Chapter 22°

PREFEASIBILITY ASSESSMENTS OF MOUNTAIN ROADS

221 MINOR ROADS

The alignment of minor roads [s normally & question of 4 single alternative, since the choice of route for
these roads is dictated by popular will and existing trails rather than techno-gconomic analysis. Thus,
there is generally no comparison of alternatives invalved,

Prefesibility assessments of such roads are Himited to rapid assessments of lengths, standards, costs, and
benefits.

22.1.1 Preliminary Survey of Road Alignment

Local level technicians, slong with local representatives, should [dentify nodal points, carry out walk-over
surveys, and review and determing the final nodal point. Location surveys should be carried out with
the help of measaring tapes, ranging rods, and Abney levels. Landslide areas, eroslon prone areas, rock
Uil areas, gradients, switchbacks, number of crossings, and drainage works should be identified and
recorded.  The alignment is then finalized by avoiding hazardous areas as much as possible, Based on
llm information, the geometric standards and construction technigues should be established so thar

aress are least disturbed, and so that cost |8 kept 1o 4 minimum by using labour intensive

, hﬂipu-ihnimuhmlhenmmmum

£l 2 Amexsment of Quantities and Cost
ities of various items of roadwork may be calculated vn the basis of similar existing roads, using

cross-sections for the representative sections. Costing should be done on the basis of historical
81 duta for similar situations and on the basis of rate analysis for the respective items. Per kilometre
ies and costs from similas existing projects, il available, may be used to compare the calculated

Tables should be used, whenever applicable, for detérmining the standurds, cross-section, und

ds, the assessment of socioeconomic importance, either for the purpose of making a
iher to take up the project or not, or for comparison of alternatives, if any, should be
alised hewristic method, given as follows (Table 22.1).

Without cradi lines i tbe Chapier ars compaled by the anthor
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Tahble 21.1 Rating scheme for rural access roads
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Table 22.2 Relative weights lor criteria and lactors
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Source: Carnemanrk et al. 1976

221 MEMUM ROADS

| Background and Summary

ility assessments of these roads are more involved and include identification of various
~ alternatives, their comparisons, and rankings so that choices are reduced 10 one or two alternatives for
 feasibility stage assessments, Nodal points/obligatory points should be ascertained first.

Various allernatives need 10 be identified using topographical maps, air photos, and walk-over surveys.
iIch alternative should then be evaluated in terms of hazards and risks, waffic levels, standards,
hnology, environmental impacts and economic visbility, construction time, initial investments, and

bl 22.3 presents a summary of activities for prefeasibility assessments. Problems and guidelines for
s aspects of prefeasibility assessments are presented below.

canstruction consists of planned improvements 1o the road standards at fixed stages throughout the
conceptually from upgrading in that any later improvements are

ATom the outset. On the other hand, upgrading projects aim specifically at providing additional

¥hen @ road is nearing the end of its design life or when there has been an unforeseen change
3 road,



Table 22.3 Checklist of acilvities at the prefeasibility stage for medium roads

it

Basis/ responnibilities

Ascertaimn functional classification

Road notwark plan and polisy deciions

Dieterming werallve tralffic levels and siandards

From past caporsace

Collect dats o quantilics snd cost from seniler rosds

Lterature weanch and historcal recerds

Collect topographicsl maps, ar photos, land use
TApE. peakific mape

Existing aources [governmend agencees, consulianis,
and bnternational agensies)

Collect dais on sosweconomic pspects (rom svailable
FepoTis

Exmting souroes (pavemment Agencee, consshan,
wnd micrnational pgenoe)

Develop allernalive alignment usng cusling
lopograplical maps and e photos.

Difste work by localion cagneers, engmeermg-
geologiatn

Asess harards sod ruloy by desk stsdy of existing
topographical maps as photos, and geolagical map
urvey.

Field wislt by a team of surveyors, enginsecng-
grolugiila, gealechnical enganeer, highway enginear,
eoonoiile, envircnments s

Conduct walk-over survey, review alignmenls using
alimeter, Abney level, and compass, callest duia on
hazards, risks, waffic, sociveoonmmic sspecta, amd
environmenta] sspecis (tntinl Envaronmcntal
Examination [EIT).

