© HIS MAJESTY'S GOVERNMENT OF NEPAL

: : ON SAPT GANDAKI HYDROELECTRIC POWEE?";?;

FEASlBlLlTY REPORT

DEVELOPMENT PROECT







HIS MAJESTY'S GOVERNMENT OF NEPAL

| | FEASIBILITY REPORT |
~ ON SAPT GANDAKI HYDROELECTRIC POWEI
" lEVELOPMENT PROJECT E

: JIICI\ LIBRARY

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
'_voL e S
* ANNEX

' JANUARY 1983

* JAPAN INTERNATIONAL COOPERATION AGENCY



VOL. I

. VOL. II

LIST OF REPORTS

MAIN REPORT

ANNEX

< (A)
(B)

(c)

(D)

_TOPOCRAPHY

'CONSTRUCTION MATERIALS

HYDROLOGY AND METROROLOGY

‘POWER DEMAND FORECAST

BY CONSUMER SECTOR

VOL., IITI ANNEX

(E)

GEOLOGY

fr}%?ffﬁ%ﬁ]

f‘,\
e 831 §.257

Llér

643

B

|5 09005 M









dVIN NOILYD0™M

wigs Ov CE 02 015 0
ERLAH] : S
At
. : . . +/(
([58]0id_PoPUDD 1308wy TN
3QIATE HELUM mmmm—ee : — . YMTETOHE : g M :
AMVONNOS  TUNOILYNSZINT  —=——x— B X

SOVOE wescmcormess

: N39OI

FZQE q/I m VM q\. S WRANG
Y . g:V'H- W )
././\\....r.\l.l...l...\\ fJ(\ _\. Jx)







CANNEX(A)

© TOPOGRAPHY . -







IL.

INTRODUCTION  «vvusenn.ss.. Chveaian

SURVEY WORKS CARRIED OUT .........

2.

1

.2

TABLE OF CONTENTS

Installacicc of New Bench Marks .....

Control Poihts'Survey R

the de31te ;.;,...,....,..

Aero~photo Mapplng ..;..;.,..

: Levelllng of Mugllng Road

'Rlver Cross Sectlon Survey- .

----- e . s
------- LY .
@ L) LR
“ 4 s PR BTN .

-TOpographlc Map of 1 to 500 in Scale axound

LR e L )

'Investlgatlon of the Elevatlon at Rald Gandakl
No. 2 Progect Slte R

Topographlc Map of 1 to.1 OOO in ScaJe for

" Sand and Ground Deposit ..

--------------

Checklng on Accuracy of the Ex1st1ng Topographlc

Map of 1 to 10,000 in Scale

A-9

A-10



NO.

A1

A3

Ah

A.S

A9

LIST OF TABLES

CTITLE

ELEVATION OF NEW BENGH MARKS
' RESULTS OF CONTROL POINT SURVEY

”RESULTS_QF MINOR CONTROL POINT. SURVEY

RESULTS OF SURVEY FOR GROUND CONTROL POINTS FOR 1/2,000 AERO-
PHOTO MAPPING

RESULTS OF CONTROL POINT SURVEY TOR MUGLING ROAD

' FLEVATTON OF MUGLING ROAD
'SURVEY_RESULTS FOR KALI GANbAKI'NO.z PROJECT”SITE

COORDINATE AND ELEVATION OF THE FIXED POINT ON THE RIVER
:CROSS SECTION

RESULTS OF"ACCURAcy.CHECK OF EXISTING 1/10,000 TOPOGRAPHIC
A , : - SR :

e



A.h

A.5

A.B

LOCATION MAP OF BENCH MARKS AND'CONTROL_PGINTS

AREA or PREPARATION OF 1/500 TOPOGRAPHIC MAP AND LOCATION OT

LIST OF FIGURES

TITLE

MINOR CONTROL POINTS AROUND DAMSITE

AREA OF 1/2,000_AER0;PH0T0 MAPPING

LOCATION MAP OF MUGLING ROAD CONTROL SURVEY

LONG ITUDINAL PROFILE'OF MUGLING ROAD

LOCATION MAP OF KALT GANDAKT CONTROL SURVEY * .-

LOCATION AND SURVEY RESULT FOR KALT GANDAKI MO.2 PROJECT STTE

SURVEYS CARRIED OUT FOR GRAVEL DEPOSIT IN 4 KM DOWNSTREAM FROM

THE DAMSITE

LOCATION MAP OF RIVER CROSS SECTIONS

414~



T

ITT

v

LIST OF ATTACHMENTS

fTITLE'

.TOPOGRAPHIC MAP AROUND DAMSTIE OF 1 TO 500 IN SCALE

(14 SHEETS)

TOPOGRAPHIC MAP OoF PROJECT AREA OF l TO 2 OOO IN SCALE
(2 SHEETS) '

TOPOGRAPHIC MAP OF SAND AND GRAVEL DEPOSIT AREA OF l TO 1 000

_IV SCALE (3 SHEFTS)

PLAN OF MUGLING ROAD-(4‘SHEETS) -

RIVER CROSS SECTIONS (8 SHEETS)

ey e



I. INTRODUCTION

TherfolIOWing_data were collected during the

survey period.

(1) Aeriéljphptogréphs coveriﬁg.the-project

(ii) poogréphih‘mép“of i to 16;600 in scale

Gandakl ‘River bhasin.

(idd) Topograph1c map of 1 to 63 360 in scale
Nepal.

{(iv) Data of the Indlan Survey Trlangulatlon

prOJect area.

