B R kR R
BEVR 2w EPE Y S BE(50%R) 0 T APl A
THRFVRA NS R FEORR S BRIV E T Y

LR FER T 5K AET] 0 R R & R LK T el
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2 BERo P AL TR Y E T ko
—ENRE A PR R REFREALFRP
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BAOREFARLIFREDE N ToRSFUE S ToRBY

% : %4k 47 2L 58 4 % 27 (Non-Carbonate Hardness) °
CURRERAT R S A AT F R A o 5 R ERER
AR B TR L A KE N LER R GE KK

Efv%’/l\lf[‘ ?P%Eé:] °
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2. Stiff = #h;\ -k ’;frﬂj,q% =3

(1) 3P - Stiff = $hst K F AR B B 1% F R ks 35 (40 ~ 4%
o) E EH(F B RER BRI T E A G2
%(F)’fﬂi%%’iﬁ‘%f@iéﬁ 5825 55 - bk RN
%3 BALEIEI g £ kAR (meq/L) o Stiff B 7 #5075k
A3 FRRFZ B R R o A5k 4p i Stiff B > B £
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(2) BEHH A1 AP TR RS £ 7 SUff 2 fhs
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