Deerk wprli by engineenng peologinty and enginecrs

Ausoss harands

Aaaeas [nitisl Envigonmenial Exvmination,

Engineering eologust civil enginest
Envireamentatis

Decide on geametrie slandards and vppecal eross-

Besed on harard keeebs, termin, 1A bevels, nak and
coal misimarstios principles, sdvene envimnments|
uEpEel minkmimbon principlos,

Cafry oul rate anslyvia [or new and imporiant ilems.

Desk wark by engineers and eallmatan,

Anseas rmks

Ciwil E:EE:H Engg-geologit

Determine quaniithes and cost for constructicn and
miainlenance.

Typcsl crows sections

Carry oul sacic-connomic snmalyss.

Caah flow analyiim by Irsnaport o0on0miss.

Carry vt fimal amalyvia of imitial envirsnmenial
examination (IEE)

Environmentalist, hill rosd engireer, and :ngmn:lﬁ
Erolagials,

Develop selection eriterin for comparison and ranking
of allernatives.

F_nnh.lm policies, snd directions by policy
enginecrs

Summary of findings.

Dt final repon o be mviewed and verified by a
mepeal walk-over survey,

Weighting and renking of alternatives and firal report.
E—

Final report 1o be approved by compeient sshorty.




The following are problems related to the staging of hill rosds:

o any change in gradient requires a change in alignment,

extension of plpe culvens for additional road width requires the dismantling of existing pipes and
catchpits,

existing slde drains are destroyed during road widening,

hillside walls (breast walls, etc.) are destroyed during road widening,

slope stahilization works are destroyed during road widening,

new culting destabilizes the already stabilized uphill slopes,

side-casting destabilizes the downhill slope,

widening at stacks of switchbacks is almost impossible,

grosion of road bed and downhill slope is considerably enhanced by unsealed road surface, and
unpaved roads in the hills need to be restricted to not more than six per cent longitudinal gradients
o allow truck movements during the rainy season and o minimize erosion.

e o8 8 600C

Hill roals, therefore, do not lend to staged construction but, should staging become unavoidable because
of low-cost considerations or other socioeconosmic constraints, the following practice is recommended:

alignment selection based on location survey and hazard assessment by location engineer and relevant
engineering-geological expert,

longitudinal gradient in unpaved areas not to excead 6 per cent,

paving and surface sealing in critical sections such as steep gradients and wet areas,

outsloping the road wherever possible,

use of dry musonry and gabions for retaining walls,

. use of causeways for cross drainages, and

design pipe culverts and slab culverts so that future extension is possible without complete removal

Tﬂ'ﬂ:ﬁiﬂﬂmm

fi’iﬁ'ﬁﬁun s

ent of hazards and rlsks In a round alignment involves assessment of i) state of nature, (if)
er :Wm and (iv) risks,

& Information describing the state of nature is collected from existing maps such as air photos,
Iphics NHIII . geclogical maps, land use maps, seismic maps and rainfall data maps, and the field
mﬂl

‘!ht:rp-mmu of instabilities and their effects are also recorded wherever possible.
danger events such as glacial lske outhurst Mloods (GLOF), landslide damming, and river
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times worth of loss, The length of road likely w be sffected by harard and the per cent of road loss due
to the type of likely failure determines the warth of loss. This can also be expressed m monetory value.

The assessment of hazards and risks can be done either by the use of tabulated data or by the preparation
of maps,

For prefeasibility purposes, the use of tabulsted data and use of calculations in standsrd formats are
recommended since the amount of time and work for large-scale mapping for all alternatives would be
enprmous. Small-scale maps can, however, be prepared casily al this stage also by using the existing
maps and their tracings and recording field information on these maps.

Tobles 22.4, 22.5, 22.6, and 22.7 are suggested for data records which should first be collected during
desk studies and then finalized after the field survey. The ratings for variows factors in these tables are
obtainad from the predetermined rating charts (Tables 22.8,22.9, 22,10, and 22.11). The total rating for
the state of namre of 4 given road section is multiplied by the rating for rainfall to obtain the hazard
riting for the stale of nature (Tahle 22.4).

The type of probable failure (shallow landslide or deep-seated landslide) is indicated below the rating
based on the depth 0f soil and the failures in the nearby areas.

