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There are four types of culverts categorized from the flood discharge. The size
and number of culverts are shown in Table 12.9.

Table 12.9  Type of Culverts

N Type Nos.
Pipe Culvert ¢ 1.2m 32
Box Culvert H2B2 16

'H3B4 4
H3B4 2 cell 1

Source: JICA Study Team

12.4 T unnel

12.4.1 Design Conditions

- Following are the design condition of civil works of the tunnel.

1) Design specd 60km/h
2) Design dally volume (at year 2020)
5 340 vehlcle/day (include motorcycle)
4,090 vehicle/day (w1thout motorcycle)
3) Width of road _
Pavement width  : 0.5+43.543.5+0.5=8.0(m)
Inspection gallery : 0.75m both sides
4) Vertical clearaoce 4.750m
5) Additional allowance against. future overlay
Carriageway portion ! +200mm
Shoulder portion : 450 mm
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6) Alignment of road.

Horizontal alignment: R=0o (straight)

Vertical alignment: - 1=35%
12.4.2 Inner section

From the economical point of view, inner section of the tunnel should be minimized
satisfying the following technical requirements:

- - Thickness of concrete pavement 25ecm
- ‘Thickness of roadbed 20 cm
' - Vertical distance of road surface and inspection gallery 25 cm
- - . Side drain ditch o ~ Circle shape ditch
- Space of interior board _ ~ Not applied
- For allowance necessary for Construcnon Sc¢cm

Several cases assuming various tunnel dimensions were studied. Case-2 in Table
12 10 is selected as it glves mlmmum inner area of the tunnel.

This dimension can accommoddte 2 sets of 600mm dnametcr ]ct fans if necessary.
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Table 12.10  Study of Inner Dimension of Tunnel

Radius |Radius of

Item |of upper| bottom Height of} Inner

o Distance of space
springline| area

section | section Flatness Judgement
mark | Rl R2 31 A a h c d
unit m m - m m’ - m m m m
1 48501 20.087 1.600] 57.165 07170 0.050] 0.064] 0175 0.053[x Radius of bottom

section to large

4950 9.900 1.500| 58.0t7 0.702] 0.111 01451 0222 0.084
5.000] 10.000 1.400] 58.040 0.6901 0.175 0.186] 0.218] 0.064
5.050, 10.160 1.350] 58.534 0683 0.231]. 0227) 0241 0079
. 5.1001 10200 1.250 58.531 0.672] 0293 0259 0235 -0.057
5.150] 10300 1.200 59.012 0.665] 0.348 0299 0256; 0071

3
4
5
6
7

&> o [ |-

12.4.3 Type of portal

From the structural point of view, tunnel portal should function as a retaining
structure for the slope behind the portal. '

In addition, recently from the aesthetic point for view, consideration on harmonization
with surrounding environment is also required.

Generally type of tunnel portal can be divided into the foliowing three types.

- Gravity wall type
- Upright wall type
- Protrusion type

Applicability, structural requirements and aesthetic pbi_nt of.thes_e' portal type are
described in Table 12.11. '

The Project Road has two tunnel portals - east portal and west portal - and upright
type portal is selected as the optimum type from economical and construction
workability pomt of view.

- East portal (Kathmandu s1de)

The portal will locate in the v1cm1ty of the up of small ndge that is derived from
Bhindhuga saddle. : :

In the tunnel approach portion before the portal, longitudinal alignment Qf‘ the
road descends to the tunnel in a gentle terrain.  As a result, the tunnel approach
portion is constructed by both side cutting with 20m cutting slope. '

Nippon Koei Co., LTD 12-25 - ~ . Finai Report
Tokyo, JAPAN _ ' March 2001



Feasibility Study on the Construction of
KATHMANDU-NAUBISE ALTERNATE ROAD

Table 12.11  Type and Features of Tunnel Portal
Item Type Shape Appl:cacboll[::j)gtignc}round Structure Requirements Landscape
- *When land feature is - Sufficient slope -Wider area of wall
g rather steep or protection work of requires some means
2 ‘?o structure like retaining | backside cut slope is of reducing brightness
; E 9 _ wall is required. required. {fox example, chipping
3 1¢ o “When rock fall is of wall).
5 |E 1 expected. -Looks substantial but
g - Backside drainage is drivers tend to have an
easily treated. oppressive feeling
*When cut works on As above As above
© both sides are required | *Should be jointed to
s ) — -When fully expected tunnel
3 2 earth pressure.
N ©
=
= :
= *When land feature is -In some cases, artificial - Attention should be
B2l & @ relatively gentle. tube is built {particularly paid so as to avoid
= 2 S ~When cut works on in the arch position) curves in the arch
E both sides are relatively | -Some protection earth portion causing a sense
5 @ minor. blanket is necessary. of in harmony.
< —
e 3 ' o +When a nidge-like land | -Several-meter long - As face area of portal
2= @ form or when no artificial tube is required is reduced, it well
28| . ; structure exists on both | and minor retaining walls | harmonize with
E §_ sides. may be required against surroundings.
= : ' back fill. '
i @7
i-. .
-When counterweight - Most economical when As above
: Poual, embankment is used in | land feature and nature of
“é \ ‘ 4 | front of entrance. ground are stable.
& é k ‘ - Geological condition of | -If portal area is
_ § - portal area is poor. geologically poor,
g : ' counter weight
g & @ embankment and
= : additional R.C. tube is
_§ required.
2 Portal -When area adjacent to | - Complex and difficult - Harmony with the
n,g_ °§; portal is o works such as formwork, | entrance is attained.
= topographically gentle. | re-bar work, as required. '
2 +In the case of inverted :
;S.Ei' split bamboo type, futl
= consideration shouid be
& _@ given to the stability of
' the structure. -
u ' Portal - Applicable in piaces As above -Less influence is
& - | that are topographically induced on the running
; and geologically = of vehicles.
2 favorable and have *Matches well with
g open space adjustment land reature adjacent to
Ky to the portal. entrance.

Source: Road Tunnel Standard by JRA
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In this case, upright type portal is preferable since it can minimize excavation
volume of the backside of the portal.

- West Portal (Dharke side)

The portal is located on very steep slope. Taking slope failure and rockfall from

the backside slope, entrance of tunnel should keep a certain distance from the
backside slope. '

In case of protrusion type, big scale of foundation work will be required smce the
formation of the portal is much higher than base rock.

On the other hand, upright type requires only concrete foundation and is judged
to be economically favorable.

12.4.4 Station of portal

For the determination of the location of east portal, a comparison study was conducted
and the result of the study is summarized in Table 12.12. '
As described in the table, the location of east poﬁal is determined so that the backside

~ cutting slope height does not exceed 25m and does not reach steep gradient portion.

In case of west"p'ortal since oniginal slope is 50 steep that there is ho ddvantage o
secure a space of the portal by excavation, the location of the portal is determined so -
that slope excavation is avoided.

Asa reSult, location of the both pbrtals and tunnel l.engt‘h are determined as follows:
East Portal : STA5+515
WestPortal - :  STA 6+220
Tunnel Length : 705m
12.4.5 Evaluation of geological ground condition
Evaluation of geological gfound condition, which is used for the design_ of sﬁp-porting
work of tunnel excavation, is made according to the seismic velocities obtained by' the
seismic refraction survey.
In this Study, the evaluation is subject to the rock classification mtroduced by the
Japan Tunnel Technical Standards. '
Conmdenng type of rock surroundmg the tunnel, geologlcal ground condmons are
evaluated as presented in Table 12.13.
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Table 12.12 Comparison Table of Potral Locations

West Portal o East Portal
_ Plan 1 (STA 5+500) Plan 2 (STA 5+515) Plan 1 (STA 61218) Plan 2 (STA 6+220)
Station (2 steps of cut slopes on back of portal) (3 steps of cut slopes on back of portal) (Bock masonry retaining wall on back of portal) {No cut slope on back of portal)
G ==
. o f’;’;’//f’/ Z. f@iﬂ’& 1
Plan %
. o 22 L ~ e TS o ~. |
- SE I VG e e c;"‘_!"' 1300 —g ";-.:.__._ \_\_—___..;_..%._. 400 - %’ \ oV £
o BE ’,/’\—-/ TTrrmmemnTe . - i 5 - l:-: 2 I "'
1400 - 7—— - . .—af‘/7\_ - o V_g E . L350 ) *..qga ‘g o
7 m o— 7 N ; B —— ot
Profile o e | I I - - _ | | : _r_ L_
Z % B g B ¥ = B oxr W= e A e R T T Y T
L EUSUE S— N - ;L S | srLo 7 L I L | F = ’*!'3 -%E[ i c i i T i i it
i %
o
Cross Section
Cost tunnel ;15m*800NRs=12,000NRs excavation ;9500m3*0.8NRs =7600NRs excavation ;20m3*0.8NRs =7600NRs tunnel - ;2m*800NRs =1,600NRs
gﬂ{h%i?md) : block masonry ;350m2*3.INRs =1085NRs | block masonry ;70m2*3.INRs =1085NRs base concrete ;10m3*50NRs =50NRs
slope protection ;1000m2*0.1NRs =100NRs o | '
Total 12,000NRs Total ~ 8,785NRs | Total _ 1,433NRs Total _ 1,650NRs
more uneconomical than Plan 2 more economical than Plan 1 ' little difference from Plan 2 little difference from Plan 1
Note 15m longer than Plan 2 _ : _ _ __ : : _ : N _ _
cutting on both sides along 120m length cutting on both sides along 135m length unbalanced portal needs base concrete
Judgement A o A

