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ABSTRACT

This thesis presents the design concept for controlling water level in the dam via SCADA
system (Supervisory Control and Data Acquisition). The water level controlling graph is the
criteria to control the water level in the dam. Then, SCADA is used to report the data at the
measuring stations on the river to control room, especially the rainfall value that is the most
important value and it can make a big flood. In addition to the water level and the discharge at
measuring stations have to report to the control room to calculate the total of water and time of
water to come the to dam. After that, the control room has to calculate the total water and time to
drain the water out of the dam. Finally, the control room has to collect all of value, to be a

database and use the data to be a guided line to set the next year criteria.
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M3197 3.1 MsnuaalSunsutazuRnulaazaaiti 1ae7T Thiessen Network [2)

Station Thiessen (kmz) Precipitation (mm) Product (km2 mm)
A 72 3.50 252
B 34 4.46 152
C 76 4.28 325
D 40 5.90 236
E 76 6.34 482
F 92 5.62 517
G 46 5.20 239
H 40 526 211
I 86 3.86 332
J 6 3.30 20

Total 568 47.72 2766
2766

Average precipitation = 779 = 4.87 mm.
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C(P,Q) AH(P) +D(P,Q) AH(Q) +E(P,Q) AQ(P) +F(P,Q) AQQ) +K(P,Q)=0 (13)

c'(P,Q) AH(P) + D'(P,Q) AH(Q)+E(P,Q) AQ(®P)+
F(P,Q) AQQ) +K(P,Q) =0 (14)

1AFUASH (13) [3] wazaumsn (14) [3] aansamsdnlse@nt C, D, E, F K, C, D,
E. ¥ uay K veeaums Idaaunsh (15) [31(16) [31 (17) [31 (18) [3] (19) [3] (20) [3] (21) [3]
wag (22) [3] ae'luit

TP+ T
@ = DN {_(_l_@_)} ey

(15)
2
E(P,Q = -F(P,Q) = -2-At (16)
KP,Q = 2Atx[QQ -QP)] (17)
o
CPQ = -g-At{A®P) +AQ)} (18)

D'(P,Q) = g-At{A®P)+AQ)} (19)



s A Q@ 2" Ax- A’ -fow + a0}

4/3

{am + AQ} - {a® + AQ}- Ry + RQ}

|{Q(P) + Q(Q)}i 4 At- {A(Q) — A(P)}- {Q(P) + Q(Q)} (20)

2

Q@) + QQ {r® + AQ}

EFPQ = Ax-—

8- At-QQ + 2P Ax-Atn® - {Q(P) + Q(Q)} y
e +a@} faw + a0} o)+ r)”

FPQ) = Ax—

[{Q(P) + Q(Q)}l 4 At - {A(Q) - A(P)}- {Q(P) + Q(Q)}
Q) + QQ) {r® + 2@

(21)

2 2
oo LA (0@ ) = (e ) | St N I

A®) + AQ }

2 g+ Ax - At n” - fo®) + Q)

2
X
43

{a® + 4@} k@ + rQ}

(@ = HE) } +

lo®) + 0@ 2- A {a@ — a®)} - fo®) + 0@}
Q®) + QM {a® + 2@}

(22)

mdulszdni C(2,Q) D(R,Q) E(?,Q) F(,Q) K(,Q) iag C'(P,Q) D'(P,Q) E(P,Q) D'(P,Q)
E'(P,Q) F(P,Q) K'(P,Q) vv1aun1s (13) [3] ez (14) [3] Futlusmfinswandusy Ax, At n,

& 1 i 0 g
g Q, H, A, t Jamangi ldeansomldninmsdnuninou

P! - 2 - ' v

Falumsuaunsii (13) [31 uaz (14) [3] WuawsoRvzad uMuRBLIUYAATISIA
1 9 ' : A o ° 9 o & & Y L]
anqduiimiegangafmualiifiugausnlumsasieia (Upstream) sunseiadeaineso

by 4 a . . @ o 4 o
11 (Downstream) 492459021 Boundary Condition mu’dm‘lugﬂﬂ 3.6 BIun1IN (13) [3]

uaz (14) 3] WluaumsiidouTavldgada PQQP

29
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Pl M |[Q
fa
p[ M [Q
dx

> x

7111 3.6 uananrsefilFlumsudaums [9]

wnglii 3.6 uamamsieildlumsutaumsTaouaasdunuszezne ) uaz B ©
Tastmualfudazyaidaduveaisluniunusseemaumuszoen sz ninaoiingg
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¥
U
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Tumsiiueraumsd (13) [3] wazaumsd (14) 3] wiFumsdimaiuzimswougl
' { o ar § 1 A [ LY :’
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¥
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ﬁ Boundary Condition Boundary Condition

-

(H and t are given) (H and t are given)

R U W X
¢dtGPQRUWX

>

X

ﬂ' o ’ 4 v :’ s o LY
31]7] 3.7 g'ﬂuﬁmtqﬂﬂﬂs::'n'mizUz‘nNuaznaﬂuﬂsmuumnanumxti‘lumumq

1ngil#t 3.7 figada GP,P,G Fsadouauns laasaunsf (23) [3] uasaunsh (24)

(3]

C(G,P) AH(G) + D(G,P) AH(P) +E(G,P) AQ(G) +
F(G,P) AQ(P) + K(G,P) i 0 (23)

C'(G,P) AH(G) + D'(G,P) AH(P) + E(G,P) AQ(G) +
F(G,P) AQ(P) +K(G,P) = 0 (24)

unus AHG) Tugumsd (23) [3] uas (24) [3) naz 1
JG,P) =K(G}P)+C(G,P) AH(G)
J(G,P) =K'(G,P)+C(G,P) AH(G)

unusm J uag ¥ asluaunisi 23) [3] uag (24) [3] wazlouaums IMuatauniIsh (25)

