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CHAPTER7 DESIGN CRITERIA AND PRELIMINARY DESIGN
g 'Il Geomelric Design Criteria
(1 Gcomqlric Dcsign R.cquire;_mcnls a'n_d Criteria
As mentioned in Chapter 6, The following bridge widths were adopted:
Single lane: 5.5 m for Bridge No.l Kurizampa

Bridge No.3 Bjee

Bridge No4 Wachy Zam

Bridge No.5 Mangdichu
Double lane: 7.5 mfor Bridge No.2 Chamkar Zam

Criteria for the geometric design arc summarized in Table 7.1.

Table 7.1 Geomelric Design Criteria

Item Unit | Figure Remarks
Shoulder width m 090 | Paved with AC for case of R=6.0m
' curve

Hard steip width m 0.t5 | Paved with AC

Cross {all for carriageway % 20

Cross fall for shoulder % 4.0

Maximum vertical grade % 6.0

Minimum horizontal curve radius m 6.0

(2) Cross Seclion of Approach Road

1) Stope protection of cliff

The following curve radii were decided,

~ Bridge No. 1 Kurizampa, Right Bank : R=80m

Bridge No. 2 Bjcc', Ri'gh't Bank : R=60m

" Bridge No.4  Wachy Zam, Left Bank : R=60m
Bridgc No.5 Mahgdichu, Right Bank : R=70m

- For the above four (4) b'ridges sites, slbpc protection was designed as shown in Figure 7.1.
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2) Cross Section of Approach Road ‘ ’
Typical cross section of approach road on the embankment is shown in Figure 7.2.

3 Pavement

Scale 1:200

Pavement was designed as shown in above Figure 7.2, based on CBR vaiu_e of 3to 5

percent, in accordance with RCM.
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7.2 Bridge and Approach Road Desi.gn Criteria

For the design cmcna other than items specified in lhls chapter the des:gn nqmremcnts
and cn!ena described in Section 6.1 were adopted for the prchmmary design.

H Bridgc Design Criteria

1) Bndgc Superslructurc L ‘
The followmg types of supcrslructure were adoptcd in the prchmmary dcs;gn

No.1 Kurizampa Truss
No.2 Chamkar Zam Truss
No.3 Bjee Triss
No.4 Wachy Zam Truss
No.5 Mangdichu Lohse

2) Bridge Substructure and Foundation
Considering the topographic and geological conditions and limited space l'or the

construction and existing traffic at bridge sites, it was decided to use the fo!lowmg
substructure types were in the desugn

_BLNQ.___BMK____MSJMM

No. | Kurizampa  Left Bank: Inverted T Abutments with Deep wells
Right Bank .
No. 2 Chamkar Zam - Left Bank: Inverted T Abutments
Right Bank
No.3 Bjee Left Bank: Inverted T Abutments with Deep wells
Right Bank :

No. 4 Wachy Zam  Left Bank: Inverted T Abutment with Deep wells
Right Bank Inverted T Abutment _ :

No. 5 Mangdichu, Left Bank: Inverted T Abutments with Deep wells
Right Bank

3) Pavement
5 cm concrete pavement with steel mesh on reinforced concrete bridge deck was adopted in

the design.

{2) Cross Scction of Bridges _
Bridge cross scction for each case is shown in Figure 7.3.

(3) List of Proposed Bridges .
Priority projects (bridges) finally selected are listed in Table 7.2.

7-4
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73 Topogréphical Survey and Geological Investigation

Topographicai survey and geological investigation were conducted in order to facilitate
necessary information for the preliminary design.  The resulls were used in the design.
The results of geological investigation are presented in Appendix-F,

7.4 Bridge and Approach Road Design
'Prelimina‘ry bridge design was carried oul, bascd on the geometric and bridge crileria
decided, and structural dimensions were designed.  Approach roads, stope protection and

pavement were designed simultaneously.

Contents of Drawings

Drawing

No. Name of Drawings Scale

1 Bridge No.1  Kurizampa Bridge 1:500
2 Bridge No.2 Chamkar Zam Bridge 1:500
3 Bridge No.3  Bjee Bridge 1:500
4 Bridge No.4 Wachy Zam Bridge 1:500
5 Bridge No.5 Mangdichu Bridge 1:600
6 Approach Road of Bridge No.2  Chamkar Zam Bridge 1:1000
7 Approach Road of Bridge No .4 Wachy Zam Bridge 1:1000
8 Approach Road of Bridge No.5 Mangdichu Bridge 1:1000
9 Detour for Bridge No.5 Mangdichu Bridge 1:1000
106 Detour for Bridge No.5  Mangdichu Bridge o 11000

7.5 Quantifies for Cost Estimate

Based on the preliminary design, quantities for cost estimate were obtained.



Table 7.3 Li.sl_ of Quanﬁﬁes

Item’ Unit | Br. No.1 1 Br. No.2{ Br. No.3 | Br. No.4] Br, No.5 Total
[Superstructure)
Steel - o ‘ ‘ ‘
Structurat ton 108.8 101.2 98.6 933 2999 702.04
Ancillary ton 4.3 4.1 490 19 12.6 289
Deck Stab o
Concrete cm 90.5 86.1 83.8 729 172.3 505.6
Re-Bar ton 200 209 185 . 1s9]  312f 112
Conc. Pavement sm | 2070]  3225]  2750] 2365 sse0| tesro
{Substructure]
Deep Welts Im 16.0 ol 220 70l  300f 750}
Concrete cm 78.6 0 108.0 344 1472 368.2
Re-bar ton 6.7 0 92 29 12.5 31.3
Excavation cm 152 1] 11 59 123 511
Abutment .
Concrete cm 2178 460.8 217.8 538.8 243210 16784
Re-bar ton 218 46.1 218 539 243 167.9
Excavalion om 687 1,796 841 1,529 878 5,731
{Approach Road] _
Imbankment cm 0 3348 99| ° 1,883 3,269 3,599
Excavation cm 352 508 420 2035 2607 5922
Stonc Masenry sm 63.8 ol 1428 4256] 8207 14529
AC Pavement sm w6l 1636l 46|  a0] 1404l 44m2
{Detour Work] o
Structural Steel ton 49.4 0 0 0 0 49.4
Emankment cm 0 544 245 -0 0 | .789
Excavation cm 0 51 0 o| 3.8ta] 3865
AC Pavement sm ol assp | ol ss7| 1399
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CHAPTER 8 CONSTRUCTION PLANS AND COST
8.1 Constnuctlion Plans

3.1.1 Constuction Methods

The bridge construction ,in the order of implementation, is classified into the following
works;

- Mobilization

- Detour Works {Detour Bridge / Road)

- Substructure Works

- Superstructure Works

- Approach road Works

- Revetment Works

- Demobilization

(1) Mobilization

The mobilization work consists of two divisions. Onc is for the project as a whole, and the
another for every individual bridge. The majof part is composed of a Thimphu-sct-up head-
quarter office, execution of related procedures, procurement of construction materials /
cquipment and the employment of local staff.

Where as, for the minor mobilization, a construction yard is sct-up, afler the execution of

land acguisition and compensation caused duc to realignment,

(2} Detour Works

The existing bridges except Bridge No.1 would continue to be in use for the present traffic
and the new bridge construction. As the new bridge is planned to be erccted at the original
location of the existing one, the superstructlure of the existing bridge will be shifted down
stream above temporary abutments.

As the new approach road on the right bank of Bridge No.5 is planned at the same location

as the existing one, the detour road to the existing bridge will be constructed at the
mountain side.



