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Appendix

1. BXPLANATION OF CEODETIC METHOD BY NNSS

NRSS 16 the abbréviatish uséd for the U.S. Navy Navigation Satellite
Systém, ‘Satéllite trdnsmissidns (400 MHz and 150 Mitz) of orbit’ position
and timé eVery tﬂb nlnutés, tpgether ‘with accuraté measuremént of doppler
varlatlons of the reéeréd carflers, avé utilizéd in édmputing precise
latxtude, longitude and height.

Thé elllptic uotion betweén the earth and the satelllté, in

: aecordance ulth a Kepler lau, can bé represented and restricted by aix
_elenents. Three elenents repreaent the elltptic wotion of the satelllte
orbit, éﬂd the' ¢ther three ‘ateménts represént the position of the orbits
between the earth and the satéiiite.

Thé follovlng élements are used in the NNSS calculation. The
'Batelllté position ‘at any time, ia the space coordinate with the earth at

the origin, ¢an be répresented. Valués used to corrélate the elliptic
notion of the satelllte orblt are:

. a. long-radlus
b. eccentr1¢1ty
¢. ~pass timé at the nearest point

Values used to correlate the posltxbn of the ellipst of the orb:ts
between the edrth and gatellite arer

4. 1lifring créss pdiht longitude
e. inclined angle in relation to the equator
f. varisble nearest point

The frequency of radio waves transmitted from the satellite are
altered by the “doppler effect.” The frequency increases whea the
sqteliite_approaches the receiving station decreasés whea the satellite is
- golng aéay. When the satellite is in a position ¢losest to the receiving
statfon, the récelving frequency and the transmitting frequency ave
identical ia theory.
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ytiliziog the doppler effect; changes in satellite position cah be.

domputed every two minutés;

: ThUs, 2 single hyper bolid c¢an. be fixed for . the. thrée-dxmensiénal
4 space coordlante, and the recelving statlén 1s on this hyper bolld._-A;;{;
n:nlmum of three hyper bolids can be flxed for the receiving. positions :. .

Thls is the satetlite d0ppler 9051t10n1ng (geodet1c) systém‘ T T T

L eteed T ey




Appendix

24 ' LONGITUDE, LATITUDE, ELEVATION

The élemeate of ‘the etiiptie 'béﬂy'éd'ép:teé in the NNSS method are
those defined ia "HGS-IZ“ an& the satellite orbit follows this body.

long~tadius (a) = 6378135m
1/f (eccentricity) = 298,260

However, thé eleménte of the ellxptxc bédy adoptéd in Malaysia arve
_the “Hodlfted Everest (Halsyan Reviséd Triangulatien).”

loﬂg-radlus (a) = 631?30&n
llf (edcentriéity) = 300,8017

;}fﬁgigfdfé;“Sﬁfﬁ”longitude and latitude computed by the NNSS shall be
converted to those of ‘the Modified Everest (Malayan Revised Triangulation)
eli1ptié body.

The origins of dlSctepancies among both centers oi the elliptxc _
bodiés on the rectanguiar coordiante are shown below.

DX e Y S #37m, 2 s e



-Appendix -

Utitizing the doppler effect, changéé_iﬁKsatéilitélpoéifiaﬁ can be

computed every two minutes.

-‘_ Thus, a siﬂgle hyper bolid can be: fixed -for: the tbree-dlmens1onal

space coordiante, and the rece1v1ng station is on this hypér bblld.{;&;gid

mlnlmum of thrée hyper bolids can be fixed for the receiving. pbsitxan. -

FLoe s 4

This is the satellite dépplet ‘positioning (geodetxc) system, . oooliiisiy

PR
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2§ 'LONGITUDE, LATITUDE, ELEVATION

The elements of the eliiptic body adopted in the NNSS method are
those dEflnéd i YRGS~ 2“ and the satélllte 0rb1t follows this body.

lons-radlus (a) = 63?8135m
1/t (gccentticity)‘! 298.260

Howeveiflthé”éieméntb of the elliptié_ﬁédj*ddoptéd in Halaysia are
the "Hodifié& Bverest (ﬂalayan Revised Triangulation).”
' long—radlua (a) = 6377304n

llf (éécentricity) = 300.8017

Therefofe, both iongitude and latitude computed by the NNHSS shall be

cOnverted ‘to ‘those of the Modified Everest (Malayan Revised Triangulation)
‘elliptié body. = '

The orig1ns of dnscrepancxes among both centers of the e111pt1c
bodics on the rectanguiar ‘¢oordiante ave shovﬁ below.

