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+53le BEE AAEE. (AR RE FHFE Aoz /HFEH, CEFe 11023 &
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Tmysecetd W9 A7 $d ZaExE dugzl @
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20m
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D 1.25m @ 2.25m
® 4.5m @ 3.5m

60. kA1 Eo] 24m o] o] 150m A BE AX A §F 85m/secE S5 B2
o BAE ArtE A FHEN W £ = 002622 T} @

@D 1/33
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61. A599 9 EL 84m, 35+F F54A Y £9F EL 40mE FEZE E3 19
24000m'E BEZ=E F531A ot FEY 2AL S 2& o o3 A& @3
AlQ? BEZo] : 5km, #73:0.6m, Tu}lF<EA A 4£:0.02

A719 2AAA BxY FFEm)S ArtE AA Ao Y2 &, oAfF FF 2 1.8m
2 23349, O

D 66 @ 67 @ 68 @ 69

AT AHE A A wet /FFA WiRe A do] &
A LT 73S 5T 59 o &AL FFA FFSAA A= IFL
?

D =AY BYOE F PO FLHBE frEo] FrRA, FFAE oW FAAE
2 243l BRWAS Fol FHS VEHEL ARG Be Ao FFS AN B
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@ 2AQe) YO B Yol FRHBE f&o] F/tL, AFAL olue FTHE
2 ZQste] BRAL Fo fAe VEHEE AAET A Bh FFS AN @

@ 2AQ WYo T B vhABALIL F5a o= A3 £AFT FlE FT
o] Zaslo] ARG Be Bk fFS AT

4% AW T Tube® AANT,  Ho] Y% TubeE A2
#eoz 20Ht ol FF 4% SmbecE Fo| BF 1) o] R
AAF FEBH # Ho] AN FFBY FFEANm)E LHAA? &, £ WF
2 13.6°1H. QO

D 1.276 ® 2.276
3 0.0938 @ 0.938

64. 2% 4kgS =X HAE FAEY 3.6kgfe] FAE AU o|ALY FHIL
&% (mfsec’)= Lrtelr? @

D 958 @ 8.8 @ 5.6 @ 43

65. T2 HEZF A A (Surging) A4 LAAI S A3 AT O T ¥X &= A2

©)

O EE%Fo] H-Q FAA 92 Fslx oA delee AH dgo] A IHdY 2
& A olFtel A 2T o)

@ B BRIt A wjd F3h £ e VA FEe] 24T o

® Bzl HQRAo| 9= 2 Fahe AP TH] 54404

@ 71A7 le 7 SRS dHeM EEds 2EE o

66. It EHAFF @ 4% F 4 A2 O

D Hazen-Williams2] 2] ZE 7k CE RAHH Fhol 45 4557 AXY

@ Manning ¢} ZEg2 nO 2 EA ol F42 £455F7F AR

= = A
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67. B2 o= X Hd| FHAY Ao 25kg/erd W o] AP Ao dHFF=
duielzl? (&, EF 7] 4=1.033kg/crt) @

@ 2533m @ 3533m @ 1533m @ 10.33m

6. A9 B8 SHe Aol e 540 WRAA FE 5BL FAF, W
582 WBAR, A9 o RE PN £E7 AW 8L FEERE, $E/}
43 e 588 NFSHEol FIUT Bed A 522 G
= 10% {= 30
3m/sec 3m/ sec 3w/ zec S/ sec

— —p -— —

1 2 1 2
D 34 FEERE O AN FEERE
@ AN HEEERE @ vHAZY HTEERE

69. 183 2 HZ 20m¢ WFAANA FAZF 500mme] #HOE wWjFE W A F&
o] 4mfsecetd MFA Y AT FH AHEEmh)E il @

<>
20m

@ 500mm

@D 45 @ 55 @ 6.0 @ 9.0

D AR sl uzle]l gl AL Holw WL chjzle]l BY AL BRE #

Zg}a 3o,
@ dHE=Z= Fored, vH8, vHE 5 FHASH A HY dAEEZY AAE=L
o 0% = AASIL Ut

SHEZT S8 £¥E Yt figS dAddZzET 82 F31 2
7} AzrE,
D ARBZE FFEstel G2 SYuste] Zo| Ao}
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O g7 A5 2 Aol §olsiH, &4 T FFE&2 75-80% FEOl
o}

@ WEIZH X g7 d4359 58S HFF o] 75-80%, LB o] 70-75% 3 Eo]th
Q@ WEZH A g57]e 5oz Eo g Alold &YAE YWe F K4 =
= 7|EY] o g AqRHe 1¢oF =8 A= 7Aoot

