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ABSTRACT

In present, the development of technology and economy are very fast that can make a lot
of income to Thailand. Besides we can get a lot of incomes from travelling.

Thailand is the country that has many perfect travelling places. Many tourists are
interested in travelling places in Thailand so we can have a lot of incomes from tourists. Many
travelling places are in Thailand because we have the perfect natural. When the tourists travel in
Thailand every times, we have to develop about area or around places in the travelling places. We
have to develop because we would like to have many tourists will come to travel again. But we
can observe that somewhere for travelling places in Thailand didn’t develop to be better than the
past. We mentioned somewhere is “ Cave “.

This thesis bring technology which we can find it in our country to use for the cave. It can
develop both of the cave and travelling in Thailand. And we designed electrical system and be
suitable for environment in the cave. Electrical system can be controlled by program. We use the
Visual Basic Program for controllable electrical system. This thesis besides to develop the cave, it
can support the policy of the government that get the income for travelling in Thailand too. And for

this thesis, it is the pilot ‘s project in Thailand that bring technology to use for the cave.
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1. Fully Rated Protective System

e sa S o Y AaAaw 9 v a o aa
11133‘”1]‘” l‘ﬁﬂiﬂﬂﬁJiﬂlﬂﬂiVjﬂﬂ?ﬁﬂquw ANTTUAANING ‘lﬂLWUQWﬂﬂizllﬁaQQQ%SQQQﬂ nuy

v k4 v
18 o figadnds Asiuaaslumndiuda

3N 2-7 UerA3 Single-Line Diagram o335y Inheoe

quyAi:  NITUAERI93 (Short Circuit Current) fidwm s B iy 30 ka

NTSUARAI9DS (Short Circuit Current) TG E (VF0 10 KA
diefi91a AN AR AR WM WS RIRDY B 1oE E 13395nud1 finssiiasaitsveusesan
lwsmnes AB,C i Ic (Interrupting Capacity) ABa1IAINI1 30kA HaZAINsUASAI995 VB UTET AR
[WSMABS D,EF A1 Ic (Interrupting Capacity) @09 11id1n31 10 kKA uazlid9sfngaises suitlaga

IS ¢ @ @ < o (% 4 9 v
wBFNAIITNINGS A2 1AAIMT199191IMIAAII9neu 18

2. Selective Protective System
a sa s v Y Aao o Y a o aa
Tuszunil ieinawsninesaddeliidanssuadaiees Iiflsawenszuadaies gaga 7l
v v ]

14 2 Nyp@AnAs 151AYIRY Fully Rated Protective System UARNAUT Tripping Characteristic Curve U84
Ja s 9 1=t v 9 [ Ja S a ' 3y a ' a
wesnmusanes deslulimsniudeudu Tumsesnuvuwesinusmined feglndrfansesiiqa

v Ao ' v a P ’ 0 " &
%zlﬂumﬁﬁmwanau uuﬂﬁﬂ!‘]jﬂ{ﬂﬂmiﬂ!ﬂﬂiﬁ’t)gﬂi\‘iﬂwmwm’.}\ﬁli(Downsteam Circuit Breaker)
12ABIAA2IINOU 103 NAILSNLNBS NBYATIA10A19UD9993(Upsteam Circuit Breaker)

& ' v a A
“If\?ﬁ?iJﬁml‘lN?)@ﬂvlﬂ 2 BUA AD



37

1. Fully Selective Protective System

2. Partially Selective Protective System
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wsnines Huua 100 kA Taefideud3rmesams ninesiidenlddeathuny $15ans=ua(Current
Limiting Circuit Breaker) iN3131 505 iR ninos siiat 024a1505 1410 1281 Sms (1/4 Mua) Fed

@ § 4 ~ < ] @ Y
1in321adA2993N3U059 Downsteam Circuit Breaker vz 11l 185 unansenuaInns suasais

; 58 Max. Fault = 20kA

P

b 4

gz/ﬁ 2-10 Single-Line Diagram ¥8vns8l Cascade Protective System
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v A oy s S
mmgmamu‘lumsm Coordination

1. 52DUNE11IM3 Coordination
LRy X 3 a S ' VS P’ sa
® @93l single-line diagram VBsTUVANAAIUTAUN IHT A9 wuTauis esna
o P Y o w
wsmnes , 5 udeulaunsesia, nieutlasiigy, aolv, Tnan

a a a v z a a L4 ad 9 y
® YUA YT NNA i’J?JTN?JiJWlmu‘WUENT‘Hﬁﬂ'ﬂﬂU’JSUEN HazusyausInisninssud

AA19935470

¥ v ]
®  NITUTAANIT MIAPTA uazdigaumzihianu

2. 13921114591 Coordination VoU3 Hawitleany
] ° v = a o '4 v o a 9
291381 1uM 31 Coordination ¥a3uSAamieesufitrsurlaan
®  YUIAUBINTZUADAINS
a o o @ v @
e anu'husivestSiamilesnuaensuadaiis
e Frananusiuditlerunieu

Y a ao o Y
® ﬁummmmﬂmmﬂamu

3. Yo UIYAYRIM SiloeuYS N Invh
a v auv ' 0 Y o Ja oLt L4 v

amnsefinis 1dnn usiust lith sreq muians weshawsnnes | Siad wieulas
130330, wiisulasiag, s, Tnan Tnserdonnnsgiu ndlegirn 1IEC NEC 1udatmua
a o a o (8 [
niaussusideeny

o Ao é (v
4. pauandinus Haaiifeany
auv A o e ¥ A wa = o o a a a

vidmafleanunaviiadefiquaniidnszuan lnautsinfudunar Taviinszuai'lnad
V a ias < & ) a v g < & < a o s
Angaariauiduusie nszuai lnvalinnleonamaufiscuin Taoussusiany
] (- Ia ¢ S 4 4 va a o 4 [
awlng fe wesnawsmnes, sind Md quandAvssausidlesiussuanslugal 51l log-

b d
log Taguuadailunar uueuihunszue
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UNN 3

msmszuu Iy

3.1 mssnnaiwmadudaiseanily 20 Circuit

11.9 VA

. . o é r '
1997 1 Circuit ‘l%'waammu Compact Fluoresent Y119 5 W 314U 6 Hasa Fasazvaoalian

1191 VA 59074 1 Circuit 11.9*6

Il

71.4 VA

Il

mAnszud (1) 1 1 Circuit 71.4 /220 = 0324 A
Aoneofine ¥ fuawssetanaise 1an, Famual¥da NYY 1119 2.5 mm’
Tumsmvuin cBU20 Circuit vzutiaidln 7 Cireuit 7 Circuit 118 € Circuit

7 Circuit M ldtAARTZ0E = 0324 * 7 =00 A

1f9n CB YA = - 25 207 =283.A
suhussdoudon CBIM 16 AT UV 1 Pole ATUA1519518M5 FURM

6 Circuit M MIAARTUE = 0324 %6 = 194 A

189N CB U11A =2 125%1.94 =243 A

AIUILABAUTYN CB Y118 16 AT UUD 1 Pole MINAS 195105 F1E1

3.2 miavan Wuanaduaiy

o £
Tums i IWiaassuan 5udon 1% Flood Light 111300 W Tunisdes IWiamasn iy

1 VA #ie 1 naen fie 300 vA s iiunaenld Seamnsoutntssuaausiy

1

21

SL-01, SL-02 1% Circuit a2 2 vasaias 3 WADARINGINY
1 VA =5*300 = 1500 VA
fAinminszuala = 15007220 = 6.82 A
@ONEIYNYY — IC a1 2.8 1 YU 2.5 i’
19N CBUUIA = 1.25%6.82 = 8.525 A
ﬁaifu%zﬁ'mgﬁan CB9UIA 16 AT mumiwiwmsﬁm’ﬁ
SL-05, SL-06 1% Circuit a2 2 nana
1 VA =4%300 = 1200 VA

Anmnszua’ld = 12007220 = 5.454 A
RONTIUNYY — 1C 9 249, VA 2.5 mm’

189N CB YU = 1.25*5.454 = 6.817 A
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4
AuiuvzABfen CBYUIA 16 AT AUAIS195 1005 TURA
3. SL-07, SEC 1 ¥ Circuit az 1 vaon uaz 4 a1udgy

f1 VA = 5*300

1500 VA

Anmnszuald = 1500/220 = 6.82 A

Il

@ONAIU NYY — 1C A 297, YUIA 2.5 mm>
1190 CBUUIA = 1.25%6.82 = 8.525 A
snfuszdeudion CB YA 16 AT AIWAIT 19T ANMT AU

4. SEC 3, Compact Fluoresent 8 W 1931471 3 naon uag 4 vasaaiusisy
i1 VA = _(3*300)+(4*15) =.960-VA
ARmINsZue 1A = 960 /220 =436 A
(ABNENYNYY —1C M3 209, Y19 2.5 mim’
1@0A CBYUIA = 125 *4.36 =545 A
dnfuszdouion CB A 16 AT AWAITIITIMITTUR

5. SEC2, Compact Fluoresent 8§ W ¥ 3 Moo Uaz 10 vasamua Iy

fi1VA = (3*3000+(10%15) = 1050 VA
Aamnszueld = 1050 / 220 =477 A
@ONTUNYY — 1C 10 2. 2.9 VU1A 2.5 mm’
BPNCBUUM = 1.25%4.77 = 596 A

ANIUITABARDN CBYUIA 16 AT MUAIT TIN5 AURT
6. SEC 4, SL =08 193143u 3 naon tox 1 vasaa1ud ey

A1 VA =4 *300

1200 VA
Annssuald = 1200/220

545 A

1@9NE18 NYY = 1C MU 2.8.0. 41419 2.5 mm”

1390 CBUUA = 1.25 %545 = 6.8] A

Fnfuszdoadon CB YA 16 AT AWATT TN AU
7. SL-03,SL-08 19%1u7u 2 aea uaz 1 nasanud sy

i1 VA =3%*300 = 900 VA

Aamnszua’ld = 9007220 = 4.09 A

@918 NYY — 1C 93 2.2.9. YUIA 2.5 mm”

139N CBUUIA = 1.25%4.09 = 5112 A

¥
v @

muu%ze’fauﬁaﬂ CB AU 16 AT GHiJﬂﬁNiWEJﬂ'IS'CQTuﬁH
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3.3 msAnnalans
¥ v
= o o

MU VA vesddndmu 2.a.9. 19U8nd 162 =200 va Tasddndeeinauvuiuild

LUAgUYUTITUM

1. HUUSSIUAT OC-01 = 6 A2

Al = 6*200

Il

1200 VA

Aanszuald = 1200220 545 A
DN THW — 1C MU 289, U1IA 2.5 mm’
WD 1.25*%545 =681 A uailesninlnaadsyiweoumaitumside Tnaa 39

1{30AUUIA CB UUIA 20 AT mum‘mswmiﬁuﬁﬁ

2. npunuli’o-01 /= 502
Ay = 5%200 = 1000 VA
Aanszuald = 1000220 =454 A

RONEIENYY = 1C MUALE.N, YUIA 4 mm” M0 Ground (G ) YUIA 2.5 mm”
W8 1.25 %454 = 568 A uailesnnIvasasy liinsumaitumsiie Ivan 99

180NUUIA CB UUIA 20 AT ﬂmmswiwmsﬁuﬁ'w

3.4 szuvlvgniu
Feozdaadudn Ilnapu o
- 1¥wou 120 nasaau bR uilng
- 1% 6 navadas 1 Circuit 1 IWn1aaunG
- Tdvwemomnlimadulng
- v cB muMmadauynd

»
- uasumsdma lddmnandy luldmauau

3.5 N13Balance Load
. v v
wosmam Ivaalduds Tuseudaluaztduns Balance Load 1ol ¥ Inanluusdaziiadaim

aunanuFus11a Spare uaz 910 1A 141D Battery Charger 11 &a'ldm Inaaluudazinasiadl

- e A = 4,860 VA
- e B = 4870 VA
-wlac = 4,860 VA



FuilosuInan = 14,590 VA

3 » 0 ]
aariu 19589310 1W( Generator J 19 1uszuy Aovuia 15 KW

3.6 MIAMIUNIZUT short circuit NAMHHIAN § YoI52VY

vinszun Iiihz-ole 500 Mva eI luszuums Idhdaugiing 22 kv nleutasing

S0K VA 111 step down 22kv/460v/220v ,%Z=4% , amgandoTuszu 700 w

o189 Main Feeder -UU1@ 240 mm2
@18 Feeder YU1A 25 mm’
a1wd1elUda1man Panel 4 mm’

maduRuausvaszuninih

kg tr
1.1x22% - 0.46

=S50 %

0.443m€2

x, 50995,
=0.44 m

Rqr S O'le

= 0.044 m€)

r e o o 3/
IR UNLAUFYe I LI

Filichd
100% " S

=169 mC2

X, =/(169) —(0.0592)?

