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Micro P S0 Card DoR traffic nformation system
S0 Carts E
=

Low Power
Lo Wieless Mobile Phone el
Communication  Bhutan Telecom
Network

‘ A \
‘?ece ver (( )) D u :
] L Scw Alarm and Data Server < Internet

penel (DoR Headquarters)
|

’
Contol . el ‘ >}
pane = i . I
| Battery et \ L
| . JHEm
Ran g.m;e Surface Surface Graph and data browsing site

Base station on site e 1‘]
F Tilt sensor ’ Tilt sensor and send warnining mail (SMS)

Y v
Slope Monfonng site DoR Headguaners (Thimphu)

(Hi88:JET)
K 3.2-4 BEfRIRTLFERL

(3) ZENr - BIRETE=4 U 2 7 HaR OB E R HE
EB=F Y U BEERORLEIL, BUHESA A SR U CRHE U7, Mmoo, BRI BE Lo
BT DRBIAEATRINCE DA DT ENTED L DIT, REREOFRAEN TS5 EFTICERE
720 WNEFHEFHAMEERENE (HEHmER) 20725 R, RITEAEO BT DN DOZE LT
ARITRRTE L7z, MR ORCEZHENCER LT, BHEICRRE LR R o976 O R 3 e
IJE < FEBET, ot — ST — 2 EEIE T DT ERE OB O BRI T E D720 BAT
ASITATERGS: =g Byl

BB 13 BN BRET=F U VI XA EET— X 2 BET
T« BEREE =4 U L TS IPIEE O (2019 456 H~9 A) Ofiio 2019 425 A £ CITikiE
L. WHEERZEOMMICHER RS L OtEmEER Y OF—2 2B Lz, ok, &EICOWTE
BT 2GSRI TR LT,
BNL - RN =2 U o 2\ XD — 213, &AL - R EE=2 U v ZHa)SakiE Sz 2019
.5 H LR B BIAOICHUG S 41, DoST AEMIERE Lo — NIZREST TV 5,
% 326 HEICRIEEH=EX

HE By | #= &E

SRR (L, Y —5—/ ARV V—F—/\uT)—3

MEFTB LUEHERE RS ORE = 3 oha—5, N\yT)— BIEET L. ETLBA7VTH. B
FUThLDERERET DT EZET,

Fﬁ\zaﬂz KU TR BRI R e 3 L EEADEEE TR THE

IV ADERE

HhREELETDRE = 30 | ZHFFLERAOARFEESD

BHPLEITFUN T EERDEE H 6 BREOMRISTN TN 1 EDOHE

(L8 JET)
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72¥5, 2024 -4 H 29 HBUE, KE=4 U U ZHERIC OV TIE, 2020 FEOREARATEIC K ARG O
itk (LA 2 Z) | HEHREEREOMIEZEE (3G 75 4G ~) | FTFO LTS (FHT SN LD
HEE 2E8 L., 7F v vBIET (FERDH 13, 2 75 1> (Nubding) |28 % DoST HH5ATEUHANIC,
LA & ZERIFN, 28 A—LkF (Pangzur) (28 % DoST HHSATFEUIPNIC - L=,

(Hi#2:JET)
EH 321 #AFOBE (2024 F4 A15~17 B, 3F v, LAEZSOBHRETAH)
EBh 14 BTSRRI L OB TR EENEMEORE AT T — & 2T - FHHEd 2
3 HEFTOFHABIG I T, 2019 FONZRIZHIZFRIEE R o CHifE S AU/ A DOV C
HREERE Y EWNERIOE=F U 7T — 2 2t LTz, 2019 EORZEIZIE, BUFIZRd 13 (1]
OREAEEDMERNE 2 K> TRl S U7,
& 3.2-7 2019 HEOMF(HREIEN T VY THE SN - REARROFR LR

HAIERISA HhFREIERH Y No. FIEAARO FERZ
Razhau 4 2019/7/24 14:10
Dzongkalom 17 2019/7/11 13:00
18 2019/7/11 14:10
21 2019/7/8 11:10
22 2019/5/29 08:40
23 2019/5/28 19:20
24 2019/5/29 05:30
Reotala 25 2019/7/8 07:00
29 2019/5/4 17:40
30 2019/5/4 09:20
31 2019/7/8 06:20
32 2019/5/28 01:20
33 2019/6/26 11:00
(HiE8:JET)

IO ORHEFEEOWN, B SN & OBED @ & DI 5 BB OWT, T - Sl a1 T
STz, LREOMMT « FHEAERDIBE L oo, BHEAERFOFHT — 2 OV 2Tz, FlieEE
T —2 OEREAT, FRNE TR 21T 9 BROBEOREEZRF L T 2 e L LT,

15



% 3.2-8

RELK (20194F4 A) UBEQT—4BUSIKR
Record of Data acquisition at Server (RSWS): Rainfall data

Year 2021's records (rainfall)

No.1: 2-5ep. from am 3:40- 3-Sep.
3:00 -> 33.0mm/24hours

No.2: 7-5ep. am 5:30 - 8-5ep.
am5:30 -» 31.0mm/24hours

No.3: 2-0ct. 12:00-3-Oct. 12:0 0-»

No data available for coralating
the rainfall and slope collapse
(Kobo Tool)

No data available for coralating
the rainfall and slope collapse
(Kobo Tool)

DA erver IR S rver
Checked on 2023129 Tozawa
Razhau Dzangkalom Reutala
Year | Date | Time Date | Time Date | Time Modem
Imstall
2019 4§ 6-Mar, ¢ 1X10 26-Apr. ; 12:25 154 1140 I Rainv seasdn
11-Dec. | 16:40
H-Dec. © 2350 31-Dec. i 2350
2020 ¢ LJam i 0:00 1-Jan. | 0:00
3N-Jan, @ 20:10
| Rainy seasom |
2TNov. | 6:10
H-Dec. : 2350 3-Dec. : 23:50
2021 LJam i 0:00 1-Jan. @ 0:00
1 Mar. | 6:30 | Rainy|seasor] |
98ep. | T:80 _ |
1lJul © T:20
12-Sep. | T:10 3G
3Dec. i 18:50
3-Dec. i 23:50
1022 1-Jan. | 0:00
6-Apr. : 12:10 16-Apr. : 19:20
20May. | 21:00 19May. | 10:00 |_Rainy seasoh
17-Jun. | 23:00 | >
3Nov. ¢ 1340 18-Oct. i 15:50
21-Nov. | 930 5-Nov. i 11:50
M-Dec.; 2350 M-Dec.; 2350
2023 4 LJam i 0:00 Ljan. | 0:00
3-Jan, ¢ 12:00
2Feh. : 1610 S
25 Jun.
158ep. | 10:40
9Dec. | 17:00 - Maintznanc
(Hi#8: JET:DoST BEY—/\ZH 5T —HFRRR | Y, ERAMRTFESN TSI EETRT)
(1) BEOHEHIONT

2019 4FEFEDRRZELARE ik L CRHIIZIT > TN D728, 2020 4ELIRRIZEUG S v Bl T — & Ofi
BT« 3% DoST & JET (& k- T L, 2023 4% 6 H D 7 [5] JCC CHANET THIH DORIMEAIE S
iz, 7235, 201944 H ORXELIE, RUEOAREIC X 2 EREIOEKL (Reotala) . = HHaIC LD
PRAFUEED TN X ARG OMREIE 1172 12X ¥ | Razhau, Dzonkalom (22T, DoST »¥EHE
T LERAHE L 27 4 (KoboTool Box) CHUHI S M/-AFTORER O & . M ERHT
KB L I XV EfEE S & 9D 2 L & Lz, Reotala (Z2oW\ T, HisEmifgiRe o & &
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T L BT —Z DR AN L 0 AR,
B CoOHERRE THHNIC
FErmbbZ b L,

RN &,

= 3.2-9 £XMEORFIE

Roetala DEfEIZ DV CIL, BT 557 —2 503

IEES, FEROBIAMEOZERC & 0 BlEZRE S o8

XIR X4 Razhau Dzonkalom Reutala
Rz %Eimd HEHE: Yellow A=0.8*C Ef [mm] 62 76 94
Rz a8 HEHERed B=0.9*C &R [mm] 70 85 106
ARIECAERE T SRHE C EHE [mm] 78 95 118
(HH88:JET)

E8) 15  HERMETHANAR (AES, HUsEsHT) OBUROBEZ O L, B AH 2855
FERIELS K 2 Fralmad TRURIARI 25 Z L 2322 Lo,

ZZEIC, RN TREIRHRIO A A =22 TSR
1. FEENOERRE K EOFRAERD,

TERE BT

BEAT O3 E ek i S8 38 AR R O AT
ZOERZEICEY, UUTOMEIELND,

—IHNEER Stk EEEERE DB &2

FEfid 2 SO AT LT ERAAE RIS &0 5 IEHRITTRO—BHEDHNL S 110,
Z D7), EEEFIHEA S OEATIE, BHXFEICASEIIHFOFREm D Z LA TE, B

92 2 L ORBIE & RER DI TEN
2. JEREHEAITIE, FHRPEOTRIE 2 0EHR B 26 LI

xt U CHIIFTE A2 92092 Z L1295
ENmE D Z LIRS LD,

4 (Fhaofes) |

RN 2 D ITERVAR) .

. FATREREAIXEICBT S
TEFIRI TIREE AR 2 7208 DA « MR BRIE 2 TIRIATHY Z 127D, LIZi- T,
KA FREANL, BRI 2 St e ERE OB T — B A 242 5 A L LT, BT

AIAEEDME D 2 & T B T TIEY-CHE K iR DTk

Monitoring ST

DoR HQ

DoRRO

Ex-ante
traffic
control by
DoR HQ

-]&;;;;&\u.-p{ ICT (Interne, website) ]

e |

Local police
RSTA

(HE8:JET)

32-5 HERMBITRGUARIDA A—2
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FE 16  BELBTHEEIREICO CHRHESE TREI OB 2 =i+ 5
FFRED KO I ERBIEARE L7z L CIMAR 27, 2023 426 H 6 HZ Dzonkalom XK
C Trongsa RO DIEE 2 x5 & LT, 2023 4F6 J 7 HIZIE Razhau D IX[E T Lobesa RO Dl E %
wE L LT, FRNER OBEEIA Ef L7z, S B2, ~=2 7 UIHS Bz 2024 4
4 H 29~30 HiZ, Dzonkalom CT3Efi L7z,

Ao bS8 e |

i x -
o M A

< “:k\%.@(‘quk'a\d E‘P‘ V%'
& 4 o u—i 3‘&&(’1“{@%-}1‘4‘,
B Ciae i J“’h} S

(H88:JET)
BE 3.2-2 Dzonkalom X TOBREEIIEDHET (202346 A 6 H., #H{E. RHBHIEMRE. FR)

Plan Actual
Yellow Alert Be ready 1030 10:30
Red Mlert  Road Block prepared 10:38 10:37
Decizion 10:38 10:39
Instruct 10:40 10:40
Dispatch 10dz 10:41
Arrived at section 11:42 11:45
Setting up the Barigade 1147 11:50
Termination mail received 1202 12:06
Instructicn to site investgstion 12:05 12:10
Decidec to Terminate 12:15 1212
Get order to terminate 1218 12:15
Police/RSTA terminated 12:23 12116

(HHE8:JET)
FH 323 Razhau X CTOEREEEIEOETF (2023 F£6 B 7 H. BIGHRHIERE. #R)

BE 3.2-4 Dzonkalom X TOBEEIIEROERT (2024 £ 4 A 30 H)

18



EE 17 BN BRET=F) VS BIUERE TR~ =2 T A 21ERT 5
NG - BEREE =4 Y 7 B X OSEALE TR AR D~ =2 T VO BRE L FIORT, Zov=
27U, 2023 -4 H~5 B S - Fainsf TRIHIRI A 8 U TR - S, 2024 4F 4 A
16 HIBAffE S 7= DCCIZHIT D3 A v Ma52iFC 2024 4F- 4 A 30 HICUGT SN2 H DT, 2
ANFIRD Verl & L TABR ST,

Guideline for “Ex-ante traffic control”
Contents

1.  Monitoring for Ex-ante traffic control

1.1. Methods of slope monitoring for Ex-ante traffic control
1.1.1. Monitoring of rainfall
1.1.2. Monitoring of slope disaster

1.2. A case in Bhutan: slope monitoring for Ex-ante traffic control
1.2.1. Slope monitoring equipment
1.2.2. Bhutan Road Slope Warning System (RSWS)
1.2.3. Manual for the slope monitoring system