@ HdHzyg e agedelng Figo] Ax ol SHAE AMESHA] golx
o, 3 A9 5] 55-65% AT ol Ayl H|go] F7rETh

72. FFste AALGEFFG S = v ZEHY vnE RV il Koy HFH o
Q2 §lojA A A-o] ZFo] HluF YW qA SHA FUA2HLS UL F o=
A7 @

(O Diaphragm Metering Pump

@ Roto Dipper Wheel System

@ b el s 2

@ DUBZ} AR FA] 22

73. AFUA HAF F3AH 9 AL HE Aot b5 F EH A2 O

O dutdeo g 7Hgdaet 84S 79T Aol 571 45%0lth ol RS Tl AHE
i A9 HF, T4 ToE ARS WA HEE VML S92 10% 8= 34
H gt

@ 7t FAZA 717 A% galvanic AAEAQ] Af-olle AEAAM Wi S84S5 A
13] o] B3

© FEvIY ZHdande] AEHo] i B HZ | I[AE AHste Bt deE
2 A7|Hoz Flstefo

@ BEAME ALFPLTR daAZLe] v 8 10m F ol RlEE dAst
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@ AAA FFAE =40 sle ARt SVt =& B 1yt Fasy
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@ EAE 3t¥ - Y Aods dAste BdEY ERES 19 48Y Az B
HES 7AAIstE 3|2E8]Z EWE(historical trend)E E/\] [ R=a-as]
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2 HlF9] 0752 E& 314kg/min® FHFOZ 434

[e]
= &5 E=< 2 my/mingl7)?
(3=) 33.33 m/min

(@A) u = 314/ [(0.75%1000)x(n/4)x(4x10%)?] = 33.33m/min
(Ref) 1-2F 7K 9 71&Ah B9lza%, Stax) walnspy

2. B2Y FA 58°] sF 22 7% ReynoldsFE F3+92? #7 D=01m, %
V=3m/sec, A (8) ¥ = p=1000kg/m’ FAE)HAZA ST 1=0.001kg/m - secH,
Reynolds 2] & o537 2t

(A¥) Re= _1000x3x0.1

0 Go1 = 300,000

3. A7%0°] 05m%] FEZE T3 1¥ 20,000m' e &5 TFY AF #EY FHE /&
(m/sec) Pt H A=)
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A =ffDZ=3.14xﬂf— =0.07m

3 Tk _ m % 1 day — _m'
(8H) Q =20,000 day 86, 400 0.23

Sec sec

_ Q023 4 q_m
V= Vo 0.07 =3.3 sec

4. AA0] 05molA 03mZE 4% FIZE E5t9 19 20,000mY E& FTFE AL B
29 B FEmfse)E v, e 42 Lrirt HA=T?

_ mo 1 day _ _m
Q =20,000 day 86, =0.23

400 sec sec

2
A, =f02=3.14xﬂ-f— —0.196n

2
A A, =L pr=3.14xL3 =0 07w

4 4
_Q  0.23 _m
Vi = Vo 0.196 =1.17 sec
_Q 023 4 g m
Ve = vV o 0.07 =3.3 sec

5 FWXA7E 4mQl 2708 AFXE QA Zo] 2,000me] FIIZAYE o 93}
&} 100,000m’/day?] &g $F3led &7 5= #73 L Hazen-Williams 32 2
Manning F24 o2 A4lstet. &, C& 130, n2 0.014°] 4.

_22_



_ 1 ,D~ s L
V=" 0070

e (n-Q-4%3. 11
B (nVhr)

(0014 x1.157x4 *3xvV2_000)
V4

=1.162m
SoD =1.056m

Hazen-Williams &2

Q =10.27853C - D*% . [0-*1el A

_ 263, 4 o514
1.157 =10.27853x130xD X(Z,OOO)
D*% =0.916
D =0.96Tm
6. 1000mm<] o] wjdFHo] Qe F7te| Alnr A3 GFE Sloof & F¢ F
AFEHE Ato] 500m TZHE 0.2m'/sec®] BEZE HUol & A9 wiFAIZtE T3
(A) 3278 =& oF 338
(A o] BE FIH e B9 e WFH x BYo] ojm=
2
2o} Y — M%@Lxsomn — 392.7m°
. ] 2]
A = S
3
_ . m
t = 392.7 0.9m’/sec 1963.5sec
1963.5sec/60sec/min = 32.7% = 33+
7. T2Y o AAHNA JFYAE ZAHI AP 2.0kg/roln o] AHe Eu}