Hazard Is assessed for the dangérs along the road length within each facet as below:

harand lor rowd length sffecied by dengrer - Bbdand for e asis of niary + |1 BaRaid bor malis of sissin) @ retisg fou feealall
This assumes that :

i) the hazard for state of nature is increased by the existing danger, the total hazard being net grester
than 1.0, and ]

i) the road is 50 designed that there is no significant modification to hazard.

Assessing hazards and risks for the entire design life is complicated. It is therefore suggested that hazards
and risks be calculated for high frequency and that risks be calculated for high frequency and low:
frequency separately. For most purposes, at the prefeasibility stage, the first time hazard and risk likely
w0 occur immediately after road contruction is adequate, and, therefore, only five-year re eriod
rainfall Intensities are considered. Nevertheless, low frequency hazards and risks, Le., the h.t.lrr.h
risks likely 10 occur because of major events such as 10 or 20 year return period rainfall, can B
calculated, if desired, by using the rainfall factors corresponding o the return period desired.

Data, if gvailahle, on glacier lakes, landslide dams, |ake outhurst floods, and effect of clowdbursts shou
be collected 1o assess the major dangers likely to be caused by them during the design life of the n
Table 22.6 Is suggested for the calculation of risks due to state of nature and dangers

Risk calculation requires the use of a factor for obtaining the per cent of road likely o be damaged
the type of landslide. Shallow or minor slides do not compietely damage the road, Table 22,11 g
damage factors in solls and rocks for each type of fallure. Here also, it is assumed that the road de
adopted is based on hazards and that no significant modification of the hazard occurs by the tec



sdopted is based on hazards and that no significant modification of the hazard occurs by the technology
appliad 10 rosads.

(b) Activities during Prefeasibiliry Stage Hazard and Risk Assessments
Desk Study: The following desk activities are undertaken during the prefeasibility stage.

Discussion: The assessment team should consult and discuss with project engincers on alignments and
nodal points/obligatory points, and in other issues pertaining 1o the study of the proposed road.

Data gollection: The following state of nature data should be aquired:

topographic maps of 1:50,000 scale,

information on past construction activities in similar terrain,

metereological records,

hydrological hydrogeological records,

land use, land system, and land capability maps,

sall maps,

landslide susceptibility maps, state of nature maps, hazard and risk maps,
landslide susceptibility maps, state of nature maps, hazard and risk maps, and
aerial photas and satellite imaging.

osocoeooosen

ment of hazards is based on the study of the state of nature (i.e., rock, soil, geomophology, and
), danger and trigger types (i.e., landslides, GLOF, debris/mudflow seismicity, etc), and prior
ncy of occurrence of damaging phenomena. Hazard and risk are dealt with in detail in Chapter 14.
j the information and records mentioned above, a preliminary huzard and risk assessment should be
 along the alternative routes. For this purpose the following state of nature maps are prepared in the

wverified by the walk-over survey.

0,000 scale wpographic map with contours region between two endpoints should be reproduced
‘with the alternative routes. On the same map should also be shown major landslides and other
anger & well as the ohservation points.

urpose, the air photos are studied under the stereoscope, They provide with a three-dimensional

Entire region. As computer technology becomes accessible the satellite dates may be quite

ifpase. The air photos are useful In the study of land forms (l.e., the rock seil types,

tires, folds, faults, joints and crushed zones, drainage paterns, landslides, and land use.

ik InlErpretation techniques are discussed in Chapter B. The above features should be plotied

W8 far as practicable. The topographic maps also provide the information on drainage
VEE Ccourses, past landslides, steep rocky aress, und escarpments.
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Slope Map

The wpography of the stwdy area i3 divided into various fucets (slope laces) delimited by the ridges,
spurs, and gullies/rivers. The air photos should be studied for more sccurate limits of each slope face.
The slope angle for every slope face is calculated from the contour density on the topographic map. If
thers is u remarkable varistion within a slope face, it should be further divided into smaller uniform units.

Geological Map
The geological information should be ploned on the 1:50,000 scale wpographic map along a route strip
of about 3 km width on both sides. Aliernatively, the routes should be transferred on 1o the existing

1:50,000 scale geological maps. The geological maps provide the information on lithology (rock type),
folds, faults, bedding/foliation, joints, and potential construction material.