Stage~I and Stage T1

area.

covering the Sapt -
covering the whole

SLBthDS near the

(v) Data of the exiStihg bench marks which are used in Lhe"

‘Chitwan Valley Develobment Ptbjcct‘and the Roa&.Départment,

MG,

Tn Order.to-carry out the detailed study of the project, it is

necessary to prepare more accurate topographic maps in'the project area

_including the borrow area of'construction matérials and effectuate

varlous checklngs of elevatlons, coordlnates or. of the exlstlng t0p0—

graphlc maps, etc. To carry out . those act1v1tles, the follow1ng

topographic surveys were_planned and executed in the SLage—Il field

-investigation.

(i) Levelling:

_ 4'F0r the 1nstallat10n of neW'bench ‘marks.

near - the dam51te ....;{.;u.;.}.ug ........... . + 10 km -
~ For the control points SUTVEY c.rwecrersssonesain 50 km
~ For the cheékiﬁg of Mugling Road elevation e 30 km
- For the:checking of elevation at the Kali

_Gan&aki_No.Z project site ‘f.;..,..ﬁ...}. ........ 30 km
- For the checking of accuracy Qf'thenéxisting“

topographic map of 1.to 10,000 in scale ......... 10km



(i1} Control points survey by thé traverse su1vey flom Lhe existjng
tllangulation points for. the preparation of topographic maps of
1 toé 500 in scale around the damstte.

(iii)  Ground control poihts survey_by;the'fraverse'Survey from the
existing tfiangulation péints for aero—phqtd mapping of 1} to

2,000 in scale using the ékiSting aeriai phofogfaphs.

(iﬁ) Plane table survey
- For'the‘preparation.of topographic maps of
1 to 500 in scale around the damsite +..v.ivvasav. 169 ha.
}'Fof the'ﬁreparatién of topograpﬁic maps of
1 to 1,000 in scale in the borrow area of

sand and gravel ,,....f..;.......;;.;;...}..;..;. 30 ha}

{(v) River cross section survey from the damsite to
about 4 km downstream at the'interval of
250 MELOT  «evereerensnenennionenien, ieeiaaah. 20
- . - ' sections
(vi) Aero-photo mapping of 1 to 2,000 in scale

using the existing aériél phbtograph' ..... ........ .4 km

The topographlc.survey in. the SLage~II were: carried out durlng the
.perlod from mid October 1981 to end March 1982 All the survey works
including the Summarizétlon of the survey data, calcﬁlétiohs and pre-
paratlon of the topographlc maps, etc, were satlsfactorlly completed in
the allocated perlod. The detailed descrlptlons of the topographlc
survef'works executed in the Stage-II are preseuted in. the succeedlng

Chaptef.



“IT. SURVEY WORKS CARRIED OUT

2.1 Instalaltion of New Bench Marks

The 1nstallat10n of the neW bench marks near Lhe pr03ect Slte was
essent1a1 1n consideratlon of 1Ls use as the ‘base control polnts 1n
t0pographlc survey work of the" Stage—II. Thus, flrst of all, the

installation of the bench marks near .the project site was carrvied out.

New bench marks (four near the dam 31te and one near the borrow _
area of conctete aggregates) were 1nstalled at’ the pOSltlonS Shown 1n_
Fig.-A.1 of which selectlon was made, taklng into con31deraL10n not only
the sultablllty for the topographlc survey works in the StagEMII but dlSO
the convenlence in the future use at the detalled de81gn and the con-
struction work stages. These bench marks were all connected w1th the
traverse route of the control p01nt survey 80" as to be used as control

p01nts

The elevation of eech.bench mark was surveyed by the direct'leveil—
'ing from the existing'bench mark.(BM35 in Fig.QA;i), The elevation.of
the existing bench mark BM35 ‘which is fiked'at EL. 193 586 m is now being
used in the Chitwan Irrlgatlon ProJect and its accuracy was conflrmed
through the indirect 1eve111ng (trlgonometry) from ‘the Indlan Survey
.Trlangulatlon Statlons of whlch data were obtained Erom the Geodetlc

Department THMG.

The“elevation of each new bench mark was surveyed as shown in
TablefA.l. A stone post made of concrete:aud'provided with its elevation

was embedded at each position so as to ‘be durable permanently.
2.2 Control Points Survey
The coutrbl'pOintSESvaey was carried ou£3by means of traverse' -

_survey for the purpose of estdbllshlng the’ base p01nts for all’ necessary

topographlc survey works.



Fig.-Al showé-the traverse route of the control poibts survey
'executed' Théﬂtraverse route'was arranged s0 as to eonaéct.the Indian
Sulvey Triangulation Stations near the project area. (No 1, No.2 and .

_No 36), the selected contao] p01nts 1n the prOJect area (Tl to T1l), the
ground coutrol p01nts requlred for Lhe agro- phoLo mapplng (GCl Lo GCA)
and the newly 1nsta11ed bench marks (BMl to BM6)

The. traverSe survey was carried out usjng'an electro—optical
distance meter f01 dlstance measurement and two transits of . 1“ readlng
for angle measurement.- The coordnnate of each control p01nt ‘was worked
out’ based on the qurveyed dlstance and angle, the coordlnates ‘of thei'
Indlan Survey Erlangulatlon Statlons ‘and’ the a21muth measured by astro—
nomlc observatlon (sun observatlon) "The " elevatlon of each control '
point was worked out- by the 1nd1rect levellrng because ‘of dlfflculty
of - the direct levelllng due to the topographlc condltlon.' The above
traverse was closed w1th a satlsfactory accuracy, satlsfylng su£f1c1ently

the follow1ng standard required for the control point survey.