10.0m¢d @ o] AHANY FFFE T}t
(BH) 30.0m

FE o+ R G,

PN
Okg/crr = 20.0m, 9%

—r
I
=
()
3
o
d
ft



F55 = 20.0 + 10.0m = 30.0m

8. BEW o= AN AdHAS FHE 2H 20kg/arl, F&e] 3lm/seco]i o]
A En7k 100mY W o] AFANE AEF(EE ANIA FF)E Tt

(H9) 30.5m

@FNE) AT = 48EFF + JAFTFoIH + E=5F
dHFF = 2.0kg/car = 20.0m, X FF = 10.0m, EEF 0.5mo| 2=
A45F =200 + 10.0m + 0.5m = 30.5m

9. otg 2RI} Zo] Aol 1,500mme] #o] HEQY)E wjdH A& A, 22
Zolg 7Y FATELH)Y BAS TP, AHEF AL Hazen-Williams,
Q = 0.271853CD* S HE ©]-&3ta, F&AF Ce 2.

D=1,500mm

7~
N

\/

D=1,500mm

@A) o] #& AYde FF Q=Q + QolER

Q= Qi+ 7} "},
0.27853CD* %% = (0.27853C, D4 B B> + (0.27853C,D5 8 15>

710X F&EAG Cok Zon, o] FhoA THst= 4L F BEAN FoEE F

Q= QQ+&;
D263: D263+D263
U;]-E]—}ﬂ D2 63 __ 152 63 52 .63
D= 581726 = . 950m = 1, 952mm

10. 297 2 A7 20me) WEANA 27 500mme] BoZ WEE W B £
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o] 1.5m/secZtdA HlF XA 2] A|7tY £ ZB3EEE 73}

<>
20m

@ 500mm

AIVI == A2V20ﬂ }\1

] A D, \* 2
@a) v, = D2y, - (J)vl = (%2) 1.5 = 0.0009375m/sec

Ay
= 3.375m/hr = 3.4m/*1%F

11. #Z0°]7} 1,000me] #E 9 F AFHAA 4 E& SHZ 27 4R/ 7L AH 21
10.0m, &3 1.5kg/er, 3tF Y. A- &I 10.0m, ¢F 1.0kg/cre 2 FAIH UL o)
o] Fztel WAZ £4L Grprt(old Fx F AF EF 2y

() 5.0m
@A) FAA Atele] £x7t & W(EEFT7F YY), 5T Aol ATt o
2tA, EL4F = 7L A FF - o AR 545 = (10.0m + 15.0m) - (10.0m +

10.0m) = 5.0m

2 BE#Y 557 50.0me AFHANA 1,000m ol F&71)A 10,000
T FF4AH] S o, o] F8&I7HA FFste IF BRS 2A3e o

D = 1.6258C 08QMB0E  ALE3F3, CFL 100 A&, A&de AL
450mm, 500mm, 600mm7”} 3\ T}).

(84) 500mm

D = 1.6258C70'38Q0'38[70'205 oﬂ}ﬂ
@) p = 1.6258x100‘0-38x0.11574°~38x(
D = 0.469m = 469mm — 500mm

50.0 —47.0 )—0.205
1000
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13. BN Bol 58 W WHE URY] BOW 4RI £ AR e
B AAY F&E 0o Dok olee] BES B4 T wuel FAH 59 949
o o] F4 F7h BE AskHE @4 ( )Agol Bk

(3% 4

14. #2292 ulFo] 93 &£4 o] THwid}, WFWHE, WHol e A E S
93] dojue /ol o3t FHAFHA & —% Foolg =712

(BHE) "lA&E4A (minor loss)

15. FAZE FoA B2 4Fol £ T3t FU|Y ©J3E BAA FFo] LA
3 B Hopld &IV & H FUIEAS FAse S FAolF 3

AR e FHAAN FFEAL7IEANN Aste d5ATE Lut

((4) Sl EHclve|m Fholgsh o] MM W @At vPRe 4
shielzl wAleA omz 20 oz TR Aok

17. AL AF) Qo] UF Lol A%GLs} Askste] Twe HYo]
o 7] WEN AFAL BAF ALAE PHNLE 23] 43 X ol37t §7
E% shelof shd o] eRE Ut o] sest

(Bd) 40C

(Ref.) FF=AE7)E (A2 H) P142

18. 2% 2ol g2 BAF FYRE AR HESEo] MHIL 50%E
FAHZ o F2Y #5452 1.5mfsece]d, FRHS A= 1000m,F7E 2 400mm

d o, ¥ ALY FAELFFE FIH (T £=0.0135, F=ZFYFK-05 HEF
glo] WH o 9T Ki=24.9)
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IS A 2t A
ZhL—kL2g+fd 2g+kL2g+2g
_ 1000 1.5%
=(0.5+0.0135 0.4 +24.94+1) 19.6

=6.9m
1.5x10°N.S/m’,

19. ©& ZAo] Fo|A v £22FHE ALSAIL. G=700/sec, B

V=274n’, n=75%¢°] t}.