1.3. A case in Bhutan: Slope disaster recording system

2.  Setting the rainfall threshold for Ex-ante traffic control
2.1. Target slope disaster type for Ex-ante traffic control
2.2. Data collection
2.2.1. Slope disaster records
2.2.2. Rainfall data
2.3. Setting the rainfall threshold
2.3.1. Type of rainfall index for threshold
2.3.2. Setting the rainfall threshold

3. Procedure for Ex-ante traffic in Bhutan
3.1. Total procedures of implementing the Ex-ante traffic control
3.2. Total procedures of liting the Ex-ante traffic control
3.3. Procedures taken by the DoST HQ
3.4. Procedures taken by the DoST regional office (RO)
3.5. Procedures taken by the ICT
3.6. Procedures taken by the Local Police
3.7. Procedures taken by RSTA

Appendix
Appendix 1: Slope Monitoring System Manual
Appendix 2: Bhutan Road Slope Warning System (RSWS) Manual
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3.3 pR2: TErFmEAEEER] RHEISE L-iEE T DRTE

TEI2-1 EEBSRBRERICE SO TR - #HH 2 8ET S
FEAE TR TR (3o 2y YA R EBIES) & LT, B_XPB IO b U HgaE
T 1 @&, £ L TrA_ I KON b PSS N & SUBESITF DR & < J72 5o G 5
BITEWNT 1 TR 3 2T a e L,

% 331 HREIYA FOREHRR

aBRIE T ] ME |z
- IMRISRIE TS . BB LECELEBO
F1mE Lobesa | Ganthangkha | B | 1193M | gueietoms ) com

MNELAOEBOHKLST+H CEMBIE
BABNOT L, SHOMNERROHERE
DRI KV ERSOBICAZ L EE 52 5T
%2 [ Trongsa Yangkhil B | 2060m | Ketenidd,

MERES KUK T EAh e Tt T4 8
FTHLT. REDREMERRTES LD
b, BE2ORBIETISELTHD,
REIEBTHEBHNE. T2 ENIZH
%3 [\ | Phuentsholing Gopini it | 1475m | #usiEs S<H DN, SEOHERIET TIER

[V HEBREA LT EL THITES,

(Hi88:JET)

EBh 22 BEERNEICI DHEARE - FHE. FEEEHETS
MBS~ DRLEA S . FEA T Tl OHERC B AT B2 S ST DAl
BROKRLAHERT L2 ENLEE LY, 22T WA LORGHIIEL > T, A T TIZAEE7R
MR (HEE, F, o— ME) 2t L, SEEE LT,
& 332 ERMNEOHEETIFERT 5 L TOFREE

B HFETR] © AFTERELEFOAN. ZORFNERMEOEELISET 2NEINE
BT HIL,

HESND | RIEFHEL-EE] o AFAB B R SERMEDEE TICEN THAINEEET Db

SRR Enbhb,

EREEOYEDEH D EYISHEAE T DR EERT A1-0(2, TIEFECLIMEREOE
ERES IV LIED pH 5HAIT2ELH S,

(HiE8:JET)

EH123 7R TRFIERERI I L TAEA TR AT S

(1) FETOBRE

EEN 220 (1) stk (1] CHRE L7 —%  CAFRRG 2 % AV, 3 BIOiER
it TopBNE TS Aot CHANC I 2B IFBROFER S, 7 — & BT ZiEE R OfAE
TISE L7z ‘STtz 2 57 HDHWE “FEmICitz © 57 ff48E Lic, fo3E kB X
O 1 [8] B3R LELs (m~P-HOFS5ATE M) |« 5 2 [ERiE L85 (U7 HEarE M)
P L O 3 ERBSGE THYS (7Y 4 U VI EBITEN) CORGHERZ LU FIORT,

158 2-2 O 10 FEEAOFE 17 5k 3FEFE (Paspalum atratum, Ruzi grass, GM mixed) (2420 iAZx,
D IO AR BRIEH T2 2 8 & L,
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# 3.3-3 HFARICFERTIEFOHE

BT BiEE [m] B/ Z4E EEHH
SEETHEIMESLEEL TS, £, T—42VENTHE
Paspalum atratum <1500 SEE ETELTHEREIN-EENHY . Dol A HEET HFEET
H5
SEETHEIMESLEEL TS, £, T2V ENTHE
Ruzi grass 500<2000 SHEE ETELTHERSN-EENHY . Dol A HEET HFEET
H5,
GM mixed (Italian ZBEELHAEMESIEE 1 BEBEILYECOERRE
Ryegrass 30%, Cock’s 2000<3000 ZEHE ThH5. LML, Dol IZ&BEE 1 EFEBETEDLSHT
foot ver. Amba 70%) — A ENTRL—AEMIZFERSN TLSIEETH D,
(HEL:JET)
= %N T -
y BN ¢
e, ¢ K f // S
Paspalum atratum g;lf:_,ff;t:'m:’mwY TS5 R Ralian Ryegrass (Lipo). Lodium mulflorer o —h
Paspalum astarum Ruzi grass GM mixed

(left: Italian Ryegrass 30%, right: Cock’s foot ver. Amba 70%)
(H#8:0ET)
3.3-1 FIFHAERIERE L-FEF (EH 5 Paspalum atratum, Ruzi grass, GM mixed)

INEHDOFEAIIHONWT, HEESERTTHEE 28 2 C Lobesa RO (2 CHIFEAER % 0 L 7=,
% 3.34 HEFHBROBRLER (2019F7 A 24 )

Paspalum atratum Ruzi grass GM mixed

ELE 1) WEE (%) ELE @) WEE (%) ELE 1) HEE (%)

t=0cm 10 t=0cm 0 t=0cm 3

t=1cm 45 t=1cm 85 t=1cm 60

t=3cm 90 t=3cm 96 t=3cm 85

t=bcm 90 t=bcm 76 t=bcm 69
t=0cm +JS - t=0cm +JS - t=0cm +JS -
t=1cm +JS 90 t=1cm +JS 63 t=1cm +JS 26
t=3cm +JS - t=3cm +JS - t=3cm +JS -
t=6cm +JS 100 t=5cm +JS 90 t=5cm +JS 30
(HEE:JET) t: thickness, JS: jute sheet

FHFARBROFER D, 5 1B H OB L TIILL D XL 9 ke aiE L,
1) Paspalum atratum & Ruzi gras O 2 FEREEOFE 1245,
2) FHEEREICELTLHE1E. FHE t =8em LLEOE S 25l 2,
3) WMEILL TV a— by NCRIAIREZWET D5 Z LITRETH D
Trongsa RO “Ci, Tall Fescue HAN% THRIFRBRZ Fhii L7- & Z A, FEEOEODBIERIZRZE -
iR L7zDid Tall Fescue  (FE2F5 @ 53%., ZDOHIEFRICHER) DA Th-o7z, £ Z T, Tall Fescue
DI %A L TR — R COFRERBR A Fhiti L=,
ARERRE OB TR D L BV Th D,
1) &E L7FfA : Tall Fescue 1%, ¥— FalBRC bR <FE3F - pliR LT,
2) BREDOEXIL, t =3l ETHHZ EHRHEE LU,
3) Va—hRxy NOFEIIDDOOLPHRIELEZD, Pa— MRy MO ARERITE,
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Phuentsholing RO ¢ Gopini A} Cld, 12 2 [ElDFEHED 67— % T ATF T X % Paspalum
atratum & Ruzi grass @ 2 fFHOFE DR FFER 21T - 72,

Ruzi grass 35 & UY Paspalum @ 2 ffi & HIZRIFITRAF TH 7273, B TATF L9V Ruzi grass
OFE-Z#R L, Gopini 7 N CEHATAHZ & & LT,

(2)
TERE RIS A4 T.O THBREIZOWTIL, AFROET2858E <2 NEXCO DN EAEOE T
H

FREEASNTRE 7 0 —Z2 8 i L5, LLFICE 2888 OFAE T.oEE 7 1 —31 LTUINEXCO
DEEE 7 O —% 78T,

THEOEE

AH—b
EHRRIED |No_— ThiphiA
i R 0B

s yes
Y - — )
o [* __Ukn = 1 o
LR
— no
— Toskoid ~_"° | yRepin sz
-~ — Wi kg et
yes

no
T x
yes _—pfeadit N
—~ St _— >
~STu <im >
T S
no — — <
p Az At
[oms ] i AD. BLAED
HiL5, A ML TV
fEL T IRRg
10cm A:i4en iy 24
pANEE % (RN
LML ;r‘l'_'["_fl“"?% WM T M T
- . (20~ 30em I < k3 R0 Tk VL (Scmt) (Sem) SemMEL <)
WL T i . - Y Wil ACH bt 4 Ak an: 7 T HUEMHHEA T
T Senp) et AT (Jembl) HUERR AT SemMbL L
; (SemP) WK 101

(Mt : BXREE ELEIBEREAHERENE 734 SH'0)
332 BHAMELIRAEE : BB Y EOEETEDEE 70—

#ihonE

£JE21:0.8~1.5(1.2)

<z7mm 27mm=

- T ad . - AT - fEidB - s T L)
i - Hite WA A SERHER - A (&7 LHAHAT)
BT CBET BT
T & SEGHER (@7 LnakeT)

(88 . NEXCO EREtEfE F£1& TTIREY LAY ulospsn ik
X 3.3-3 HA®MNEXCO : ERD Y EDHEE TFEDEE 70—
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(3)

AMTHEHHSNTWD TIERE7 v —X, LT LT —F U IhE CTh D LITRO/20, AR
2 ORBRME TIARD TIEREICBOTIAIRO TIERE 7 0 —425510, SMTAESICATTES
LM 2 - TR Z B Ue, E72, BefrlCiamkiipis T4 U C 7 — & LAl ZeiiAs T
DFET7 m—% CIP & & bIT/ER L, BIIFHASCE I J—216 U T CP IZEI R LT,

R A LT
Y10 Y i TERHEZ ARG S TedITiE, MAETEAT O BlSEY) e BBl 2k 5 Z & 32
T %, WLN7RE) HARLODEEIZ OV TIIRR 3 12 TR L T DG EARUIHE S D LT 5,

EBh2-4 T ALEICREWCHEAE T ORI T % Eitid 5
REAETORETIE, fis LU 2o 10 H~% 4 AEICER L, TO%ROHRZE (6~9
) \hENEE%d % 2 e d 2, ol H 1 EHE ORENE TIE, 2020 41 7 ~4 JEHIZ
Fha Lz, 723, H2EAE, #3EEOKLIL, REROBH) S = m FREYER O RN L
72 2023 5 L 2024 D 1 H~ 4 2T LTz, FEA T AR 2 ekl TR 2RI~ T,
& 335 IMATICRHHAERMETDEMRA

SHERET EhteHArR WIT)T W

=1E 202041 A~4 A Lobesa Hus{ZEFEFIER Veg.001, Gangthangka &%

% 2[0 2023% 1 A~4 R Trongsa g #FrE N T-veg.014, Yangkhil Resort D EREHHE
% 3E 20241 A~4 A Phuentsholing HsiZEF#5FE A Samtse @) Gopini Z32E

(HE:JET)

(1) 21 FHHEhE T
% 1 [EleBE 11X, 2020 41 A ~4 AT Lobesa RO &N Veg.001, Gangthangka (= C 5 L 7=,

process flow diagram

‘ Preparation ‘ investigation H survey ‘ + Design | + Materials |

[commmcton] amatvor R - |

' Wooden board,

. | Deformed steel bars (D12, D25), ;
Cut slope 1:1.0, h=5m, Berm width 1 m. ! Live stakes, wood stakes, !
| |
| Jute net, !
N 3 Cement,
Drainage system ! Fence

I Soil cement (t=10cm), deformed steel bars (D25)

Soil cement (t=10cm), deformed steel bars (D25)
Soil cement (t=10cm) with gravels, deformed steel bars (D12)

use of Gabions and the Street gutter
Bioengineering

Type A Lined spraying seeds
Type B Spraying sceds

Stripping surficial soils and planting method

(K8 - JET)
334 WEEINRIIO+R
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NEXCO DOaAE THIOEE 7 v—a W5 & 55 1 (0] B iErhE TH ClamEsdn L - Bkt - 2
SR T OFEfHEY &AW Sz, FEERORER L TlL, 2 bDTREA I T —& AT TATFINA]
REZRbTE) & Sl nTRE it TH A 258 L, ol /s TIEAIRE LT,

<z2ymm

27mn=

TIRREE

<2gmm 27mm=
< 27m™m 27mm=
Y Y L J
— 1 connl P - AL - BT B ¥ iRy - BT B
KaH - AT A WRtiB - VLT A ERHER - BT A (&7 VEIHRT)
T -RET A SRET
# SERHER (87 VEAMET)
(HEL : NEXCO ERATEME HF 1% LTIIRICHE - EIE)

