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From Dubna to this meeting

Dubna
1. Preliminary evaluation of AT =20 deg.C
2. Pick up of alternative HVAC scheme
This meeting
1. Evaluation of 4T 10, 20, 30 deg.C
2. Evaluation of three different alternatives for HVAC
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Previous preliminary evaluations (at Dubna)

COST COMPARISON OF AT 11°C & 20°C @ #7

7% cost saving expected by increasing AT =from 11 to 20 deg.C

(Provisional Direct Cost) KX
Work Items AT11°Cc | AT 20°C
1752 Primary Stations
17521 Cooling Tower and Pump Station
175211 Cooling towers for process water
175213 Tower pump for process water
175216 Controls
17522 Primary Stations and Piping
175221 Tower piping for processed water
175222
1753 Secondary stations
17531 LCW Stations and Distribution
175311 LCW pump/skid system
17535 Process Water Distribution
175351 Heat exchangers
175352 Distribution pump
175353 Piping
175354
175355 Piping connections etc.
Total of Relevant ltems
92.90%
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[ 1
Elimination of Chilled Water TS
=5

[ I D
34 °C 33°C
FCU
HEX *
1 1 1 1
I I I

|
[re | [RF | [RF | [RF |

ROOM TEMP=45°C???

Service tunnel

Without chilled water to FCU, temperature of the service tunnel might rise to 45T
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Alternative HVAC scheme for tunnels

- supply & exhaust @ every other shafts
- package air-conditionaer at every 36 m

EXHAUST SUPPLY
100% Exhaust 100% OA
A Heat Pump and
Air Exhaust Fan Air Handling Unit

Beam Tunnel
————— ->L>/ e e e e e e e e e e o e —===>

Service Tunnel
----- ;—>/K<—f—~—————'—ﬁ-:———-——n————¢--~-----7ﬂ-----—---(—/\~+--—-—-war

Shaft Base Cavern Shaft Base Cavern

ackage Air—conditioner @36m

Duct
nnnnnnn Ductless
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Studies after Dubna

 Process Cooling Water System
- Elimination of chilled water
- Increase of ATs from 11°C to 20°C & 30°C

e HVAC System

- Tunnel temperature without Chiller
- Alternative air-conditioning system
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Process Cooling Water System

Primary Station

; AT=11°C
r'mr E}ooli ........ ATZZOOC
OA28°C = c | .. AT=30°C

B T e S T S

33°C 44°C

16°C — 44°C | 53°C / 63°C
D=450 /350 / 300

CDR

e Elimination of chilled water and increase of AT
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Secondary Station

P : - (J}czn cDS
P M—_'—'ﬁm CDR
%f ,—34°C
45°C (5 HEX TEX
54°C 4s°cv 450 DI Water Unit
6400 Elect%Heater @_ 1 5% of Water [flow
"\ |
D=80/60/50 — - - 2
,_@%m
“ 144m
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Cost Estimation done by Consul.

BESEKAARIOC s

Done based on makers’ current estimations and summed according to WBS items in RDR.
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Cost Comparison by AT

K$ @USD1=JPY120

005 ¢ for s ha ﬂ_ # 7 (Conversion rate used in RDR)
(w/o. Chilled water system) ANT=11TC | NT=20C | AT=30C
1752 Primary Stations

17521 Cooling tower & pump r

17522 Tower piping :

1753 Secondary Stations

1753171 LCW Stations & distributions it

17534 Compressed air i

17535 Process water distribution ’

Total

100 81 /3

2008/11/17 ILC GDE Meeting (UIC, Chicago) 10



i Global Design Effort Conventional Facilities and Siting

VE Results on AT

Scaling of Process Water Costs

| HPiping M Heat Exchangers [ Constant Cost |

T
‘. Dubna

This time

Relative Cost

il 0 Al a0

Temperature Rise AT /K
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Air-conditioning system for tunnel

g

L= W | :length of pipe, t, :temperatur e of water inthe pipe
w o

t, : temperatur e of outside of the pipe
I(t, —t,) _ 1 { 1 +|Oge(d1/do)+loge(d2/d1)} | = 1m

qg 2z |a,d, A, A,
_ 21,4kw x1000 o w/m
36 m

a,=6w/m’K a,:
d, =2.5m d, :inside radius of the pipe
d, =3m d, :outside radius of the pipe

d, =10m d, :radius of insulated pipe

t, =10°C
t,-10 1 1 +IogeB.0/2.5+Iogelol3.0}
600 27 [6x2.5 1.4 3.1

600 { 1 0.18 1.2
+ +

t, = +10 = 65.6°C
2x3.14 |6x25 1.4 3.1

Without air-conditioning, temperature in the Service
Tunnel will become 65.6 C.