P
G=1700s"" p=1.5x10"°- N-S/m', V=2T.4m', 75=75%
— 0.75P _ 201 Ex10 "~ 3x _
700 1.5x10 " 3x27.4 = P 0.75 26 . 8kW

20. 53 Zo] Fzo WrHIE AAFHAY. Q)N HE EESFS F°]7] A3
ESHEY AE 2RS SFAEY dEHA a9 #HL 10kgg/erol FHA b 4H
< 8kgyerol HAAT FHA agt bAAH Alo]e] &42 gy, ¥4 2 #A4AL AHx

713 of WEo &£AAFE T &, %L 5m/min, T4 L 200m©] o}

E#gy

O
&4 Pamp |/

|
o)
R

AL e 2TH56.2)



2
K =Hp %
Ho: $84% K. 9nedis

_©Q _ 0.083 _
V = A = 0.0314 =2.64m/ sec

Q=>5m'/min =(.083m’/ sec
2
A= iﬂjll =0.0314m’

uebs] ELAFE

o, 2298 _
K =20x 5 =56.2

21. 23 e AT U719 injectordl A BEZE 4 PrE lkg/erE A3t
F2E&d4F QF 0.01m/secs THAED FF 2AH S ALE A 7 e
da7t F42 F J=A AESHEH? &, 2 AHY A3 D= 30molx Ha87]%
injectord Eolv F A, @487 ¥ Pye 1kgyer o) 7 ot

P v _'H,_\__ i
By — v ] Py W

P |

FI
2 Aol A BREH B fd

2 2
A, =-2D~ _ 3.14X0.03 _ 4 50070650

1 4
_Q__ 00 _ m
V2 =74 = 0.0007065 — 1% sec

W 2ol WA AeM A287]9} injectore] EolE FASI, BEFE(Pr), 2 AH

& 08 sl 2449 dEe TEE g 2
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P P, v
L7 244_44_22
Y y  2g

_ Py
Py = y 2g

_ 210,000 14.15%
=100 1600 ~ "2x9.8

stk wEbd 3 A9 9 (1kgy/

°]
gol Qar FUHY

22. HHlEl o] HANH 57tAF RAL

(%)

- @ze) 84 folg B 4 b @ BEo] FIIEL AAB.
- FPEE AEET AARE FFO A FoA A

- ggulasAES wEn,

- FEYBEE SR

- % ool PEE ALgHT)

- EYW Zole AR

- ¥ weE AAsn LAaT

- AulEle Mol A AR Aeg)

23. 1,500mme] o] wjAdFo] Y FIH Alnrl HAEE F AFEWE ALo] 350m
TS 4m'/ming] F= 2012 FZ=Z Fujof & H 9 wWjFAIHE F3HE

E1A) B B9 ¢ V = 1xD’/4 xL = 3.14 x1.5°/4 x350 = 618.2m'

vl 58 = 4.0 x2 = 8.0 m'/min
Hl=AIZE t = 6182 +8 = 773 B (1A 178)

24. §= g =Y FEAAN TAE F e AvEHNA A2 FZ AAxHA
o8 2FH= (O )FF7F H=Z9 AAY 1/ SA 3 2FH= (0O )FF

Bo ZopAd EAHHT.(67)

1j1:1—) CD : O%ﬁ'g_?:}(NPSHaV)
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@ : o2 EFY(NPSH,)

25. gojolZHPx | FFA Y HAE EHAY FAF L =3 (
dA 9 8 Nzg 2Hse ( O JA0, 233 )AL A
FT77F Aoh.(6%)

) @ : o 2E &3 (Stroke)
@ : o3

26. CT 200/5 [A], PT 3,300/110[V]E A-&3t1 U+ 3FIZ9 CT,PT 2x35FS SH 3}
Y CT 235& AF7F 4 A F3] 35[A], PT 2338 Ato] z+ Azt F3) 105[V]7H
ZAHJYG. o] IR HY S FIHAL (& JELS 100[%]E £H).(67)

) 3|2 AA AFg 35 % 200/5 = 140[A]

2 AA ALk : 105 * 3,300/110 = 3,150[V]
g V3 VvV I=V3*3150 * 140 + 1,000 =763.8[kW]
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