X 3.3-5NEXCO : &) Y EDHEETEOEE 7 —42FHAL-E 1 BEEBRETIOIEEE

% 336 F1MNHABRETTEET 53441 TDOHEET
IE TEBH e ERT 5iEF H#t
. B HIEFEEME. M@ <BIE > _
ABAT 'FE%EI?%WE HIRICRER D 1 — RV TE Paspalum atratum EMES:Sem
&Y AIETFEGLE, <PETE> - _
) IR TR -, qu ul
emren | AT SMTLIHE, RS Ruzi gras ;gﬁgﬁﬁgg g
BAAT T ﬁ TP a— bR yhEBEHZET <HfmE> Hi-Y 250 BALT-
RS HET AT, 1m3 $Y) 20g % Bt =7 Sg BRI
- FHFHREBRTERLI-EEEYY | Paspalum atratum, Ruzi N
Co47 | BET | my smEYHITHEST | gras. GM mixed DES BE-EENS
(H#2:JET)
PLAN VIEW N . B
Tr | ‘ E Ruzi grass é
mz;‘:::g § (Brachiaria ruziziensis) §
(g - JET)

336 HEATERETER (k:HKEHE. A #H2H)
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* 3.3-7 F1OBEHBET COBEETLICZRIHER

15H Bf | 2 | #E
. n R b . . BTICHELEMHDOBA - BAERDRES LU, 3OREHE
B - B AR D AT =% 1 - AEER S o - B T L
Pgt-EtT = 1 HEELTDURIBRIEREET,
g;;f);:iﬁ)mﬁl(;fﬁ-d\ﬁﬁ;fﬁﬁu " 1 SEETH L ORISR B
JhUEET m 13 BHAEOERIZTIN T 1 HTDOFE
HYMEABGLEA7I O RDKE = 1 HELIEMERAISED KSIHE
B IEEE S AR TIEE 15 cmiE C/KEARIZSE Sa1—k
HBET A DKET AL | rohemS. chE Im BEIRTHS.
WBETIB DT = 1 2EIZEF BHESALTIEEHE, Oa1— Ry TES,
4T C DT = 1 X —RTCHEFLI-“FHETINEBIET S,
(HER : JET)

B T\ T, T FER IR LT &R Y2 & & bic, JET MBI CrBsii T
AT o7z, F£72, COVID-19 DFEET 2020 4 3 A LIREIL JET |2 X 2 BIHRE N I T& 72 725
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PLAN VIEW

Type of Bioengineering(Vegetation) ‘

~~ Contour 0.5m
—— Contour 2.5m

[ Paddy field
— Crack
. Farm slectric fence
Electric Pole
| French drain
“%/ Reference point
Wooden plate

Golbm  OvlSm  OeXm oM Qudom  Oed

PLAN VIEW

(88 JET)

~— Contour 0.5m
——— Contour 2.5m

[ ] Paddy field
——— Crack
— Fam electric fence
Electric Pole
" French drain
</ Reference point
——— Wooden plate

M 3.39 %2 EFHBRETOEETIDRER

(HER:JET)

Type of Drainages | | X
=] = *\\
| iy s m———— T
L Ty e e ] Citofidan |
rain ==t French drain_ e’ ?% Contour 0.5m
= — S — {_Barm drain
e | = — e oy Berm drain1_| Contour 2.5m
t# < Sk 71 Cascade drain | [jPaddyﬁeld
—— ———21-| Gabion drein_| Crack
- — e
—— : it Stoppod Drop — Fam slectric fence|
== S e —— Electric Pole
—— - ] 0il cement cover
— ) P -~ *"T.: = e =T —3 | French drain
Sida ditch of Farm road —— “ s = K4 < R int
————r s — * Reference poi
—= e
== | I — == Woudes e
)’// —+TeaatP)— L —1"
/ S
L]
ﬁh o [ o Gl BPm  OJEm  GPm GEm  Gum el

PLAN VIEW

3.3-10 %2 EFEEETIOHKINEER
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RHEIEAROE TETE 2 F IR,

| Yard Vegetation: Y1-2

Vegetation Pots placing
Potvegetation | (Pot vegetation)

- .

L~/ Laminatesheet Sand bag vegetation
Lttep =~ |~ with seeds it

o iy |,
5 By L2) R | ‘.
) — VS [ 9<) >
FER2 7

M rand bag vegetation

PN
. Lar;inatgshe},é',_

Mt | - A 3
\ oz N -
' L‘r:.‘,,m 7[ Y1’ ::é" [ ;.\ ‘ @
Y1-Y2(244+203)F° Lot 31 | £ :
2.25%(12+13) | oy k) SgAEOE | 2 /1%
N ERT = &
503.25 m2 %rdvegelwon \:g_ﬂn | O 0 Y
————— Sem—— &
I VI T T B Entrs Exh potat for machine,
FEE (158 JET)
3320 WEEIHEKIVHKSRTL
LT, E2PK TR I OWA TO THIC OV T E TR
® 338 IHHKIBLIVHEELETINO—E
BRSO RTL Bi | %8 #% HEET B | BE | #E
Berm drain (Br) m 37.0 EIKIE Yard m 503. 447+ pot 5 )]
vegetation 2 3 2.25x(12+13)
Lateral drain (L) m 160.0 HEHEK Vegetation pc 133 23 pieces on the Br2,
pots placing S 25 pieces on the Br3
12 pieces at Y1
13 pieces at Y2
60 pieces at Landslide
prone area
Cascade drain (C) m 120 | &K, | Sand bag | pcs | 400 Landslide prone area
HtHEk~ ) | vegetation 200 bags with seeds and
gg 200 bags without seeds
French drain (F) m 420 rEERHEIK
Check dam (CD) pcs 6 | FkomEz:
Energy reducer (ED) | pcs 4 | FoKDEE

%5 3 AR TIX, 2024 451 H~4 AICFEE LT,
R — Wi L0 B CHER - BHEIL -0 b, RETNEB LU EL fE L7,

_ Seeds bag vegetation

A: Landslide prone area. ’,,,,«’/v‘ Pot vegetation Yard Vegetation: Y1-2
g —— aminate sheet| Vegetation Pots placing
| with seeds

(Pot vegetation)

/(2m>-10m)

Sand bag vegetation

Laminate sheet

Yard vegetation

B: Entry/ Exit point for machine. (Hj& . JET)

3321 WEIBLVHIKSATLOHE - BBERELK
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@ Br1-3: Berm Drain ..,,,5,,_;\ -
/ F1-3: French Drain L) w
-~ C1-4: Check Dam 2l ?I

ER1-3: Energy reducer
L1-2: Lateral drain

CD§, 7: Cascade Drain
CTD: Catch drain, triangle
SCD: Stone Covered Drain
SD: Stepped Drain

1 square is 10m x 10m.

Revised design

.

Y3:52.87 m2

AN

vt

Y2: 171.12m?

Results

Bioengineering

Pot planting
CBr2, Br3,
Landslide prone area
Laminate sheet planting™
Y1-~Y3,
Landslide prone area
Sandbag planting
Landslide prone area

*Y1, Y2: with seeds
Y3: without seeds

Drainage system

Br1-3: Berm Drain

F1~3: French Drain

C1-~4: Check Dam
ER1-~4: Energy Reducer
L1-~2: Lateral Drain

CD®6, 7: Cascade Drain
CTD: Catch Drain, triangle
SD : Stepped Drain

(HE8:JET)

3.3-23 MEIHOREE (£) EBIHO FO—2iRs
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(4) 32D A MZBWTEHEALAHAETOE LD
B T 24T~ 7= 34T (Gangthanka, Yangkhil, Gopini) TiEA L7l T8 L OWEK Too—

BWaRT, Bix e TRZ BRI T2 2 L1k, 2IRICEIRBIEZ T, ey =7 MED

INDEIGH L THATORBENTEL LD EE 2 5,

% 3.3-9 Construction methods used from the first test slope to the third test slope for Bioengineering.

Vegetation work/ 1% test slope 2" test slope 3 trial slope Memo
methods Gangthanka Yangkhil Gopini
1) Linearly planting Linearly planting — — Vegetation
for long
term
2) Overall planting Overall planting Overall planting Overall Highly
with jute net, planting versatile,
Overall planting with laminate Long term
with laminate sheet sheet (with Effective
(no seeds) seeds, no
seeds)
3) Transplantation of a Transplantation of a — — Effective
germination bed germination bed
4) Cap planting — Cap planting on — Effective
gabion
5) Stepped planting — Stepped planting — Effective
6) Pot planting — — Pot planting Effective
7) Sandbag planting — — Sandbag Effective
planting
(HER:JET)
% 3.3-10 Drainage system as ancillary work to Bioengineering.
Drainage system 1t test slope 2nd test slope 3 test slope Memo
Gangthanka Yangkhil Gopini
1) Cut-off drain Cut-off drain Cut-off drain —
2) Berm drain Berm drain Berm drain Berm drain
3) Cascade drain Cascade drain with | Cascade drain Cascade drain, Lateral is used
cobble stone (joint type) Lateral drain due to
(Cascade drain) placement
Catch drain Catch drain Surficial
(slightly concaved) (slightly concaved)
Stepped drain Stepped drain
4) French drain — French drain French drain
5) Energy dissipator — Energy reducer Energy reducer
(Energy reducer, sump) * (Box type) (Box type,
U-shaped)
Check dam Check dam
(stepped drain) (stepped drain) Function
6) Toe drain Gabions to Road | Gabions to Road gutter | Stone covered drain as
gutter Road gutter

* Names in parentheses are synonymous.

(HER:JET)
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EEh 25 WEARICEEY ZERE - M E I & AR RMER AR D
BHONANE, WAETLO [Gha) o B8 . EREH . (L) o THERFEER) 28 0WA L
Uiz, AEHATEM Lzt 2 —2B &, WA TICBd 2B A0e L, R TRFiZe & ONTHE T8
TED L ICHIB IR E T o T,
FEAETICBET 2RG! - i DEFEEEO HIRE TRITR T,
+& 33-11 HEETIDRFEBDBER (Ver.l)

Design/Implementation Guideline for Bio-engineering Works in Bhutan
I : Planning, Investigation and Design
(Ver.1)

F1E  #A
L1 EBEIHARSAVKREDER
12 EETIHARSAODBER
1.3 ZEmREILLTODIEET
F28F (EEIOME
2.1 AT OFFLEH
22 HETDEE
$3E JAVEOEEIESRS
1 HEAETHEDERE
B2 HETDERLETEETE
3.3 AT ME%E
FA4E WHEEIORICH#HEEHE
41 HEETORRIEE
42 HEAETI DR
43 HEETOHFER
BEH1 HEEITOHI(Lobeysa R.O., Trongsa R.O., Sarpang R.O.)
BH2 EETDEELAZEE

(H88:JET)
® 3312 WHEAEIMOEIEEEEOBX (Ver.l)

Design/Implementation Guideline for Bio-engineering Works in Bhutan
II: Construction Management
(Ver.1)

Chapter-1  Construction Plan
1 Description
2 Requirement

Chapter-2  Quality Control
1 Quality Control for each work
2 Field Checklist
3 As Built Control
4 Progress Control

Chapter-3  Safety Control
1 Preface
2 Prevention of occupational accidents due to slope failure in cut slope construction
3 Safety Plan
4 Meeting with the Client
5 Dairy Works
6 Work Item
7 Field Checklist

Appendix-1: Sample of Construction Plan

Appendix-2: A Field Checklist on Quality Control for Construction (DRAFT)
Appendix-3: Sample of Weekly Meeting Report

Appendix-4: Sample of Daily Construction Report

(HH#2:JET)
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1 Basic knowledge of geology in Bhutan
1.1 General

Engineering geology in a cut slope
construction
2.1 What are the Rock / Soil Classification?
The relationship between the rock / soil
2.2 classification and the cut slope
specifications

Geological survey for rock/soil
classification
3.1 Type of survey and the Methodology
3.1.1 General geological survey equipment
3.1.2 Handy dynamic cone penetration test
3.1.3 Handy elastic wave meter
3.1.4 Seismic Refraction Tomography

Appendix: The actual example of geological survey
in cut slope construction

(i8R : JET)




General characteristics at the outcrops of each class

Start
Hard Rock Metallic sound is generated by hitting target by hammer.
Soft Rock Dull sound is generated by hitting target by hammer.
Unconsolidated or A z -
It can not be defined Distribution Hard Soil Highly weathered rock (Decomposed), Soil formed by soft rock in

original position, The tip of a hammer sticks easily into a target
Decomposed Shape
highly weathered rock
or
Recent sediment
Suchas
debris deposits,
Terrace deposit etc.

Ordinary Soil Itis a general sedimentary deposit, so-called "gravel and soil”.