[3] uazaunsdi (26) [3]

|
(=4

D(G,P) AH(P) +E(G,P) AQ(G) +F(G,P) AQ(P) +J(G,P)
D'(G,P) AH(P) + E(G,P) AQ(G) +F(G,P) AQ(P) +J(GP) =

(25)

|
o

(26)
wazamnsama AQ(P) Wadaumsi (27) [3]

AQ(®) = y(G,P)x AH(P) + F(G,P) (27)
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Taodi
y = (DE-DE)/(FE-FB)|
B = (JJE - JE/) / (FEI -FE) l 6

93U 3.7 ﬁqwﬁﬂ P,Q,Q.F aunsadouladaunish (28) [3] uazaumsi (29) [3]

C(P,Q) AH(P) + D(P,Q) AH(Q) +E(P,Q) AQ(P) +
F(P,Q) AQ(Q) +K(P,Q) = 0 (28)

C'(P,Q) AH(P) + D'(P,Q) AH(Q) +E(P,Q) AQ(P)+
F(P,Q) AQ(Q +K(P,Q) = 0 (29)

unum AQ(P) wInaumsh (27) [3] asluaunis (28) [3] wazaumsh (29) [3] uazii

msaagiliaudls AHP) wazimsmm AQQ) Tuzlves AHQ) Faaunsh (30) [3]
AQQ = 8(P,QxAHQ + @(P,Q) (30)

Taii
A(P,Q) = [DC+Ey)~IDC +EM/IFC +Ep)]-[FC+Ep)]
@ (P,Q) = [(K'+E B)~(C+E)-(K+EBXNC +E M/ [FC +Ey)-F(C+Ey)]

Taoh £ = B(GP)
Tushueaufeafuaunsomm AQR) 11ngada QR.R,Q ddsaumsi (31) [3)

AQ(R) = #(QP)x AHR) + @#(QR) (31)

1 o 1 o = o d" o 2 Y L 4 o
pagamnsovial AQ mnqammm"lé"luanymxmvaﬂuuwnszmmqmﬂqﬂmv‘n

Boundary Condition W,X,XI,WI 1ddsarunis ‘ﬁ (32) [3]
AQX) = (W, X)x AHX) + @ (W,X) (32)

PNt (32) [31 AHX) Slusiuduiitvuaerl3feunse (Boundary Condition)
Sutudleunuat AHGO asluaumsudennsanim AQX) WWendumsii 32) (31 181ae
AT

mn’cmmsﬁ (28) [3] uazﬂumsﬁ 29) (3] mmmﬁ%zaﬂgﬂ AQ(P) 1@ Taminen E’(P,Q)

wae -E,Q) gandh i Iuaumsaudy Foilfaunsame AHE) lddeaumsi 33) [3]
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AH(P) = L(P,Q) AH(Q) +M(P,Q) AQ(Q) +N(P,Q (33)

Tay
LP,Q) = (DE-DE)/(CE -CE) g
M(P,Q) = (FE-FE)/(CE-CE)|4q
N(P,Q) = (KE-KE)/(CE -CE)| 40

} 4 [} ) ' ' .
gatudlelde AHE) fmwsofivemm AQE Tlasunusmasluaunsi 27) [3]
Tumsmia AQG) awsaridlasmsuian AH uaza1 AQ ¥ennyada laghmsnim
o 1o Y $ 2 g @ o & 1
Sndnrudgadagameluiiiie wxxW  Seaunsunsyisdeyadansndaludiinde

& -
GPP'G’ Feeunsov ldinaunisdi (34) [3]

AQ(G) = a AH(P) + FAQP)+ V (34)
Tavh

a = (CD - C'D)/(CE - CE)

g = (CF-CF)/(CE -CE)

y = (CK'- C'K) / (CE - CE)

o =) o ' = :‘ 9 o Ay a :’
Tt uesdsatiuannsemanTinanii (Q Mdlasnstmuasusuauvesfinaniuias
o ° o R ' o 3 L I ) o
nmssuna Taslds@uduuanlfousinmszauii @) dlumysmenii (Q
v L 4 v
91nd Idnadndumnsoimnapidlutuseumsdnauneuivinemdnmiag

aanuimseenuuy Tlsunsylunsdman Taskhmstmuan AHG) Nanlas nAt

1 4
<3

¥ Y 1 4
Tunssnamaseautimseysunanhamnsai 18 Tasvauduasuaisg 14d

1 fmsmsszsui @) wdeuTaani @ sedmualiilusisudulavenezn
mnms‘?ﬁmszﬁuﬁym?aﬂ?mmfﬁaa1ﬁm'm":”ﬂ¢hqqw%‘amwzmmnmiﬁm'zmn'em«ﬁﬁ
fane uazﬁumﬂ"nﬁ'lﬁmnmsf"mngﬁﬂszmmm'cjn‘lfwiwq Weldlumssuaamen
§uisedAni ¢, D,E,F,Kuaz €, D, E, F, K’ Seaumsh (15) [3] §a aunsfi 22) 3] dmy
unquﬁﬂ"v’i%zmmsﬁmm

2. Fmsfmuas AH(G) uaz AH(X) & $33a11e9 A1) ot muaiiy Boundary
Condition #19lumssman Taefivua Boundary Condition YuvzhimsAmuan AH vie
AQ alaAmiainiudsdmndmuas AH Rardpahimshmuaraduaaniaseia

A v = ad A
ISyauasnaoIuNvo U
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3. dmsimumm y weg g FufhumdusyinFvesaunsii 27) 3] uag @ uae
» FufumdulszanFvesaunsii 3o) (3] wazaumsi 1) [3] dinsunnagaan

