E—UIYvRAEH

REAMVIS-ELEREE HHINDWRIZvhH
-V Y+ AERFIEXEXNRZE

RT5IE J e

2018524

IRAITEGEA
EFRi#7I#E (JICA)
ERMERI ST

5

JR

18-023




b
w M D NN
w N o= i

G
1o

#

nalE S N
—~ ok

N

G

SIS I
—

A O N

S}/

B B T oo e e e e e e e ee e e e ee s ee s ee e eeeee 1
N = A 0 1
Y S 2
R TE AR .t 3
B R ettt ettt ettt ettt n e en et enn e 3
B A B oottt et et a et ee et e e et et s et e e et eet et ee e et eenere e naneeeenenenan 4
5 A e Sl ST 4
B IRAE ... st 9
B FBERIC R BIIIR ..ot 12
SN TDVE S0 YD E ST TIE 4 T ANy AN 2Y 12 - 12
b S| A b) O = L N T 2 17D 2 N 13
i o 7. X 2o TN 16
S /1= T 16
B2l /) N TSSOSO 20
BEE FDHEN EFEEFER. BEIRED oo esseeeseesseessseessesssseessess s 23
B D ERRE ..ottt ettt ettt ettt enn e 24

WSATSCEE © APPENDIX (TECHNICAL COOPERATION PROJECT: LANDSLIDE ADVISOR FOR
MAURITIUS)



1.1 ZHFEDEERVERE

=

=

%1 EBBE

1.1 (¥BDOEERUVERE

T— U Uy AEREEEANR SR U, AR OTFRIEFIK LRI LB TH D,

Z D& D R R 2

& U CTMNATBOE NE RS W 1864%  (JCA: Japan International

Cooperation Agency) (3 SIDS (Small
Island Developing States) (2% % B

2005FEHEPA SRR [ ELEE{TEWME 2005-2015)
S EIEITER T EURIOE S ENRNICHE U SUE S |
BARBREBIIB =S FFI L BEREDEFRD

Bi « SAEEERIR - i w77 Lo

v

—BREWVWIE T EIAL L TE—
Uy ZECKTL =V v X [EH#

20084F TICAD IV [ &4 TENSTE |

[R5 - S[ARZEEN BEIREA DI RE ) MEEYYU-]

D‘@ﬁ’:&%kﬁ SIEEC T SR BIECE

v

TRYOPESa =7 b (LLF. BEE

20134 TICAD V M&ER TEIETE |

Zf) A 201244 H L v 20154 7 H

ERIEMSECIERE- ﬁ{fﬁibﬁ%- ;e s AEESY

SEIOEEHFBKEE [BHERBERE=S7FT ]

WZNT CEENE LTz, AEBIXZ D%k ‘/

FEE LTEBINDI D THD, £
Dl Tu Y ey NEhEE, KUEE S
SRR, BISHRE LTED LD
RALEMT RSN TV D N E NS
REBMLEPOED D Z LICk - T,
T—U ¥y A TOEEKRE - JUEE
BhxtE. sk oo R—x v MNEOHE
ROFEB 2 BT b O TRITNIER

7
E— v AEDICATIEESEIGE. P~ O
ERERS AL HE _UR SET—ER SBEEPRE
2012—-2015 2012-2015 2012— 2014-2016
" T | N AmENE =
M i P | simxiE 7 f ‘ }
[ ICZM | [ LMU+RRU ‘ ﬁms 1 icw ‘

MOESDDBM

[ MOESDDBM | [ MPI |

TN RE FSHAESHRE

r
\ ERREESEGEEIL—LT—T(012F128) |

[ E—) v REE AT A B 8BE (2005-B4K (£ 20124F) |

bW, FloE—Y vy ATEMHD
i R F—lCk o8 Tn = D
whal, tHWILA. FHEEZITVWOD, E
— U ¥y ZOBORE, 1TBEH O F ¥ /3

N REZ 8T HET I (1998) —EE R B R HIAHEH
~
| 1
| |
SRS ;=] NN i = (RWED
ﬁ@’(/ I\/f_g«”“i = 7§}=_Fimi§,uc_&')£jé>_?\,ﬂ9€ N JX’ﬂfﬁﬂﬂ
R JEERPR) RSSO (DRR) PRIt
; ZEhES SO>I . B
Indian Ocean UNDP AR AR African Adaptation
Commission 2011~ (UNDP. UNFCCO) Programme 2012
(FEITF2R) ' (uNDP + BA)

FEFRN - M —CLBE-VAAERIRREMRTOI S A

B o TR IR BT B R
REINDENEETH D,

NP gte

B1: xXBOER




1.2 EHEDHE

EHOBME

EGMEIIR1OLEBY TH D,

K1 FXBOBE

B H

Pozs

Eftt

- AEFE K EHKSZIE (Landslide Advisor)

XERE

E-USvR

E St

2016 1A TA ~ 2018%F1RAtA (#25H1A)

B ®

—USHACHEFBRELEE (IR, REAFE. BA. TARE) A\OMEEENNEL [

9%,

HIfFEN SR

1.

FHNEN 2012 £ 4 A~2015 F 7 BICEMULEMEOHE T RDM SREA TRANSER LIt
FRDFRITE R LHEFFEIRNS | SHiEEMEN. Kitti0EBNESNS.

RNEAAER. Ba. TERLEONELENROMAE - ##7 - 5251 - B LB - MEFEIRI(C
RBBAMHN BRSNS

EBRE

&

I AROIFRO[HEFFEIR | KU B2 | (Chh S BAlTsiE

AR SR FHE - ##4f7 - 5RET - fE T ESIE - MERF ST - SBEEETM | (RS RS iR
SBAXIROIHE - #847- 5%51 - i T ESIE - MBI - BT | (CRIEXIMTSIR
TEFRARONFE BT - 555 - M T ESE - HEFF 1 - SBEEETM | (R D BlsTiR

NI EICHRDRFEZY) I RHIBEICRI XIS I

NEARER, Ba. TERMREBIALERERS AT L - B FIAOEHZE

NEFAR, BA. TARNRZEIZNEEER XS (RBRSTEESREL (PPG)
OIHFIRERE) OFEHTIE

KR OERER L ORGSR (BMERMREREABTORENM - EEIR O N USEME(C
FRBENEI &

NI>H—)0— b
B (LT C/P)

VAP:s

1275 - FEL3EE /MMIANDERIZY M Landslide Management Unit: LMU,

Ministry of Public Infrastructure and Land Transport: MPI)




2.1

F2E XBEE

2.1 B R

KZnv=y MBI 2 EEMRZ TRIZED FL DT,

£ 2 BREBOT7ILaVERROHR (FHAREARIZT=27I - FRSE)

SENE 7rEaAY R

MG AOIIEROHEE | /C(OyNBE(Chitrakoot) DIRTER ~ IMRTEREN
EEIRUIEET BEER TONRERSLUHISEIE. BEMiEmxT
1l (CERBIRMTTIE  BETE

MPI BEEOEE (EHEAR. )
meER

E2HATE 20184 1 BARTIE

R Ell: e

_ FINAL REPORT (FR) (C5Cil

M FARDIEY 2PN DETSHE

RTATIET5ERR. B

MmEmpER-Ea- £

BRMROMAE -
AT - 35T - MEL -
EER=PEEEF E il
(CRBEXIMTT IR

e

NNEFE-BA - TEROREXNZZILCH

- BROHENZRF . RUMFERF LI
- F—(CCRERF RS

EREIFOISTE. BEEHIETOMERE

7o (SEEEm)

BEINZERIEORE.
ofz,

AT

g ::[ax]

—IE{FE DAL

REFAR B G - TAERMROBAA A RS
AV RURZ17 WORESHE

MPI (L& B IBHRIRH DI DD ERUER IR

 NIERE R - TRTRORE B0

IR ~ 5~ B T ~ S BRI TO

FR RRUNZa17)UICsEs,

NZ17 WV ERWRIREE, BF T
—. OJT [C&DZESt
NZa7)5eRk. Bofn

MPI L3Rt 723> £ @

RELECHRDERE

TS TIRHIREER

RARDEZAU T REIOFERR

- WEER. FRNMREE - ZIRR B

R - FEll o

PR, Zallihd (FR)

(R S 3 7 ETHUVJREIREICHIITRE FR (CEE#k
SAT hOIRFIERE FR (CEE#k
NEFRE BA. = BEREHRERSZTA RABEZIEIX AT LARE.

ARMRZBEBEAL
BHIZHRS AT L8

(Chitrakoot/Vallee Pitot) DIATHER

EWS~XZa17)l. AWS Z5RTE

R - FGE/ O

SRR - 2EHEER (FR)

HFIFOENZE  SREHHSE IR L=
 IEC HMOET 5T, FRICEEH:
NERIE 8A. T PPG OBEIRIHER 2016 £ 3 AT

AR REEEAT
R SEE B I X4,
(FFEET BRI

$t (PPG) L 1 %I F

RH) DOEHZIE

KERORAFERBVIRITTEYZTHIREZN R OFF
fili - 247

M- DAFERE (HML ([CEDERMNE
ATWD)

3 KEZFRUIAZTO PPG eRERDIRR

ITITMEOEEER




2.2 BRAZERE

MPI/LMU (19 ¥IBFEEORRILOE B2, Ml GEO (MbER T AHXMAT(R) (CEE

ROFFKIZYN) O LEtE AT S, VT - NIREROIR
EfRE ORI Z  ENEERIETS

B (BERFIRR  ERoRTaEmE, £8198  LMU AOEAIFSERRER GEO A3l
ESOES R =0 ¢ EMOBEEHRE, &858
ROWRRUEMIC | GEO OY>7—NCit#ians

2B IR LMU DA OBMFISBIMUEMIERZIE  E-USrABMA2AOLERE >3

®)  (GIS) tH@BLY-ILERFELE.
MPI LHRIBLENEBAIRE GIS
- KDBIHERITS

OB DB R BT, GEO OV F— NG

IS ORI EMBEE EER R E I - HR RO T vV =7 bR O XL
REZT (&3 £4,

2.2 BAEE
HHEMFEOEANFE LK 2 12577,
2.3 ¥¥&xoJO0—Fv— bk

¥ 7o —F v — MX 31T,




2.3 EHFEJ7O0—F+—F

K 3 BBEIFERERMER

L CMURRD " } 20154 LMUSHZ - BEE ‘ Lo R T | | &= | || smoiognr | | - REL TREEDLMUICHU TZOFF UL, BRI I—17L
mﬂ"t - | Engineer/Senior Engineer| | Engineer/Senior Engineer | NEORENE{TE,
bk g A [Enginsar/Senier Engirasr] | | [Engivosr/Senior Engnowt] - GEOICIS BATEREUEL MUDYS (A BTLL 3D, BRSO ESE HERS,
Registered Engineer L 7> [ TedmiaiOfier | | | [ Tecmaiofer | -GEODET(CE> T BROBEA RS B0k, GEODBICONTAEHFAS
- —— , | : (TV) UEEIBHERCASE (88 ASOTORVERD)
LMU/RRUFES 5% ‘ l 20174 GEO~ D EFIB T ‘ [ Technical Officer | [ Technical Officer |




2.3 EFE-J7O0—F+—F

&4 OOz FRREORLERE

TOPIIPEERNE (XIBRNE) SYEHE

2% (GtE) &

BI=ieRE

AR

- =1

HFAlL

P AROIROTHERTEIER | R UT E 25T |

IR TRBILCRAREDEED

EHAIT S5 TE&GEM
LMUDRFIZE (O, FIRICEDE TR
EXLFIEE KIRIIEEUR,

[EREORAH A RIAVRUE BFIRE
(IR DIERYZ2TI) OBEER]

Chitrakoot COXM TR T EMBFTHLL TRESN. )1
Oy hBEDE—HT B2 EMUI. AMEBIBEPIFIREICS
VTS, RIESEMETE R IBIOM R T B2E TS
LU THRABIFFEICTEMI 21BIZ T, OITHRIICTESR!
BRIRNSEATSZIBZITICEZIEEL. TORBZHIAD
RN 17 INIRBRUTZ.

REOERTR7ABREETLL. 12APET70%0ES
K. ITICEETEBBERIETICESYR-MTTUT
W3, TLEFRFICRIRAH.

FEARIEXMERD [FHE -7 -
FrETE - BT

st BT 4

IR T ERBILCRIREDFED

OJT. /IR =S -, RIREREZEO
T RZROEE

[VIEREORMLA R3AVRUR HFIRE
(RmEAREMERY Z17) () |
RNEBRER. FA. TaRE—MCEEDHD,

SR T OENE(IBatelagei&iERmICIESN 2,
FTICNZ2T LSRR LTS

BatelageEBIEMREmND T B(E201 7E82E D5 ER BT
&, L. M T ESIRDOIT, sl ZIToENTEDS, K%

BUDDBEAROBHIRERSIBL T T - HEISSIE - B
HlERS

BRMRO [FAE -3 -5REt T TS

HRSE ST |

IR TERFBRLICRIREDEED

OJT. /RIS — IRUREREZBL
T RZIRDRSE

[WERREORAMAA RIAVRUR BFIEE
BRMRNYZ17) (8B |
NEFRIR, BA. TARE—MCEEDHD,

Maconde. Signal Mountainff'E£R284 hT. AR, &5
[FHETLTWVWS. TEFRETEN TS,

OJT. /I\REE =S — IRMMRRREERRELTHD. X217
JWFFERL TV

Maconde. Signal Mountain® T (201 7EEAROF
SENEELW, fET . MET ESIROOIT, sHMENEREL RN
aJEEEN GBI, KR ZEERL DDA ARDEHIREE SR
UTHET - S EIR - Bz E

TERIERD [HE- #7355 oL - HEFE
HRSE ST |

IR TERBLICRIREDFED

OJT. /INRIEE=S — IRHREBREZBL
T ERAR DR

[EREORAMAA RIAVRUR BHFIEE
(EERMRYZ1TI) (B |
NEFRER, ZA. TARE—MCEEDHD,

Baie de CapO#HHTHFTwYA
OJT. /NS F—, IRMRRREEEMLTHD. Y217
JWEFERLTWVS

RDANTG TICTBZMEITHN. YZ1TIECELD, MET -
FEE - BEMEIRS

NI EIRDEIFEZY > HIBE

EEHEL

EHEEEBELANAUVLDREE=SITY
A7 L%, Chitrakoot{Vallee Pitot#ET

JUGERET - RREUI,

EZHUJEHEIZERZFINAL REPORTICEEH:

LMUK=FREZSU I REIBEICR D PEIBENMHR TV
B\, GEOFRIZICH EERMIB ASTEZRET S

[EZAUSIETE(R) 1EERCEET 3ICBUTRER
BHAORBESOOWVWT, BAOX—H—PithTiiERE
HDBENZARFTU. MISEIEERA—h— T EBEEE
LMUIZBNUT. 5%, LMUNFEAFERTEIRE. B3
(3334 - B E LR IR ES A R B R TER LU THS

NEARE, A, TARNREBFAEHE
RIAT L - BEFIROEH

EEHEL

BEMEHRAIRTLAZ2NPRICEAL, &
ABEREDIZHOFREE RO B EN L ZHESD
Tzo =N ZTRDS I F IV I T MK
T. OITHHMEZRSEL. BaFEE - EmMk
# (BT -ITAZLL) -BIRGRES A
ORISR E RIEUIZ.

REIBIRS AT L - B FIEEHZEZFINAL
REPORTICE2

MNEARIR. BA. TARICRIFPHER BRHZITICE,
NI RIyTOVEERNARB] RN, E-USrAICREACE
BHEED/\F-RIvTHRL (AAPTMERRULIZEDEHD
FREEMECERICEDRLYY)

Fle. PEAER. A, TARICHRINELHRLZOROM
ERFMALRC, FTERHREOENTER,

E-USrRCHIROBENDEDEM (FIAIEST -
4) ZR\ GISZEfEoI)\Y— Ry T OIFR5EZMETHS
593, BANCE EROGISYTN (Q-GIS) %fEof
7-923vT#9R8 - 10R(RIMETZFE. EHET. Bk
BEMBOREEELIFr—Ul.

NEARER, BA. TARMREBFAREK
EhEXE  (FAREFtEIGRIEE ( PPG:

20164E3H. IS0 17 hOIRENRIRE

AABRFBITOSTIMED, REKEEIVTORESBED
KERERHECEIVERIVTORENFIREZO TV

BECEFTORTY 2 I0-TRI LICED, [EFHOD

{feoftse (BHET0 STUMRRABOE:-
ERRNOMERURMICHR 2BNIRAMT<
%)

DIFLREIDIE () OFFRk-E#

B TORAZED TS,

Planning Policy Guidance) M-HHFIFRME |- NIPPG Veron LT3 HEAEDL DB AR T B E I CIRAFP TSN TEDRRLE— M BIRT BLUND | DAEIERNE % E AR TLOF Ul
H) OB PR
MO COTENE | o 1 B DISNSEE R BT BATREFINAL KEASUHESBMPINTH AT IEE R THD, GEO | GEODITREEERE IR,
32 TV TSN - OFZTEAK (TV) T=R. MPL/DPS, MPI/CESH4L%
H—EBIIICAE DI MTIFSER & R TeX >IN —Z2GEOD Y 7R—
BABHIEN. D)3y T iBU R NEREEEETBTECERLTVS. LMUCRDZMET |LMUEL TRATEE A3 5>/ — NERARIRICMPIA TO
MPI/LMU (S ADIMRIZYN) OISR | RepasEsnmE, G998 | #a. QEIDBROMRK. I NOBRD |#E158%Z%FINAL REPORTICS 8 FHBAGEODRERHEEL THN. XN —ENTORMA. |34, LMU, GEOZRINTRE N EBS L ATEEFELT

OI5Z AT D,

LMULSA ORI FHEBI @IS D
BIERZIR

BEANBUETFERTT

[EC B#EH (%) |

RS TCRLIIBHC/PHRETHS (DPSHTNICHEZHL
DR TeHTBER N REBHEE DOl EFHEBL TV,

DR SR DL 1A
DFEER

T - ([CTRHBEREEDVEDITEN
SHIBR&LDSOf

[EC B4

(= |

KERCFUSHISFETZOLEBBTHD. BRGSO
ERICHHESZRETND

MPIDIEERE 23> GISH IS, FRATFEDLRIBLE
NFGISH'F|EhE<




2.3 EFE-J7O0—F+—F

B 2 HMFEOEAFE

e 2 AR
ELEE |me i 2016 2017 2018 Eﬁ ﬁf’,r
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 = =
LEHE 6 O EEEE—— aEEE—— CEEEE—— S — 211 7.03
SN (30H) [a0m) (35H) (308) (498) (278)
(B /fESES| 2 [HTHtE 7 aE— O D O o 241 8.03
) 1/2(718 B )2/13 ; (13 EI/) ; (40 El/) (35H) (638) (478) (258)
4710 4/2 5/9 6/17 9/12 10/16 1/11 314 7/10 8/2 11/21 12/15
S 7 —— ] I —— A — * 241 8.03
5/ 13 13 23 17 19| 16 21 28 14 22 25 10/ 15
LHEE 4 aE— aEEE——— O O 147 4.90
(308H) (35H) (45H) (378)
<§?§§Q:ﬂ 3 |JmastE 4 aEEE——— N S 155 5.17
& | y (30El)/ (35H) (45H) (45H)
2/8 3/8 6/15 7/19 10/2 11/15 4/11 5/2
iﬁ S 4 A — I 155 5.17
. 22 8 16 19 30 15 20 25
= LEE| 4 aEm—— aE— aEE——— aEEEE— 149 4.97
(308) (40H) (40H) (398)
Bl A
(ET#mEm | O |ROHE 6 Sm— C—_— —— p— -— 170 | 567
TITE (308) (408) (40H) (148) (328) (148)
- . 3/4 412 711 8/19 10/14 11/22 2127 3/12 9/17 10/18 12/4  12)17
S I — I — 170 5.67
28 2 21 19 18 22 212 14 18 14
LEHE 4 aEE—— aEEE——— aEEE——— c— 117 3.90
(30H) (35H) (308) (228)
EHH & P
damaat) | 4 [RORES ] — —_— — —— 147 | 490
(158) (25H) (458) (35H) (278)
i s 4/2_ 411 12/1  12/25 2/5 372 8/10 9/13 11/19 12/15
S F 147 4.90
15 25 | 24 21 22|13 12/ 15
HEE 624 20.80
IRih
ES ] WITEE 713 23.77
NG
S 713 23.77
LHFHE e ‘ - o ‘ [ | 20 1.00
LR (58) (58) (58) (58
(B4 REKER| 2 |BTHE ° ‘ - b " L 20 1.00
=) (58) (58) (38) (2R) (58)
4125 [4/30 10/17 10/21 1/8 1/10 321 [3/22 1/9-1/13
S n [ ] [ ] [] L] 20 1.00
5 5 3 2 5
LYEHE ) L) L) L) 20 1.00
= (58) (58 (58) [ =]
H BX B .
o st 3 |BTEE ® o L) [
E (GAEEEED 58) 55 GE) om 20 1.00
% o 2/1[2/5 9/26  [9/30 213 21 12/18 12/22
S - = - [ ] 20 1.00
5 5 5 5
LYEHE (055) g S 10 0.50
=]
=1 P
(ETH#mEm) | O |ROHE 2 el 10 0.50
103 10/7 2/20 [2/24
S [] [ 10 0.50
5 5
LBIEE 50 2.50
_ Er
FLG . — 2R R AE —— ERREE L =Lt E 30 BRITEE 50 2.50
g
S 50 2.50