Consolidated
Everyone recognizes as “rock”

Highly developed
Schistosity / Bedding

Pelitic Schist, Green Schist
Phylite, Slate

Vp Speed
>2.8km/sec?

Rock Type

Massive
Granite, Gneiss
Quartzite, Limestone, Ha rd rock
Mica schist etc.
Vp Speed Yes Vp Speed Soft k
>2.3km/sec? >0.8km/sec? oftroc
Hard Soil
It is remained Yes or it cannot be defined Nc value
> text! f k *1
exture of a roc| It can be observed N¢ >20?"Y
metamorphic texture etc. traces in systematic. -
Ordinary
Soil
Arrangement of gravels are scattered,

Itis like a mosaic pattern. *1) HDCP test should be conducted into matrix dominated part.

(HiE8:JET)
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Qutput- 3 3™ Technical seminar
Agenda

1 .Analysis of soil and rock classification at the pilot site with reference to the manual

2. Cut slope design at pilot site according to revised standard

3. Schedule of construction on Construction Site

A
—————— Gazkaial Faadany
ERERR FEX HWEREGR SE-thESE HEX
(Higg: JET)

34-4 R 3 5 3 B S —EemE R
(3) HE - ML~ =27 VOUGTH LU
CIPIINDDEEZIUE L, ~ =T V%SG L, RTNAIT, "DoST FTa O A O
R ICET A TEE OBINCH 5, BT - WK~ = 2 7 /U 2024 4 4 A3 S h7- DCC 123
W DoST L VARSI,

EE)3-4  HEMR T L OG0 Y mAREZREY 5
TEH) 3-2 OFHififR RIS L OVEE) 3-5 T L7-&R2 b LI, 7 —F CEOEREG)+0 v Ak
(ZB89 %A (Road Survey & Design Manual, June 2005, Mol T Department Roads % L B =— L7, &
SIZ, BMIEI OO ) HOHEFA, Y mORERGlE L OB AL Soe T Y &
7 a4 FHOME X533 LTI 3.4-3 DFERIXI AAFRL LTz, Z ORI Z BT TO 7 —
& OGO ) AR A SR L, LA FICSGETRE R T,
& 345 FEYLOYEIRDORITERETED LI

g +EXS BTI—a R AEFTOHRETE
1:0.12 (83°) 1:0.26 (75°)

Hard Rock Dt OUESSDEELEL El+OYESE 10m
1:0.25 (76°) 1:0.46 (65°)

Soft Rock Pt OYEEESOERHEL Hl+OYEEE 10m
Hard soil 1:0.50 (64°) 1:0.70 (55°)

YEtOYESSOESRL YEOYESS 7m
Ordinary soi 1:1.0 (45°) 1:1.0 (45°)

Y YtOYESSOESL YEOYESS 7m

(H88:JET) 1) DoR Road Survey & Design Manual, 2005
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BUTOREAEG) + 0 O mAEL) S OUGET AL, 1) B1E0 0 mAlERs L ON2) Y100 @S o 2 51
Th D,

E813-5 7 —¥ AEHEGIL0 ) EARLORET - Hi T E TR LSRR 2T D
ATEENE, E1EOVE THFARD 1) FUEDIL0 Y ARLORG HEHE, 2) BUERAfE, 3) M &
BEHD 3B IRDTEIN BT D, LUTICHHBIZR T HIREFEEE T~ T
1) BREG) LD V) i ARCRE
[BEFEERI OIS | 53H7]

% 34-13 1259 DoST TIEH SIVTWARMEREZIUET S & L 62, CP LU0 w12

B4 2e7 Vo 7&1To7
& 3.4-6 DoST DERETESERE
AL RITHE
Guideline-to-Road-Drainage-System 2021 %11 8
Guidelines on use of Standard Work Items for Common Road Works 201048 B
Road Survey & Design Manual 2005 %6 A
Road Maintenance Manual 2005 %5 A
Design and Construction of Stone Masonry Retaining Walls — A Quick Guide —
(Hi2:JET)
{58 3-4 |ZRCHkod@ v | BUTORERED) EomARE, 4 FEOMEX 2LV HESNLTEY

G110V & S AHBUE AL TV W, BEFEERE OB -0 Y i Clav N SERE S TR,

FTo, EEEFHEYTOERGHEN OO T Y UL B b AMLKEOERAEETX T 4
FllZ 1V: 0.12H & 1V: 050H @ 2 FlifH A FRr L QW DA, TH CHELT 2 EEOME SRt~ T
THPIH RO OY A h=r V=T OFRICE VU TARZERE L T\ EDEIETH T, L
ML, BiHFRAEDOERIZ, Ordinary soil (ZFH4 4~ 2 fEATZIW\Th, Hard Soil OFEHETEH 5 1V: 0.50H
DOARLANEH S TER Y, MBI HEREE, i TEB L o 7o —#OZERI BV TR bl 72 & BN
RS IVTUVRUMR 28 Tl 72, AR CIE, 168 3-4 12 THER LR 100 U EABdiZ-Du
T, aREHE, i LA R OV LREFRE 230 100 V) [ A7 E T 2 72 DI SR R ) GA A, FEVEY)
TV EARRGHEREAAE LTz, S BIZ, EEHEY 0V ARG HEEIE, 2024 424 H 16 HIZ
Fffi < A7z DCC IZHU T DoST &L W &GRS 7=,

= 34-7 WEIL-EEY L O Y EmAE

e T ERS BT — A RED REFCOHRTE
1:0.12 (83°) 1:0.26 (75°)

Hard Rock Pt OUESEDEREL HIE YRS 10m
Soft Rock 1:0.25 (76°) 1:0.46 (65°)

oftRoc YL OYESEDTEL YL OYESE 10m
Hard soi 1:0.50 (64°) 1:0.70 (55°)

ard sol YL OYESEDTEEL YEDYESE 7m
Orch ] 1:1.0 (45°) 1:1.0 (45°)

rdinary sol YL OYESSDTEEL YEDYESE 7m

(HE8:JET) 1) DoST Road Survey & Design Manual, 2005
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(R HERHOERK]

FRUEG) +0D V) 1 ABCRE MR R, TEE) 3-4 (TR0 L7z 4 FREEO HEEN B 722 HFEY 0 U
Atz L L, /N, Bk X OWE KGR O ENif] 25 0 IA L LTz,

RFNFEREY) 00 V) I AR F RO & R T,

& 3.4-8 REVTOVEMEERETEME RIKEAR

Design Guideline for Contents

1. Introduction === -- === m oo 1

Standard Slope Gradient of Cut Slopes 2. Standard Slope Gradient of Cut Slopes in Bhutan - ------------- 1
3.Berms ------m o 2

4. Rounding of Cut Slopes  =----=--=--=-=-------omomooomon 4

5. Management of Water --------------------o-oooomooooooo 5

5.1. Management of surface water ---------------------------- 5

5.2. Management of spring water ------------------oooooo-- 5

6. Cross Section -----------mmmmmmm e 7

6.1. Standard cross section ---------=-----comocoooooooo 7

6.2. Methods to control the height of cut ------------------------ 8

7. Comparison of Standard Slope Gradient of Cut Slopes --------- 10
8. Drainage Design of Cut Slopes ----------===-=-------------- 11

March 2024 8.1. Drainage design ------------==--ommmmmmmooooo 11

—_ 8.2. Calculation methods for rainwater discharge volume --------- 13

. ) 8.3. Design of drainage facilities -----------------------co--. 14

j lCA 8.4. Calculated examples -----------mmmmmmmm o 15

JAPAN INTERNATIONAL COOPERATION AGENCY
Appendix
THEPROJECT FOR CAPACITY DEVELOPMENT ON COUNTERMEASURES OF SLOPE DISASTER ON
ROADS IN BHUTAN

(82 JET)
GG IEE)

YRR L7 HED) 100 U AR A TERESS L OV DOST THEH STV A BEFOREEE FIV T, fiE
THA MBI 280V EE LT DB 21T o7, ixFHHE I LU L7 BRI % DL
TORITRT & & BITHRFH 2T,

% 349 YToYEHIIEESLUERAL-EEE

FREHEHE WAL BaiEiE]
EERERI Road Survey & Design Manual fth -
BRI DoST GERSN TL BB EEE DoST f52ffr &
o reg—| AU 0> B AR DoST 4%
F35)) AR * Guideline to Road Drainage System + BARAEMROHETRIE
(Hi88: JET)

EHAE O ESZ, DoST OIEFFEEE TITOITWAIEBIZOWTIE, DoST Oz X
nEREFE T,

—5, BEEEOU) /N ORIEPEK T E o 72, DoST N4 & TR Z L CUWVeWEBE 2D
WL, BARANEMZASHMTAE 21TV, DoST HifiE & & b ISERSR 2 506 L 7=,
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TEE ' THES

(HEL:JET)
3.45 T HANMIEITHU LDV EREHRDH]

Fo ANFE T, IREIOR TS e X %200 U TAZHEDOE L 2> THY |
% 5 [ I — Tl S 10 Y ARG D K0 RO T ka2 AiE L. Zik
k153 % DoST O TOHGFBITM ORI CTERM L 72, EI T —ONFITLLTO 3 HAZHE
i L7z,

) Explanation of the Design Guideline for Standard Slope Gradient of Cut Slopes.

@ Training on how to draw cross sections.

©) Training on drainage calculations.

L‘. (\G\ =

%5 [ HEffitI— EHERR ¥ 5[ Fffiz— EHEkR %50 it — =R
Tashigang,RO, (2023/9/27) Trongsa RO, (2023/12/19) Thimphu HQ, (2024/3/7)
(HEL:JET)

FE 342 BEYLOYENERTEREICRIBEM I —EHKR

2) HRYEHATZR DOIER

81100 Y i TEE DoST T RAVRIER TH Y . ATHE TR HIRMERATF (T, DoST TiEH
ENTWHBUTOMEHERRZ  (Bhutan schedule or rates-2021) 33 KT8, FEFAMH Y Labour and
material coefficients 2021 Civil 2VE1- & 725, ZOE 12, SeAT90M &7 hE TV b THZHE LT
FoNTm, U0 Y mEEOUGET 2 A S, FFERMR 2 FR L7z, BLFORIZEI L0V
THIRARAEEA B L ORI EEE F LT,

42



[SEATEI 10 v i L5 OF1bL]
FAT LTI SN & 1T, A~ EBEEETAN TR S AR 2 i LY R LR
YE PRGN CHENE SRR 4 1B U0V HLHFTH D, Bk 2 TIXATM L,
A 4 TG LI\ T EIZ LT, ZOLHE Y, 77— U EICBT29+0 9 i IEo
FREDH LN E 72D & LT, FREZEO TYE T MR &, 2R,
LY L0V HOMEF I RET A TH Y |, AGECHERBENT R E RS VIHE
Hater L TW\5,
[ 10 v EHEAEDLE]T]
B L0V EREOUGTICHWHEL Uiz, Bz 2 TR TIAC OV T, AARANEMZEIC X H8i
IEO G & HTAAEERMI 2 3E LT,
FFEOTEENC K o TR S AR ERNZRI R, B 3 TS L M@ sS4, 81 TR
D THENFH S,
3) Jita LAEFRERADERL
TERERA R OVERL & ARk, AT L CEES Nz 0 1y Mo b TORBREISE 2 TU+0 v H
TR D TAEBRESE AR LTz, 2 Ofts TAFPREEREIIACR 3 M LY MW GERMBS S L
TWD, RFITNE LG PRI Z R,
& 3.4-10 Y)LOYEICHRIETEEDER (Hg:IJET)

Design/Implementation Guideline for Standard Cut Slope Angles in Bhutan
II : Construction Management
(Ver.1)

Chapter-1  Construction Plan
1 Description
2 Requirement

Chapter-2  Quality Control
1 Quality Control for each work
2 Field Checklist
3 As Built Control
4 Progress Control

Chapter-3  Safety Control
1 Preface
2 Prevention of occupational accidents due to slope failure in cut slope construction
3 Safety Plan
4 Meeting with the Client
5 Dairy Works
6 Work Item
7 Field Checklist

Appendix-1: Sample of Construction Plan

Appendix-2: A Field Checklist on Quality Control for Construction (DRAFT)
Appendix-3: Sample of Weekly Meeting Report

Appendix-4: Sample of Daily Construction Report

EH)3-6 1R L8R - M TEEERICE SO THIEEEZTTS

ANEEIOERRT, (EHhZ @ U TR S M- AT & SEER O LIS CRBREM L. TOME
LA AR 2 & & bIT, LR OLE LT H0 0 i TFIR D HIBEREZ1T 5 Z L Th 5,
AL, D TR Z 520 D T3 hORIE, 2) SRR S TH1 b Cfi THEEE
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Z1TD D2ODAT v TNBR) | LITICAAT v kT HIEEOFE ML T