XS 1km, Y 585w, 2 2 <15a



Appéndix

Plow Chart of Cpmputatioﬁ?of_satéllife'bdﬁpiéf Survey Data 7

On-site observation

" Conversion (cassettes -- MF)
data filieg on disk of & Targe computer "'~ 7 T

preproéesSIng
. (editing of data and removing. of fnaccurate data) .. .o

. et bn o ogas
R - N 513 e
il l.-"{’_‘_.’f’ iAo e Th oz ki S EETLIOGH Tord

ih?nt{;?ﬁ; 311193015 cons'ants

datua sh1ft constants
X, ¥, 8 (ué‘s 72

alllpsoid -= Modified
Everest Elllpsoxd)

.....

-A‘lf¥ ateoSphexlc data, etc.i

R T o
':.‘}-;:.!: 3

translocation processing

o I
l T I I L PR SR P l T 8 TN
‘positioning solution = o helght solutlén
output for longitude and latitude output for elevation héxghts of
6f master station and each slave master station and slavle stations
station (based on Modified Everset
Etlipsoid)

shift to loéal
datun

transformation (longitude and
latitude --==

plane coordinates)

output for elevation heights of
miater station sad each slave
station

output for plane coordinatés
(N, B) of master station and
each slave station (based on
Rectified Skew Orthomorphic

Projection)



Appendix

%ihe caléulation method for coordinates is indicated as follows.
Point positioning method » » 4 »  Observation cerried out fadependently at
the necessary position of the
coordinate,

Translocation aethdd'. e s 2 4+ Observation carried out ¢oncufren£ly at
‘thé necessary plural positions of the
'céotdinéte;.aﬂd thé coordinates of slave
stations correlated with the master '
station retaining the [ateraction of
stations. ' '

" Meagurement procedurest
1. Foundamental coordinate was established at the master station using the

point pesitioning method. )

2. Each slive statien correlated to the master station using the
translocation mwethod,

.. Remarks! Thé elévation of the master station was correlated with the

Halayéia,Nainnal Bench Mark using direet leveling.

Computation is showm on the next page.
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3L};t_$fiu6r§'ég}iied'0ut each year

Réspeétive time schedules

c¢0t¢inat¢s and élevation height of satelite
“doppler suréy stations

" Locatién of Bénch Marks, Bore-Hole and Test-Pit
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Tab lé 1.1

Tables

Liet of work carried out each year

iﬁﬁPRELIHIﬂAﬁY INVESTICATION
" STAGE (1981)

" DETAILED IRVESTICATION
- STAGE (1982)

crd e, 1

1y Aerial Photography ) |
‘Aériai photograpﬁs coveriﬁg the
iower dam éite,'uppet dam site and

R

'taken._ ' | o
Hueber of fllght coursest 4

Kumber of photos' ?2 .

Sdate of photosl III20 000

‘Aétial canérai H:ld RC-—[O . :
(foeal léngt&! 152 89’ mm)

1. Aerial Photography

. Nome .

'3{ cround Control Suivey

'A ground control sawey vas Carrmd
ZOut for phbtograametric mapping
coVerxng the areas of the lower
dam sxte, the upper dam site and
the lower reservolir. Control
polate were ebtdbiished'by means
of a Satellite Doppler Positioﬁ—
fag Survey, Aeria‘l’—'éign‘al:s were
ggtgﬁ}ﬁshpﬁ on these points prior
tolﬁ##}41 pbotogfaphing.
Nﬁzbér Sf ﬁbintét“é

(1 master ‘statfon) ¢

(3 slave stationé}

IR Y S L T

’iﬁsff&aeﬁt’uéédi?'gui4é* o

Bothdd 6f ‘SheevALIoNE
-} .Teanalécation ‘Survédy System.