2.3 EFE-J7O0—F+—F

B 3 EHoAo—Fv—Fk

Year 2016 2017 2018
Month 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1
Reprts and A A A A A
products Work plah Guidelinesand manuals (Slope Failure, rock fall and debris flow)  progress report Guidelinesand manuals (landslide Final Report

A. Data collection and arrangement
B. Work|plan
C. Discussionon the Work plan

D.1 Confirmation of the progress of pilot project in Chitrakoot (Post project evaluation) D. Technical support on landslidecountermeasures
D.2 Confirmation of effect of the constructed countermeasure works and evaluation of majntenance system (Post propject evaluation|)

D.3 Confirmation of progress of the project plan of MPI(Current sityation and problems)

D.4 Arrangement of problems andiessoniearned — ===~ ~-~---------- T

Support for revision of the landslide countermeasure manual and guideline

1 1
E.1 Explanation of slope failure frock fall - debris flow

m

1

i Technical support on slope faijlure, rock fall and debris flow countermeasures
J E.2 Confirmation of effect of the designation of risk area, evaluation of constrlicted countermeasure|works (Pogt project evaluatioh)

1

v == p E.3 Arrangementof problemsand lesson learne¢ - -+ - - === =|- == - - —- :

! E.A4 Technical transfer for survey, analysis, design, construction, supervisioand maintenance |
1 1 I

Work items ‘
== : : : : : ‘ . : : : : E.5 Support for preparation of manual and

guideline

E.6 Support for preparation of the materials for publicrelation activities and education to the publicby MPI |

L 4 . . 1
. F.1 Confirmation ofthe current monitoring system i F. Technical support on remote monitoJing system for slope|disasters
-- F.2 Arrangement of|problems and lesson learned - -+ ----- - ------ H

F.3 Recdmendation for monitoringsystem

----- F.4 Studyland recomendation on

the monitgring systen

ot /Vallee Ri

in Chitrakg

t early warning/evacudtion system

{Technical|support fo warning/evacuation system based on

f problems and lesson learned the results of the countermeasures for slope failure, rock fall and debris flow

posal for improvement|of early wa

PPG H. Technical support for for updating the land use in Planning Policy Guidance (PPG)

based on|the results of the countermeasures for slope failure, rock fallland debris flow

t situation of regulation of land use and analy| k reduction

H.3 Revision of the text of IEC(Information, Educationand Communication

stitution, system and capacit

1.2 Proposal of the organization enhancement planfor slope failure, rock fall and debris flow

1.3 Kick off workshop

Technical seminar 1.3| Technical seminar




2.3 EHFE-7O—F+—F

BIE EMERE

TEEERZ R ICHEE - HRICE D F LD,




0T

=K ZA kL EHERAR 1 (SmAR) MPI/LMU i SE/BE
- B ER
_ MPI/LMU & JETIE, ChitrakootiC3|f 29 <Y cHY Y 7 = 2 7 ILoEA (Procedure Manual for
2017%3A8H Chitrakoot® 7 = — X 1 WE LT EDOBIRAE MPI (2 A dix. 3.1.1
#38 itrakoo ES THEIFEDRRAE N o r 1 OERARAL. SHICEELA (2) Landslide) ppendix
- 0JT (On the Job Training)
MPI(3),
NDRRMC(1),
. _ c 7R 2REITEOEEH DR MHL(1), Other
201648A17H BIA7 = —R2THEOHOBRERZE -
s = ETEEOLBEEORELES Authority (4)
LOCAL Authority
(1), Inhabitant(25)
MPI(3), ST AN AETEOERFEFIEORER
NDRRMC(1), - EREF ORI FE Appendix. 3.1.2
2016108268 |20 7 £ —R2LHED-HDEFRERE TRV FORKEHEE T OREMEFERICHA |MHL(1), LOCAL
Authority (1),
Inhabitant(8)
L
MPI-HQ(2).,
(: CF AT EZATIEOHRE (B, ITH. R MPI(7)Q( )
E 201748178 |H3E7 1 —X2TE0HOERERS NE%) m <%
others N
N - BEISE .
2 Inhabitant(12)
~
a MPI(10), MHL(2), 311
< NDRRMC(1),
2z 201747H6H FlERSRE (MPIEAE) Local Authority
('\ (1), Contractor(4),
N Others(7) cHEIER
£
MPI(6), S ARY v = 2 TILDERP d M | f
| 201759A87E  |B2EmEBAE (MPIEA) ST Y HETO TR L BREEC T 5 [ Y= 2 TR (Procedure Manual for Appendix. 3.1.3
Contractor(2) Landslide)
MPI(6), - 0JT (On the Job Training)
201749F28A  |FE3EBBRE (MPIERE) © 1 e Job Treinine
Contractor(6)
MPI (4),
20174108268 |FARRBRE (MPIEE) “
Contractor(4)
2017412870 |H5ERBRE (MPIERE)
MPI (4) .
2017495 20A BLBEED - OEMET /3 A Z(1) oth ((>3) T Appendix. 3.1.4
ers . &
HEIHAEZEL T, JCAEMRD LHT XY MRT
) . a MPI (6) . CHIT AN BT OB IERICET 2 il
TEE = W7 KR O TERICET 2 M T K/ 1 2 %1 = A ix. 3.1.
2017498278 BLIBEED - OEMET KA Z(2) EIE BI¥ 2 AT 7 KoY (e} Others(11) - OJT(On the Job Training) ppendix. 3.1.5
2017412A7H MLEBDI-O DEMAIT K314 Z(3) MPI (2) Appendix. 3.1.6
- RIRDER
. ; ChitrakootIZH 17 2T N Y KIH : 7 = — X2 DR CHIE R v = 2 7L ERA (Procedure Manual for
2017512815 Chitrakoot® 7 = — X2X3 5K TE D IRIRHA MPI (2 A dix. 3.1.7
FIZR1SR - (ChitiakootD7 = —XINRTEORKME |4 o . mrvzesm @ Landslide) ppendix
- 0JT (On the Job Training)
CHITRYAKRIDOA VTV F RDIHDBEMAES L
N _ _ MPI/LMUEJETIC& 5T, F 77— FDHAID ,.,A _ I T e Appendix 3.1.1
2017%3A6H WEI DAY TF > 2D DBEMFHE . ol MPI(2) DEMEER .
BRATIITh NI, . . Appendix. 3.1.8
- 0JT(On the Job Training)
C A VTV AFROFEMNBE
MPI/LMUEJETICL 2T, #BdRY[EIDA VT
g 2017#10A17H  |MTRYNELOX > 77+ > O FIESEK / ° . b3 YR 7 MPI1(5) T ARYWNELDOX T+~ ZFEE [Procedure of Appendix 3.1.9
) FYRDI-HDFIBEIMER S N, ) )
9 the Maintenance for Landslide Countermeasures] @
N
il _ - MPI/LMU EJETIE, #3_RYFEIDOA Y TFH v X CHITARYMET O X v T+ v RFIBOFEMBER .
2017108178 J=hHI - I— 7 MPI(5 A dix. 3.1.10
s N ’ e DRBDRITI —7 4~ 5 EHE LT, ®© AT F Y REIEEOER ppend
g JICAHEMIRIC& > T, RERITZAWIHT Y B C RERTERA VT RYSRTIOMEY | 3.1.2
= FLONBUEFENMPICEMBES Wi, & EFE Appendix 3.1.11
QH? 2017#128158 |72 =AL-T—2 59T 7= MPIEJICAEFIRICEL > T, RERTAEB L |MPI(15) - #2232 [Evaluation method for effects of the Appendix 3.1.12
ﬂ%@ T RY FEIOHRHNEF EOBRENERI N landslide countermeasure by using Stability Analysis |
= 7o . DER
‘j%
" TR | R T ) ST OB R
EFE
MPlE, ==27/L%5%(CL . Chitrakootic®H
4 15 8| T tEE . fpzi i ;
20174128158 |METOMEHE O/FLEE B~ U KT 0 S E R A A L - MPI1(2) ﬁhﬁ.i.a [Evaluation method fo-r ef‘fects- -of the - Appendix 3.1.13
landslide countermeasure by using Stability Analysis |
DiEA
_ Y ZaT7ILEERL T, MPIAVallee Pitot(CTH#EZ s T ARY v = 2 7L 0ERA(Procedure Manual for
2015%5A5H Vallee Pitot TO#3 ~N ) AE MPI(3 A dix 3.1.14
¥ aree e YR N REEMEICER L, ® Landslide) ppendix
e 7= a7 I)EMERAL T, MPIA Chitrakoot D g~ CHIE R v = 2 7L ERA (Procedure Manual for
2017F7H6H Chitrakoot TO X T D FEME o MPI(3 A dix 3.1.15
£ w17 trakool € DI L ORIEE Y HETOBEERIBL . © Landslide) ppend
= Y= a7 NEBEAL T, MPIAChitrakoot dith 3~ s H T = 2 7 ILDER (Procedure Manual for Appendix 3.1.1 -
~ 20177826 Chitrakoot TOXER T DT MPI(3 3.13
p FIREH frakool C XL 058 YRET AT Lo, ® Landslide) 317
! <= a7 )%EEA LT, MPI£RDAAVallee Pitotd s v = 2 7L 0ER (Procedure Manual for
> 2017410812 Vallee Pitot O3 T DT - : MPI(3 - ’ Appendix 3.1.16
#10812A8 allee Pito FEE T O Mo~ O BT AT LA, (3) Landslide) ppendix
MPI/LMUEJETIC & 5T, #IFTRYMNRI DX > T SHTARYWNETIOX T+ > RFIEEOER
201710817 WIRYFELDOA VT F > ZADFIBEER MPI1(5 A dix 3.1.9
FUOATE I YFRIOAYTT Y AOFRRER | o wosmsstemans, © AT F Y REEOER ppendr
Agenda of Tec - RERAE, BA. TRROERNLAH
% 20165E383H |Fo/=An-I—-F4v2 (1) - REKEORFH/MNEKEORRE/FERI/ED X [MPI(5) - REAE. A, LR = 27/ [ Manual for
=
iE S/ T DR Survey and Countermeasure of Slope Failure, Rock
H - - o N " " + Basic knowledge of slope failures
EROHE (S TFILTT T 06)) /EEY T
. 7= CI=Favy - REAE. EA. mN=a7T
d 20167R148 |77=Hh1L T4 (2) 55/ PPGI= > T SETEH MPI(5) NEAE. BA. TARY=271L [ Manual for 321 Appendix 32.1
P Survey and Countermeasure of Slope Failure, Rock
o MPI/LMU, RDA, - ERNEIOEG
R . ERONEL/NELOME/ Maconde & & 7'+ )L~ [NDRRMC, - REARE, ¥R, TAB~ =2 7/L [ Manual for
TUOZAN - I—=T47 (3
g 201678208 |7 T4 (3) YT D18 D EA A HE Contractor (27 Survey and Countermeasure of Slope Failure, Rock
participants) Fall and Debris Flow]| ®3&MA
- RNEARE. ER. £RAY=aTL M | f
) ‘ MPI & JETIZ 18554 WA L. M %E. + WEBE, % R =ad hanua for ,
2016%10A318 |REA v I — . i . MPI(5) Survey and Countermeasure of Slope Failure, Rock Appendix 3.2.2
AROREA >Ry Y =% LT ) .
Fall and Debris Flow] o;&A
& - HEME &R, LREKRY=27 4 [ Manual for
ﬁ 2016108318 |fRlEmS&s —+ MPIEJETIE 18BRBOMNE SRS — b &EEK L 7=e  |MPI(5) Survey and Countermeasure of Slope Failure, Rock Appendix 3.2.3
fﬁ Fall and Debris Flow| ®3&MA
=
~ - - REAAE. FA. 2R =2 7 [ Manual for
OREFNELIZ2RE RO LN, ZLTEZN
{‘EJ 20164108310 |BEFEORESETIOE (GHf) Ei%??* ﬂﬁjﬁ HE ° MPI(5) Survey and Countermeasure of Slope Failure, Rock 322 Appendix 3.2.4
b= D DFHRISFHE S N7, ) R
g Fall and Debris Flow| @&
§ JET BSIEERIR OB RD 2 8 ORATBERT —
- vvay TaRELT, FR SRBEODEMAAF AR O VERLFIRD BT dn
20174108118 |Technical workshop ANtb, ZDT—0vay TORMEES T, MPI(15) DYERKFIES [ Procedure for Appendix 3.2.5

MPIENY— K<y 7 & L TOSBERNEERN%
BHIERTE 2,

elaborating a slope map in QGIS] ;&R

I —dL—OcgFE £°C



1T

B

24 kv

B kS

1B (SmAR)

MPI/LMU

SE/BER

2 TIVEE EZDOFA

%R, tERv=

R,

201692815, 17,
238, 7TA7H. 108
TH. 2017595260

Y= AT INEE S T
Batelage

JETO7 RNA 2 %2 TMPHEU T OfEE% £ L
7o

- NERAEEER

cBEODHE L FRFE

- RIS

MPI(2), NDRRMC
Savanne District
Council, Police
Office and RDA

20166 H21, 22,
27, TA5H. 128,
19H. 8A1H. 5H.

1083248, 268

Y= a TN EE S T

Signal Mountain

JETO 7 RN A 2% FZ T TMPHILI T OIFEE%EHE L
7o

- NERAEEEE

CEA. ERELT. XRRS SR
CERSATONEE X H = X LR
CEERERED A H =X LR

cEERAES LOHEIOKE

MP1(2), NDRRMC,
SMF

20164 7H21H. 26

B. 108258, 118

4B, TH. 201749
R26H

N a T I EE S T
Maconde

JETOT R/NA 2% 2T TMPHILU T OEE% £ L
=5

- B EEAVDRERE

SERNERORE

MPI(4)

2016%10821H

Y= a T IVEE S B
Hermitage

JETO 7 RNA 2% Z T TMPHILU T OIFE%EHE L
=5

+ MPlHERIE AL % £

- REREORRIE T HBIR (E|HH) Thot

MPI(2)

2016F6H21H, 22
B, 278

YD AT NEES L ENTEE
Mount Ory (M1)

JETO7 FNA R %&Z(F TMPHELUT D% X L
7o

C EAMKFESIE. MPHUCRERAEA®EL 2

L= —RERTOMFALEE £

- NEDE . PPGTRHISNS20%TdH > 7=,

MPI(2)

2016938 29H

Y= AT INEE S T
Mount Ory (Moka)

JETO T RNA 2% FZ T TMPHILI T OIFEE% M L
7o

- EHMKFFEAIG, MPUCRIERAB2KEL

- L= —RIEETOMEAEE £

- REBE X, PPGTHRHSNE20%TH -7,

- BHRMNEISERORRLSH D

MP1(2)

2016%2H27H., 58
248, 7TH7H

¥ = a T I EE S T
Ruisseau Créoles

JETO7 FNA R %&Z(F TMPHELUT D% X L
7o

ERAREE EE,

CEBOEAY, EFEEROMNEICH D,

- REAEAH15~20E T, FANPREICIET HH
DY,

MP1(2)

2016%8H9H

Y= a TN EE S AT

Camp Garreau, Flacq

JETO T R/NA 2% Z\F TMPHILU T OF3% R L
7o

- MEAEZE EhE.

- REREORR G EF K ERAB LRI
2RRTHD

MPI(1)

3 and 4 March 2016,
29 March 2016

Y= a TN ERE S B

Kewal Nagar

JETO T RS 2% FZ T TMPHILI T OIFE%EHE L
7o

- NERAE % £,

- REREE, A)IERE L ATNAERE N RR
CBHA — P LD ALDEENRD STz,
CREOMEIE, FERICALLZEEMEEOET
H5,

MPI(1)

20174108248

R a TV BB

Coromandel

JETO T F/NA 2% Z1F TMPHILUT OF3% R L
7o

CERAEEER

B DARRERGBALVBRAEICH D,

MPI(1)

29 February 2016,
3 March 2016

N = a T INEE S T
Petit Bel Air

JETOT R/NA 2% 2T TMPHILUT OFE% £ L
7o

- REAEEEBL

cNEOMEIX, FBICEMLLIZETHD,

MPI(1)

16 February 2016,
26 February 2016

N a TN EE S T
Vallée Pitot

JETOT RNA 2% 32T TMPHILUT OFE% £ L
7o

- RNEREEEREL 7.

cBSIELEBICME L. TEEROBRENLKE
Ly

- NEAREE. LERE DT Ty a7 Ty R
CEBBELIMD O 0FEKICERT S

CEREEE KRS L CBRORETHS

MPI(5)

8 July 2016,
15 July 2016

YD AT NEES L ENTEE
Long Mountain

JETOT RNA Z%ZIFTMPHUILL T OEEAEH/EL
=5

- NERAEE £
- BB RIE IS,
- REOBE L.
TH%,

- ROEBE bTAICHEESATWS,

ANRBEOFZEEZITTWD
AT EEHD D DFRFK

MPI(1)

« <~ =27/ [Manual for Survey and
Countermeasure of Slope Failure, Rock Fall and
Debris Flow] %~ 7=#4fi#

- 0JT(On the Job Training)

2016987 12H

MPIOEFEERHER DY R — +

- Signal Mountain:3& /7' A k 2LER DY R —
- Maconde: ERIFRERMER DY K — b
- Batelage: UL KEROIER O K —

MP1(3)

+ Signal Mountain: &%} “ Manual for Rock Fall
Inventory at Signal Mountain Road” % /£ 5k

- Maconde: BBEERIE - SEREHILT = v R - ZAR#E
Fov b OFFRETER EER

- Batelage: JEHT - By Rk - BfFIFa v o) —
b B L UBEE T OF MR AR EER

Appendix 3.2.6

Appendix 3.2.7

o

=

2T AT L, B

T=

20174388H

BEODE=LY VI RT L

MPIEJETIR, ERBICEASN TV IHAFOE=R
UYL AT LOKRERE - R LT

MPI(3)

HIROER
S HEARY T = 2 7ILDER(Procedure Manual for
Landslide)

Appendix 3.3.1

201698812H

JE—FEZRU VIV RTLORE

JETEMPIE, E—U¥ v RAFOYE-FE=XY
YUY RT LERE LT,

MPI(3)

CUE—RNEZRY VIV RT LDOBENE
CE—U Yy RATOREERE

3.3.4

Appendix 3.3.2

20168A12H

Chitrakoot & Vallée Pitotd EWS

ffEEt L BEWE D ST XY FADOEWSIE, BifF
7R 7 hZH W TChitrakoot & Vallée PitotiZiE
AN, BIDEWSIZ2015FICMPIESDFICL T
BMEASH TS,

MPI(3)

T ARY v = 2 7L DiER(Procedure Manual for
Landslide)
< HEARY FEWSOETE & EA

34.1

Appendix 3.4.1

20164F3H29H

EWSOffEtL Yy T4 I =aT b

EWSOHEEX > T+ > 207z, TEWSHEH
Ly TFA4 I aT ] A MPIE JETICE > THE
RE

MPI(2)

- gAY BEWS D IAF
CAVTF Y AR OBE

3.4.2

Appendix 3.4.2

201743F6H

HEWEET -4 YU > Y27 L(MMSOAWSD
FIFA)

MPIH S DEKREZIFT, MMS (E—U ¥ v 28K
H—ER) &, AWS (ABIRERT—Yav) &2F
FZ O —MICEBALT.