(3) Substructure Works

The reversed T abutment with spread foundation or decp well ha‘s"bccn: séicéle_d dlitiﬂg the
prciiminary design. Deep well method is constructed by using the imported liner plates.
(Refer to Fig. 8.1) '
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Fig 8.1 Deep Well Method



{4 Supérslruc(urc Works

The types sclected for suj)érsiruclilrés are truss and Lohse bridge. For the truss and Lohse
bridge, cable erection method is reccommended. (Refer to Fig. 8.1)

Cable Band

_Backslay Cable Main Cable Truck Cable Camier

o g — -

Avaw

_f_\_rzf_h_o_r_;kfk

‘-\‘ £ -8 s
Steel Tow :

Beam_Sc

Fig.8.2 Cable Erection Method

(5) Approach Road Works

The apﬁroach road works, in according to implementation order, consist of clearing and
grubbing, cutting (rock), filling / subgrade, pavement (subbase course, base course, asphalt
mixed-in-place wea'ring' course), and lawn / stone masonry slope protection. Further,
drainage facilities i'ncluding Cross pipes are necessary at certain sites.

The borrowpit for filling and disposal area are located within five kilometers of the bridge
site.

(6) Revetment Works

To protect abutments from the scour of river bed or river bank , wire mats are placed in the
front of these structures.



{7) Demobilization

Aftcr the completion of all bridges, site clcarance is perfonncd Thls mcludcs dlsposmg of
site facilitics, used construction cqu1pment and the matcrials.

8.1.2 Procurement Plan

(1) Materials

The procun,mcnt method'; of major construction materials are shown in Table 8.1 in
accordance with the result of field survey.

Table 8.1 Procurement of Materials

Item : Procurement Remarks
: Standard Bhutan ] India | Others
Cement Portland O
Stone " |Boulder O
River Gravel  [20mm to 10mm O
Sand . o O Production by stone crusher
Crushed Rock 20mm/40mm O at each site
Deformed Bar  [415Mpa O :
Structural Steel | Truss member (O jFor bridge works
Structural Steel |Angle,Channel etc. O For temporary works
Bridge Bearing O
Liner Plate D2.5m, t=3.2mm O
Gabion Net 100*100*8-Gauge O
Timber O
Plywood T=12mm O
Asphalt Cement [60/70 O
Petrol/Dicsel O

'8—4




(2) Construction Equipment

The procurement methods of major construction materials are shown in Table 8.2 in
accordance with the result of field survey.

Table 8.2 Proc{xrement of Construction Equipment

Hem ° oo Procurement Remarks
- | Specification | Bhutan | India } Others . ‘

Bulldozer iston/CaiD6D| O O — Tifinsufficient in Bhutan
Excavator * 0.6m3 O
Whecl Loader 1.4m3 O
Road Roller 10-20ton O
Dump Tiuck 8ton O O If insufficient in Bhutan
Wheel Cranc Hoist 16ton O :
Stone Crusher 10ton/hr O O  |If insufficient in India
Concrete Mixer 0.5m3 O O -do-
Erection Apparatus (O |For Bridge Works




8.2 Construction Schedule

8.2.1 Basic Conditions

This pmjeci consnsts of the construction of five mcdlum—lo long quzcd bridges locatcd in
the mounlaln area. In the case that this pl’O_]CCl bc carried out under lhc international tender,
the nnplcmcnhl:on concept can be summan?cd as follows

. Thc pl‘OjeCl will be carsied out under thc dnrcct superv:snon of a forc:gn contractors
- The local A class conlraclor with is cxpectcd to be cmployed as sub coniraclor

- Cons:dcnng the lack of civil engineers, foramens and sklilcd labours with sufﬁcwnf
experience in bndge conslrucllon these individuals w1ll be procured from a third |
counlry : . _ ‘

- The training superv:sors for the structural steel works and foundauon works (Dccp well
method) which require a high degree of accuracy will be procured from the overseas.

- In order to compfctc the project within the limited penod these bridges are divided into
several groups, and arc to be constructed simultancously.

- In order to decrease construction costs, construction equipment will be shifted from site
{o site.

The following restrictions for the construction schedule are derived from the site
investigation.

- During rainy scasons, mainly superstructure works would be implemented.
- Considering the {ransportation condilions, especially the load capacity of existing
bridges, light construction equipment and smaller transportation vehicles are adopted.

For example, Cranc : Suspension capacity 16 tons, Transportation vehicle : ten-wheelers,
Adequate length of structural steel : 6m.

8.2.2 Construction Schedule

The construction schedule for the project is shown in Table 8.3. The effective period for

the entire construction work including preparation / cemoval works is estimated 28 months.
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8.3 Preliminary Cost Bstimate
8.3.1 Basic Conditions

The Proy;:cl costs consist of cons!rucuon costs, physical commgcncy costs cngmccrmg
costs, land acquisition and compensquon costs for house relocation. The basic conditions
for the calculation of these costs are as follaws:

1) All consifuclion works énd engineering services will be performed by foreign
comraclors and consultants rospeclwcly :

2} Thc pro;ect costs are estimated accordmg to the financial valucs of 1998

3) The main unit costs such as Labour costs, major material costs, and dcprcmatlon for
cqmpment have bean used the results of the cost surveys described in Ap_pend:x L

4) The Bhutan sales taxes and business income taxes are levied on the projécl. .

5) The engineering costs consisl of consultant cost for preparation of the detailed design
and construction supcrvnsu‘)n costs. |

6) The physical contingency cost for the constructmn and cngmecrmg is assumed to be
about 10 % of the construction amount and 5% of the englnccrmg amounl rcspechvely

7) Land acquisition including the house compensation cost is calculated frorn the road area
{ house numbers. The land acquisition cost is excluded of all taxes.

8.3.2 Project Cost Estimation

The project cost of each bridge is given in Table 8.4.



Table 8.4 Preliminary Estimation of Project Cost  (Financial Cost Unit ;: Million Nu.)

}. Exchange Rate : | US$=38.6Nu

2 Land acquisition for construction yard at Bridge No.2 is includes the renta) charge of paddy feld (18,000Nu).

Bridge No. 1 2 3 4 5 Total
Bridge Name Kurizamps ChamkarZam{  Bjee | Wachy Zam | Mangdichu
Bridge Length (m) 54 43 50 43 100 250
Bridge Width (m) 55 4 75 5.5 5.5 5.5 —
Bridge Type Truss Truss Truss Truss Lchse —
{Detour Works 153 12 06 0.4 58 233
Substruoturs Wosks 9.7 1.3 12.1 14.0 148 62.1
Superstructure Works 65.4 574 60.5 536 153.7 3906
Approach Road Works 26 85 39 8.1 156 417
Revetment Works 04 03 04 0.4 0.4 21
Construction Amount  (A) 93.4 79.1 7.5 76.5 193.3 5198
(;?A“;ﬁ;? Toxes  (®) 28 24 23 23 58 156
';?gi?‘w?ﬁ“gm“ © 93 79 78 73 19.3 520
e ﬂ“%‘g“ﬂ;isimm) 127 127 127 12.7 17.9 637
‘fg;i‘f;‘]‘“ Toxes () 04 o4l 0.4 04 0.5 21
l;l(lgl‘c;.;?onhnsmmw ® 06 06 06 06 09 33
Land'Acqmsigm @) 0.1 0.1 0.1 0.1 08 12
xﬁ%}%‘;‘@éﬂ”&m 1719,3 103.2 101.4 100.3 2385 6627
Project Cost ; Foreign Cost 9.5 788 84.2 76.5 1980 534.0
Project Cost ; Local Cost 228 244 17.2 238 40.5 1287
Notes: '
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The Study on National Highway Bridge Consteuction in the Kingdom of Bhutan

CHAPTER 9 ENVIRONMENTAL IMPACT STUDY
9.1 Ex'is.linqg' Environmental Conditions
9.1.1 General

(1) Bhutan's National Henlage

Located in the Eastern Hlmalayas Bhu!an is one of the ccological wonders of the
world. The country straddles iwo blo -geographical reams: the Palearclic ream of the
temperate Eurc-Asia and the lndo—Malayan ream of the Indian subcontinent. The result
is a country rich in biodi've‘rsily. wilh its natural forest cover largely intact, The biomes
in Bhutan siretch from sub-tropical in the south (100m ASL) through tcmperat;: in the
central interior, to an Alpine zone in the north (7550m ASL). Wild animals such as the
tiger, elephant, one-horned rhinoceros, asiatic water buffalo, pygmy hog and the rare
golden langur exist in the lush tropical forest of the south. The snow leopard, blue
sheep and takin are found in the cool forests and alpine meadows of the North. Over
165 species of animals (mammals), and more than 770 species of birds have been
identified,

Bhutan’s known biodiversity includes more than 7,000 vascular plants. Fhe status of
many of these species is unknown as therc have becn few quantitative studies of
Bhutan’s flora and favna.