4. MMsfIUmAI L, M, N Fushumdnlssansvesannisii 33) (3] dmsunnaga
Ain

5. 910 Boundary Condition ﬁi}ﬂﬁ'ﬂﬁ X ‘?Qﬂ"lﬂ‘liﬂﬁwﬂ'ﬁh AQ(X) ‘Il’lﬂﬁllﬂ’li“?i (32)
i3] Taelda Boundary Condition A H(X)

6. fulam AHW) Tasldqumsiimileusuaunms® (33) 3] uaza1 L, M, N 9114
dmssnnai3toundy denniuiiiinsma aqw) TavlFaumsimileusuaunisi
(32) 31 Taold AEW) Asnoaldreunthil

7. fmsfmdde s uasde . ﬁ1n‘qﬂﬁ'ﬂ‘ﬂ'\iQﬂﬁﬂ(éauaqmwﬂsxﬁ'ﬂﬁwﬂﬁ'ﬂ
GPP.G lavfi AQG) annsomldnnaunisii (23) [3] uazaumsi 25) [3] Tnol9ai
nswadiNfe AHP), AQEP), AH(G) Tumsiuan uazlumsmuiuman AQ(G) i
annsomigTneldaumsi ¢4) 31 Tushusudsafiudmindfr Boundary Condition s
Bneni Q) A85satuilumsdnny udnGouennsmer A AQ

8. fuIne Q uaz H e t + At Taomisuans AH u3e AQ fisua1dfue B
3o Q Aynagaiildlumsimaniazm H u3e Q seningadaudazyaamnsodnnuld
Tao1958ms Mterpolation Wmsdnalda Q uaz H At iduninde 8. dusisudulu

¥
msfuae 1 1damdsans Tasvidde 1.

3.3 Aanuaugadvesiil (Water Balance)

[] Y i b 4
Water Balance u3sminiflumsasinasulsasiidinlugumimiessuuma

s 3 9 1

o ¥ . i 4 v
wua TasdSuasihidhuisedeumnulSasimesnnnseuy Tasdwmnidsuanim
3/ u’/’ d s : J =3 :’ Y [ = : d' =y :’ Py
W luszuuinuanfonin ldondsunanidy sdeavnulsnanimszime Ysuranim

1 4
M umsinuasnssu gadmassy w3elsh aaq iWudu ludneiinusaduiiesldndanms
t 4 ] 9 ' b
4899 Water Balance Jumsasiogeumimdsuianim nadharfuimiewounazlsuani
o A y e [y y A P A
fiweutasntieennieduMoon laoa1s 1 3.2 uaAd Water Balance TQ9SUTAAINTS
P=1 { ~ :, a 9 o :’ A A o o :‘ P ot ] s
alSvudvumSinanii vaidiswnmimsedsunuilsnenihigyde luaeqwums gy
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131991 3.2 LEAI Water Balance [8)

. | Pswanirlu ’ y Yty
Jun | . i lnadh wlwaeen | msseme | 4, 2

weudegliu Wouugelin
1/11/00 685.4 31.13 23.76 0.465 692.54
2/11/00 692.54 33.85 25.10 0.467 700.82
3/11/00 700.82 33.95 25.20 0.469 709.10
4/11/00 709.10 36.84 2532 0.471 720.14
5/11/00 720.14 36.14 21.86 0.474 733.94
6/11/00 733.94 32.56 22.43 0.477 743.60
7/11/00 743.60 31.83 23.07 0.480 751.88
8/11/00 751.88 32.57 22.43 0.482 761.54
9/11/00 761.54 28.33 2233 0.484 767.06
10/11/00 | 767.06 2823/ 21.00 0.486 778.10
1171100 | 778.10 36.44 18.65 0.489 795.50
12/11/00 | 795.50 32.39 19.64 0.501 807.75
13/11/00 | 807.75 25.92 23.65 0.513 809.50
14/11/00 | 809.50 3191 26.15 0.515 814.75
1511/00 | 814.75 24.12 25.35 0.520 813.00
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MHz 8) \Y% w X Y Z

50 57.051588 -6.3568269 | 0.42801541 | -0.013944412 | 0.0002149674 | 0.0000012496989

150 43.65533 -4.48901 0.31428088 | -0.010714076 | 0.0001766758 | 0.0000011223596

450 39.139309 -4.398768 0.34628006 | -0.01272436 | 0.0002212879 | 0.0000014645631

960 38.326075 -6.2153436 | 0.70612217 | -0.036744558 | 0.0008883177 | 0.0000080237743
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18/10/00 8.00 190.43 14.60 151.45 3.90 105.61 22.40
18/10/00 9.00 190.42 14.60 151.44 3.10 105.59 21.20
18/10/00 10.00 190.42 14.40 151.44 3.10 105.60 21.80
18/10/00 11.00 190.44 14.70 151.44 3.10 105.63 23.60
18/10/00 12.00 190.44 14.70 151.44 3.10 105.65 24.80
18/10/00 13.00 190.45 14.80 151.44 3.10 105.67 26.00
18/10/00 14.00 190.44 14,70 151.45 3.90 105.68 26.60
18/10/00 15.00 190.43 14.60 151.44 3.10 105.70 27.70
18/10/00 16.00 190.43 14.60 151.44 3.10 105.75 30.40
18/10/00 17.00 190.42 14.40 151.46 4.70 105.77 31.50
18/10/00 18.00 190.43 14.60 151.44 3.10 105.78 32.10
18/10/00 19.00 190.43 14.60 151.45 3.90 105.81 33.70
18/10/00 20.00 190.43 14.60 151.45 3.90 105.83 34.80
18/;0/00 21.00 190.41 14.30 151.46 4,70 105.85 3590
18/10/00 22.00 190.44 14.70 151.48 6.20 105.86 36.50
18/10/00 23.00 190.43 14.60 151.48 6.20 105.85 35.90
19/10/00 00.00 190.44 14.70 151.48 6.20 105.82 3430
19/10/00 01.00 190.43 14.60 151.47 5.40 105.85 35.90
19/10/00 02.00 190.43 14.60 151.47 5.40 105.86 36.50
19/10/00 03.00 190.43 14.60 151.47 5.40 105.84 35.40
19/10/00 04.00 190.44 14.70 151.48 6.20 105.84 35.40
19/10/00 05.00 190.42 14.40 151.48 6.20 105.82 34.30
19/10/00 06.00 190.42 14.40 151.47 5.40 105.82 34.30
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FTUTNNITUINAD AT IAmnani1 (ny.)

