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[42% 65 L71 [67 [70 -75 [66 LGB l:72
13.1 14.8 (11.6 r= 10.4 (11.4 +~10.4 10.4  £10.0 11.0
[69 [57 [71 AL L og 69 [76 64 5 [66
12.9 14.2 12.2 11.0 13.2  11.0 11.0 r12.0 11.6
70 [60 [63 [68 E67 71 68 57 [64
FHIRE13.31 1.1C 11.0+ 1.0 10.5+ 1.3
FEHRE63.01 9.4% 70.1%+ 3.3 65.2% 4.0
B R 73 &
~8.6 104 9.8 ‘ 8.4 10.8  ~10.0 1 13.4 13.5 (12.0
L76 =72 L74 E78 64 [68 64 [64 [68
~ 8.6 10.2 10.6 8.8 ~ 9.4 9.8 10.3 13.0  ~12.5
L7 76 [72 73 Lsg [67 90 [64 3
8.8 11.4 9.4 9.0 11.8 10.6 1.0 10.5 (10.3
70 73 [76 [68 2 [66 [68 [94 90
9.8+ 1.0 9.8+ 1.1 11.8+ 1.3
73.9+ 2.3 68.3+ 4.8 73.8413.3
K14 KENOBIRIE KA kT

il

BEIBIESHIE, BER RGBS TY HrbH
Bz T OERGEE L, P15, 1612770 72, im
K& Tid, 17:00% 5 FEANT:00 % Tiz22@ (#3138
I E)VIBRBESEEN L Tz, K El0cmoiRE
I3, MR- T7.52510.5CHE4s L FL 7%

IR E 150 m ol {i

Y, RIFAHLIZT7.57 514 . 5C OB TR E CEfLL
72e Z7zed, R E10em & RIFAHL O KR E L
HIFEL G RBRETIIE IR A2 3~5T
72,

BEHRKETIE, 16007 5 %2 ET L, i@
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DEAE S 70 5 72400 IZ R F10emT 5 °C, R E1.20 RiEBIE & RHEOHERGEEZ HITIZT L 72, REE
mT7C, REMATL8CETHTL A, 7 2B (I BRI O R K A TF0.290% & 0%
SEHOBBEBICBTLREA A - TE=2TH &S0, TOMOMER T3, MEKE1I20.230%

c
|5(
EH {5
|0+ C
" %10
=
;q &=
b=l 5 ELl1.20m m
s B0, 10m R g RIAE 0.0
I g =8
D_
snER . N N
8 21 24 3 Bl
—s5t . . S
X116 B & I E ST 9T O EHER
s 18 21 24 3 6 9 B4 (a8r17)
- BT, KA Th b
K15 EBIK A o) 3 IR BE 50 Al OO 1R RIHE A%
(ABR17)
Hoo bR T By, KA
B i e o R W AT B
— & #h K BH—
FHE
WEE7Z L 0.200% 0.395  0.320 | 0.29 0.135  0.160 0.180 | 0.16 0.118  0.200 0.135|0.15
;;E’ 10mn 5 0 |13 8 8 8 8 5 5 5 8
| 0.49
Jik §|055 0.5 0.50 0.500.53 0.70 0.50 0.70 O.GﬂO.GZ 0.45 0.45 0.50 0.55
i
HERLR 2,748m /b 3,214 2,540
H#EE e A $3.93/h 4.59 3.63
— Ja, 73 &
0.130  0.225  0.220 ] 0.19 0.140  0.125 0.125 | 0.13 0.125 0.230 0.200]0.19
10 10 10 10 8 8 8 8 3 5 7 5
0.65 0.65 0.40 0.55J 0.56 [.50 1.00 0.60 0.60 {0.68 0.55 0.55 0.70 0.650.61
2,903 3,525 3,162
4.15 5.04 1.52

K17 BENDEEE A « T2 BT 4 2B L S 8us G

TE o AMAKMIABI, Y. c0m e S THE,  HUL KR A
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UTFThote TrETHABEILE FOBERM MR BEGE & IS SRS RS E(V), KE

E215mE D FEICENEARL 2, HEREO -
*c‘:ﬁﬁﬁlﬂiﬁmﬁ$iﬁ‘bﬁ BEEREMLER,
25,000~35,000m, h& 7% 0, |AEETIZ4 ~5
[ h& % Tz,