MP1(3)

cEEOBBONEER Y X T LOFE
* MMSOAWSDFIFAIC £ % 3R b HIR & B AR~
L—av

343

Appendix 3.4.2

I —dL—OcgFE £°C



4.1 HEEEHNRFDEMEEIZHD EER

FAE RBEICKHIRR

FEXEXROBRMBEICHN DR

AIRICE VLD LB, MRIIRESUTO 4 JFENICENSIND, £-, flmkE
P A NMEOIEBEIRIZE D £ & O, HBIOFEM 7 SISV TiL, APPENDIX1 FR (2R L
77,

D RmEEER (M~ RBEARE, %A, O O~==27 VRE - OJT 12X %
CIP x4 % HAltaE

> HT R ~v=2 T VOEE - %ET (GISEZ AW~ v ©r Vi, yEsHa
B A R4, T RO ERE~ =270, #1950 55K THOMERE
FNE K N TEMAT 2 FI O 72560 3R L0 3l Fi2%

> FHEAEE, BA MO HARHEE R ORR~ =2 7 )L O/ERL
> bRt~y =a 7 VA AOWICBIMCOGRA - 3G - i L - MERFE RO OJT & i
> TR/ — MEZWITHEORT - MR BB 3 0 i
2) E=XV T PERS AT LORE
> Hd~Y EWS (REIER S 27 L) OfibtyT 4 7~=a T VOKRE
> UE—RME=F YT VAT LDORE
> AHHEPA B BRSBINS AT LORE L EA
3) PPG MR RS oD 5T
> PPG 7T (2016 4% 3 A 55 9 i3 5%h)

> FHEHEERICK T 2~ =2 7 VO RS

12



4.2 FEREGEAE - KB EIZHH SZEDER

4.2 st - BhXBEITHDSIXIEORE

MRkIRIL - BISEBE IS D DRI T O LB TH 5,

1) ARk
> LMU O~ 7 — b, AMBLE S S5 E
>  MPl, LMU & ORRESRIIZ 302 Wbk & 7 I O R
> GEO FXNLODT= I B2 SR D FE i (RLRRIRRI, AME U2 242 5)
> B OBEIC X DMK DR

2) BiEE
> GIS & O & 2B KB EEE O K

> REKENS FT w7 OFERR

13



4.2 FEREGEAE - KB EIZHH SZEDER

R 5 /YA FTRELEETBERAR

B4k FRARCRI2IEE  HENE FERICOVWTOISE - HENE
1 BEEH33> L failure 91 TRIEFELL, > AEEBRIAROKIR. ALE slope DA
Batelage ( & 8 Slope failure B 2015 EORATEHE unstable rocks OFE
cut slope R P RRAEORE L TR, 5 |~ o) o orib wall T YOLRAUS T, DI
) N b REATF, FEZFHOTISI)—b retaining
failure) MSDOFIZK. FKD slope AOBEKAEIREERS. wall
> EEHEKROMNEE
2 HEEAI 3km T rock fall, B8BETEBET . debris | > rock fall 30NV ERER U,
Signal Mountain flow HFEEL TS, > rock fall sai&FAEEEZHEEWERUL
(rock fall. debris rock fall-slope D51 T 1%L, > rock fall 1> NINZ 217V ZERR U,
flow) BB BT T#IFrE debris flow BIEZHROE | > VI rock fall 3HERISIEHRR, EIRAZ:R. BIT
1= HHIRE
rock fall BEDERBLIUANZIAILDVWTIRESZ | > J\—=Rrock fall 3 RIFEROBRET . EE-LE
1o, T, EEBVWTORET
>  SMF OiA&EI(C. Signal Mountain rock fall
AR NDEMN —Z>4 (0IT) %700
3 [E3& B9 ;AL\D rock fall EFRIEFT. > RDA WEIET7 51 A2 MDEE. fES71 rock fall
Maconde ( rock BEOEBNSRISET. BECE rock fall H'4E R (O12R) | BRAEZERUR.
fall) FLUTW. rock fall stER0 NIV 2 VERL e
TR IV, B0 B OER, - BEEE
BITREIRE
> LMU & JET A" ORMEE. THEROEAZIT
e
4 slope tRZIRN. failure EIRME. BIERMETAD | >  retaining wall. rock fall B5LEHE. HEKERDE
Hermitage DZIORBENTHNIZ. Hi
(slope failure. TNEHREAFRNNA-EBOTVS, >  LMU & JET T countermeasure works DIt
rock fall) HESRZITOM.
5 District Council "5 LMU A®, B2 FAE#KEE LMU PGB REEZ/ERUL,
Mount Ory L—H—$BI92(C £ B U AEEI slopeingredient20%%z 8 X 2R R #BAMEICT
(M) LEBH slopeingredient20%_EEWSEDEDDAE s
ol
6 District Council /5 MPI/LMU (Clslope TOLd | >  COLMIORIFERIOHETE ingredient (d. 20%X
Mount Ory (EFRFFRIERTA IS BT RR OB AN BT, tHtERNS.
(Mokea) LIS S SRR > rock fall DREIREENEK. BRITARIFEILA
BE(EE slope H'&D. rock fall SEEDERIEND Lo
Bo >
7 FEEBOBMICEFER 1 MU TOEBABELTY | > LMU & IET MRIIFAERITL. rock fall DfEkR
Ruisseau des 2o TEEFERICOVTIRRRRLIZ.
Créoles (rock INBOERL slope EICBEELDIREDDEN. B | > BRALEELTHIETS.

fall)

#BOYRIFEMDSD slope [ETENBEDTHS.

14




4.2 FEREGEAE - KB EIZHH SZEDER

rock fall 074 TELTIE. TREIT BHRIFTEEED rock
fall &\,

slope OERIN 15 M5 20 ET. ExBhEEREEEEER
SEFBBRVEHITENTZ,

8 EO failure (& river erosion &, EFEHEKBLUR | »  countermeasure works BENEESEEICRDE
Camp Garreau, JKIC&LB surface erosion NREEEZBNS, FAEENBZENS. MPI/LMU ([ESEEMERELT
Flacg CGaJII;EZ& REBILZHEREIDHE
E failure)
9 FNNOET, —#AME slope TIIR ATHABER | »  MOESDDBM (B ith#EssN. BUFEL TOMIEE
Kewal Nagar/ = AFRACICIEHEREIC £33 m IBOHEMN S, IRV NUIRR 8N DD,
Belle Rive MR EDEAMTEOLTET. B{LEE9E | > AL slope [COVWTOTMMEAFLFEADEIR
(river erosion) BAEFE OB ISRIELTWS, HEEHECDOVT, BREELI.
>  LMU (& Gabion [C£Z2EM LM SREITIHE
Uz,
>

10
Coromondel

(slope failure)

2 slope (LFZEOATERERANGDD. rock fall if
REIZAEEMEN DD,

PEFRBFC(FEtth L5 L2 N SRIKASTALAA
TWT. slope ZAZEILLTLS,

COFRMICFER 30 B E0S4E slope LFIBEA
HD. FEFFIEE EIEHEINZETE THD.

BAaBRET. retaining wall I, &F5%F
retaining wall. #FKBDE(HI 3.
21EEBIEEL T slope OYIDERDHEHI (FETEE

11 River des Creoles OAILALICHZAETEEOY | >  LEHOEEOKMIBCOWTHABURN. $F(CR
Pitit Bel Air (cut =+ slope T%3. = [E VAN
T £ slope TRIOETEFEDOLHIC, EOLHULPLITVEELD
failure) basalt #E#TIREH LIz,
ER(Z slope FADOEROAELRIEHICELZED
THd.
12 SEREFTE slope FEBOEEFMABEFITHZ. > J3v3aI3vRIR
Vallée Pitot WWICEBITYSITTYRLBELO failure HREL | > BFEFROEEETORE
2o > ARHEKEEROLEL retaining wall DigEE
(bank slope ‘
WEFEDOETDRK, BL retaining wall @ | >  slope 2EVRIFEEOEIANNETH D,

failure B¢t failure

failure. ZNICHESEEEMRE. 2>9U—-hJOvY

FFER) retaining wall BHRLHENTZ,

13 SANOBIBREUAESDO T D slope failure &2 FEENSORFKITR

Long Mountain NICEBEEOFEVHU EREOME TG
(FEBROAEF

slope failure)

15




EELDFE

B5E =ZHRiE

5.1 BE FOEE

TuYxy MEE ERRKOBREIL, C/P X 2 BANINE OBME-CH IR0 07 K Tl
<LC/PRERA L U TRt SEFE IR 2 LMU OAHMRAREI 230 ICHEL S TWVRWEITH
D, FEfeL LTAE TOMBOERIMKH, BESHAPRHAETH-1-ZLTHY, MPT &
& LT K ERRZ T IR L TR T RENRROFRIZ T2 LB 615,
UTFIZZ OREOREIEZ1T 5,

1) LMU(C/P) DERER U RHIE R

TuY s FERIZHIZo T, LMU FRRAE & £ OERRICR T 508, A2
HETROERBY LD,

% 6 LMUEBODZERE (4§ - D= - FE7E)

AR A N-=| Sy EHIH AR
1990 4 ft | MPI/CESILMU - | LMU 3 | St 2y T #i X AR RT3 ~
L ) B S E R IR DFELTE RN
20104 | RRUFEHBAS | 14 | Loammahiss AT Ol
COLICHE T AR R
2009 4 MPI/CESILMU - | | GEFEAK — Ll I E M fi {‘ J‘T’F‘E@%ﬂ -
~2013 4F RRU s (Al HIE 6% B~ 0 LD Ehi IO dad
” 2%t TR B e
RERISERSIATE N ot 75 B4 -
2013 4¢ LMU . 585, <)o HE L b s o i -
L4 | WY ENARE, MEROBE,
~2015 £ (JET-CIP) Bk 2 At 7 s U B S - R J
. fSIKE VN RV (I QAVA AN
ELEXIS
LMU DT = Bl b
H LMU 23 CES 4z T O#ilfk¢&
I
2015 4F LMU 374k hdidale ZDFR,:;d@VEiiL; Pt CES DRIERBIISIU
1 . 74 e | B SRRSO LMU SR
PTVEID i e 907 A MR I
WT MPIHQ &fast 22 k7L
LMU O&FEEFEIZ)25 MPI
Head Office MEIZ 3E<, LMU
s oonmeT, gy | e Office DEIZANEC LA
AR B e e G | TR R A TO O
2016 4 LMU | ERERE (KA R E A . SRR
2017 2 ET.C/P 74— (3 BB A7) oA ) ThHhIT. LMU Z& 3 IHTE
(ET-C/P) 74) %%K %E%;M PRI U AR o SR LR A
- WA EHRETDHE . Head
Office (2

LMU A »/3—73

MEEEZ TWOMBIZLLTO LB TH D,

16



5.1 ZBELDFE

A) LMU OS82 HET bR H (w7 — b)) AR BAIOWE)

MPI-Head Office/lCESILMU £ > 3—78 CESHANIZ X > TBRAEND (S Tnd) Z &
KT 5, B 21X CES Ot ER 9 Mf~4 e E T L 72> TV DA, BAKFERFIZ NDRRMC
® Landdide ® 7' 1 b 2 /UZHE IR BAIT L o TX 24 FEMXHE 2 R SNDH 2 &R dD
% L. EEEIZ NDRRMC L0 SN COBRBRNISEITO I D 2GRl bbb, &
<ETH MPI NEBOFIE Tldd 5723 CES OFRABUE CHRASNIZREIC L > TE, 4% T
VBEOEE > - R HH S8BT 2 LBEMENAE U, BRAT Y2 8 b v, BEBICRA -
T2 COEEN DL ZRE S D 2BRN T E~DRE - Niidid -7z,

B) A R BRI RIIG T D 72 80 O FEBE NG 2 B o T AW 2 JET 76 OHEIFE
i b o THMFE L SNDOIFAREY  (EERMBEOEHE)

TV ¥y AENICITHE T35 5 W3 T2 H L 2 HIFE AW Rnico, H
BFaEDT LAY FVR (64 F, BUETRAKEAHRER) % LMU ICRET 2 )7 T
BEtL72b oD, LMU NG THERZREZE N 5 6O D, R EICKHLR 5680 %
FoTuwiwn) LoERRHY AT, ETIX201642 A, 240 LMU RS (HE
TEAN . RIS E) 2 MPLICEFE LR, L EEZ -4 ThEH S Tuin, §
(CHUE T2 B L iR AZE T 5 72 TOR % K EH K ZRVRILTH 0 BRAE R
EDOEFIAEICE->TWVWDS, £72CIP (=¥ =7) I Council of Engineers 75 H AT 2%—
V=T OB EFFo TS S OO, i KFESLHIE 7)) % Specialization (7% 73 B 12 4F
fEL72Z A M-REELREBET) 2RAELTELT, =V U Y 2AOKRZBITEE TS
JE1E = — 21X 720,

R L RIESORRE I, AW E— Y v AOFIE, MPL O o R EIZ LA 5
DHDTHDHI=H, LMU L MPI Head Office (28R < sl Red> C& 7=, F£7= JET & FHfig
PACT T2 =T 47, UV—=F o Ty a8 LELEZRLIZLEDOD, MPI
DOXHUTIEFITE S | FERE L TURNHHI & T > T e AR R LMU fHiksR1 L 4
O5HETEEL o FEFHBE LT,

2) E—) IO ABMFANTRBE K EICN T 5588

National Disaster Risk Reduction and Management Centre (NDRRMC) National Disaster Scheme
(NDS)2015 4ERUIT 1T 4=V (2% L MPI S BR RS ERHC EiiT _RENENTH STV D
WALTIEMT RO R CTOE=F Y L IIRHEFH ST LN TN D, £2 775 TEHERA
BEHE L2 PE S HHUB BN E R ERE B4 NDRRMC ICH AT 5 #4248 9, NDS 21X [LMUJ @
RTINS OO MPL T LMU BIAMZHLS N0 28 2 15k E L7220 T, 43R

1 p218, 7.0 LANDSLIDE EMERGENCY SCHEME National Disaster Risk Reduction and Management Centre
(NDRRMC) National Disaster Scheme (NDS) 2016

17



EELDFE

A SISk IL LMU & 725, %£7- NDRRMC |% Nationa Disaster Risk Reduction and

Management Council DFFRD$ LIZKEY R 7HRIC S L DR ITIE R bRV, 2o k)

WCEZEE L CREEHZITOHRBEES LMU THEEWVWIRBHENHDICTHED LT,

LMU/MPI 23807856t i 2 IS 220 2 L IZEZERICN T 2B S 2 dH D, LMU O~ 7

—kil%%?ﬁﬁ®ﬁmﬁ%%$é THENLT RETZLEBZZHNDH, MPL W CWET
Z ORIEMNIRR L TO RNV EFSOFEE 7> a v E LTHETHHLDOTH D,

3) HREERIERIZA D HERRE

CIP XMl %= DHEAMFE N E T LT B 2R L TR I &N LMU (54179 LT
KOBBEETHD LB LTV D, TDDIZIEZLL FOEREIN R R T 5,

A) ke L TEEOWML
B) fERIELrE OEREREA 22 EFE S5 7o O DAEAAZE D

CIP I ZME ABIIZ ACA DEHLICHTE Z R L TWAHDD, Bk TéH 5 MPI Head Office
REHENBMEE FURMEZF > TE VMORERERZEHDHHEBEZTND, ZNHDR
ERRRT X Ty FB'ﬁﬁAé%ﬂﬁ%ﬂﬁz*ﬁ“%: {ToC&ELZ &IFRTIR L, Ll T
IO DRAIRPT H7DIZiE, MPL W CTH BB STV THUR T HE L5 0
gmgj#%g@g*%@:owfﬁﬁbtifmméh&fhi&%&woEW%:
WOFRITREINTWELEFTH D,

£ 7 LMUDREEFRR (]|)

B ZUR FIE

1 (RHE)SCEXDSHAE Y | 1) LMU Sk 25 (LR 0 (L

LCOBEEOWRL | 2) LMU MEOBIRE - #Hi% CES
OB LIC R E T X D R
DR

3) LMUMCESO&EZTIZHDZ L
Ik BHR - AR & B
1k

KL DT &

M LMU Z PSOHE FIzE <,
UL MPIPS $ L< | Mﬂ%’f&
WiE (RODo7-88) MNEHE
BAAER T LMU % #HE

2 FATHM & LT
YUY —ZADRE &
FSINY 0% T

1

2

3

4)

MLk & U TRt 5E 7 IS xt
&9 % B O fE N 0O FAT A PH O
AR

AN U 7= B 1269 2 Bk
S ORE

Btk 2 5 2 2 O F A D
MRl & AT 59 D BEBE D[R
TE T ) o TIORERE
B IS DD D W5 & 5

M LMU {EB OB - iR
DFE L BB O ETLEE &
Tedlb, HARFELUE - ERR BT O
T

2 The National Disaster Risk Reduction and Management Act (No.2 of 2016)

18




FEARMNIIREKEEICE PE ST, LMU (3o S ERE 2 BRI T 5 £ F A& TH D
Z b, KERMICOVWTHLREEOD T a2 o THILBMLETH S,

19



52 EEFDIF*

5.2 EELNDIX

MEZEEZ >0, BE ETRLEFAIUTOLEEBY) ThD.

1) Rl K H R OB B L

CIPIZRIZ m Y =7 MIBWTHER L2/ UNT Z2RA LTS H 0D, MPI K
NORBENS, B—U 2% RTHBWTARIC THIT ) 0H5E] & L CRB SN 5158
HIES Lic, TOEZHIEIITE I T — COEMNBEREE O 7 LB o8Bkt 5 Ext
RBGZRB T A2FESCKHE R ETH D, o TINDDOIEREZEET DO b BIRSHIRICAT
PNAEIICTRTDHIVENRD -T2, TODIZIRO L D REEL L O SHEINBiR 2 E oD
77

A) =27 VRECHIZ->TE, BADY =27 V2SR LoD, BIMiicT~v=27 /v
ZISH L2 DAFEEED T2, MPI ~OMIAE T b O FER A K ERISERFICIE, JET
BHREEAT) LV ILEOH L THHFRE ., XRFENIR % OJT TR L7- (B :
NT G — DR R O % Tk
%),

B) B AR Za5e R LR i Ic 3t LT
I, BREND A —F —% MPIZHA
35 & RIS xR Lo BARH) 72
Btz m@ L CE/T D EIC X
V. XV CIPMRFEERIRRIR BT Z
HEOEE L (BEf]: ~= o7
DA B O RIZEN A — T —
Dy 3y NOERFEITST),

C) fORARIE L DHE L EH L,
CIP B XIANTZH =FHE~DB
Hir 2 FEMRAOIC S0 U 7= (AR - %
A 2K T % SMF (Specid
Mobile Force) (2. ¥AiHE ik,
A XN UAER T B R LT,
ZDIODHEATE~Y=2T V&
TERR L72) o

BYDHEH (HEn—7ickbuy 73y h)

20



52 EEFDIF*

C) OFEH] : SMF 233 5 VA TREDOFE-C/P N FEMmMIZBE 5 L7

ER UGB, CIPICE > TIZLMU & LTCOIEFTIIH L bD0D, JET L OB#ETHh
HEWHILE TEERHED D Z LN TEX, HOBHSORE TRETZ2{TH 10h 7> TEERD
IRIEEN AT O BN D o 72720 MIRAICE iR T = & Lo T,

2) BHEKEICKT D MPI 7 R =A% v 7 ~DOEEEHE)

A7v v =2 T MPI 2O K FEICHT R ENRK Lo TNDHZ Linb,
MPI KFi, Permanent Secretary (PS). Deputy PS (DPS) % & &r MPl ASERBIFRE 12k LC i
HRFERISE 7 2 a Y ISEIR DD E DI IRAR RV T 0 E 22— B L TR L
Teo —HEOWRIT 10 [BILL BTN e, ZOERNEITLLTOLEBY TH D,

£ 8 MPIAXHTOHBHHIHrNSETERS

Hi2 ZIng B ik R
DPS e LMU O~ 7 — MaFt e LMU 23R OFRREIZ K92 MPI
20/12/2016 o U TEENE, HE TS O A o BRF M E
29!
DPS o LMU O L Yux 7 |o LMUICHY) 2 EINE DEE S
NIES TN x5 MPIARTE O
10/02/2017 o LMU b U< IBBsso a7 | s b
SEIZHOWT
PS, CES 5, |* LMUDZELRIZHDD MPIAERE |o 5217 5 CIP AAHIE
14/02/2017 PS fite's, F DI HRILH FELTWRWHEIIRT 2 JET O
BEHE o GEO D& & B ES DA MEI A
W5 i o LMUDOIURIZH 32 MPIARTT D
PS,DPS,PS | MPIAENKE LT~y T— R |o 85 LWHEEKENZ 230 5 R
27/02/2017 | MR, FHE WD AERILE & MRRGT
HE
KB KERERD, | LMU OFEECIRIETFIEIC D o 3 LOMBRRR LIS D St &
09/03/2017 PS, 2 DPSs, KE L OfFHItHE FTEEIS 3D 2 e
CES & e MPI ® GEO %7 ZHHEifEsR o KEIZ L 2 Hriska L oAb
DY R— bk

21



52 EEFDIF*

10/03/2017 DPS, ffitc'®E |¢ ATOTrY =7 MREFHH, | Ao b EHEEBEIC)
LMU’s BUIR, RIRES, fRR MHEfROM
KE M e GEO OBHFRYENG & MAMARNT  |» GEO OFfkMAH DOHERE
D Wik
10/03/2017 -GBD# RSN D ETO LMU
i[]
16/03/2017 DPS . TG%EO DORAREARE], THE L& A |« GEO DOFLRLMAH] DO fed
22/08/2017 CES /¥, HEl |* LMU OBUR.GEO RILIZH )5 |o LMU DRI E GEO FRILITH)
A% THHRILH % MPI ARER O PR ) -
. =t NINA . i NTENTS =1
28/08/2017 CES Hififi b S 0% Il DAE CES i O EZER I O TR
EOlL§ e ﬁ
DPS.CES B |* GEO & LI 2 i OEA |o GEO OILIRIZH DD MPI AER
30/08/2017 1= fivin 2 AT BRI |-
2DPSs, CES |» AMEBHFIEIZH2EHRILE |o FEBRICLER AM ORE &%
07/12/2017 | WE L 4MPI |« GEO 5E® AMELH TOR O TN
& Ak

IHHDIEEZE L TCMP ThiEEEE THD MPI KE 21X T &9 2 8 5 E 5
k35 MPl OG5 AREVRHAGINIESND EE BT, TOEEENERINTZ ML T
I/\éo

3) ANaIa=r— g 958

7u Y=y NEAREZE L 72> Tz Public Communication Officer O ARFEIZ L VD . ZiC
BT DIEB O HITEER O N D o 72, MPI O B E OWp#EZ @ L, HifEix MP 42
BEFIET S GIS IZHIGE LTH BV, ZONEEFERIERTEDO ANMICBIET 5 L 9K
F L7, MPL Ko pissh, RiaKEOHMREED DD D7 Ly FOUGIMEEZ
Dz, TOREFREL T, E0LLDT VI RT o 7 B35ER LT,

B4 MEXENVFITvY, JYSUTILTHDOEE. (WEE. ¥ LT -G

22



5.3 EELDHF (REZRGE EEXF)

EBELOHE (XBHEEAE. EEKF)

A7 Ry =l N TITo TN RO R A B E 2. L0 IR§E e KERIC b3t s T~ i
DI, AN T B PR K EZETET 587 g O BEEM L NEMEZ RS
5 ETELL O AZHER LTz, LMU ORMFBRTRILIZ ) D3RSI RIS 5 6 D Th -
72, MPL Wi T a7 0 7 RRMRIELS . DOEMBIRICKERH1ZEDOHLDOTHD
EOREBNPARRL W, A7V FOFEIMITROLEEY THD,

1) C/IPHEfE N0 2 2 RIE S OVE D O W3

BB 7m Yz 7 MIBWTENEZZ T AN DM L 2 Aofaz T\ 5 A+
IR T 5 Z L OMEME AR K LT, BT AMUDOE 2 FITRRIICED L 91T
725 ENRA NeDpEEEE L WE FHINBIR 2 e g, B AT R e
DR SNARWREN D D, [ERD R X v A 1F MPI BN LZ T ANTZDOE1 6 MPI
NOa 77 MEOWTIHEBOFIN & L O X TR LW, FRCHmEEE T
fEl 2 DB LI H3cmL . TENENROBENRKREL ey =7 FORTIZED
S>TL 2F LT HMENH D

2) IR RDOVWEFUMER & 7 AL

AREZ AR L7 £ T LMU O & 5 EiEf 4 MPI Ok EOETH 5 L kDT 2
LML AR CHREE A WIRT A0 ORI A EEAET O LERDH D, A
7a Yy MOBAEIL MPl OIS ENG 3E b Ebo722 &b LMU & AREOE
EBEOEIC A DB LY 5 2 - LRI, LMU O LETHh 5 CES RE~DHMEZ 45125k
HHVENSH -7, CES/HE (Y4FF) 1. JCA DHEMBIRIZOWT Mfi7ey=s b
DO7Hu—7 v L ILMUIZRD LR ESIGOT KA X LEHLXTE
V. JCA EEE L72RVIRIL TIX LMU DEZEZ kRt L2V EFEF LTS, Z O
TAaA—T OEE &G LHENTBIRO R 2SR E R X& Th o7, Bk
ENHLHITHETINEIAMO TR EDY V—AREZNRVIZRDENDENS, H
FOTHEBZHT DR ERDICHIGT D ENEETH S,

3) [EDH T R Gk DR E

F—U v AT T2 H0 2 BOE BT IIAFAE L 72V & [RIRF I Ul T2 0 B T
BEALMH 2 BLE U 72 B8k BE A ELE L T, > TRIERRREHCH LT, =0
RIRDBELDE I DORWEITH T EDRHKRN, ZOXI R AT LESEL,
PR il o T AN DB EE 2 RIE T 72 EOFELZMFTT & Th 5.