1) i THA b ORE

K EN PNHS IAAET 5, SRR B AR THA S OfEmi e Uiz, SEOY R85
WZDOWTELFIZRET

[EED ]
LISAR A BN U7 PR & U C U VB3 (L Z26E © K9 1ZED 720 R B ET 232 < |
TEREASEFHLOFA Y A7 BNEVIRILUCH D Z ENET D, Z0 “WERRERETOME %= 1T
FORME LTRRE L,

e SED|

—J5C, AEFBO AL, ULV HOLEEE LT D720, BATOU LA A UG 57
ZEThHY, R LA DY) 100 HOREMTOWT, Bl TARSNOERENEE ST 5
Lo tERT, I Yo v m BT 2/ AR asER L 20 | AR TS O
L7220 IR 0 R/ A8 A MR CEIRWERTEIC DWW T, fELY A hE L GHESZ2WVH 0 &H
Wrl7z, £7-. ATHIICP RO THRICE > TEBEND LD TH D, LD, TR +45,
LRI THE DB & T2 HEPNCOWT S, EBATREMEOIR T2\ e, e Y1 &L
TIREZ RikoTe,

£

IS
k=113

EEE

Trongsa =
o

Construction

{’"’f A\ Site

Gelephu ____
- e = P2 The.view.from Gelephuside
2\ Trongsa
B: ﬁﬂ?&f{-ﬂ;\ \ W
0 50m
— — =
(H#:JET)

34-6 HR3 IYAMIERSLIVTREE

T ITEEICEI LT, A) EILIE, B) SEE O 2 TN CIPAIL EE S, F 2 oiig
HEABLOEEEORE AT T ZORRAEEIC DoST L Wiz To =i, BFEt S A) 18
BARERN B SN, TD%, Yol UzsGHE A e D ONAEHERTFR 2 O CREIRREH R HONC
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FEE DM T, DOST I X » CTARLM Thoil-, FRICZLFENFB LOTFE, EiL L 1 3EE %
Y,
£ 3411 BIHYAMIETA2IEMESLIVIEEM

HETOE THj EiL£%EE MIEER
= FETIERE=90m
- BAIBYL BAHSES15m 2023/2/1 Blue Heaven
— . _ ~ Nu. 4,481,256.20 Construction
" BLm EETTHRR2I-LE) 2023/5/15 Private Limited
» ERE/INER/ERREEKT
(HiE8:JET)

S FREIFE EL D E i LY A b T LREFR 21T 5

JE8) 3-3 L OVEH) 3-5 408 U TR SN e S FRERHI S & i TR A T o 7o, AR LHIE+
DY A THFARDSGTRELZEHAT 200 COTHTH Y | /NEORECK O Y 7 CH AR
7255, CIP 23D TR~ LAY & T D,

<OAT, BAIZRT S TEHE & [FFOMEHRDI RO bND Z &b, AARAANBIEIC L 53

WEET INBHEKT | EEHKT

(Hi2:JET)

BE 34-3 YLOYEDEERETIZHFL Ei=(EmEshi=TiE
CIP 1X. THAEFHID TIRORE) LR T £ T, YL THIfRD O TR Chi TEFIZSM
L. FEBICRI LI BN T R 2 7o L B R D,
F/o, hi CEPRESEICHE N, YEERTOfERR T RO )2 s O 5%, 2SI bR
LTl AP 21T o 72,

i

cll
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EESURE
2023/04/19 i 2023/11/16

HLEIEY 28
OYESR | BTE:65 , hES5 | LS i i Ta U ETERRR

2023/11/16
3/11/1

2023/04/19

p

B LEY A TH LMK

(Hig2:JET)
TH 344 HE3 NTOVE WIFAh BTRSECREDRR
ZORTHA R CIME SN L0 0 FTHL, G100 E TR D —HOEY IR - 3%
FNDEEOMT) %, A70V=s FClERSEATERICA>T CP & & bICER Lz b0
ThB, MILETOTRY—ELTRRT 52 LIck ), X0 B0 BHTIE & 72 0 AR
DN DB o712 L RIS, ZOREIMEANT bRE b LEZ B,
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BB 4-1  EEPSRBRERICE SO THERER - RlmEBET S

[ ey hA R 1]

%5 1 (8] JCC |23\ T Outputd DIFEINEZ 7 — 2 A EHER LT- 2 & 2%, 1 &7 H OB
TREFTOBENEAAT o7, BE L7 &3 2020 47 (FY 2019-2020 of Bhutan) o> 15ct St
LlpoTe, MBRETTORBESRHILLTDOEY Th 5,

1) 2020 FETHE T3 A4t 4 5 E

2) 2016 FFEDEI K~ A K —T7" T LA I LR RRR T T 7 1 LR
3) AKFELME

4) T CEMD PR H ST AV A KR LA CRIG )Y FTHE

KIGEITREITLL F DA T v 72 LT 572,

FEAIE FER AL 3V TIRE ST D 16 EATOSERRFHEI D D AT R EF AR
ESNDERT R BLEES)

HTAT » 7 ChiH &7 8 fATIZ DoST 23 Y IFHER T dr A & Il LT A T
Z Nz 7= 25 taAT CHIMIRER 2 i, T OFER, A SKEOEBRMIENH V. 2
OBl ISP ORE 2 2 EingE,  GiHiEE)

\ 4

RIAT v 7 CREE SRS LTl AT REZ e SR TR C X Ii 73 vl hE
D ETRE TR, SOE~OFER E A L AR A U,

AK7v Y =7 N OFEME IR E R COW#RIZ T, Outputd OFRBRIE TIZF51T D% AR TR,
BAPGRERE LPE SN TV D, ZOTIEZER 2 7-ol0fb)efim s LT, #Emes L TFAT
X DWATIINT—% b OO KEOLRENE N &, #EMERET D DR AR—ARH D
Z &, FLTHITRY 2 EORBURRIE S EDO FREMEDNMENZ LT Hns, FiAT v 71
L BBEEEORER) D, Chendebji OREMIHIN Z S DS TITE D LTSz, #- T,
Chendebji DA% Outputd TOE 1 [B] B OFE A RaABE Txgath s U CGRE L=,

[ XA my v o1 k23]

Outputd DXFZITEAKIR Tl o705, FHEARE AR THEOG L LTINZ 5 X 9 DoST DEE
B ERSTZ, ThEZIT T, My bA b 2 B3 ITOWTCIEARET T < Kb
BN LIRETHZ L LroTe, LoT, RV D 2 ED/ A 1y A MEBRET H72DIT,
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DoST 7 HEZE ST 8 T fERRR i A it & U CHLHMA: & BB D SR A R 4 DT
—X LT T N—T A N—TEM LT, SO SRR X AR & BRAE, B OYE
TESILHRIR TR A T4 THIZHEE L,

Z OFHEAERN 2022455 A 13 HIZBRfE S 4172 DoST WO DCC 12Tk 541, DCC & L C Tekizampa
Hii[X., Tashiling Bridge Hfi}X., Drupchu HiX % foféfpefiiti & 92 Z & N RE STz, ZORRE 2T,
2022 4E5 J1 17 HICBIfE S -5 5101 JCC 1T\ T, 20D 3 T D kfsittin & Tekizampa HiX

(Lobesa H 5 =5 %sH & k) & Tashiling Bridge H#1[X. (Trongsa #1555 EEE) @ 2 fEATN/ A 1 v
FA R E LTERE S, AR ST,

72k, AlhEE X 7= Tashiling Bridge HiX Cld 2020 4D S E TR SN ABR ORI X 1%
% DoST 25FHEI L TR Y | ZORUTE A THOHIHIZ Z OFERIAI b A>T\ D, ZOZ L2320,
Tashiling Bridge HiX DAREERIEIZOUWNTIE, R LORGE S L USH R LG RAR - 2 65 CF
MSNDZ & L) AR vy =y M CIIBMESA 217 - & R R ER A R L
DoST ~DOHVERIT R/8 ZA%ATH Z & L 7p o7, Tekizampa HUX D FAEERIAIZ DU CTIEFHAD HEx
FF T E TEM 5,

LUTFIZ, B TBE Se A 1y b YA b 3 ETONLE 2777,

Tekizampa

Google Earth

(HE2 : JET. £ : Google Earth)

351 AR 4 D/RAOYRF A+ 3 ERRDAER
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(HE88: JET)
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[/%1 vy A b : Tekizampa H1[X35 J O Tashiling Bridge #1X]

Ny MA N2 M my MA b3 & UTERESIE FRL 2 DTORE T CP & & HITlE

B4 50 L7z,
> Tekizampa HiX. (72~ HUF S5 TEEE)
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Legend
Fill
Loose debris

Landslide block

Old colluvium

Rock
(Gneiss, Schist)

Spring/seepage

Knick line

Scarp of landslide

Waterseepage are found
annually.
The water amountiwill be

increased in rainy season.
Al

,100m
(H82:JET, EBE: Google Earth)
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(HHHa: JET)
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B Since the amount of excavation is relatively
small, there is small impact on slope stability.

It is difficult to treat high-energy rockfalls.

It can be constructed with materials available
almost in Bhutan

B |t is difficult to treat high-energy rockfalls.

B |t will affect landscape relatively due to large
concrete structure.

B |t can be constructed with materials available
almost in Bhutan

PLAN 1 PLAN 2 PLAN 3
Reinforced earth wall Sandbag with Geogrid Gablon wall Wire-net covering
. Gabion wall ~ /
Y4
SChemat‘i \.\ g K Concrete
drawing o X o retaining wall
Planed e t
countermeasure T
Drainage pipe -~ \ Congrete Y
retaining wall =
purpose of The plan is to retain the unstable slope and to | The plan is to retain the unstable slope by retaining | The plan is to retain the unstable slope by retaining
P hod protect from rockfall by absorption of rockfall | wall, and to protect from rockfall sandbag wall with | wall and backfill as counter-weight. The unstable
metho energy by reinforced earth wall. geogrid. Gabion wall is support of sandbag. rocks on the slope are settled by the wire-net.

B The reinforced earth wall using geotextile | M By making a concrete base, it can be secured a | B Adopt wire net work with protective and
absorbs the impact of falling rocks without space and pocket for the rock fall protection wall preventive functions. Therefore, the rocks on the
greatly expanding the road on the valley side in the upper part without greatly expanding the slope can be kept on the original position, or
and contributes to the stability of the back slope road on the valley side. The concrete base also rockfall kinetic energy can be reduced.
itself. contributes to slope stability. B The effectiveness for rockfalls with relatively large

Feature of B A pocket for falling rocks is secured by inclining | B The rockfall protection wall itself uses a sandbag, kinetic energy can be expected.
Measure the upper surface to the mountain side. so it is easy to be constructed and maintained. B The work can contribute to the stability of the

debris on the slope surface.

W Material costs and construction costs for wire
nets will be expensive.

W Periodic maintenance to removal of debris behind
the net is required.

Validity/Effective

By removing rocks that are assumed to be high
energy, it can be expected to protect against most

By removing rocks that are assumed to be high
energy, it can be expected to protect against most

Wire net covering work can be expected to have
effectiveness of protective and preventive work.

ness rocks on the slope. It is also expected to prevent the | rocks on the slope. It is also expected to prevent the | Stabilization of rockfall and slope surface can be
collapse of unstable sediment on the slope. collapse of unstable sediment on the slope. expected.
It is more lightweight than a concrete structure and | Since the amount of excavated soil at the lower part | Since the excavation area on the slope is small, there
can be constructed with ordinal machineries. of the slope is the largest in the three plans, | is little impact on slope stability, and it is easy to
Workability Since slope excavation required, excavation and excavation and concrete placement work must be ensure safety during work under the slope. On the
embankment laying must be done carefully and by | done carefully and by stages. other hand, wire net work requires work in high
stages. Quality control of concrete is important. places, so safety must be ensured.
80,000 BTN/m 210,000 BTN/m 1,100,000 BTN/m
Economic The plan is the cheapest method among the three | The materials can be procured in Bhutan. Although Although the concrete retaining wall construction
- plans. Imported geotextile is a relatively expensive | the expected effectiveness is almost the same as | cost for slope countermeasures is cheaper than
efficiency material, but other materials can be procured in PLAN 1, but the unit price is higher than PLAN 1 due PLAN2, the material cost and construction cost of the
Bhutan. to the large amount of concrete work. wire net are expensive.
Evaluation O A X

(HEL:JET)
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®m  Planl
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B Plan2
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Plan 1 Plan 2
To stabilize by changing to stable shape To stabilize by structural force
(remove all unstable part) (mechanical countermeasure)

Standard Z s
cross 5 E 2 &
section &

< Stability of the slope can be secure after
Advantage countermeasures due to removing all unstable part.
« Maintenance after work is easy.