EMREDERNREDIKET
AR EIZIE, E0L I WREIZ A%
EEDE - KRGWZ OB FRAOE H - THETL
72
ERIEE (1) OH#EERR, RXEFHW,
\% 1 1

A-U

ti—to Qs

Qs 0.31

RERKE DR R R

BHEREINREFRA

wEREE(A), BYirEle 5 8H L 2 TR E R
# (U=1.53kcal"m-h-C) $ L AT L B
(Qs, W) ExNEFNRICKRAL, SRR (to)
PEZICEREL TS 5 EPREE (1) 25K
&, REBEREBBONRELT T TSR LIZL DDT

K18TH %,

72, 3EOABHBIARELFETNLELT,
ENIRE & O (Ato—ti) #BEEFIZFEKI6IZTL

72,

HER B O BEEAH0.505 55 0.70m,seclcZAb L T
LENEELHOET/E L, SRIOFARRETRK
1L.YOCOBEZEIZL ke bk - 72, BRERREDIR

fx
£
" %ﬁHZAﬂﬂu/mﬂ%m}’ém
iR
14 0-
BEEE EMERHOHE
p— 5_
— ]0 -
NEE (ERB)
— |5 =
1 Il 1 1
I8 24 6 12 Bzl
/16 1 /17 R/H
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42 deifE R R BSRY Ba T
236 MIMREMEIC BT 5 RIE & RENIREZOHEE .
a\BR17
b= T, 73 & & #h 73 &
A _ 5 sk D) ERoy e b
P — % 1H R i 5 57 SR ]
0.5 0.6 0.7 0.5 0.6 0.7
0] : (c) €] (c)
B Ah F 139 9.13) 8.4 7.9 196 14.3 13.3 12.4 4.9
bR By 160 10.6 9.9 9.4 209 13.3 12.3 11.4 2.4
w7 oM 183 12.1 11.4 10.9 184 12.1 11.1 10.2 — 0.3
Ho1) A EGE (m sec) 2) 0.6m sec (2B 2 E B A — W EIK A
3) PR & I O BT (A L)
37 EENNR A BT 5 WA BK &N AR o #E .
AT\ !
ik L] B I ¥ S T i
X 4 L
LA W B 0 — 5 —10 —15 0 -5 —10 —-15
woamo el EaE” )
3)
Q/ _y 0.5 83 98 > 100 78 95 > 100
Qs 73
‘ ) 0.7 77 89 > 100 75 88 > 100
i A 45 ) . )
I 0.5 67 74 8 >100 61 70 81 > 100
A
0.7 66 72 78 9% 60 69 77 99
14 0.5 76 90 > 100 80 93 > 100
3
0.7 75 82 > 100 78 91 > 100
CEREN e
1y 0.5 59 66 80 97 62 6% 82 > 100
1 g7 57 65 76 98 6l 67 80 > 100
1) Qs =Wis Q=& 2) AU (m/ sec) 3) AR OO S

R E TEIEN S A& (BEREE0.60m “sec & L
T), HRIBLNSATE ENEBEVHERFIN
35, Lzh-T, H&EH» - 15CIZETT 5 &,
ENBEIZ-6.6CETHRTTLIZEIIN R, —
5, BRBEENFNIIL3.3CHATH D H 5, [
BRICHASEDISCT-1.7TCOETIZEE DL
LHETREIND, Thbb, BRAKESR, BEAKE
FOEICIRERE T2 ERICH - T2,
EWNIBENOHEEIZRAZ 72,
N Qo

Q. 741.11 (Xi—Xo) Qs

QuERD HOEHRTH ), QU QI TL/
1 AE TG0, ROMBIEAETH 5

H, L7381/ 4nsgE w B L 72, SR DERE
£ (Xo) 1, #HIHEE (RHo) 75% & L T Y z2
AR SRz, LLEE ERICHAL ERDHE
HIRE (Xi) 2K, Tickp i &ENIRE

(ti, [X18) 2B T 2MHMEE (RHD £iE) 225K
Wz L Dked, RITZFE EHTRL 2, WK
&, LFERSKICBEREN SIS B EWEN
BENEAIZ/NE QU Qb Kz & 528
DIRED -T2, FMREORET & Iz ENEHEE
HEEN, — 5 CLUTTI0%LL E, —10°C LLTFT100
%, ThbLBEIANGET L LHESI N, KA
DA, FBER S FERENIZHEL VWHE
BTN TADE, FABEOBETICONTERK
ETOMFEED FREIRE C FZQL Q=
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L/3TxDERAAIRETH - 12,