23



SEDFE

5.4 SHROEE

MPl 13727 FOKRBETE )R B T2OEMAGRO LB 2SR L, 207
0yl hOFRHERERMSICE EEHT, INK B T2 27 MO ERK %2
HANCEZZ TV,

MPI & Dtikzim L. LLFOSERHEE 7257,

> LMU 12t % #r#llfk %2 Geotechnical Engineering Office (GEO=1x #, Geotechnical
Engineering Unit 72 SIEFRIZARIE) & L. A% 2 FEM0 T Tz BT,

>  GEOIZH AR DOHEIRN R 5415 Autonomous Institution & L. GEO NIZHIF <1 %
BHET DENE & LIS O Mg TR A E T S E 2 DA RN D,

> GEO % iatmiz BEfR{fb L, AR EZED 5,

» GEOIZiX, JCAEE7 oy =7 MIBWTHEHNBIE A5 T - HikE bEUET 5,

A\

WHFEOBE L L TLMU O~ > F— "W Z T onBsn ., v o7 — MEK Lig
DN - KREED TEE 7208, GEO RN L 7o 7272, LMU O~ 5 —
MITERE T, GEO Ok SLitl (THEMmAK. AR, ITEIERSE) 2D 5,

D ORI EHT DI OBLE . 2k O BELAREI OB, ) BTG 2 BEFd 572
DO =D TEERIET TV, THNREMEHI OB L L T252 L Th
%o LLF., GEO OffaTHIZE & LMU O MPl NOR Y Y 2> (%) ZaR L7, LMU A U
— RO FE LT, ZZTiE MPI/PS [E THfk & LT CES O#lHE - BRI OND Z L7
IEBHRARTHDH L EZD,

Director of GEO/GEU

Landslide

Geotechnical

| Lead Geotechnical Engineer|

| Lead Geotechnical Engineer|

geologist

Public Relation Officer

| Engineer/Senior Engineer|

| Engineer/Senior Engineer|

| Engineer/Senior Engineer|

| Engineer/Senior Engineer|

| Technical Officer |

| Technical Officer |

| Technical Officer |

| Technical Officer |

B 5 GEO MiR&s:EHE

24




5.4 SEDFE

Bl 6 GEO® MPIATOHRIEF

INODEIZ LV FEDLHLEUTOLEY TH D,

>

LMU @ Mandate X°> Registered Engineer & L CORL CTHFE(L L7-72, ffkIEZ D
D DPRAR 7 FLE L &2 1T o7,

FRRFRIL S & L THERD LMUIZH L CEDOF EE M L7, BUHREEKIC Cv=a
TIVNEDfFIEAT o 12,

GEO |[ZIFHfia L7z LMU D A L R—RNAS Z L L | BEREAF oMk e (R
Iz,

GEO DF¥IZ L - T LR AZ T2 Z & L le 572, GEO DEXNLIZ DOV TREN
NE (TV) LEREMNZRIEEICA-T (i - AB D TOR 1EAL)

25



5.4 SEDFE

K 7 MPIDOHP, LR —RTEKXHER I N Geotechnical Unit DEXL

TV Iy AOPEL LTUTOREHIT 5,

FARRAHIFENT © LMU TORRZZGEN & LT, Frikic i3atim BRSO 72 OHE,
MR Z LR T D2 ERAARTH D, £z, INEHED HTDITITRBRO H 5 H
T BOEMEN) — RTHULERD DL, TTIXZOAMERET D N YH
DIETHH L HEbind,

IMER « % . ABEA =37 F 7 AF 4 (HETY) TLMUMS HARICIRKES
TWAETEF ¥ 7V ERA~OHFEREE - TS, 2018 4F 3 HiIZE—VU ¥+ A ZIRET
ETEDDLN, DX R M EHITERT 272D OREN 2V, Yt bk Lz
EBYVRBROL DM THROEMERTF - RERFIL ) V228 HETH L L bICTE
Fv 7 VRICERBRARBETEILERSH DH, ZO LD e—R L7 5TEHT 2018 4 [E
B PAETECRNFHET L ETOR (2020 F) IZRINDHILERH D,

AR OB EEE : MPl X GEO 25tk 7 7 U b « A o FyEMI 2615 & U= [EES
oA —DaT L L TRBERTEZWVWEEZEZTWD (77U« A REMBT SR
2—RERE), BE— Uy RFHAE (77U DL U HR—) 2B L TEY JE

26



5.4 SEDFE

DR —DRI B ERNNDA T T RIS D B O YR — b oR{k
ZHEDTND, ZOLOIITBEDETICaT LD \MEHNLETHY | x50
HMAkA BBzl H L TWD,

27



JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)
MINISTRY OF PUBLIC INFRASTRUCTURE AND LAND TRANSPORT (MPI)

TECHNICAL COOPERATION PROJECT:
LANDSLIDE ADVISER FOR MAURITIUS

APPENDIX

FEBRUARY 2018

KOKUSAI KOGYO CO., LTD.






Location of Study Area

'0"E 40°0'0"E 50°0'0"E 60°0'0"E 70°0'0"E 80°0'0"

lic of Mauritius
\\

10°0'0"S

[

20°0'0"S

0 500 1,000 2,000
[ e L)

20°0"0"E 30 du E 40

Detail Map







Rate of Currency Translation

1 USD = 32.1306 MUR
=110.69 JPY

100 MUR =2.95035 USD

= 326.57 JPY
MUR: Mauritius Rupee
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Photos of the Project Activities (1) January 2016 — December 2017

[Landslide sites]

Landslide countermeasure constructed under the
Previous JICA Project, Chitrakoot

Measuring at the horizontal drainage constructed under
the Previous Project, Chitrakoot

Early warning system, Vallée Pitot

Landslide countermeasure constructed under the
Previous JICA Project, Chitrakoot

Automatic Weather Station (AWS) for early warning
installed by the Mauritius Meteorological Services (MMS),
Chitrakoot

Early warning system, Vallée Pitot



Photos of the Project Activities (2) January 2016 — December 2017

Extensometer maintained by MPI/LMU, Vallée Pitot

[Slope failure sites]

The slope in which a retaining wall (1.5 m high) is to be
applied, Batelage

Site study of slope failure and rockfall, Hermitage

The slope at middle of the road in which a crib wall is to
be applied, Batelage

The investigation spot where two houses sit near the
scarp, Camp Garreau, Flacq



Photos of the Project Activities (3) January 2016 — December 2017

Current condition of the site with slope failure and river Cut slope failure, Pilot Bel Air
erosion, Kewal Nagar Belle Rive

Construction of retaining wall at a place of possible slope Completed countermeasure work, Batelage
failures, Batelage

[Rock fall sites])

Rock fall, Maconde Unstable rocks, Signal Mountain



Photos of the Project Activities (4) January 2016 — December 2017

Specification of unstable rocks, evaluation, and Marking the rocks, Signal Mountain
numbering, Signal Mountain

Consideration of measures (blue spray: stabilisation), Unstable boulders on the steep slope, Coromandel
Ruisseau Des Creoles

[Debris flow sites]

Countermeasure work for debris flow, Baie du Cap



Photos of the Project Activities (5) January 2016 — December 2017

[Meetings]

Kick-off workshop, Bagatelle, 10 February 2016

Technical meeting on slope failures, rock falls and debris
flows, Phoenix, 03 March 2016

Opening speech by the Minister in Working session, Port
Louis, 13 June 2016

Minister’s speech at the kick-off workshop, Bagatelle, 10
February 2016

Participants of Working session, Port Louis, 13 June
2016

Technical meeting on slope failures, rock falls and debris
flows, Phoenix, 14 July 2016



Photos of the Project Activities (6) January 2016 — December 2017

Technical meeting on rock falls, Phoenix, 20 July 2016 First Stakeholder meeting for implementation of the Work
Section Il, Chitrakoot, 17 August 2016

Second Stakeholder meeting for implementation of the Technical training for freshers, Phoenix, 22 May 2017
Work Section Il, Chitrakoot, 26 October 2016

Technical training for freshers, Phoenix, 22 May 2017 Participants of seminar, Pointe Aux Piments, 01 March
2017



Photos of the Project Activities (7) January 2016 — December 2017

Presentation by the LMU engineer in the seminar, Pointe
Aux Piments, 01 March 2017

Stakeholder meeting for phase 2 project of
countermeasure works, Chitrakoot, 27 September 2016

Participants of the workshop, Balacrava, 6 December
2017

Stakeholder meeting for phase 2 project of
countermeasure works, Chitrakoot, 17 August 2016

Technical transfer workshop, Phoenix, 4 October 2017

Handing over of the education materials in the workshop,
Balacrava, 6 December 2017
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3.1.10 Technical meeting for procedure manual of the maintenance of landslide
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1 Introduction

1.1 General

Japan International Cooperation Agency (hereinafter JICA) has implemented the ‘project of
landslide management in Mauritius’ (hereinafter the Previous Project) from May 2012 to July
2015 as a part of climate change adaptation and disaster mitigation programme for Small
Island Developing States. This project of Landslide Adviser for Mauritius (hereinafter the
Project) is planned to be implemented as a successor project of the Previous Project.
Therefore, the Project has to be carried out identifying its role as being a part of the
programmes against climate change. This Progress Report covers the activities and outcomes
of the Project from January 2016 to March 2018.

1.2 Objectives and Outcomes of the Project

The outline of the Project is as shown in Table 1.2.1 below.

Table 1.2.1 Outline of the Project (Source: JET)

ltems

Contents and details

Name of the Project Landslide Adviser for Mauritius

The Project period From January 2016 to March 2018 (approximately 26 months)

Overall goal To mitigate slope disasters in Mauritius

Expected outcomes

1.

Technical transfer on landslide countermeasures’ management and
maintenance implemented in the Previous Project by JICA from May
2012 to July 2015 is continuously carried out, firmly establishing these
technologies.

The advanced technologies in implementing ‘surveys, analyses, designs,
construction supervision, and management and maintenance’ of slope
disaster countermeasures including slope failures, rock falls and debris
flows are transferred.

Activities 4.

Technical support for implementation of the project evaluations and
management and maintenance of landslide countermeasures

Technical support for implementation of the surveys, analyses, designs,
construction supervision, management and maintenance, and project
evaluations of slope failure, rockfall and debris flow countermeasures
Technical support for establishment of the remote monitoring system for
slope disasters

Technical support for updating the early warning/evacuation system
based on the results of the countermeasures against slope failures, rock
falls and debris flows

Technical support for updating the land use regulation in the Planning
Policy Guidance (PPG) based on the results of the countermeasures
against slope failures, rock falls and debris flows

Technical support for development of the institution, system, and capacity
of the Landslide Management Unit (LMU)

Counterpart (CIP)
organisation

LMU, Ministry of Public Infrastructure and Land Transport (MPI)
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1.3 Project work flow
Year 2016 2017 2018
Month 2 3 4 5 ) 7 8 9 10 | 11 12 1 2 3 4 5 ) 7 8 9 10 | 11 12 1
Reprts and A A A A A
products Work plan Guidelinesand manuyals (Slope Failure, fock fall and debris flow)  progress report Guidelinesand manuals (landslide Final Report
_ A. Data collection and arrangement
_ B. Work plan
I C. Discussionon the Work plan
D.1 Confirmation of the progress of pilot project in Chitrakoot (Post project evaluation) D. Technical support on landslidecountermeasure
D.2 Confirmation of effect of the constructed countermeéasure works and evaluation of maintenance system (Post project evaluation)
D.3 Confirmation of progress of the project plan of MPI {Current situation and problems)
D.4 Arrangement of problems amdiessontearned =~~~ - ----—------ ;
- Support for revision of the landslide countermeasure manual and guideline
1 1 1 ] 1 \ 1 1 i i i 1 1 i 1 i i
|: E.1 Explanation of slope failure frock fall -debris flow : E. Technical support on slope faiflure, e mMenaa b s d i banis
' E.2 Confirmation of effect of the designation of risk area, evaluation of constructed countermeasure works (Post project evaluation)
1 1
L - - b E.3 Arrangementof problemsandlessonlearneg ==+ === - - - = === -- :
T i +
1
. 1 ' E.4 Technical transfer for survey, analysis, design, construction, supervision and maintenance
Work items ; , n [ Y. Anaysis cesie e I
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Figure 1.3.1 Project work flow (Source: JET)
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2 Project Output

21 Summary of Status by Output

The status of the Project outputs is summarised in the following table.

Table 2.1.1 Project outputs and its final status (Source: JET)

OQutput

Action

Final Status and Reference

Technical support
on landslide
countermeasures

Confirmation of the progress of pilot project
in Chitrakoot

The work will be continued until
end of January 2018.

Confirmation of the effects of the
constructed countermeasure works and
evaluation of the maintenance system

Effects of phase 1
countermeasure under the
Previous Project has been
evaluated.

Confirmation of the progress of the project

plan of Ministry of Public Infrastructure and
Land Transport (MPI) (current situation and
problems)

Compiled in this report

Identification of problems and lessons to be
learned

Design work was properly
prepared, and the site
management work was
conducted by Landslide
Management Unit (LMU)

Support for revision of the landslide
countermeasure manual prepared by the
Previous Project

Compiled in the Manual

Technical support
on slope failures,
rock falls, debris
flow
countermeasures

Explanation of slope failures, rock falls and
debris flows

Completed through seminars
and site survey

Evaluation of the effects of the constructed
countermeasure works, and designation of
risk areas

Evaluation work was conducted
together with C/P

Problems identified and lessons to be
learned on slope failures, rock falls and
debris flow countermeasures

Compiled in the Manual

Technical transfer in implementing surveys,
analyses, designs, construction
supervision, and management and
maintenance for slope failures, rock falls
and debris flows

Seminars and on-the-job training
at sites are conducted

Support for formulating the manual of slope
failures, rock falls and debris flows

Compiled in the Manuals

Support for preparing the materials for
public relation and public awareness
activities by MPI

Compiled in the ‘Landslide
Disaster Prevention Handbook’

Technical support
for establishing a
remote monitoring
system for slope
disasters

Confirmation of the current monitoring
system

Checked and revised

Problems identified and lessons to be
learned

Compiled in this report

Recommendations for monitoring system

Compiled in this report

Study and recommendations on the
monitoring system

Compiled in this report

Technical support
for updating the
early warning/
evacuation system
based on the results
of the
countermeasures
for slope failures,
rock falls and debris
flows

Confirmation of the current early
warning/evacuation system in Chitrakoot
and Vallée Pitot

Confirmed. No specific issue
raised

Problems identified and lessons to be
learned

Compiled in this report

Proposal for the improvement of early
warning system

Compiled in this report

Revision of the awareness and
sensitisation materials

Compiled in this report

Technical support
for updating the

Confirmation of the current Planning Policy
Guidance (PPG)

PPG 9 came into effect in March
2016
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land use regulation
in the PPG based
on the results of the
countermeasures
for slope failures,
rock falls and debris
flows

Analyses and evaluations of the effects of
risk reduction, and study on the status of
the land use regulations

Compiled in this report

Proposal for the revision of the PPG for
slope failures, rock falls and debris flows

Revision was not made.
However, the recommendations
were made to MHL to refer to the
Manuals for new development of
the area.

Technical support
for continuous
development of the
institution, system,
and capacity of the
LMU/MPI
(confirmation of the
proposal in the
Previous Project
and additional
technical support for
its implementation)

Analyses and evaluations of the
achievements of technical transfer, and
enhancement of the organisation by the
Previous Project

New organisation (Geotechnical
Engineering Office (GEQ)) is
considered for enhancement of
the capacity. LMU is to support
GEOQ’s activities

Proposal of the organisation enhancement
plan for slope failures, rock falls and debris
flows

Initial Plan for setting up GEO is
formulated. Compiled in this
report

Workshop/Seminars and Working session

Major activities: Kick-off
workshop (February 2016),
Working Session (June 2016),
Seminar (March 2017) and
Workshop/Seminar (December
2017). Compiled in this report.
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3.1

3.1.1

Project Activities

Technical support on landslide countermeasures

Progress of pilot project in Chitrakoot

In the Previous Project, the pilot project area of Chitrakoot was set as the object for
countermeasure. Given that this site is a residential area located in private land, it was
expected that the time for land acquisition was going to take a long time, consequently it was
decided that the countermeasure works would be divided into two work sections, Work
Section I and II. The construction of Section I is called ‘Phase 1°, and the construction of
Section II is called ‘Phase 2°.

Phase 1 had been conducted during the previous project, 2014, and Phase 2 is conducted by
the Ministry of Public Infrastructure and Land Transport (MPI) from 20 July and expected to
be finished in the middle of February 2018. The locations of the two Work Sections are
shown in the map below.

Figure 3.1.1 Work section of Block-A landslide in Chtrakoot (Source: The Project of Landslide
Management in the Republic of Mauritius (Final Report), JICA, 2014)




JICA

Technical cooperation project: Landslide adviser for Mauritius

(Final Report)

KOKUSAI KOGYO CO., LTD.

FOURTH PORTION

&

F—

Figure 3.1.2 Location map of the countermeasure for Phase 1 in Chitrakoot (Source: JET)
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Channel for flood CH-1 L=215m
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Upgrade drainage

UD-2 L=10m Widening and protection
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Br-4, Br-5 2 Bridge for pedestrian
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Figure 3.1.3 Location map of the countermeasure for Phase 2 in Chitrakoot (Source: JET)
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» MPI/LMU and JICA Expert Team (JET) visited the site and confirmed the current
situation of the landslide countermeasures for Phase 1 and Phase 2.

» Through the construction period, MPI, with assistance of JICA expert, supervised the
construction of the landslide countermeasures. And some technical advice was given by
JICA expert as part of this supervision.