__4 _(046)
100" 0.05

=0.0592 m{2



MInszuaand9s lnndeowlawuawmaauaa

:PkrT
2

R; 3T

_0.7x1000
= .,50x1000

" hiaco’
=168 m€2
%y XA

=(0.044+0.44)4(0.059+168)
=0.103+j168.44 m€)

= 168.44./89°
B cU,
0~ (Kb

Bz,

- (1.0x460)
(x/3x168.44)
= 1.586 kA

MINTZUAEAI2937 bus bariu bW g a

ieans I unuy NYy

(4x240mm?)
AU 600 1UAT

ABuRUAUTY8Ia18R=0.0918 /km, A1 X=0.103/km

Z ., =(600(0.0918+ j0.103))
=55.08+j61.8

=82.78./482°

2i=Z L )7

45



= (0.103+]168.44)+(55.08+i61.8)
=55.183+j230.24

= 236.76.£76.52°

~ __(1.0x460)
£ (3x236.76)
=1.12kA
NUAU 20 circuit A1 impedance YBITTULOUINA(S5.183 + j230.24)

BL-01 =45 (8.8658 +j0.1548)

=398.99 +6.966
j+Z, =(398.99 +j6.966) + (55.183 + j230.24)

£454.173 ¥j237.2

=512.38 £27.57°

(1x 460)
V3%x512.38
=0.51 kA

I o

BL-02 =60 (8.8658 +0.1548)
=531.99 +9.288

j+Z, =(531.99 +19.288) + (55.183 + j230.24)
=587.174 23953

—634.14 £22.19°
(1x 460)
3% 634.14

=0.41 kA

k

BL-03 = 75(8.8658 +j0.1548)
=664.99 +j11.61

j+Z, =(664.99 +j11.61) +(55.183 + j230.24)
=720.17 + 241.85

~759.69 /18.56°

(1x 460)
V3 % 759.69
=0.34 kA

k
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BL-04 =90(8.8658 +j0.1548)
=797.922 + j13.93

j*Z, =(797.922+13.93) + (55.183 + j230.24)
=853.1 +j244.17

=887.35 £15.97°
(1x 460)

V3% 887.35

=0.299 kA

BL-05 = 105(8.8658 +j0.1548)
=930.9 +j16.25

J+Z, =(930.9+j16:25) + (55.183 +j230.24)
=986.08 + j246.49

=1016.42 £ 14.03°
(- (1x460)

‘3% 101642
=0.261 kA

BL-06 = 120(8.8658 +j0.1548)
=1063.89 +j18.57

i+ Z=(1063.89+18.57) +(55.183 + j230.24)
= 1119.07 +j248.81

=1146 £ 12.53°
 (1x460)

* xIe
=0.231 kA

”

BL-07 = 135(8.8658 +j0.1548)
= 1196.88 +j20.89

J+Z, =(1196.88 + j20.89) + (55.183 + j230.24)
=1252.06 +j251.13
=12.76.99 /11.34°



(1x 460)
J3%1276.99
=0.207 kA

It =

BL-08 = 150(8.8658 +j0.1548)
=1329.87 +)23.22

J+Z, = (1329.87+j23.22) + (55.183 +j230.24)

I

1385.05+j253.46
~1408.05 £10.37°

(1x 460)
J3%1408.05
=0.188 kA

e

BL-09 = 165(8.8658 + j0.1548)
= 1462.85+25.54

Il

J+Z, =(1462.85+j25.54) + (55.183 + j230.24)

= 1518.03+j255.78
=1539.42 £9.56°
(1x 460)
J3%1539.42
=0.172 kA

I =

BL-10 @18817 180 tUAT
= 180(8.8658 + j0.1548)
= 1595.84+j27.86

j+Z, = (1595.84+j27.86 )+ (55.183 +j230.24)

Il

1650.72+j258.1
=1670 £8.88°
(1x460)
J3x1670
=0.159 kA

R
2=

BL-11 =195(8.8658 +j0.1548)
= 1728.83+j30.18

48



j+2Z, =(1728.83+j30.18) + (55.183 + j230.24)
=1784.01+j260.42

=1802.9 /8.3°
o _(1x460)
* JBx18020
=0.147 kA

BL-12 = 105(8.8658 + j0.1548)
=930.9+16.25

j+2Z, =(930.9+j16.25) +(55.183 + j230.24)
=086.08 + j246.49

=1016.42 2 14.03°
/(1% 460)

* /43 x1016.42

=0.261 kA

”

BL-13 = 120(8:8658 +j0.1548)
= 1063.89 # j18.57

j+ 7, =(1063.89 + j18.57) + (55.183 4 j230.24)
= 1119.07+ j248.81

=1146 £ 12.53°

_ (1x 460)
- RN Mg

=0.231 kA

”

BL-14 = 135(8.8658 + j0.1548)
= 1196.88 +j20.89

j+2Z, =(1196.88 +j20.89) +(55.183 + j230.24)
= 1252.06 +j251.13

=12.76.99 /11.34°
(1x 460)

V3 x1276.99

=0.207 kA



BL-15 = 150(8.8658 + j0.1548)
=1329.87 +j23.22

j+Z, = (1329.87+j23.22) + (55.183 +j230.24)
= 1385.05+j253.46
=1408.05

= /10.37°
(1x 460)

V3 x1408.05

=0.188 kA

0

k

BL-16 = 165(8.8658 +j0.1548)

1462.85+25.54

J+Z, (1462.85+j25.54) +(55.183 + j230.24)
= 1518.03+j255.78
=1539.42 £9.56°
(1x 460)
J3x1539.42
=0.172 kA

k

BL-17 @10817 180 A3
= 180(8.8658 + j0.1548)
= 1595.84+{27.86

j+Z, = (1595.84+27.86) + (55.183 +j230.24)
= 1650.724j258.1

~ 1670 £8.88°
 (1x460)
P Baie
=0.159 kA

»

k

BL-18 = 195(8.8658 +j0.1548)
= 1728.83+30.18
j+2, =(1728.83+30.18) + (55.183 + }230.24)

=1784.01+j260.42

50



=1802.9 £8.3°
(1x 460)

V3 x1802.9

=0.147 kA

Iuk i

BL-19 = 210(8.8658 + j0.1548)
= 1861.8 +j32.5
j+Z,=(1861.8 +j32.5) +(55.183 + j230.24)
=1916.98 +j262.74

=19349/7.8°
(1% 460)
L 3x1934.9
=0.137 kA

BL-20=225(8.8658 + j0.1548)
= 1994.8 +j34.83
j+2Z, =(1994.8 +j34.83) + (55.183 + 230.24)
=2049.98 +j265.07

=2067.04 £ 7.36°
(1%460)

J3%2067.04

=0.128 kA

51
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3.7 MSAMUIUAMSITHAN

1396UAN (Voltage Drop) Tume Wz Iuszdnsnmussgdnsalinesl¥ lndanns
wsannmsiauveunies 1y Iihudasriavzianuansaviau ldfussdudinidnad luvidu
aaiunsesnuuuszuy i R aussduanunnpu ldudsfisulluediats ausesuanseiinua
a3 e lF Iihudazdsznn TasnsmvusszdmuamouiulofiFudnuusesdu Iiidng dmsy
szuulnaausssuanlnannrentasudunses1F v liindsiiu 5% Tasauisomiaussduan
Yy z o v e a
TAnamsaunu msilaninnnsanazmsitlaaisia

TaslunsaidnuiiozlinisninuseAuan(Voltage Drop) 1na13513 lasfive 1¥aunis lunis

o ' o /3 2
ATUHIUAULIIAUA mf]umJ BDILTUA

(%VD/A/100m)xA x L
100

%VD =

- N e y, @ ~ M\ .

Tasl (% VD/A/100m) (Huafing 1aeinsillenisne Famsnasaudena 1 UAeIN1S 1109
’ H =1 4 4 Y i . a 1] a ’ H
Nnawiidenldtvuatuivihaami s vasidemanluvievialuy a9 1d0eais199sudas

aonuuiy WosIFUAUBUITITUANABNTSUAAD 100 URT

MIMAMIIAUANDINATUANH

1. mmamumm’wmaaau (BL)
290358087 1 (BLO1- BLO7)
- 299371 (BL-01) n3zualvian 0.27 A5 , 520@10 45 a5, ool (NYY 2.5mm’ )
wuluneslane

f1 (% VD/A/100m) INA1T1WIAY 0.8028 % / A/ 100m

0.8028x0.27x45
100
=0.097%

%VD=

- 29959 2 (BL-02) nsgualvanm 0.27 A/995 , 5202810 60 15 , oo 1W
(NYY 2.5mm’) 1aulunes lans

11 (% VD/A/100m) 1ARIT1UNINY 0.8028 % / A / 100m

0.8028x0.27x60
100

% VD=



=0.13%
- 299391 3 (BL-03) n3zudIMan 0.27 A/993 , 528310 75 a3 |, ool
(NYY 2.5mm’) tauluvies lanz

f1 (% VD/A/100m) 919A131UNIAY 0.8028 % / A / 100m

0.8028x0.27x75
100

%VD=

=0.16%

- 299571 4 (BL-04) N3ztariNgm 0.27 A/3903 , 558210 90 1ns a0l (NYY 2.5mm’)
wuluneelans

1 (% VD/A/100m) 210N I1UNIAV 0.8028 % / A / 100m

0.8028x0.27x90
100
=0.195%

%VD=

- 2939 5(BL-05) n3zualvian 0.27 A/395 , sbzens 105 was , aelW  (NYY 2.5mm?)
wuluneslang

GN! (% VD/A/100m) 3INATIUMNY 0.8028 % / A / 100m

0.8028x0.27x105
100
=0.23 %

% VD=

- 299311 6 (BL-06) NIzitar 1M 0.27 A/995 , 52020120 a3 , o IINYY 2.5mm?) ifiu
luneslany

A1 (% VD/A/100m) 91NA151UNIND 0.8028 % / A / 100m

0.8028x0.27x120
100
=0.26 %

% VD=
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- 29931 7(BL-07) nyzualnan 0.27 A2993 , 5oz 135 s , a0 MINYY 2.5mmd) i
luneslane

11 (% VD/A/100m) 210A15 1A 0.8028 % / A / 100m

0.8028x0.27x135
100
=0.29 %

% VD=

739958087 2 ( BL0S- BL14)
- 299371 8 (BL-08) nyzualvian 0.27A/9%3 , 720%ee. 150 a3 , a0 W (NYY 2.5mm?) @iy
luneelans

11 (% VD/A/100m) 9109131911111 0.8028 % / A/ 100m

0.8028x0.27x150
100
=0.32%

% VD=

- 29937 9 (BL-09) nazualvian 0.27 A/2493 , 5zu3a8 165 wa3 . a0 (NYY 2.5mm) @iy
Tuneslans

1 (% VD/A/100m) 210715190110 0.8028 % / A / 100m

0.8028x0.27x165
100
=036%

% VD=

- 299391 10 (BL-10) nszialnan 0.27 A/395, 5200 180 s eo lWINYY 2.5mm)) fiu

luneslany

fl (% VD/A/100m) 310A15 19410 0.8028 % / A / 100m

0.8028x0.27x180
100
=0.39%

% VD=
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- 29939 11 (BL-11) nszualnan 0.27 A/2995 , 520210 195 was , a0 lWNYY 2.5mm’) i

Tuveslans

11 (% VD/A/100m) 210A 15191117 0.8028 % / A / 100m

0.8028x0.27x195
100
=0.42 %

%VD=

- 29957 12 (BL-12) nyzud 1uan0.27 A/995, 5382810105 a3 . a1 lW(NYY 2.5mm?) fiu
Tunealans

11 (% VD/A/100m) 910A15 1943171711 0.8028 % / A 7 100m

0.8028x0.27x105
100
=023 %

% VD=

- 299391 13 (BL-13) n3sue I1van 027 A/2993 , 528288 120 16a5 , a8 INYY 2.5mm’) fiu
luneslans

11 (% VD/A/100m) 210A 1519115 0.8028 % / A / 100m

_0.8028x0.27x120
100
=0.26 %

%VD

- 29937 14 (BL-14) 03z 130n 0.27 A/995 , Seueee 135 was , a1 TMINYY 2.5mm?) iy
Tuvieslane

f1 (% VD/A/100m) 910A 1519171111 0.8028 % / A /100m

0.8028x0.27x135
100

=0.29 %

% VD=
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2995808 3 ( BL15- BL20)
- 29939 15 (BL-15) nszua 1vam 0.27 A/995 |, 5202810 150 105 , M IWINYY 2.5mm?) 1fu
luvieslans

i (%VD/A/100m) 219A151UMAY 0.8028 % / A / 100m

0.8028x0.27x150
100
=0.33%

%VD=

- 29931 16 (BL-16) nsgliaInan 0.27 A/2993 , 53820 165 mas, o WNYY 2.5mm’) 1AY

luneelans

f1 (% VD/A/100m) 910A 13199181 0.8028 %/ A 7 100m

0.8028x0.27x165
100
=0.36%

% VD=

- 29937 17.(BL-17) nszualvan 0.27 A/2493 , 32tzas 180 a5, e WINYY 2.5mm?) fu
luneslavz

fil (%VD/A/100m) 910M13 190 0.8028 % / A / 100m

0.8028x0.27x180
100
=0.39%

%VD=

- 29937 18 (BL-18) n3zualnan 0.27 A/2995 , 5202a10 195 s , e lMINYY 2.5mm?) fiu
luneslane

1 (% VD/A/100m) 310A13 1A 0.8028 % / A / 100m

0.8028x0.27x195
100
=0.42%

%VD=
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- 299391 19 (BL-19) Aszue 1naa 0.27 A/2993 , 5283810 210 a3 |, oo INYY 2.5mm’) 1AY

luneeTans

i (% VD/A/100m) 910915 1UMAY 0.8028 % / A / 100m

0.8028x0.27x210
100
=0.46 %

% VD=

- 299391 20 (BL-20) nszua nan 0.27 A/2395 | S202a10 225 11AS , @10 IWINYY 2.5mm?) 1fu

luneslans

A1 (% VD/A/100m) 910A15 19181 0.8028 % / A /100m
0.8028x0.27x225
100
=0.49%

%VD=

2. me99511IA5Y
2993808 1 (0-01)
- 905R1(0-01) ps=uaTian 4.54 A/9as , STU2TY 100 1A , @10 THINY Y 4 mm?) 1fiulu
Moo lane

fi (%VD/A/100m) 31NN ITIUNNY 0.4995 % / A / 100m

0.4995x4.54x100
100

%VD=

2 227%

19038987 2 (0-02)
- 29312 (0-02) NIzUAINAN 4.54 A/I9DT | T2OEAE 100 AT , eM(NYY 4 mm’) tau Ty
neslany

i (%VD/A/100m) 310A1TIUMAY 0.4995 % / A / 210m

0.4995x4.54x210
100

%VD=

= 4.78%
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3. @1990IAIATNYNIAY (EBL)
19938087 1 (EBL -01)
- 2993711 (EBL -01) nszualnan 2.73 A/2993 , 520vans 180 w3 , a0 lWINYY 2.5 mm?) iy
lunealane