EEERORE

MRETIRELREL, BAE

E_IIEU
o]

L2 HER

338K 72, EBE OIS ARG H2 D

HEAKEDEES, 180 A BIKRII584, 561gTH

D, EAKEOHYAKE I, 200 % 113,

#38 WMEARBEKOEKT

(#817)

X o it J&, 173 & EA B %3 &

B OB R B 8 18 9 20 21

it @ S O # 6 8 9 8 8 1 11

B B4 EHRE e 40.9 43.6 59.6 " 60.6 54.7 29.6
BTOEHRE ke 73.6 75.0 — 91.8 83.9 59.2

H B K & (s 584 561 — 557 521 529

g ok R ke 12006 122.4 — 138.0 121.6 98.9

i R B OOk 3.69 3.90 — 4.42 4.16 3.34

1 A17H— 3 A14H, s6HM 18HL722 Y

E 1) PETIBHGOLZOBRN 2)
7239 MR OMEHE T B .
(RBR17)
i R A KA
" e ‘ﬂ% 2K
& ® &Y ® wY

N (e (KWH) (KWH)
Bif # 1,200 126.0 1,348.0
% # 778.8 82.0 544.0
& o 1,977.8 208.0 1,892.0

FE D) REREO NFEE R E10.0 0 SRR A SIEE L 22

2) MEENFZLS

557, 521gTh - 72, T H D HERREIX, AKE
e L TRIFEWZ Lr o572,

R DR FRFFE

T AHBRIE DMLY B E %, RI4OTTHRD
BRESE MBI ORI, REES
BRESYT 2 728, 82 B TR 72 FPEEORE & K
Z2OWEA 2 AT, MR & EINEROREKE &
FRHHERAZBEH L 72, T4 b b, MKEDRS-
RAKEE 2P TEREREEL L, 7THED
FRFEEREICKL, FEROSKEOMKE &

Ery #] M=

#40 AR E B )

mooom K & EoOBR K &

X 5 — ” - "
A 2 #% 4 AT % & M
()

% Al 1,904 1,613 3,517 14,809 9,486 24,295
B OE o RY 42,000 27,230 69,230 - - —
it 43,904 28,843 72,747 14,809 9,486 24,295
BB 11,200 11,200 22,400 18,966 18,966 37,932
N =t 55,104 40,043 95,147 33,775 28,452 62,227
1HEL72Y 1,968 1,430 1,699 1,206 1,016 1,111

A1) MRS 5351 KW, 6,620, KWH

2) 354 - AE

3) IR EHE R GRS )



44 dLiE RERBSRE H4H

FRHEELENL, BEeks L TREL 2,
FEAR IOV T, oo L 2 IRENBEZ (R
36) &Fiz, HIRToSVRIEY H ENEERE 2

Kb, KR L ERERELMEOSHE LRI
EH L 72, LLEDRERZEIEL TRL, 4212810
f:o

41 BEKEI BT IZMENEE L EENAE Fd2 EEBERE BT IMROFE: AEEAR
(3E8R17) ; (ihBR17)
X s EURE: RU 1R X 2 EURNE IR S KRS ] 1
- wRmE  h 2,122.9  2,468.9  4,591.8 g wrkES kg 3,245.2  3,190.7  6,435.9
{m. i
b pkE 8,566.8 9,279.7 17,846.5 %{Z waa g’ kg 13,714.9  12,556.0 26,270.9
% z
_ RERERE 4.04 3.76 3.89 i kR 1.23 3.94 4.08
e BREE b 1,653.9 2.240.2  3,804.7 — EHARS b9 3,022.7  3,206.9  6,229.6
I : il IR 3
i Y mEsg ke 7,760.3  9,173.2 16,942.6 { wa kS kg 13,594.5  12,560.4 26,154.9
K
L g 4.70 4.09 4.35 LULEE e 4.50 3.91 4.20
1D AR 1349 2) HUEEIE 15496 1) BIMEEURR 19498 2) RMNEITIIARL 20088
30 BHRTR, BEERIIOWT, FAFLENLKS 3) FALEEL
SR E L TFENL
243 B OREF MM L
o (AAE17)
K 5 _ mooJ|m K & 7 z= B B &
o Al HA % 1 S HAR Ay # % Ealil
Mg FEOIEEED (9 469.0 228.7 697.7 222.5 N16.2 206.3
g F B o B2k 2,204.3 935.4 3,139.9 1,001.3 A63.3 938.0
RO @ B 7Y ) 158,710.0 67,349.0  226,058.0 72,094.0 A 4,558.0 67,536.0
s £ #®Y M 55,104.0  40,043.0  95.147.0  33,775.0  28,452.0  62,227.0
oo % Y @ 103,606.0  27,306.0  130,911.0  38,319.0 A33,010.0 5,309.0
1) Fdl, 42900 2) TEIREE X BRI S o E R B R 3) 72 kg
4) Fd0r b 5) zhE= A& FHE -kt