« Reduce the risk of secondary slope failure during
construction due to minimal removal of unstable part

« A long-term construction period will be required. < Material and machinery may be brought from out of
[Sene < ltis difficult to ensure the safety of the national country (construction costs will increase)
highway during cutting work (road closure measures  « Maintenance of the structures is required regularly after
are required) completion of the construction
Rough
ot 51,000,000 (Nu) 250,000,000 (Nu)

et it OFE R, Plan2 127 —# VENOJii T2EEIZH E D RS2V IIETH Y | Planl (2858
TENMRSFEERD7-0, Planl ZEHT5 2 L2424 L, 2023 4-1 H 31 H?® DCC (2B THRE
L7
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DATE NAME & SIGNATURE DRAWING NO.
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1480.0 1440.0
Tekizmpa Slope Failure SHEET CONTENTS FEVIEEON DATE HANE & SIGHATURE DRAMING MO,
ROYAL GOVERNMENT OF BHUTAN Countermeasure Work T Tl T BRSO
Ministry of Infrastructure & STANDARD CROSS SECTION MRKELMATIYAMA |WEMMURAMTO NO.3
Transport, Deportment of Surfoce APPROVLD DY |
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Design/Implementation Guideline for Rock Slope Failure Countermeasure Works in Bhutan
I : Planning, Investigation and Design
(Ver.1)

1 Basic study procedure
2 Investigation and Analysis for Rock slope
2.1. Topographical survey and Cross-sectional survey
2.1.1. Topographical survey
2.1.2. Cross-sectional survey
2.2. Investigation method for Rock slope
2.2.1. Interview survey
2.2.2. Site reconnaissance
3 Design for rock slope countermeasure
3.1. Calculation method of kinetic energy of rockfall
3.2. Calculation method of Impact force of rockfall
3.3. Selection of countermeasure for Rockfall disaster
3.4. Design of countermeasure construction of rock protection wall
3.4.1. General
3.4.2. Material
3.4.3. Procedure of design of geogrid reinforced earth wall
3.4.4. Set the conditions and structural calculation

Appendix 1: Structural calculation sheet of the reinforced earth wall in case of Slope in Chendebji

(Appendix 2: Design drawings of rockfall countermeasure work in case of Slope in Chendebji

Appendix 3: Quantity survey for the construction of Rockfall countermeasure work on the slope in Chendebji
Appendix 4: Cost ion for the Rockfall countermeasure work on the slope in Chendebji

Design/Implementation Guideline for Rock Slope Failure Countermeasure Works in Bhutan
II: Construction Management
(Ver.1)

Construction Plan
1 Description
2 Requirement
Quality Control
1 Quality Control for each work
2 Field Checklist
3 As Built Control
4 Progress Control
Safety Control
1 Preface
2 Prevention of occupational accidents due to slope failure in cut slope construction
3 Safety Plan
4 Meeting with the Client
5 Dairy Works
6 Work Item
7 Field Checklist

Chapter-1

Chapter-2

Chapter-3

Appendix-1: Sample of Construction Plan

Appendix-2: A Field Checklist on Quality Control for Construction (DRAFT)
Appendix-3: Sample of Weekly Meeting Report

Appendix-4: Sample of Daily Construction Report

(HE#:JET)
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439
(Reutala)

Google Earth

(Hi88:JET)
X 3.6-1 1EIE®/ Ay MEFEFTOAIER (Lobesa: 2, Trongsa: 8 Slopes)

% 361 1 EED/ A Oy A MERERIOH B S & UH F RO

Volume of Soil

Maximun Estimate Gross-Sectional [ Minimum ey Proposed site
G| (1 a ‘E:d?d";e Volume | Peak hape of | |Prainage Facilty Status or
D Sectio|Chann| ®Max|  of of Flow | pepris Fli 2-1 Pilot
Estimated ebris Flow } ilo
No| Office [Secf \° IPNH>""%| ™" Unstable | Eotimte Debris | Rate *1 2 Judgo | WideNing | etion
Num | Order el of Rainfall [ w D w D w D 2] L -
Condition 17/Apr/2019
(m) (m3) (m3) (m3) (m3/s) | (m) (m) (m) (m) (m) (m) (m) (m)
1 Lobesa | 1 142 1 3 0 12 2,440 15,070 2,440 271 24 14 24 20 - - 10 NG Complete B
2| Lobesa | 1| 51| 5 | 2 [ 12| 2218 72010 22,180 2464) 50 | 32 | 50 | 40 [ 15 | 15 - NG | Complete B
3 | Trongsa | 2 | 327| 1| 1 0 | 12 1,000 5510 1,000 11| 24 | 08 | 24 | 14 | 10 | 15 - NG | In progress B
4 | Trongsa | 2 | 323/ 1 9 2 16 28,910 151,240 28,910 3212/ 6.0 39 6.0 47 3.0 30 NG In progress A
5 | Trongsa | 2 [NOOT| 1 | 1 0 | o8 1,000 25790 1,000 11| 20 09 20 15 - - - - [Gountermeasures NG | In progress B
to be implemented|
6 | Trongsa | 2 | 271| 1 9 2 24 11,360 167,770 11,360 1262 50 24 50 32 3.0 30 - 8.0 |New construction NG In progress (4
1/2 on the
7 |Trongsa| 2 | 248 4| 2 | o | 10 2,540) 19400 25540 282 20 | 16 | 20 | 22 | 18 | 30 - 70 |upstream sideis | NG | Undecided c
buried with soil
1/2 on the
8 | Trongsa | 2 | 175 4 | 1 0 | 06 1,000 8270 1,000 il 20 | 09 | 20 | 15 | 15 | 15 - 60 |upstream sideis | NG | Undecided [
buried with soil
1/2 on the
9 | Trongsa | 2 | 178] 4 3 1 14 7.590 59,510 7,590 843 40 21 40 27 15 15 - 5.0 |upstream side is NG Undecided B
buried with soil
Most of the
10| Trongsa | 3 | 439/ 4| 2 | o | 16 1,000 6890 1,000 il 32 | 07 | 32 | 16 | 15 | 15 - 70  |upstream sideis | NG | Undecided c
buried with soil

Slope selected in the previous project
Slope that pointed as “Rank 17 in the previous project
Slope where debris flow has occurred recently

(Hg :JET) Bhe arstions NOT SUITABLE fr it
INOORER, R Yot T u~THUOJR & R LE S %5 No.323 (Bjee 1 1) 23 1y
A & U CRiE &l S s,
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Calculation Sheet of the Volume of Unstable Soil in mountain channel (1)

s
IRDIL

Calculation Sheet of the Volume of Unstable Soil in mountain channel (2)

Road No. 1 ‘D'\slance Mark(km) ‘ Road No. 1 ‘D\'stance Mark(km) ‘ 0
Management Office Trongsa Management Office Trongsa
Check List No. 323 Management No. Check List No. 323 ‘Management No. ‘ 0
Reference Point Latitude Longitude Reference Point Latitude ‘ 0 | Longitude ‘ 0
. Average
Point | Stream | Width Depth Sectional Stream Sectional Top 10 Rock Diameter
Name | Order m ) Area Order Area (m
(m2) (m2)
201 2 8.2 ) 12.0] 4 0.00 Data No 1 2 3 4 5 6 7 8 9 10
2.02 2 11.2 1.7 19.4] 3 0.00 Point Name 201 2.02 2.03 204 205 206 1.01 1.02 0_03 0
2.03 2 7.8 11 8.5 2 10.13] Max_01 12 0.4 0.6 0.4 0.6 14 0.6 0.4 0.8
2.04 2 4.2 0.7 2.7 1 7.05] Max_02 12 12 1.0 0.4 0.8 12 0.4 0.6 0.4
205 2 12.0 0.9 10.9 0 1.40] Max_03 08 10 0.8 0.6 12 0.6 0.8 10 0.6
206 2 7.0 1.0 7.2 Basic information Max_04 1.0 0.8 0.6 0.6 0.6 12 0.6 16 0.6
101 1 8.0 1.2 9.5 Field Work Max_05 08 08 04 1.0 08 0.6 0.8 0.2 08
1.02 1 4.0 1.2 4.6 Desk Work Max_06 08 0.6 0.6 16 0.6 0.4 0.6 0.6 14
0.03 0 2.4 0.6 1.4 Blue Letter  Japanese Standard Max_07 0.6 10 04 12 04 0.6 0.6 12 0.6
0.0| Max_08 0.6 0.6 0.6 10 0.6 0.4 0.6 0.6 0.4
0.0] Max_09 08 08 0.6 0.6 10 0.6 0.6 0.2 08
0.0 Max_10 08 10 0.6 08 14 0.4 0.6 12 10
0.0 Data No 11 12 13 14 15 16 17 18 19 20
0.0 Point Name 0 0 0 0 0 0 0 0 0 0
0.0 Max_01
0.0] Max_02
0.0 Max_03
0.0] Max_04
0.0 Max_05
0.0] Max_06
Stream Channel Length (m) Max_07
Order Route A Route B Route C Route D Total Max_08
4 Max_09
3 Max_10
2 2,286 2,286 1,316 2,286 2 x Maximun
1 689 317 545 1,880|  Rock Diameter 1.6 m Rock Diameter 32m
0 636 601 870 6,074 (¢ Max) (24 Max)
Volume of
Unstable Soil(m3) 28,910 26,240 18,400 0] 44,910
Maximun Volume of
Route
28,910
(m3:Min=1000) A

Calculation Sheet of the Volume of Unstable Soil in mountain channel (3)

Calculation Sheet of the Volume of Unstable Soil in mountain channel (4)

Road No. 1 |D'\stance Mark(km) | 0 Road No. ‘ 1|Distance Mark(km) ‘ 0
Management Office Trongsa Management Office Trongsa
Check List No. 323 |Managemem No. |0 Check List N4 323|Management No. ‘ 0
Reference Point Latitude |O Longitude | 0|Reference F’olLaf\tude OlLong'\tude ‘ 0
Culculation of slope up to 200 m upstream _ Peak Flow Rate of debris flow
Horizontial | Vertical Slope up to 200 % Concentration [ vation m::;" . ‘m” Total Volume of Peak Flow Rate
) : & | Rate per volume ° v Debris Flow of Debris Flow
Distance Distance tan @ 0 (rad) m upstream g N Rate debris flow
) S |of Soil at Channel o v zQ Qsp
H(m) V(m) oc) g c ¢ e (m3) (m3/s)
200 70 0.35 0.34 19.29 R=2fi0m 0.6 0.54 28,910 32,122 321.2
Catchment | o8 DAy | 200 Slope up to 200 Soil Constant (Japanese Standard) Parameter o, -00.T¢
[ -
Area Rainfall mupstream | mupstream | Water density | Rock density | o eton | Roughness Slope up to Slope up to
Pp . PN angle of soil factor
A(km2) 6C ) (tan 6) p (t/m3) o (t/m3) N 200m upstream | 200m upstream
(mm/Day) 6 )
3.66 1408 19.29 0.35 12 26 35 Kn(s*m-1/3) 6 ) sin@
Coefficient (Japanese Standard) 0.10 19.29 0.33
Outflow Outflow rate Soil s Roughness | Seil concentration Porosit Examination of cross-sectional shape that can flow peak flow
Concentration . orosity
rate (Correction) | Concentration (Correction) factor unit volume Flow width Depth of Area of Velocity of | Peak flow rate that Jud Jud
X udge udge
Kf2 Kf2' cd cd' n c* K of the debris flow Cross debris flow can flow down 2¢I\I? Dg
ax r
0.15 0.15 0.86 0.54 0.1 0.6 0.4|  Bda(m) Dr (m) d (m2) U (m/s) Qsp(m3/s)
1.0 11.2 11.20 28.8 322.2 NG 0K
Volume of soil that can be transported
| 2.0 7.4 14.80 21.8 323.0f NG OK
by Estimated volume of rainfall (m3)
3.0 5.8 17.40 186 322.8/ NG OK
151 240 4.0 4.9 19.60 16.6 325.0) OK 0K
4 5.0 4.3 21.50 15.2 326.8) OK OK
6.0 38 23.40 14.2 333.2| OK OK
7.0 35 24.50 13.2 324.6| OK OK
Maximun Volume of Unstable Soil (m3) 28,910
8.0 33 26.40 12.7 336.3] OK OK
Volume of soil that can be transported 151.240 9.0 3.0 27.00 12.0 322.8| OK OK
by Estimated volume of rainfall (m3) ' 10.0 2.9 29.00 11.7 339.00 OK OK
3.2 5.6 17.92 18.1 3248/ OK 0K
Estimate volume of debris flow (m3
( ) 287910 0.00 0.0 0.0 NG NG
0.00 0.0 0.0 NG NG
10°-P A - e O o NG
LS L " -~ Adjust the value and judge "OK" or "NG
=K,