12-28




Feasibility Study on the Construction of
KATHMANDU-NAUBISE ALTERNATE ROAD

Table 12.13  Evaluation of Geological Ground Condition along the Tunnel

Grade Section Length(m) Seismic Velocity

D-a | STAS+515(Portal) 40 Portal section
~STAS5+555

DI STAS+553 65 1.9~2.1kmv/s of elastic wave velocity
~STA5+620

DI STAS5+620 130 3.0~3.2km/s of elastic wave velocity
~STAS+750 :

D1 STAS5+750 73 1.9~2.1kmv's of elastic wave velocity
~STAS5+825

DI STAS5+825 350 3.0-3.2km/s of elastic wave velocity
~STAG6+175

DI -} STA6+175 ' 20 1.2~2.1km/s of elastic wave velocity

- .| ~STA6+195 . : ‘

DM-a | STA6+195 ' 25 Portat section

~STA6+220(Portal) :

These evaluations should be reviewed during detailed design by detailed geological

_ investigations.

12.4.6

Method of tunnél excavation

“Guideline of Road Constructlon Soil Investlgatlon publlshed by the Japan Road
Assocnanon 1ntroduced re]atlonshlp between seismic velocity and unconfined
compresswn strength of the rock. In this Study evaluation of unconfined compression

strength of the based rock is based on the gmdelme

Table 12.14 shows the relatlonshlp in case of phyllite rock which is the type of base
rock of the tunnel.

According to this claséiﬁcation unconfined compression strength of the base rock at

"tunnel location has unconfined compression strength of 600 kg/cm or more, since it

 has SCISIIUC veloc:ty of 3.2 km/s

. In thls case, it w1ll be dlfﬁcult to nse mechanical excavation method, which is

applicable to the rock at up to 500kg/em’ cornprcssmn strcngth but excavation by
blasting method could be employed
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Table 12.14  Seismic Velocity and Unconfined Compression Strength of Phyllite

Seismic wave | Core of seismic | Stress of unconfined

Rock ciassification velocity’ wave velocity ~ compression Remark
vV (km/sec) Ve (km/sec) ac (kg/cm2)

Weathering rock 1.0~1.8 25~3.0 120 ~ 240 Soft rock

Soft rock 1.8~28 10~43 240 ~ 600

Middle hard rock 2.8~-4.1 43-~57 600 ~ 960 Hard rock

Hard rock 41> 57> 960>

Source; JH Standard Part [

12.4.7 Construction method of tunnel

Currently, the New Austrian Tunneling Method (NATM) is usually employed for
tunnel construction and seems to be the standard tunneling method around the world.

In case of NATM method, excavated surfaces are supported by rock bolts and shot-
crete immediately after excavation (initial lining). By this treatment, expansion of
loosened zone can be minimized. - ‘Movement of tunnel body is always monitored by
built-in instruments and if extraordinary condition occurs, necessary countermeasures

are provided. Secondary hmng, which is thicker concrete Immg, is constructed after
initial lining.

It is generally considered that by employmg NATM method faster and safer
constructlon can be expected However, NATM method reqi.ure spemal construction
rnachmes such as shot-crete machme and large—scale dritling machine (Jumbo). ~ In
case of the PI’O]CC[ Road, these special construction machines are not available in
Nepal and must be procured from outsrde of Nepal.” On the other hand, the
conventional tunneling method using H-shaped steel arched suppon and log should be
considered for application of the Pl'O_]CCt

The conventronal method was broadly used before the NATM method becarne the
prevallmg tunneling method. The method does not require big-scale special
tunneling machine. This method may be applicable if the tunnel excavation face is
 rather sound and stable, however, it needs more detail geological information. '

Typical cross section of the tunnel when it is consﬁucted by the conventional method
is shown in Figure 12.10.

In this Study, the construction plan and cost estimates are prepared based on the
- NATM method since the method seems to be more reliable at this stage. '

Detailed comparisorl of tunneling methods should be conducted in the detailed design
stage based on additional geological investigation.
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O Excavation
O Concrete Lining

Figure 12.10 Typica.l Ci'oss Section by Conventional Method

Table 12.15 Standard Supporting Patterns of Tunnel (NATM method)

Rock bolt H-shape steel support Thick of | Thick of | Thick
Classifi- Pitch . . shot- concrete of
cation Ltzng th Transverse | Longitudinal U}g p;:r L;::{? ! P(“I;)I.' create lining inbert
™ m | m em | m | (em)
A should be designed for each ground condition _
B 3.0 1.5 2.0 - - - 5 | 30 -
o1 3.0 1.5 - B - - - 10 30 (40)
cl 3.0 15 15 | H125 | - 1.2 10 30 (40)
. U-21
DI 4.0 1.2 1.0 H-125 | H-125 1.0 15 30 45
U-21 U-21
Dl 4.0 1.2 1.0 H-150 | H-150 1.0 20 30 50
' : : : U-21 J-21 : :
E should be designed for each ground condition
Source

12.4.8

Road Tunnei Standard by JRA

Pavement in the tunnel

It is recommended that cement concrete pavement is used in the tunnel as it has the
followmg advantages '

1) Concrete pavement requires less maintenance and is more durable compared to
asphalt concrete pavement.

2y Ifa trafﬁc_ accident occurs, the concrete pavement is more resistant against heat
from fire and less liable to oil penetration compared to asphalt pavement. '

' 3) The surface of the cbncre't.c pavement has higher reflectivity and brighter color

~ than asphalt pavement and thus l_las reduced artificial lighting requirements for
- required level of illumination.
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12.4.9 Ventilation system

Due to following considerations, it is proposed that no mechanical ventilation system
is provided for the tunnel.

- Both east and west sides of tunnel are the open area and have ravine terrain.
Therefore, natural wind ventilation can be expected to a certain extent.

- According to following formula, which used for the jddgcment of necessity of
mechanical ventilation, it is judged that mechanical ventilation is not required.

L x N > 600
Where, 1. is tunnel length in km and N is hourly traffic volume.

In the situation that a m_echénical ventilation system is required due to unexpected
growth of traffic beyond forecasted, the tunnel can accommodate 2 sets of jet fan (¢ =

600mm).
¢

| O
AL

Jug o

_ ] sL
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A [YE 8 <\\

12.4.10 Lighting system

Tunnel lighting system was studied based on the following design bonditidns. |

i) Design Speed 60km/h

i) Length of tunnel 705m
iii) QOutside luminance 3,000cd/m’

iv) Design traffic volume  5,340vehicles/day
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The study is conducted according to the Japanese Standard introduced in clause 8.5.3.
The results are shown below.

a) Basic lighting
Average luminance 1.2¢cd/m’
b) Lighting in entrance transition

Threshold Transition  Mitigatory bt Mitigatery  Transition Threshold
20ne zone z0ne Basic lighting zone

zone zone zone

/_

1.2 cﬁffr@
L/
/

220

Luminance { cd/m2)
14.0

251 " ag 135 255 135 65 125

705
Length of tunnel {m)

c) Anemergency lighting
In the case of power failure, one-eighth of basic lighting lamps are activated by a
storage battery in the lamps for a few minutes during the escape of cars from the
tunnel. ' :

12.4.11 Emergency facilities

Emergency facilities are provided according to probability of disaster occurrence,
which are determined by the length of the tunnel and the traffic volume.

The tunnel is classified into “Class B” by its length (705m) and the traffic volume
(5,340vec/day) according to Figure 12.11. '

Required facilities are as follows.