The contents and output of the activity for progress of pilot project in Chitrakoot are shown in
the table below.
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Table 3.1.1 Contents and output of the activity, progress of pilot project in Chitrakoot (Source:

JET)

Organisation

Reference

Date Iltem Contents (the number of MPI/LMU
., /Output
participants)
« MPILMU and JET * Understanding of the
) present status
. have confirmed the :
Site survey for current situation of * Practical use of Aopendix
08 March 2017 | Phase 1 in N MPI (2) manual, Procedure p?? T
Chitrakoot ) Manual for Landslide o
countermeasures in « On the Job Trainin
Chitrakoot: Phase 1 (0JT) 9
P Disaster Risk Reduction
countermeasure and Management
works of Phase 2. Centre (NDRRMC) (1),
17 August * Obtaining the consent - )
2016 of the inhabitants to | MImistry of Housing and
Lands (MHL) (1), Other
construct the )
Authority (4), Local
countermeasure Authority (1), Inhabitant
works on their plots of (25) vl * Understanding of
Stakeholder land. sensitisation activity
meeting for * Explaining the final procedure Appendix
26 October Phase 2 at planning of the MPI (3), NDRRMC (1), » Effective method of 3.1.2
2016 Chitrakoot project and its MHL (1), Local Authority information
urgencies to the (1), Inhabitant (8) dissemination
Inhabitants
* Phase 2 of the
3/‘;‘::;6("1?&‘2;‘;6 MPI Head Office (HO)
17 August - lemzmzﬁon’ (), LMU/MPI (7),
2017 p ) related stakeholders (7),
period, details of the ) )
inhabitant (12)
works)
* Q & A session
Si ina f MPI (10), MHL (2),
06 Julv 2017 | 15tSite ite meeting for NDRRMC (1), Local
y meeting gigtntirmfasure n Authority (1), Contractor
rraveo (4), Others (7) « Supervision of
07 September | 2nd Site * Assess overall construction
. progress of landslide MPI (6), Contractor (2) ) .
2017 meeting * Practical use of Appendix
- countermeasure work
28 September | 3rd Site . manual, Procedure 3.1.3
) on site and follow up MPI (6), Contractor (6) .
2017 meeting on outstanding issues Manual for Landslide
i . e OJT
26 October 4th S,'te (was organized by MPI (4), Contractor (4)
2017 meeting MPI)
07 December | 5th Site
2017 meeting MPI (6), Contractor (5)
Technical
2 . A ix.
0 September advice for Through Fhe - MPI (4), Other (3) . Supenvision of ppendix
2017 . construction period, ) 3.1.4
supervision (1) . construction
- some technical .

27 September Technical advice was given by * Technical Transfer Appendix

2017 advice lfolr JICA expert for MPI (6), Other (11) for supervision of the 315
supervision (2) L countermeasure
- supervision of the .

07 December Technical countermeasure construction Appendix
SCeMBer | advice for \ MPI (2) . OJT ppendix.
2017 . construction. 3.1.6

supervision (3)
 Confirmation of the * Understanding of the
Site survey for current situation of present status
15 December ) y ) ¢ Practical use of Appendix.
Phase 2 in the landslide MPI (2)
2017 . . manual, Procedure 3.1.7
Chitrakoot countermeasures in

Chitrakoot: Phase 2

Manual for Landslide
e OJT
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3.1.2 Effects of the constructed countermeasure works and evaluation of the maintenance
system

»  After completion of all countermeasures, groundwater level and landslide activity shall
be monitored through at least one rainy season. And, the effects of the landslide
countermeasure works should be evaluated by the stability analysis based on the result of
the landslide monitoring.

» Regarding the evaluation method of the effect of landslide countermeasures using
stability analysis, technical workshop for technology transfer was held by MPI and
JICA; and a manual was prepared for this purpose.

» MPI has prepared a work plan for evaluating the countermeasure work in Chitrakoot
using the manual.

» As one of the maintenance methods of the landslide countermeasures, the site inspection
of the countermeasure in Chitrakoot was carried out on 6 March 2017 by MPI/LMU and
JET.

»  Generally, in Mauritius, landslide countermeasures are maintained by local authorities.
Therefore, MPI and the JICA experts have prepared procedures for maintaining landslide
countermeasures to be used by local authorities. MPI will be able to teach the
maintenance procedures to the local authorities using this document.

The contents and output of the activity: effects of the constructed countermeasure works and
evaluation of the maintenance system, are shown in the table below.
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Table 3.1.2 Contents and output of the activity, effects of the constructed countermeasure
works and evaluation of the maintenance system (Source: JET)

Organisation

Date Item Contents (the number of MPI/LMU R/e(;irtezfe
participants) p
o . . . Technical Transfer of the
Site inspection The_: mspectlon_ (.jf the site inspection method for Appendix
for the drainage condition :
06 March h ’ ) the landslide 3.1.1
maintenance of | was carried out in MPI (2) .
2017 . countermeasure Appendix
the Chitrakoot by maintenance 318
countermeasure | MPI/LMU and JET. oJT o
Procedure manual Teghnlcal transfer of _
. maintenance of landslide
. for the maintenance .
17 October Maintenance . countermeasures Appendix
2017 manual of landslide MPI (5) Preparation of procedure 3.1.9
countermeasures ) o
manual for maintenance of
was prepared. :
landslide countermeasures
Technical meeting
2;{; rtc;cr:‘e;iliree(;)ff the Technical Transfer of
17 October Techplcal landslide MPI (5) propedure for the . Appendix.
2017 meeting maintenance of landslide 3.1.10
countermeasures
countermeasures
was held by
MPI/LMU and JET.
. The evaluation Technical Transfer: The
Technical :
workshop method of the effect evaluation method of the
of the landslide effect of the landslide
for the countermeasure countermeasure by the Appendix
15 December evaluation using stability MPI (15) stability analysis 3.1.11
2017 analysis was Practical use of procedure Appendix
method of the "
transferred to MPI by manual, Evaluation method 3.1.12
effect of the .
. JICA experts, and a for effects of the landslide
landslide i
, | manual for that was countermeasure using
countermeasure " :
prepared. Stability Analysis
Technical Transfer: The
evaluation method of the
MPI has prepared a effect of the landslide
work plan for countermeasure by the
15 December 2\’/215;222 foofrthe evaluations of the MPI (2) stability analysis Appendix
2017 countermeasure Practical use of procedure 3.1.13

countermeasure

work in Chitrakoot
using the manual.

manual, Evaluation method
for effects of the landslide
countermeasure by using

Stability Analysis
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3.1.3

Usage of manual

MPI and JICA Expert Team have prepared two manuals, ‘Procedure Manual for Landslide’
and ‘Technical Guideline for Initial Survey’ in this project. These two manuals were made in
the previous JICA project, and were revised in this project.

‘Procedure Manual for Landslide’ has been prepared to acquire basic knowledge of landslides
and procedures of geological surveying, monitoring, stability analysis and
design/maintenance of the countermeasures for landslides.

‘Technical Guideline for Initial Survey’ has been prepared for responding to a landslide after
one has occurred. It includes guidance on initial site surveying, emergency response and
planning for detailed landslide surveys.

» Using the above manuals, MPI carried out the detailed design (D/D) of the landslide
countermeasures for Chitrakoot

»  Using the manuals, MPI carried out the construction of the landslide countermeasures in
Chitrakoot

»  Using the manuals, a landslide investigation was carried out by MPI in Vallée Pitot

» The construction of landslide countermeasures was carried out using the manuals in
Vallée Pitot

» Based on the manuals, MPI has prepared a procedure manual for the maintenance of
landslide countermeasures

The contents and output of the activity: usage of manual, are shown in the table below.
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Table 3.1.3 Contents and output of the activity, usage of manual (Source: JET)

Organisation Reference
Date Item Contents (the number of MPI/LMU JOutout
participants) P
Landslide Using a manual, a Practical use of
05 May investigation by MPI landslide investigation MPI (3) manual, Procedure Appendix
2015 . gation by was carried out by MPI Manual for Landslide 3.1.14
in Vallée Pitot . b S N
in Vallée Pitot. Landslide investigation
Using a manual, MPI Practical use of
06 July D/D of the has garried out t‘he manual, Procedure Appendix
2017 cogntermeasure for detailed design for MPI (3) Manual for Landslide 3115
Chitrakoot . oJT
Chitrakoot.
D/D
. Practical use of
Using a manual, MPI
. . manual, Procedure
Construction of the has carried out the : .
) : Manual for Landslide Appendix
06 July landslide construction of the
. . MPI (3) oJT 3.1.1
2017 countermeasures in landslide .
- . Construction of the -3.1.7
Chitrakoot countermeasures in .
Chitrakoot landslide
countermeasures
Practical use of
. The construction of manual, Procedure
Construction of landslide Manual for Landslide .
12 October | landslide Appendix
. countermeasures was MPI (3) oJT
2017 countermeasures in . ) . 3.1.16
valle Pitot carried qut using a Construchon of the
’ manual in Valle Pitot. landslide
countermeasures
Preparation of
Using a manual, MPI procedure manual for
has prepared a maintenance of
17 October . procedure manual for landslide Appendix
2017 Maintenance manual the maintenance of MPI (5) countermeasures 3.1.9
landslide Understanding of the
countermeasures. maintenance
technique

314

Problems identified and lessons learnt

The countermeasure works in Chitrakoot were divided into two work sections, Phase 1 and
Phase 2. Phase 1 had been conducted during the previous project in 2014, and Phase 2 was
conducted by the MPI from 20 July to the end of January 2018. The contents of Phase 1 and
Phase 2 are included in Section 3.1.1.

MPI and JET identified the problems and the lessons learnt based on the results of the
projects, Phase 1 and Phase 2, for landslide countermeasures.

a. Capacity of landslide countermeasure construction and supervision

MPI already has knowledge and experience of construction and supervision for landslide
countermeasure, surface drainage, blind ditch and horizontal drain, through a previous JICA
project and this project, and can conduct a plan, D/D and construction of appropriate
landslide countermeasures. However, MPI does not have experience of landslide prevention
work such as anchor work, pile work and shaft work. It will be necessary to acquire
knowledge and experience of the landslide prevention work as needed in the future.

b. Relocation of residents

In Mauritius, often one of the most effective countermeasures is to relocate the inhabitants of
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3.1.5

the landslide hazard area. MPI is planning the relocation of inhabitants in three pilot sites,
Chitrakoot, Vallée Pitot and Quatre Socurs.

¢. Organisation for managing and maintaining countermeasures

Generally, in Mauritius, the landslide countermeasures are maintained by local authorities.
However, because the local authorities do not know the maintenance procedures, mostly,
maintenance for landslide countermeasures is not carried out. Therefore, MPI and JICA
should prepare the maintenance procedures of landslide countermeasures for local authorities.

Figure 3.1.4 Existing drainage well in La Butte (Source: JET)

d. Hazard map of landslide disaster

The first step for mitigation of the slope disaster is to know the distribution of the slope angle
in detail. If there is a high-resolution slope map as a hazard map in Mauritius, the land
development in a steep slope area is easily controlled according to Planning Policy Guidance
(PPG) 9. However, the grid data obtained in the previous project was too rough to be used for
the PPG. If more high-resolution grid data is acquired in the future, the slope map as a hazard
map should be prepared by MPL.

Recommendation

a. Capacity of landslide countermeasure construction and supervision

MPI already has knowledge about planning, D/D and construction of the landslide prevention
work in manuals such as on anchor work, pile work and shaft work. However, MPI cannot
carry out landslide prevention work by itself because MPI does not have construction
experience. The experience of the landslide prevention work will be brought to Mauritius in
2018 by an MPI member currently studying in Japan through the ABE Initiative of JICA.

b. Organisation for managing and maintaining countermeasures

Generally, in Mauritius, landslide countermeasures are maintained by local authorities.
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Therefore, MPI and the JICA experts have prepared the maintenance procedure of the
landslide countermeasures for local authorities (refer to Appendix 3.1.9). MPI will be able to
teach the procedures of maintenance to the local authorities using this document.

Figure 3.1.5 Procedure of the landslide countermeasure produced by MPI and JET (Source:
JET)

¢. Hazard map of landslide disaster.

JET held a technical transfer workshop to make a slope map using Geographic Information
System (GIS) software (refer to Appendix 3.2.5). If higher-resolution Digital Elevation
Model (DEM), <2 m mesh, is acquired in future in Mauritius, the slope map as a hazard map
can be prepared easily using the techniques taught in the workshop by MPL.

Figure 3.1.6 Procedures for creating slope maps; produced by MPI and JET (Source: JET)
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3.2

3.2.1

Technical support on slope failures, rock falls and debris flow
countermeasures

Explanation of slope failures, rock falls and debris flows

JET explained three types of slope disasters and their mechanisms (landforms, geology,
inducing factors, movement of the soil and rocks, etc.) and the difference between the
countermeasures.

Furthermore, JET explained not only structural countermeasures but also factors to take into
account (short-period (intense) rainfall and long-period rainfall, groundwater conditions,
earthquakes, strong winds) when planning the monitoring and early warning systems.

From March to July 2016, JET conducted field surveys to investigate the mechanisms of
slope failures, rock falls, debris flows and their causes in Mauritius. JET also carried out
technical transfer of recommendable measures. In addition, JET held two technical meetings
and a workshop about slope disasters.

The contents and output of the activity: explanation of slope failures, rock falls and debris
flows, are shown in the table below.
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Table 3.2.1 Contents and output of the activity, explanation of slope failures, rock falls and
debris flows (Source: JET)

Organisation

Date Item Contents (the number of MPI/LMU R/e(;eurter;ct:e
participants) P
* Agenda of Technical
meetings for slope Basic knowledge
failures, rock falls and of slope failures
debris flows rock falls and
* Tendency of slope debris flows
. disasters Practical use of
03 March Technical * Cause of slope MPI (5) manual. manual
2016 meeting (1) disasters for surv’ey and
* Selection of countermeasure
countermeasure works of slope failure
* Low cost rock fall and
countermeasure works debris flow
¢ Explanation of crib
walls
* Agenda of Technical Basic knowledae
meetings for rock falls of slope failureg
* Explanation of rock PractiF::aI use of Appendix
falls (An example of manual. manual 3.21
14 July Technical Signal Mountain) MPI (5) for surv‘e and
2016 meeting (2) | ¢ Structural countermyeasure
Countermeasures of slope failure
: EZS( fall rock fall and
debris flow
countermeasure works
* Agenda of Technical MPI/LMU gﬁthOds of rock
meetings for rock falls Road ’ countermeasure
* L\:/loeutz?edriwzl;;%crz fv?/grks Development Practical use of
20 July Technical « Materials of Authority manual, manual
2016 meeting (3) (RDA), for survey and
countermeasure works NDRRMC t
* Basic design for ’ countermeasure
. Contractor of slope failure,
Maconde and Signal 27 k fall and
Mountain (27) rock fa® an
debris flow
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3.2.2

Designation of risk areas and effects of the constructed countermeasure works
(evaluations)

a. Designation of risk areas

MPI and JET have visited 18 sites of slope failures, rock falls, and debris flows, and surveyed
the current conditions of each slope during this project. As a result of the investigation of the
18 sites, slope investigation sheets and a slope inventory were made by MPI and JET. The
slope inspection sheets of the 18 sites are attached as an Appendix at the end of the report.

11 sites designated with a risk rank of A or B are shown in the slope inventory by MPI and
JET. The lists of the risk areas are as follows.

Table 3.2.2 List of the designated risk areas and proposed countermeasures (Source: JET)

Slope Disaster Type
Management Address/Name pe = P Risk Proposed countermeasures
No. Cate190ry Catezgory Rank by JET and C/P
2016-001 A9 Road at Batelage SF CS A Crib wall & concrete spraying
2016-002 Valle Pitot SF FL A Retaining wall
2016-003 Ruisseau de Creoles RF DV A Rock removal & stabilisation
2016-004 | Soromandel land of Mr. H. | gegpe | py B | Retaining wall
Phutully
Kewal Nagar Belle Rive at River bank protection wall such as a
2016-006 | gphavala Road SF RE A gabion
2016-007 | Application for Building and SF DV B | Reforming, re-cutting
Land Use Permit at Moka ’
2016-008 Signal Mountain RF cs A Rock removal, stablllzatlon, rock
fence and rock fall protection net
2016-009 Mount Ory SF DV B Reforming, re-cutting
2016-010 Maconde RF CS A Rock fall protection net
2016-017 Mrs Coolen House, Camp SF RE A RIV(—?‘I’ bank protection wall such as a
Garreau, Flacg gabion
2016-018 Hermitage, Coromandel SF&RF DV A Retaining wall
<Legend>
SF Slope failure
RF Rock fall
DF Debris flow
Dep Depression
CS Cut slope for Road
DV Development
RE River Bank Erosion
FL Filling for Road

b. Slope map as a hazard map

The first step for mitigation of the slope disaster is to know the distribution of the slope angle
in detail. If there is a high-resolution slope map in Mauritius, the land development in a steep
slope area is easily controlled according to PPG 9, and the slope disaster will be mitigated.

Therefore, JET held a technical transfer workshop to make a slope map using the GIS
software, QGIS. The existing DEM is the highest resolution data in Mauritius, 10 m mesh
data, but it is insufficient for slope map as a hazard map. However, if higher resolution DEM,
<2 m mesh, is acquired in the future in Mauritius, the slope map can be updated easily using
the techniques taught in the workshop by an MPI engineer.
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In future

—>
date ,‘
“—A o ’A—-,

Slope map : Now High-resolution slope map
(10m mesh) (< 2m mash)

Figure 3.2.1 Difference in resolution in the slope map (Source: JET)
c. Effects of the constructed countermeasure works (evaluations)

Existing slope countermeasures were found only in two sites of the total 18, and it was
judged that those countermeasures were insufficient by MPI and JET.

» Management No. 2016-010, Maconde
» Management No. 2016-018, Hermitage

The contents and output of the activity, designation of risk areas and effects of the
constructed countermeasure works (evaluations) are shown in the table below.
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Table 3.2.3 Contents and output of the activity, designation of risk areas and effects of the
constructed countermeasure works (evaluations) (Source: JET)

Organisation Reference
Date Item Contents (the number of MPI/LMU Output
participants) P
Practical use of
MPI and JET visited 18 manual, manual
sites of slope failures, for survey and
31 October Slope inventor rock falls, and debris MPI (5) countermeasure Appendix
2016 P y flows, and a slope of slope failure, 3.2.2
inventory was made by rock fall and
MPI and JET. debris flow
oJT
MP! and JET visited 18 practical use of
sites of slope failures, f ’
- or survey and
Slope rock falls, and debris .
31 October | . A countermeasure Appendix
investigation flows, and slope MPI (5) ;
2016 . o of slope failure, 3.2.3
sheets investigation sheets rock fall and
were made by MPI and .
JET debris flow
) oJT
Existing slope Practical use of
Effects of the countermeasures were manual, manual
. . for survey and
constructed found in two sites of the .
31 October countermeasure Appendix
countermeasure | total 18, and MPI and MPI (5) ;
2016 of slope failure, 3.24
works JET evaluated those
. rock fall and
(evaluations) countermeasures to be debris fi
insufficient goris flow
) oJT
JET held a technical .
Technical
transfer workshop to .
transfer:
make a slope map by Procedure to
GIS software, QGIS. If make a slope
Technical more high-resolution mab b QGFiS
workshop DEM, <2 m mesh, is P DY .
11 October ; M . Practical use of Appendix
for making a acquired in the future in | MPI (15)
2017 » procedure 3.25
slope map by Mauritius, the slope manual
GIS software map as a hazard map rocedL]re for
can be updated easily P .
. . elaborating a
using the technique of slope manb in
the workshop by MPI QGF:S P
engineer.
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3.2.3 Support for formulating the manual/guideline of slope failures, rockfalls, and debris

flows

In accordance with the currently employed landslide countermeasure manual, JET is
supporting the elaboration of two manuals called ‘Technical Guideline for Initial Survey’ and
‘Procedure Manual for Landslide’. The contents focused mainly on actual surveys and
measures.

JET led the work to summarise the knowledge LMU and JET had gained through various
instances, including the field surveys and the countermeasure work planning carried out in
2017.

‘Technical Guideline for Initial Survey’ and ‘Procedure Manual for Landslide’, which were
made during the Previous Project, were brought in as a reference. Manuals concerning slope
failure such as those created by JICA, the Japanese Ministry of Land, Infrastructure Transport
and Tourism, or the Public Works Research Institute were not used, because the manuals
created by JET were made having in mind the cases in Mauritius so that MPI and LMU will
be able to use the manual easily.

The contents are as shown below. Each article describes slope failures, rock falls and debris
flows respectively. Each countermeasure work is also explained in detail in the manuals of
slope failures, rock falls and debris flows.