o014 M4 A0 MS w01l M6
Suil m 147.85 259.32 332.11
sednhmanfinoni sednhuacysnent sediuazfnanh
seduh YSwani szfni Ysnani szfnh WSinani

18/10/00 7.00 84.68 92.50 61.67 173.50 45.10 209.10
18/10/00 8.00 '84.67 92.10 61.67 173.50 45.11 209.70
18/10/00 9.00 84.65 91.40 61.66 173.00 45.12 210.20
18/10/00 10.00 84.63 90.60 61.66 173.00 45.12 210.20
18/10/00 11.00 84.63 90.60 61.65 172.50 45.13 210.70
18/10/00 12.00 84.60 89.50 61.64 172.00 45.12 210.20
18/10/00 13.00 84.58 88.80 61.63 171.50 45.12 210.20
18/10/00 14.00 84.55 87.60 61.63 171.50 45.13 210.70
18/10/00 15.00 84.54 87.30 61.62 171.00 45.12 210.20
18/10/00 16.00 84.62 86.50 61.60 170.00 45.12 210.20
18/10/00 17.00 84.61 86.10 61.60 170.00 45.12 210.20
18/10/00 18.00 84.49 85.40 61.59 169.50 45.10 209.10
18/10/00 19.00 84.48 85.10 61.58 169.00 45.12 210.20
18/10/00 20.00 84.47 84.80 61.57 168.50 45.12 210.20
18/10/00 21.00 84.45 84.20 61.56 168.00 45.13 210.70
18/10/00 22.00 84.43 83.50 61.56 168.00 45.13 210.70
18/10/00 23.00 84.42 83.20 61.55 167.50 45.15 211.70
19/10/00 00.00 84.39 82.30 61.54 167.00 45.15 211.70
19/10/00 01.00 84.38 82.00 61.53 166.50 45.15 211.70
19/10/00 02.00 84.36 81.30 61.52 166.00 45.16 212.20
19/10/00 03.00 84.34 80.70 61.52 166.00 45.17 212.70
19/10/00 04.00 84.33 80.40 61.51 165.50 45.17 212.70
19/10/00 05.00 84.31 79.80 61.50 165.00 45.18 213.20
19/10/00 06.00 84.29 79.10 61.50 165.00 45.20 21430
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seuEnNssHINaniins e dasudnii (o)

#0131 DAM
Suii 1 4332

sedniuastinanh

seduIh WEmani
18/10/00 7.00 41.48 869.00
18/10/00 8.00 41.48 869.00
18/10/00 9.00 41.48 869.00
18/10/00 10.00 41.48 869.00
18/10/00 11.00 41.48 869.00
18/10/00 12.00 41.48 869.00
18/10/00 13.00 41.48 869.00
18/10/00 14.00 41.48 869.00
18/10/00 15.00 41.48 869.00
18/10/00 16.00 41.48 869.00
18/10/00 17.00 41.48 869.00
18/10/00 18.00 41.48 869.00
18/10/00 19.00 41.48 869.00
18/10/00 20.00 41.48 869.00
18/10/00 21.00 41.48 869.00
18/10/00 22.00 41.48 869.00
18/10/00 23.00 41.48 869.00
19/10/00 00.00 41.48 869.00
19/10/00 01.00 41.48 869.00
19/10/00 02.00 41.48 869.00
19/10/00 03.00 41.48 869.00
19/10/00 04.00 41.48 869.00
19/10/00 05.00 41.48 869.00
19/10/00 06.00 41.48 869.00
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a0t M1 407 M2 o019 M3
Suft a7 0.000 30.090 69.67
szamiuesSanh seaniuasBnani sednimazSinanih
sedi WSneni seah Wi sednh Wi

19/10/00 7.00 190.45 14.80 151.48 6.20 105.81 33.70
19/10/00 8.00 190.42 14.40 151.48 6.20 105.82 34.30
19/10/00 9.00 190.42 14.40 151.48 6.20 105.83 34.80
19/10/00 10.00 190.42 14.40 151.47 5.40 105.83 34.80
19/10/00 11.00 190.41 14.30 151.45 3.90 105.85 35.90
19/10/00 12.00 190.40 14.20 151.45 3.90 105.87 37.00
19/10/00 13.00 190.42 14.40 151.44 3.10 105.89 37.50
19/10/00 14.00 190.43 14.60 151.44 3.10 105.91 38.00
19/10/00 15.00 190.41 14.30 151.44 3.10 105.92 38.30
19/10/00 16.00 190.40 14.20 151.45 3.90 105.92 38.30
19/10/00 17.00 190.40 14.20 151.43 2.30 105.90 37.80
19/10/00 18.00 190.39 14.10 151.43 2.30 105.88 37.30
19/10/00 19.00 190.42 14.40 151.46 4.70 105.89 37.50
19/i0/00 20.00 190.40 14.20 151.46 4.70 105.96 39.30
19/10/00 21.00 190.40 14.20 151.46 4.70 105.99 40.00
19/10/00 22.00 190.42 14.40 151.48 6.20 106.02 40.80
19/10/00 23.00 190.39 14.10 151.48 6.20 106.04 41.30
20/10/00 00.00 190.39 14.10 151.49 7.00 106.04 41.30
20/10/00 01.00 190.39 14.10 151.50 7.80 106.07 42.00
20/10/00 02.00 190.40 14.20 151.51 8.50 106.10 4270
20/10/00 03.00 190.40 14.20 151.53 10.10 106.12 43.20
20/10/00 04.00 190.41 14.30 151.54 10.80 106.13 43.40
20/10/00 05.00 190.41 14.30 151.52 9.30 106.13 43.40
20/10/00 06.00 190.40 14.20 151.53 10.10 106.13 43.40
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srosnNITHINgoiinsvTasmwdni (nu)