Nippon Koei Co., LTD 12-33

: © Final Report
Tokyo, JAPAN ' © March 2001



Feasibility Study on the Construction of
KATHMANDU-NAUBISE ALTERNATE ROAD

Name of facilities

Installation interval of facilities

Emergency telephone

installed at intervals of 200m (one side)

equipment

2 Pushbutton  type information

installed at intervals of 50m (one sides)

Emergency alarm equipment

95m interval from portal

Fire extinguisher

installed at intervals of 50m (one side)

s (L

Guide board

installed at intervals of 200m (both side)

The coatrol office will receive all information from emergency telephone and
pushbutton type information equipment. And the information is transferred to the

police and fire service.

(vehn/day)
40,000

20,000

10,000

(6,420)
4,000

Traffic Volume

2,000

1,000

400

100

(705)

500" 1,000 3,000 10,000 {m)
Length of Tunnel

Source: Einergency Facilities Standard for Road Tunnel by JRA

Figure 12.11  Classification of Tunnel for Emergency Facilities
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Arrangement of M&E ( L=705m )
0 100 200 300 400 500 600 100

i

Substation

[ss 7]

Lighting System

Emergency Telephone

Alarm equipment

Push Button type
information equipment

@
e
10
e
le
e
L
L

Fire Extinguishers 00 0 O 0 O o

Figure 12.12  Proposed Arrangement of Tunnel Facilities

12.4.12 Other facilities

The tunnel is required to be facilitated with site control office for 24 hours control.
The site should have bedrooms and control panel of the tunnel facilities.

For safety reasons, it is recommended to install chatter-bar on pavement of the tunnel
along centerline 1o restrict over taking of running car.

Switch-turn spaces inside of tunnel are also provided against the case that an accident
in the tunnel happens.
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13.1

13.2

CHAPTER 13 OPERATION AND MAINTENANCE

General

Highway maintenance is one of the important factors of the highway system. Itis a
program to preserve and repair the road system with its elements to its designed or
accepted configuration. The elements include road surfaces, shoulders, roadsides,
drainage facilities, retaining structures, slopes, bridges, tunnels, traffic markings and
signs, lighting fixtures etc. The maintenance operations involve the assessment of the
conditions of above-mentioned elements diagnosis of the problem and adopting the

most appropriate countermeasures.

The maintenance management should be developed based on the management
techniques and, materials and equipment that are available. The planning and
scheduling, fiscal work control systems maintenance criteria and standards should be

properly studied.

T he Project Road will introduce the first hlghway tunnel in Nepal that requires specml
attention of maintenance. The smooth and safe operation of traffic inside the tunnel
requires efficient maintenance system and policies.

Maintenance of Road

Maintenance of road can be broadly div.ided into following items:

' 1) Road surfaces

2) Shoulders and approaches
3) Drainage and dramage structures

~4) Roadsides

5) nghway appurtenances and trafﬁc control devices

'Maintenance pOllClcS and procedures for roadway surfaces and shoulders should be

desrgned to offset or rrnnumze ‘the effects of age, wear, loadmgs and various types of
distress. Maintenance programs for pavement surfaces with asphaltlc materials can be
divided into two categories based on the technical requ:rements involved in selecting
the proper materials and employmg the best available methods. The first category
includes operations such as patching, crack filling, and use of surface treatments.
These operations shall be undertaken annually. The second category includes
resurfacing operations that involve precise determinations of pavement characteristics

"and strength. The pavement design was done for a period of 15 years and the

resurfacing is expected to be required around the end of the design life.

. The unpaved shoulder should contain a sufficient amount of granular material for
~ stability. The slope should be-checked and maintained to provide proper cross slope
for drainage. The weakest point of the paved shoulder and the place where most

" Nippon Koei Co., LTD 13-1 - : . . Final Report
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13.3

failures start is the joint between the roadway and the shoulder. Maintenance of
approach to existing roads {mostly earthen road) should be done so that the Project
Road is not affected by dirt and mud carried from these unpaved roads.

Drainage channcls should be maintained so as to present the least hazard to vehicles
possibly leaving the roadway. Channels should not be dredged to a depth or cross
section other than designed. The drainage structures should be maintained to keep
water courses free from accumulations of dirt, debris, vegetation and other
obstructions. Correcting malfunctioning parts of systems, e.g., erosion and breaks or
shifts in structures, waterways, etc., should also be done. In addition to maintaining
the structural elements that are part of a highway drainage system, maintenance such
as slope protection,'comour grading and ditching to divert water on hillsides into
courses that will minimize potential damage to roadways should also be considered.

Roadsides are the areas between the ou't_sidt_’, edges of the shoulders and rigﬁt—of-way _
boundaries. As much as any other part of the roadway, the roadside when properly
maintained meets the operational needs of the road user, enhances the life of the

- roadway, enhances safety and keeps better envu'onment The objectlves may include

following items:

- Assure good drainage

- Control roadside hazards and obstructions
- Enhance pedestrian and motorist safety

- Reduce animal/vehicle conflict

- Fnhance sight distance requirements and,
- Preserve natural features etc.

Maintenance of highway appurtenances include proper maintaining of guardrail,

traffic island and curbs at intersections, etc. Maintenance of traffic control devices
includes the highway signs, pavement markings, traffic signals and traffic islands. -
Maintenance of highway signs involves operations such as clearing to improve

visibility impaired by growth of vegetation, cleamng to 1mprove legibility lmpalred by

enwronmentally imposed dirt or vandahsm rcpamng and repainting, replacmg
damaged signs etc. Traffic markmgs should be contmuously pamted accordmg to the
requirements for smooth traffic operation and safety.

Maintenance of Bridges

R.C. slab bndges and steel bndges are adopted in the Pr0]ect and anti-corrosion steel

is used for the steel bridge. In thls case, no major maintenance works will be rcqulred
for the bridges. '

Routme inspection and minor maintenance such as cleamng of dramage howcver,

should be carried out at the same time of road inspection.
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13.4

134.1

If an extraordinary situation such as earthquake and flood arises, full inspection
should be made to check soundness of the structure.

The maintenance program for steel bridges and concrete bridges is summarized as
tollows:

Item Period
Routine Inspection | One year Exterior of bridge and Bank protection

| Repairing Ten year Expansion joint, Pavement, Railing and Bank protection etc.

Operation and Maintenance of Tunnel
Inspection of Tunnel

The inspection of tunnels is broadly divided into two categories: One is the inspection
of civil structures such as lining, portals and drainage facilities. The other is
checking and maintenance of facilities including ventilation system, machines and
equipment, and the communication system. Major items are as follows.

Inspection of Civil Structures

Daily inspection: Inspection of soundness of concrete should be conducted.
- Exfoliation and detachment of concrete and water leakage should be recognized.
This inspection is done by visual inspection _from car.

- Periodical inspection: Inspection from close range should be conducted.
Condition of cracks should be checked and recorded. Inspection of tunnel lining
by hammering is also recomimnended. This inspection is dome from the
inspection gallery.

Special inspection: to supplement daily and periodical inspection, special
inspection shall be made when extraordinary phenomena happen.

Inspection/Maintenance of Facilities

- Daily inspection: working condition of machines and equipments should be
checked by visual inspection and information from built-in measuring
instruments. '

Periodical 1nspect10n more detalled chcckmg than dmly inspection should be

‘perfonned periodically on machines and equipments. Cleaning, occasional

~ functioning tests, and detailed measurement using specxal measuring instruments
~ are carried out.

._'Extr'adrdinary inspection: this inspection should pérformed'if serious damage of
machines or equipment is caused by fire or other acmdents or if any problem is -
foreseen.
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13.4.2 Safety Control of Tunnel

13.5

Traffic in tunnel has a heavier accident risk than that on open road section. Since the
tunnel has limited space and reduced visibility, if once an accident occurs,
consequences will 'easily become more serious. Furthermore, when it is considered
that there is no highway tunnel in Nepal to date and this is the first highway tunnel in
Nepal, safety control of traffic in tunnel, including countermeasure to reduce accident
risk, ﬁre-ﬁghting and rescue systefn, shall be taken first. Besides the operation of
the emergency facility designed in this Study, following administrative
countermeasures should be made for this purpose.

i) to restrict vehicle running speed in tunnel up to 40 km/hr,
ii) to prohibit overtaking in tunnel.

iii) to prohibit the vehicles, on which dangerous substance is loaded to enter the
" tunnel.

© iv) - to prohibit low spccd vehlclcs such as Tcmpo, motorcycle and bicycle to enter

the tunnel. :

v) to prohibit pcdestrian and livestock to enter the tunnel.

vi) the high emission vehicles, which exhaust thick black smoke shall not be allowe:d
to enter the tunnel.

vi} to facﬂltatc watch houses at both portals and supcnntend in 24 hours and strictly
control the above regulations and chdrge penaltles on the car users who violate
‘the above regulation.

vil) to facilitate site Operatlon office and control operatlon and maintenance of the
. tunnel. :

: vu) to advertise the 1mportance of the trafﬁc safety and the regulations to the people

in advance,

viii)to establish an emergency communication system among DOR site operation
- office, DOR headquarter, police office, hospitals and other agencies concern.
ix) to organize an emergency rescue team and make it practice a fire drills.