- Coordinaté : Within 1/5,000 and 10.0 cm + 20 ca /S
. (8:  survey distance in km)
—_Elevation : Within 10.0 em -+ 3.0 cm JE

(n: number of points surveyed)

The results of the above control points survey are summarized in

Table~A. 2,

2.3 Topographic'Map ofhl to SOO]in Scale around the Damsite

The preparaLlon of the topographlc map of 1 to 500 in scale around
the dam31te was consldered necessary for the de51gn of the main
strucktures such as the dam, power station, d1vers1on Channel and
.auxiliary fa0111t1es, whlch would be essenLlal for the examlnatlon of
the technlcal and economlc fe331b111ty of the prOJect. urther, it was
ron51dered that - the preparatlon of the above topographlc map shodld
cover the area 1nclud1ng the altcrnatlve dam91tes for the comparatlver
study of the damsites of Wthh necessity occurred due to the unexpected
unfavourable geologlcal.condltlons of -the damslte—A proposed in the

Prefeasibility Report. Thus, the_topographié survey fOr_Preparatioh



of the above map of 1 to 500 in scale was carried out for the area as

shown in Fig.-A.2.

The survoy work 1neluded the mlnor control p01nt survey £or hori- |
zontal and Vertlcal control and . Lhe suoce581ve plane table survey.' The
ninor. control point survey was made by Lhe traverse survey on. the -
traverse route connected with the base control p01an establlshed by
the mentioned eontrol p01nt survey, as seen in Fig.-A.2." The measurement3
of distance and angle on. the treverSe route was'madevﬁsing the same
Survey equlpment as the control point survey mentioned in Chapter 2 2
The indirect - levelllng was applled for the vertical, control in view of
the extreme 1neff1c1ency of the direct levelllng due to the topographlc
‘condition at:the sites A satlsfactory_accuracy was 1nd1cated in; the.
traverse survey,. satisfying the standard,required in its ciesihg_error;
The resulrs‘df the;traverse survey for the minor control points are

given in Table-A.3.

In the plene-teble survey, attention was paid-te.plotithe change
of . the topogrephy as accuratelp'as possible. ~ Thus, -the survey procedure,
in which rldges, gullles or eharp changes of slope are checked and -
plotted flretly, was adopted. The ‘horizontal and vertlcal eonrrol of
the plane table:eurvey were-etrictly made by referring to the minor .

control points set prior to the plane table survey.

2.4 - Aero-photo Mapping

The topographlc map whlch w1ll ‘make the overall prOJeet plannlng
p0531b1e was prepared Slnce_aerlal photographs covering the project
area were available, the preperation of the topographic map‘of.l-tc
2,060 was carried'out by aero-photo mapping from the aveilaple.photo—

graphs fdr'the area'shoﬁn in Fig.~A.3.

The avallable aerial. photographs were prepared in 1974 and had the

- following characterlstles'

~ Used camera 'T ',.: : Wild RCB £ =.l52.10 i
- PhoLographlng helght s 1,700'm

‘— Seale '1/10;060 :

.y



'Eight YEars'elehSéd’aftef the'ait.photosurveYing,.and therefore,
'some slight ehdnges from the photograph such as the suspension brldge
.'oonstructed after the preparatlon of the photograph were recognized in
=the present conditlon.: However; no’ substanttal change of the topography
and no ma30r targets were found and the photograph was sufflciently
f'accurdte for- the plepalatjon of the topographlc map - of 1to 2 OOO in

scale

The glOUHd contro] p01nts reqnlred for the aero~photo mapping were
_located at clear v131b1e places near:. the traverse route of the control
p01nt eurvey as; shown g Flg;~A 1. They were all connected with the
travetse 1onte of the control point. survey and surveyed together with.
the control p01nts. For the ground ‘control points, the direct levelllngp
from the bench marks was also carried out. @ Further,- two of- three clear
_targets near eaeh ground Control p01nt were surveyed to use as the photo

control points in the mapplng

Pricking on the photograph was made for 3 bench marks of BMI, BM3
and BM4& .

The results of the ground control p01nts survey are summarlzed in
Table—A 4 Applylng thlS results,_the aero- photo mapplng for preparlng
the topographlc map of l to 2 ,000 in scale was carrled ouL in Tokyo by
u51ng “the stereo plottlng lnstrument Stereo Plotter A8 (wild). The map
© prepared by the stereo plottlng instrument was checked in detail ‘and
flnallzed referrlng to the result of the plane table. survey carried out

for the preparatlon of the topographlc map of 1 to 500 in scale.

2,5 _Levelling ‘of Mugling Road

The Gorkha—Mugllng Narayangar Road (referred to as the Mugllng
;Road”) passes along the Trlsulganga rlver This road Wlll partlally be

_ submerged by ‘the proposed reserv01r -when the‘projeCt oill be reeli?ed

o ThlS road is one of the main. natlonel roads," and the road in’ the sub-

merged portlon Wlll have to be relocated. Thus, the 1nvestigat10n ‘of "the
. elevatlon of the ex1st1ng Mugllng Road for the estlmatlon of Lhe neces«
.sary ‘road relocation cost was carrled out in the Stage II fleld investi-

gatlon



_In.order to, assess. fherrOadflength to be suhﬁefged and-to~make
arrangement £or the relocatton road, it was c0n51dered necessary o _
prepare the plan and longltudlnal section of the Mugllng Road includlng
the surroundlng topography., Thus, for such preparatlon, the survey worke
.con31sted of: the dlrect levelling Erom the: ‘existing bench mark - BM35 to,
the beneh mark:- BM6 whlch was' 1nstalled as the base p01nt for. the Mugllng
.Road 1nvest1gat10n, minor Lontrol point survey along the Mugllng Road as
shown in Plg -A. 4 stadla and plane Lable survey from the mlnor eontrol

points for the pleparatloﬂ of the road plan.
The-survey results-are:as ehﬁmarized'in Table-A.5 and TableéA.G.