11 (% VD/A/100m) 310A151UNINY 0.8028 % / A / 100m

0.8028x2.73x180
100

%VD=

=3.9%
2evstloni 2 (EBL -02)
- 2995712 (EBL02) nszua1van 2.73 AD995 , 5205a70 170 w3 . a0 TNNYY 2.5 mm?)
Tuneelany

A1 (% VD/A/100m) 310A 151940 Y 0.8028 % / A / 100m

0.8028x2.73x170
100

%VD=

=3.72%

4. TNV NIE WS UFUOY (SL)
190s8enii 1 (SLOI- SL02)
- 299511 (SL-01) Aseuanan 2.72 A/29935 , 3202808 30 A3 c e ldoNyy 2.5mm?) ey
noslane

A1 (% VD/A/100m) INAITIAUNINY 0.8028 % / A /100m

0.8028x2.72x30
100
=0.65%

%VD=

- 299592 (SL-02) nszualvan 2.72 A9, 520218 70 1was , a0 TWINYY 2.5mm?) ifulu
neslany

A1 (% VD/A/100m) 31NA1T1UMNND 0.8028 % / A / 100m



0.8028x2.72x70
100
=173%

%VD=

23958987 2 ( SLO3- SL05)
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- 23959 3 (SL-03) nszualvian 2.27 A/3995 , 5302810 70 1was , a0 W (NYY 2.5mm’) euly

ynoolany

f1 (% VD/A/100m) 31NAIIIUMNND 0.8028 % / A / 100m

0.8028x%2.27x70
100
=127%

% VD=

- 299371 4 (SL-04) nszuelvian 1.36 A/3995 ; S282ey 170 11935 , 10 IW(INYY 2.5mm’) 1hu
luneelans

A1 (% VD/A/100m) 910A15IUMNY 0.8028 %/ A / 100m

0.8028x1.36x170
100
=1.85%

%VD=

- 23959 5(SL-05) nszualvian 2.72 A/2935 , 5282818 130 Wa3 . a8 IW(NYY 2.5mm’) 181
luneslang

11 (% VD/A/100m) 210ATI5 19NN 0.8028 % / A / 100m

0.8028x2.72x130
100
=283%

%VD=

13938087 3 ( SLO6- SLOS)
- 29957 6 (SL-06) Nyzualnan 1.36 A/995 , 528210 160 1was , a1 IWINYY 2.5mm’) 1Au
luneelany

A1 (% VD/A/100m) 310A151UMAD 0.8028 % / A / 100m
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0.8028x1.36x160
100
=1.74%

%VD=

- 299371 7 (SL-07) nyzualvian 1.36 A/2995 , 52020 150 a5 , a0 lW(NYY 2.5 mm?) 1hiu

luvealans

11 (% VD/A/100m) 31NAIIUMIND 0.8028 % / A / 100m

0.8028x1.36x150
100

=1.63%

%VD=

- 23937 8 (SL-08) nssua1nan2.27 A/2995 , 530280 120 44a3 -, 10 IWINYY 2.5 mm?) 16U
luneolane

11 (% VD/A/100m) 210A 131940 0.8028 % / A /100m

0.8028x2.72x120
100
=2.62%

% VD=

139958981 4 ( SL09)
- 29939 9 (SL-09) NIsua1nan 5.45 A/995 , TLUZE0 1601443 , 918 THINYY 4 mm?) dulu
noolany

11 (% VD/A/100m) 9INA1TIUMNU 0.4995 % / A/ 100m INAUNII()

0.4995x4.09x160
100

=3.26%

%VD=

13958089 5 ( SL10)
- 29957 10 (SL-10) nyzualngn 4.77 A/993 , 52u2ae 180 1was , a0 IH(INYY 4 mm’) 16
luvies lane

a1 (%VD/A/100m) VINAITIUMNY 0.4995 % / A / 100m INAUNIT()
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0.4995x4.77x180
100
=4.28%

%VD=

13958087 6 ( SL11)

- 29959 11 (SL-11) nazualnan 4.36 A/993 , 5202818 200 a5 , A1o' IWNYY 4 mm?) 1Hu

luneelans

f1 (% VD/A/100m) D10A 151U 0.4995 % / A / 100m INANNII()

0.4995x4.36x200
100
=435%

%VD=

73958080 7 ( SL12)
- 29959 12(SL-12) nszud 1nanm 4.09 A/2995 , 3282010 2204005 , 10 IW(NYY 4 mm?) 1au
luneslans

A1 (%VD/A/100m) VIR 0.4995 % / A / 100m 210AUNIT()

0.4995x4.09x220
100
=449 %

% VD=
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3.8 MIANIUVINAUVAIADS

{ o o ' 1 ' a ] { g
Tunsdifionn  szvvnuameslddmSunsswli inaaidu wasahagndy ludwdidu
a d! U dy a =] o o '
mauau Falu Tnaaduilidunaen wiin Compact Fluorescent (nasanzifivy) vuiadda Infhdenasn

v
A9 5 W $1UIUNINUA 120 Hiaen

IAef viaen ¥iA Compact Fluorescent 5 W azfanszua vl 0.05 A deviasa fariu
nszua Ilihianuai Tvand i 1% sy 0.05x 120 = 6 A

YHIANVAADS

Y a £ ) a o dd’ 3/
nnasTussunudanawdd lud (2.a.1m) lduaasitauuane NAvIN1IA0DABTY
v I~ =t
115 199711 sonu U aUNSAe

A< XTHOB1,)

Tav 1, = wasanvensua i wes lnaaluanziieoudng
@ulnan laouuanes)

T,= ha124 §2lu3

1, = wasawvasnszia Iliwes Inaa luannzudang

a8 A ' v v A
INITUANHI IQ =0A, IA =6 A Lnﬂllﬂuﬂfluﬁ“ﬂ'ﬁlla’.ﬁ]gvlﬂﬂ’lsuaq AhLlFE RRIPVER:G)

A= O H025%6)
= 1.5 A-Hr

Aniudeudeniangs VUIANNINNINNSINIRY 1.5 A-Hr

5
van3e91sy
s A ] a £ v
msAnNUnILIANTewsyy nnnasgszuutungmand  (Lan) de
8.23 lafmualin  inTenlszguumasidesannsnlsequuameiniely 24 ¥ TuaSuen
uumunes vua THuuaeesaunsaldanldum s ¥ lualunzlnd uagdn 15 widilung

Y
LIUNEA

nndedmuadanaransoudasesnuuduaumsluzy weunls-iTua fie

A-Hr=(5xIQ )+(0.25xlA )

Tay 1,= wasawvesnszud IihwesTnaaluaazyiaung

(wTvan Taouunnes)



I,= sasaweanszua ihweaTnaaluanzudang

A-Hr
Al=——r :e=0.8
ex 24

wioldm weans-#laus eenuwdranans oW deusiy uewus ¢ Taoauns

e = Uszanimmuesuanes

akR J d q'; '
INNTUANYT A5011A 109 tamnls-FaTu Taounus I,=0A,I,=6A lu

A-Hr=(5x0)+(0.25x6)

: ¥,
AUMISNIAT toNnYI- T34
=125 younls-¥1Tuq

' 2 ' ¢ o . a4 ]
ansonat ueuudls Tasunua teuuys-4Tug asluaumsmmnszuaiinsenlszy1d
(womls)

12D
0.8x24

= 0.065 gouls

AszuanTelszyld v 0.065 nawus
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msmuguszuniihlasnsi@ewlsunsuniunu AlLight

4.1 ﬁugmaﬁ'mﬁm:uu AILIGHT

J2UU_AIl LIGHTWuszunnugumsideila 2993 Ihiisonszualydeguns el e 4
TagyanduquAll LIGHTezuguasila/Ala Tudnymzved Network. Switch #1084 gunsal Al
LIGHT ffi}:uﬁﬁﬂi)ﬂ‘){ﬂﬂ?ﬂﬂn (Al LIGHT Box) - 1 19fanaufuazalseneudae Switch 8@ nieisun
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i T8t a3 ludnuaisues Network vinutfunauauymAeifu uenvimiudiruise
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amlsznevdnyueszul AILIGHT
1.n88INUAN All LIGHT
2ufluniugu All LIGHT
3. modgyao Insfni 1 lunsdendersninginseives AILIGHT

naesnuAY All LIGHT i levesgamiugy AILIGHT Tuduvesndesniugy AILIGHT
sealszneuludae sdaw dnsnidhuumaaugu Al LIGHT duussnauguaissausimue Sndiilu
msnauqunisidladla, deats., deyasninyanugu tazginsaiden9m13 quel AILIGHT 14
aunsavihanld dauiiceufiudauussyaiiad imvdidlu switch Ja/a qunsal T fideshiy
gUnsel AILIGHT Tasezaessudaanannmsdada 1IMIMIUN daugamoimtudiuvesssu
nendanu i idiuszuuaiugu

uthununu AILIGHT Hdnyaizidluudlu Switch ﬁ‘l‘x’f“lumsmuqumsﬁmumaana’mmmu

IS

AIILIGHT Tasdnyauemshemesziduuuy Switch w1y Toggle Switch utfunrugu AILIGHT 2

nawiia 15y ufluadugy AILIGHT uuu 19l ndea, utluniugu AILIGHT nie uffunruquuuuda

nald



65

amody i Insdnid 15 lumsiFeudessvitaginsaives Al LIGHT K1dr0u iiedens

Foyasi1a qilFlumssiamlugduuuves Network Switch

4.2 mseusieyamuaN AILIGHTIuAnYZ Ve Network Switch
FARIUAY All LIGHTa s adeiuiili Network Téifievemsiamliamnsadeuld 256 1a
(channel) ¥3® 32 4A(NA03) ATVAUAD 1Network AnluuaaznaeIvzdealinuiavueInde(Box ID)

v ¥ ¥ ¥ ¥
e ldlumsarugulundazganisaingunsds IDvesngesezdes lid1fu mindadfussiildssuy

° a k4
MamAanan 1a

aa o v
'Jﬁﬂ’liﬂxi IDVUDINABINIVAN

ﬂ'IWN lD‘UENﬂai'Nﬂ’J‘]JﬂiJ All LIGHT fﬂll"ISﬂﬂQID"l AAAMIBIAY 109 99

124 T
1 D Jmaper
L
Hh rHb e o R R
2 1 1 ¥ ]
sUN 4-1 dwna JUMPER
B R B
| S S e off \
e'sioieeleele
% iE %
§ b ‘ %Z ‘ | “ . .
ﬁ.

é@Zt‘%@ p a2 1

g1l 42 Adumida vee JUMPER

@ ' ' o ' vy IS ~ '
namssumdmnuIvesgUiuwiugy Jumper #1#lun1s Set 1D vesndvInuAY

AIILIGHT dyanusins Set Jumper 1D
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Uil 43 Auyudydnueinis open jumper w5e 11Ting set jumper

{2 ¥ o o / .
AuaNSYanaims close jumper n3olin7 set Jjumper

5402010 8.4 7 1

U7 -4 11l Set jumper ID 111’1

804G 4 5 ]

gﬂﬁ 4-5 15lums set jumper ID 151 2+8+20=30
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4.3 3uuuumds AILIGHT Protocal

M ldlumsaiunumsinudie computer ¥83 AILIGHT BOX 1iufugasnus$1uau 1162

¥
I

TaglumsdsidadazasansduSvuilugneenlini Seral Port jilinuvesmidsrziidnuusd

A5 4-1 3uvy Out Put Data

SYNC SID1 SID2 DID1 DID2 CMD1 CMD2 LG | LG | CRC END
1 2
EA Source | Source | Destin- | Destin- | Command | Command | LG | LG | CRC EB
ID ID ation ation
ID ID

Out put Data

Toyagadidaiideeannis Seral Port. azalszneuday Toyasuan 11 Byte lsznoudae

SYNC iilu Start Byte vostioyad1da ALLLIGHT i ‘EA' iqwe

sIp1, sipz umnemandodiiimsdedeyadninouinnes lumsdadoyaonnli
Iufudeadadoyasendd

DID1, DID2 Hunue@unans ALLLIGHT1Jmamaﬁmﬁ'mmﬁ“lﬁ'ﬂdaaifuﬁnm(ID Y9Inand)ID i
iWhuavgiu 16 Tas DID2 Wy lo-byte MgegAvBdLsazs byte fio FFH’ 491 DIDT 1§11 hi - byte 19
Tunsdifi lo- byte fiu "FFHIFUAL Box 1D 81 ALLLIGHT 1§ 256 Tuavg 101

“100H’ 314 1681984 lo- byte 2211l1 *00H’ 1% hi- byte vzTiu ‘0TH’

CMD1, CMD2 %38 Command ifugad1dsiidelude minsaunass ALLLIGHT Jaema 31914

7 v y 1 1)
NABIALLLIGHT daemariuihaes lsdavezedTugiaugu 16 19u

CMD1 | CMD2 | M3%i1a1u

ssH | 90H | ndulidanaes LOCAL BOX

AAH | ODH | ilaynnaewazyn Channel
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LG1,LG2 #1843 Channel X191y