Maintenance of Slope

' Slope maintenance means any slopc protectxons agamst erosion and slope failures to

maintain road service after road completion. The importance to be recognized on
slope maintenance is the social and economical effect of traffic disturbance caused by
slope failures. Such works of a little investment for big returns on the maintenance
must be recogmzed as a slope mamtcnance pohcy On slope maintenance, precedent

countermeasure against slope erosmn are especially needed since erosion always leads
to slope failures,

Concerning of slope maintenance against erosion can be mainly divided mto dramagc
'maintenance and vegetation maintenance.
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13.6

The former is to maintain smooth surface water flow in the drainage ditch. Trash
and/or soil removal in the ditch and ditch repairing are involved. Erosion by overflow
water and leaked water in the ditch means the lack of soil mass at the lower portion of
slope from the slope stability mechanism. Progressing of these phenomena in the
slope can be reached failures in finally. The result of slope stability’s inventory survey
along the existing road performed by study team supports the sertes vicious cycle. For
this reason, the ditch function must be kept on slope maintenance. Especially efforts
of ditch checking and ditch cleaning are required before rainy season.

The latter issue is to prevent slopes from erosion due to rainfall. It is essential for
stabilization of slopes to keep sufficient surface drainage. The erosion due to rainfail
will directly damage slopes. Beside it, poor slope drainage will increase
underground pore water pressure due to infiltration of the surface water and result in
slope failures. The vegetation on slope is very effective to prevent slopes from
erosion and inﬁlt_ratibn of rainfall water. Therefore maintenance work of vegetation is
one of crucial work to prevent slope failure. '

The maintenance work shall include replanting in bared slope, dewatering cutting
grass and removal of sedimentation in slope drainage. These works shall be carried

- out periodically with monthly interval at least.

Organization for Operation and Maintenance

" The Proje'ét Road will intrdﬂuce new technology, that is highway tunnel in Nepal.

Highway tunnel must require sufficient operation and maintenance for the safety of
traffic.

To achieve the above objective, the Study Team recommends to establish a Project

- Operation Unit (POU) particularly for the operation and maintenance of the Project

Road. The proposed organization of the POU is introduced in Figure 13.1.

In the 'organizzition, the Financial Manager will be responsible for tbll collection.
The collected toll should be used for all operation and maintenance work including
salary of POU staff.

Operation and maintenance section will conduct all operation and maintenance work
of highway, bridge and tunnel. Operation and maintenance of highway tunnel is first
experience for Nepalese staff, so sufficient level of transfer of knowledge and training
must be conducted by the Consultant and supplier of tunnel equipment during

- construction and beginning of operation stage. Safety control section is responsible

for the safety assurance of the tunnel.

. This work_isral.sc.; first experience for Nepalese staff so transfer knowledge and
training shall be provided during construction and beginning of operation stage.
~ Proposed safety control measures are described in the previous Clause 13.4.
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Safety =

Control =
Manager

1-Fire Fighting and Rescue Team
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Figure 13.1  Proposed Organization of the Project Operation Unit (POU)
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CHAPTER 14 POTENTIAL STUDY ON THE WIND AND SOLAR

14.1

POWER GENERATION

Introduction

The aim of this study is to evaluate potential of wind and solar power generation in
Nepal, especially around the Project area, by using a numerical weather prediction
model. This weather prediction model simulates weather condition in Nepal in each
8km mesh throughout the year 1998. And estimation of the amount of potential
electric power generation by wind and solar radiation was carried out using the
simulated hourly wind velocity and solar radiation.  Finally, facilities of wind power
and solar power generation to supply the electric power for maintenance of the tunnel
of the Project, was studied. The map of the objective area is shown in Figurel4.1.

75 80 85 90 95
35 B . . | 1 N . Il . ] — N 1
30
25 {+
¢ O 800 1600 2400 3200 4000 4800 5500
height{m}
Information about the Target Area
Area: 824.0km x 504.0km
Horizontal mesh size: 8.0km x 8.0km
Vertical top: about 10,000m
Dimension size: 103 x 63 x 25
Figure 14.1  The Map of the Objective Area
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14.2

14.3

14.3.1

Method

The tlow of the analysis is shown in Figure 14.2. At first, some datasets that are
needed to calculate the weather were prepared. The datasets are ECMWF (European
Centre for Medium Range Weather Forecasts) global atmospheric analysis data
(global, 0.5deg grid, 1998 whole year) for initial and boundary weather condition,
8km mesh averaged altitude and land use and snow cover data for surface boundary
condition. The weather prediction model is suggested to use these initial data and
simulate the 8km mesh weather condition. After the simulation run through the year,
distribution map of monthly or annual mean of wind and solar radiation were
prepared to estimate the potential for electric power generation.

Data
ECMWEF global analysis data

In this study, the initial boundary weather condition was prepared based on the
ECMWF (European Centre for Medium Range Weather Forecasts) global
atmospheric analysis data (global, 0.5deg grid, 1998 whole year). The outline of the
collected ECMWF data is shown in Table 14.1. -

Table 14.1  The outline of collected ECMWF data

Items Conternits

Data kind ECMWE/TOGA Advanced Operational Analysis Data Sets

Data period Jan.1998 ~ Dec.1998
Data grid Equal latitude-longitude grid, 0.5degee X 0.5degree

Data time 0006 12 18 UTC (four times daily)
Data region Global

Horizontal 720X361 grids
Vertical surface + 15 layers (1000 925 850 700 500 400 300 250

200 150 100 70 50 30 10 hPa)

As shown in this table, ECMWF global data have variable analyzed elements from
surface to upper 10hPa, 0.5-degree interval in global. This global atmospheric
analysis data is collected from the meteorological observed data from all over the
world. Therefore, this data can present a reliable global weather condition in large
scaled phenomenon. The monthly mean wind distribution maps in south Asia are
shown in Figures 14.3 and 14.4. The wind variability cased by Indian monsoon or
main wind speed distribution in each month are well presented.
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Collection of ECMWEF analysis data
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Figure 14.2
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Figure 144  Monthly Wind Distribution Map
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14.3.2 Height data

ETOPOS dataset (published by SGS; U.S. Geological Survey) was used as ground

height data. The 8km mesh average height data for model input is shown in Figurc
14.5.

Longitude
B4 85

30

.
<o

Latitude

Mash no of |
3

28

20

27

] 10 20 30 40 50 60 70 80 90 100

Mesh no of i

0 800 1600 2400 3200 4000 4800 5600
Height{m}

Target Area (824.0km x 504.0km)
Mesh size; dix=8.0km, dy=8.0km

Figure 14.5  The Distribution Average Height by 8km Mesh

14.3.3 Land use data

The 8.0km mesh general land use data in Nepal was prepared to set some surface
boundary conditions such as roughness, albedo or wetness. Albedo is defined as ratio
of input solar radiation and reflection from ground and it is shown by using a value
from O to 1. Roughness due to the ground condition or vegetation decides many
parameters such as wind profile in the boundary layer in the model. The general land
use distribution is shown in Figure 14.6.

Nippon Koei Co., LTD 14-6 Final Report
Tokyo, JAPAN March 2001



Feasibility Study on the Construction of
 KATHMANDU-NAUBISE ALTERNATE ROAD

Logilude
22 81 82 3 LE] 8

60
3

50

29

40

masr ne of
Latitude

[¢] 10 20 30 40 0 60 e 60 30 100
Mes1no ol i

land us2
1: Water 5: Fruit Tree
2: Soil 6: Forest
3: Grass 7: Housing Site
4: ice Field 8: City

Figure 14.6  The Distribution Average Land Use by 8km Mesh

14.3.4 Snow data

The ground condition of whether ground is covered by snow or not is an important
factor for the weather simulation in Nepal. According to some previous
meteorological study reports, the snow distribution is classified by altitude as shown
in Table 14.2. In the model, if it is judged that there is snow in a mesh, the land use
data is replaced by snow.