FnDEE L 721 ~2 AOBTEAIZ 51T 588
BETIE, £RT8,56TkgnERI ZIEE L, 2,123
@@%m%ﬁ%ot:t’f% iRk L TR
BRERFIL, 4.045 45, —T5, BINIRTIE, 470
kgD 70 WK T, ﬁ]ﬂ?ﬂ?$b 0.62% %54.70 & 7%
572, EHMOBERES, FHNEIC &L TN
DEEIZ046E I N2 X2 b, BRKED
%%u,mﬁmﬁ%’ L B ENBEEIVNE W
&, FEEIZAKELEREIRDLNT, BT
ZHIZPEWLDTH 72

LA et L iR g A %

HRT, AL

fifi % iz L DA FAITH B,
IEDHEIZ L 5 BEELERDOKHAEES BN
L, ENHROEFIESREL F T, Mim X 5D
MKIZ LB BEEE 2o E A L
T, RAODOIBER X gL 72, ERAKE T,
FFDOEL b o RTINS 22 @ &, mﬁ
DO NEREEFIWTLIEEY?H B Z LI

%, %ﬁ%Af iz, BIEACHT IR 2D
A, BRI ISR ER A BN T E v 2 L

o7,



By RIS D FEMUC BT 5 WA RE S SRS T 2R 45

£ =B

RENRIL, BKSPERG L2 K TIBT 720,
BERRRR &M & Tld v, EE T, TBHEHIEEEN
DN Epn, BEEE L TIERICAEMRT
LILTW3,

K& Tld, BB, HRIEOMETESL,
fEEEMORE L Y2k - T, FBLoHE
FTL <, WEROEEE T 5405 % 583
BHE OSSO, AL N L, BRI L 2R, K
AR A TBEE R D%, BTHOR
FBHEIESTHY), BMEKETHARET 2
B %, ILCAAIN TS,

ARABMI, LEEICBCTLHEOMIZE
L, Mg\ (RVCBEEIZ Lo b s T, mRE
HIZHEMET T ERNRE»HRFS N, Thb
L, EWNIEEIRIRESC, BalsC oIk
EHITFEHINTE N, HNEEIEAEET
RRE Y, WKL LDTIE h» - 72, mEEL
WZKFERESRTIE L DE /N, FERES
HTIZEARE TRE S L OEKIC L 2IEEEN
MNEeDzH L, REAREOESKEENIKRE(, 2
DERIIMEFRIZLZ2I0THL, —FH, EE
DAROLHREIC L 2 HRIBAIC LY, WKRE
T4 ~ 5 MDA FER S 1177,

RENE - Ko PER4 Ay, BIRDOSEGD
ERIRITE Z#EL 2R, RERRN LD -
R EEEOMEAT, BERTIELVWI ICY
0, ZORFEROINRIC L A BEHEEIRD £
fro —F, BARKEIIRERART SV, B
EOBATLIERKEEIIY, SWIEEIETL %
WIZXZ B, FRICHRIITIE, TR L DIRERED
WBEAE LW L2 b, L' T, hlinkiak
IZ& BRI AN X —DHGE, BEKEIZHNE
BIKETLLr 7200 EEZ L5, B
BifE L HEmEIFL <, AR kED L
W EOFIREOZRIE, &L THEOERE
NDEIZERTZLDEEZ HbND, LEnZ &
i3, ZAHIORIEINTHE Eo b i, BELFEEEED
REL ZOMFEY, EELZLEATTLOTH
%,