LG1 | LG2 | 3710 | 31416 MIsn CHANNEL 1111911
OOH | 80H | 128 80H 80H 8
00H | 83H | 131 83H 80H+2H+1H 8,2,1

00H | EOH | 224 EOH 80H+40H+20H 8,7,6

00H | 56H | 86 o6H 40H+10H+4H+2H | 7,5,3,2

S 1

CRC 11U byte ‘v“i‘l%’maﬂﬁaummgnﬁ'awem’faga da Taogamidanzdl 2 uuude keypad
Protocaltias PC Protocal ¥nidlu keypad Protocal ﬁuﬂuﬁmﬁ CRC  byte lunisasnasy
anugndesvesdeya udduilu PC Protocal hisuiludesli CRC #14 niesunaiidmn Ll
Tldah crC iy AAH

END Stop byte ldmsuilaiioyadada iy E8'1aue

3519 4-2 3y Input Data

sync SOR1 | SOR2 | DES1, | DES2 DEV CMD | INF1 | INF2 | CRC | END

EA Source | Source | Destina{ Destina-| DEV CMD | Inform{ Inform{ CRC | ES8

ID ID tion ID | tion ID ation ation

159/

nasnnfidedeyaseniin Seral Port 1142 Computer Control  1¥A3IVTBUANUYNADIYEN

<

v
[

Mdadida mngndeamdanzgaaellis ALLLIGHT + Box Yhenuadends szdanamsinaunduinds
Computern1a Serial Port 1iluinput Data #11130111A1 Input Data Tt lumsuananamsmaues
ALLLIGHT BOX Tigndesassiusdsiidsennluly ALLLIGHT Boxw3e 'l sUnuuvesids

Input Datavufianyazadiod Out put Data

- SYNC 1fJu Start Byte maﬁagaﬁﬁd ALLLIGHT 11y 'EA’ 1erue

- sid1, sid2 humnoaundesiiinnudids Moy Box IDfida Input Data 1913183 Computer) Tag

Mnuay Box ID azegztiavgiu 16154 15H  fiea1 Box ID21 ifudu
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- Did1, DidzfiuMinemunassii AILIGHT Computer Control AvBYfiU AIILIGHT Computer Control ¢
84U Box ID1A1 DES1924M1110 00H #aga1 DES20zvifiuolH iudu
- DEVUanilszinnved AILIGHT Box fidafdsiuilu Local Box 38 Inter Box wiCCH ifiumiida
91NInter Box
- cMD mswaddadstoyandy Tavdadiiu o7H
- INF1, INF2 @01uz m3¥1911v83 AILIGHT Box(INFORMATION) Tasszuemilu 2 aaiusiie
1. anmzfeumdsiidinaeniunes szueniiumumasluszuugiu 16 91400 INFI byte
2. anmzndammhmduadusoudoonds ugtinvvesnasmluszuvavgu 1691800 INF2
byte
- CRC 11 byte ilds19801A Y AADMDITOUA inpuit data

-END Stop byte [¥dwsuilaioyamdsidu Esiaue
4.4 ANLIGHT Protocal Table

ALLLIGHT Protocal 9$3 201 fig

1. wuuMEekey pad protocal MigunyudIduMyBUN protocal 83 keypad AILIGHT 1un1s
def1da key pad protocal Suiludesfiuanial crc byte 1ifeasIvAPUANUINADIVBITOYA
TunsdedoyaseniALLLIGHT BOXuazneuiinmes InglALLLIGHT Computer  Control

3 %
1Wuansa0U

o @ a ‘o Y ° ' 4 ]
2. uuuMFa pe protocal Ndnyusrufe lusududesdiuamuat crc byte (fienausiasalu
) Y] ° 3 oY 1 a Y 22
NITAIVBYANINABINIIATUIW CrC byte ﬂ’d"ﬂﬂiﬁ“{nvlﬂ memﬁﬂnaﬂumsﬁwayammu

sUnupvesiFaie 21szanamnsoglaninmaruan

a d
a1smuaueinsel All LIGHT21nA0 NN IND3

msnuANgLnsalAl LIGHTvInAeuRumes 1iuazAsaliAll LIGHT Computer Controitite 1% 1u
o J a LY
M5ATLAUNMSHINIUTZNIIABNNUABS AUYAAILANYBI All LIGHT TnsgilnsaiComputer Controlvz
o o a 4 o 2 o 4
wannilugaselilasdyananeuiunes Tunuudyyiu RS-322Ciludygurs-422Tun1sdeds

' 0 ' o A o Y a
seningUnsaluecAll LIGHT uaazadnssiansadearsiuld 1ATamas aolu | Network  nglu

9y

gUnsaiAl LIGHT Computer Controllii 1ditlugilns siuasdayaia RS-232c idu RS-4221i09881

3

A g y =}

Lo Ly £ '
iReIAll LIGHT Computer Control §aiimihiiugdnsainldlunisasivasuniiugndesvesdoyai

3
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4.6 M0 All LIGHT Controller 5211140804 (Inter port)

LoAD1! [LoAD2| [LoAD3] fLoADe!

BOX_ID1

WARTTIE0YAC ?_

5, [LOADS! [LOAD7. [EoADE)

L

TOAD

[LOAD®! fLOADZ, L0
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NOTE
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1wsmneings BOX munuuazaeiaunnBoxaugu i nan dnsldee ifining

b4 ¥
2.M3fUIU Inan ¥e9 mumimna{ﬁmam"lﬁ’mn §1u3u’jﬂﬁﬂlﬂﬂiﬁﬁﬂﬁﬂ 81van v3 BOX1iY 3N

v v o ¢
HaIUINAIY 15 190

4 0 [ ' I~ g ' =4 u’: '
3.MsrenAssTnIIndeIzAeudaiules mnununasalasaansosa 188 swanno@y 1-99

7378 All LIGHT Controller ﬁuqﬂnmﬁfr’wm(Local port)

RoTHE ABLIGHT CONTRGLE S fling iy

LG6CAL Sevten Pag . Zone
LOCAL

INTER

inugaNs Swien Pas - Time

]

#Stans e i Temparatue Farm

Adapter

gil‘ﬁ 4-9 Mo All LIGHT Controller Augunsaldan(Local port)



73
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MuuANResEnINgUns el ssamnsuasserlsuazdims 0 e1saudsiaumuiisidins 18 ualu
¥
m3nuquszun IWihlulassouil w14 visual basic 6.0 Tumsaruguasihem msazdiu
: ; v 5 : 3 : ; :
s lvdonazansalFnuuu window nazannsaeyToafugiudeyadu'ld Microsoft Visual
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vy

Edition #5® Enterprise Edition f1' 1
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LWS’]ZﬂZNu!M@W50']5ill'm\jﬂmﬁilﬂﬂmaﬂﬂ'ﬂﬂiuﬂﬁﬁlla'] NPT visual basic 6.0 ‘D\ilﬁu.ﬂ_ﬁﬂ“ﬂ

v
=

mzaunazazaanums lFounn g

4.8 BuaumsiVeulUsunsuszUVALL LIGHT 998 Visual Basic
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1. 1Waldsunsy Microsoft Visual Basic 6.0

New [\LExisling] Recent]
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25 /7
iEEl  ActiveX EXE ActiveX DLL Activex VB
 EXE. Control Applicati...
S
LT %& s
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™ Don't show this dialog in the future
————————

51]71 4-10 mihenaewda 1sunswy

4
wendunuy Project 111 Standard.exe 323 Form 1 ﬂﬂﬂ;ﬁu 1 Form
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2. v lluownesileves Microsoft Visual Basic aanunfiuauin3eaiie aiiuyisingdu

Tidenh Component
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Add Tab...

{ z Dockable
Hide
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Uil 411 upuInFeIle Microsoft Visual Basic

3. e Component 335 NginsinASoInuIBgni Microsoft Comm Control 6.04430a * OK*
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ELECTRICAL AND COMMUNICATION
_ SYSTEMS IN PHRATAT CAVE (PROPOSAL)

= BY KMITL PROJECT STUDENTS AND
ADVISORY STAFF

(FACULTIES OF ENGINEERING AND ARCHITECTURE)

|, OBJECTIVES

1. TO PROMOTE THAI TOURISM.
2. TO INTRODUCE THAI MODERN
TECHNOLOGY INTO THE CONTROLLING
OF ELECTRICAL AND COMMUNICATIONS
SYSTEMS WITH LOW INVESTMENT AND
MAINTENANCE COSTS.
= 3. TO INTRODUCE LOCALLY-RECYCLED NON-TOXIC
CONSTRUCTION MATERIALS FOR WALKWAYS.
= 4. TO BLEND TECHNOLOGY AND ECOLOGY TOGETHER IN A
FRIENDLY WAY.
= 5. TO PILOT THIS PROJECT FOR BETTER APPLICATIONS IN
THE FUTURE.




Illuminated caves
,%[ In one foreign country

s MAP OF PHRATAT CAVE
e

/.LIGA . —~>1.HYBERNATING-FROG
CURTAM " ROOM

2.5KY ROOM -4

3.CORAL ROOM———

% 5.PHRATAT ROOM
6.THE LONG POS{J




WALKWAY MAP

“'“5; &2
TWO-WAY
ONE-WAY ‘
R
| Gy 7%

= HYBERNATING- FROG
ROOM

Al
B

= BELL-SOUND ROCK
a PHRATAT ROOM

= THE LONG POST

» LIGAE CURTAIN




s 2.5KY-ROOM




' 3.CORAL ROOM

=

%
£

BELL-SOUND ROCK
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BOARDWALKS AND ELECTRICAL
| WIREWAYS

= BOARDWALKS OF DURABLE, NON-TOXIC MATERIALS FROM

DUSTWOOD, RECYCLED FOOD-CONTAINER PLASTIC, AND
POLYETHELENE

REGULAR BOARDWALK

NOTE: CONSISTING OF 1 SET OF MOTION SENSOR AND 8X5W
CFL’s AT EVERY 20 METERS




BOARDWALKS AT AREAS OF
| TOURIST GATHERING

WALKWAY LIGHTING
CONCEPT

s 55
@ == <WE e =
MOTION SENSOR

NOTE: CONSISTING OF 1 SET OF MOTION SENSOR AND 8X5W
CFL’s IN EVERY 20 METERS




- SHOW-PIECE EXHIBITION

} SHOW-PIECE

GUIDE TOURISTS

CONTROLS OF

1. ON-OFF OF SHOW-PIECE
LIGHTINGS
LIGHT SOURCE 2. LIGHT DIMMING
3. SHOW-PIECE SOUND EFFECT
(NATURAL OR COLORED) 4. BOARDWALK LIGHTING

LIGHTING LEVEL OF ILLUMINATON CAN BE PROGRAMMED TO
MATCH ECOLOGY PRESERVATION NEEDS

SHOW-PIECE EXHIBITION

f SHOW-PIECE |

CONTROLS OF

1. ON-OFF OF SHOW-PIECE
LIGHTINGS

2. LIGHT DIMMING

3. SHOW-PIECE SOUND EFFECT

4. BOARDWALK LIGHTING

II LIGHT SOURCE
i(kNATURAL OR COLORED)




SHOW-PIECE EXHIBITION

| SHOW-PIECE

CONTROLS OF

1. ON-OFF OF SHOW-PIECE
LIGHTINGS

2. LIGHT DIMMING

3. SHOW-PIECE SOUND EFFECT

4. BOARDWALK LIGHTING

1 A
LIGHT SOURCE
(NATURAL OR COLORED)

LOUD SPEAKER

1

!i SHOW-PIECE

GUIDE TOURISTS

() o)
i g X

f~ " conmor B A
T o

1. ON-OFF OF SHOW-PIECE

O

CONTROLS OF

‘ | LIGHTINGS

| LIGHT SOURCE { | 2. LIGHT DIMMING

= ' | 3. SHOW-PIECE SOUND EFFECT
g (NATURAL OR COLORED) | | 4 BOARDWALK LIGHTING




ELECTRICAL SYSTEM

COMPUTER 1

COMPUTER : FOR ALL SWITCHING AND CONTROL OF ALL DISPLAYS
(REAL TIME)




"%L, REMOTE CONTROL SENSORS

= SHOW-PIECE = MOTION SENSOR
LIGHTING FOR BOARDWALK

= SOUND EFFECT . DANGER-ZONE

= LIGHT DIMMING ALARM

o (BOARDWALK s TRAFFIC CONTROL
LIGHTING)

NOTE: COMPUTER AND REMOTE CONTROL ARE SET TO
OPERATE INDEPENDENTLY

REMOTE CONTROL SENSORS

= SHOW-PIECE LIGHTING = MOTION SENSOR
= SOUND EFFECT LAN FOR BOARDWALK
= LIGHT DIMMING = DANGER-ZONE ALARM

= (BOARDWALK LIGHTING) COMPUTER 2 " VRAFFICCONTROL

A8}




CONCLUSIONS

1. THE SYSTEM IS FRIENDLY TO ECOLOGY (ALL LEVELS OF
LIGHT AND SOUND CAN BE ADJUSTED).

2. THE SYSTEM IS VERY LOW IN COSTS (ALL PARTS,
PROGRAMS, AND ALL DESIGNS ARE LOCALLY PROVIDED).

- THE SYSTEM IS DURABLE AND EASY FOR MAINTENANCE WITH
LOW OPERATING COST.

. SAFETY PRACTICE IS DONE HERE.
. THE SYSTEM CAN BE EXPANDED FOR THE FUTURE.
. ENJOYMENT, SAFETY,AND SECURITY ARE OFFERED TO ALL AT
THE SAME TIME.
7. TOURISM CAN BE MANAGED IN AN ORDERLY AND SYSTEMIC
FASHION.