Table 3.2.4 Contents of the manual of slope failures, rock falls, and debris flows (Source:

JET)
Chapter Sub-Chapter Contents
1 1.1 What is landslide? Definition of landslide, type of slope disasters in
Introduction Mauritius. Location map and inventory
1.2 Procedure manual of slope Basic procedures and contents, proceedings of slope
failures, rock falls and debris earthworks
flows
1.3 Explanation of technical
terms
2 Surveys 2.1 Introduction Relationship between procedure of slope earthwork
and soil investigation, survey method
2.2 Survey on slope failures Checkpoints of survey, cut slope and natural slope
failures, survey on cut slope stability, survey on slope
failures requiring extra precautions, surveys for
planting
2.3 Survey on rock falls Checkpoints of survey, survey on rock fall requiring
extra precautions
2.4 Survey on debris flows Checkpoints of survey, survey on occurrence of
debris flows, survey on estimation of scale, character
and inundation area of debris flows
2.5 Survey on drainage systems | Checkpoints of survey, survey on drainage system for
surface water, survey on drainage system for
seepage water
2.6 Survey on retaining wall and | Checkpoints of survey, survey on retaining wall and
culvert culvert
3 Design 3.1 Introduction Basic principles and important points for design
3.2 Cut slopes Standard cross-section of cut slopes. Cuts requiring
extra precautions
3.3 Slope protection Selection of slope protection works, important points
for introduction of slope protection works, planting,
slope protection works with structures
3.4 Countermeasures for rock Selection of countermeasures for rock falls, important
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3.24

falls points for application of countermeasures for rock falls
3.5 Countermeasures for debris Selection of countermeasures for debris flows,
flows important points for countermeasures for debris flows
3.6 Drainage Road drainage, surface drainage, slope drainage,
subsurface drainage, transverse drainage across
road, drainage during construction work
3.7 Retaining wall Selection of structural and foundation types,
determination of design conditions, earth pressure,
stability analysis for retaining wall, design of various
types of concrete retaining walls, design of
foundations, design of drainage, design of reinforced
soil wall
3.8 Culvert Selection of structural type, roads used for design of
culvert, important points for design of various types of
culvert, design of foundations
4 Execution 4.1 Introduction
4.2 Slope work Cut slope work, embankment slope work, slope
protection work
4.3 Countermeasures for rock Countermeasures for rock falls, countermeasures for
falls and debris flows debris flows
4.4 Construction of retaining wall | Construction of retaining wall, construction of culvert,
and culvert, etc. execution of backfilling and approach cushion
5 Work 5.1 Introduction
Management | 5.2 Execution management Schedule control, quality and finished work control,
and environmental conservation measures
Inspection 5.3 Work inspection Finished work inspection methods, quality inspection
methods, acceptance judgment
6 6.1 Introduction Necessity for and components of maintenance,
Maintenance important points for maintenance, disaster restoration
of Earth measures
Structures 6.2 Maintenance of slopes Inspection of slopes, maintenance and repair of
slopes, countermeasures for post-completion
abnormalities
6.3 Maintenance of drainage Inspection of drainage facilities, maintenance and
facilities repair of drainage facilities
6.4 Maintenance of retaining Inspection of retaining walls and culvert,
walls and culvert countermeasures for distortion of retaining walls and
culvert
Usage of Manual

MPI and JICA Expert Team have prepared a manual titled ‘Manual for Survey and
Countermeasure of Slope Failure, Rock Fall and Debris Flow’ in this Project. This manual
mentions survey, inspection, D/D and maintenance of the countermeasures for slope failures,
rock falls and debris flows.

Using a manual, JET transferred the techniques of countermeasures, structural and
non-structural countermeasures, for slope failures, rock falls and debris flows, including the
implementation of surveys, analyses, designs, construction supervision, management and
maintenance to the LMU through OJT.

The main points are as follows:
»  Construction works: technical transfer of construction, management and maintenance

» Planning countermeasure works: technical transfer of surveys, designs, constructions,
management and maintenance
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»  Constructed works: technical transfer of management and maintenance

The following sections describe the technical transfer works carried out at each site.
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Table 3.2.5 Summary of surveys and measures against slope failures, rockfalls, and debris flows, and technical transfer (Source: JET)

Name of the sites Date and attendants (number of participants) Items and results of survey Items and results of countermeasures Reference
1. Batelage (road cut | * 15,17 and 23 February 2016: MPI (2) « Classification of the type of failure » Cut trees, shaping the slope, removal of unstable rocks Appendix 3.2.6
slope failure) e 7 July 2016: MPI (1) * Main cause of slope failure was rain and wind during the | ¢ On site crib wall, soil nailing, rock bolts, shotcrete, and retaining wall
* 7 October 2016: MPI (2), RDA cyclone in 2015 * Improvement of sewage water
* 20 October 2016: MPI (1), NDRRMC, Savanne | « Water drainage from the houses influenced the slope
District Council, Police Office and RDA stability
* 26 September 2017: MPI (1), RDA
2. Signal Mountain (rock | * 21,22 and 27 June 2016: MPI (2) * Rock fall, road settlement, and debris flow in the 3 km | ¢ Preparation of rock fall countermeasure protocol Appendix 3.2.6
falls and debris flows) e 5 July 2016: MPI long road section * Planning of rock fall survey
* 12 July 2016: MPI (2) * Classification of rockfall type * Preparation of rock fall inventory
* 19 July 2016: MPI (2), NDRRMC * Mechanism analysis of rock fall * Non-structural countermeasures, such as Information boards, sign
* 1 and 5 August 2016: MPI (2) * Mechanism analysis of erosion and debris flow poles, and traffic regulations
* 24 and 26 October 2016: MPI (2) and Special e Structural countermeasures-stabilisation, removal, protection
Mobile Force (SMF) measures by structures
» Training of rock fall survey and preparation of the inventory
3. Maconde (rock fall) e 21 July 2016: MPI * Steep scarp along the B9 road. * RDA changed the road alignment from the scarp side to the sea side | Appendix 3.2.6
e 21 July 2016: MPI * Geology of the scarp is alternating beds of basalt lava and constructed a rock fall protection fence.
e 26 July 2016: MPI and blocks * RDA removed unstable rocks from the scarp
» 25 October, 4 and 7 November 2016: MPI (2) * Rock fall occurred frequently * NDRRMC discussed the rock fall countermeasure protocol
* 26 September 2017: MPI (2) and RDA * Information boards and road signs were set on the road. Traffic
regulation was discussed.
* LMU and JET discussed countermeasure works and estimated its
cost.
4. Hermitage (slope | * 21 October 2016: MPI (2) * Artificially modified slope with risk of slope failure. | « LMU designed a retaining wall, a rock fall protection fence and | Appendix 3.2.6
failure and rock fall) Cause of the slope failure was improper development. drainage channels
* LMU conducted survey of the slope * LMU and JET conducted site survey for countermeasure works
5.  Mount Ory e 21,22 and 27 June 2016: MPI (2) * District Council of Moka requested LMU to conduct an e LMU prepared a site report to District Council of Moka Appendix 3.2.6
(M1) emergency investigation * Detailed topographic survey is needed to define the border line of
* Topographic survey by Laser equipment slope gradient 20 %
» Slope gradient is in the critical line of 20 %
6. Mount Ory (Moka) * 29 March 2016: MPI (2) * District Council of Moka requested LMU to carry out a | « LMU prepared a site report to District Council of Moka Appendix 3.2.6
survey of ‘Application for the use of slope’. * Presumed gradient of this slope will be more than 20 %
* Topographic survey by Laser equipment * Detailed topographic survey is needed in order to define the border
* Slope gradient is in the critical line of 20 % line of slope gradient 20 %
* Back side slope is prone to rock falls.
7. Ruisseau Créoles » 27 February 2016: MPI (2) e There are several boulders in slopes on housing | * LMU and JET carried out site surveys, and discussed risks and | Appendix 3.2.6
(rockfall) * 24 May 2016: MPI (1) premises (behind the houses). countermeasures.
e 7 July 2016: MPI (1) and survey team * Major type of rock fall is rolling. * Hazardous rocks were identified.
* As the slope gradient is between 15 and 20 degrees, the
reach of the rock fall will not be long.
8. Camp Garreau, Flacq | = 9 August 2016: MPI (1) e The failure was caused by sewage water, rain water, | * The cost of countermeasure works is likely to be expensive. MPI | Appendix 3.2.6
(river erosion and slope and river erosion. recommended those houses move from this area.
failure)
9. Kewal Nagar/ * 3 and 4 March 2016: MPI (1) * The slope failure is produced due to river erosion and | * Ministry of Social Security, National Solidarity, and Environment and | Appendix 3.2.6
(1) Belle Rive * 29 March 2016: MPI (1) artificial modification. Sustainable Development (MSSNSESD) visited this site and
(2) river erosion * 18 November 2016: MPI (1) * Man-made steps of several meters wide can be seen. commented on this problem.
* The geology of the slope is highly weathered rock and | * Some relation with river water erosion fluctuation to the slope is
clayey soil. observed.
* LMU recommended Gabion protection against erosion.
10. Coromandel (slope | * 1 August 2016: MPI (1) * There are a lot of unstable rocks on a steep slope. * Recommended not to do slope modification and excavation. Appendix 3.2.6
failure) * Rain water flowed down from the road located above of | * Removal of unstable rocks. Construction of a retaining wall, and
the slope, and caused instability. drainage channel works are recommended by LMU and JET.
* Land owner submitted application of development to
build a house.
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11. Petit Bel Air (cut slope 29 February 2016: MPI (1) * The slope is near the mouth of Riviere des Creoles. * LMU and JET advised residents living above the slope to cut unstable | Appendix 3.2.6
failure) 3 March 2016 * The geology of the slope is highly weathered rock. trees, to cover their land with stones and lawn, and to drain water
* Cut slope was done by the land owner in the lower part properly.
of the slope. * As the slope is inside a private plot, MPI cannot carry out
countermeasure works.
12. Vallée Pitot (bank slope 16 February 2016: MPI (5) * The target site is a mountain foot slope. This area is | * Countermeasure for flash floods Appendix 3.2.6
failure) 26 February 2016: MPI (2) affected by development pressure due to the expansion | ¢ Improvement of the weak retaining wall.
of urban areas. * Improvement of the surface drainage system along the road.
* Slope failure was caused by a flash flood flowing from | « LMU and JET suggested water shed management on the slope area.
the mountain slope and the water saturation of road fill
materials.
* Damages were inundation, failure of a retaining wall
and road collapse.
13. Long Mountain (river 8 July 2016: MPI (1) * The subject slope was created by river erosion. * Diversion of surface water from the house yard. Appendix 3.2.6
slope failure) 15 July 2016 * Damage in the slope was not caused by river water but | * An urgent countermeasure is the reinforcement of the foundation.
surface water coming from the house yard.
* The foundation of the house was slightly washed out.
14. Signal Mountain, 26 October 2016: MPI (2) and SMF * Signal Mountain: Support for creating the protocol for | « Signal Mountain: Making the ‘Manual for Rock Fall Inventory at Signal | Appendix 3.2.7
Maconde and Batelage 7 November 2016: MPI (2) rockfalls Mountain Road’
7 July 2016: MPI (1) * Maconde: Support for drafting documents on measures | * Maconde: D/D for road alignment, rock fall protection fence and rock
against rockfalls net.
* Batelage: Support for drafting documents on measures | * Batelage: D/D for a crib wall, soil nailing, rock bolts, shotcrete, and
against road cut slopes retaining wall
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3.2.5

Problems and lessons learnt

JET and the C/P selected the problems and arranged lessons to be learned so that MPI will be
able to implement the countermeasures independently based on the results of the current
implementation status of MPI’s project plan for slope failures, rock falls and debris flows
countermeasures.

a. Regulation of slope development by PPG

The Development on number of slopes has been given priority, therefore, inspections based
on the PPG and on-site instructions at problematic areas are being postponed. Hence the
reason, it is necessary to publicise the rules on slope development, because most of the
disastrous slopes are located in these areas and many slope disasters happened due to such
reckless development. Moreover, expansion of local houses has obviously become a potential
danger. These geographical developments are likely to trigger other disasters in the future.

Cases in Moka Region and Mount Ory are typical examples. One of the target slopes is
located along the M 1 motorway between Port Louis and Phoenix, where the colluvial deposit
slope (talus) in the lower part of a steep slope was designed and developed without
permission. The other slope is a little distance from the M 1 motorway, and its geological
characteristics are similar with the previous site.

»  Both of these sites have already been developed.
»  The angle of land before the development is thought to be more than 20 degrees.

» The valley side of the slopes might cause landslides. The mountain sides of the slopes
were so steep that they were likely to cause rock fall disasters.

» Development can make the slopes unstable.

Photo 3.2.1 Panoramic view of survey site (Source: JET)

Since the development at the slopes with gradients of more than 20 % is forbidden, a
preliminary review system based on PPG needs to be established according to which District
and Municipal Councils will give administrative approval or denial for development. After
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the approval for development, LMU is expected to give the necessary slope countermeasures
instructions to the contractors.

b. Preparation of detailed hazard map

Regulation of slope development is an important process to halt the increase of areas of risk.
For that reason, it is urgently needed to make a slope classification map. The 20 m grid data
obtained in the previous project was too rough to be used for the PPG. Though JET requested
detailed digital data to MHL for Port Louis and Moka region, simpler data was obtained, so
another request to MPI is necessary.

c. Establishment of the registered surveyor system

After primary approval for development has been given according to the slope classification
map, survey of slope inclination on the planned site for development will be required.

d. Necessity of comprehensive basin management

Landslides or flash floods occurring at the foot of mountains are closely related to slope
development and land use. Efforts for conservation of forests, tree planting and prevention of
wild fire serve for the consolidation of surface soil, prevention of erosion and rockfalls, and
control of surface runoff or floods. Furthermore, measures against landslides and road
maintenance may include drainage of surface water, increase influx into the rivers and can
cause floods downstream. Therefore, a comprehensive watershed management which takes
the entire catchment area into account will be indispensable hereafter.

e. Increasing rock fall prone slopes

Rock falls have been an obvious risk at slopes along roads and steep slopes behind houses. In
the natural state, unstable rocks are kept from falling by bushes and shrubs. However, some
rocks on artificial slopes are not supported or sustained by such things, endangering roads
and houses below. Unless adequate measures are taken, slope development will keep on
increasing the risk of rock falls.

f. Few streams with risk of producing debris flows

When it comes to debris flows, there are a few torrent streams in Mauritius. Therefore, debris
flows hardly occur. The debris flows are like floods in the sense that they contain less soil
and sand than water. Preservation of forests in the basins is important as a measure in sites
where there is risk of debris flow occurrence. Measures employing check dam are not cost
efficient. Instead, small-scale river management along villages and bridges will often work.

g. Relocation of residents

It seems a very adequate decision both technically and economically to focus on relocating
local residents as a measure against slope disasters. The existing plan that LMU made
concerned three pilot sites in danger of landslide and involved transfer of residents. The
impression of JET was that the most realistic and effective landslide countermeasures were in
being carried out.
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3.2.6

Recommendation

Furthermore, JET proposed countermeasures management and maintenance plans for slope
failures, rock falls and debris flows.

a. Preparation of detailed hazard map

Regulation of slope development is an important process to halt the increase of areas of risk.
For that reason, it is urgently needed to make a slope classification map. Referring to the
precise landform data, the slope classification map will need to be made on a trial basis to
regulate unauthorised development with the cooperation of MHL. Once the slope
classification map is completed, its application method should be described in the PPG.

JET held a technical transfer workshop to make a slope map using GIS software (refer to
Appendix 3.2.5). If higher-resolution DEM, < 2 m mesh, is acquired in future in Mauritius,
the slope map as a hazard map can be prepared easily using the techniques taught in the
workshop by MPL

Figure 3.2.2 Procedures for creating slope maps; produced by MPI and JET
b. Establishment of the registered surveyor system

Although survey for housing plots may be conducted by a surveyor that belongs to the
contractor, the final survey must be conducted by a reliable official surveyor. System for such
authorised surveyors should be established.

c. Increasing rock fall prone slopes

Unless adequate measures are taken, slope development will keep on increasing the risk of
rock falls. The presence of unstable rocks must be searched not only in the nearby slopes but
also in a wider area behind the construction site before development works begin.

d. Relocation of residents

The impression of JET was that the most realistic and effective landslide countermeasures
were in being carried out. In Mauritius, often one of the most effective countermeasures is to
relocate the residents of the landslide hazard area.

24



JICA

Technical cooperation project: Landslide adviser for Mauritius
(Draft Fina Report) KOKUSAI KOGYO CO., LTD.

3.3

3.3.1

3.3.2

3.3.3

Technical support for establishing a remote monitoring system for slope
disasters

Current monitoring system

In the Previous Project, landslide monitoring has been implemented at three sites, Chitrakoot,
Vallée Pitot and Quatre Soeurs, and the MPI started monitoring the landslides at several sites
additionally. Subsequently, JET and C/P have confirmed the current situation of landslide
monitoring and the monitoring system.

Landslide monitoring is currently carried out by MPI in three sites, Chitrakoot, Vallée Pitot,
and Quatre Soeurs. In addition, landslide monitoring with extensometers in La Butte and
Vallée pitot was installed in 2015. The measurement items installed in each site and the
condition of the monitoring equipment are shown in Appendix 3.3.1.

Problems and lessons learnt

The problems and lessons learnt for a remote monitoring system are as follows; MPI already
has knowledge and experience of the landslide monitoring through a previous project, and
can plan appropriate landslide monitoring. However, MPI does not have techniques needed
for a remote monitoring system. MPI, with assistance of JET, should prepare a plan of the
remote monitoring system in this project.

» In Mauritius, a cell-phone communication network is useful for data transmission for
remote monitoring. A Global System for Mobile Communication (GSM) network is
particularly convenient because it is the most widely used communications network
globally. MPI should plan a remote monitoring system using GSM.

» Multiple landslides are the target of the remote monitoring. The remote monitoring
system must be able to observe multiple landslides at the same time.

» The warning of the remote monitoring system should reach the various people and
parties concerned such as NDRRMC, the police and MPI. Therefore, using mobile
phone Short Message Service (SMS) is a realistic technique. Because those concerned
can receive SMS warnings simultaneously, NDRRMC can respond to a landslide disaster
without waiting for the judgment of MPL

Recommendations for structure of monitoring system

Since MPI cannot go to all the sites when cyclones that activate landslides occur, the
monitoring results cannot be confirmed in real time. MPI can confirm monitoring results at
any time without being influenced by climatic conditions and traffic conditions if a remote
monitoring system is introduced.

Therefore, JET and the C/P have been studying remote monitoring systems and
recommended a structure of remote monitoring system that suit Mauritius. The assumptions
for studying the landslide remote monitoring system are as follows:

»  There are three sites to install/implement the remote monitoring system;
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> Sites to be monitored are Chitrakoot, Vallée Pitot and La Butte; and

»  The implementation flow of the remote monitoring system is shown in the figure below.

[ PHASE-1: Procurement ]
v
[ PHASE-2: Installation ]

¥

[ PHASE-3: Operation and Maintenance ]

Figure 3.3.1 Implementation flow of the remote monitoring system (Source: JET)

Figure 3.3.2 Image of the remote monitoring system (Source: JET)

3.3.4 Study and recommendations on the remote monitoring system

According to ‘3.3.3 Recommendations for structure of monitoring system’, MPI and JET
have proposed a remote monitoring system that is suitable for Mauritius. The proposed
remote monitoring system is shown in Appendix 3.3.2.
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34 Technical support for updating the early warning/evacuation system based on
the results of the countermeasures for slope failures, rock falls and debris
flows

3.4.1 Early warning/evacuation system in Chitrakoot / Vallée Pitot

In the Previous Project, landslide Early Warning System (EWS), consisting of extensometers
and alert equipment, has been implemented at Chitrakoot and Vallée Pitot. Also, another
EWS has been added in Vallée Pitot by MPI in 2015. Early warning/evacuation system in
Chitrakoot / Vallée Pitot are shown in Appendix 3.4.1.

The equipment and the structure of the landslide EWS are shown below.

¢ Siren
Warning control unit with
battery -— Rotary light(Red)
Protection gauge — \

\ \ Solar panel Rotary light (Yellow)

Extensometer &

™

Pole

oo, Eloticcable .
(Underground or put on the wall) U

Figure 3.4.1 Conceptual diagram of EWS (Source: JET)

Table 3.4.1 Quantity of the parts for the EWS (Source: JET)

Location Name Quantity Remarks

Siren 1

Rotary light (red) 1 . .
Chitrakoot | Rotary light (yellow) 1 Pg;‘g'fg;";gﬁ“

Warning control box 1

Solar panel 1

Siren 1

Rotary light (red) 1 . .
Vallée Pitot | Rotary light (yellow) 1 Pgi‘ﬁfgzlpzrgﬁd

Warning control box 1

Solar panel 1

Siren 1

Rotary light (red) 1 .
Vallée Pitot | Rotary light (yellow) 1 ob;hfﬂrpﬁf‘ggfgs

Warning control box 1

Solar panel 1
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3.4.2

3.4.3

Problems identified and lessons learnt

EWS has been installed recently in Mauritius. Current problems identified and lessons
expected to be learned are as follows.

»  Capacity of planning and designing EWS; MPI already has knowledge and experience of
the EWS for landslide through a previous project, and can plan appropriate landslide
EWS.

» Proficiency level for the operation of the monitoring equipment; after a previous JICA
project, the additional EWS in Vallée Pitot was planned and installed by MPI in 2015.
Three existing EWSs in Chitrakoot and Vallée Pitot are operated appropriately now by
MPL.

»  Operation system; the existing EWS can give a warning alert by a siren and a rotary light
automatically on site. However, it cannot transmit measurement data and a warning to
MPI. The existing EWS should be upgraded as a remote monitoring system in the future
(refer to 3.2.3)

» Maintenance of the equipment; as maintenance of the apparatuses, the removal of weeds
and exchange of the battery should be carried out regularly before a problem occurs. In
addition, simple instruction manuals for EWS should be prepared.

» Knowledge, advanced technique, and experience in EWS for slope disasters (excluding
landslides); the knowledge and the experience of the EWS for the landslide were brought
to MPI through this project and a previous project. However, the preparations for EWS
for slope failures, rock falls and debris flows are still insufficient. An automatic rainfall
monitoring system and the slope map as the slope disaster hazard map are necessary for
the EWS.