The: plan and longltudlnal SeCthn of the Mugling Road wvere prepared
- as presented 1n Table—A 5 and ‘in the’ end of. thls Annex (A) respeetlvely,
based on: the above survey reeulte. The 1ncorporat1on of the surroundlng'
topography was made hy utlllZlng the ex1st1ng t0pograph1c map ‘of- 1'to
10,000 in scale.  This. ex1st1ng topographic map was enlarged to the

~scale of 1 to 5,000 and duly combined w1th ‘the road plan.

Based on the above survey reSults,-it was found that about 8 km of
the Mugling Road'would be submerged by‘the:future reservoir of which

the full supply level is set at EL.230.0 m in the feasibility stady.

2.6 'Investigationzof-the Elevation at Kali Gandaki No;ZZProject Site

At ahout 20 am- upstream of the Kall Gandakl river from the Sapt
Gandaki project 51te there is a. project 51Le where a hydroelectrlc :
power pro;ect named as the Kall Gandakl No 2 project is prOpOSed. There
is a p0351b111ty that it Wlll be reallzed in accordanee w1th the increase

of the power demand although its realization may be in a far=future.

The development seale of the Sapt Gandakl project should be deter—
'mlned in due conslderatzon of the comblnatlon w1th this upstream progeet
‘and the tallwater level at thls upstream project is closely related to
the development scale. of the Sapt Gandak1 pro;ect. Thus, it was con~
'-Sldered that the exact elevatlon at the upstream project site- should be

,1nvest1gatea.



The 1nvestigation of the elevation of the Kali Gandaki No 2 pleECt
fwas made by the traverse sulvey ‘from the eontrol point, T7 as shown in
'F;g.—A.G The - elevation of the, water level and the rlverbed at the':
three'eoncelvable-51tes were surveyed of whlch results .are given in

Tig.-A. 7 and Table-A.7. The positlon of :the p01nt K20 was olearly

marked on the firm exposed rock togéther w1th its elevation.

As seen dn Flg A7, the rlverbed at the Kali Gandakl No.2 DIOJECt
slre was 1nvest1gated at | EL 218 5 to EL 219.9 m. The river water 1evel

(water 1eve1 1n early February, 1982) was 1nvest1gated at. EL 219.9 to
L. 222 1om.

e The tallwater 1evel of the Kall Gandakl No.2 project is assumed at
EL.220.0 m in the Prefea51b111ty Report by SMEC.” Thus, the above in-
'vestlgatlon result revealed that EL. 220 0 ds the ta11water level of - the .

Kali Gandakl No.Z progect in the Pref2351b111ty Report is a pr0per

'assumptlon.

2.7 Rivér_Crbss Section Survey

The rlver eross sectlon survey was. earrled out at about 250 m
1nterval from the damsite (o about 4 kn downstream as shown in Fig HA 8
It aims to 1nvest1gate_the-exact topography of the riverbed and also to
make it:possible to measure the future riverbed :change, if any, which is
concerned Wlth the future neeessary adjustment of the rating curve
establlshed. ' ' '

The arrangement 50 ‘as to make it p0551b1e to measure the future.
'rlverbed change at the same cross-section was necessary as stated.' Thus,
the river cross section survey works c0n51sted of the- establishment of
the control p01nts for the river cross sectlon survey, the establlshment
of the coordlnates at ‘each cross SECthH and levelllng dlong each cross

SE‘.Cthﬂ-

: The control p01nt survey for the rlver cross section survey in -
which.two bench marks were newly 1nstalled was also made by the traverse

_survey along the traverse route shown in Flg.—A 8.



The coordLnates and ‘elevations of the flxed p01nts on both banks
of each cross. section were established as: shown e Table-A 7.0A durable
clear mark was insta]led at -the positlon in the field 80" rhat the mark

w1ll be found easily_ln future whenever necessary.

The 1evelling albng eaeh eross section Was*done at around 5 m
intervals; properly adjusfed to closer intervals in the-abrupt'ehange..
of the slope and to- larger 1ntervals in the flat portlon :The direet
1evelllng was carrled out in boLh banks. 1he levelllng ln the rlverbed

portion where water 1s flow1ng, was carrled out. by erlng a rope across
| the river and measurlng the water depth from ‘the boat. In measurlng

the water depth in whlch a rope w1th measure and 7 kg we1ght was used
'the.adgustment of the error caused due to. river flow became necessary._.'
The adJustment was duly made by measurlng the skewed angle against the

grav1ty dlrectlon.'

The river cross sections prepared based on the mentloned survey

are given 1n the end of - thlS Annex (A)..

2.8 'Topographic Map of 1 to 1,000 in Scale for Sand and GravelTDeposit

There is a major gravel deposit for the'eoncrete aggregates=§tsg.
loeatlon about 4. km downstream from the. damsite.- For the;estimation'of:'
.the avallable quantlty of gravel the excavatlon of test pits-and seismic
exploratlon were carrled out in the deposit. In addltlon to the above,
the topographlc map "of the area wds prepared for more accurate esti- ..

mation of the available quantlty..

For the sand and gravel deposit, the results of the river cross
section survey and the survey carried out for the seismie”exploration
were available.-”The existing aer{al photograph taken in 1974 Was:also"
available in’ preparlng the Lopographlc map of the area. Thus, the
preparatlon of the topographlc map for the sand and gravel dep081t was

conducted by fully ut11121ng the above available data.