Data Collection for Hazard and Risk Assessments

Tables 22.4 w 22.11 are designed for data collection, The atrributes included on the tables are descri
bhelow, :

The alternative routes are divided into various segments depending on the slope face amd
considerations. And, for each segment, that stale of nature and types of danger are identified.

Sectiogn type refers o the ridge, valley (flat or gorge) or climb sections. There is no rating assigned
it, as it is considered in the slope and relative reliel uttributes.

Slope angle is directly read out from the slope map. Tahle 22.24 summarises the ratings for
attribute. which could be modified if necessary.

Belative refief is the relative height between the closest, gentler slopes up and down the route.

Drainage density is estimated from the air photos and topographic maps. The first, second, and hig '
arder streams should also be identified.

Groundwater Conditions should be obtained from the air photos and field observations of seepage polr
local pools of water and existing wells, if any. [

Rosk and soil types, rock stracture, land use, and types of danger are also obtained from the ma
records, and fold ohservations. .

Walk-over surviy

The alternative routes chosen during the desk study should be confirmed in the field. The field
survey should preferably be performed by & team consisting of the road location engineer an
engineering geologists, The information on rock/soil type: assumad soil depth, slope angle changes,



undercutting past, present, and dormant landslides (see Table 22.9) should be carefully studied or
rechecked and the topographic, slope, and geological maps should be corrected as far as possible.

Tuble 22.4 Hazard assessment data sheet for state of nuture
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Table 22.5 Haozard assessment data sheet for dangers

I Location of Danger
| Chainage | Length | Danger | Danger | Hazand Rating | Hazard .
Type | Siwe | Rating for | for Pd =P, + (1-P)xf
State of Rainfall | = (5) + [1-(5)] = (6)
MNature P, f,
(1 2 {3) (4) (5) (6 (7}
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Tahle: 22.6 Risk assessments for high frequency Tailures
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Table: 22.7 Hazard and risk assessment for low frequency dangers

Trigger Type Danger Probability of | Road Section Likely
Location occurrence at i be Effected
least once in 20 .
yIs., Chainage | Length
p |
GLOF
Landslide
dam
outhursis
Cloudburst
Earthquake > B0 = 1.0
Richter 70719 = 0.8
magnitudes* 6069 = 0.6
50-59 = 0.4
<50 = 0.2
M =

* An approprste scxmacdy map fof st reghon whder sudy has 1o be conmsbied
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Table 22.8  Rating for state of nafure

—— ——— e —
g Mo, Adiribuie Crereriptian Subdivision Rating Arsurmed
Dristribusti
1l
L. Slope Angle Wery gentle i = 0.0
Grentle ¢ - I 0.05
Moderately pentle 1° - 5 0,10
Moderately siecp G . a5 018
Steep > 45 0,14
Escarprment!clilf 0,14
a2 Relative Relief Wery law a . 50m 0,00
Low 5 - L0 i 0.03
Medium 1l - 150 0.0
High 15 - 203 m 0.09
ery high > 204a .12
e ¥ Draipape Density | Mainly first arder gullies Simple .04
Sccond, thard arder gullics Moderalely .4
disseeted
More than therd order gulles Highly dissecied 0.06
d. Growmdweter Dy 0.0
Comditions Wt 0.07
Flowing .09
5 Land Llse Thickly vegetsied .00
Moderately vepetaled 0.0
Sparsely vegelaled 0,04
Barren lond, dry cultivated land 008
Major Fault Wi b 50 m o0 both sides o1
Onwards for 50 m 005
Further anwarde for 100 m 0.2
Major Anticlinal | Up o 50 m on both sides 0.47
Care Crnwards for 50 m 0.05
Funber anwards far 100 m 0.02
B Major Syaclinal | Upto $0 m on hoth sides 0.00
Care Chnwards for 50 m 0.02
twhen the hinge | Funiher onwards far 100m 0.0
i 1} Coming

Cut of the Slope
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Tabls 22.8 (Contd )

Rock Lype

Alernsimg mierbediding of i
and resisant mock

Schist + Groua ic.