ENMIRDOBHEDINEE L, ENOKF AR

NDELIZLE>TRESENRTDEZ LR, QL
Qstb #1738 L728A1, ASIE—5TT0%LL
£, —10CT100% & % 1), Kt - BEH ORI
LA s LRI NE, D2, TKRETH
BIZE BB AT AL, RIEE, R
PHRT A EIC LB THAI e, Bkl 724
~ 5 DA RBMIZERTELNTHH 5, Bk
BB 2BEAKEOME, BELRELICGL
AHEFIZ L DEIEEE W MRS, 2, BEK
T3, BERABOFRIZL Z2BERT BRI
L OBSEE LB O MEY, FNFNKREL D
NEEZ LD,

RBENNAIEFBIEC NG CHERBL 2272
B, WEORH L ENREL R TE 20, L
DEERRRTIEE-20CEZ TR TLZEEIC
13, BEWEEERFL S0 L9 FPAR
n, BEowWstiEom 2 M3 LE S 5,

IiEOZFEFHEIZ, HARBOBTES, HF
ROEECHRIE, KEDOMEERE, NEEHD
EENRE L Ik > TREZ2THSH ) », BEAKX
IENRR A EEMET 28T, HHEENET
BHEIKE L, MEBEREOECEKEICBWTIER
ME AL,

BEMKIC L BRENEZ, RMOIBE L FIT,
HEAICENIRE L&D L 2 v a7, mEm
BEHEE IR B, FRWL, KTOMEE TS
ETHY, BRRHOKE, SO ZITNKIZLY
ME LR T WIKE T, 2 - TKRERDRED
b L FREEINE, HETFRTONED
L0z, DEBORKEBE S EOBAELEY
5, WEESENEREHEORI A 513, BT LD
BHTE BRI TE T, 4%OREAPLETH S
o
R L - BRSEDHE T, KEDEIEK
EACERRY PR DS E, REIC L 2 BEENE
PEMEHKL 22, LA L, KENRELGHIHET
EME L L, WMIBENECKEELEEL, BMX
MOEMICBNTIRERTOE L WHE, o w
AT AR T EECE 7 T VW BESICRET S
MEEAEY, NBICL-oTHOY Z gLV &
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MBEN KHIEREKIZ B 1 2 LHOBBERMAHAET 29T, BVLE
PEERIEOMAN L ) EE LML, EERBEOERELZET L 2HDHEBR L, Z0HEHEIC
ERNEROGIHICET 5 RBLEML 72, AETIE,

L 7otk & (RAET 5 £
&5
RIS 3 TORBIHE A S b e

FReMZ, LBEIcBT 2 AROEERERELZEL, 2512, BRI ARKEORSEH #H

TN E LTz,

5—1 HBOEERBEEEDORTE

REDEIRMEIIEAFA & BHE O PN LIz
a3, FERETOMREFAGICIE, HEBOHE
DFERERIC L 2 BB SE L2, 20
&9 IR A 2 Ay IR, H B W IT BB
We L AT, FHEFARKDBM PRSI,
F2BTIHRNIERBY) 15~2CoH&EIZHY, #
NENBEREE T2 L, KWHE %250 - B
Bt L TEARE 2177 5 LR FAET S HEBT 5, L
7255 T, BAHRPERED L WO T, BIK
RofA RN EDEBDERD LI, TOREIZTTIZ
ELBETRHLZEZIATHS,

—7, HENBTHLHEENEREIL, [RHY
%bﬁ%ﬁ%Wutb% Mom e RBERIZELIC &

25T 2 IRABIEZBIIT 5 2 LY, HMEE
ﬁ Lo TEBELREE LD, FOBEGNEEIR
BEEOHE X, BAROEERIGERTEDPM
mBAEFE L v, LarL, FEHPERFICL THFL

CEILTH2HRA %I - T, BENRE L L
L, B89hiREEL 5 WO T 2%, £
T, FHEOTHFNTHRIZLY, MAROVEE
GERMNCTIBEIIVEE LD, 2O I,
HMAICARETH > T, BREO» I LEENHR
EIF TIZARERICATRETH O, FEOFFLE
FlizbnDEREDH 5,