Considering the above, the Royal Government of Bhutan (RGOB) has decided that
canservation of the biodiversity of Bhutan is of national importance.

{2) Conservation Ethic

Conservation is a ceniral tenet of Buddhism. Buddhism believes in preserving nature
and giving back to the earth what one has taken, and also in the sanclity of life. The
importance of protecting nature in all its manifestations has perineated Bhutancse
consciousness and has become integral to the Bhutanese way of life. Therefore,
preservation of the environment, as well as of sacred and cultural heritage sites arc an
important and integral parl' of the Bhutanese value éystem.

(3) Fauna o .

A number of rare 'm;mals can sull be found since Bhulan s flora have remained
undlsiurbed The cxact numbcr of species is unknown bul over 165 have been
rcporlcd Rare ammals mcludmg the golden langur, takin and blue sheep are found

9.1



the Study on National Highway Bridge Construction in the Kingdom of Bhutan

distributed qunc widcly. Tlgers !copards snow luopards rcd pand'l gaur, serow,
llnnahy'm black bears, brown bears, wild plgs lnmk deer and other types of deer are
commonly found in many parts of Bhutan. The Phobjlkha valley in Wangdue Dz,ongkhag
and Bomd;lmg in Yangtse are two of the three wintering grounds for the rare Black-
necked cranes.  About 26% of the country has been declared as_nature patks and

reserves, which form havens for a number of world’s rare and endangered species.

Accordmg to the “Forcst and Nature Conservauon Act of Bhutan, 1995” the List of

Totally Protected Wild Life have been formulated as follows:

Scic‘.miﬁc Name

No Co':)lmoh Name

1 Asian Elephant Elephas maximus

2 Clouded Leopard Neofelis nebulosa

3 Golden Langur Presbytis geei

4 Musk Dcer Moschus chrysogaster
5 Pangolin Manis =~ -

6 Pigmy Hog Sus sylvanicus

7 Snow feopard Panthera uncia

8 Takin Budorcas taxicolor

9 Tiger Panthera tigris

10 Wild Buffalo Bubalus bubalis

11 Black-Necked Crane Grus nigricollis

12 Monal Pheasant Lophophorus impejenus
13 Peacock Pheasant Polypleciron bicalcaratum
14 Raven Corvus corax

15 Rufous-Necked Hormbill Aceros nepalensis

16 Golden Mahseer Tor tor

17 Spotted Deer Axis axis

i8 Gaur Bos gaurus

19 Leopard Panthera pardus

20 Leopard Cat Felis bengalensis

21 Himalayar Black Bear Selenarctos thibetanus
22 Red Panda Ailurus fulgens =~
23 Scrow Capricornis sumatraensis

The detail of above species is attached in Appendix-G. '

(4) Flora : ‘

The flora of Bhutan is cxcephonaliy dwersc as a result of a great rangc of almudmal
zones and varied climatic conditions, and ?2% of lhe country is covered by forests of ﬁr,
mixed coniferous, tcmpcrate and broadleaf spe(:tes In addmon (here are many specms
which are unique to Bhutan. Mouover much of Bhulan s ﬂora has’ remamed

undisturbed thus Bhutan probably has thc nchcst ﬂora m thc Hlmalayan reglon W:!hm
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Bhutan’s borders, one can find over 50 species of rhododendron, and over 300 species of
medicinal plants, mostly alpine, used in traditional herbal medicine. The floral wealth of
Bhutan is highly appreciated by both Bhutanese and the outside world. The
government is determined to conscrve this wealth and has a national policy to maintain
at least 60% of land under forest cover for all times to come.

According'to the “ForcSl and Nature Conservation Act of Bhutan, 1995, the List of
"Totally Protected Plants have been [ormulated as follows:

No__ Local Name Common Name Botanical Name
| Agarfagaru Eaglewood/ -

Indian aloewood Aguilaria malaccensis
2 Yartsa-guenboop Chinese caterpillar Cordyceps sinensis
3 Pang-gen metog ‘ Gentiana crassuloides
4 , Snowdown lily Lioydia yunnanensis
5 Tsher-ngeon Blue poppy Meconopsis grandis
6 Kirang-shing - Yew Taxus baccala
7 Bhreeng-gee ra-dza Ginseng Panax pseudo-ginseng

The detail of above spécics is attached in Appendix-G.

(5) Protected Areas

The Nature Conservation Section (NCS) conducts biodiversily surveys in protected
arcas, To date, surveys have been completed for two national parks, the Royal Manas
and the Jigme Dorji National Park, and work has currently started in the third park, the
Black Mountain National Park. Critical surveys of the Phibsoo, the Kholong Chu and
the Thu'mshingla Natiopal Park have also becn initiated. National parks, wildlife
sanctuarics and nature reserves are shown in Figure 9.1, The details of the Black
Mountain and Manas National Park are given below, as they are ncar the proposcd
bridge sites:

1) Black Moumains. National Park
The B.lack_ Mountains of central Bhutan have a unique landscape covered by sub-
tropical, s'ub—'c}lpim,= and alpinc forests, as excmplificd by broad-leafed forests of oaks,
birch, maple‘i.n the lowlandé_ and coniferous "spbcies such as hemlock, spruce, pine; sub-
alpine plants and alpine shrubs.
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Anlmals found in the Black Mountalm inctude the Himatayan black bear, the panther,
'goral pandq scrow, sambar wild boar, tiger and goldcn langur. Guar and clephants

can be spoucd in the southcm reglons of the Black Mountains. The area is well known
for its bird species. Curremly no areas in the mountain ccologlcal zones have been set

aside zi_s prbleéted arcas. Throughout the Himalayas, most of the mid-hill regions have
been cleared for agriculture,

The Park will be connected (o Royal Manas National Park in the south lo facilitate
wildlife movement. Socioeconomic assesé:nem of commﬁniﬁes living adjacent 1o the
iwo protected arcas were conducted and their panicipalion in reserve management will
be cncoura'gcd' through buffer area management. Biological inventories were conducted

in the park area to assess the flora and fauna and habitat conditions of the entire
reserve,

2) Royal Manas Natiqndl Park

The Royal Manas National Pérk is the oldest established protected area in Bhutan,
havmg been declared a W]Idhfc Sanctuary in 1966, and upgraded to a national park in
1988. Encompassmg an area of 463 km?, Manas is located at the foothills of the
Hnmalayas in south of Bhutan. K lics on the Indo-Bhutan border and forms a
contiguous ecosystem with the Manas Tiger Reserve on the Indian side of the border.

Manas has a variety of habitats, ranging from open savannah woodlands, dry deciduous
tropical forest, to nioisl deciduous tropical forest, and contains more significant specics
than any other area in the country, including populations of wild buffalo, tigers, leopards,
guar, sloth bears several specics of deer, seasonal populations of elephants, and the
endemic golden langur. This dwersny is well worth preserving for the {uture, some
species béing on the brink of extinction (rhino, hi spid hare, pygmy hog ctc.).

(6) Global Warming

Global climate change due to emissions of grecnhousc gascs, particularly carbon
dioxide from the burning of coal, oif and gas lo produce cnergy and power auntomobiles,
is expected ona scale lhat will surpass any changc cxperienced in human history. The

1995 report of lntemat:onal Panel on Chmalu Changc (the world’s top 2,500
cllmatologlsls) suggcsls lhc planet will warm by up to 3.5 °C over the _coming century.