Weak rock o general Cruahed ruck 0.0
10, Rock weathermg | Freuth, slighily weaihcred Q.00
grade Moderstcly winthensd 003
Highly weathered .04
Compleiely weathered 0.0
1L Rock Strugiure: Wide > lim 000
Medium lm-05 m 0.m
Joint spucing Close 05 -01m 0.04
Very close < 0.1lm 0,0
1 Rock Structure: Slope obligec i jpnt bodding for .05
Criestation of mere than 15°
disconlimitice Dip slope of joint (+ 20%) 018
Dip aboge of bodding/faliatlon {4
20%) 0,10
13 Sl iype Compacted allivaal lermice o - 004
Risicunl sail (eluyiuim) 0.04 - 0.08
Colluyium 006 - 008
Talus deposi 0.08 - 0.10
Lismie alkiviam or koo all oD - 812
lermace

Morsise, dumicion, leose debia

Source: Dhital 1991

Very shallow
Shallow
Duwp
Yery docp

*  for coarse and very coarse material rating = 0.06
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Table 22.9 Check list of dangers

Rating for Dangers
¢ Antribite Description Subdivision
No,
Slope length above and below the road line:
Less than 10 m
10 to 50 m
| Did Landslides Small > 50 m
Medium
Large
Slope length above and below the road line:
2 Recent Landslides Smvall Less than 10 m
Medium 10 1y 50 m
Large > 50 m
Slope length ubove und below the road line:
3 Dormant Slides or Fulls Small Lens than 10 m
Medium 10w 50 m
Large > 50m
4 | Landslides due 1o river Small Helght > 100m from road line to river bed"

bank undercutting, wash
ot

Helght > 50-100m from rosd line o river
bm‘
Helght < 50m from road line to river bed"

Definitions:

Oid landslsde
Recenl lsndilide
Dormant lendstide

* A fur as soil or very wesk rocks are commdored, for medium-arong and strong rock the heght has 10 be decreased

WT

Depth less then 0.5 m
Depth 0.5 - 2m
Depth > Sm

e e ————— ]

ulabiliped landslade withoul destabsilisation featered such as eracks or whed tees, e,
lnndslide having very recemily necurred
old landalide shevwang destabdizstion w process (recent cracka, lilied trees, ole |
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Table 22. 10 Rainfall factor for assessment of hazards due to rainfall

Average Annual Rainfall, Mean Annual Rating

mm (A) Maximum 24 hr. f,

rainfall, mm (B)

< 50 0.3

1000 50 -100 0.5
101 -140 0.8

141 -170 1.0

170 1.0

2000 < 80 0.4
81 -120 0.6

121 - 140 0.8

141 - 170 1.0

170 1.0

3000

< 130 0.5

131-150 0.8

151-121 1.0

190 1.0

4000 < 160 0.6
161-190 0.9

191-260 1.0

260 1.0

1.0

Note: Use value of A in combination with Column B give the highest factor (f)

The factor weights (f) are assigned based on subjective judgement and should be adjusted wherever more information
and statistics are available,
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Table: 22.11 Factors for road damage, f, (fraction of road length)

Soil Rock Soil+Rock Remark
Minor Slide (1-3m) 0.20 0.3 - The percentage
of damages is
- based on
Medium Slide (3-6m) 0.5 0.6 subjective
assessment and
can be modified
Major Slide (6m) for specific
0.9 1.0 - situations
dictated by
experience.
Minor Debris Flow
- - 0.20
Medium Debris Flow
5 3 0.40
Major Debris Flow
- - 0.90
Minor U.C.
0.3 0.10 -
Med. U.C.
0.5 0.20 -
Med. U.C
0.9 0.50 .
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22.2.4 Traffic Levels

Traffic Levels should be assessed on the basis of representative traffic counts and the traffic generated
because of increased agricultural production as a result of road establishment.

22.2.5 Geometric Standards

Geometric standards should be determined on the basis of traffic levels, terrain, and hazard levels. The
standard of roads depends primarily on design speed which is the maximum safe speed that can be
maintained over a specified section of road. The basis of design, generally, is to select as high a design
speed as possible to attain a desired degree of safety, mobility, and efficiency while considering the
constraints of environmental quality, economics, aesthetics, and social or political impacts.

The problems with geometric design of hill roads are:
0 several valleys and ridges need to be traversed between two ends of a road,

0 single-lane roads require twice the sight distance required for double-lane roads because of
vehicle conflict, and

o in order for the sight distance to be effective, single-lane roads require offsets much greater
than those of double-lane roads.