The ground control po:nt survey for the’ aero—photo mapplng from the
ex1st1ng aerial photograph and the- plane table survey to supplement the

avallable data were performed as shown in Flg —A 9.



The topographic map prepared by the aero-photo mapping and duly
‘ :modified based.on the available data and the supplemental field:survey

results are brovided in the end of this Annex (4).

2.9 Checklng on. the Accuracy of the Ex1st1ng Topographic Map of 1 to
10,000 in Seale ' '

The ex1stlng topographlc map of 1 to 10 ,000 in scaie whlch was -
fobtalned in Srage—I and coverlng the whole prOJECt area 1nclud1ng the
future reserv01r area, was to be’ used for measurlng ‘the storage volume
'of the reserv01r and the necessary compensation area to be submerged by
-the reserv01r, etc. ThlS ex1st1ng topographlc map had been prepared by'
_aerlal survey and was c0n51dered to involve some errors in it. Thus,
_ checklng on its’ aecuraey was -’ Larrled out by comparing the dlfferences
‘between elevatlon and coordlnate w0rked out' through the actual survey
ia Stage ir and those read on, the ex1st1ng topographlc map regarding '

‘each of the selected bench marks and control points.

The tesults of the'abqye eheéking_arc'summarized iﬁhTabie—A.9.
Itzwas;foundithrough the abdvehehecking that there 1% an error of 8.5 m
in average in'its elevatian and that'the coordinates_afe acceptable.
Thss, it”is considered practical to.utilize_this existing‘topographic
map by Shifting the contour 1ine'by'10'm (For‘example; the contour line

of EL.200 in the existing topographic map will be assumed as EL.190).

A - 10









TABLE-A.1: ELEVATION OF NEW BENCH MARKS

B ench Mark

Yo Eiiza;ion 'iRemafks-
BM35 193,586 Existiﬁg'bénch maf#
B 207.954 Position is shown in Fig.-A.1
BM2 209.174 "
BM3 .194.548 "
BM4 193.852 g
BM5 -194.1;9 "
BM6 | 254;550 fosi;iOHjis:éhbwn in Fig.-A.4
ﬁﬁlol_ ' 189f401' Positibn igushownwin.Fig.uA.Szji= 
BM102 190,769 " |

Note: = (i)

(i)

The abpve;elevations of the new bench marks'were obtained
by direct levélling from the existing bench mark, BM35.

The cbdrdinate of each beﬁph mark was obtained by thg
control point survey. It is given in Table-A.2.



Table-A.2 'RESULTS OF CONTROL POINT SURVEY

_Station

Nofthing (X)

Easting (Y)

Elevation

No.- in'm - in m in m
11 3,070,126.70 545,160, 20 240,41
T2 °3,070,773.55 S544.,040.93 225.36
T3 ' 3,069,559.47 © 543,601.83 201,63
4 3,069,110.10 541,685.31 251,89
5 ' 3,066,527.49 541,539.91 234.45
6 3,065,861.20 ©538,609.60 191.23
7 3,066,631. 85  537,284.34 212.58
T8 3,065,126.74 535,994.56 182.20
19 3,064,181.47 531,658.97 182.54
T10 3,063,069, 69 530,808.96 - 174.62
11 3,063,719.28 530,251.29 187,00
T5-1 3,065,212. 86 1540, 704,49 196.07-
152 . 3,067,728.86 540,531.94 572.53
EML 13,068,493.56 542,209.74 207.954
BMZ 3,068,303.61 541,968.17 | 209.174
BM3 3,067,568.23 542,368.10 194.548
BM4 3,067,502.03 542,176, 35 193.832
BMS5 3,065,649.49 543,002.87 194.119
BM6 3,072,423.24 254,560

546,657.38




Table—A.j: RESULTS OF MINOR CONTROL‘POINT SURVEY

Afétl)

Station - Northing (X) . Eaétinga(Y) _ ‘Elevation
No. in m . -in m_ B . in m
BM 1. 3,068,493, 54 542,200.74 ° 207.9564-
B 8,303.61 | 1,968.17 209,174

3 7,568.23 2,368.10° 194,548
4 7,502.03 2,176.35 . 193.832
CL-L— 1 8,598, 54 2,138.27 186.61
2 8,379.92 12,248.90, - 186.50
3 §,100.97 ~  2,300.12 185.70
4 7,809.90 2,349.99 187.53
5 7,354.94 o 2,462.17 . 185.06
CS-R- 1 8,552.05 1,936.55 . 186.16
2 8,324.,40 2,061.91 . 185.90
3 8,066.79 . 2,100.22 . 187,44
4 - 7,812.24 2,129.94 187.06
5 7,29@.19 2,274.19 ' i85.18
L1 8,668.42 2,264. 60 214,53
2 8,492.91 2,332.13 221.43
3 . 8,432.35 3,416.08 231.21
4 8,452.99 2,486.00 236,37
5 8,484.45 2,596, 47 240.93
6 8,494.22 2,716.39 | 267.85
15 8,361.76 1,711.65 " 287.87
16 8,315.09 1,732.75 280.30
17 8,273.51 1,761.46 276.64
18 8,429.48 - 2,755:63 271.86
19 8,398.81 O 2,832.59 272.73
20 ©8,276.30" ©2,893.66 271.77
21 8,172.66 2,856.81 264.07
22 8,121.39 2,693.32 25615
23 8,074, 89 2,710.67  256.20
24 '8,014.56 . 2,682.76 o 2sh71
L 25 8,029.15 . 2/596.36 251,72

- to be continued -



A.3(2)