‘Curreni globa¥ warmmg has past the tolerancc levels of many species and ecosystems,

‘espemally in high- almude areas Experts pred:cl the surface warming over the
soulhcm Asian regmn will j mcreasc by 1to2°Cby !hc year 2030. Precipitation may

increase over south As:a by 5-10 percenl in summer, and decrease during winter.

9-5
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In lhe llmnlayas ihcsc changcs havc bccn man:fcstcd by dlsaslrous glacml !akc
outbursts. Mcllmg uc has become a worldwndc occurrence, not _|ust in lhc Hlmalayaq
From Bhut’m lo Swu?crland rcccdmg g!ac:ers are brmgmg in their wakc avalanchcs
soil crosion and dmmatw changes in river flow. In Bhutan, glacml melting can resuIt in
large ﬂoods at a heavy human cost Already, global wqrmmg has hcen blamed for the
1994 glacml breach of Luggc Tsho. in Lunana (about 60 km slralght line north of
Punakha), which resulted in a flash flood in Punakha.

Specnahsls are womcd aboul the growlh of Rakshathreng Tsho, in Lunana, form a mere
pond in thc 1950‘; to a take 2 km long and 1 km wide, far bigger than Luggc Tsho.
Glacicrs in the Bhutan H;malayas arc more clangcrous than the Nepal Himalayas due to
the strong ef fect of the monsaons and high precipitation.

(7) Environmental Degradation _

The decline in per capi!a availabilily of 'lgricuitltlral land' and shnftage of grain, due to
high rate of population growth, exacerbated by lack of alternative job opportumucs other
than agncullum in rural areas, will lcacl to over-expleitation of resources mcludmg
cultivation of marginal land and steep hllly terrain to meet the mcreasmg demand of the

growing population. This wilt not only damage the natural resource base of land, water
and air, bul also threaten the sensitive balanee of fragile mountain ccosystem.

Some of these likely adverse impacts are already on the Horizon. For example, in some
valleys, the forestline is receding to make way for cash crop planlauons such as orange,
apple and cardamom. The pressure on the forest will furlher increase with over grazing
and accelerated use of forest products for fuel wood, fodder and conslmcuon due 1o
persistent high rate of population growth, The deplcuon of the mtural resource basc
and the adverse impact on forest, which threatens the existence of all hfc, are matter of
serious concern for the sustainable development of Bhutan.

(8) Environmental Quality Criteria ,

In regard to environmental quality, the bndgc pro;ecis ﬂre expccted to affecl only water
and air quality dunnp lhb conslructlon phdsc Howcvcr there are no air or water
quality standards for cons(ruchon m Bhulan Generally spcakmg, construcnon pro;ects '
discharge water pollutants in the form of total d;ssolved SOlldS (TDS) -and tolal
suspended qollds (TSS), and air polluiams as carbon monexldc (CO) mlrogen 0x1dcs

(NOx), and tolal suspcndcd p'\rltculates (TSP) Recommendcd waler and air quallly '
standards for Bhutan are as follows.
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I) Recommended Ambicnt Enviro:rimcnt.al Qlllallil)’ Standards
a. Ambicnt Water Quality Standards

Parameter Standards

Drinking water supply TDS <500 mg/L

Raw water sﬁpply TDS <500 mg/l.

Freshwater, lake and stream TSS < 110% of normal levels (to protect aquatic life)
Water lor agricultural use TDS £2,100 mg/L., TSS <200 mg/L

b. Ambient Air Quality Standards

Parameler Time-weighted Average Avcraging Time{ or Time Interval)
Carbon Monoxide 100 mg/ m* 15 min.
60 mg/ m* 30 min,
0 mg/m’ I hr.
10 mg/ m’ 8 hrs.
Nitrogen Oxides 100 mcg/ m* t hr.
150 mcg/ m’ 24 hrs.
Total Suspended : ‘
Particulates (TSP) 40-60 mcg/ m* Annual avg.
150-230 mcg/ m* 24 hrs.

2) Recommended Pollution Discharge and Emission Standards
a. Industrial Wastewater Discharge

Industrial wastewater discharge TSS <60 mg/i.
b. Air Emissions

Nitrogen Oxides (Nox) 470 meg/m’
Carbon Monoxide (CO) 5,000 meg/m’

(9) Thé Eﬁvimnmeéﬂal Impact Assessment {(EIA) Guideline

NEC, ip éoilabor_aﬁon with Asian Development Bank (ADB) prepared draft EIA
édidelinés in 1993 for the fol!bwing priority sectors: hydropower, transmission lines,
forestry, highway and roads, mining and iﬁdustfy.
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Highway and roads include cxprnssways prumry roads, and rural roads Rural roads
generally conncct villages and smaller populahon centers such as regnonal market
towns, and are comprised of feeder foads. Supporung infrastructure such as drainage
systems and bridges, culverts, ¢lc., arc mcluded.

According to the above guidelines, environmental problems for new major highway and
road projects are as follows:

Encroachment on precious ecology
bncroachment on religious/historical/cultural monuments/areas

Impam‘ﬂcnt of fisherics/aquatic ccology and other beneficial waler uses
Erosion and siltation

Noise and vibrations

a

b

¢

d

e. Environmental aesthetics
f.

g. Air pollution hazards

h

Hilghway poliution

-

Highway spills
J.  Construction phase problems:

Erosion and silt runoff, Health and Safety of construction workers, adequate
monitoring syétem ‘
k. Post-construction monitoring and maintenance:
monitoring for the aclual environmental impacts, long-term maintenance of the
project
. Critical review criteria:
- Will the project cause unwarranted losses in precious and or irreplaceable
natural resousces?
- Will the project make unwarranted acceterated usce of scarce resources in favor
of short-term over long-term economic needs?
- Will the project result in unwarranted hazards to cndangcrcd species? -
- Will the project tend to intensify undesirable migeation from rural to urban areas
to an unwarranted degree? _ .
- Will the project adversely depreciate the national energy and foreign exchange
situation to unwarranted degree? o e o
- Will there be mlcnsnﬁcalmn of natxonal somo-econoxmc lmbalances due to
increases in the affluent to poor income gap‘?
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(10) Enwronmcmal Assessment Process

One of the major objectives of the EIA process is to coordmalc the information
reqmrunenls for permil approvah No final permits or licenses are granlcd unti}
approval-in-principle has been given, though where the proponent is applymg to lease
government land a conditional site approval may be considered after approval of EIA

terms-of-reference, in order to protect the proponent’s interests during feasibility
studies.

For public sector projeéts, where govcrnmcnt is both proponent and regulator, the
process will be somewhat different. Environmental and social assessment will take
place through interagency pziriicipalion and review during planning and design.
Environmental managcrﬁénl and moritoring requirements will be formulated as codes-
of-practice or opcratmg pmccdureq as part of the contracts issucd to private firms
engaged in project construction, opcrallon and maintenance. Adequate budgets for
comptiance monitoring and supervision by responsible government agency should be
identified as part of overall project cosls.

9.1.2 Existing Environmental Conditions at Each Bridge
(1) Br. No.l Kurizampa Bridge (800 m ASL)

1) Fauna

Fish traps were set from 4:30 PM to 6:40 AM on the 9th and 10th of February. No fish

were caught. Nets were cast at 13 places along the river from 6:50 AM to 7:15 AM on

the t0th of February. One “asala™ of 50 cm in length was caught. Fish of various

sizes were also observcd 1n the river, Accérding to the locals, fish such as “asala™,
“katole” and “masheer” are commonly found in the river. The river color is light brown

in summer and clear in winter,

The “asala™ (Schizothoraichthys sp.) is called the “snowtrout” in English. The
geograpﬁical d"islribution of “asala” ranges from the Kashmir Valley in India, Nepal, to
Afghariistan, Pakistan, and beyond. This species is known to breed from November to
January in Bhutan.