(2T 04 IS w

THANK YOU
FOR YOUR KIND ATTENTION

KMITL PROJECT STUDENTS
AND ADVISORY STAFF
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STRAIN POWDER

WELD MATAL
POWER

TAP HOLE

EARTH ROD

GROUNDING SYSTEM DETAILS

—————GRAPHITE MOULD

STEEL DISC
WELD CAMTY

CABLE

EXOTHERMIC WELDING

400

400

TOP VIWE

GROUND ROD
I_GO____
'\
Y’/\(/ﬁﬁ 6 g\ <
5 | -
DPANIION BOLY Rm—— L = :
EARTH PIT DETAIL
V

Sof] A

W [-%-mnv

6 o

COPPER GROUND BARE

BARE COPPER 70 M

———CROUD RT ¢ P x 3000

DO VT




Air Terminal System
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AN TOP View ¥03103 Aansginsal 1vlvh
= Vo ' = .
nuaasegiluaiuves Air Terminal

To Ground with at least 50 sqaure millimeter Borad Copper in PVC Conduit to Ground Rot Set

Ground Rod Set

Air Terminal 0.6 Meter Length
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Section :1-2

Section 1: Hus1an
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Guidelines and Principles of Cave Management

Dean Smart, November 2003.
Exploitation of Caves
Principle — caves are used in many different ways and management needs vary accordingly

Historical and current use of caves in Southeast Asia:

Sources of food, e.g. fish, bats

Sources of guano and swiflet nests

Sources of sediment and minerals, €.g. tin
Industrial sites, e.g. stone tools

Centres of knowledge, research and learming

e Tourist attractions
e Places of worship and meditation i
e Burial sites

e Shelters

e Store houses

e Hiding places

e Thoroughfares

e Water supplies

®

®

[ ]

®

[ ]

Other uses from around the world:

Wine cellars

Mushroom farms

Cheese factories
Tuberculosis clinics
Laboratories

Fortresses

Waste dumps

Mass grave sites
Hydroelectricity plants
Manufacturing sites, e.g. rope
Sources of saltpetre for gunpowder

Significance of caves:

e Living museums — climate, fossils, archaeology, culture

* Natural laboratories — human psychology, evolution, adaptation, ecology

*  Windows on the underworld — groundwater, geological exposures, archaebacteria
* Economic — water supplies, tourism, guano, swiflet nests, tin

e Social — aesthetic, sporting, spiritual, shelter

Special characteristics of caves:



Small, enclosed space

Darkness

Little exchange with the surface — stable environment
Excellent preservation qualities

Long ‘lifespan’

Accumulate sediments, speleothems, bones, artifacts, etc
Simple ecosystem with unusual fauna

Low total energy budget

Origin by solution of the bedrock

Rapid transmission of water

Integral part of a wider landscape — karst

Threats to Caves

Elery lecture?



Assessment of Caves for Management

Principle — good management is based upon knowledge of the resource

Assessment can:

15

Be carried out for caves as a whole or for discrete parts of a single cave
Identify significant and vulnerable sites

Identify caves of potential economic value

Provide convenient ways for filing and accessing data

Aid with funding allocation

Data collection

Principle — gather as much data as possible

Data sources:

e Direct exploration, surveying and research
e Local knowledge

e Published literature, reports and maps

e Internet

e Foreign cave expeditions

Remember — quality of data is better than quantity

Rapid assessment for first-time cave surveys (minimum); measure, record or search for:

General

Name; location; elevation; length; depth; sketch map; technical aspects;
dangers

Geology

Rock type & age; cave shape & mode of genesis; structural features;
fossils; unusual speleothems & minerals; sediments

Hydrology Catchment area; sinks & springs; flood risk

Cave adapted animals; rare or unusual species; unusual ecological

2

Biology aspects; large colonies; sub-fossil bones

Pottery; stone, bronze & iron artifacts; cut-off snail shells; human bones;
Archaeology

art; log coffins
Culture Religious items; historical structures; local customs

Management | Current use; manager; threats; impacts; potential use; energy level

Classification of caves




Principle — helps to orgaﬁise data and highlights aspects of interest

Classification:

e Many ways to classify caves: mode of genesis, hydrological aspects, interior deposits,
biological habitats, management, etc.

e Needs to be simple, objective and consistent

Cave management classification in Thailand (Smart, 2000):

Category 1:  Public Access Caves
1.1 Eco-tourism ¢
1.2 Tourism
1.3 Temple
Category 2:  Special Purpose Sites *
2.1 -Comparison sites
2.2 Sites of special natural and/or cultural value
2.3 Dangerous sites
2.4 Human industry sites
Category 3:  Wild (& unclassified)
1.1 Caves classified as wild
1.2 Unclassified caves

* The classification for sites managed as ‘special purpose’ also needs to state the reason for
inclusion in this category, e.g. Tham Hud — 2.3 (bad air), Tham Khao Chong Phran — 2.4 (bat

guano).
3. Energy level
Principle — a measure of a cave’s impact resistance and ability to self-repair

Subjective estimate of the total amount of energy within a cave taking into account:

Energy supplied from outside, e.g. flood debris, guano, trogloxene movement

Energy supplied from within, e.g. chemo-autotrophic bacteria

Stored energy, e.g. minerals, animals” bodies

Physical energy, e.g. water power, wind strength, tides, daylight, sediment movement,
rock collapse

e Speed and level in which change occurs, e.g. seasonal flooding, daily wind variations

Energy levels are divided into three states:

Energy
Level

Impact Ability to

Example Characteristics Resistance Self-repair

Dry; single entrance; little air
LOW movement; no daylight; few LOWER LOWER
trogloxenes; stable environment




Flowing water; multiple entrances;
strong draught; daylight; many

HIGH MEDIUM MEDIUM

trogloxenes; changing environment;
tidal movements

ULTRA-
HIGH

River; severe flooding; huge trogloxene
colony; surface-like setting; rapidly or HIGHER HIGHER
widely changing environment

4. Significance ‘

Principle — most caves are significant for one or more reasons

Assessing significance:

e Impossible without data

Evaluating cave significance (Davey & White, 1986), not ranked in order of importance:

L

2.
3

il e

11.
12
13.

14.
15.

A cave is significant if it —

Has contributed substantially to development of explanations about a wider class of
sites
Is the location of important research investigations

. Contains evidence with potential for understanding the past (e.g. speleothems,

sediments, palacontological or archaeological deposits, cultural relics)

Has important associations with prehistoric or historic human activities, especially if
connected with important events, personalities or the developments in the history
of the region or of cave science

Contains especially clear examples which are of educational value

Is the type locality for any species

Is the habitat of an endemic species

Is the habitat for any troglobitic species

Is the breeding locality (maternity site) for any species, oris important to any species
for acclimatisation, overwintering, staging or roosting

. Is the habitat for a species which is endangered, rare, restricted or near the limits of its

range

Is aesthetically impressive or of high visual or other sensory quality

Contains unusual recreation opportunities

Has potential for non-destructive use which will contribute to the local and regional
economy and employment

Is one of the few remaining or best preserved of its class

IS part of a related compilation of sites, which collectively meet one or more of the
other criteria above

5. Vulnerability




Principle — highly significant caves are not necessarily vulnerable

A cave may be considered vulnerable ifit is:

Fragile

6. Data Management

Currently being impacted

Under threat of being impacted in the future

Located near to human populations or easily accessible
Potentially attractive to casual visitors

About to be developed or managed

Principle — store data in a form that can be easily accessed

Data storage:

e Computer — Access, Foxpro, GIS
e Paper — books, reports, maps
e Cross-reference the data to other databases

Starting point for a computerised cave management database:

Information Data Type
Code number Unique code assigned to each cave Number
Name Name of cave + alternative names Text
Location UTM or Lat/Long coordinates; elevation Numbers
Area Name of protected area, province, etc Text
Access description Description of how to reach the cave Text
General description Description of the cave Text
Length Surveyed length Number
Depth Surveyed depth Number
Technical description | Description of technical aspects and equipment Text
Dangers Description of exploration dangers Text
Significant values Description of reasons for significance Text
Energy level Energy level rating Option




Current use Management classification Number
Special purpose Reason for special purpose class Text
Comparison site code | Code number for the cave’s comparison site Number
Manager name Name of managing department, group, etc Text

Year of management Year in which current management started Number
Management descript | Brief overview of current management Text
Management plan Number of management plan document Number
Impacts Baseline of current impacts Option
Threats Baseline of current threats Option
Vulnerable aspects Features, areas, impacts or threats for monitoring | Text¢ :
Monitoring Dates of monitoring trips and results Date/text
Visitors Number per year or names and dates Num/text
Other management data | Other data related to management Text

Map of cave Link to a file Hyperlink
Map of catchment area | Link to a file Hyperlink
References List of numbered references Number
Other data Links to other databases, e.g. geology, biology Hyperlink

7. Management without data

Principle — in the absence of data, assume that all caves are significant

Managing without data:

8. Funding allocation

Even caves that appear insignificant at first may actually be of great value
Management should be protective only .

Protection should only be attempted where there is an immediate threat
Be prepared to change the management plan as data becomes available

Principle — funding is usually in short supply, spehd it wisely

Assessing and classifying caves helps with funding allocation by:

e Setting management priorities by identifying the caves in most urgent need of action

e Identifying caves with a realistic potential for beneficial and sustainable use




Cave Management

Principle — maintain the integrity of caves through protection, sustainable use and education

Cave management aims to:

1.

Maintain the natural processes acting upon caves, e.g. hydrological, atmospheric,
biological, solutional

Maintain the natural environment of caves, e.g. atmosphere, temperature & humidity

Protect the natural features of caves, e.g. sediments, speleothems, fauna

Protect the cultural features of caves, e.g. archaeological and cultural artifacts, history

Keep impacts to a minimum e

Detect deterioration, repair it and slow down further damage

Provide economic and social benefits

Improve peoples’ understanding of caves

Whole area management (Elery lecture?)

Principle — proper protection of a cave is only achieved if the entire catchment area is also

protected

Catchment area protection:

2.

Define the area and include a buffer zone

Limit development and initiate impact mitigation schemes

Enclose the catchment within the protected area containing the cave

Set up cooperative agreements with other concerned agencies and groups
Difficult yes, but not impossible

Site Selection

Principle — correct use of a site can minimise mary problems

Apply the cave to the use and not the use to the cave:

3.

Assessment of the cave will determine what it is suitable for, if anything

Location, location and location — all impertant for public access caves

Energy level — low energy caves too vulnerable for tourism; ultra-high energy caves
‘repair’ the infrastructure; high energy caves are more suited

Restore and redevelop ‘old’ public access caves before developing new ones

Where guano, swiftlet nests and water supplies are diminishing, look for unsustainable
extraction practices and correct them before opening new caves

Comparison caves should be near to and of similar aspect to the cave they are paired with

Different parts of the same cave may be selected for different use

Cave restoration

Principle — repair and clean the damage caused by people



Strategies for cave restoration:

Assess the state of the damage and formulate a plan
Remove all rubbish and old, unused development structures
When removing old concrete, be careful not to take the sediment stuck to it as well
When concrete is stuck to a rock floor, carefully chip it away
Old, organic material should be removed gradually and not all at once
Compacted sediment floors can be physically broken up
Freshly broken speleothems can be “stuck’ back together using epoxy glue and stainless
steel pins
e Large, robust speleothems can be brushed or gently scrubbed by hand with water. |
Pressurised water jets can be used to clean large areas. ¢
Small, delicate speleothems can be gently brushed or left alone
Soot and non-paint graffiti can be sprayed off or gently scrubbed by hand with water
Painted grafitti can be dissolved with sulphuric acid solution, gently scrubbed if necessary
and rinsed thoroughly
e Lampenflora can be scrubbed off with a 5.25% solution of Sodium Hypochlorite (bleach)
and rinsed throughly
Algae is best sprayed with undiluted bleach, left for 3-5 days and then rinsed thoroughly
Transplanting of cave fauna does not usually work and can create new problems. It is best
not to attempt it.
Archaeological material can be gently dry brushed
When brushing or spraying always have some method of removing the waste from the
- cave, e.g. collect dry lint and dust in a pan, channel water away into installed drains
e Look at old gates and structures to see if they impede the natural flow of air, water, and
animals into and out of the cave. If they do, replace them with better designs.

4. Protective strategies for caves

4.1 Secrecy

Principle — simply not telling anybody about a particular cave is-a form of protection
Secrecy has the following advantages:

e Simple, cheap and quite effective in the short term
e There will be no public interest and therefore no pressure to develop the cave
e Visitor numbers will be very limited

Disadvantages of secrecy:

e Other people will be unaware of the caves’ significance and that their actions could cause
damage

e The data may be lost due to computer failure, fire, etc.

e The information will get out sooner or later

Remember — misinformation and lies should never be used to protect caves. All it does is
cause confusion for everybody, including managers.