Table 14.2  Classification of the snow covered area

Height Range | Jan. | Feb. { Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. Oct. | Nov. | Dec.
5000~ O 0 O 6] O O 0] O O O O O
4000~5000 o O O O o] X X x x O O O
3000~4000 O O * x x x x X x X X @
~3000 X X X ® X X X X X X X x
O: with snow X: without
Nippon Koei Co., LTD 14-7 Final Report
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14.4 The Weather prediction model
14.4.1 Outline of the model
A numerical weather prediction model called “ANEMOS” is used in this study.
ANEMOS is a meso-scale model and was developed by JWA (Japan Weather
Association).
ANEMOS has physical system equality similar to the RSM (Regional Spectrum
Model) used by JMA (Japan Meteorological Agency). Because the resolution of
ECMWEF data is 0, 5 deg grid (horizontal about 50km mesh) and 6 hourly, it seems
that the data do not give enough resolution both spatially and temporally to identify -
the fine meteorological condition in Nepal. After the initial condition is set and input
into ANEMOS with rough ECMWF weather conditions, ANEMOS begins to
simulate the weather in all of the fine meshes. Finally, fine mesh meteorological
simulated data (hortzontal 8km mesh) of Nepal was prepared,
14.4.2 Calculative conditions
The calculative conditions used in the model, for calculation in Nepal are shown in
Table 14.3. The calculating region is shown as a red square, enclosing Nepal, 824km
X 504km, in Figure 14.1. The calculation in the weather forecast model integrates
basic equations shown in Table 14.3 with constant time step (At=30S). The model
outputs the result in every 1 hour and continues to simulate until after 24 hours with
unit of calculation set as 1 day. The initial data for calculation-was ECMWF global
analysis data of 0OUTC and includes 6 hourly boundary condluons The calculation
was done throughout the year 1998,
Table 14.3  The calculative conditions in the model
Itemns Calculative condition
Calculation region 824km X 504km
Horizontal mesh size | 8km X 8km -
Vertical mesh size 25 layers (dz=20,30,50,80,120,200,200,200, 200 200,200,
' 200,300,400,800,800,800,800,800,800,800,800,800,800,800m)
Number of Mesh 103X 63 X 25
Time step At=30 second ’
Initial data ECMWFE global analysis data 0.5degree (about 50km)
Daily, 0OUTC
Boundary data ECMWEF global analysis data 0. Sdegree (about 50km)
6 hourly data
Surface condition Land use analysis data
Height data USGS/ETOPOS data
hup://grid2 cr.usgs.gov/data/etopos.elev.html
Calculation period I year; Jan. 1998 ~ Dec.1998
Calculation results Hourly, Wind component: u, v, w, turbulence energy, temperature,
moisture, cloud water solar radiation. . .at all mesh
Nippon Koei Co., LTD 14-8 _ Final Report
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14.5

Results of monthly mean wind and solar radiation

The monthly means for both vector and scalar wind at 30m and average daily
cumulative solar radiation on each month were calculated. The vector mean is useful
to find out the predominant wind direction during the term. Predominant wind
direction means both direction of strong wind speed and high frequency. The solar
radiation is calculated in the model as the unit Wh, which was converted later to
average daily cumulative solar radiation. The annual mean wind map is shown in
Figure 14.7 and the monthly mean wind maps during four seasons: winter (December,
January, February) pre monsoon (March, April, May), monsoon, (June, July, August,

' September), and post monsoon (October, November) are shown in Figure 14.8.

As observed in Figure 14.7, the distribution of the wind speed is affected by the land
shapes. The wind speed is large over the mountains, especially over the areas where
average helght within a mesh is higher than 3000m. Similarly, in areas where the
ridge is facing to south (such as around Annapurna Hlmal or Dhaulagiri Himal), the
wind speed exceeds 7m/s. In the plain areas where the mesh average height is lower
than 1000m, the wind speed is weaker than 4m/s and it seems difficult to generate
efﬂcient electric power. The wind speed around Kathmandu is from 3m/s to 4 m/s.

Based on the data of January, the monthly mean wmd speed seems stronger over the
high altitude area along the China/Nepal border and weak over the plains. The
predominant wind direction is found to be northwest over the mountam and west over
the plain.

According to the map of May, the difference of wind speed between the mountains
and the plains became smaller as the temperature of mountains started rising. The
wind speed was from 1 to 4 m/s over the plains and the predominant wind direction
was obscure.

In July, the wind speed in Nepal was formed to be weak even over the mountains. The
predominant wind direction was south, from the valleys to the mountains. The wind
speed over the plains was about 1 to 2m/s due to continuous Monsoon showers.

In October, the wind speed over the mountains increased together with the ending of
the Monsoon season. While, over the plains, the wind speed showed the weakest in

. the year during this month.

The annual mean daily cumulative solar radiation map is shown in Figure 14.9. The
aspect of the solar radiation depends on the effect of monsoon. The plain areas such as
Biratnagar and the northern part of the steep slopes such as Jumla or Tibet high land,
show larger estimated amount of the solar radiation, exceeding 20MJ/m?/day. On the
high lands such as Tibet, the solar radiation is extremely large due to high altitude and
also because of the fact that these areas are not influenced by monsoon shower. Over

Nippon Kowi Co., LTD 14-9 ' " Final Report
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the slopes, the solar radiation is smaller than 15MJ/m*/day. Especially around Pokhara
where slopes are steep, the solar radiation is only about 10MJ/m*/day.

The monthly mean daily cumulative solar radiation maps during four seasons are
shown in Figure 14.10.

In January, the cumulative solar radiation is about 15MJ/m*/day and is the least all
over Nepal due to short daytime hours in winter.

In May, the cumulative solar radiation is the largest amount in the year. That is about
30MJ/m*day in the plains and larger than 30MJ/m*day in the mountains , except on
the steep slopes because of the occasional monsoon shower.

In July, the cumulative solar radiation is low on the slopes due to the conventional
monsocn shower and is about 10MJ/m*/day. The solar radiation in the northern part of
slopes is about 30MJ/m’/day and in the southeast plain area such as Biratnagar is
more than 25MJ/m?*day. The difference of the solar radiation between northern high
lands and slopes is extremely large.

In October, the cumulative solar radiation continues to be low on the steep slopes
although a little larger than that in the monsoon season. The daytime gradually
becomes shorter and the solar radiation on the mountain shows about 20MJ/m’/day.

According to the results of the weather forecast model, it was observed that the wind
and solar radiation are deeply influenced by monsoon and the distribution of wind
speed and solar radiation are different between the dry season and the wet season.

Nippon Koei Co., LTD 14-10 Final Report
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Average Wind Speed at 30m above Ground Surface
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14.6  Precision of the calculated data
After the simulation runs throughout the year, it is clear that the wind speed is strong
during the winter and weak during the monsoon season (summer). The seasonal solar
radiation in Nepal was less during winter due to short daytime hours and more in the
pre-monsoon season. Generally, larger solar radiation is expected, but due to lots of
clouds in day time, caused by monsoon showers, lesser radiation resulted.  Similarly,
less solar radiation was calculated on steep slopes facing south.
To validate the simulated results, wind and sunshine data were collected from the
station at Kathmandu airport. Analysis on these data showed similar variation
through the year, as resulted from the simulation.
14.7 Estimation of power generation
The quantity of power that can be generated by wind and solar radiation was
calculated by the weather forecast model.
14.7.1 Estimation of wind-generated power
A driving characteristic of a wind-generated electricity system by the stall control is
shown in Figure 14.11.
Power curve of the model windmill
Cut-in
300 : <
S [
= 200
= I
jo 8
S 1
© o0 !
#
I
L
0 - 5 10 15 20 25 30
wind speed (m/s)
Figure 14.11  The Wind-generated Electricity System
(Example for stall control, rated output 300kW machine)
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The wind-generated electricity system with the output characteristics as given in
Table 14.1 was assumed. The assumed cut in wind velocity and safety cutout wind is
4 m/s and 25 my/s, respectively.

In calculation of generated energy by a wind-generated electricity system, the
following expression was used along with the windmiil output characteristics of Table
14.4 and wind velocity relative frequency distribution of 30m height by a weather
model.

Annual (monthly) mean day multiplication generated energy (kWh/day)

= 3V, % f,x24h

Vi: Electricity output (kW) of wind velocity rank i
Fi : Relative frequency between year {months) of wind velocity rank i

Table 14.4  Qutput characteristics (amount of 300kW grade, hub 30m) of
the wind-generated electricity system

Wind Output (kW) Wind Speed Cutput (kW)

Speed (mvs)

(m/s)

0 0.0 15 - 290.0

1 0.0 16 280.0
2 _ 0.0 17 270.0
3 0.0 18 260.0
4 10.5 19 255.0
5 20.0 20 250.0
6 36.0 21 2520
7 92.0 22 254.0
8 128.0 23 256.0
9 164.0 24 258.0
10 2000 25 260.0
11 2250 26 0.0
12 250.0 27 : 0.0
13 275.0 28 0.0
14 300.0 29 0.0

The Operation rate is given by the following relattonship.
Operation rate (%)=A—B

A. Accumulation relative frequency equal to or more than the cut in wind

velocity ' .