Proposal for the improvement of EWS

JET has studied the current system to provide proposals for making improvements in the
early warning systems and evacuation procedures for slope failures, rock falls and debris
flows.

a. Simple instruction manuals for EWS

As maintenance of the apparatuses, a simple setting manual for EWS has been prepared by
MPI and JET (refer to Appendix 3.4.2).

b. An automatic rainfall monitoring system

An automatic rainfall monitoring system is necessary for the EWS. However, it is not easy to
install an automatic rainfall monitoring system covering the whole island. Therefore, MPI
suggested the use of Automatic Weather System (AWS) of Mauritius Metrological Service
(MMS). In response to a request from MPI, MMS installed AWS in Chitrakoot in December
2016 (refer to Appendix 3.4.3). The JET proposes that AWS of MMS be expanded to cover
the whole island. In addition, the use of a weather radar installed by another JICA project is
expected in the future.
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c. The slope map as the slope disaster hazard map

The slope map as the slope disaster hazard map is necessary for the EWS. Therefore JET held
a technical transfer workshop to make a slope map using GIS software (refer to Appendix
3.2.5). If high-resolution DEM, < 2 m mesh, is acquired in the future in Mauritius, JET
proposes that MPI makes a slope map as a hazard map using the techniques taught in the
workshop.
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3.5

3.5.1

3.5.2

Public awareness and sensitisation materials

Original sensitisation materials in the Previous Project

The ‘landslide disaster prevention handbook (hereinafter ‘landslide handbook’)’ was
developed as a tool to disseminate landslide information to the local residents under the
Previous Project. The JET found through the questionnaire survey and meetings that the level
of understanding about landslide issues as well as early warning and evacuation systems was
low among the local residents in the landslide prone areas. Consequently, JET decided to
prepare the handbook which summarised the basic information of landslide, disaster
preparedness and measures to cope with landslide.

The landslide handbook was published in both English and French. It was distributed to the
local residents living in three landslide priority areas; Chitrakoot, Vallée Pitot and Quatre
Soeurs. It was also distributed to the stakeholders during the technical seminar and steering
committee.

Revision of the sensitisation materials
a. Process of updating the sensitisation materials

As the handbook developed under the Previous Project focused on landslide only, it must be
updated with additional information including slope failure, rockfall and debris flow in this
Project. Moreover, JET must consider the comments and suggestions on the previous
handbook from the related stakeholders when they use it. Consequently, JET conducted
questionnaire surveys to find out the quality of the handbook as well as to obtain their
comments to improve it. While the first questionnaire survey was conducted in April 2016,
the second one was in March 2017. The results of the questionnaire surveys are as attached
(Appendix 3.5.1).

b. Revised items

According to the survey results, the feedback was relatively positive. The readers could
improve their knowledge on landslides after reading the landslide handbook. However, at the
same time, there are a number of comments and suggestions to further improve the contents.
Also, JET and MPI carefully reviewed the handbook. The major comments and suggestions
are as follows:

1. The handbook should be simplified with less literature and more
illustrations/diagrams/cartoons

2. It should avoid technical terms

3. Information such as emergency shelters and emergency contact numbers should be
added

4. Disaster preparedness including psychological preparedness should be added
5. Practical precautions of what to do during and after a slope disaster should be added

6. Creole version should be considered in order to sensitise a greater number of people
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7. Countermeasure works in Chitrakoot needs more explicit information

8. Institutional framework should be included and the roles of each institution needs to
be explained

9. Proof reading is necessary as there are grammatical and typological mistakes,
especially in the French version

Based on the comments and suggestions, the material was updated and renamed the ‘slope
disaster preparedness handbook (hereinafter ‘slope disaster handbook’)’. Also, in response to
the requests from the stakeholders, the Creole version of the ‘slope disaster preparedness
leaflet (hereinafter ‘slope disaster leaflet’)” was developed.

The comments No. 1 to 6 mentioned above were taken into consideration for the slope
disaster handbook/leaflet which is summarised in tables 3.4.1 and 3.4.2. For comment No. 7,
as the slope disaster preparedness handbook covers more different types of slope disasters,
the chapter specialised in landslide was deleted. Moreover, regarding the institutional
framework in comment No. 8, it is not mentioned in the slope disaster handbook because the
responsible unit in the MPI has not been clearly established yet. For comment No. 9, the
Government Information Services (GIS), which is responsible for disseminating information
on government policies, programmes and services, supported checking the language accuracy
as a public relations officer had not yet been posted to the LMU. The overall updating works
of the English/French handbook and developing works of Creole leaflet were done with the
support of the GIS.

Table 3.5.1 Main features of sensitisation materials (Source: JET)

<Previous Project> <Current Project>
Landslide disaster Slope disaster Slope disaster
prevention handbook preparedness handbook preparedness leaflet
Topic Landslide Landslide, slope failure, | Landslide, slope failure,
rock fall and debris flow rock fall and debris flow
Language English/French English/French Creole
Style A5 brochure (24 pages) A5 brochure (8 pages) A4 tri-folded leaflet
Features for * Less pages * Most important
updated * Less text messages extracted
version * Less technical terms from English/French
* More local photos handbook
* More illustration
* More practical
information

Table 3.4.2 specifically explains which contents have been deleted or added, by comparing
the slope disaster preparedness handbook to the landslide disaster prevention handbook.
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3.5.3

Table 3.5.2 Comparison of contents in the handbooks

<Previous Project>
Landslide disaster
prevention handbook

<Current Project>
Slope disaster
preparedness handbook

Reasons of addition/deletion and remarks
for slope disaster handbook

(1). Aim of handbook

@O Slope disasters and
causes

(2). What is landslide?

@ Signs of warning

(3). Landslide in Mauritius

@ Features of slope
disasters

(4). Why landslide occurs?

@ Slope disasters in
Mauritius

(5). Features of a
landslide area

® Disaster preparedness

(6). Development activities
in a landslide area

® Do’s and Don’ts during
slope disasters

(7). Ways of coping with
landslide

@ Emergency contacts
and shelters

(8). Early warning and
evacuation system

(9). Emergency contacts

* (1) Aim of handbook was deleted to

reduce total number of pages

* (2) What is landslide: In addition to

landslide, definition, causes and signs of
slope failure, rock fall and debris flow are
added to O Slope disasters and causes
and @ signs of warning

* (3). Landslide in Mauritius is shifted to @

Slope disasters in Mauritius

* (4) Why landslide occurs? added to D

slope disasters and causes

* (5) features are combined with @ slope

disasters in Mauritius

* (6) Development activities in a landslide

area is deleted as policy should be
considered by the Government, not by
the public

* (7) Ways of coping with landslide is

deleted as slope disaster handbook
covers wider topics, and it does not focus
on only landslide

* (8) Early warning and evacuation system

is deleted as the system applies to
landslide only

» Contact numbers in (9) Emergency

contacts are blank in landslide disaster
prevention handbook, but were added to
slope disaster preparedness handbook.
Contact number of shelters are also
added

The final version of the handbook and leaflet is attached as Appendix 3.5.2. It was officially
handed over from His Excellency Mr. Kato, Ambassador of Japan, to Honourable Bodha,
Minister of MPI in the opening ceremony of the workshop/seminar on the 6™ of December

2017.

Distribution of the handbook and leaflet

In the questionnaire surveys, there were some comments on distributing the materials such as:

»  Sensitisation activity should target specific groups such as general public, students and

senior citizens

» Community participation is essential to disseminate information

» Dissemination process should be carefully considered, for example, distributing to the
schools would be effective as students sensitise their parents and relatives

»  Public in the landslide prone areas should be sensitised first

After a series of discussions on the distribution plan with the GIS and Civil Engineering
Section (CES) of the MPI, the principle of distribution plan was concluded as follows:
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» Distributing to the related stakeholders as they have supported revising/developing the
materials

» Distributing to the schools as school kids often influence their family, relatives and
neighbours

» Distributing to the community facilities that a lot of people use

» Distributing to the 15 slope disaster prone areas as public in these areas are most
vulnerable to the slope disasters

List of distributing organisations is attached as Appendix 3.5.3. The handbooks and leaflets
were distributed according to the distribution plan except for the public. For the public in the
15 slope disaster prone areas, the MPI in collaboration with the related municipalities will
organise a sensitisation session to explain slope disasters followed by distribution of the
materials.

The slope disaster handbook and leaflet will be uploaded on the MPI website so that anyone
can access the materials at any time. The uploading has been underway after the official
launching on 6 December 2017.
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3.6

3.6.1

Continuous support for organisation enhancement of the MPI/LMU

Analysis and evaluation of organisation enhancement conducted under the Previous

Project

JET conducted interviews with the LMU engineers in April and December 2016 to find out
the status of issues and targets identified under the Previous Project. The interview results are
summarised in the table below.

Table 3.6.1 Progress of the capacity development plan from the Previous Project (Source:

JET)
Issues Targets Progress of the capacity development plan
<improvements>
* On site knowledge and experience: Basic technology
was transferred under the previous project. Further
technical transfer has been continuously conducted in
this project.
* Academic knowledge: One of the LMU engineers has
been selected as an ABE Initiative scholar and has
| - . studied in the MA of landslide programme in Niigata
nsufficient Enhancing . o
: University since 2015.
knowledge and technical N
) * Knowledge enhancement through JICA training: Two
experience of the knowledge and ; . : ,
. LMU engineers participated in JICA’s knowledge
LMU experience

co-creation programme of ‘Disaster management for
landslide and sediment-related disasters’ for two
months from October to December 2016.

e Technical exchange with the other countries: The
engineer studying in Japan participated in the
international landslide conferences and presented his
research outcomes as well as sharing technical
knowledge and information with the other participants.

Insufficient staff in
the LMU

Securing sufficient
and appropriate
staff

<improvements>

* Engineers: LMU engineers have been assigned on a
full time basis instead of part time and the number of
engineers has increased from six to 10 as of April
2016.

<further improvements required>

¢ Public relations officer: MPI Head Office promised to
post the officer to the LMU in March 2014. However,
the officer has not been posted yet. An intern or part
time officer will be recruited until the officer is officially
posted.

* In-house consultant: Consulting works to the private
firms have been discussed if necessary.

Weak coordination
with the other
stakeholders

Improving the
LMU’s
management
capacity for
landslide sector

<further improvements required>

* Task sharing among the stakeholders: Although tasks
and responsibilities of each stakeholder were defined
and proposed in the previous project, LMU has taken
most of the tasks and responsibilities due to limited
understanding by the stakeholders.

Evacuation plan
and emergency
communication
network are not
fully developed

Prompt response in
emergency
situations

<improvements>

* Procedures in an emergency have been clearly defined
in the National Disaster Scheme

e LMU’s emergency operational
established

<further improvements required>

* The institutional support for the LMU, particularly for

system has been

the off-time work, has not been fully developed yet
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3.6.2

3.6.3

Issues of the organisational structure

A certain level of progress for the organisational enhancement can be recognised as
mentioned in 3.6.1. However, LMU engineers have pointed out the following issues since the
beginning of the Previous Project.

> Lack of clear mandate of the LMU:

There has been no legal framework for the LMU to perform their activities on slope
disasters. The LMU engineers are limited in carrying out their duties and taking
responsibilities on slope disasters because there is no mandate.

» Inappropriate scheme of services for the LMU engineers:

The LMU engineers have been working voluntarily, particularly in emergency situations,
which is beyond their scheme of services. For example, while the working hours of the
engineers are defined as from 9 am to 4 pm under the scheme of services, the engineers
must work at any time day or night if they are on call in emergency situations.

» Lack of qualification for the LMU engineers:

Technologies of slope disasters have been transferred from the JET to the LMU
engineers through the workshops, seminars and on-the-job training. However, the LMU
engineers are not acknowledged as slope disaster experts by the government nor do they
have appropriate qualifications. In other words, although the LMU engineers can support
the JET and the JET’s activities of the Project, they are not entitled to make decisions on
slope disaster measures.

LMUY/CES has addressed these issues to the MPI Head Office and has urged improvement of
the situations at every opportunity. The JET has also supported solving the issues as these
issues negatively affect the organisational structure enhancement as well as sustainability of
the project outcomes.

However, due to the absence of an operational and legal framework of LMU and slow
response by the MPI Head Office, the LMU has decided that all staff who worked as
counterparts on the project were to be redeployed to a new design unit in the CES in the MPI
in January 2017. The memorandum submitted from the director of CES to the Senior Chief
Executive of the MPI clearly mentions that no personnel is posted to the LMU until the unit
is legally supported (Appendix 3.6.1).

JET faced issues of no counterparts to conduct technical transfer to as well as the threat of
unsustainability in the Project unless the organisational issues above were resolved.

Proposal of the setting up of the organisation

In order to solve the issues mentioned above, the JET organised a series of meetings and
working sessions to discuss the organisational issues and solutions with the Minister,
Permanent Secretary (PS), Deputy Permanent Secretary (DPS) and the other related officers
in the MPI Head Office (HO). Table 3.5.2 is a summary of discussions on the organisational
structure with the MPI HO.
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Table 3.6.2 Discussions and achievements (Source: JET)

Date Participants Discussion points Achievements
DPS * Mandate of the LMU * Increased MPI HO’s
20/12/2016 * Recruitment of geotechnical understanding of current
engineers and geologists situation and issues of LMU
DPS » Sustainability of LMU and project |* Increased HO’s understanding of
achievements issues in which there are no
10/02/2017 * Proper setting up of LMU or new engineers for LMU
organisation
PS, Director |+ Information sharing with MPI HO |¢ Raised awareness on JET'’s
of CES, about status of LMU problems in which there are no
14/02/2017 Assistant * Discussion on setting up of C/Ps for technical transfer
PS, Office Geotechnical Engineering Office |* Increased understanding of
management and legislation LMU’s status
assistant
PS, DPS, * Information sharing about LMU’s |+ Clarified new organisational
Assistant mandate prepared by MPI HO structure
27/02/2017 | PS, Office and organisational reform
management
assistant
Minister, * Information sharing with Minister |+ Clarified human resources and
Senior about LMU’s issues and problem establishment procedure of new
09/03/2017 advisor, PS, solving procedure institution
2 DPSs, e MPI’s plan to establish GEO e Expedited the set-up of new
Director of organisation with the support of
CES the Minister
DPS, » Explanation of past projects, ¢ Increased understanding of the
10/03/2017 | assistant LMU’s status and issues, and Projects and organisational
solution issues
Senior » Discussion of legislation process |* Identified organisational structure
advisor and organisational structure of of GEO
10/03/2017 GEO
* Discussion of LMU’s cooperation
until GEO will be established
DPS * Discussion of MPI's plan about * Identified organisational structure
16/03/2017 GEO'’s organisational structure, of GEO
budget and human resources
Directorand |* Information sharing about status | Increased understanding of
22/08/2017 eruty of LMU and GEO establishment LMU’s situation and establishing
director of GEO
CES
Lead * Information sharing about current |* Identified works by engineers in
28/08/2017 | engineer of works on slope disaster CES
CES management
DPS. * Information sharing about status |* Increased understanding of
30/08/2017 | Director of of establishing GEO status of GEO
CES
2 DPSs, * Information sharing about ¢ Identified necessary human
Director of recruitment procedure resources for new organisation
07/12/2017 | CES and 4 * Finalisation of bidding and recruitment procedure
MPI officers documents for recruiting GEO
director

Discussions hardly reached any conclusions at the beginning. The MPI and the JET had a
series of meetings to identify the issues and consider solutions to make the organisation fully
operational and enhance its organisational capacity. The minister of the MPI and the MPI
management members have reached a conclusion to establish the Geotechnical Engineering
Office (GEO) with the following details.

»  Purpose of setting up the GEO
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- To conduct slope disaster management by accredited professionals in geotechnical
engineering and geology without the support of the JET after the Project

- To solve the constraints of qualification (one of the current issues is that the MPI
engineers who support slope disaster management have a civil engineering
background, whereas the experts with landslide background will be recruited for the
GEO.)

- To widen responsibilities of slope disaster management
»  Organisational structure

- GEO has two main sections. While the landslide section is responsible for landslide
only, the geotechnical unit is responsible for the other slope disasters.

Director of GEO

[
[ |

Landslide

Geotechnical

| Lead Geotechnical Engineer‘

| Lead Geotechnical Engineer|

geologist

‘ ’ Public Relation Officer

| Engineer/Senior Engineer‘

| Engineer/Senior Engineer|

| Engineer/Senior Engineer‘

| Engineer/Senior Engineer|

| Technical Officer ‘ | Technical Officer |

| Technical Officer ‘ | Technical Officer |

Figure 3.6.1 Proposed organisational structure (Source: JET)

- As the engineers currently working with the JET have strengthened technical capacity
for slope disasters, the MPI allows them to transfer to the new organisation if they wish.
These engineers support the qualified geotechnical engineering experts and geologist
by utilising their technical knowledge obtained from the JICA Projects.

- GEO will be established at the same level of the CES in the MPL
»  Tasks and responsibilities of the GEO
- Management of landslide, slope failure, rock fall, debris flow, soil erosion.

- Carrying out geotechnical surveys and investigations, soil tests, zoning studies and
slope disaster hazard mapping.

»  Current recruitment status

- The MPI has initiated recruiting one geotechnical engineer and one geologist on a
contract basis until the GEO is officially set up.

- As schemes of service, as well as all the conditions, including remuneration for
Geotechnical engineer and geologist are finalised, recruitment is initiated through the
Pay Research Bureau (PRB). The MPI is concerned that the conditions might not be
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3.6.4

attractive to suitable candidates. In that case, the MPI will negotiate with the PRB to
review the conditions.

- At the same time, the Expert Skills Scheme of the Ministry of Finance and Economic
Development is considered to hire a director and lead engineers. The expert Skills
Scheme offers better conditions than that of PRB. The MPI expects that the candidates
with extensive knowledge and experience will apply.

- The budget for the public relations officer has been earmarked. As soon as the
geotechnical engineer and geologist are recruited, the position of the public relations
officer will also be advertised and the recruitment process will be started.

Technical workshop, working session and seminar
a. Kick-off workshop
a.l Overview

The two-day workshop on ‘Sendai disaster risk reduction framework and promotion of
mainstreaming disaster risk reduction and reinforcement of quick response capacity’ was
organised on 10 and 11 February 2016. The main purpose of the workshop was to discuss the
Project details with MPI and all the related stakeholders.

47 participants from 21 stakeholders participated in the first day of the workshop (attendance
list is attached as Appendix 3.6.2). Followed by the opening remarks, lectures by Dr. Hitoshi
Baba, Special adviser from JICA Tokyo, explained the Sendai Framework for Disaster Risk
Reduction 2015-2030 (Sendai Framework) and recommendations for the new Project as well
as disaster response capacity enhancement. In addition, several presentations by the officers
from Madagascar and Mauritius were given to share the disaster risk reduction activities in
these countries.

The field excursion was scheduled on 11 February to share the outcomes of the Previous
Project.

a.2 Outcome

On 10 February, followed by the opening remarks of the Honourable (Hon.) Mr. Bodha,
Minister of MPIL, Dr. Baba gave a lecture on the Sendai Framework and promotion of
mainstreaming disaster risk reduction. However, a cyclone level 3 alert was declared for the
whole island of Mauritius and an evacuation advisory was issued to all the participants of the
seminar. The Seminar was terminated at 11 am. The field excursion was also cancelled.

Dr. Baba explained the outline of the Sendai Framework, seven targets and four priorities for
action to prevent new and existing disaster risks to: (i) Understand disaster risk; (ii)
Strengthen disaster risk governance to manage disaster risk; (iii) Invest in disaster reduction
for resilience and; (iv) Enhance disaster preparedness for effective response, and ‘Build Back
Better’ in recovery, rehabilitation and reconstruction.
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Photo 3.6.1 Kick-off workshop (Source: JET)

b. Working session

b.1 Overview

The working session was organised on 13 June 2016 with the following aims:

» To introduce the activities of the Project;

»  To reaffirm the mandate of the LMU among the related Ministries and Authorities;
» To identify the current situation and issues of the LMU;

» To reclarify the tasks of each stakeholder and understand the importance of cooperation
among them; and

55 participants including minister of the MPI attended the session. Attendance list and
programme are attached as Appendix 3.6.2.

b.2 Outcomes

» Hon. Mr. Bodha, Minister of MPI, emphasised the importance of slope disaster
management in future in his opening speech. He also mentioned the activities conducted
by the JET, LMU, and related stakeholders. According to his speech, small works such
as the private house renovation plan should be managed by the local authorities, not by
JET.

» Followings were discussed in order to establish a proper LMU:
- LMU’s mandate should be defined;
- Appropriate resources such as personnel for the LMU are essential; and
- Tasks and responsibilities of all the related stakeholders should be defined.

» The MPI Head Office submitted a letter to the Local Authorities about the shared
responsibilities of slope disasters among the related stakeholders on the next day of the
working session.

» The roles and tasks of the LMU were discussed in the session. This discussion was
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highly important in order to define the mandate of the LMU in future.
»  The roles of the JET in the Project was reemphasised as follows:

- To develop a manual for slope disasters including slope failure, rockfall and debris
flow;

- To conduct technical transfer of slope disasters;
- To define the responsibility of LMU and other stakeholders for slope disasters; and

- To develop a mandate of the LMU as well as organising seminars and workshops in
order to increase understanding of the responsibility of each stakeholder.

Photo 3.6.2 Working session (Source: JET)

c. Seminar
c.1 Overview

A seminar on slope disasters was held on 1 March 2017 in order to 1) provide technical
transfer on slope failure, rock fall and debris flow; 2) share the efforts on slope disaster
management by the related Ministries and Authorities; and 3) share the current situations and
lessons learnt from the several project sites. 40 participants from 31 ministries and authorities
attended the seminar (attendance list is as Appendix 3.6.2).