amil M4 aoil M5 a01ii M6
Suft nm 147.85 259.32 332.11
sduiuazinani sedniuazlSnani sedhuazlSinanh
sednin Wineni sedwmh Y3 sedmh WSinoni

19/10/00 7.00 84.28 78.80 61.49 164.50 4520 21430
19/10/00 8.00 84.26 78.20 61.48 164.00 45.22 21530
19/10/00 9.00 84.24 77.60 61.46 163.00 45.20 214.30
19/10/00 10.00 84.23 77.20 61.45 162.50 4521 214.80
19/10/00 11.00 84.20 76.30 61.43 161.50 4521 214.80
19/10/00 12.00 84.17 75.40 61.41 160.50 45.20 214.30
19/10/00 13.00 84.16 75.00 61.40 160.00 4522 215.30
19/10/00 14.00 84.14 74.40 6137 158.50 45.19 213.80
19/10/00 15.00 84.12 73.80 6137 158.50 45.18 213.20
19/10/00 16.00 84.10 73.20 6136 158.00 45.17 212.70
19/10/00 17.00 84.08 72.50 6134 157.00 45.17 212.70
19/10/00 18.00 84.08 72.50 6133 156.50 45.17 212.70
19/10/00 19.00 84.06 71.90 61.32 156.00 45.18 213.20
19/10/00 20.00 84.04 71.30 61.30 155.00 45.18 213.20
19/10/00 21.00 84.02 70.60 61.29 154.50 45.19 213.80
19/10/00 22.00 84.00 70.00 6127 153.50 45.18 213.20
19/10/00 23.00 83.99 69.70 61.26 153.00 45.20 214.30
20/10/00 00.00 83.97 69.20 61.24 152.00 4522 215.30
20/10/00 01.00 83.95 68.70 61.22 151.00 4522 21530
20/10/00 02.00 83.94 68.40 61.21 150.50 4523 215.80
20/10/00 03.00 83.92 67.80 61.19 149.70 4525 216.80
20/10/00 04.00 83.91 67.60 61.17 149.10 4527 217.90
20/10/00 05.00 83.89 67.00 61.15 148.50 45.27 217.90
20/10/00 06.00 83.87 66.50 61.14 148.20 4527 217.90
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FTOSNNISHINADIUATIVIAMNENT (D)

a0t DAM
Suit nm 433.2

sedmiuasfinanh

seduni Yinash
19/10/00 7.00 41.48 869.00
19/10/00 8.00 4148 869.00
19/10/00 9.00 41.48 869.00
19/10/00 10.00 41.48 869.00
19/10/00 11.00 41.48 869.00
19/10/00 12.00 4148 869.00
19/10/00 13.00 41.48 869.00
19/10/00 14.00 4148 869.00
19/10/00 15.00 4148 869.00
19/10/00 16.00 4148 869.00
19/10/00 17.00 4148 869.00
19/10/00 18.00 41.48 869.00
19/10/00 19.00 41.48 869.00
19/10/00 20.00 41.48 869.00
19/10/00 21.00 41.48 869.00
19/10/00 22.00 4148 869.00
19/10/00 23.00 41.48 869.00
20/10/00 00.00 41.48 869.00
20/10/00 01.00 4148 869.00
20/10/00 02.00 4148 869.00
20/10/00 03.00 41.48 869.00
20/10/00 04.00 4148 869.00
20/10/00 05.00 4148 869.00
20/10/00 06.00 41.48 869.00
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HANISAINIAMTABATTENINADI M1 D9 a5 M2

Freq. Band 139.00MHz
Tx.Site Ml Tower HT. 50m Site Ele. 160m EFF.AntHT
Rx. Site M2 Tower HT. 20m Site Ele. 130m EFF.AntHT
Distance Between Point 20.6Km
Comments System Gains
25Watts VHF Transmitter Power (dBw)
9dBd YAGI Transmitter Antenna Gains (dBd)
0.3uV Receiver Sensitivity (dBw)
9dBd Omni Direction Receiver Antenna Gains (dBd)
Total System Gains (dBd)
Comments System Losses
Plane Earth Loss + Shadow Loss Path Losses (dB)
Shadow Loss (dB)
Heavily Wood Environment Line Loss (dB)
70m 1/2 LDF Transmission Line Loss(dB)
40m 1/2 LDF Receiver Line Loss (dB)
Tx. RF Isolation EQPT Loss (dB)
Rx. RF Isolation EQPT Loss (dB)
2 Coupling And Alignment Loss (dB)