4.2 Gating
Principle — keep casual visitors out of sensitive caves
Problems with gates:

e Gates can severely impact the cave environment by changing air and water movements
o Gates can severely limit the movement of animals in and out of the cave
o Only after all other options have been exhausted should a gate be considered

Gate design (if there is no alternative):

4
4

Install the gate as soon as possible after discovery of the cave

A fence encircling the entire entrance area is much better than a door on the entrance itself

Gates need to be strong and lockable

The locking mechanism must be designed so that it can be opened from the inside without
a key (emergency) ,

Do not alter the cross-sectional shape of the passage

Do not build a raised, solid wall across the floor

Leave a hole big enough for the passage of porcupines, rats, crickets and other trogloxenes

Bar spacing for a bat gate should be at least 15¢m vertical and 120cm horizontal

Some bats prefer a gate placed inside the entrance where it is dark and predators are fewer

Some species of bat do not tolerate gates at all and will leave the cave

Large bat colonies cannot pass through gates

Airtight doors are needed for entrances that were naturally sealed before being dug open

Put up a sign explaining the procedure for applying for permission to enter the cave

e 06 0 6 o o & o o

See Hunt and Stitt, 1981, and later updated editions for details on gating caves.
4.3 Permit systems t
Principle — limit visitation in sensitive caves to people with permission only
The way a permit system works:

e The cave is closed off to casual visitation
People wishing to visit the cave apply to the manager for permission to enter
The manager assesses the application and either: grants permission, issues a permit
(usually a written letter) and arranges access (perhaps by loaning a key to the gate); or
denies permission.
e The permit may cover one trip or a series of trips

Limiting permission, for example, to people who:
e Havea recognised qualification, e.g. cave leadership certificate (UK)
e Have previously demonstrated a responsible attitude towards cave conservation

e Have a legitimate reason to enter, e.g. surveying, research, monitoring, cleaning, etc

Advantages of a permit system:



Very effective for limiting and monitoring visitor numbers
e Visitors follow minimal impact codes more closely as violators can be easily identified
(violators will not be granted permission to this or any other cave again)
e Impacts are reduced
Overcrowding can be avoided by setting specific dates for trips
e Good opportunity to spread conservation messages

Disadvantages:

Increased bureaucracy
Higher level of protection needed to prevent casual visitation ‘
e There will always be people who try to ‘sneak’ in — sometimes successfully

5. Strategies aimed at the sustainable use of caves

5.1 Carrying Capacity & VIM
Principle — people are not cows

The concept of ‘carrying capacity’ is out of date and no longer used in cave management:

e Carrying capacity was originated by farmers wanting to maximize profits by putting the
optimum number of cows on each unit area of field

e Conservationists took the idea and twisted it into a limit on the number of people allowed
to visit a site, the limit being set below the point where impacts become unacceptable

e All visitors to caves cause impacts so the effective carrying capacity of @/l caves is zero

e Cave managers accept that impacts are inevitable and aim to minimise them '

Visitor Impact Management (VIM):

Recognise the caves’ significant features

Recognise which areas within the cave are vulnerable

Recognise potential threats and impacts

Create a baseline of data for existing impacts

Look out for the appearance of new impacts and/or damage in areas not previously
impacted

Monitor for cumulative impacts

Apply management practices that reduce the impacts caused by visitors, e.g. boardwalks

e Educate visitors on cave conservation



* Make use of minimal impact codes for cave visitors

Minimal Impact Caving Code, 1995 — Australian Speleological Federation
(summarised):

1. EVERY caving trip has an impact. Is the trip into the cave necessary? Is there an

alternative, less vulnerable cave that can be visited?
The trip leader should have prior experience and knowledge of the cave, its sensitive

features, anchor points and reduce the need for unnecessary exploration.

3. Move slowly.

4. Beginners should be close to an experienced caver who can help when required.

5. Keep the team size small — 4 is a good number. i

6. Move as a team and help each other. Do not split up unless it reduces impacts. Move
at the speed of the slowest team member.

7. Constantly watch your head AND the heads of your team members. Warn them
before any damage is likely to happen.

8. Keep caving packs small or do not use them at all.

9. Do not wander around the cave unnecessarily.

10. Stay on marked or obvious paths. If there is no path — define one.

11. Learn to recognise deposits and features that can be damaged by walking or crawling
on them.

12. Take care when placing hands and feet.

13. Wash your caving clothes regularly to reduce the spread of fungi and bacteria
between caves.

14, If a site is obviously being impacted, find an alternative route in which impacts will
be lower. Inform the management of the damage and the alternative.

15. Carry in-cave marking materials to replace missing markers and tape off sensitive
areas or areas being damaged. Inform the management of the damage.

16. If it is necessary to walk on flowstone, remove dirty boots and clothing or DO NOT
proceed. Return later with better equipment. ;

17. Treat cave biota with respect. Watch out for them, avoid damaging them or their
traps and avoid directly lighting them. .

18. Bone material found on existing or proposed paths should be moved to a safer
location. Collection should only be undertaken with appropriate permission.

19. Eating food in a cave should be done over a plastic sheet to catch falling food
fragments and then removed.

20. Ensure that all foreign matter is removed from caves including human waste.

21. Protect natural anchor points with cloth, carpet or a caving pack. Only use bolts
where natural anchor points are inappropriate.

22. CAVE SOFTLY!




Minimal Impact Caving Code — National Speleological Society, USA:

1. Take nothing but photographs

Do not move or remove rocks, sediments, speleothems, animals, fossils, archaeological
remains, religious and cultural artifacts, etc.

(N.B. The light from flashes can disturb bats and other cave fauna)

2. Leave nothing but footprints

Do not leave spent batteries or calcium carblde candle wax, litter, food and drink
scraps, graffiti, bodily wastes, etc.

(N.B. Walk along a single, narrow footpath Remove dirty shoes to walk on delicate
floors.) ¢

3. Kill nothing but time

Do not disturb, harm or kill any cave animal — invertebrate, fish, bat, snake, etc. Do not
smoke cigarettes, light fires, touch speleothems, etc.

(N.B. Do not spend too long in any one place. Body heat and breathing can alter the

5.2 Resource extraction

Principle — resource extraction from caves can be sustainable if done properly

Reasons for allowing resource extraction:

®

Many people may already rely upon the resource, especially if an industry has built up

The resource may have great economic value, e.g. swiftlet nests

If the benefits go to the local community, other pressures such as hunting and
deforestation can be reduced

Water supply:

Assess the quantity and quality of the supply :
Determine the source (catchment area)

Maintain water quality by protecting the catchment
Never dam cave entrances

Guano extraction:

Assess the size and extent of the deposit

Assess the rate of replenishment

During extraction try not to disturb the bats — be quiet, do not light fires, do not shine
torches at the bats, etc

Extract only fresh guano and do not dig into old floor sediments

Infrequent extraction is better than more often

Extraction at night when most of the bats are outside is preferred

Do not extract during the breeding season

Always leave some guano for the other cave fauna

Monitor the bat population and modify the extraction strategy if a decline occurs




Review existing permit systems and change if necessary. Develop a permit system if there
isn’t one

Swiftlet nests:

Determine the species and the size of the colony
During harvesting try not to disturb the birds — be quiet, do not light fires, etc

®
e - Harvest once before egg-laying and have a closed season of 140-160 days to allow

breeding (timing changes depending on the species)
Nests with eggs or live young should be left untouched
Harvesting during the day when most of the birds are outside is preferred
Promote the use of empty buildings instead of caves ¢
Monitor the bird population and modify the extraction strategy if a decline occurs
Review existing permit systems and change if necessary. Develop a permit system if there
isn’t one

?

5.3 Monitoring

Principle — watch for increased impacts and deterioration

To monitor impacts:

6.

Create a baseline of data from a series of surveyed locations, e.g. visual inspection,
photographic, lint catchers, population size or density of certain species, temperature
and humidity, water quality, etc.

The baseline needs to take into account seasonal and other variations, so collect data for at
least one year before managing

Set an initial timeframe for monitoring trips based on the timing used for the collection of
the baseline data {

Use the same equipment and locations for monitoring as used for the baseline

Use the same camera, flashes, positions, film and exposure for photographic monitoring

Increase monitoring trip frequency for heavily visited caves or where impacts are seen to
be worsening

After management begins, monitor additional factors such as visitor numbers, amount of
guano extracted, etc.

Do not forget to monitor comparison sites-as well! Use the same regime as that used in the
managed cave ,

If deterioration is detected implement repairs and measures to slow down further damage

Cave tourism

Principle — entertain and educate tourists in a pleasing, interesting, safe and conservation-

minded manner

6.1 Tourist cave design

Principle — designing tourist caves requires careful thought

Some consideérations:



e The most suitable cave for tourism is not necessarily the most beautiful
e Create a management plan covering all aspects — significance, vulnerability, restoration,
development, infrastructure, lighting, role of guides, interpretation, monitoring, etc.

6.2 Trails

Principle — walking trails are perhaps the single most important piece of infrastructure in a
tourist cave

Walking trails:

Protect the natural cave floor (often a cave’s most important asset)

Restrict the movement of tourists and keep them away from fragile features
Provide a safe, comfortable walking surface

Instill a sense of respect for the natural cave floor

Trail design concepts:

The natural cave floor is unsuitable — damage caused, slippery, uneven, etc.

Separate the tourists from the natural floor to instill respect (probably need to be explained
as well)

Raised boardwalks are best, but may be expensive

Trails can be used to hide electric cables, water pipes and other facilities

Raised sides will help keep tourists on the trail, provide a place for mounting trail lights
and help catch lint

Steps should be less than 15¢m in height, preferably 10cm

The edges of steps should be highly visible, perhaps in a different colour

Railings are needed to keep tourists on the trail )

6.3 Lighting
Principle — display the cave and its features and provide light for walking safely
Problems with artificial lighting in caves:

Electricity and the damp cave environment are a dangerous combination
e Heat, humidity and air current changes
e Lampenflora

Artificial lighting systems in caves:

Use 12-volts instead of 120 or 240 volts (cooler and safer)
Use a variety of spots and wide spread lights for visual effect
Highlight certain features

Light the walking trail

Leave parts of the cave in the dark

Aim the light away from tourists’ eyes



e Use only white lights as these show off the caves’ natural colours better (coloured lights
belong in discotheques)
Can be switched on and off at key places for visual effect and to reduce lampenflora
Are well maintained
 Have an emergency system to light the trail in the event of failure; this needs to run off an
independent power supply (batteries)
e Used to light informative signs

6.4 Materials
Principle — use cave-friendly materials
Materials should be:

High quality to reduce the chance of impurities

Non-toxic
Non-rusting

Strong

Non-biodegradable
Chemically inert

Comparison of some commonly used cave infrastructure materials:

Use Good material Poor material
Trail Recycled plastic wood Natural cave floor
Concrete blocks/slabs Poured concrete
Unglazed ceramic tiles Wood
: Glazed or polished tiles
Railings Recycled plastic wood Zinc plated steel
Stainless steel Wood
Fill Pure, clean silica sand Sand with impurities
Cave sediment
Fittings, bolts, etc | Stainless steel Steel
Lights Plastic & waterproof Metal & not waterproof
Cables Plastic coated Rubber coated
Switch boxes Plastic & waterproof Metal & not waterproof
Pipes Plastic Metal
Signs Recycled plastic wood Wood
Perspex

6.5 Guides or self-guided?

Principle — guides are much more than interpreters

Guides:

® Very, very difficult job to do well




Interpret the cave

Interact with tourists

Keep control of tourists

Motivated, adaptable, polite and charismatic guides = satisfied tourists

Reasons for having guides:

The cave is better protected
The tourism experience is more enjoyable than ‘self-guided’
e More information can be related than with signs

6.6 Interpretation ‘
Principle — educate tourists about the cave and its values
Interpretation:

Keep it simple and stupid (KISS)

Be accurate

Be subtle

Avoid fantasy

Use concepts rather than facts

Give tourists a sense of respect for caves

Possible interpretation topics for a general cave tour (not in any order except for the first):

e Hello and welcome

® Who discovered the cave and when?

® Role of water, air, soil, rock and time — surface and underground processes, position of the
cave as a part of karst, solution of limestone

* Shape of the cave — geology .

* Speleothems — types, mineralogy, growth rates

* Cave animals — types, guilds, ecology (food supply, food web, etc.)

® Historical cave uses — archaeology, culture

® Fragility of the cave — conservation

Considerations for improving tourist experience through interpretation:

Write a script, but make it a broad outline of topics and not a word-for-word story
Let the guides introduce their own ideas (after checking them)

Offer specialist tours, e.g. geology tour, biology tour, archaeology tour

Let tourists ask questions (stimulated through guide interaction)

Lighting and trail design is an important part of interpretation

* Does anybody actually read signs?

Remember — the knowledge gained by tourists at your cave will be taken onto other caves that
they visit. If the knowledge gained is conservation based, other caves will benefit.

6.7 Other considerations



Other things that need to be considered are:

If a cave has a hostile or uncomfortable natural atmosphere — find a different cave. Do not
install a ventilation system.

At some point it will become necessary to clean the cave — install water pipes and a
drainage system :

Tour times should aim to last about 30 minutes, no longer than 1 hour

Guide to tourist ratio = 1 guide for every 4 tourists (Elery i this correct?)

All infrastructure may need to be removed or replaced in the future, consider using
‘knockdown’ structures — this may be necessary in caves witl seasonal flooding
anyway 7

What about a boat trip?

6.8 Outside facilities (Elery lecture?)

Principle — tourists need to park their cars, eat, buy souvenirs and go to the toilet

Some considerations for outside facilities:

Locate surface facilities away from the cave and definitely not above it!
Sell food that requires no packaging, or as little as possible
A carefully considered plan is needed for waste disposal — rubbish, sewage, etc
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Tourist Caves

Tourist Caves can simply be defined as those displayed to be the general public in
return for a fee or other financial consideration. The history of this tradition dates
back to at least the early 17% century. These caves may be managed by governmental
agencies, non-governmental organisations (e.g., speleological clubs, religious
communities), and individuals or corporations operating as a commercial business.