" B: Accumulation relative frequency equal to or more than the safety cutout
wind velocity
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14.7.2 Estimation of power from solar energy

Following expression was used to calculated the generated energy from a solar battery

panel.

Generated energy (kWh/m2) per unit area in one time I=Q, X177, X K, x1h

Q:

Global solar radiation in time i (kW/m®)
standard conversion efficiency of solar generation

- A temperature revision coefficient

The coefficient K, is calculated as follows;
K; = 1‘“?@ (Tl +T, _Ts)

temperature revision coefficient(1/°C},

@ M=0.0041 ina crystal system
’I_‘empératﬁre(°C) ‘ ~

~ A quantity of solar battery element temperature rise
Cel! temperature of normal condition (25°C)

A crystal system solar battery panel of conversion efficiency 10% was assumed in the
following parameter set. ‘ ‘

7,701, @p,=0.0041, T,=30

The temperéture T, for every hour was used from the weather forecast model.

14.7.3 The estimate quality

The estimate quality of wind-generator electric system is shown in Figure 14.12,
giving the annual mean value of day multiplication generator. The monthly mean in
January, May, July, and October are given in Figure 14.13.

Nippon Koei Co., LTD
Tokyo, JAPAN
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Electric Power by Wind
Longitude

Annual, 1998

80 81 8z 83 84 85 8§ 87 a8

- 30
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P
27
O 10 20 30 4 50 60 70 80 90 100
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,Eﬂll‘
0 1000 2000 3000 4000 5000
Wind power{kWh/day)
Figure 14.12  Electric Power by Wind (Annual Mean)
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The estimated quantity is as large as 3000kWh/day in mountainous areas, but is only
500kWh/day in plain areas. During thc monsoon period, the estimated power
generated both in the mountain area and the plains was very small. In other seasons, a
large quantity is expected which can be generated from windmills in the mountain
areas and slopes, but sufficient amount can not be expected in plain areas.

The estimated quantities of power generate by a solar battery panel are shown in
Figure 14.14 and 14.15, for the annual mean of day multiplication generation quantity
per unit area and monthly variation, respectively.

In general, a large amount of solar battery generation can be expected throughout
Nepal. However, the quantity is affected by bad weather during monsoon season in
the steep slopes. The annual mean of power generator is expected to be about
0.5kWh/m’ per day in plain areas. On the other hand, power generation can not be
expected in the slopes during monsoon season, except in the north side of the slopes.

Electric Power by Solar Panel

L°"82“ e Annual, 1998

80 85 86 87 a8

82

81

80
] 30
40 29
o [+ 1]
=
2 30 %
= 28 I
20
27
10
G 80 90 100
Mesh no i
( ¢ i
00 01 02 03 04 05 06 07 08 09 10
Solar power{kWhim<day)
Figure 14.14  Electric Power by Solar Panel, Annual Mean
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14.7.4

The monthly and annual mean wind velocity at 30m above the ground surface, solar

radiation and the quantity of power generation at the Project area is shown in Table
14.5.

Table 14.5  Monthly and annual mean wind velocity, solar radiation and
the quantity of generation at the Project area

(The calculated mesh value including Project area)

Month ws WD W-POWER OR SUN S-POWER

n's deg KWh/dy %o kWh/m2dy | kWh/m2dy
January 32 306.56 109.1 36.2 4.499 0.424
February 32 307.09 152.4 432 5.168 0.484
March 33| 292385 199.3 472 5.786 0.538
April 321  265.12 186.7 44.3 6.199 0.564
May 29 24939 135.4 34.5 6.426 0.577
June ' 2.6 239.13 - 997 - 26.1 6.370 0.567
July 261 23661 731 214 4.684 0.418
August 2.4 228.95 50.6 1451 - 4400 0393
September 2.3 235.47 314 12.1 4.998 0.447
October 25| 25142 51.2 192 4.908 0.443
November 3.0 327.62 149.0 342 4.631 0.423
December 3.1 323.87 175.7 28.5 4298 0.399
Annual 2.9 268.65 117.5 30.0 5.194 0.473

WS monthly mean wind velocity at 30m above the ground surface
WD: monthly mean vector at 30m above the ground surface
W-POWER.: estimated cumulative daily wind power

OR: Operation Rate for windmill running

SUN: Solar Radiation

S-POWER: estimated cumulative daily solar power amount

From the above results the potential for wind/solar generation in the PrOJect area was
examined.

From Table 14 5, it is clear that the annual mean wind velocnty around the Project
area is weak (2.9m/s) and that in the monsoon season (June to September) is even
weaker. The monthly mean wind velocity is 3.0m/s to 3.3m/s in other months.

On the other hand, pb_ssibility of power generation from solar radiation may be
expected. In particular, larger quantity of power generation can be expected in pre
monsoon season, though there may exist some variation from year to year.

Estimation of power generation for the operation of tunnel

The possibility of uSing wind or solar generated powef in the maintenance of tunnel of
the Project was studied further. Following assumptions were made for power

requirements in the tunnel (Table 14.6).

Nippon Koei Co., LTD 14-22 Final Report
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Table 14.6  Tunnel facility electric capacity

Tunnel extension: 700m

Facility contents Base Daytime Night Midnight
For Illumination facility | Basis 37.9kVA 379 13.2 116
Relaxation S2kVA 52 0 0
Necessity (kWh) 34.11 11.88 10.44

The quantity of power required for maintenance and the power that can be generated
from wind and solar radiation is shown in Figure 14.16 for each hour of the day.
From the results it was calculated that two windmills and solar panels of
approximately 1,000m’ area will be required to meet the demand during daytime.

In order to stage the surplus power generated that can be used during less power
generation, the required battery level was calculated. Considering the frequency
distribution, as given in Figure 14.17 and considering 85% usage of natural energy,
battery that has effective capacity of 130 kWh. Indeed, the conversion efficiency of
both input and output are estimated as about 70%, so it is necessary to use the battery
with capacity of 260 kWh.

1-30kWh Eumnulative Electric power

| 85%

0 60 100 350 200 260 00 30 400 450 400 860 00 0K 700
. Powar{x¥h)

100 H LAl

Figure 14.17 Frequency distribution of electricity
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14.7.5 Possibility of utilization of wind and solar power

The estimation of the wind and solar power generation shows a result that two sets of
300 kW windmill and 1,000m2 of solar pane! can supply power for operation of the
tunnel for the period of 85 % of total operation period except monsoon season. This
result indicates that the operation of the tunnel can not depend fully on the wind and
solar power and needs power supply from existing NEA power system for monsoon
season and other period when the wind and solar power can not supply power
sufficiently. Therefore the wind and solar power will means to save purchase of
electricity from NEA. -

The cost for the wind and solar system can be roughly estimated as shown in the table
below:

Table 14.7  Rough Cost Estimate for Wind and Solar Power Generation System

Unit Amount
ITEM Requirement Unit Price Quantity (US$)
(US$)
1. Wind Milt Power Instatl Capacity : 600 kW | kW *32,000 600 i.2
~Generation System (300 kW @ 2 unit)
2. Solar Power o chﬁired area of solar | m2 **1,000 £,000 1.0
~ Generation System | pael : 1,000 m2
3. Battery Systcrﬁ Storage Capacity : 260 [ kWh *2,200 | 260 0.6
' kKWh '
4. Total Amount _ ' ' 2.8
Mote:  *) unit prices base on the current international market price (average price)
#*) unit price based on the current market price in Japan (average price)

The above cost estimate indicates approx. 2.8 million US$ for the power generation
system. On the other hand, total annual consumption of electricity for the tunnel
operation is estimated to be 220,000 kWh and will cost about 0.05 million USS$, if all
electricity is purchased from NEA. Judging from the above result, utilization of the
wind and solar power generation for the tunnel operation seems not to be realistic.

Howev)er, considering the following matters, the Study Team concluded that
feasibility of utilization of the wind and solar power generation shail be examined
more in further detailed study.