The “kalolc” (Neohssoch!us hexgonofepw) is called "katl;" in English, and “boka,
bokar, boolooah or katoli” in Assam. The geographical distribution of “katole” ranges
from the Indlan Eastcm Hrmahya to Assam, Bangladesh, Nepal, and elsewhere.  This
Lspecms is known to breed from November to January in Bhutan.

7"_.9-9



The “.mashcér" (Tor sp.) lS called “pithia” in Assam.
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The geogrépﬁical distribution of

“mashecr” is found in Pakislan, lnd'ia, llim'aldy.'a,'l\lcpai, and élsc_Wherc. This speéies
is knowa to breed from November to January in Bhutan.

2) Flora

Accordmg to the ficld survey, ihc followmg species were confirmed.

Namg

Bolanical Name

Siris (Nep) |
Phaledo {Nep)
= Chhatsashing {Dz)
Kharshing (Sha)
Titepalti (Nep)
Guyalo (Dz)
Chilauney (Nep)
Bestanangshing {Sha)
Sito (Nep)
Malinggo
Hone (Sha)
Banana {En)
Hemp (En)
= Ganza (Nep)
Walnot (En)
Pine (En)
Grass (En)
Silver grass (En)
Bamboo grass (En)

1 I
(Note} En:

English

Albizia gamblei
Erythrina suberosa

Calamus erectus

Artemesia Vulgaris

Callicarpa arborea

Schima wallichii

Qnercus lanata

Neyraudia arundinacea

Yushania maling or Yushania rmcmphyh'a
Dryptes indica

Musa fera

Canavis sativa

Juglans regia
Pinus roxbusgii

Gymbopogon flexuosus

Dz: Dzongkha (Western Bhulan Languagc)
Sha: Sharchopkha (Eastern Bhutan Language)
Nep : Nepali (Lhotsham Bhutan Language)

(2) Br. No.2 Chamkhar Zam Bridge (2400 m ASL)

1} Fauna

A fish trap was set from 10:20 AM to | ‘20 PM on the 26!?1 of Fcbruary No ﬁsh were

caught.

the locals, “trout” are common and “asala” are sometimes found in the rwer

However, a fish of aboul 30 cmi in Icnglh was found in the river. Accordmg to

These

species are found upstream and downstream of the bndge over the Chamkarchu Rwer

The river colour is clear in all scasons.

‘9.
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The alwan snowtrout (Schizothorax richardsonii) is called “alwan” or “jis” in Kashmir
and “trout” in Uttar Pradesh. Trout are distributed in India along the Himalayas, from
Jammu and Kashmir to Assan, Sikkim, Nepal, and Afghanistan. The species is known

to breed from November to January in Bhutan,

2} Flora

According to the field survey, the following specics were confirmed.

Name

Botanical Name

Titepalti (Nep)
Willow tree

Bayor (Nep)
Tshoshing (Sha)

= Mauwa (Nep)
Gayo (Nep)

Kans (Nep)
Betsanangshing (Sha)
Thistle (En)

Artemesia Vuigaris
Salix Wallichiana

Zizyphus oenoplia
Englhardia spicata

Bridelia retusa
Saccharum spontaneum
Quercus lanata

Pine (En) Pinus wallichiana
Moss (En) -

Pcach (En) Prunus persica

= Lengsey shing (sha)

= Aru (Nep)

Cosmos {En)

= Khee-metog (sha)

Hemp (En)

= Ganza (Nep)

(Note) En: English
Dz: Dzongkha {Western Bhutan Language)
Sha: Sharchopkha (Eastern Bhutan Language)
Nep : Nepali {Lhotsham Bhutan Language)

Cosmos bipinnatus

Cannabis sativa

3) Others

A “chorten” is located about 55m from the bridge. However this will not be disturbed
by the new aﬁgnment. The chorten, or receptacle of offerings, is a Buddhist monument
whose origin lies in the stupa of ancient India. Itis a veotive monument to the memory
of the Buddha and his meritoricus deeds. The symbolic significance of the chorlen
requires that the building consist of five parts, corresponding to the five elements of the
cosmos, i.e. carth, water, fire, air and sky.

9-11
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(3) Br. No.3 Bjee Bridge (1800 m ASL)

1} Fauna

A fish trap was sc{ from 4: 30 PM on lhel2lh 10 8: 00 AM on lhc l3th of Fcbruary and a
net was cast at 12 places along the river from 4:00 PM to 4:45 PM on the 12th of
February. No fish were caught.  According to the locals, “asélé” “katole” and
“trout” and deer, bear and wild boar are also found. The fish species are found

upstream and downstream of the bridge over Mangdlchu River. The river color is clear
in all seasons,

2) Flora

According to the ficld survey, the following species were confirmed.

Name - Botanical Name

Siris (Nep) Albizia gamblei
Lalchandan (Nep) Daphnephylium hnnaia}enso
Jurooshing (Dz) Daphniphyllum chartaceum

= Awa shing (Sha)
= Lalchandan (Nep)

Totne (Nep) Polygonum molle .
Titepalti (Nep) Artemesia vulgaris
Churp Shing (Dz) - o
Guyalo (Dz) Callicarpa arborea
Katus (Nep) _ Castanopsis indica
Bestanangshing (Sha) Quercus lanata
Pinc (En) Pinus wallichiana
Hemp (En) Canavis sativa

= Ganza (Nep)
Ningro {Nep) -
Houtuonga (tosturudone) -

Cosmos (En) Casmos bupinnata
Lichen (En) -

Oak (En) Quercus sp.

Moss (En) -

(Note) En: English .
Dz: Dzongkha (Western Bhutan Language)
Sha: Sharchopkha (Eastern Bhutan Language)
Nep @ Nepali {(Lhotsham Bhutan Language)
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(4) Br. No.4 Wachy Zam Bridge (1500 m ASL)

1) Fauna

A ﬁsh trap was set from 10: 30 AM (o 0:30 PM on the 23th of February, but no fish were
caught Howevcr a small ﬁsh of about Jem in length was found. Locals find “katole”
and “trout” in thc rlver and other animals such as leopard, deer, bear and wild boar in
the v:cmuy The fish specnes are found upstream and downstream of the bridge over the
Dangchu River. River coYor is gray in summer and clear in winter. In suminer, cicadas,
butterflies and beetles are to be found in the vicinity of the bridge.

2) Flora

Accordin'g to the field survey, the following species were confirmed.

Name Botanical Name
Nigaro (Nep) Arundinaria intemedia
= Tashaa (Dz)

Mingdomashing (Dz) Saurauia napaulensis
Thinge (Dz) - Zathoxylum spp.
Phaledo:(Nep) Erythrina suberosa
Chhatsashing (Dz) Frethena indica
Kharshing (Sha) Calanuis erectus
Titepalti (Nep) Artemesia vulgaris
Witlow tree Salix wallichiana
Phamshing{Sha) Sterculia villosa
Yoka Shingh (Sha) Aesandra butyracea
Whi Shingh (Dz) -

Chilauney {Nep) Schima wallichii
Malinggo Arundrnaria species
Orange (En) Citrus reticulafa

Bamboo (En) -

Sumac tree {En) -

Pine (En) Pinus wallachiana

(Note) En: English
Dz: Dzongkha (Wes{cm Bhutan Language)
Sha: Sharchopkha (Eastern Bhutan Language)
Nep : Nepali (Lhotsham Bhutan Language)

3) Others’
Private paddy fields may be affected by the new alignment.