_ Station ' Northing (X) "Easting (Y). _ Elevation

No. . inm . - o : in m ' in'm
Ld6 . 8,033.95 o 2,542.94 238.14
27 C8,030.47 2,676,890 233.56
28 8,023.01° 2,391.37° 200.06
50 8,130.68  2,860.11  262.86
51 . - 8,006.07 2,869.45 . 256.66
52 - 7,984.14 2,946.45 - 261.36
53 7,903.92 2,942.34 259.10
se 7,812.83 | 2,946.58 257,93
55 7,712.06 . 3,004.42 25784
56 | 7,623.16 3,039.19. 257.18
57 7,524.70. 2,974. 24 25444
58 7,558.48 2,831.35 . 249.63
59 | 7,450.74 2,779.72 | 24539
60 | 7,286.97 2,552.98 203.03
61 | 7,419.99 2,493.38 200, 44
62 -_7,518;12:. 2,480.36 . 199.82
63 7,592,810 2,444.76 - - 200.27
64 7,721.21 2,560.06 232.60
65 7,753.31 2,679.85 249,77
66 o 7,757.33 2,797.32 254,82
67 7,825.62 2,896, 71" 255.49
68 o 7,786.45 2,907.41 | 254.06
Ls6-1 - 7,436.24 . 3,021.38 246.74
591 7,511.96 2,66637 230.98
65-1 7,805.85 261561 241.83
66-1 7,662.24 2,811.93" 252.77
68-1 " 7,720.75 2,877.29 235162
RO S 8,302.50  1,898.82 294,17
2  8,203.80 1,812.80 284.00
3 7,946.68 2,072.08 | 206.34
“ 7,921.79 - o 1,962.32 | 251.54
5 - 8;101.95 1,903.58' 258.90
6 osa32.27 1,876.53 273.55
R 7 8,178.59 11,968, 78 219.50 -

- to be continued -



A3

Station .Noftﬁiﬁg_ x) - ‘Easting (¥) - . - Elevation
No. odm o T S inm - in m
R 14 - 8,411.00 1,705.42 284,34
15 836176 - 1,711.65  287.87
16 . 8,315.09 1,732.75 280,30
17 8,273.51 - 1,761.46 27664
70 | 7,398.27 2,210.73 19216
71 7,237.00 2,123.51 241,27
72 o 7,242.19 . 2,021.50 258.45.
73 7,320.55 1,881.00 287.66
B 7 7.420.56 1;927;39' _ | 275.52.
75 . 7,488.94 1,943.50 269.45
76 ©7,596.58 ©1,845.17 - 286. 34
77 | 7,713.90 '1,834.40 ~ 278.16
8 o 7,762.37 1,910.36 . 251.34 "
79 o 7,889.99° 1,940, 75 268.00
R 3-1- _ 7,747.60 2,062.36 212.37
R 3-2 o 7,820.40 1,936.74 214.08
BM4—1 7,581.27 2,065.78 | 248,74
R77-1 . 7,662.16 ©1,892.88 o 287.31

74-1 7,452.15 . 2,038.47 253,04




Table-A. 4: RESULTSKOF SURVEY TOR CROUND CONTROI, POTNTS
N FOR 1/2,000 AERO-PHOTO MAPPING

Station . Noxrthing (X) - Eaéting (Y) Elevatioh

~No.s _ “inm o . S dinme.. _ - dnmm o
6ol 3,069, 718.94 542,447.82  223.85
P, 686,81 453,33 222,99
Py _ 721,86 _ 433,41 223.76
P, . 896.14° | 397.22 922,75
GC2 ©3,069,296.88 541,511.26 254,51
P 293,74 _ 496.90 255.52
Py - 290.86 | 494.83 255.55
Py 28947 . 483.02 . 254.73
BM1 3,068,493, 54 542,209.74 267.95
Py . 486,88 203.10° 207,52
Py 476,64 211,55 _ 207.16
BM3 . 3,067,568.23 542,368.10° 194155
Py | 578.72 370.23 193,75
Py 567.50 388.79 . 196.06
BM4 3,067,502.03 542,176.35 . 193.83
Py ©524.29 164.97° 196.07
P, 499.30 S 170.23 192.43
Relek! ' 3,065,687.72 . . 543,223.25 212,32
P 794 .54 . 256.73 1212.70
Py : 792.33 317.79 '212.93
Py | ~ 723.58 285,42 212.69
GCh 3,066,336.66 541,736,93 208.73
Py _ 386.18 . 777.95° 210.44 -
Py 335.95 . 688,94  208.67

__Note: 'Pl, Py and Pq above are photo conﬁrbl points to be used as

suplﬁlemer_ltal c.or.l.tr_ol points. in mapping .



‘Table-A.5: *RESULTS OF CONTROL POINT SURVEY

FOR MUGLING ROAD

Station No_lgthing- (X) g Lasting (Y) Tlevation
No. inm - in m inm
BM6 ©3,072,423.24 | 546,657.38 254,56
MO 3,071,994.32 . 546,572.90 212.41
o2 3,070,607 94 547,165.11 241,373
M2 3,072,679.88 546,054,29 221.02

3 3,072,789.00 545,906.60 219. 34

4 3,072,847.27 545,802.49 - 212.50
5 3,073,463.24 544,186.68 21951
6 3,073,498.55 | 544,001.70 227.01
7 3,073,479.03. 543,894.66 229.52
8 3,073,499.02 543,488.71 22030
9 ©3,073,541.83 543,415.51 221,07
10 3,073,779.81 543,274.82 221.34
11 3,073,280.01 542,967.06 219.68
12 3,074,666.06 542,764.68 217.06
13 3,075,041.13 542,710.72 231.06
14 3,076,025.87 542,746.76 228,70
15 3,076,429.75 542,771.89 223.99
16 3,076,934, 81 | 542,877.63 226,07
17 '3,077,049.27 542,916.91 223.87
18 3,077,172.70 542;999.23 ‘ 231.22
19 3,077,901.87 .-343,957.68' 246,60
20 13,078,105.90 544,091.02 ' 247.30
20-1 3,078,157, 44 544,223,08 253,67
21 3,077,824.32 546,120.41 23268