People have always been fascinated by caves for a wide variety of reasons — mystery

and curiosity, fantasy, appreciation of beauty and probably many others. So, it is not
at all surprising that visiting caves became commercialised. In the words of 3 15t

objective. Others wish to share their enthusiasm for the beauty and wonder of caves
with other people; some wish to use caves as a wonderful opportunity for
environmental appreciation or education; others see them as a site for spiritual
éxperience, prayer or meditation,

This article will deal in turn with the following aspects of tourist caves:

* Visitor experiences,

® Approaches adopted by management to shape these experiences to meet their own
assumptions, values or objectives,

* The physical infrastructure used to facilitate access to the caves, including
possible guidelines for its development,

* Real and potential impacts of tourism in karst areas

® Assessment and monitoring of both environmental change and visitor experience
in order to guide corrective action in conservation or tour management.

Visitor experiences are largely shaped by Imanagement practices and the kinds of
opportunities made available to the public. Because most visitors have little
unders,tanding of possible alternatives in tour management, the result is a closed and
self-reinforcing circle, where visitor expectations become what is already offered,
rather than seeking new and different kinds of experience. All too often, the
experience is a stereotyped one, where visitors are allocated to groups and led through
a brightly lit cave along a (usually) concrete pathway by a guide who talks at the
group, giving his or her version of what they are seeing.

performance to their visitors. However, today a gradually widening diversity of
opportunities is offered in the attempt to enhance visitor experience and retain market
share in an increasing competitive tourism marketplace.

It is perhaps useful at this point to consider the experiences which are least often
provided. Being alone in the ¢ave is/only very rarely provided, and then usually



unintentionally. Yet those who have been alone in a cave often speak of this as a very
special and highly valued experience. One young woman who was able to walk alone
into a cave and then turned her light off to sit in the dark said afterwards, “I could
hear the Earth thinking!” Even if not alone, there is rarely a genuine opportunity for
peaceful meditation, although some may find this during an unguided tour. Personal
inquiry and investigation is all too rare, although some guides with a sense of
creativity are able to turn even a group tour into a personalised quest and experience
of inquiry. Even some so-called ‘adventure’ tours are simply another version of the
stereotyped tour, distinguished only by the absence of constructed paths and fixed

lighting.

An increasing problem for guiding practice is the multi-lingualism of visitors. Some
countries give attention to linguistic skills in selection of guides and may provide
printed materials in a wide range of languages. Alternatively, they may seek the
support of international tourism agencies in provision of interpretation. Others rely
entirely upon unguided tours, sometimes with signs highlighting special features
through photographs or other visuals. Still others simply leave it all to the unfortunate
guides, who may simply shout louder in the hope that somehow, this may enhance
their communication!

In broad overview, the talking to visitors in usually termed interpretation, but is based
in an extremely simplistic view of interpretation as the straight-forward ;
communication of the guide’s cognitive perspective on the cave. The emotive and
affective experience of the cave is either ignored or forgotten. A more radical view of
the problem that is gaining increasing support is that the interpretation, even if well
done, is endeavouring to compensate for poor presentation of the cave experience.
From this perspective, the whole manner of presentation must be reviewed with a
view to making the cave experience much more self-evident to the visitor.

Contemporary approaches to the enhancement or improvement of visitor experience

include:

* Training of guides who provide the traditional guided tour to offer a more
interesting presentation and to increase thé actual involvement of visitors in
shaping of the cave experience.

* The guide may accompany rather than lead the party, joining in conversation with
visitors rather than delivering a formal presentation.

* Altering the lighting arrangements within the cave to provide an ambience of
drama, mystery or a highlighting of special features while leaving other parts of
the cave in virtual darkness.

* Offering unguided (often called self-guiding or self-timing) tours where visitors
move through the cave at their own pace. Effective tours of this kind normally
still provide a staff presence within the cave for both safety and visitor comfort
reasons and as an information source in responding to visitor questions.

* Particularly in Asia, many sacred sites and temple caves offer what amounts to an

_unguided tour in which visitors move through at their own pace. Some of these
may provide the opportunity for prayer or meditation. Many have elaborate
shrines or other constructed development to enhance the religious experience.

®  Such tours may also be offered without fixed lighting other than the cave pathway
but providing each visitor with an appropriate hand-held light to carry.out their
own search for interesting features:



e Walking routes through surface karst features are increasingly popular, but rarely
is the opportunity taken to genuinely demonstrate the relationship between surface
and subterranean features.

* Commonly termed Adventure Tours, some will issue visitors with helmets and
overalls and they will be conducted through totally undeveloped caves.

° Providing for current researchers or other cave scientists to undertake leadership
‘of tours as guest guides on special occasions,
® Restoration of caves is becoming increasingly important, and a restored cave may
even become a special feature in itself (e-g., Bell 1994). 7
* Further, restoration often provides an opportunity to involve members of the
general public in work teams, and hence to immensely deepen their appreciation
of the cave environment.
® Various forms of artificial entertainment may be provided with screening of video
tapes, holographic presentations, use of sound and light or dramatised
presentations, staged performances and even the use of robots. Unless these are of
outstanding merit, they probably do more to detract from the natural values of the
cave than to accentuate them
* Movement through the cave may be assisted with some form of vehicular
rt. The most long-stan, ing and well-known example is probably the

miniature train at Postojnska in Slovenia. Other examples include boats, buses

practical convenience. Certainly the spectacular boat journey in the lower levels
of the Jeita Cave (Lebanon) or the two- kilometre voyage through Ghar Alisadr
(Iran) are regarded as two of the highlights of contemporary cave tourism
experience.

The more elaborate may include museum level presentation (e.g. Waitomo Museum
of Caves). At the Naracoorte World Heritage Area, visitors to the Wonambi Fossil
Centre see computerised robots of extinct species within a reproduction of a
Pleistocene forest and swamp. Alternatively, they may visit the Bat Interpretation
Centre where they view real time video imagery of the immense population of bats in
one of the caves. : :

For many years, guide books of varying quality were made availab]e to visitors.
Currently, they are more likely to find only a choice of brightly coloured postcards,
folders or brochures, or photographic books. However, there are still outstanding



cave itself. Regrettably, in some countries speleothems taken from the caves are
themselves sold as souvenirs, thus giving respectability to continuing vandalism.

A major opportunity for improved practice is provided by the various regular or
occasional conferences of cave and karst managers. Regional conferences have been
held regularly in Australasia (since 1972) and the United States (since 1975), while
international conferences are now convened (since 1990) by the International Show
Caves Association (ISCA). Australia and New Zealand also have a continuing

The physical infrastructure in caves may have been in place since the 19t Century
and hence, to have acquired an historical value. Even much of that installed more
recently has repeated the old pattern of extensive modification to the natural structure
of the cave, neglect and often destruction of the floor with its extensive deposits and
other evidence of regional geoclimatic history, with insensitive and excessive lighting
intensity.

There are very few explicitly published guidelines to preferable patterns in such
infrastructure. Various engineering or accessibility standards may set structural and
dimensional requirements for stairs, pathways and the like but these are generally
based upon building codes and not sensitive to natural environment or conditions.

where the Burra Charter (1999) provides guidelines for conservation management of
cultural sites and the Australian Natural Heritage Charter (1996) provides similar
guidelines for natural sites. Where a present installation has attained historic
significance, any redevelopment should consider the principles provided in the Burra
Charter while any cave development of infrastructure should recognise the Natural
Heritage Charter.

A number of guidelines are provided and some of those which have particular

relevance to cave presentation and conservation management include:

® Inso far as possible, conservation management should only exercise minor
interference or modification to the natural environment and only in so far as this is
necessary to ensure conservation. Additions should only occur if they do not alter
the natural characteristics of the site,

¢ These additions must be clearly identified in one way or another, so that no
confusion will arise between natural and introduced matter.

® Any additions to the site, for instance pathways for access purposes, should be
designed and constructed in such a way that they can be readily removed,
allowing for complete reinstatement of natural conditions. (Obviously this
precludes the traditional poured concrete pathways of many tourist caves).

* Comprehensive and detailed records should be kept of any modifications so that if

-necessary those modifications can be reversed.



Underlying Principles of the Australian Natural Heritage Charter

e Intergenerational equity means that the present generation should ensure
that the health, diversity and productivity of the environment is maintained
or enhanced for the benefit of future generations.

® The principle of existence value is that living organisms, earth processes
and ecosystems may have value beyond the social, economic or cultural
values held by humans.

e The principle of uncertainty accepts that our knowledge of natural heritage
and the processes affecting it is incomplete, and that the full potential
significance or value of natural heritage remains unknown because of this , ’
uncertain state of knowledge.

* The precautionary principle is that where there are threats or potential
threats of serious or irreversible environmental damage, lack of full
scientific certainty should not be used as a reason for postponing measures
to prevent environmental degradation.




Probably the most intractable of impacts which result directly from the presence of
visitors, is the accumulation of lint, consisting of fibres from clothing, dust carried in
by visitors and flakes of human skin, Visitors may also leave behind less visible
evidence of their presence in the cave, including invasive species, some of which may
be microbiota. Other impacts such as changes in temperature, relative humidity and
the level of carbon dioxide in the cave may have a significant impact in low energy
caves and, in conjunction with artificial lighting, may have further and more drastic
effects.

The phenomenon of lampenflora is a well-known one and results from the algal and
other plant growth as a result of changes in micro-climatic conditions and
inappropriate levels of artificial light. Again, the best prevention of lampenflora can
be achieved at the design, planning and construction stage. Its occurrence is simply
evidence of poorly designed, excessive and/or wrongly located lighting. When it has
occurred it should be removed as its continuing presence actually damages the rock
substrate, and this can be most easily accomplished by using a very dilute sodium
hypochlorite solution.

A vital part of good conservation management in any tourist area is the assessment
and monitoring of change. It is useful to emphasise the distinction that assessment is
the process of making judgements about the significance and necessary action to deal
with changes; monitoring is simply the act of consistent measurement of those
changes in order to provide a database for assessment. A number of basic parameters
should be subject to continuous monitoring simply to provide comprehensive
knowledge of the environment including both seasonal changes and any extraordinary
changes. The parameters which might be included in both surface and underground
monitoring include temperature, relative humidity, carbon dioxide levels, the levels of
radon and radon daughters, water quality and flow levels, wind and other air
movement patterns. Careful-consideration must be given to measurement sites and
such questions as the extent to which specific microclimates might demand attention.

Further monitoring will doubtless arise in any one situation in order to deal with
identified problems or potential problems. This may well be on a continuous basis
but where peak events (e.g- flooding) are of significance then special measurement
and monitoring may need to be undertaken during these events.

Monitoring also needs to relate to, and often be supported by, genuine research.
Common assumptions about the nature and cause of problems may well be incorrect
and if these problems are to be dealt with, it will be necessary to carry out research in

Although, there is a genuine awareness of the need for environmental monitoring and
it is commonly done in many karst areas, the quality of visitor experience has not
been subject to the same level of research and enquiry. Given the dependence of
many tourist caves upon a continuing flow of visitors, it is vital that the assessment of
visitor experience be systematically carried out. However, it is more than this —
perception and assessment of environmental quality by visitors is as important as that
by managers. Visitors are often sensitive to issues which managers take for granted,
while at the same time, managers may well be sensitive to issues of which visitors are
totally unaware. Thus, the program of assessment and monitoring needs to integrate
both environmental and experiential monitoring (Hamilton-Srnith 2002):



Systematic participant observation properly coupled with informal interviewing is a
very powerful tool in monitoring of experience. Just as one simple example,
observation tells us that the concern of managers with minor vandalism carried out by
visitors on cave tours is generally carried out by visitors at the rear end of tour groups.
They probably cannot hear the guide and certainly become bored.

Another successful example specifically examined motor coach tours to a major cave
destination. The researcher rode with bus tours to the destination, shared with
passengers over lunch and joined with their cave tour, then rode the bus back to the
starting point. This study not only identified a number of organisational problems that
were detracting from the experience, but also identified a major but previously un-
recognised problem in the telling of inappropriate (often anti-environmental) jokc;s'
and anecdotes told by tour drivers. However, observation alone s not enough but
there should be regular surveys of visitor values, attitudes and experience, perhaps

The most potent approach to minimising undesirable impacts is undoubtedly ensuring
the best attainable practice in planning, designing and developing tourist caves and
related tourism opportunities. Many problems are predictable and can be greatly
reduced by effective planning in advance, and by not repeating the mistakes of the
past.

This article can only be a brief review of issues and contemporary trends. There are,
in addition to the specific references provided below, an immense number of sources
of information available. At the descriptive level, many countries published
directories of tourist caves, or even major guidebooks covering all cave of the
country. These now seem to be less published and utilised than in the past, probably
because the Internet provides a cheaper and more flexible access to the same
information. See http://www.showcaves.com/ for an international listing of tourist

see the various series of conference proceedings, or search the abstracting services for
the proceedings of special seminars.