Py Expécted Daily Rainfall (R24:mm)
A: Catehment Area (km?)
K.: Porosity (0.4)
Ca: Soil Conceniration Rate
Ca=ptandi{o-p)(tand-tang)
p: Waler density (1.2 Ym3)
a: Rock density (2.6 tim3)
®: Intemal friction angle of soil (35 )
8: Slope up to 200 m upstream (* )
Kiz: Outfiow rate
Ko =0.05(loghA-2. 0124005
(Max:0.6 - Min:0.1)

(HE8:JET)

(Blue : Japanese Standard)
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U: Welocity at the front part of debris flow (m/s]
D Depth of debris flow (m)

6:Slape up 10 200 m upstream | |

Kn: Roughness factor {5+ m*,0,10]

Qo= U As
A Cross section of peak flow of debris flow (m?)
D= Au/Ba

Bas: Flow width of debris flew m)
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Number of Average Number of Average Number of Average

Channel

Survey Cross- Survey Cross- Survey Cross-

Order Sectional Sectional Sectional
Area Area Area

(m2)) (m2) (m2)
4 0 - 0 - 0 -

3 1 17.40 0 - 1 17.40

2 23 8.65 7 8.43 30 8.60

1 24 7.14 6 9.58 30 7.63

0 21 4.50 6 4.65 27 4.54

(M8 JET)
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THE PROJECT FOR CAPACITY DEVELOPMENT
ON COUNTERMEASURES OF SLOPE DISASTER ON ROADS IN BHUTAN

BJEE PILOT SITE oF COUNTERMEASURE JICA ) .
Department of acainst DEBRIS FLOW
urface Transport C.);,o.:e\ m‘n&m\{

These countermeasures were planned and K ag R amoray § iy
designed based on the volume of the

Debris Flow, which was estimated in
advance through field survey.

The main structure consists of a Culvert
(H=4.6m, W=6.0m, L=11.2m) and Masonry
Retaining Walls (H=4.6m) on the Left and
Right banks.

These structures are expected to help
ensure safe and reliable traffic, as debris
flows will flow only in the channel and not
overflow into the PNH.

DoST conducted the survey, design and
construction for these structure with
technical assistance from JICA in 2019-2020.

Fae SpEs ¥ TRRs s gy ass s R

Contractor: M/s. Wangdicholing Construction, Bumthang

THE PROJECT FOR CAPACITY DEVELOPMENT "
ON COUNTERMEASURES OF SLOPE DISASTER ON ROADS IN BHUTAN

KHELEKHA PILOT SITE oF COUNTERMEASURE .iCA ) ‘
Department of AcaINsT DEBRIS FLOW j

Surface Transport Japan Internat.onal
Cooperation Agoncy

These countermeasures were planned and xR ey T
designed based on the volume of the

Debris Flow, which was estimated in aavasral# < Eass A= S5 ade sE ey az<
advance through field survey. aFnEE -;q asglisese aue vai s RrsE AR

The main structure consists of a Culvert
(H=4.1m, W=6.0m, L=10.5m) and Masonry
Retaining Walls (H=4.1m) on the Left and
Right banks. ”‘» AL
These structures are expected to help BRATR & 7\ ass Rl SEAR T g \ SRerea 'y
ensure safe and reliable traffic, as debris wlims : ©
flows will flow only in the channel and not
overflow into the PNH.

DoST conducted the survey, design and
construction for these structure with
technical assistance from JICA in 2022-2023.

Q¥ —-ﬁgm%q:: quEEs"

calxsxfxcig FgTS) RE

oo s oy % EFRia A

Contractor: M/s. Bumzang Construction Pvt. Ltd., Punakha

(Hi28:JET)
EHE 366 Bjee 4 1r#H LU Khelekha 1 A DERRDHE

EE56 KT - PKIER TER D ZLEEER 2 EHT 5

AT T DRER LOM LIZd 7> T, THFA MELD D OFARE, KRR B
OO TAPIRAIZHER LRITIUT R bR & RAEHNEEL 0D, AMEEE T, LFEO
T CESROEE A A L CIRET 5 & & HIT, Bt AT X0 ke s THRBEGO RS
BT BT 57 R 2 EATo T,

Fio, LHFEHA NIy MR MDVEEFIR LICBS R RG220 LT, BRI ESIIC N &
MR L. BUERICRERIRN SRS 5 mm 28 7= 5 A IR TS 278 & ORSEF AL L7z,
AZEOMTIZER L CIE, BIHIIRER2R3E L, BlREKIR MR LT 227 U — MTIRFEOM
BEH BT,
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EE57  HEKT - PekiER OG- LA EEE L EREREMR R T 5

58 56 £ CTIM LIS 7y M MR DFHE - &5, M T L ORSEEEE RS E)
5, =4 UERN TR TRE L 725 & D PR T « Pk Okat - fi TAHZRE (Verd) Z1ERK
L7,

F72. MolT TIXEMINATRERMNE 25T L T D08, — e TR LB STy, 22
T AR TN % LA TS A2 3 & TIEOERER TR L O TS A4 0 2Bk L=,
TFRIZVerl 1285 BRERT,

INHDOHA RTA %, 202444 H 16 BIZBfE S/ DCCIZTHGRA ST, ARSI,

& 3.6-5 THRMXEDRE BT EHEEEDHR(Ver.1)

Design/Implementation Guideline for Debris Flow Countermeasure Works in Bhutan
I : Planning, Investigation and Design
(Ver.1)

What's Debris Flow?

Type of Debris Flow Countermeasures

How to identify valleys with the potential for debris flow may flow down?
How to estimate the volume of Debris Flow?

Study of drainage facilities to safely flow down debris flow

Channel Works

O wWNPE

Reference
Appendix
1. Cross Sectional Survey Data Recording Form
2. Excel sheet for volume and peak flow rate calculations for debris flow
3. Excel sheet for calculating probable annual maximum daily rainfall
4. Excel sheet for Channel work check sheet
5. Safety check list for field survey
Endnotes
1. Specific examples related to the study of debris flow countermeasures in C-Slope project
> 1st Pilot site: Bjee (Trongsa RO)

Design/Implementation Guideline for Debris Flow Countermeasure Works in Bhutan
Il : Construction Management
(Ver.1)

Chapter-1  Construction Plan
1 Description
2 Requirement
Chapter-2  Quality Control
1 Quality Control for each work
2 Field Checklist
3 As Built Control
4 Progress Control
Chapter-3  Safety Control
1 Preface
2 Prevention of occupational accidents due to slope failure in cut slope construction
3 Safety Plan
4 Meeting with the Client
5 Dairy Works
6 Work Item
7 Field Checklist
Appendix-1: Sample of Construction Plan
Appendix-2: A Field Checklist on Quality Control for Construction (DRAFT)
Appendix-3: Sample of Weekly Meeting Report
Appendix-4: Sample of Daily Construction Report

(L8 JET)
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GIS ZHE 2 i %
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5
(HE:JET)
BEI6-2  GIST—F_X—ROBUR, HIREEEHT & OFHILE T 102 UE2 B - RT3

AEEE ClE Road Asset Management GIS database 2482 L7z, LA T Di#Y % GIS 7—H# X—AD
B (LA YD) (ZOWTEREHT D, ZALE TOIEE T, GIS 7—FX—R &GS 272000
{&# CTd 5 Road Asset Management System(RAMS)<°> ROMDAS 77— % % s S #50T & I UEE L T &
7o FHZ RAMS TERGEFE Tl DoST ASHHERFE BREIIR R & sl s B A OBE1/0 4 & LA AR o
BN EERE CH S22 Enh, KTy m V=7 MNEBCORINRZE U T L T 7z, AlE
BRIk OB & LT, AEIRE & s B TR L7127 — X I 2TV GIS 77— # " — 2
AH AT FNEIZOW T, RS & GIS 77— 2 N— AW AT o T,
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B GIS T—#—2DEHHEk (LA Y—H#k) SIEHRINZ (Table of Contents)

GIS 7 — X _X— AN ST D BB E A SN TV A IE#RZ R 3.7-1 B LUK 3.7-2 1”7,
KBTI O I 5T, BEITUEE LUT-F7—& % [Historical Data] & L CEfE L TV JETHE
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_ - HRBITIZK D5 T- ROMDAS [Z&>TEHAlSN 1=E&E
IRI EFFS 7R R a8k DI REER
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1581 6-3  DoST HUREBEFTIZ KT 5 EBRERPIHEHI 2 KR T2

1 ERIEHREBUGS O BATRER & BUSAH] OHEEE

ATEEN T DoST HUBE ST E S ERIFHT — X Z B TEH L5125 2 & L. DoST Ak & 4%
MBS TN EE L CERTE RIS 2 353 D 1D DIREIED Th o,  TE#E)6-2) ThHitHEh

7oA & RT3 28 LoD, DoST MkERET) & 7 — % o D BIREREEI I Lo 7 — 2 IUETF LA 1R
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W, £V GPS FEE AR TE 57 /31 A% St L7228 HIEE L, RAMS ~lIis T 5 FEER
ES Dy

1) ERIERT — 2 2 BUST D 712D OIEE
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, , Regional Map
Regional Map in 2013 in this activity (Updated)
@ Map of Regional Office: Trongsa (G @ Map of Regional Office: Trongsa &

Both Road is PNH % One Road Change to SNH *
No Bypass Road New Bypass Road
%& : - |:,1> Opened
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158h 6-5

Bhutan Road Safety Application ZBA% L7-,

DEPARTMENT OF ROADS

Lhuntse
a pEAT
Nobing
_/-\ foe>

Road Block due to Landslide

12km from Trongsa

{ Estimated Open
| 24/Feb/2022 12:00pm

Landslide occurred near
residential area

HURBERE (TH A 2)
(HH#LET)

GIS 7—# _—2 % VWV ERIERILA BRI ZHR T 2
AIEBNCIE, 15 6-2 THESE L 7= Asset Management GIS database % 5512 U 7= HiSUERE 22 L 7=

DEPARTMENT OF ROADS

Asian Highway
Primary National Highway
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[ e
i ) b from Thimoh
;I'h'm'\h' I ;\ucu) PNHO1
o Dewathang PNH02
[Trashigang Samdrup Jongkhar PNHO3
(“:nu.z‘om - ) Paro(Drugyel Dzong) PNHE&;
Trongsa iGelephu(Gelephu Gate) PNHO5
Wangdue iGelephu(Gelephu Round about) [PNH06
Tingtibi Panbang PNHO7
Mongar(Kurizampa) Nganglam(Lingzin Bhutan gate) PNHO8

Secondary National Highway
Dzongkhag Road
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Lhuntse
Lhuntie
3 Yangese
T tshi Yangtse
°‘a°'l-=" Buyang}
o Doksult
Road Block due to Landslide

From Trongsa To Bumthang

12km from Trongsa to Bumthang

Estimated Open:
24/Feb/2022 12:00 pm

Landslide occurred near
residential area
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& 3.7-3 ERIEHRERHT SBEOANEREE

IEH HE iz

Information Type BIRIFRDTELE [&17.1k &R (Road Block Information) |, M &AL TF
> A &#R (Road Maintence Activity) 1. BT E1EHR
(Cautionary Information) J/AM5ER

Type Category ERIERORR BRKE. ERMHEE. AT FIER, REREEKY
EE#HRET D, AR TIEREE)

Type

Place Type LURIVERTRIESE M=), XML TREIEER

HW No EIRE lAsian EhE 1, 15 1 EE]. [ 2 El ), R#ElIcHES
hi-ERAEER

Section X ERRIERth D XEEER

Nearest Chainage XN D IEEHE ERRIER = D XN T O ERHEZ 2R

Point(km)

GPS Coordinate BEREER ERRERIRADRBEREE AN, R S RaERY
BHTEL TN

Location Hh R F R FEICHRIEREAN

Date, Time of Occurrence | E&F4 AR BHEEASD

Expected Date, Open of | BERIERAERTE B BEE AN

Occurrence

Action Taken ERITXILTDoR MZEHEL | FEICTEESH

=RE
Remarks i5E FHI-TEH
Photo KREE BEx#7v/A—F
(HHER:JET)
EE16-6  GIS T—FN—RERAVGERIFRS AT MR DV =2 T VEERT S

AR7v¥=7 FTlE, Raod Asset Management GIS database & Bhutan Road Safety (2R3 5~==7

IVEAERL LTz,

1. Road Asset Management GIS database O~ ==7" /1

2. Bhutan Road Safety (O~ = =7 /L

OBRS B~ ==7 /L

(2BRS HIMEREE H Db D~ == T )L
®BRS v AT AFHFH~=2T /L
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EDOMDEE - FHHHE - €I — - [LHREE