Table-A.6: ELEVATION OF MUGLING ROAD

, | Ai6(1)
Station Distéﬁcé ' .Elevation- Accumulgted: Remérks
- NO - L . Distance
M2 0.0 241,37 0.0
181.5 . 233.22 181.5
66.5 231.64 248.0
482.0 21956 1730.0°
147:5 219.28 877.5
199.0. “219.11 976.5
181.5 ©.217.89 1,158.0
78.0 215,23 11,236.0
42.0 713.98 1,278.0
$299.0 212,15 1,577.0
36.0 211.78 1,613.0 °  Bridge L = 50.0 m.
50.0 211,76 1,663.0
67.0 '211;?1 1,730.0
293.5 - 219,99 2,023.5
208.0 221.79 2,231.5
126.5 223,51 2,358.0
M2 94.0 22102 2,452.0 |
| 71.5 219.96  2,523.5 Bridge L = 38.0 m
38.0 219.97 2,561.5 ' '
59.0 219.82 2,620,5
ME3 16,5 219. 34 2,635.0
69.0 215.60 2,704.0
M+ 51.0 212.50 2,755.0
| 88.5 209.37 2,843.5
52,5 209. 44 2,896.0. Bridge L = 4.0 m
1155.0 210. 66 3,051.0 o
113.0 212. 34 3,164.0 - . Bridge L = 4.0 m
115.0 217.39 3,279.0 '
162.0 218.24 3,441.0
92.0 219.72 3,533.0.,
331.0 =3,864.0 | -Bridge L =14.0m ~

219,96

" — Lo be continued -



£.6(2)

Aécumulated

Stsg?on Distance ElevaFibh ' Distanco _Réﬁdrkél
M4 14,0 219.96 - 3,878.0
94.0° 221,16 3,972.0
32.0 221.52 - 4,004.0
106.5 © 210.61 4,110.5
121.0, 221,12 4,23115
24.0 ' _: - 4,255.5
47.0 - 22137 4,302.5
60.5 " 221.40 4,363.0
118.0. 216,560 4,481.0
MES 94.0 219.51 4,575.0 |
- 42.0 221,44 | 4,617.0 Bridge L = 4.0 m
| 64.0 223,74 4,681.0°
M6 88.5 227.01 4,769.5
| 80.5 929.68  4,850.0
w7 31.0 . 229.52 4,881.0
26.0 228,43 4,907.0
39,5 225.56. 4,946.5 . ,
110.5 219,10 5,057.0 Bridge L = 38.5 m
M+8 229.0 . 220.230 5,286.0
M+9 84.0 221.07 5,370.0
36.0 221,30 5,406.0 |
46.5 221,30 5,452.5 ©  Bridge L = 4.0 m
1545 221.22 5,607.0 '
MHLO: 61.5 221.34 5,648.5
69.0- 220.76 5,717.5
62.0 - 217.76 5,779.5
111.0 214.89 . 5,890.5
94.5 215.66 5,985.0
_ 170.5 218,76 6,155.5
MH11 89.5 1219.68 . 6,245.0
©159.0 . 219.66 - 6,404.0
Mi12 279.0  217.06 - 6,683.0
| 147.5°223.20 6,830.5
1460 208.27 ° 6,974.5

- to be continued -~



AﬂQ(B)

Accumulated

Station. 'fDistaﬁce Elevation NSNSt Remarks
-No. e o Distance
M2 4hS e 7,019,0
W3 420 231.06 7,061.0
| 1720 226.78 7,233.0
102.0 230,20 7,335.0
52,0 . 230.98 .7,387.0
141.0 . 230,40 7,328.b
43.0 229,78 7,573.0 _
37.5 122860 7,610.5 ~ Bridge L = 27.5m
27.5 228,60 - 7,638.0
29.0 - 228,40 7,667.0
153.0 228.52 © 7.820.0
83.0 ' - 228.64 7,903.0
53.0 22841 . 7,956.0 |
85.0 228,50 8,041.0  Bridge L = 24.0m
24,0 228,50 8,065.0 '
CMals 5.0 228,70 8,070.0
29.0 22865 §,099.0
90.0 226,44 8,189.0
194.0 226,11 8,283.0
73.0 22396 . 8,356.0
CMH15 ©138.0 - 223.99 | 8,494.0
| 122.0 223.63 8,616.0
 76.5 220,98 8,692.5
84.0 223,55  8;776.5
3.0 225.73 8,819.5 Bridge L = 4.0 m
4.0 225.73. 8,823.5 :
63.0 226,79 8,886.5
116.0 226.70° 9,002.5
W16 38,0 226.07 . 9,040.5
B 70.0 223.57 9,110.5
Ml 51.5 . 223,87 9,162.0
Mr18 149.0 231,22 9,311.0
| 32,0 230,34 9,343.0

67.0 228,36 9,410.0

- to. be continued -



Station .