Table 22.12 indicates the vehicle weight to horsepower ratio for trucks common in Nepal. Table 22.13
provides indicative quantities of major items for hill roads for height of cut limited to less than 12 metres
and for low risk design of cross-sections. Table 22. 14 provides suggested geometric standards for hill
roads and Table 22.15 also provides guidelines for preliminary design of cut slopes. The table is mainly
meant for trucks with a vehicle weight ratio of 200 to 300 Ib/hp. The following are examples of vehicle
weight ratio.

Table 22.12 Vehicle weight/horsepower ratio for trucks common in Nepal

Vehicle Type Gross Vehicle Weight Horse Power hp Weight/ Horse Power,
Ibs/hp

TATA Trucks ) 12 to 13 MT 120 to 110 220 to 260

Japanese Trucks 12 to 13 MT 160 to 140 165 to 204

Cars 60 to 70 47t0 73
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22.2.6 Design and Costing

The estimation of quantities of roadwork at the prefeasibility stage assessments has 10 be based on a rapid
method and at the same time be within an accuracy of + 25 per cent

A lower risk approach for medium roads should, on the basis of desk work and walk-over surveys,
include the following assessments.

&,

Division of road into sections of various hazard levels using existing topograhical maps, air photos,
and the information from hazard assessments.

Division of the lengihs under sach hazard level into various slope ranges hased on topographical maps
and walk-over reviews.

Determining road lengths wnder each slope category for each hazard level.

Determining road width and cut slope angle and cut and fill ratio for each road length under each
slope category. Since full bench-cutting or cut-flll balance Is most economical, the cross-section
should be designed accordingly so that the height of the cutting is limited w 12 metres. Higher heights
of cut in soil areas increase the hazard for medium hazard and high hazard areas; the height of cut
should be limited to 10 m and 8 m respectively by providing breast walls and retaining walls. Tables
2213 and 22,15 provide guidelines for preliminary design of cut slopes. Tables 22.16 w 22.18
provide guidelines on preliminary selection of retaining walls and breast walls.

Culeulate quantities of cut, fill, retaining wall, breast wall, and culverts basad on typical cruss-
sections from (a) above or (b) using Table 22 13, Formats for quantity estimation should be as per
Tables 22.11 10 22.30. The estimated quantitites should be verified with the quantitites for existing
roads.
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H W sine * sing
4 sin (d-a)

(1

h_ = W, una
W, X h,

“* 5, ;

¥
W tana tana,
Wy timasy = Wy Wb

R culcns” @)
tanc, - lana

H_ = W, ana + 0.6 na + 1.5 3

Cut area
A =O0S5H x W (4)

Fill area without wall J
A, =05H x W, (5a)

Fill area with wall, 4,

0.25 W, ana

s Wena 103 W~ + ot

_ 0.25 (W, tanar)’ (5b)
[ + 0.8 tana

« 0.5 W una
Quy. of Retaining Wall

g,.“""'*“-”“f“}ﬁz“*“'ﬁ‘““*”:-:-:W,m-u.hmu.ﬂ ® 9

Quy. of Breast Wall
Q, = (0.5H, + 0.15H7) . ™

Fig. 11.1 Calculation of quantities of major items of hill road
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Table 22.15 Preliminary design of cul slopes for heights of cut less than 10 m

Type of Soilfrock Stable cut slope without any Stable cut slope with
protection work breast wall or minor
{vertical 1o horizontal) protection work
(vertical to horizontal)
2 i 4
Soil or soil mixed with
boulders
(=) Disturbed 1:1 nl*
vigetation
) do-overlaid on firm | Verical for rock-portion and | Vertical for rock portion
rock 1:1 for soil portion and n:1 for soil portion
Same as above but with 1:0.5 5:3
dense vegetation forests,
medium rock, and shales
Hard rock, shale, or harder | 1:0.25tw 1:0.10 not neaded
rocks with inward dip and vertical or overhanging
Same as above but with At dip angle or 1:0.5 31
outward dip or badly or dip of intersection of joint
fractured rock/shale planes
Conglomerates/very soft Vertical cut 10 reduce erosion | 5:1
- shale/sandrock which
erode easily