913
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(5) Br. No.5 Mangdichu Bridge (600 m ASL)

1) Fauna : o

One “asala” of 52 em in lcnglh was caught by ca‘;tmg net with the help of locals On
11th of February, a young “asala” 8 cm in lcnglh was caught in lhc ﬁsh lrap set in the
river from 3:00 PM to 4:30 PM. Fish traps were set {from 5. 00 PM on the tlth to 6:30
AM on the 12th of Fehruary, but not a single fish. Accordmg to lhe locals, “masheer”

and “katole” arc found in summer in the river, whereas * ‘asala” can be found in winter.
These fish specics are found upstream and downstrcam of the bndgc over Mfmgdlchu
River. River color is light brown in summer, and clear in winter. A dragonﬂy larva was
confirmed in the river on the 15th of September, 1997.

2) Flora

According to the ficld survey, the following species were confirmed.

Name - Botanical Name
Siris (Nep) Albizia gamblei
Titepalti (Nep) Artemesiu Vulgaris
Churp Sing (Dz) Tamarindus indicus
Guyalo (Dz) Callicarpa arborea
Katus (Nep) Castanopsis indica
Lampatey (Nep) Duabanga grondiflora
Chilauncy (Nep) Schima wallichii
Grass {En) -

Mango tree (En) Mangifera india
Pine (En) Pinus sp.

Saur Betula alnoides
Moss (En) -

(Note) En: English
Dz: Dzongkha {Western Bhutan Language)
Sha: Sharchopkha (Eastern Bhutan Language)
Nep: Nepali (Lhotsham Bhutan Language)

3) Others

A “chorten” is located about 50 m from the exislidg bridge. However this will not be

influenced by the new alignment. A PWD office measuring 14 m x 12 m is included
inside the new alignment.
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9.2 Eavironmental Impact Study
9.2.1 Initial Environmentat Evaluation (1EE)

IEE has the two "folIOwin:g bbjec!ivcs : 1) to evaluate whether EIA is necessary for the
project and, if so, to define its contents; 2) (o examine, from an cnvironmental
vicwpoirﬁ, the mecasures for dllcvialing the cffccts of the project which requires
eavironmental consideration but not a full-scale environmental impact assessment.

IEE for cach of 22 bridgcs was carried out based on the Environmental Guidelines of
Royal Government of Bhutan and that of JICA. Information on twenly six (26)
environmental items were collected and checked by screening and scoping during the
site survey as shown in Table 9.1. The results of IEE are shown in Appendix-H.

Screening was conducted to cvaluate whether or not it will be necessary to include an
environmental consideration in the project development. Scoping was to identily the
important environmental impacis among (hose which can be caused by the
implementation of a development plan or development project, and to define the study
items of EIA based on the findings.

The result of IEE for all bridges is shown in Table 9.2, The result of IEE for 12 bridges
which were selected to be replacement urgently is shown in Table 9.3.

9.2.2 Environmental Impact Assessment
EIA of each bridge was cairicd out bascd upon the resufts of the 1EE, the final bridge
construction plan, and existing environmental conditions at each site.  These

assessments '_arc described below. The terms of reference for the EIA were agreed
upon by the PWD and the NEC. The terms of reference are shown in Appendix-1.

9-15



The Study oit Nationad Hlighway Bridge Construction in the Kingdens of Bhutan

Table 9.1 Description of Environmental Ttems

No. | Bnvironmental Description
ftem ‘ '
Social Environment
1 | Reseltlement Resetitement duc to land occupancy (lransfer of rights of residence / fand ownership)
2 | Economic Loss nf bascs of Lcononuc activitics, such as !and and change of cuonomlc structure
Activilics :
3 | Traffic and Public| lmpacts on schoo1s. hospllals and pr; sent lrafﬁc condlllons smh as the increase 0[ trafﬁc
Facilities congestion and accidents
4 | Split coel Commumly sphl dm, to lnlcrruptlon of area lrafﬁc
Communitics
5 | Culsural Proporty DPamage to or loss of the value of chunhcs tcmph 5 shrines, archacological remains or other
' ' cultural assets
6 | Water Rights and Obslrumon of fishing nghts waler nghis. COMMOR nghls
Common Righls
T | Public- Health] Deterioration of public health and sanitary conditions duc to generation of garbage and the
Condition increase of vermin
8 | Wasle Generation ‘of construction and demolition waste, debris and logs
9 1 Hazards (Risk) Increase io risk of landslides, cave-ins and accidents
P\atural anronment
10 | Topography and Changes of valuable lopography and geology due to excavallon or ﬁlhng work
Cicology
il 1 Soil Erasion Topsoil erosion by rainfall after rcclamatmn and vegstation rcmoval
12 | Groundwater Change of distribution of groundwater by larpe-scale excavation ‘
13 | Hydrological Chang;s of river discharge and riverbed condmon due lo Iandﬁ!l and dramag-., ml'low
Sitvation .
14 | Coastal Zone Coastal erosion and sedimeatation duc to Iandﬁl! oF chargg in maring condtuon
15 | Vauna and Ilora Obstruction of breeding and extinction of species due to change of habitat cendition
16 | Mcicorology Changes of lemperature, precipitation, wind, cle. duc to large -scale Jand reclamation and building
consteuciion
17 | Landscape Change of topography and vegetation due to reclamation.  Deterioration of aesthetic harmony by
stroctures
Polluiion
18 | Air Pollution Pollution cansed by exhaust gas or toxic gas from vehicles and factories
19 | Water Poltution Pollution by inflow of silt, sand and effluent into rivers and groundwaler
20 { Soi! Contamination of soif by dust and chemicals, such as herbicides
Contamination
21 |Noise and Vibration I Noise and vibration generated by vehicles
22 {l.and Subsidence Deformation of land and Jand subsidence dug to the Jowering of proindwater table
23 Offensive Odour Generation of exhaust gas and offeasive order by facility construction and opsralwn
Others ‘ '
24 | Highway  Runoff{ Surface funofl from highways may conlain su[ﬁcnenl petroleam dnppag., and spifted materials to
Pollution pose a hazard to aqualic ecology and road-side communities.
25 { Highway Spills A scrious potential hazard associated with highwa)s and roads i is acmdgntal sp:llag» of hazardous
materials.
26 |Monitoring and

Mainicoance

Docs the project plan make provision for any necded continuing post -construction monitoring - for
asscssing the aclual environmental lmpacls ? Ha\.e adoquah, pmwslons been ma-du for the long-

termt maintenance of the projoct ?

Note: “Secial Environment, Natural Environment and Pollution (hol to No.23)" were made with

reference to the “Enviconmental guidelines for infrastructure projeets, Sector HI Road, JICA™.

“QOlhers

(No.24 to No.26)” was made with ceference to the “Draflt Environmental Asscssment Sectoral Guidelines -
Bhatan, NEC, 1997
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Table 9.2 Result of Screening and Scoping for All Bridges
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Bridge No.| 1| 233)1 4] 5 |6]718]9 1O VP12 1314101516 172 18] 1920 21| 22

Environmental

No| Ttem

1 | Resetdemcent -1t - Y2 -]-0-1 Y218 - - - - - - - - - - Y2| Y2

2 | Economic -l-E-1-1 - -1-1-1- - - - . - . . - - - - -
Activities ‘ '

3 | ‘Trafiic and) - | - S IENE KN X I I B SR -l k-1 18- 1 - 1-
Public Facilities

4 1 8ptie - ofl-b-]-1-] - -1-1- - - - . - . - - - - - . -
Communities

5 1 Cultural -gur-1-y5- -1-3-Jpu|- - - - - - . - - - - -
Property

6 | Water  Rights] - -1 - -{-1-1- - - - - - - - - - - -
and  Common . ‘
Rights . : : l

7 | Public 'anlth Ujuju U u ugjujujuijujuv jujuju jujujuviju v ]|]uiu
Condition - :