Followed by the opening speech by Mr. Jewon, Director of CES for the MPI and Mr.
Ichikawa, Chief Adviser of the JET, an engineer from CES, JET and an officer from the
NDRRMC conducted presentations. The discussion session was held in the afternoon in order
to discuss the issues of slope disasters in each stakeholder.

The MPI Head Office was supposed to present the future organisational structure of landslide
management, however the presentation was cancelled due to the absence of PS and DPS of
the MPI. The seminar was concluded with the speech by Hon. Mr. Bodha, Minister of MPI
(The programme is as Appendix 3.6.2).

c.2 Outcomes
»  The Hon. Mr. Bodha, Minister of the MPI, emphasised the followings:

- GEO will be established in the MPL. It is a full-fledged unit and address all the issues
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relating to geotechnical survey, soil test and slope disaster management. It interfaces to
all the related stakeholders. The unit consists of the existing engineers from the LMU
and new employees. The MPI is currently setting up this unit and it is a transition
period now. The LMU continues to follow up the countermeasure works in the slope
disaster areas identified under the JICA project, however, a coordinating team is
required for the new sites; and

- The slope disaster scheme which all the public in Mauritius is essential. In terms of
cyclone, everyone understands the cyclone scheme and knows what to do in each stage
of emergency. Mauritius needs a similar scheme for slope disasters.

» The MPI’s organisational issues such as lack of mandate were shared and discussed with
the related stakeholders. The stakeholders proposed several solutions to solve these
issues.

Photo 3.6.3 Seminar (Source: JET)
d. Workshop/Seminar

d.1 Overview

A workshop/seminar on slope disasters was held on 6 December 2017 in order to 1) handover
the manuals, guidelines and sensitisation materials to the MPI, 2) share the achievements and
efforts on slope disaster management by the MPI and related stakeholders and 3) explain
MPI’s organisational plan for slope disaster management. Approximately 100 participants
including the Minister of the MPI, Chief Representative of JICA Madagascar, Ambassador of
Japan and other high delegates attended the opening ceremony. For the presentation session,
67 participants from 37 ministries and authorities attended (attendance list is as shown in
Appendix 3.6.2).

The opening ceremony of the workshop/seminar commenced with a speech by Mr.
Parbhunath, Director of CES for the MPI and Mr. Ichikawa, Chief Adviser of the JET. This
was followed by the speech by Mr. Murakami, Chief Representative of JICA Madagascar as
well as Hon. Bodha, Minister of the MPI. After this the opening ceremony was concluded by
handing over of materials developed under the Project. There were nine presentations and
Q&A session in the workshop/seminar. The programme is as shown in Appendix 3.6.2.

d.2 Outcomes

As a last occasion to meet all the related stakeholders in the Project, the workshop/seminar
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provided a great opportunity to share the achievements, efforts and challenges to be tackled
in the future. The outcomes observed from the presentations are summarised as follows:

>

CES engineers fully understood the problems and conditions of the sites, and learnt what
to do based on the technical transfer by the JET. They also emphasised the importance of
cooperation among the related stakeholders, which is essential for the slope disaster
management.

Deputy Permanent Secretary of the MPI shared clear organisational structure of the GEO.
The current set-up status was also mentioned.

The related stakeholders shared what they have done for the slope disaster management
of both hard countermeasures and soft countermeasures including community
sensitisation activities. They also identified the issues and challenges, and considered
future action plans.

Manuals, guideline and sensitisation materials were explained. These materials will help
the MPI and the other stakeholders to work in slope disaster management in the future
without the support of the JET.

The workshop/seminar was covered by the media. The Minister of the MPI as well as a CES
engineer were interviewed. The details are attached in Appendix 3.6.3.

Photo 3.6.4 Workshop/Seminar (Source: JET)
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4 Summary of technical transfer
4.1 General

One of the objectives of this Project is to upgrade the capacity of counterparts (C/P) to cope
with the slope disasters such as rock falls, slope failures and debris flows. As the C/P have
already grasped the basic concept of the landslide management during the Previous Project
(including survey, monitoring analysis and countermeasure design and the site works at
Chitrakoot), training under this Project involves small scale lectures, site investigations and
reporting. At the same time, manuals of respective slope disasters are prepared for supporting
sustainable knowledge and knowhow dissemination.

During the training under this Project, the C/P engineers did not seem motivated regarding
the activities due to their views of the Ministry of Public Infrastructure and Land Transport
(MPI]) and lack of authority to make decisions with regard to the National Disaster Scheme
published by National Disaster Risk Reduction and Management Centre (NDRRMC).

Although this is an internal issue of MPI, the Landslide Management Unit (LMU) members
pointed out the following main issues:

» LMU members are employed under certain conditions (such as working hours of 9.00 to
16.00) which are the same as the other engineers. However, the LMU is forced to follow
up on landslide issues whenever a disaster occurs without any consideration made for
overtime hours, being on standby 24 hours a day;

» LMU members do not have any certificates nor registration in geotechnical engineering
and thus they are not entitled to make decisions at the disaster site. These conditions are
extremely difficult for them as making decisions at disaster sites is part of the
responsibility of the engineers; and

» LMU members have no knowledge of slope disasters. Therefore, they cannot be
obligated to support making the manual with the JICA Expert team (JET).

Unless these issues are resolved, the atmosphere and attitudes of C/P will not be as
cooperative as has been the case in other disaster risk management projects conducted by
JICA in various other countries. Therefore, JET decided to divide the issue into three parts: 1)
Investigation of problematic slope disaster sites which is requested by the various
stakeholders with C/P members; 2) After the inspection of the site, the report has been made
to reflect the technical issues into the manual; 3) Support preparation of procurement protocol
for the Chitrakoot Phase 2 countermeasure work; and 4) Visit MPI Head Office to ask for
update on conditions to make performance on the project TOR easier for the C/P.

As mentioned in Chapter 3.5, since August 2017, the MPI and the JET had a series of
meetings to identify issues and consider solutions to make the organization fully operational
and enhance its capacity. The minister of the MPI and the MPI management members have
reached a conclusion to establish the Geotechnical Engineering Office (GEO). Since then, the
LMU and MPI have become fully involved and are cooperative on the ongoing issues. In this
section, 1), 2) and 3) are described. Administrative issue 4) is summarised in Section 5.
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4.2

Slope disaster site visits and reporting

Respective sites were visited and the type of the slope disaster was determined with the
counterpart and reported. Major sites visited between January 2016 and December 2017 are
summarised as follows:

Table 4.2.1 Site list by type of slope disasters (Source: JET)

?Iope Disaster Name of the sites (*) Causes and Notes T'm.]es
ype Visited
Slope failure 1 Batelage * Main causes of slope failure were rain and wind by 6
cyclone in 2015
* Water from the houses influenced the slope stability

10 Coromandel * Rain water flowed down from the upper road, and it 1
causes instability of the slope.

11 Pitit Bel Air * Part of the base of the slope was excavated by the 2
land owner below the slope.

12 Vallée Pitot * Slope failure was caused by flash flood from the 2
mountain slope and saturation of water in the filled
material.

13 Long Mountain * Erosion of the slope was not caused by river water 2
but from surface water from the house yard.

Rock fall and | 2 Signal Mountain ¢ Rock fall, road settlement and debris flow in the 3km 10

debris flow long road section

Slope failure | 4 Hermitage * Artificially modified slope with the risk of slope failure. 1

and rock fall Cause of the slope failure was improper development.

Rock fall 3 Maconde » Steep scarp along the B9 road. 6
* Rock fall occurred frequently

7 Ruisseau Créoles * There are several boulders on the housing premises 3
and in the slope behind.

River erosion | 8 Camp Garreau, Flacq | ¢ The failure was caused by sewage water, rain water 1

and slope and river erosion.

failure 9 Kewal Nagar/Belle | * The slope was created by river erosion and artificially 4
Rive modified slope

Landslide (no | 5 Mount Ory * District Council of Moka requested LMU to conduct an 3

investigation)

emergency investigation

6 Mount Ory (Moka)

District Council Moka requested LMU to carry out the
survey of ‘Application for the use of slope’.

* Name of the sites refers to Table 3.2.8.

Total sites visited together with LMU, JET and other stakeholders were 13. JET and LMU
jointly investigated the sites as part of on-the-job training. The reports were compiled mainly
by JET with the support of LMU. Still, the main actor shall be JET as the C/P clearly
demonstrated their incompetence regarding technical background to make decisions.
However, the routine was the same as the normal technical transfer in other similar types of
JICA technical assistance.
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4.3 Manuals

After the investigation, reporting and counterpart design are compiled. Each area was put into
the investigation site record sheet with a serial number. Then the traditional phenomenon of
the slope disaster was selected as the reference of the manual of slope failures, rock falls and
debris flows developed under this Project. Some of the samples are figured out for use in the
manual. As described in chapter 3, outline of the manual is shown in the following table:

Table 4.3.1 Contents of the manual of slope failures, rock falls and debris flows (Source: JET)

Chapter

Sub-Chapter

1 Introduction

1.1 What is landslide?

1.2 Procedure manual of slope failures, rock falls and debris flows

1.3 Explanation of technical terms

2 Surveys

2.1 Introduction

2.2 Survey on slope failures

2.3 Survey on rock falls

2.4 Survey on debris flows

2.5 Survey on drainage systems

2.6 Survey on retaining wall and culvert

3 Design

3.1 Introduction

3.2 Cut slopes

3.3 Slope protection

3.4 Countermeasures for rock falls

3.5 Countermeasures for debris flows

3.6 Drainage

3.7 Retaining wall

3.8 Culvert

4 Execution

4 .1 Introduction

4.2 Slope work

4.3 Countermeasures for rock falls and debris flows

4.4 Construction of retaining wall and culvert, etc.

5 Work Management and
Inspection

5.1 Introduction

5.2 Execution management

5.3 Work inspection

6 Maintenance of Earth
Structures

6.1 Introduction

6.2 Maintenance of slopes

6.3 Maintenance of drainage facilities

6.4 Maintenance of retaining walls and culvert

The draft manual was developed by the end of March 2017, and the manual will be applied
for the slope disaster sites during the Project period. The final version of the manual was

published in December 2017.
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Table 4.3.2 Contents of the revised landslide countermeasure manual (Source: JET)

0. Preface

0.1 Definition of landslides

0.2 Classification and mechanisms of landslides

0.3 OQutline of landslides in Mauritius

1. Introduction

2. Survey and analysis

2.1 Landslide survey

2.2 Landslide monitoring

2.3 Landslide analysis

2.4 Basic factors and triggers (inducing factors) of landslides
2.5 Stability analysis

3. Landslide warning system

3.1 Introduction of landslide warning system

3.2 Landslide monitoring and warning

3.3 Emergency communication and evacuation

3.4 Landslide warning without instruments

4. Relocation support and compensation

4.1 Confirmation of the legal systems and schemes

4.2 Confirmation of the development restriction/land-use control
4.3 Basic concept of the hazard zone for development restriction
4.4 Confirmation of the proposed landslide prone areas and landslide hazard zones
4.5 Identification of the target areas for relocation and compensation
4.6 Implementation of the relocation

4.7 Implementation of the compensation

5. Information, Education, Communication (IEC)

5.1 Importance of IEC for landslide management

5.2 The main actors of the IEC activities for landslide management in Mauritius
5.3 Types of the IEC activities

6. Design for structural countermeasures

6.1 Principal of design for landslide countermeasures

6.2 Design of structural countermeasure works for landslide

7. Maintenance after installation of countermeasure works
7.1 Execution plan

7.2 Execution

7.3 Work management

7.4 Maintenance after installation of landslide countermeasure
7.5 Maintenance of existing structural countermeasure facilities
8. Initial survey and emergency response

8.1 General

8.2 Literature survey

8.3 Initial survey at site

8.4 Emergency response

8.5 Detailed survey plan
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Table 4.3.3 Contents of the revised landslide countermeasure guideline (Source: JET)

0. Preface

0.1 Definition of landslides
0.2 Classification and mechanisms of landslides
0.3 Outline of landslides in Mauritius

1. Introduction

2. Literature survey

2.1 Data collection and its utilization
2.2 Confirmation of the legal systems/schemes and development restriction/land-use control

3. Initial survey at site

3.1 Setting of target landslide areas
3.2 Site survey and analysis

4. Emergency response

4.1  Structural countermeasure works
4.2 Evacuation and relocation support
4.3 Landslide warning systems

5. Detail survey plan

5.1 Outline of detail survey
5.2 OQutline of countermeasure policy
5.3 Confirmation of development restriction/land-use control and legal systems/schemes
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Countermeasure (Chitrakoot Phase 2 Site Works)

The Chitrakoot phase 2 site works were scheduled to commence in August 2016. Technical
specifications were proposed at the time and the budget for 2016 (July 2016 - June 2017) was
approved. However, due to the delay of the works such as bidding procedures,
commencement of work was postponed to avoid the rainy season from December to April.
The tendering was conducted in early February, and followed by the review of the documents
along with the financial proposal. Although the final proposal was more than the ceiling price,
the contractor and MPI reached a compromise.

The dry season is expected to begin in May; therefore, the commencement of the work was
set for May 2017. Actual site work started in June 2017 after a land acquisition program by
Ministry of Housing and Lands (MHL). As of December 2017, the work progress achieved
70% completion of the whole project. Supporting work of JET for MPI’s administration and
management were smoothly implemented for all kinds of countermeasure works to be
conducted at the site.
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5

5.1

Issues identified

General

Major objectives of the Project operation can be classified into the two categories below
(more specific issues, targets and current developments are tabulated in Table 3.5.1):

» Strengthening capacity of Landslide Management Unit (LMU) for disaster management
of slope disasters

» Enhancing the ability to promote self-sustaining development

The first issue is much more about the LMU’s legal frame work to create stress free working
conditions for counterpart (C/P) engineers and motivate them to protect their country from
slope disasters. Therefore, actions were taken by the Ministry of Public Infrastructure and
Land Transport (MPI) Head Office to support LMU by taking the legal frame work
(mandate) of LMU into consideration. The basic institutional frame work was suggested
during the Previous Project as such that the recommendation of institutional arrangement and
mandate of LMU. Therefore, JICA Expert Team (JET) repeatedly pushed MPI Head Office
to promote proper assignment of registered engineers (geotechnical engineers) and
preparation of the mandate of LMU since the beginning of the Project.

Second issue is about securing the sustainability of the slope disaster responsible body. This
relates the basic background of LMU which leads the measures against the national policy.
Therefore, the establishment of proper functional unit is the key issue of the Project.

These issues are matters of policy and of MPI administration, and are internal matters of MPI.
Even the LMU made letters to improve the situations to the Senior Chief Executive (the top
policy maker of public administration) who has not made any decisions yet. Unfortunately,
due to the frequent change of the position of Permanent Secretary (PS) of MPI, these issues
are not turn over properly to the successors.

However, in March 2017, Mr. Bundhooa, Deputy Permanent Secretary (DPS), was appointed
as a ‘C/P member’ of the Project. Since then, JET visited his office to explain everything that
had occurred during the past year regarding the Project.

Mr. Bundhooa promised JET to investigate the issues of this Project as well as to present JET
with a draft paper of the ‘mandate’ and ‘assignment of responsible engineers”. In addition to
the DPS being appointed, Mr Parbhunath, successor of Mr Jewon, was also appointed as
director of Civil Engineering Section (CES). The importance of the issues in regard to the
slope disaster were well recognised by the MPI at this stage

Under the Minister’s leadership, with strong support by the newly appointed successors of
MPI Head Office and CES, the mood of LMU has changed into one of cooperation to tackle
the slope disaster issues. The needs of formulating an organisation to manage slope disaster
(such as Geotechnical Engineering Office (GEO)) were well acknowledged and became one
of the priority issues for MPI.
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5.2

5.21

Solution of the Issues

Strengthening capacity of LMU for disaster management on slope disasters

Since January 2016, JET concentrated on supporting the establishment of a mandate and the
assignment of responsible engineers. Until March 2017, JET held several meetings, joint
discussions and seminars with all levels of MPI members including LMU, PS and DPS and
the Honourable (Hon.) Minister of MPI.

On 14 February 2017, first meeting was held with Mr. Ragen, the newly appointed PS. There
the explanation of the Project was made again with current issues to be solved. At the time
the PS clearly stated the ‘Civil Engineering Section and MPI Head Office will jointly prepare
a cabinet paper (mandate) in 15 days to improve the situation of the LMU’. However, since
then no response has been received or progress made on this issue.

Therefore, a meeting was urgently held with all policy makers on 9 March 2017. Together
with the meeting with the Senior Advisor to the Minister held on 10 March 2017, the
following decisions were made:

» C/P of JET is MPI (for most of the administrative issues) and LMU (for the technical
aspects)

» A new office, GEO, will be established and some/all LMU members will be assigned to
the office. The recruitment of geotechnical engineers is vital and is currently proceeding.

» Inside MPI, the same legal framework applies to all members. Therefore, there is no need
to prepare a paper called a ‘mandate’ to be submitted to the cabinet.

JET was very anxious about the ‘mandate’ which has been followed up since 2015. Because
of the lack of geotechnical background, no one knows how to formulate a proper plan for the
setup of the new organisation; JET supported their activity to make Terms of Reference
(TOR) of the new organisation (mandate), engineers’ qualification and utilization of LMU
members.

At the Seminar held in March 2017, the Minister made the following remarks;

» GEO will be established in the MPL It is a full-fledged unit and will address all the
issues relating to geotechnical surveys, soil tests and slope disaster management. It
interfaces with all the related stakeholders. The unit consists of the existing engineers
from the LMU and new employees. The MPI is currently setting up this unit and it is in a
transition period now. The LMU continues to follow up the countermeasure works in the
slope disaster areas identified under the JICA project; however, a coordinating team is
required for the new sites; and

» A slope disaster scheme for all the public in Mauritius is essential. In terms of cyclones,
everyone understands the cyclone scheme and knows what to do in each stage of
emergency. Mauritius needs a similar scheme for slope disasters.

The institutional arrangement of GEO, with the utilization of LMU (and its know-how gained
in the technical transfer), was raised as one of the priority issues in MPI.
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5.2.2

5.2.3

On December 2017 the Workshop/Seminar was held (see Chapter 3.5.4). As a last occasion
to meet all the related stakeholders in the Project, the workshop/seminar provided a great
opportunity to share the achievements, efforts and challenges to be tackled in future. The
outcomes observed from the presentations are summarised as follows:

»  CES engineers fully understood the problems and conditions of the sites, and learnt what
to do based on the technical transfer by the JET.

» Emphasised the importance of cooperation among the related stakeholders which is
essential for the slope disaster management.

» Deputy Permanent Secretary of the MPI shared clear organisational structure of the
GEO.

»  The related stakeholders shared what they have done for the slope disaster management
of both hard countermeasures and soft countermeasures including community
sensitisation activities. They also identified the issues and challenges, and considered
future action plans.

Manuals, guideline and sensitisation materials were explained. These materials will help the
MPI and the other stakeholders to work for the slope disaster management in the future
without the support of the JET.

Enhance the ability to promote self-sustaining development

The slope disaster management body will be under the transitional phase during the Project
activity. Referring to the recent discussion, GEO will be the responsible body of MPI for the
disaster management and will be functional within two years.

MPI is currently seeking geotechnical engineers to help establish and be assigned to the GEO.
As some/all LMU members will be posted in this unit, hopefully the sustainability will be
secured.

However, given the uncertainty of the time schedule for setting up the GEO, the JET decided
to act with the LMU and continue the technical transfer and manual description.

JET supported all activities which relate to the strengthening of slope disaster management to
enhance their capability, which will be the back bone of the GEO.
Other Progress

» Early warning system: The proposed system and plans to set it up are described in this
report in Chapter 3.4.

» Planning Policy Guidance (PPG): Amended PPG 9 has been in effect since March 2016.
It is planned to utilise the established Manuals in relation with the land management.

» Slope Disaster Preparedness Handbook and Leaflet: Public awareness and sensitisation
materials covering four types of slope disasters were developed .
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6

Future directions

The actions of JICA Expert Team (JET) on institutional strengthening of Landslide
Management Unit (LMU) for the past year were made since these actions were recommended
in the Previous Project. Still, there are number of uncertainties in the technical transfer and
institutional strengthening of LMU, Ministry of Public Infrastructure and Land Transport
(MPI).

Some of the important outcomes of the recent activities are as follows:

>

Major policy makers and administrative staff jointly held a meeting and Hon. Minister
gave clear direction to all, which was to set up the Geotechnical Engineering Office
(GEO). LMU will also extend their knowledge into their activities. Most importantly, all
the top MPI members shared information.

Mr Bundhooa, Deputy Permanent Secretary (DPS), was appointed as a ‘Counterpart of
JET’; therefore, JET has a clear road map to make consultations about all administrative
issues regarding MPI.

Mr Parbhunath, Director of Civil Engineer Section, was appointed as the top
management decision maker of LMU. He is prepared to provide full support for the
establishment of GEO utilising LMU know-how and use/dissemination of the Manual

Convenient  sensitisation material ‘Slope  disaster preparedness handbook
(English/French)’ and ‘Slope disaster preparedness leaflet (Creole)’ was established by
JET and GIS. A public relations officer will be recruited as soon as the GEO is
established, and will be involved in the activities of sensitisation of both Public/Private
organisations and local communities.

MPI acknowledges the importance of slope disaster issues.
MPI started to set up an organisation to tackle the issues on their own.

MPI is highly motivated to cope with the issues for future activities against slope
disasters.
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