2. Ground Control Survey

Tastrument used:

A ground control survey was carrned
out for photégraphi¢ mapping coveting
Coﬂtrol
points were establlshed by means of

the upper res&rvonr area.

a Satelllte Doppier Pos:tidn;ng Sur-
vey. These ‘controt pomts were |

indicated on the aexial photograghé.

N'umbér of po:mts: 5
Q1 master statlon)
(4 slave stations)

JHR-3 and JMR-4

¥othod of observationt

Translocation Survey System




Tables

PRELIHINAR? INVESTIGATION
- STAGE. (1981)

DETAILBD IRVE$TIGATION
STAGE (193‘)

i

3. Levellng Survey

marks near Jerantutrailvay sta-
tion and the lower danm site,
ériginal bench mark and oné re-
ferencé bench mark were éstabl-
ished on the left bank of the
tower dam site,

Leagth of tevelingt

A leveling durvey was earried out ?
between one of the natlonal benth ;'

One ;

approx. 60 km

_3;,

Leveling Survey

- . Lo
. R ; e S

6ut be}ween the'

Leveling was carrlc

fbench mark establishedvan 1981 a;
thé lower dam s1te énd-th uppet daa

.......

site, and two bench ' ‘marks weré ést—
ablished on each bank of the uppéf

AR

dam sitei”
Léngth of ievellngt 22 km

S A

4, Longitudinal Profiling and

Cross Sectioning

Longitedinal profiling and éross
seétioning were cariled out at’
each sité at the dim és folibwé:
Louer dam s1te:  ':

-- Longltudlnal prof111n32 4003
,900m

- Cross sectloningz '

Uppér das itet
- longitudinal pro£111ng= 1, 0009
1& Gﬂﬂm

- Cross sectlonlng

;.Longltudndai Proflixng and
Cross Sectloﬁing

O e
Noae R

Tr e

5. Travérse. Surveéy

None

Traversiog was carried out fesm

S,

’1
the
lower dém site to the upper dam site
in order to define the relative !

position of the lower.dan site a@i

Traverse Survey .-

‘the upper dan site vhich had been é

fixed by means of the Satéllite.
Doppler Posztnonxng Survey. ca:r;ed
out ia 1981.




v+ e ol AR e e el el € 4 S R

e s AL i 11, v

gttt e 5 b

s e e

e st A

Tables

g STAGB (1981) .

" PRELIHINARY INVESTIGATION

DETAILED INVESTIGATION
STAGE {1982)

6, TopOQEaphic Survgx

‘None

?%i

6. Topoégraphic Sﬁrvéy:

A topoaraphic Survey'was carried 0uf
in érder to producé 1:500 3cale maps

Covering both dan sites,

Area covered!

= Lower dam 31te! 0.5 ku?
- Uppér dam sitet 1.6 km?
Mapping scale: 1:500

'Contour intervals: im

Photograumettle Happxna

Aernal tr:sngulatloh vorx and

aérnai maﬁping work weré cartled
Byt.f" ' :

oo
;o

1!560 scale maps covering each
daa site and 1116,000 seale maps
céverlng the lower reéervoir

érea were produced.

6& madeisi

Nueber of modelst
B ‘{-
HApping areal o -,..'“1w
- 1110, ooo sealet " 131 ka?
: _- l: S 000 séalet

15 kel

Contout 1ntervali §a'T

7. - Photograzmetrzc Happlng

;Aerlal trlangulatlon work éhd mapp*'
" ing work are presently‘belng carried
out. ' | S

1:10,000 scale waps cherinﬁ Eheg'él

:uppér reservo:r area will be c0m*5i-

épleted by the niddle of February

1983. 'Por this work, 1:25,000 scéle
serial phOtbg}aphs*takéh in 1966 are
being used.
Number of modelst 110 models
Mappitg scalet 1:10,000
Mapping areat 300 km2

Contour interval: 10m.