8 | Waste vjulylyu Jyufyjujuv]Ju jujJu fvjufu jujuju]u o lulu

9 | Hazards (Risk} | -4-1-1]- -1-F-1- - - - - - - - - - - -

101 Topography and| - | - | - | - -1-1-1- - - - - - - . - - - - - -
Geology ' . .

11] S0l Erosion Sf-l-E-lu b-1-19f - - - - - - - ul- - - - U

12 ] Groundwater -1-1-1 - -1-1-1- - - - - - - - - - - - -

13 | Hydrological | -1-1-]-]- o B B A N e i TR S T IR B A I
Sitvation

14 ]| Coastal Zone -{-1-1-1- -1-1-1- - - - - - - - - - - - -

15] FamaandFlora JUJ UV U U Julyulujujuiou tululf- fuluv]ululuv]ulfu

16 | Meteorology -1-1-1-1- |L-1- o e B N T - - - -

17 | Landscape -1-E-1-]- ~]-1-3- - - - - - - - - - -

18 | Air Pollution vjujvjuyu f-1-1-JUtf- - U juig- - - - - - - Ugjiu

19 ] Water Pollution fUlUJUL YU QUUIVJu U Jutujuquju jujuviuviu v lulu

20] Soil -l-f-1-1- -1-1-1- - - - - - - - - -
Contamination

2} | Noise . sagjujujuypu |-|-{-Jui- - U iju - - - - Uiuvu
VYibralion

22 | Land Subsidence | - b-0-1-1- 1-0-1-1-1-1|-1- - - 3- - 1-1- -

23 | OffensiveQdour | - |- |- -] - -F-1- - - - - - - - - -

24 | Highway Rumoff} -1 -]-| -] - -F-1- - - - - - - - - - - .
Pollution

25 | Highway Spillsy -} -} -} -] - -h-1-1- - - - - - - - - - - - - -

26 | Monitoring and| UJUj Ul b U JuUjujulu Ju |uju Juiu|lufu]u]u]ululuTu

Maintenance

“Note :

Y: Env'iroﬁ|11g'ﬁt_al i_mpacl is expected, (Y1 Serious impact is expected, Y2: Minor impaci is expected.)
-: No environmgntal impact is expected. EIA is nol necessary.

U:  Extent of impact is unknown ( Examination is needed. Impacts may become clear as study progresses, ).
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Table 9.3  Result of Screcning and Scoping for 12 ﬁridgcs

BridgeNo.| 1 §2 f3 |4 |s |6 8 |taf17 22
. Eavironmental Item
No
1 | Resctilement [ U D IR D TSN NCEN DS A IR IRtSY RRT7Y
2 | Cultural Properly BN U I I SRR S IPURN IR IO RARNN INS IUC I
3 | Public Health Condition ulululy u' u U: U ulu
4 | waste Uiu glu]uluju ulju
Soit Frosion Sl lul-tulul: o -
6 | Fauna and Flora viuluijul]u ‘vi{uvluvlululu
7 | Air Pollution vi{iujuuijul- |- |- viu
g | Water Pollution vl |lu|uv]|uvjujuluo u'|u:
9 Noise and Vibration vulolu|ulu - - U
10 | Monitoring Cadlu|u|ufulululululu]u
Maintenance : .
Note : _ _ A :
Y : Environmental impacl is expccted {Y! Serious lrnpact is expected. Y2: Minor impact is
expected.)

- ¢ Noeavirenmental impact is expecled. ElA is not nocessary.

U: Extent of impact is unknown { Examination is needed. Impacts may become clear as study
Progresses.).

(1) Br. No.l Kurizampa Bridge

1) Fauna . .

No “Totally Protected Wlld Life” as listed in the “i*oresl and Nalure Conservatlon Act
of Bhutan, 1995” could be found in the Vlcmliy of the proposed br:dges whereas fish
includiag “asala”, “katole” and masheer were found in the river to be spanned by
the proposcd bride. The breeding season for Ihese ﬁsh specnes runs from November to
January, in Bhutan. In general, it is nccessary to’ avond construction causmg river
discharge to become very muddy during the brecdmg season Howevcr no conslrucllon
from which very muddy water will be dsschargcd is planned in the construcllon of

Kurizampa Bridge. No construction will be carried out during the rainy scason in whlch
muddying river water can oceut.
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The impact to other aquatic life is not severe, as riverbed construction works are no
planned. Air pollution and noise stress during consiruction wilt be not so severe to
fauna, duc to their mobility.

2) Flora

No “Totally Protected Plants” listed in the “Forest and Nature Conservation Act of
Bhutan, 1995” could be found in the vicinity of the proposed bridges. Only some
common species were found in the area expected to be disturbed during the course of
the projects. Since rock for the project will be guarried from existing quarries or rocky

arcas, no listed plants are expected to be disturbed. The impact on flora will not be
severe.

3) Waterway Constrictions
Waterways will not be constricted, as new abutments will not be built within the river.

4) Soil Erosion
The slope disturbed by the new alignment will be protected by a masonry retaining wall
and gabion wire cylinder. Soil erosion will not be incurred.

5) Issues in Construction’ Phase

a) Public Health Conditions

First aid kits for emergency injury or illness will be prepared to ensure worker health
during construclion. A communication system between the construction yard and the
PWD office will be established in case of accidents. Public health conditions will be
paid due attention,

b) Wasie

Waste generated in construction will include concrete, rock, soil, broken asphalt and
garbageifrom workers. Concreat, rock and asphalt volume will be in all about 500 n’,
excavated soil volume about 300 nr. These wastes will be kept in designated arcas
under supcrvisien.'Woirker garbage will be buried in a pit. Waste will not be atlowed 1o
become an environmental problem,

¢) AirPollution -
Anticipated 'sb_ur_c'e.s of Signiﬁcaalg exhaust gas during construction are the clectric

gcn'cratb'r"(SO kW), and‘t.hc rock breakers. . H'owever, those machines will be few and
will not be 'working com‘ir{uously. Air pollution will not be incurred.
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d) Waler Poliution -

No construction in the tiver itsclf is planned for ﬁm bndgc Conslmcuon wzli not bc
carricd out durmg the rainy scason. Any dlschargc from the: construchon yards will be
clarified in precipitation ponds, Drainage from the worker camp will be Collected in
scepage basins. With the above precautions, there will be ncghglble water polluuon.

¢) Noise and Vibration :

Dynamite will not be used in consirucuon Giant rock brcakers will be used for hard
rock destruction, however, when the rock is too hard, smoolh blastmg will be uscd
therefore severc noise will not be incurred. Anticnpa{cd sources of ssgmﬁcanl noise
during consiruction are the giant rock breaker (0 6m’ }, and the vibration rollcr (lOl)
clectric generator (50 kW), and jaw- -crusher {lOUH) The sound levels of the glanl rock
breaker (0.6m"}, the vibration roller (10t), clectric gencrator (50 kW) and jaw-crusher
{10t/H) arc 126 dB{A), 117 dB(A), 109 dB(A) and 98 d'B(A), respectively.

The noise level at the house nearest tb the C:O!‘ISil'l:lClilOl'l machines (this -distance
estimated to be 40 m) is cxpected to be 85 dB(A), 76 dB(A), 68 dB(A) and 56 dB(A)
from cach of the above machines. At 85 dB(A), a phone cannot be heard, and at 76
dB(A) it is diflicult to hear the phone. However, this noise will not be continuous nor
occur during the night; accordingly, construction noise will not be a severe problem.

Severe vibration will not occur, because vibration at frequencies with impacts on human

aclivities (3 Hz to 10 Hz) cannot spread in hard rock such as found in the construction
areas,

(2} Br. No.2 Chamkar Zam Bridge

1) lfavna .
Fish including “asala” and “trowt” were found in the river to be spanned by the

proposed bride. Similar to Kurizampa Bridge, the impact to aguatic life will not be
severe. ' |

2} Flora

By the same reasoning as dcsmbed for Kurizampa Bridge, thc 1mpact on ﬂora w:ll not
be severe. ' '
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3) Cultural Propeitics
A “chorten” is located about 55 m from the cxisting Chamkhar Zam Bridge. However
this will not be influenced by the new alighment of the road.