Total System Losses (dBd)
Fade Margin = System Gains - System Losses

Area Reliability

dB = Decibel
dBw = Decibel Watt
dBd =

Decibel with reference to a dipole antenna

210m

150m

13.98

-147.45

17743

78.91

1.98
1.13

98.02
81.41
100%



HANSAUIUMIADTITIZHINTNE] M2 D4 a1t M3

Freq. Band 139.00MHz
Tx. Site M2 Tower HT. 20m Site Ele. 130m EFF.AntHT
Rx. Site M3 Tower HT. 40m Site Ele. 120m EFF.AntHT
Distance Between Point 18.98Km
Comments System Gains
25Watts VHF Transmitter Power (dBw)
9dBd YAGI Transmitter Antenna Gains (dBd)
0.3uV Receiver Sensitivity (dBw)
9dBd Omni Direction Receiver Antenna Gains (dBd)
Total System Gains (dBd)
Comments System Losses
Plane Earth Loss + Shadow Loss Path Losses (dB)
N/A Shadow Loss (dB)
Heavily Wood Environment Line Loss (dB)
40m 1/2 LDF Transmission Line Loss(dB)
60m 1/2 LDF Receiver Line Loss (dB)
Tx. RF Isolation EQPT Loss (dB)
Rx. RF Isolation EQPT Loss (dB)
2 . Coupling And Alignment Loss (dB)

Total System Losses (dBd)

Fade Margin = System Gains - System Losses

Area Reliability

dB = Decibel
dBw = Decibel Watt
dBd = Decibel with reference to a dipole antenna

90

150m

160m

13.98

-147.45

177.43

79.25

1.13
1.70

89.05
90.38
100%



wamIMUIUMIABMITENINanl M3 89 a0t M4

Freq. Band 139.00MHz
Tx. Site M3 Tower HT. 40m Site Ele. 120m EFF.AntHT
Rx. Site M4 Tower HT. 50m Site Ele. Om EFF.AntHT
Distance Between Point 71.5Km
Comments System Gains
25Watts VHF Transmitter Power (dBw)
9dBd Omni Direction Transmitter Antenna Gains (dBd)
0.3uV Receiver Sensitivity (dBw)
9dBd Omni Direction Receiver Antenna Gains (dBd)
Total System Gains (dBd)
Comments System Losses
Plane Earth Loss + Shadow Loss Path Losses (dB)
N/A Shadow Loss (dB)
Heavily Wood : Environment Line Loss (dB)
60m 1/2 LDF Transmission Line Loss(dB)
70m 1/2 LDF Receiver Line Loss (dB)
Tx. RF Isolation EQPT Loss (dB)
Rx. RF Isolation EQPT Loss (dB)
2 Coupling And Alignment Loss (dB)

Total System Losses (dBd)

Fade Margin = System Gains - System Losses

Area Reliability

dB = Decibel
dBw = Decibel Watt
dBd = Decibel with reference to a dipole antenna

91

160m

50m

13.98

-147.45

179.43

111.83

1.70
1.98

122.51
56.92
100%



HAMSATUIUMIABAITIEHINADI M4 D9 aonii M5

Freq. Band 139.00MHz
Tx.Site M4 Tower HT. 50m Site Ele. Om EFF.Ant.HT
Rx. Site MS Tower HT. 20m Site Ele. Om EFF.AntHT
Distance Between Point 47Km
Comments System Gains
25Watts VHF Transmitter Power (dBw)
6dBd Omni Direction Transmitter Antenna Gains (dBd)
0.3uV Receiver Sensitivity (dBw)
9dBd Omni Direction Receiver Antenna Gains (dBd)
Total System Gains (dBd)
Comments System Losses
, Plane Earth Loss + Shadow Loss Path Losses (dB)
N/A Shadow Loss (dB)
Heavily Wood Environment Line Loss (dB)
70m 1/2 LDF Transmission Line Loss(dB)
40m 1/2 LDF Receiver Line Loss (dB)
Tx. RF Isolation EQPT Loss (dB)
Rx. RF Isolation EQPT Loss (dB)
2 Coupling And Alignment Loss (dB)

Total System Losses (dBd)

Fade Margin = System Gains - System Losses

Area Reliability

dB = Decibel
dBw = Decibel Watt
dBd = Decibel with reference to a dipole antenna
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50m

20m

13.98

-147.45

176.43

122.60

1.98
1.13

132.71
43.72
100%
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Freq. Band 139.00MHz
Tx.Site M5 Tower HT. 20m Site Ele. Om EFF.AntHT
Rx. Site M6 Tower HT. 75m Site Ele. Om EFF.AntHT
Distance Between Point 31Km
Comments System Gains
25Watts VHF Transmitter Power (dBw)
6dBd Omni Direction Transmitter Antenna Gains (dBd)
0.3uV Receiver Sensitivity (dBw)
9dBd Omni Direction Receiver Antenna Gains (dBd)
Total System Gains (dBd)
Comments System Losses
Plane Earth Loss + Shadow Loss Path Losses (dB)
N/A Shadow Loss (dB)
Heavily Wood Environment Line Loss (dB)
40m 1/2 LDF Transmission Line Loss(dB)
95m 12 LDF Receiver Line Loss (dB)
Tx. RF Isolation EQPT Loss (dB)
Rx. RF Isolation EQPT Loss (dB)
2 Coupling And Alignment Loss (dB)

Total System Losses (dBd)

Fade Margin = System Gians - System Losses

Area Reliability

dB = Decibel
dBw = Decibel Watt
dBd = Decibel with reference to a dipole antenna
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20m

75m

13.98

-147.45

174.43

111.85

1.13
2.69

122.67
53.76
100%
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Freq. Band 139.00MHz
Tx.Site M6 Tower HT. 75m Site Ele. Om EFF.AntHT
Rx. Site DAM Tower HT. 75m Site Ele. Om EFF.AntHT
Distance Between Point 56Km
Comments System Gains
25Watts VHF Transmitter Power (dBw)
9dBd Omni Direction Transmitter Antenna Gains (dBd)
0.3uV Receiver Sensitivity (dBw)
9dBd Omni Direction Receiver Antenna Gains (dBd)
Total System Gains (dBd)
Comments System Losses
Plane Earth Loss + Shadow Loss Path Losses(dB)
N/A Shadow Loss(dB)
Heavily Wood Environment Line Loss(dB)
95m 1/2 LDF Transmission Line Loss(dB)
95m 1/2 LDF Receiver Line Loss(dB)
Tx. RF Isolation EQPT Loss(dB)
Rx. RF Isolation EQPT Loss(dB)
2 Coupling And Alignment Loss(dB)