" Aéc&ﬁﬂlated

A.6(H)

No. Disténbe' Elévgtiop: Distatios Remarks
W18 176.0 223.38 $9,586.0
89.7 224,96 - 9,675.7 - Bridge L = 4.3 m
43 224096 9,680.0 |
69.0 228.16 9,749.0
76.5 234,75 9,825.5
18.5° 236,35 9;844.0'
174.5 | 246.78 10,018.5
52,0 249.45 10,070.5
243.0 252,13 10,313:5
141.0 252.11 10,454.5
M9 123.5 246.60 . 10,578.0
51,0 244.32  10,629.0 | o
52.0 243,81 - 10,681.0 Bridge I = 56.0 m
56.0 243,81 . 10,737.0
4420 98.0 247,30 10,835.0
134.0 254,37 10,969.0
281.0 - 11,250.0
154.0 245,05 11,404.0
562.0 261.78 11,966.0
455.0 24560 112,421.0
.89.0 246.59 12,510.0
332.0 - 12,842.0 Bridge I = 15.0 m
15.0 - 12,857.0
20.0 246. 54 12,877.0°
M+21 292.0 . - 2372.68 13,169.0
72.0° 231.30 13,241.0 Bridge L = 32.0 m
32.0 231.30 13,2730 )
325.0 247,80 |

13,598.0




Table-A.7: SURVEY RESULTS FOR KALT GANDAKT

- NO.?2 PROJECT SITE

Station T TNorthing (X) Basting (Y)

Elevation

" No. in.m ~dn m in m
DS-1 ' 3,076,985.36 - 529,966.93 223,51
'River;bed ' 218;70_
" River water 222.00
DS~2 - ©3,077,161.29  529,906.41 222.78
River bed ' . ' . ' 219.90
River water 222.10
K20 3,076,728.37 ' 529,972.99 227.42
River bed : 218.50

River water

219,90




907851 THg

TE7599°990°€

mmﬁwmu

€1°€8T 7€' 66T°TYS -29°62%990°€ 6€°T8T
18 18T 197945 °THS 25 867 %90°¢ cL 18T 00°9T% TS [06°92L990°¢ 8T-$0
8" ¥8T €0°898 ‘%S 22 L9 990°E L %8I TRATA 077 L06°790%¢ 150
0z €8T 16°%20°77S 98°69L°%790°¢ T¢ 28T 79 T06°T¥S 80'%$6°%90°¢ 9T+
wa¢mﬂ L TTTTITTYS 0T"€L8°%790°¢C £9°€8T 65°260°Z%S 0T"€%0°590°¢ ¢T-S0
05 €8T L8 09%°The 09°190°¢90%¢ £4°68T $9°98¢ ‘Tys 29'172°590°¢ %T-$0
88281 96°0LLTHS £07691°690°¢ 727981 88 LS THS €£709€°590°€ £TI-52
z6°€81 70°888 7S 08729690 68T 0£°079°Zs 217 T29°590°¢ Z1-59
16" 981 28" 7£8° 77 727888°590°¢ LL7€8T L6°2€9°THS Tv7128590°C T1-50
LL7€8T Sz CELTHS 9L HLT 990°¢ ARY 1172454295 - SLUSTT990°E L 0T=50
L1°68T '50°989°Z%S 747665 °990°¢ 60°¢8T 11964706 197596°990°¢ 652
62781 6T°€59“ZHe 7C*9£9°990°¢ 7 58T SLT9SH TYS  wLTTO%990%¢ -850
077981 6°€T9°Z0S £7°2£98°990°¢ AARVN L% S9E“Tvs 0917%8°990°€ L-$D
657691 ﬁﬂ.mwmhwuw L TT°860°290°¢C S%" 681 €07 6%E T7S _NNJmmo.moonm 9-80
L T67E8T 07°077°Z9S  TSTEVETL90°E 08" 981 69°€L2°79S 06 ¥87°190°¢ 58D
95TT6T ST 498 79¢ 06°295°£90°€ 88°G6T 58°99T°77S 6£°975¢090°¢ 08D
rht et Sheghg ‘zhs Te 2189190 29°98T 08 " TETTHS | 68°£08°290°¢ -850
-90°68T TLTS6TTYS 7$°880°890°¢E 19°98T 0Z°9TT Z%¢ $8°€90°890°¢ £-59
05981 06°897°TnS 76764 °890°€ 067581 167 TR0 Z0S 0% 7ZE°890°€ 7-59
197981 177861 T¥S 7S 865°890°¢ 91" 99T 56U 9E6 THS 07255990 -0
W ur R w ur W uE E_ﬁﬂ ,.E.ﬁﬁ . “ON
UOTIEBASTT (1) Burasey mMV Suty3xzoy UOTIBADITYH (1) Burisey (%) BuryizeN WOT1B1S
_ Nueq 3397 : “Yusg 3YSTY . _

NOTIOES SSO¥D ¥HATY "HT NO



> TablewA 9 . RESULT. QF. ACCURACY CHECK OF _
'EXISTING 1/10,000 TOPOGRAPULC MAP

_Cheélée’ld : Map - Difference =~ Difference : Difference
© Station . Sheet " in Northing in Easting = in Elevation
No, 7~ S No. in m inm o ia m

w6 w8 SRR . 9
MO o - L
w2 o " =3
11 e "o X -3
: .1‘2 S . . n o _ no " : L2
: _T3V” : 018 o | Y | ' "o ’ -12
T " S S : N ok
BM2 .. . i . - tl . it .__‘9
BM3 1 . ) n n ) ~14
BME : TR : T i no =10 '
BMS o " .om _ " ~14
'TS" ' o S " -11
T6 -~ 017 " ' n -10
T7 T . n 11 . " . _10
']1:8 .. S wo : " . : SN i _12
Ty P16 : " S e B
“T11 ' n : ' om i . " . -12
Noi39. . - o L o -8

Mean . _ '= _ _ o 0o e 0 f3.54_:
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