FRW A, EFENBIZH T LB IREEH
&, EEESHHIEEMET L TL, BHEIYICHL
THHEA T T I L LT, Fhld, BHRoZ Xk
s BB RERE L DIRL S, TR 5 Wi E

@%ﬂ%fé‘t"&ﬂé&ﬁﬁé%ﬁ%ﬁﬁj
EMLTZZICARDSBAE L HEL 72,
ST BB HREIRIR A LS LT, BED
MIGEE T2 & D ANTETIIBIES, LAY, K
EHH A PE I C ARG LT, DR L L
BIREOEE L, WIEEE LA, FEHED [HE
MR ] ), ZHoO@EEHICITIT BT EEL
FHOBIZHFREL LT, Zo&kidkly, LT
FEnHE L OYFEMIIC BV T ARE 30 kg S 100 ke
iTmW%E%AWTﬁETé*t%ﬁ%&LT
, HAMIZEEDHTRLZ,
%ﬁ&tﬂ R
EENAKE L, KEH 30 kgy b BT E THK
, BEZLICRABTT 200N THL, K
#H 30 kg 5 50 kg DB TIK & Z LI IEE K
DEERICIE, $2EORB 3~ 8 TRITL &
BORLE-TwE, Lizd->T, AEREREL
AREENCRL DL THHH A, HENETIIK
AL TEBL W ED, 2ok

EBICE Cbhhv, 22T, HEEIIEEDHEIZ
BRL, K& 30 keh 5 100 kg Z TORE, (KEFIC
P L T—E@EEHRORE G T2 L0k
L7z,
WRICHABEEND VU WEE T, SEKEHEBTRK

ElCHE L, 147D OBRSHAREECAR
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TIEAMTH B, L2zh»T, ZZTIE2003HL
J:%Ef%d)l"]%’\é’ 2 L 72,
BEERECHOKE S
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e FORG D UEHIIC 0T B IRAERE & R NBRUEICE Y B HFTE a7

BLEROMENEL 5, MBEREL ZNETD
HIZ20490 2 L) AKE 50 kg £ T3 0.50 m L7
H, TNULEDKRTIZ0.90 e LT /IH & 12 ~

BEOFRBEL BX
K& 2> 7 ) — P PIRT, L2802 A
HL, fhHhEmXsr»r T 2— 7 XOKERR &

L, 1#OEEIZONTIE, 205 T/ ewn L L7z,
REEE L 72,
K44 FHIZ B 5 WK SR
17 B x % fm i ”
B 4 3O 20056 L |
B K o kK & K E 30— 100kg FAKE DA ELRER I FEEE
]l B OB O K & 30— 50kg: <0.50m*/d8
K E 50 —100kg . <0.90m /48
B’ BE o K O Tr=—7 R - PR, EEK
o At b, DI TDER
B & N R E =10C WeiEhs 1 ~ 2 B Diclliy
<27°C PWAInhT 7 ~ 8 BOEER
K& N W E <80%
®EE 2B E <0.3%
T =T ARE <15ppm
Jal # <0.5m/ sec BARA T T
BEARIRIERE LN ELY, EEHOETIIFL (BRTE

HEICE T, 1HTFI»S 2 A oK
M s BEHIz»TT, 200K AIE L3
$FRL, 2> THRENEE RLETT 5,
Z 2T, WENDORIEEREIGE %, LR}
SURBFIZHIET 2L L, 10CU EEEDT,
FL2ENRAK 3 ~ 8D R, AR HKKE,
BRESRERIZ A TR R L, BIBRE %
TEHIZAR E A 29% 10CU ETHENESL
ZLWLDTIRT W,

EBDBEEICE W TRENZRER (1~2 A0
A5 B ICENIEES 10CU EICRIFETE 3
o HE, MR ERT A HY, H 5 idioss
HZBW TSN Z L4 h s, W0CLLENERN
mE LD,

RKE1~1310L 2 %, BNELD H L IREIEE
128 5 RO EERIGZ, BHRZEL FHEE
DENIC—HRT LI EPHEDLNT, L2 -
T, BENTIERICZBIT2E5MNEES, 10CLLE
IRFET 2 % 513, EBOKE CHETFORKLE
PERENT, FI1Z210C & D EWENELEE T

o T, NARDEL CET T AR, 1 ~2
A% 1 Al & B, —TF, B1ENE
REA R BT DM EGT 0 ROR L2 #hE T 5
b, ERARAEEEGLEZLNDL, ULz
LA 10C % FEEERE &g L 729, ASAE—
Data?icB T4 W0CEEMAL T3,