T
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Table 6,1 : Location of Bench Marks

Tables

.?”—?g f

LONGITUDE

LATITUDE

ELEVAT [£1);

T,

.gp*iixlnneiﬁwlﬁﬂd*f: i

| f&sié91 ooi

f f453009 00 |

2 | <469146.00

i f465§81.00f ‘
f st 00 |

| ;462809 oof

i ?462610 00;

2 ;469138 001
’ f469355 001

503932.00

59393? 00

5039!1.00
soééu. 00

so&it.z 00

50&00; ;oo

.oF

iqﬁzoSg‘oo
149205100
49204900

102 1
7162‘31
102 31

102 31

;16§'$1' 49 131:

102 25

102 25

102 25 -

46,739
;gsém"

46.066

Tk 866

162:31“2’53 559:

7215530f
21,057

21.003

-~

- b #- " .#-\u_ o ‘bu,.. % e B "

14
14 -
14

11
T
"
uo

11.463|
1h.a19|

5,604 |

s s37|
12 037 ;
103s]
-31.053]
38,002
31.313 :

105 339
105 lii
98 436
96.174
154.15§¥
iia;ozé |

111,748

109.022

H b3
R

SN
)
-
(4




Tableés

UPPER TEKAL

LOGATION OF BORE-HOLE AND TEST-PIT = -

| ‘No_.‘.i Nj_ 7 g ..f: wr&crwnz | LATI‘{'UDE "__ii’t.é#kﬁbﬁz
: v | 452?19 oo | -'fsoe.oa.s 60 f‘mz 3} ";’\so 4157"_ z.u 159, f.s‘
Y ' as2191, oo fmogl 00 | 162 31':'_’51‘.'53;-2_ 411 100 i3
3 462869, 00 | ?504131.00- -:_102 31;'_'-1'53 199 e. 11 73, 69 5
W | 452914.00' fsouss.oo ‘102 31"":'-:53 975" A 99, §5 .;
51 463003.00 | so4204.00 :‘.102 31?‘55 366 |4 it 130, 13 |
up | se2rsi.00 | soazes.o0 | 102 3}-"""51.641' ah hdg | 7_5_.5_3 |
C 2 | a62774.00 | 504161200 - .102'33;;;?54;171 c.u :.;:’.fjs ”7‘653'1 |
3 | -462838.00 fsoalas 00 : 105_:{1=_‘-—§f$s.649. ;'zr-il 5.-233 - 74:55
4 | as2697.00 ?504013 00 i .10'21‘3{1#349 342 CRTIEET 1T B LIRS s
5 ‘462:96.0’0 504055.00 162_31' 6. 718 | & 11 _ 4929 '”:114._:02' ,_
6 | as233.00 | sos072.00 | 102731 ‘s1.287 | 4 11 6325 F5.07
7 462917.00 | 504106.00 | 102 3 52,386 | 4 11 79,051 -ssa_éi
s | as2088.00 | soa13a.00 | 10231 s3.291 | & m mdss | 13siss
9 462915.00 | 503841.00 | 102 31 43,791 | 4 11 8.973 | _1‘2;00
o | asre6s.00 | s06319.00 | 102 31 59,306 | 411 0920 | 92
0 | ae2res.on | 6426000 § 105 31 6.3 | 411 906 | 126500
12 462720.00 | 503820.00 | 102 31 &3.119 | &4 11 2,668 94‘,00
13 | 462730.00 | 503743.00 | 102 31 av.621 [ & 11 3260 | . 96.66
14 | 462735.00 | 503898,00 | 102 31 45.648 | 4 11 3.106 109,68
15 | as2res.c0 | s03973.00 | 102 31 arse2 | am a.254 $3.27
16 | as3046.00 | soa1ss.00 [ 10231 ss.030 |4 3239 | 2,82
12 | 46300700 | so3841.00 | 102 31 43982 | 411 mi9sz | 102,32
18 462901.00 | 503780.00 | 102 31 4&1.813 |4 11 8.516 | 7{.6?




‘fables

P

B

: "i;OHcIﬁJnB

LATITUDE

ELEVATION

6 ‘.r o -url. - Q_ (V.= oL ‘ u

107
1n
12
13

46288200
46334400
443453106
| aesio.o

46336060

46574600

46831.00

iéasti0

46269860

 465836.00

46355400

4637%8.00.