é) The above estimation of power generation was based on the data obtained from
mesh size of 8km x 8km and does not take local topographical conditions into
account. As shown in Figure 14.18, wind velocity is considerably affected by
localized change in topography and the project area can be considered to have

Nippon Koei Co., LTD 14-25 Final Report
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advantageous topography. Therefore more detailed simulation with mesh size
of 250m x 250m will be required to estimate more precise and better results.

b) Due to recent technological innovation and demand increase of the wind and
solar power generation system, market prices for facilities of the systems has
been descending drastically and may come to the price level where these systems
become more feasible. '

¢) Utilization of the wind and solar power generation systems will contribute to
reduction of CO2 by means of saving electricity of NEA. The systems will
become more feasible if the CO2 reduction effect is taken into account in

- economic evaluation.
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Figure 14.18 The Wind Velocity affected by Topographic Condition
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15’1

CHAPTER 15 ENVIRONMENTAL STUDY

General

The Kathmandu — Naubise Alternate Road (the Project Road) will surely coatribute a
great part to the development of Nepal. However, the road construction will also have

. various positive and/or negative effects on the physical, biological, socio-economic,

and cultural environment in and around the Study area. Assessment of these potential
effects is considerably important, as well as the setting up of the mitigation measures
against the adverse impacts, and the environmental monitoring plan to realize the
environmentally sound and sustainable development.

The objectives of this environmental study are to identify the potential en'vironme'ntal
etfects at an early stage of the project implementation and include:

- To identify and assess the environmental impacts due to the construction of the
Project Road in and around the Study area,

. - To set up appropriate mitigation measures on adverse environmental impacts, and

15.2

15.2.1

- To set up appropriate plan for environmental monitoring

In this chapter the following shows the summanzed descrlptlon on EIA procedure in
Nepal (Section 15.2), the summary of the field surveys of water quahty and househoid
interview (Section 15.3), the results of initial environmental examination (Section
15.4), and EIA study (Section 135.5).

Official EIA Procedure in Nepal
Legal frame on EIA

The legal frame on the envnronmenta] 1mpact assessment (EIA) in Nepal is composed

- of the Envnronmental Protection Act 2053, 1996 (EPA 1996) and the Environmental

Protection Regulations 2054, 1997 (EPR 1997). The EPR 1997 has been amended in
1999 as the Revised 2055 to shorten the term and simplify the procedure of the EIA

~process. This legisiation is founded upon the National Environmental Impact

Assessment Guidelines, 1993, that shows the policy and model to establish the

' _ nauonal EIA system in Nepa.l

. As stlpulated under Article 3 of the EPA 1996, the proponcnt should conduct an EIA
~ study before implementation of the specified proposals listed in Appendix 2 of the

EPR 1997. Regarding the road sector, an EIA is required for the construction projects

of Natlonal Highway or Major Feeder Roads under Regulation 3 and Appendix 2 of

the EPR 1997.

" Nippon Koei Co., LTD ' 15-1 ' ; Final Report
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15.2.2 EIA procedure

The EIA procedure flow based on the above legislation is shown in Figure 15.1,
taking the proponent of the project into consideration.

According to the EPR 1997, the proponent should obtain the approvai of the Ministry

_ of Population and Environment (MOPE) regarding the scoping delimitation and the
terms of reference (TOR) of EIA before the commencement of the EIA study. The
points of the procedure fdr_ the TOR apprdval are sumunarized as follows:

~ Public Notice of Proposal by the Proponent

- Opinions and Suggestions from Public (15 days from Public Notice) -

- Submission of Scoping Report and TOR to MOPE through the Concerned
Agency (MPPW) _

_ Evaluation and approval on TOR by MOPE

The proponent can start the E.IA.study. aftér getting the TOR appfoval b'y‘ MOPE. As
per Regulation 7, 10, and 11 of the EPR 1997, the points of the process for the
approval of the EIA report are summarized as follows:

- Conducting the EJA Study and Preparation of Draft EIA Report
- Public Hearing by the Proponent
'~ Submission of Final EIA Report to MOPE through the Concerned Agency
- {MPPW) -
- Public Notice by MOPE
- Opinions and Suggestions from Public (30 days from Pubhc Notice)
- Evaluation and Approval of EIA Report by MOPE

It is noted that the EPA 1996 and EPR 1997 make the public involvement a
prerequisite for the prescribed project implementation. Particularly from the scoping
stage up to the approval of EIA report, these legislations provide the stakeholders,
such as the local people, with an opportunity to voice their concerns rcgardmg the
environmental i issues due to the proposal 1mplementauon

Besides, as per EPA 1996 MOPE can consutute a comnuttee that consxsts of the
concerned agency, the related agency including MOPE, and a third party. MOPE
'generally establish an EIA Report Recommendation Committee for each proposal to

review the Scopmg Report, TOR, and the EIA report, which are submitted by the
proponem :

Nippon Koei Co., LTD ' . 15-2 * Final Report
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Public Notice Published
by the Project {DOR}

Opinions and Suggestions |
from Public

15 days

Preparation of Scoping Repoit
and TOR by the Project (DOR)

Submission of Scoping Report
and TOR 10 MPPW

v

[ MOPE |

I

Approval of Scoping Report
and TOR by MOP|
EIA Study Conducted
" by the Project (DOR)

Preparation of Draft EIA Report
by the Project (DOR)

Public Hearing
by the Project (DOR)

Submission of Final EIA Report
to MPPW

¢ within 21 days
| MOPE |

v

. Public Notice Published
by MOPE

Opinions and Suggestions
from Public

30 days

Evaluation of Final EIA Report
by MOPE

. l within 30-60 days o
[ E1A Final Approval by MOPE | = Note DOR :Department of Roads

: MPPW: Ministry of Physical Planning and Works

MOPE : Ministry of Population and Environment

Source: EPA 1996, EPR 1997

Figure 15.1 EIA Procedure Flow
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15.2.3

15.3

- 15.3.1

Environmental guidelines of road sector

In 1994, the Ministry of Works and Transport (now MPPW) drafted a separate EIA
Guideline particular for this road sector. This guideline was revised in 1996. The Geo-
Environmental Unit (GEU) of the Department of Roads (DOR) also prepared the
Environmental Management Guidelines in 1997 to specify the environmental
mitigation measures in each stage of the surveying, design, construction, and
maintenance and operation of the road projects.

In 2000, the Environmental Assessment in the Strategic Road Network (Policy
Document) was drafted by GEU of DOR to create understanding in environmental
assessment among DOR staff. The purpose of the Pdlicy Document is 1o explain what
procedures are involved in environmental assessment.

Environmental Survey
Water quality survey

The water quality sufvey in the Study area was conducted by th{_: JICA Study Team.
The samp]ing and field measurement was carried out on 5" and 6" of May, 2000 as
the dry season survey, and on 10™ and 11" of June, 2000 as the wet season survey. 16
sampling points, composed of 10 points for wells/springs Watei' sampling and of 6
points for river water sampling, were selected, considering the characteristics of the
Study area and the project itself. '

‘The locations of the sampling points and the analytical results are shown in Table 15.1

and 15.2, respectively. Some description of main findings is included in Section 15.4.
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Table 15.1  Sampling Points
Source | No. | Sampling Date | Location Name of VDC
Wells/ | W1 | May 5, 2000 Baluwadanda, Bhadaure Naubise
Springs June 10, 2000
W2 May 5, 2000 Badritar Jiwanpur
June 10, 2000
W3 | May 3, 2000 Ale ko Pandhero, Amale Bhanjyang Chhatre Deurali
June 10, 2000 :
W4 | May 5,2000 | Neupane Kuwa, Bhattarai Gaon Chhatre Deurali
| June 16, 2000
W5 May 6, 2000 Darshan Khola Mul, Dhansar Bhimdhunga
1 June 11, 2000 ' '
W6 | May 6,2000 | Darshan Khola, Karki Gaon Bhimdhunga
June 11,2000 | : ' '
W7 | May 6, 2000 Namtu Tap | Bhimdhunga
' June 11, 2000 o
W8 | May 6,2000 | Sainleti Tap, Kasarthok Bhimdhunga
| June11,2000 | | .
w9 May 6, 2000 | Batase ko Kuwa, Puri Gaon Ramkot
June 11, 2000 : :
W10 | May 6, 2000 {Dug Well) Sitapaila
June 11, 2000 . '
Rivers Rl May 5, 2000 Mahesh Khola, Dharke Naubise
June 10, 2000
R2 May 5,2000 | Mahesh Khola, Barabise Naubise
June 10, 2000 ‘ -
R3 | May 5,2000 Sano Ukali, (Mahesh Khola), Pakhure | Chhatre Deurali
June 10, 2000
R4 May 6, 2000 | Triveni Khola, Shantinagar Ramkot
| June 11, 2000 : : .
R5 May 6,2000 | Masine, (Triveni Khola), Dandapauwa | Ramkot
June 11,2000 | -
R6 May 6, 2000 Manamati Khola, Mahadol, Sitapaila
June 11, 2000 ' -
- Source; JICA Study Team
Nippon Koei Co., LTD 15-5 "~ Final Report -
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Table 15.2(1/4)  Test Results of River Water Samples (dry season)
Parameter Observed Yalue WHO GV
R1 R2 R3 R4 RS R6