Total System Losses (dBd)
Fade Margin = System Gains - System Losses

Area Reliability

dB = Decibel
dBw = Decibel Watt
dBd = Decibel with reference to a dipole antenna

%4

75m

75m

13.98

-147.45

177.43

110.65

2.69
2.69

123.03
56.4
100%
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ASNATOUN Control Center

A A dqw
nTsiionly

1.
2. Sprectrum Analyzer Model HP8592B Serial Number 3034A00752 1a5ums

Thruline Wattmeter Model 43

Calibrate 13/o YU 7 10U 2542

Serial Number 239824

HAnN1INAaoU
M v’uf"l T10azidn Required Measurement Pass | Not
Pass
1. | Grounding test Peunn 1 0 T T T r T e
2. | Forward Power 25 Watts 22 Watts /
3. | Reflected Power Younil 1 Watt 0.2 Watt /
4. | vSWR* Weund 1.5 1.21 /
S. | Signal Strength WINNI1-50.22 dB** -57.3dB /
6. | Fade Margin*** 1INNI1 30 dB 90.15 dB /

wnews 191 Sensitivity veaszuuiiu ~147.45 dB

syswR = L Yaof T = reflected  power
1-T forward  power
+» Joyadefi 5 1ums1 (71 Signal Strength)
- aofideie M7
- goniifufe Contro] Room
&M 3uA required TRINIAMSAUIUNINGYY
*x% Fade Margin = Signal strength (dB) — Sensitivity (dB)

ao1i1 lufinsnaaey grounding test
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ASNATBUTLUVADA15VB52 UL SCADA

13 NAEOUT Control Center

A A Agy
insoaiieh 1y
1. Thruline Wattmeter Model 43 Serial Number 239824
2. Sprectrum Analyzer Model HP8592B Serial Number 3034A00752 1@31un13

Calibrate 13/o YU 7 19U 2542

HANTNATDU
&t | waziden Required Measurement Pass | Not
Pass
1. | Grounding test o1 Q) Aok Aok R AR hk
2. | Forward Power 25 Watts 22 Watts /
3. | Reflected Power Youndn 1 Watt 0.2 Watt /
4. | vswr* "ound 1.5 121 /
5. | Signal Strength 1INNT1-50.22 dB** -57.3dB /
6. | Fade Margin*** 11N71 30 dB 90.15 dB /

vanemn 1960 Sensitivity voaszuvidu ~147.45 dB

+I

* VSR = i_l“ Tt LI \/reﬂea‘ed power

forward  power

++§oyadef 5 lums1s (71 Signal Strength )
- amiidefie M8
- goii5ufie Control Room
dMTVA1 required TA9INMIMIUIBNIINGYT
*** Fade Margin = Signal strength (dB) — Sensitivity (dB)

aoil llinsnageu grounding test
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mmﬁﬁamzuuﬁamwmszvu SCADA

113 ‘/lﬂﬁﬂﬁﬁ Control Center

1. Thruline Wattmeter Model 43 Serial Number 239824
2. Sprectrum Analyzer Model HP8592B Serial Number 3034A00752 lasuns

Calibrate (oYU 7 wy1oy 2542

HanN1sNAToU
ﬁm"u-?i Twazidua Required Measurement - Pass | Not
Pass
1. | Grounding test doonii1 QQ e s TE I T *hek
2. | Forward Power 25 Watts 22 Watts /
3. | Reflected Power Tiouni11 Watt 0.2 Watt I
4. | VSWR* Heunin 1.5 121 /
5. | Signal Strength UINNTT =50.22 dB** -79.23 dB /
6. | Fade Margin*** WINN1 30 dB 68.22 dB /

vaneve 1961 Sensitivity voaszuuiihu ~147.45 dB

*VSWR=% v r=\/

reflected  power
forward  power

»+ §ayadefi 5 Tums19 (71 Sigoal Strength)
- goildafio M6
- gendisune Control Room
15U required TAWI9INMTAMUIUNIINGYY
*** Fade Margin = Signal strength.(dB) — Sensitivity (dB)

a019l lTin1smageD grounding test
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Msnadounh M2

]
A A

A
IATDIUBN

1.

2. Sprectrum Analyzer Model HP8592B Serial Number 3034A00752 185ums

1%

Thruline Wattmeter Model 43 Serial Number 239824

Calibrate 1319 YUl 7 19U 2542

HaNINAaay
‘5151]'7; Jwazidun Required Measurement Pass | Not
Pass
1. | Grounding test Teundnl O ok R AR rx
2. | Forward Power 25 Watts 22 Watts /
.3. | Reflected Power Yiound1 1 Watt 0.2 Watt /
4. | vswr* Woundi 1.5 121 /
5. | Signal Strength WINNI1-50.22 dB** -75.41 dB /
6. | Fade Margin*** WINNI130 dB 72.04 dB /

KU1

1981 Sensitivity voeszuuiilu —147.45 dB

4T 100d reflected  power

*VSWR = e
1-T forward  power
++ dayadeil 5 Tua1319 (M Signal Strength)
- gotidefo M1
- gondisune M2