"nlESorHeImdorH=3-d4miforH =46m




Table 22.16 Selection of retaining walls

Eataining Walla
Bumded diy Cipimaril] dahilon Rl T oo
T Tissbar crik ey atame whaa AF Y low
Dimg iAmebris
greme-pErlmm ™
& [Tep width D.8-1.0m 0=1.0m Im &m or 0.7-0Am
aln witbih = o.2-0.m D.H-0.650 0E-0.79m LR LV L m or 0.7-0.01
o [Frani battar g veruical Yur i Gl il 1
2 [fack habisr =1 watiag vrrtial uBT EBE wAried %l
T | rnwacd dip ar 14 153 L L:B Lif P | e bl
Tkt
| Pounilntien N8-im 05w 3-1m 0.5 lm Hfhim
deplh Ielow
1 {ddrmin
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heiglil
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I |Tom prutes- Nauldar Bouldar Pilciing [
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o | ol
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Table 22.30 Summary of quantities of landslide stabilization works
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22.2.8 Inittal Environmental Examinaiion (IEE)

An initial environmental (mpact examination is suggested at the prefessibility stage. Table 22.31 i &
sample checklist/questionnaire 10 determing whether 8 detailed Envirnnmental Impact Assessment (E1A)

is pecessary,

Table 22.31  Initial Environmental Examination (IEE)
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2229 Socioeconomic Assessmeniy

A road transport feasibility study is a planning process that involves two levels: namely, macro-level and
micro-level, Overall transport planning at the national, regional, or local level is necessary to idemtify
ahternative modes of transport at the macro-level,  Road transport planning, based on overall transport
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planning at national, regional, or local level, is then necessary to identify the road networks at macro-
level. This is helpful in developing road transport master plans. Network analysis becomes particularly
useful in this exercise. Micro-level feasibility is a project-level feasibility study that is needed to select
the most appropriate alternative from several choices identified by network plans.

Feasibility studies at any level require a set of criteria. At the macro-level, criteria such as road density,
connectivity, unit costs, socioeconomic parameters, and strategic considerations are of appreciable
concern. Among the micro-level criteria, cost effectiveness is normally a major concern.

Ideally, it would be desirable to transform all considerations involved into monetary terms and analyse
them in terms of benefits and costs. Complete economic treatment, however, is hardly possible for rural
development projects in developing countries. Economic analysis based on quantifiable benefits and costs
only is, therefore, of limited value in feasibility decisions for road projects aimed at rural development.
Nevertheless, economic micro-level analysis can be meaningful for certain considerations and thus should
be an important aspect of the prefeasibility study, particularly at the micro-level,

Problems
The following issues relate to road feasibility in the mountainous areas of developing countries,

0o Absence of carefully worked out transportation master plans creates a tendency to expect answers
to all problems related to wider aspects of planning from a project-level feasibility study. It may,
therefore, compel the agency carrying out the feasibility study to evolve, on its own, criteria on
major development strategies. The time, money, manpower, and data normally possible for such
feasibility studies will enable them to do no more than make oversimplified assumptions that may
either result in misleading conclusions or subject the study to open and unstructured criticisms from
several quarters.

o It is a well-known fact that improvements in access roads should be accompanied by investments
in key sectors to create conditions favourable for rural development. The treatment of this fact in
economic analysis requires care. Specifically, the identification of costs and benefits, resulting from
the complementary investment in the road and rural development, should not be biased. Treating
roads as a cost only for an integrated development scheme ignores the relationships between rural
development and direct benefits to road users, resulting in a total absence of understanding regarding
the implications for road alignment, standards, technology, maintenance policy, and upgrading
plans. Similarly, excluding rural development investments and benefits from the road investment
analysis ignores the indirect benefits arising from impacts of the road in the influence area, thereby
underestimating the value and standard of th¢ transport facility. Problems of measuring direct and
indirect benefits occur only after defining the approaches, objectives, and criteria for a road-related
investment. Thus, the first concern should be with defining the method of economic planning.

o  Most roads that are being upgraded, that are under construction, or that are planned for immediate
construction could be classified as rural access rouuls because of the subsistence agricultural areas
which the roads span. However, these roads ultimately function as arterial or collector types for
three reasons: (1) they constitute the basic network connecting the administrative centres throughout
the country, (2) they have high per kilometre costs, and (3) there is always the likelihood of a
considerable traffic growth rate to levels beyond low-volume designs. In this context, road planning
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is faced with the problem of designing a road under growing travel demand. The standard of a road,
which the demand justifies, is subject 10 change. Deterioration of, or lack of improvement in, the
standard can cause loss of economic potential. The economic planning exercise should be cognizant
of such factors, i.e., the growth of travel demand should be adeguately nccounted for.