Air Temperature (°C) 200] 270| 270 265| 270[ 265 -
Water Temperature (°C) 2007 2000 21.0)] 210 21.5] 210 -
pH . ' 85 84 2.1 1.5 1.7 81] 65-85
EC (uS/em) 336 345 370 285 305 362 -
| Turbidity (NTU) 26 66 42 570 380 56 5
TDS (mg/) 194 200 214 171 183 217 1000
Alkalinity (mg/1) 120 137 137 99 95 126 500
Phosphate (mg/l) 0.11 0.12] 0.3 0.21 017 0.18 -
" |Nitrate (mg/1) <0.5| <«0.35] <05 10 4| <05 50.0
Iron (mg/1) 0.25¢ 052 0.19 22 24| 0.83 0.3
Manganese {mg/l) 0.03] 0033 002} 011| 0127 005 0.1
Copper (mg/) ND.| ND.[ ND.[ ND.| ND.| ND. 2

- |DO (mgh) 1031~ 938 8.5 8.4 8.4 6.5
{COD(mg/) 5.5 6| 3.5 17| . 20 9 -
Permanganate Value (mg/1) 0.3 0.2 0.1 1.3 1.3 0.5 -
BOD (mgf1) i.4 0.9 0.3 2.3 3.4 2.5 -
Total Coliforms (MPN/100 ml) - 180+ 160 35] 180+ 180+| 180+ 0
E-coli (MPN/100 ml) 90 14 51 180+| 180+} 180+ 0
Flow (m’/sec) 0484 0.575| 0.007| 0.045] 0.052] 0.126 -

Note: N.D. means Not Detected.

Sour_ce: JICA Study Team

Table 15.2(2/4) Test Resulis of Well/Spring Water Sémﬁl_és (dry season)

Parameter _ Observed Value L WHO
‘ W1 | W2 | W3 | Wa | W5 | We | W7 | ws | wo [wio| GV

Air Temperature (°C) 290 280 270{ 2700 260{ 250 2400 2500 260| 250 -
‘Water Temperature (°C) 200] 21.00 210 200! 200 200] 200 200] 18.0| 190 -
pH 69 62 65 64 75 .15 71 76] 64 74/65-85
EC (uSfem) - 214 98] 196 235F 261| 187 2371 280 159 851 -
Turbidity (NTU) 8 36 6 1l 1 12 -3 i 14 5
TDS (mg/l) - 1000 58] 100{ 1t4] 110] 123} 160 1370 110[ s45] - 1000
Alkalinity (mg/1} 34 34 74 99 103 86 80 111 34 155) - 500
Phosphate (mg/1) 024 007 040} 0.10[ 0.20; 0.20f 020] 020 0.14] 0.10 -
Nitrate {mg/1) 4 3 -2 Iy . 4 <05 - 5 B2 20 50.0
Iron (mg/1) 039 022 ND|[ 0.27] 010 044| 008 0.10} 0.13} 0.1 0.3
Manganese (mg/l) 0.01} 0.02] N.D. 0.2| NDj ND.; ND/| ND| ND]| ND. 0.1
Copper (mg/1) N.D.| N.D| ND| ND] 0015 NDJ| N.D. ND| ND| ND. 2.0
DO (mgh) 50 92 52 38 73 68 65 52| 54] 25 -
COD (mg/) 201 45 1.0] 3.0f 25 40 20 - 05 05 35 -
Permanganate Value (mg/!) ot o1 .01 oo 01 o2 o1 o0 01 01 -
BOD (mg/) 0.5 1.7 04 1.2 1.1 1.4 1.0 04 05 . 08] - -
Total Coliforms (MPN/100 mi) 2| 160 ‘8| 180+ 500 7] 160} 3 50 180+ 0
E-coli (MPN/100 ml) Nil I} 1 20 3] - Nil 10§ Nil 7 35 0
Discharge (liter/min) 40| 45 4.1 3.8 815 3.8 24 95 2.5 - ¥ -

Note: N.D. means Not Detected. _ : :

*. Water table depth was measured instead of discharge volume, and was 5.2m from ground level.

Source: IICA Study Team .
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Note: N.D. means Not Detected.
Source; JICA Study Team

_ Table 15.2(4/4)

Table 15.2(3/4) Test Results of River Water Samples (wet season)

Parameter RL | k2 Obsl:; ved X:lue Y RG WHO GV

Air Temperature (°C) 25.0 | 275 [ 260 | 23.0 | 27.0 | 220 -
Water Temperature (°C) 23.0 | 250 | 250 | 220 | 260 | 210 -
pH 8.3 8.3 8.4 7.4 7.4 7.6 6.5-8.5
EC (1S/cm) 440 | 385 | 454 | 415 | 329 | 561 -
Turbidity (NTU) 86 140 | 145 | 1700 | 512 115 5
TDS (mg/l) 261 203 | 259 | 240 190 | 331 1000
- [Alkalinity (mg/) 134 116 132 65 61 160 500
Phosphate (mg/l) 0.11 | 046 | 0.18 [ 0.50 { 0.26 | 0.22 -
Nitrate (mg/1) 1.0 | <05 | <0.5 15 7 2 50.0
Iron (mg/) 0.36 | 0.86 1.4 7.2 1.8 1.6 0.3
Manganese (mg/l) 004 1004 ] 0.4 | 019 | 012 | 0.17 0.1
Copper (mg/1) ND. | ND. {ND. | 0.01 | 001 | ND. 2
DO (mg/) 9.6 95 1 76 7.3 7.4 6.5 -
COD(mg/1) 3.0 7.0 9.0 46 21 10 -
Permanganate Value (mg/l) 0.3 0.2 (.1 2.6 1.5 0.5 -
BOD (mg/) - 05 ] L8 1.4 3.6 2.3 1.7 -
Total Coliforms (MPN/100 ml) 180+ | 180+ [ 180+ | 180+ | 180+ | {80+ 0
E-coli (MPN/100 ml) 180+ | 180+ 75 | 180+ | 180+ | 180+ 0
Flow (m'/sec) 1.320 [1.304 [0.102 [0.017 ]0.012 }0.052 -

Test Results of Well/Spring Water Samples (wet season)
Parameter o Observed Value : WHO
Wi | W2 | W31 W4 | W5 | W6 | W7 | W8 | W9 |wio|l GV

Air Temperature (°C) 2500 2200 290[ 260F 21.0 2200 220 24.0| 280 27.0 -
Water Temperature ( C) 21,0 20.0] 21.00 2001 2000 200] 195 21.0] 200 26.0 -
pH . . 71 651 68 75 76/ 76] 74 75 66/ 7.1/65-85
EC (pSicm) 303] 128 2811 312] 348 243 307 354 197 1162 -
Turbidity (NTU) 21 - 22 24 200 06 4 uf 3 4 13 5
TDS (mg/) 165 - 77| 157 169] 182 143] 179 205 132] 755 1000
Alkalinity {(mg/l) 103 32 71 96| - 971 - 81 T8 109 32| 174 500
Phosphate (mg/1) 050, 0.07) 070 0.14] 0.24] 020] 0.17] 026 0.22| 0.15 C-
Nitrate (mg/l) 8 4 4 2 8| <0.5 Iy 3 4 35 50.0
Iron (mg/t) - 0.15" 0.12] - 0.13f 0350 0.17[ 0.18] 0.15] o0.11] 0.14] 0.5 0.3
Manganese {mg/1) . N.D| 002 0.01] N.DJ ND| NDJ| ND.| ND| ND,| ND 0.1
Copper (mg/l) N.D.{ ND.| NDJ| ND} 0015 N.DJ NDJ] ND. ND| ND. 2.0
DO (mg/l) 51 651 61 50 751 66/ 7T 521 51 42 -
COD (mg/1) 1.0] 25 1.50 400 200 25 20 25 10 25 -
Pei‘manganate Value (mg/) S0l 0zl 0.4 0 021 0.1 0.2 0.1 0.2 0.1 0.1 -
BOD (img/) - . 06 200 1.0 111 02 020 02 1.0 05 04 -
Total Coliforms (MPN/100 mi) 390 180+ 180+ 180+{ 180+ 180+ 150 180+ 180+ 180+ 0
E-coli (MPN/100 ml) 7 93t 150 75 75 - 150 43|  Nil} 180+ 120 0
Discharge (liter/min) - 601 50{ 6.1 53 910 43 34| 148 33 - *

Note: N.D. means Not Detected. '

*: Water table depth was measured instead of dlscharge volume, and was 3 7 m from ground level.

_Soarce JICA Swdy Team
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