4€2711.00

| 4563914.00
k6288100

462984.00
46395500
46306260
46303100
46301660

462185.00
- 46h746.00
 a6588%.00
464807.00

563478100
533439300
'503103.00°
7 563313100

$03015.00
50486300
50480500

504770.00

504712100
50461600
564535.00
504335.00
564756.00
$04848.00
504744 .00
50483600
56472100
50484600
504756.00
50476406
$03139.00
$63083.00
56311460

162 31

102 32

102 31°
162 31
102 31 19829
16.97%
16,914
i5.062
13,920
12.652

102 31
102 32

102 32

102 32
8,931
6,261
16.039
13.283

102 32
102 32
102 3%
162 32
102 32 16.452
13,081
16.060
12,331
i6.380

102 32
103 32
102 32
102 32
102 32
102 32

13.268
11.777
51,029
19.214

102 31
102 31
102 31 26.343

102 31 18.854

3ose | 4

24?1852

4
4
4

4
4
4
4
4
4
4
4
4
&4
4
4
4
4
4
4
4
4
4

1 7.886
A1 19,615
G 261388

AT PR TR R YT

11 23.367

11 3,541

1 6,295
11 16,672
11 1.977
11 688

1 10.21

1Y 3,280
B 2.400
1 8.989
1 7.914
11 11.25%
il 16,313
11 13.789
11 12.779
11 12,290
1 4an
n 3.456
11 7.966
11 5.434

132.56
164,31
2387
12132
195.05
164.61
149.5%
127.79
135.47
77,35
107.i0
170.24
144 .65
141.83
134.70
112.56
120.54
93.05
101.86
105.61
87.08
84.18
113.93
84.82

$61572.00




Tables

. HO-_ '

Hooo

E

LATITUDE

ELEVATION |-

Q-14 -
15

16 .

17

462954.00
462893.00
463095 .00
46304600

5503639.06;
502846.00
1302977400
. 562913,00

o2 31 v
102 31 14764

102 31 15,789

102 31 ¥3.686

411 10,200

RIS RITS
410 18,738,

411 13,178

sl sz

1292
Clamn
140.36

— 10 —

st e e v o] A ] VIR
. b Lt

O
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" LOMER TEKAL

Tables

Koo | - N E LONG 1TUDE LATITUDE ELEVATION
Ll 469151.00 | 492049.00 | 102 25 21.003 | 4 14 31.475 | 109.42
2 '-466536.00' 492050.00 | 102 25 21.031 | 4 14 35,232 55.13
3| 469302.00 | 492051.00 | 102 25 s1.060 | 4 14 s6.393 | 72.60
& | 6937400 | 49205200 | 102 25 21,088 | & 14 38708 | 98.22
I0-1 | 469243.00 | 492117.00 | 102 35 23,206 | &4 16 34.462 55,28
2 | aeots2.o0 | as2048.00 | 102 25 20,97 |4 14 290237 | 126,09
3 | 46920{).60 492047.60 | 102 25 20,935 | 4 14  33.064 63.79
4 | 469276.00 | 492052.00 | 102 25 21.093 | 4 14 35.530 |  59.40
5 | 469337.00 | 492081.00 | 102 25 21,058 |4 16 3r.508 | 87.7
6 | assms.00 | s02053.00 | 102 25 21119 |4 14 40038 | 11840
7 | aeo310.00 | 492002.00 | 102 25 19.470 | 4 14 30.630 64,34
8 469311.00 | 491870.00 | 102 25 18.432 s 14 36,661 59.31
$ 469271.00 &9;1955.00 102 25 17.980 | 4 16 35.362 54.80
10 | 469342.00 491886.00 | 162 25 15.661 | 4 16 37.662 57,50
1 469349.00 592129.00 | 102 25 23,587 | & 14 37.901 78.95
12 | 469425,00 | 491946.00 | 102 25 17.583 | 4 14 s0.357 88.52
13 | 469412.00 | 491842.00 | 102 25 14.637 |4 14 33.9% 16.17
Lg-1 410038_.’06 491894.00 | 102 25 15,929 | 415 0.238 124 .69
2 &699_59.06, 491983.00 | 102 25 18.820 | 4 14 57.680 139.40
3 | a69983.00 | 491845.00 | 102 25 14.362 |4 14 s8.852 97,43
& 469885.00 | 491921.00 | 102 25 16.813 | & 14 55.277 107.72
5 46_9399.60 £92054.00 | 102 25 21,126 | 4 18 55,738 107.63
6 470012,00 | 492026,00 | 102 25 20.212 | & 14 $9.402 | 103.49

— 11 -
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