EEiRE L, =A@ BRI~ X8
»%, ASAE—Data?? Z 1z b\ 3 CEV, Lkl
DEMIIRC, HRBRNOF LV EHIZT A T A»
58 AEEn#3BETHY, kB O>EREHH
SURIIFALE T T4, L7z > THEERGICHS
T 5 EWNTHIREL E5ICES L BNT, B
DFBITFBICRE 51 5,

BERNREEE (EMEE)

FE2ENAEKI, 10 i&ICL 5 &, KBEICE
F52ENEIREIZ, BRE9r+5K 6 EBRIEERD
Lo nERT, RROEEEICIZIEASHEL L
WV =i Tl MorrisoN 5V D REREE R 5 A
T, EREEHTORETRBL»HETSH 5720,
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Studies on the Environmental Requirements

for the Production of Fattening Pigs in Hokkaido

by
Kazunobu TOKORO

Summary

The effects of environment on the growth of pigs have been investigated in a number of studies.
To design pig houses and their ventilation and air-conditioning systems, a great deal more study is
required on the relation between environmental factors and the growth of pigs.

This study was conducted to clarify the environmental need of pigs, and to establish economi-
cally a model for pig houses and their ventilation systems in Hokkaido.

The results are summarized as follows:

1. A survey of pig housing and management in Hokkaido

In the questionnairing conducted on 147 swine producers, it has been found that almost all pig
houses have roofs and walls with poor thermal insulation and no ceilings, and have natural
ventilation with air outlets on the roof, while many houses have no air inlet.

Almost half the pig houses were equipped with electric or oil-fired heaters. During cold season,
dew condensation is observed on the inside of roofs and walls. More than 80% of the answerers
found that in winter they needed a longer feeding period up to about 100 kg live weight than in
summer. Two trials involving 117 pigs were carried out in the large scale Danish-type pig house of
a producer.The growth rate and feed efficiency were remarkably depressed during winter compared
with summer.

The results of the investigation revealed that pig houses and their air-conditioning in Hokkaido
were far below optimum condition for efficient pig production.

2. The effects of ambient temperature, relative humidity, wet floors and diurnal temperature

changes on the growth and feed efficiency of pigs

The objective of this experiment was to determine the effect of growth and feed efficiency of
groups of pigs maintained in cold ambient conditions.

A total of 196 pigs wre used for four experiments in two windowless rooms under contolled
temperature and relative humidity at the Takikawa animal husbandry experiment station in
Hokkaido.

In Exp. 1, three groups of 4 pigs weighing average of 15 kg were housed at 0, 5, 10, 15 and 20°C
of temperatures for a minimum of 42 days.

Rept. Hokkaido Pretect. Agric. Exp. Stn. Nodl. 1984
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In the same way, pigs of an average 45 kg live weigth were housed at 5, 10 and 15°C of
temperatures. Cold (below 15 for 15 kg and 10°C for 45 kg pigs) expoursure increased the quantity
of feed required per unit of weight gain. The daily gain of growing pigs fell by 5.76g/C in the
range of temperature between 0 and 20°C, whereas for the finishing pigs the corresponding value
was 14.06g/°C. The feed conversion ratio increased by 0.042 units per ‘C for the growing pigs and
by 0.092 units for the finishing pigs.

In Exp. 2, ambient relative humidities from 91 to 95% and 60 to 7096 were compared at weight
ranges from 17 to 30 kg under low ambient temperature with ventilation. Growth rates and feed
conversion ratios of pigs were not affected by the environmental humidity level when the mean
temperature was 5C.

In Exp. 3, a total of 22 growing pigs, average 27.2 kg live weight, were housed at low
temperature (7.5°C ). Half the pigs were provided with about 1.5em thick wet sawdust bedding on the
concrete floor and the other pigs with dry sawdust during the experimmental period. Pigs kept
on dry sawdust gained weight remarkably faster than those on wet sawdust. The feed conversion
ratio of pigs on the dry sawdust was lower than on the wet.