Budger constrainis caused by competing investments in other projects often result in low capital
outlays for maintenance. Over time this practice resulis in an uneconomic loss of road standards and
benefits to road users. High costs, that could have been avoided by timely maintenance, are incurred
in rehabilitation, while user benefits simply lapse. Economic analysis should clearly show the
economic motivation for timely maimenance plans and illusirate the Josses resulting from any
departures from the maintenance plan.

Frequently roads evolve out of investments made by different agencies and programmes. Initially
road projects begin with voluntary labour with little or no support from the central level, Even at
the central level, projects are seen to stant without detalled investigations and with nominal budget

" provisions, Projects continue for severul years - continuously or imermittently under separate

programmes, or a combinsion of progrummes, such as people’s participation projects, integrated
development projects, district level projects, and centrally run sectoral or multi-sectoral projects.
When the rosd comes under the jurisdiction of the Road Depanimemt Agency, aside from the
difficulties in comprehending the overall design and economic plan of the road, there will be reasons
that lead 10 the abandonment of the existing facility or bias the alignment, design, construction
standards, and the feasibility of upgrading the road. It is necessary (0 assimilate the investments
made by the various organisations, during the evolution, into 2 long-run economic plan of the road.
The preparation of such an economic plan  the outset of the project should clarify the stages of
evolution within which investments made contribute towards an economically efficient road

development.

Roads in the hilly areas face risks because of hazards created by natural forces. Construction and
maintenance costs, as well as benefits, are affected by risks. The uncenainty Introduced by the risks
affects the economic viability of alternatives. Risk assessments should be incorporaied into the
economic anelysis in order to realistically account for costs and benefits.

Guidelines on Prefeasibilicy Economic Anolysis

Criteria for feasibility should have a bearing on overall transport planning specific to the level of
road network rather than the source of funding,

Economic anulysis should constitute one of the several criteria for feasibility decisions rather than
heing a decision in itself,

Hill roads of considerahle length, say in excess of 25 km, owing o their high construction and
maintenance costs and severe instability problems, must be thoroughly studied in terms of technical
feasibility and realistic cost projections before carrying oul economic analysis,
Economic analysis of medium roads may be conducted by cash flow analysis.
Roads built with the objective of rural area development are faced particularly with the need for



thoroughly assessing indirect benefits. The difficulty of assessing indirect benefits could be
overcome by ignoring such an assessment, provided the relevant alternatives involved are likely to
result in the same degree of indirect benefits owing to their similarity in characteristics of
development potential (such as natural resource endowments, population, production patterns, and
income levels). However, this is not possible where a single alternative only is involved in the
analysis.

o  Rapid collection of socioeconomic data from existing sources and field visits should be done for
economic analysis during the prefeasibility stage.

22.2.10 Selection Process

The comparison of alternatives is done by the use of weightages of various criteria of selection and
ranking of the alternatives. Table 22.32 is a checklist for the site-selection process. Table 22.33 is an
example of the selection process. The weightages for relative importance have to be predetermined and
approved by a competent decision maker.

22.3 MAJOR ROADS

Prefeasibility assessments for major roads should be similar to those of medium roads. The only
differences between them may be that the number of alternative routes to be investigated may be fewer
and the extent of risk mitigation measures of necessity may be higher than those of medium roads because
of the higher traffic volume on the major roads.

Comparison of alternatives in this case should focus attention on technological alternatives rather than on
the number of major route alternatives. Shorter road lengths, higher design speed, and uninterrupted
serviceability should be more important considerations for these roads.

22.4 HIGH STANDARD ROADS

These roads generally become necessary when economic activities develop in the areas around the road
points and when, as a result, there is a need to upgrade the existing road. Shorter road lengths, higher
design speeds, higher geometric standards, and higher levels of technological inputs in the construction
and maintenance are the considerations for such roads.

Use of tunnels, several crossings for the same river, and high standard, engineering stabilization works,
such as rock bolting, buttresses, and horizontal drains, need to be considered for these roads.
Investigations and designs for these roads require more rigorous treatment - not specifically covered in
this handbook.
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