4) Waterway constrictions
Waterway constrictions will not be incuired, as ncw abutments will not be buili within
the river.

5) Issues in Construction Phase

a) Public Heakh Conditions

By the same reasoning as described for Kurizampa Bridge, public health conditions will
be paid due attention.

b) Waste

Waste generated in construction will include rock, broken asphalt and garbage from
workers, Rock and asphalt volume will be in all about 100 m’. By the same rcasoning
as described for Kurizampa Bridge, waste will not be allowed to bccome an
environmental problem.

¢} Air Pollution
By the same reasoning as described for Kurizampa Bridge, air pollution will not be
incurred,

d) .Water Pollution
By the same reasoning as described for Kurizampa Bridge, there will be negligible
water pollution.

¢) Noise and Vibration

‘Dynamilc will not be used in construction. Anticipated sources of significant noise
during construction are the same machines as described for Kurizampa Bridge. The
noise level at the house ncarest to the conslrucuon machines (this distance ¢stimated
to be 100 m) is cxpected tobe 75 dB(A) 66 dB(A) 58 dB(A) and 57 dB(A) from each
machme At 75 dB{A) it is difficult to hcar the phonc and at 66 dB(A) it is slightly
dxl‘fcull to hear the phonc However, the noise and vibration in construction wilt not be
a severe problem, by the same reasoning for Kurizampa Bridge.
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(3) Br. No.3 Bjee Bridge

1) Fauna L o
Fish including “asala”, “katole” and “trout” were found in lhc river to be spanncd by

the proposcd bride. Similar to Kurizampa Bridge, the impact on aquatlc lifc will not be
secvere. |

2} EKlora _ ‘ :
By the same reasoning as described for Kurizampa Bridge, the impact on flora will not
be severe.

3) Soil Erosmn

The slope disturbed by the new alignment will be protected by masonry retaining wall
and gabion wire cylinder. Soil erosion will not be incurred,

4) Waterway constrictions

Waterway constrictions will not be incurred, as new 'lbutments are not planned within
the river.

5) Issues in Consiruction Phase
a) Public Health Conditions

By the same reasoning as described for Kurizampa Bridge, public health conditions will
be paid due attention,

b} Waslte .

Waste generated in construction will include rock, soil, broken asphall and garbagc from
workers. Rock and asphalt volume will be in all about 300 n?, and excavated soil
volume about 200 m’. By the same reasoning as described for Kurizampa Bridge,
waste will not be allowed to become an environmental problem.

¢} Air Pollution

By the same reasoning as described for Kunzampa Bndgc air pollutzon w1ll not be
incurred.

d) Water Pollution

By the same reasoning as described for Kurizampa Brldgc mcre wsll bc negllglblc
water polfution.
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¢) Noisc and Vibration

Dynamlte w1l| not be used in construction.  Anticipated sources of significant noise
durmg construction are the same machines ais ‘described for Kurizampa Bridgc. The
noise level at the house néarest to fh'c comtatuciion machines (this distance cstimated
to be 30 m) is expecled to be 88 dB(A) 78 dB(A) 70 dB{A) and 59 dB{A) from each
machine. Al 88 dB(A), a phonu cannot be heard, and at 78 dB(A) it is difficult to hear
the phone. However, the noisc and vibration in construction will not be a severe
problem, by the same reasoning for Kurizampa Bridge.

(4) Br. No4 Wachy Zam Bridge

1) Fauna

Fish including “katole” and “trout” were found in the river to be spanned by the
proposed bride. Similar to Kurizampa Bridge, the impact to aquatic life will not be so
severe.

2) Flora
By the same reasoning as described for Kurizampa Bridge, the impact or flora will not
be so scvere.

3) Land Tenure

The expropriation of private paddy ficlds will be caused by the new alignment of the
road. The size of this arca is to be about 400 m’. Compensation for this area will be
carried out by the Royal Government of Bhutan, with gifts of plots of land of equal size,
and money.

4} Soil Erosion |
The slope disturbed by the new alignment will be protected by a masonry retaining wall
and gabion wire cylinder. Soil erosion will not be incurred,

5) Waterway constrictions
Waterway constrictions will not be incuired, becausc a new abutment is not planed
within the river.

0) Issues in Construction Phasc

a) Public Health Condxllons _

By the samc reasoning ‘as described for Kurizampa Bridge, public health conditions will
be pa:d due attention.
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) Waste o
Waste gcncralcd in construction will include rock sml brokcn aspha]l and garbage from
workers. Rock and asphaly volume will bc in alt about 400 m’, and excavated soif

volume about 4,000 m’. By the same reasoning as described for Kurizampa Bridge,
waste will not be allowed to become an environmental problem.

¢} Air Pollution

By the samc reasoning as described for Kurizampa Bridge, air pollution will not be
incurred.

d) Water Pollution

By the same reasbning as described for Kurizampa Bridge, there will be negligible
water pollution.

¢) Noisc and Vibration

Dynamite will not be used in construction. Anticipated sources of significant noisc
during construction are the same machines as described for Kurizampa Bridge. The
highest noise level at the house ncarest to the construction machines (this distance
estimated 1o be 40 m for the vibration roller and 60 m for the giant rock brefiker) is
expected to be &1 dB(A), 76 dB(A), 64 dB{A) and 52 dB(A) from each machine. At 81
dB{A), a phone cannot be heard, and at- 76 dB(A) it is difficult to hear the phone.
However, the noise and vibration in construction will not be a severe problem, by Lhe
same reasoning for Kurizampa Bridge.

(5) Br. No.5 Mangdichu Bridge

1} Fauna
Fish including “asala”, “katole” and “trout” were found in the river to be spanncd by

the proposed bride.  Similar to Kurizampa Bridge, the impact to aquaiic life will not be
sgvere. -

2) Flora ‘ . ‘
By the same reasoning as described for Kurizampa Bridge, the impact on flora will not
be severe.
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3) Rcscttlcment
A few PWD ofllcw wnll bc rcmoved to other locauons but it will not 1o be a social

environmental issue, as these houses arc both managed by the Royal Government of
Bhutan.

4) Culiural Propertics
A “chorten” is located about 50 m from the existing Mangdichu Bridge. However this
will not be influenced by the new alignment of the road.

5) Soil Erosion
The slope disturbed by the new alignment wili be protected by a masonry retaining wall
and gabion wire cylinder. Soil crosion will not be incurred.

6) Walterway constrictions

Waterway constrictions will not be incurred, as new abutiments are not planned within
the river.

7) Issues in Construction Phase

a} Public Health Conditions

By the same reasoning as described for Kurizampa Bridge, public health conditions will
be paid due attention.

b) Waste

Wasle generated in construction will include rock, soil, broken asphalt and garbage from
workers. Rock and asphalt volume will be in all about 8,000 m’, and excavated soil
volumne about 9,000 m'. By the same reasoning as described for Kurizampa Bridge,
waste will not be allowed to become an environmental problem.

¢) Air Pollution

By the same reasoning as described for Kurizampa Bridge, air pollution will not be
incurred.

d) Water Pollution

By the same reasoning as described for Kurizampa Bridge, there will be negligible
water pollution. .

¢) Noise and Vibration

Dynamite will not bc us'ed in construction. Anticipated sources of significant noise

durmg construction are the same machines as described for Kurizampa Bridge. The
hlghcst noise level al the house nearest to the construction machines (this distance
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c%lunatul lo bc lO m for lhc vibration rol]er 'md 60 m for the glant rock bn,akcr) is
cxpcctcd t0 bc 89 dB(A) and 81 dB{A) from each machmc At 89 or 8] dB(A), a phonc
cannot be heard. However, the noise in conslrucuon will not be a scvcrc problem by
the samc reasoning for Kurizampa Bridge, Vlbratton may bc gencratcd by vibration
rollcr however this vibration will not continue for more than several hours per day.

Vibration in construction will not be a environmental problem, because the affected
arcas belong to PWD,
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