' - E. Hamilton-Smith
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6 7.97 7.7 7o/ 6.40 5.40
10 4.38 4.38 4.38 3.80 3.80
16 275 275 275 2.40 2.40
25 174 74 1.83 1.50 1.58
35 1.25 27 1.38 1.09 118
50 0.95 0.97 1.08 0.84 0.94
70 0.64 (.68 0.81 S 0.70
95 0.46 052 0.65 0.45 0.56
120 40 057 0.3% 0.49
150 0,30 .87 050 0.32 0.43
185 0.24 052 0.45 0.28 0.39
240 018 0.28 0.38 0.23 0.34
300 035 8.25 0.35 0.2 0.36
400 0.12 0.2z 0.32 0.9 0.28
500 0.06 220 0.29 018 .25




CONDUCTOR TYPE PD-IV AND PD-THW RUN IN METALLIC CONDUIT

VOLTAGE DROP

| COMDUCTOR |  Act) | INoucTIvE Throe phase sffective resistance per unit length |
| CROSS | RESISTANCE | REACTANCE | 3 (rcos0+Xsin0) st 70° c various power factor
| SECTION | aTmec X 0/KM
IN METALLIC | IN METALLIC
! CONDUIT | coNDUIT | 1.0 0.9 0.90 0.65 0.80
" somM. /KM e WKMo | ookM | ookm | okm | okm
25 8.8658 01949 | 153560 | 14.6936 | 13.9676 | 132304 | 12.487
4 55187 ;" 0.1811 95535 8.1737 8.7349 8.2857 7.8310
B e 09735 | 6388 | 65| 58755 | 5sgw | 586
g 10 21895 01768 | 37923 | 36983 | 3.5466. | 33848 | 32176
] 1.3759 &S 23831 | 23566 | 2271 |\ 21819 | 2.0884
b3 0.8698 01621 |/ 15065 | 18189 | 14783 14285 | 13737
] % 0.6332 04558 - [1.0067 | 14262 | 19047 |. 10728 | 10303
53 0.4723 01533 | 08180 | 08601 | 08520 | oims2 | o0.8138
0 03303 e - 0.5721 | 0.6229 (| 0:6257 | Ge202 | 0.6102
% 0.2425 01409 | 0.4200 | 04751 | 04842 | 04854 | 0.4z
Rogs 0.3412 [ 0.3%60 | 03956 | 04090 | 04148 | 0415
o 0.1587 0.1397 |02749" | 03367 | 03529 | 03611 | 03681
188 e 0.1339 = | /022197 02843 03023 | 03126 | 03w
i 240 0.1019 0.1319 | 01765 | 0239 | 0258 | 0274 | 0278 |
....... 300 0.0834 0.1312 | 01445 | 02082 | 0.291 | 02425 | 02510




VOLTAGE DROP
CONDUCTOR TYPE PD-IV AND PD-THW RUN IN METALLIC CONDUIT

CONDUCTOR AClr) INDUCTIVE Single phase effective resistance per unit length
CROSS RESISTANCE | REACTANCE 2 {rco30 + XsinB) at 70° ¢ various power factor
SECTION AT70°C X }/KM
IN METALLIC | IN METALLIC
CONDUIT CONDUIT 1.00 0.9 0.0 0.85 0.80
SOMM, /KM /KM /KM QKM /KM (/KM /KM
2.5 8.8658 0.1949 17.7316 | 16.9667 | 16.1283 | 15.2772 | 14.4192
4 55157 0.1811 11.0314 | 10.5823 | 10.0861 9.5675 3.0424
6 3.6851 0.1735 7.3702 7.1100 £.7844 6.4475 6.1044
10 21895 0.1788 43750 4.2705 4.0852 3.9084 37154
16 1.3758 0.3712 27518 2721 2.6258 25194 2.4069
25 0.8698 0.1621 1.7338 1.7538 17070 1.6484 1.5862
35 0.6332 0.1558 1.2664 1.3004 1.2757 1.2406 1.2001
50 0.4723 0.1533 0.9446 0.9931 0.9838 0.9644 0.9396
70 0.3303 0.1488 0.6606 0.7192 0.7225 0.7162 0.7045
85 0.2425 0.1408 0.4850 0.5486 0.5582 0.5605 0.5568
120 0.1940 0.1412 0.3880 0.4568 0.4723 0.4786 0.4738
150 0.1587 0.1397 0.3174 0.3888 0.4074 0.4370 0.4216
185 0.1281 0.1359 0.2562 0.3283 0.3491 0.3609 0.3680
240 0.1018 0.1319 0.2038 0.2760 0.2984 0.3122 0.3213
300 0.0834 0.1312 0.1668 0.2404 0.2645 0.2800 0.2909




VOLTAGE DROP
CONDUCTOR TYPE PD-THW RUN IN NON-METALLIC CONDUIT
TYPE PD-NYY RUN IN AIR OR DIRECT BURYING IN GROUND

f CONDUCTOR AClr) INDUCTIVE Throe phase effective resistance per unit length
, CROSS | RESISTANCE | REACTANCE V3 (rcos6 + XsinG) st 70° ¢ varlous power factor
| SECTION AT C X /KM
1.00 0.5 0.%0 0.5 0.90
¢ SQMM, D/KM /KM 0/KM /KM 0/KM 0/KMm a7Km
25 8.8658 0.1548 15.3560 | 14.6719 | 13.9373 | 13.1939 | 12.4457
4 5.5157 0.1438 9.6535..) 9.1836 | 8.7067 | 82517 | 7.7922
{ 5 3.6851 0.1380 6.3828 | 6.1383 | 58487 | 55513 | 5249
: 10 2.1895 0.1413 3.7923 | 367131 | 35198 | 3.3524 | 3.1807
16 1.3758 0.1366 23831 | 23379 | 22479 | 21503 | 2.0485
% 0.8858 0.1293 1.5065 | 15011 | 1.4535 | 1398 | 1.33%6
k] 0.6269 0.1235 1.0858 [ 1.0883 | 1.0705 | 10356 | 09970
50 0.4630 0.1233 0.8019 "1 0.8285 | 0.8148 | 0.7941 | 0.7697
70 0.3207 0.1172 0.555 | 0.5911 | 0.5884 | 0.5791 | 05662
4 % 0.2309 0.1136 0.3998 | 0.4414 | 0.4457 | 0.4436 | 0.43%0
: 120 0.1840 0.1121 0.3187 | 03634 | 03715 | 03732 | 03715
;150 0.1493 0.121 0.2586 | 0.3063 [ 0.3174 | 0.3221 | 03214
185 0.1196 0.1094 02072 | 0.2560 | 0.26%0 | 0.2759 | 0.27%4
2 240 0.0918 0.1073 0.1580 | 0.2091 | 0.2241 | 02331 | 0.2387
300 0.0737 0.1066 0.1277 | 0.1789 | 01954 | 02058 | 0212




VOLTAGE DROP
CONDUCTOR TYPE PD-THW RUN IN NON-METALLIC CONDUIT
TYPE PD-NYY RUN IN AIR OR DIRECT BURYING IN GROUND

CONDUCTOR |  ACW) INDUCTIVE Single phase sffective resistance per unit length
CROSS | RESISTANCE | REACTANCE 2 {rcos0+ XsinB) at 70° ¢ various powsr factor
SECTION | ATR°C X 0/KM
1.00 0.5 0.90 0.85 0%
SQMM. /KM /KM GKM | KM | DKM | oM | ook
95 8.8658 0.1548 | 17.7316 | 16.9417 | 16.0934 | 152350 | 12 %
4 55157 0.1438 | 11.0814- 10.5696 | 10.0536 | 952820 | B%7
6 36851 0.1380 7302 | 7.0870NNe.7535 | 6.4101 | 6.06¢
i 1;3 “ 2.1895 0.1413 43790 |« a283 | 40843 | 3870 | 387
15 1.3759 0.1366 | 27518 { 2:8095 | 25057 | 240 | 233
2 0.8698 0.1293 17396 | 17334 | 16784 | 1.6149 | 5458
3% 0.6269 0.1238 12538 [ 1.26%2 | 1,267 | 11988 | 1512 i
50 0.4530 01233 | 09260 | 0.9567 | 03409 | 09170 | 0 |
70 0.3207 0.1172 0.6414 | 06825 | 06794 | 06687 | 088 |
95 0.2309 0.1136 7| 0.4618 | 05097 05147 |/ 0512 | 05088
120 0:1840 0.1121 ot | /N oas | osms |
150 01493 01121 0.2985 | 0.3537 | 0.3865 | 03719 | 0.373
185 0.119 0.1094 102392 | 0256 | 03107 | 0318 | 03225
24(; 0.0918 ’ow.ubm 0183 | 02414 | 02588 | 02691 | 0 z:sssM
300 0.0737 01066 | 0.1474 | 02066 | 02256 | 0.2376 | 02458




mum‘m'f; 4 a’mmrwﬁ‘ 6 a’ma’maﬁl 7 ﬂ’lﬂﬁ’l"\\i‘?l' 8 #18 XLPE uwﬂ;’\
TUNNIL (THW) (NYY, 1.C) (NYY, 3/C) {NYY, 3P 4N) (CV)
(mmy | s | wuR | i | dui | s | dud | dudm | R ¥ TSCIT R
guinaie| wihda [auinans | nihia gudnare| wiida [mudnans | mirda Auinae| wihda
(mm) | (mm’) | mm) | (mm’) | (mm) | mm?) | mm) | (mm?) | (mm) | (mm)
05 3.0 7.
’ 35 | 96 | 88 | e08 | 130 | 1327
15 3.8 11.3 9.2 86.5 13.5 1431
25 43 145 9.8 75.4 15.0 176.7 5.8 36.3
2 5.2 212 | 105 | 866 155 | 2138 74 43.0
6 58 26.4 1.0 85.0 18.0 254.5 13.0 283.5 81 515
10 7 407 12.0 1134 20.5 330.1 23.0 4155 8.7 595
16 8.4 55.4 18.0 132.7 245 471.4 26.5 551.5 9.8 75.4
25 10.5 86.6 14.5 165.1 285 638.0 310 754.8 1.6 1057
35 115 103.9 16.0 2011 35 778.3 350 962.1 2.7 1267
50 135 1431 17.0 227.G 36.0 1017.9 395 1225 14.4 182.9
70 15.5 188.7 18.0 283.5 40.5 1288.2 445 1555.8 16.2 2086..
g5 18.0 254.5 21.5 3634 46.0 1662.0 B4 5 2083.1 18.3 283.0
120 18.5 2987 23.0 415.5 50.5 2003.0 56.0 2463.0 20.2 320.5
150 245 363.1 26.0 531 56.0 2483.0 62.0 30191 22.5 3876
185 240 4524 28.0 6158 61.5 29706 68.0 36317 248 483.1
240 27.0 728 31.5 779.3 59.0 3739.3 76.5 45863 28.0 8158
300 30.0 706.9 35.0 962.1 76.0 4536.5 845 5608.0 30.0 706.5
400 33 .4 8814 385 1164.2 34.5 934.8
500 38.0 1134.1 43.0 1452.2
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saaein ¢ i e
(mm?) mmumug}ogmaemu“lm‘%m‘mn 4 lwvia¥epany
i 13120 33
115 6 11 17 28 44
2.5 4 8 13 22 34
4 3 5 9 15 23 36
6 2 4 7 12 19 29
4 Todap 1 191 35
16 1 1 3 = 9 14 23 35
25 1 1 i 3 § 9 15 24 29
35 ! i 3 4 7 12 19 24 30
50 1 1 3 5 g 14 17 21 34
70 1 i 2 4 7 10 13 16 26 37
95 1 i 1 < 5 A 10 12 18 27
120 1 1 2 4 6 8 10 16 23
g 50 3 1 1 3 = I/ 8 13 19
185 1 1 2 4 5 6 10 15
240 1 1 1 3l 4 syf 8 | 12
300 1 1 2 3 4 6 i0
400 1 1 1 2 3 5 8
500 - 1 1 1 2 4 6
Lﬁufm;guén&w
voadesarn mm | 15 | 20 [95wf 321201 B0"85 | 80 | 90 | 100 | 125 | 150
) 172 | 34 1 Tid| 124 2 j2utel 3 1721 4 5 6
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1 1 6 AR o R DT A
15 1 Bl e S R
25 1 e e el R
4 1 ol | 3 s dlag B gl g Fay
6 BN 306 il g L e e
10 e B BT b o
16 1 bl 5 | 10 1 15 | 19 | 23 | 35
25 o 14 8 | g e s § 45 | 15 | o9
35 1 WMV EA 5| 104N | 15 | 24 | 35
50 1 E 01 SE- 5—{(=e= | 1NN13 | 21 | 31
70 VAN~ "5 (M\| 17 | 24
95 UR - APPSR N (o R A\ \ RER R
120 A ANE A < ——— IR IR = L T T,
150 S WA BT84 w Lo | 13
185 LLON IR (< 1 | 1
240 - I PaNb PSS a2 s | o
300 BI D[ 2P A4 5 | -
400 ; Lir1 VUL | 4] 6
500 1 L QY] 4 fi g
sEURUAUDNAT
vawiaTassw mm | 15 | 20 |25 | 32-{-40 {50 | 65 80 [ 90 [ 100 | 125 | 150
i) et el 2 el 8 sl 4 | 5 |8




wmannln

a'wmumugezgwuma’m‘lﬂﬁw CV uwen luvaananu

(mm’)
1 4 =
15 :
25 {alcesie igilael or g8
4 toieeld e T el
6 1] 1 | Sty 15 | 25 | 39
10 W27 | 3 Jou il 8 ] 13 TRNNGs
16 1| NS RN\ E 417 | oOONNas
25 T L 1 S-S 20 s | N\ 2
35 1 Al P28\ %6 YL 1 ~5_| 20 Ye4 | 38
50 T HAC D/ W ALISN B2 15/ VA | 30
70 XY ooy \IFoAlE oS 3ot B[ 23 | 34
95 el (W Bt B ST | 18 | 26
120 BB aRl ] I O 7@ F)| 15 | 2
150 0 1 QUYL TE S E | @7 | 12 | 7
185 L (BAgr€FT 4 (S AL | 10 | 14
240 TS T [ NAS s | 7 |
300 : sl IO s L 4 L s s
400 L 3 | o 1y | 5 by
500 e
WuRmuaNa T
vpvvelassrs mm| 15 | 20 |25 | 32 [ 40 | 50 | 65 | 80 | 90 | 100 | 125 15
(B w2 g1 frudliazlie el 2 sl 4|5 |8
'AN']UWW}

S oo . v s ‘
(?‘;1'1”‘r”J“ANL’.'}??‘.&ﬂ"-H“,{N‘?HN?S?J!YW‘HLWV‘.W‘?']‘Jﬁ 41
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