Am3UA1 required 1ANNIANMSAIUIUN1INGYY
*** Fade Margin = Signal strength (dB) — Sensitivity (dB)

ao1ii llinsnaaey grounding test
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MINATBUTZUUABAI5UBIIZUY SCADA

msnageui M3
A Aq

nsosiionly

1. Thruline Wattmeter Model 43 Serial Number 239824

2. Sprectrum Analyzer Model HP8592B Serial Number 3034A00752 185uns

Calibrate ({o-Yufl 7 oy 2542

Aan1INadoul
M vmél Jwazidun Required Measurement Pass | Not
' Pass
1. | Grounding test veunin1 Q) s e
2. | Forward Power 25 Watts 23.5 Watts /
3. | Reflected Power Yleondn 1 Watt 0.3 Watt /
4. | VSWR* Woundi 1.5 1.25 /
5. | Signal Strength NINNT1 -98.82 dB** -41.57 dB /
6. | Fade Margin*** 11NN 30 dB 105.88 dB /

wineme 1971 Sensitivity vosszuuiilu —147.45 dB

VSR _1+r Tou® T reflected power
forward  power

* §ayade 5 1uA1519 (A1 Signal Strength )
- aofidefie M2
- dondisude M3
@ 0 . v ° =t
d M3V required TH9INMIHILIUNIIMGY]
*** Fade Margin = Signal strength (dB) — Sensitivity (dB)

¥
ao9if lifinsnaaeu ground test
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msmaausznuﬁamwmszw SCADA

MsnaToun M4

inseaiionld
1. Thruline Wattmeter Model 43 Serial Number 239824
2. Sprectrum Analyzer Model HP8592B Serial Number 3034A00752 185ums

Calibrate 1110 YU 7 tuwey 2542

AANIINATDY

&l | easidon Required Measurement Pass | Not
Pass

1. | Grounding test deunn1Q 0302 /

2. | Forward Power 25 Watts 23.5 Watts /

3. | Reflected Power Youn1 1 Watt 0.5 Watt /

4. | VSWR* Yound 1.5 1.34 /

Signal Strength 1NN31~98.82 dB** -83.56 dB /

6. | Fade Margin*** WA 30 dB 63.89 dB /

vaneme 1990 Sensitivity voasvuuiiu —147.45 dB

*VSWR = % Iﬂﬂﬁ s \/reﬂeCted power

Jorward  power
*k i’faga%’eﬁ 5 Tum1519 (A1 Signal Strength )
- aoildefo M3
- amilSufio M4
o @ 1 . b4 ° =)
ATV required ulﬂﬁJ'W'lﬂﬂ']iﬂ']'N'JﬂlﬂNﬂf]HQ

*** Fade Margin = Signal strength (dB) — Sensitivity (dB)
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ﬂ'l‘inﬂﬂi’]USZ‘U‘Uéﬂﬂ'li‘UﬂﬁZ‘UU SCADA

MsnaTeun M5

inspaiiof 1y
1. Thruline Wattmeter Model 43 Serial Number 239824
2. Sprectrum Analyzer Model HP8592B Serial Number 3034A00752 185ums

4 o 4
Calibrate (U2 3UN 7 IWVIUU 2542

HONINaaoU
ﬁﬁuﬁ swavidun Required Measurement Pass | Not
Pass
1. | Grounding test feunin1 Q2 030 /
2. | Forward Power 25 Watts 25 Watts /
3. | Reflected Power Jounin 1 Watt 0.3 Watt /
4. | VSWR* Woundi 1.5 1.40 /
5. | Signal Strength 1NN -98.59 dB** -84.25 dB /
6. | Fade Margin*** 1IN71 30 dB 63.2dB /

vanemg 1461 Sensitivity voeszuuiilu —147.45 dB

*VSWR A I gy eflected  power
forward  power

** §ayadedt 5 Iua1313 (81 Signal Strength )
- aiidehio M4
- aniifuhe Ms
dm5un1 required IR0 1AM AN INGYR

*** Fade Margin = Signal strength (dB) — Sensitivity (dB)
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MSNATIVTTUV TS UB52 UL SCADA

MsnaTaUn M6

A A Aqy
wnsealionly
1. Thruline Wattmeter Model 43 Serial Number 239824
2. Sprectrum Analyzer Model HP8592B Serial Number 3034A00752 1a5uns

Calibrate (/o 7uf 7 (10U 2542

HANTINATOUY
M w‘Uﬁ PRUGEAGLH Required Measurement Pass | Not
Pass
’ 1. | Grounding test deun1 2 T TR P Rk
2. | Forward Power 25 Watts 23.5 Watts /
3. | Reflected Power 180N 1 Watt 0.3 Watt /
4. | VSWR* Wouni1 1.5 125 /
5. | Signal Strength 1NN —60.20 dB** -70.78 dB /
6. | Fade Margin*** 110A31 30 dB 76.67 dB /

e 1981 Sensitivity veaszuuidiu —147.45 dB

s ysWR = L {aud o |reflected  power
forward ~ power

v+ oy 5 1519 (71 Signal Strength )
- aondidefio M5
- aoniisufie M6
d1M3UA required 1ANIINOITAIUIUNWNYYE
*** Fade Margin = Signal strength (dB) — Sensitivity (dB)

a0 lifintsnagey grounding test
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wienquel guiina NaleTudl 28 uaniut 2512 Afwmdaunswduduiomsan
Srnssumanstuda vinaoniumaluladnszeeundudnunms amnszi Unsdnm
e
2538 wazdszmsilotasindndugeninaoitiuma luladsruena  Insuvamaiinnin
riusenifvanile (Madndidalnsiiad) Unmsnu 2532
T war. 2532 Whsuswmsiins Iddvhosdaurdalsemeing dumiasesesdy 4 dada
s y 9 4 &4 ’ ' 9 o FY LY ﬂ a
szvuudadeya neunSeslioszuumiugu theneadrandsnuanudou Jephuiludsans

$2UUV5HN Bombardier Transportation Signal
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[ 1 4 ]
[1] nquel guiina uag neuds iarmey mseenuuu TusunsuemsnIguazdnh ey

Taslds2u1 SCADA 1M581581An5211e 319 18 Rfuh 3 111 66 — 71 NuIw 2544