(1) AFHHE
AFWHET,  HAROEFEARHERS S I L OEFBMARNC oUW T, AHEED HARDERE P T L O

EXPREAN A B - HA L, REZRL YR 27 NORTEBICT 4 — KNy 7S5 2 L& N E
L. 1TBOEROMIIEE . R PREITE SR AV BF O RS 6 OB AR S BT 350,
BUGHHE - mdE R d X OVEIE OB BYAHI O - ERE NI 2 —DRYEZ I LT,

551 RIAFHHEIL, 20194F9 A 15 H~9 A 28 HIZFEE Sz, [FHEOWNAEITE 1, 5, 6 (2B
W95 Z LD, X, DoST @ Tenzin J&j& ., DoST Maintenance Division @ Dorji Gyeltshen P 3|
WNE WG DR 1, 5, 6 HEF 104258t 24 8 LT,

*& 381 % 1 EAIBHHE (2020 £ 9 AXSE) DSME

No. EA:D] g
1 Mr. Tenzin MolT, DoST B&
2 Mr. Dorji Gyeltshen P MolT, DoST, Maintenance Division i2f&
3 Mr. Yeshey Penjor MolT, DoST, Maintenance Division
4 Mr. Tashi Tenzin MolT, DoST, Maintenance Division
5 Mr. Dhan Raj Chhetri MolT, DoST, Maintenance Division
6 Ms. Phuntsho Wangmo MolT, DoST, Maintenance Division
7 Mr. Rinchen Gyeltshen MolT, DoST, Maintenance Division
8 Mr. Ashok Rai MolT, DoST, Maintenance Division
9 Mr. Thinley Dorji MolT, DoST, Maintenance Division
10 Mr. Barun Kumar Sanyasi MolT, DoST, Maintenance Division
11 Mr. Phuntsho MolT, DoST, Maintenance Division
12 Mr. Sonam Dorji MolT, DoST, Maintenance Division

(HE:JET)

1 EAHWHE T, A7 vV =7 FORE 1, 6 ICEhET 2EBIFROBUER AT LAOFHL, 8
FEE A R USRI TS S DWW TR 20, [H 200 BB R4 0P B A E bR+
ESAEOERE I 7 —, EEREE=4 Y v 7 % E i L5 R A SEnE O 21T o 72,
7o BER S IZBET HNAE L LT, HATRKEEREROIERIKTOVT 2018 4 7 HEWIZLY
TR AR o T IR BBV ELE ORISR AT o 7o, ZOMIC S| IRER T AIFIEFT COFRE %
WU, BARORESEE LB ONTEE Lz,
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=% N a / a :
A ASRERN T EX D ERET 2 — REO%T FAAESRERI =7 hERICLS
(2019/9/24) TRRRETVEORBADETE  (2019/9/25)
(HE8:JET)
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55 2 [EIASTAEIL, 2023 4710 H 20 H®)~2023 4211 A 3 Hi®) (ERHIME) (CERS vz, FRfHE
ONEITRR 2, 3, 4 DFEIGEBERHERIR Lok TICBhET 2 2 L5 5 2 BAHTHEO S TL,
DoST ORI O « Bat « i T - HERFEEICIR D HAEERH 104 & Lz,

#* 3.8-2 % 2 EAMBHHE (2023 £ 10 A-11 BEHE) OSmE

No. E1:0) i
1 Mr. Gyeltshen Wangdi MolT, DoST O HugEFEAT- EEGIE  E{THRAm
2 Mr. Nar Bdr Jogi MolT, DoST r YT (b XX Y7 hK)  FRAmE
3 Mr. Tshewang Dorji MolT, DoST AXp, s&&t- s T2 EEHEMEHER—5—)
4 Mr. Kinzang Chophel MolT, DoST b Y HuZEFEpT- HEFEIENE  _ERERAT
5 Mr. Aita Tenzin Doya MolT, DoST k4B FET (F R I TOvX)  Hibmitd
6 Ms. Naley MolT, DoST r Y gEHFRT (O— v oXRA VRS UK)  HEmH
7 Mr. Leki Drakpa MolT, DoST b Y HusZR75RT- 2250 HiAm
8 Mr. Sangay Ngedup MolT, DoST A&p, s&t- R TFER iR
9 Mr. Thinley Wangchuk MolT, DoST AZB, MIFEER M
10 Mr. Yeshi Wangchuk MoIT, DoST ORSHUKZEFEAT  FREmtE

(Hig8: JET)
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BEAERFE BRI OW TS, [E A0l OERERRI AR - I RIE - ZREOFGE - HHE, 7 AAS
EEERE SO EEEE R T, BRI R Lo TRBECEERE T =2 U > 7R DR
RBGWEEIT T, Eio, P HAEEBERTESH T, ERER 7 —2 7L, TEOK
BOBBER AT MARDERFROBERER 2 A7 Le, TOMICH, BT ARTF:D
BRI L DR FAE L. AARDORHE R FR I OW TR LT,

LFS B EhEEEE ICT - MEX R LR TS B A/ IBSIZ LB TTATFUADES
B2 0#%F (2023/10/25) (2023/10/30)

(HE8:JET)
FE 382 %2 [EATHHEDHKF
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JRERTEEN
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A =72 I T3 BIOR 29 Rl I N EM ST, A I T —ORIER, S, iE A U
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x 383 I —BAMEERE
No|  FRERsEA BmnE FIEERE g DR
1 28 | DosT Ezo) BHE S VAEFEOBE. RAERRERD 5
| 2=
12 | 2R | DoST FEMRLEE T O, RFEEE., FixEE 2
3 48 | DosT #%I;?KI HOKMEER D EHE - 25T, AL TF U REHEIDR 5
4 48 | DoST.RSTA i{ﬂiﬁﬁiﬁﬁuo)#ﬂii EZRYUYEHEL #EBROBRE a
'5]|2019 | 58 | DoST.DGM EBD S LURETEOBE 3
6| 58 | DoST B%7F GISDB M#EST. GISDB #EEEEH DB 6
17 | 10 B | DoST. MoAF AT TREOEEAZE. % 1 HEERET OFE- 375 2
18 | 10 A | DoST. MoAF FRRMRIIBOETESE. £ 1 OETOE-%E 4
9 108 | DosT. i;f;l;%ﬁ Hufts - MBI RIEERHT. TRRRRY =2 5
10] 11 A | DoST, DGM BE-WENER= 1T V@) DS, BEEE 3
11 12 B | DoST GISDB Ao M1EERENE. GISDB & A EERHE 6
DoST, RSTA,
CST. JNEC. WB.
12 28 | UNDP.BBS.Nor- | %1 @A—T+35— 2fK
2020 |j|hCaAConstruct|on~
13] 2R | DoST BRERIUSSE. GIS £ERALIEER % 6
14 | 98 | DoST TH- SRR, Y+ HEERE 3
15[ 2022 | 11 A | DoST A RATAIR, BRIST —SARTES 6
16 12 A | DoST EAXROHE-FAE 4
117 | 18 | DoST TEQBELHI LDEES 2
18 | 2A | DosT TERFEICRAEITES 3
119 28 | DoST TRBRAMETORE- 5HE- 555 (T RO MR) 5
PILEE T RIS S thRERE- 56t I BRI
20 4R | DosT T HRRS 3
] 2023 DoST. RSTA.
21 4 A %L INEC, F2EA—T o3 — 7N
22 5H | DoST TRFETDIE - 5HE- HE () RO MK 5
123 58 | DosT ERRRHEDERE BRIERGISE IIEEREFIE |1
9R/-12 TR L DEERET A RS> DEREA
24 g |27 (2 ElI= 4 CB3) :
125 4 A | DoST EJZ% 3: M EREICRDEBMEIEEE 3
126 | 48 | DoST 5 3 EHEAETICH T2 TIED EHEH 2
127 | 4R | DoST ERNBI TS ROEHHRDENE 1
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F—T IS AT eT e FOWNEN T —F CEIDAL B S, F72, JICA, DoST &
fitl RF—, RFEDOEHINEIENM OND Z L2 BRIE T 5, B 1 EA—7 I —% 2020 42 A
B L7, B2 [l —7 0 132023 45 4 HICBE LT, 263 [alA—7 & )13 2024 4
5 HIZhafE LTz,

%1 EA— Tt I F—ROTSIRE
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FaﬁA&)L\é DOWF  (2023/4/21) B (2023/4/21 )
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(L JET)

BE 383 #A—T o t3+—0HF

86



(s eEh]

A7vy =7 T, FHEOBEE, EHNA, KRN T —Z B IO HARENTHEICIE L < B
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7'uY =7 FORHI LRI & ok A BrE LT, 1 A -7 kIS —%
2020 452 5 BiC, 52 (A% 2023 454 A 21 BIC, 553 [81% 2024 4F 5 H 28 BT L7=,
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JICA Technical Cooperation Project Io; ) et
The Project for Capacity Development on J
of Slope on Roads in Bhutan

vol. 3
Issued on zoth Oct. 2023

ju—
Commemorative photo at the latest
Joint Coordination Committee (the
6% JCC). Members involved in the
project meet together in the JCC

p

Project Background

Bhutan’s 12th Five Year Plan (2018 -
2023) includes the following goals:
robust roads accessible thraughout the
year in all types of weather; reduced
travel times during trucking hours on
national  highways;  and  the
construction and maintenance of well-
established infrastructure facilities. Inspection of high risk slopes at

The Japan International Cooperation Tonhieg [Trongs) tratsary 2019)

Agency (JICA) has decided to implement “the Project for Capacity
Development on Countermeasures of Slope Disaster on Roads in Bhutan”
with the Department of Surface Transport (DoST) in the Ministry of
Infrastructure and Transport (MolT) to achieve the above goals by

Output 4 Suitable countermeasure works are

lmalﬁmﬂbd h':r_o.sﬁ slope failure (rock fall)”

.
The 1st pllm construction at Chendebji
(Trongsa) was complete. At the 2nd pilot |
site, Tekizampa (Wangdue), topographic

survey, geotechnical investigation and

detailed design were completed.

® Future Plan R
The 2nd pilot construction at Tekizampa Work procedure  pian  foe
wil be started in December 2023. Based on SUiermessures for siope
these pnm studies, a guideline will be s::"" AN e 95
developed.

5 : Sui drainage works and facilities are
installed for “debris flow”

Progress
The 1 pilot construction at Bjee (Trongsa)
was implemented at Nov 2020, and the 2%
at Khelekha (Wangdue) was completed at

Topics

once a half year to discuss the policy  transferring Japanese road slope disaster prevention technologies. May 2023.

and work plan of the project for the N ® Future Plan

consensus building. The outcome of of the Based on these pilot s.ud,,s ~ gu,,,,,,,, e
the discussion is summed up in an will be developed and awareness program ‘002 *7F foTRAURE SO
agreement between Chief advisor of to horizontal deve‘opmml will be held '0' was constructed at Khelekha in
JICA expert team and Director all the DoST ROs. 203,

rogress
Generalofthe DosT, The slope tlt sensors and rain gauges are

installed at 3 pilot sites and installation of
the system for data collection and early
warning was completed. Based on these
data, a simulated ex-ante traffic control drill

Progress
The basic concept for the improvement of
was conducted in early June 2023. p

Road information system “Bhutan
Safety (BRS)” was developed. Road
alignment data collection is under way by
the DoST ROs.

Afar esiblhing the thvestold rminfall nd. " ey e vt ey

operation system , WG will conduct more  yig in Lobesa and Trongss in
vanced exante’ k. control o, In early June 2023. .
November 2023 at Lobesa or Trongsa RO.

re Plan
By Apm zozn the BRS application will be “"";‘:‘"';Ve:;?:;lm‘:ﬂm
updated. along Nations! Highways

are selected

o-ons
against “debris slope failure”
Schedule

and Yangkhil Resort (Trongsa) were
implemented.

® Future Plan
The 3rd trial construction will be started in m::':‘"z.m““;‘m
December 2023 at Samtse. Based on these .o C2 i S0 TE AR
trials, a guideline will be developed. 2013,

Progres: p
ised on the analysis of the collected data
from 46 selected pilot sites, standards
cut slope angles were revised. The
construction at the pilot site, Teleganchu
(Trongsa) using the revised standards were ™
completed at April 2023.
® Future Plan The revised standar
sed on these pilot studies, a guideline aglled for thepiot conctruction
will be developed. st Teleganchu in 2023,

i
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