Experiment 4 was desingned to determine the effect of the diurnal air temperature cycle on
growth and feed efficiency. In two experiments with 24 pigs growing from 25 to 55 kg and from 60
to 85 kg, the growth rate and feed conversion ratio were not significantly affected by changes in
diurnal air temperature ranging from 6 to 14C with average of 10C compared with the constant
temperature equal to the mean of diurnal temperature.

From these results, the ambient temperature was shown to be the limiting factor in growing-
finishing pigs housing. The practical implicatons of this study indicate that housing system for
growing-finishing pigs must be equipped with some devices to maintain the ambient temerature in
the range of thermo-neutral zone. The date of constant temperature (Exp. 1)can be used for
designing air-conditioning systems for pig houses.

3. The effects of seasonal changes in the housing environment on the carcass and body fat

characteristics of finishing pigs

The objective of this experiment was to evaluate the effects of enclosed housing in different
seasons on the carcass characteristics of the finishing pigs.

In Exp. 1, 128 data of carcass characteristics obtained from performance tests at Takikawa
anim. exp. stat. were analyzed. The results suggest a trend toward longer carcasses with decreasing
ambient temperature, though there were no significant seasosal difference among the carcass
measurements recorded.

In Exp. 2, 19 finishing pigs, averaging 60 kg live weight, were housed at 10°C during winter
and 20°C (from 15 to 27°C) during summer. They were fed similar diets ad-libitum for a minimum
of 50 days, and were slaughtered at a weight of 100 kg. The melting point of the inner layer of
backfat for the pigs reared during winter was significantly higher, 2.6°C ,than for those reared during
summer. Saturated fatty acids of backfat and kidney leaf fat in winter were lower than in summer,
while unsaturated fatty acids were significantly higher. There was no apparent difference in the

market grade of carcasses.
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4. Ventilation and heating of pig houses

Experiments were carried out to establish an ambient air-condition control technique of pig
house in winter.

In Exp. 1, two wooden pig houses of the Danish-type were used for testing. One of the houses
was insulated with polystyrene on the ceilings and the <upper walls, and had mechanical ventilation
with an interval timer. The other pig house had no insulation, and relied on natural ventilation.
Comparing house without insulation and forced ventilation, the inner ambient temperature of the
fan ventilated house with insulation was 3.6°C higher and the relative humidity 8% lower, without
dew condensation on the upper walls and ceilings. The concentration of carbon dioxide in the fan
ventilated house ranged from 0.2 to 0.3%. From the renults of three tests, the growth rate in the fan
ventilated house was higher than without forced ventilation. The feed conversion ratio during
severely cold season ( from November through February) was 0.2~0.3 lower for animals in the fan
ventilated house than in the house without forced ventilation. It became clear that pig house for
growing-finishing in Hokkaido need insulation of walls and a ventilation system.

In Exp. 2, two wooden pig houses were equipped with a warm air blower attached to an
oil-fired heater and electric floor heater was used, but no insulation was installed. During cold
season (from December through February ), the maximum and minimum temperatures inside of both
houses were maintained at 12 to 15°C and at 3 to 6°C , respectively, and the relative humidity was
below 80%. Dew condensation on ceilings and walls was not observed. From these results it was
concluded that when the thermal insulation of a pig house is poor, warming the air directly is
helpful.

5. The standard of environmental conditions for efficient pig production and environmental

control systems for growing-finishing pig house in Hokkaido

From the results obtained in a series of experiments, the standard was established for environ-
mental conditions necessary for growing-finishing pig house in Hokkaido.

Ambient temperature should be above 10C and relative humidity below 80%. Concentration of
carbon dioxide and ammonia gases should be below 0.3% and 15pm, respectively. Air movement in
the house should be below 50cm/sec. These standard rates are set for the condition at the minimum
outside temperature found in winter of Hokkaido.

A standard model housing designed to satisfy the environmental requirements set above was
constructed and tested for the performances of growing-finishing pigs. It had insulated walls and
ceilings and a mechanical ventilation system and can hold about 260 pigs. Fresh air is supplied
through two gable louvers. Insulated ceiling inlet baffies ( to let in air from ceiling to inside ) are
set on the center of the building. Exhausts of electric fans are set in the upper walls. A ventilation
rate of about 2,500m¥h is required for the house with 260 growing-finishing pigs at a minimum
outside temperature of —15°C. This model resulted to be successful to ensure efficient pig produc-
tion in Hokkaido.
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