2008/11/17 ILC GDE Meeting (UIC, Chicago) 12



Conventional Facilities and Siting

Measures to improve tunnel ambience

Fan coil unit
with cooling water

40~45%

ROOM TEMP.
45~50°C

=)

Suspended air-conditioner
with compressor

PAC

15“2'_:[075 -

ROOM TEMP.
25~28°C

SERVICE TUMMEL

Package air-conditioner
on the floor

Room Temp.

<4 25~28°C
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Layout of Package Air-conditioner & Duct

500 [14.76] SERVICE TUNNEL

il;x;
|
|

& MDICATES PLAGE
HOLDER

§
g
- E
EE e -
L ———— : =3 S
g E g : BULT
g A< - s ]E| LA e et o g
ER - z. e . T —— oy
I e g =i % [78= &y T
- E H - b acx Hin| =zt warer
i & " wa H L - | =
B4 & |1 o : 18z =g arl
o =T A me | al| == JF )| wm | Bl . —
g ) M| & s/ WALLSIDE[ - w42 ] SR i
= i 1 !
s | thotmidd e s ' — . .
5 |_ = HE &3T0mn [14.017 _*num[l Do) 34t mm i | 33Sam (11,117 {2 (1511 ; fen ‘«‘05"""[9-___4' b 1| [1574nm 1)
s s Vool 877 7] e
ey = il g
PLAN - 4,5M SERVICE TUNNEL
aetaen,
[ o
814me [3.00 Atdmm 1 4 .
oo mm 1091 C/m ORI Sl4m[L00]  S1emmE00] nm (200 D
e | B[] s | E | e ;1— S [ i
§ g | == s il | mar E B S e E
S - | 2= s
: | % i weouaron = - 83 2| B |
i i | ; g TG é E 3 §| ‘ o
= — | | .
ELEVATION - SERVICE TUNMNEL
E4500m [14.75] TS0 (22,15 2 A%30mm [14.75
'mawmﬁnra:ﬁmn&_‘s;lr;nn;i J BERILE NI"ELME;YLNEl & EveR o
,g:mm o kil m .01 IR SAMPLING SMORE DETECTION RF STATION RF gTamon
(sucem g — PR [ -5 saurG duowe oeTeeTn ENERGENCY TRANS,
HEAT LNE & INTERIOR oo ‘Sleum SHOWN) ELECTAICAL COMDUITH
SURFACE WHERE LINED B o 2° LEW RETURN W 17 1NS. 9 3 LOW RETLIRN W 1° INS.—| A FLUOAESCENT Pmysuno"
] = — ok 2 Low suPaLy Fo Low suseLy —| = M !
4 l OSHMDEER £ COMIENSATE DRAIN s]s
—— / ) T LO0R GRATE O: | —— 1@ pROCESS WarsR
. ] RVEY - l— 5 RET. {1 12" INSLLATION)
E ol | S Sr———— R Pt E
E ' - - Qs
UNE ¥ i LOND. ORAIN TO " F
g 5 EXCAVATION — 1 Py SURFACE WHERE LINED
- &K TLEW RETURS LINE OF EXCAVATION 500 MCM GROUND:
T IS, g
E T LOW SURFLY- £ -] SRATE
it 00 MCM GROUND 7 —counEcTg UNE OF -
€ CRYO DIRAK FiFE
ORAIN GRATE COMMECTING -
iy 4 DRAIN PIPF———_ 2|
g . —l—__ 7] a
1 = CORE, FiLL—]
zl |t R EvERy  §
E (R FiFE 10 AR STANCH
55

_|1800mem 5. 253 pm_u 810 [2.00
MR EDUIF, COMVETARGE  UGAESS
TH

Wy
m-mg |_s|F

A . T
U-3,/U-2, U5, U6 & U7 "5

2008/11/17

ILC GDE Meeting (UIC, Chicago)

14



"'E Global Desian Effor Conventional Facilities and Siting

Cost Comparison

Cost for shaft #7 K$@USD1=JPY120
(Conversion rate for RDR)
Air—
conditioning
Fan coil unit unit suspended ackage air
with cooling from top of the |\conditioner
water tunnel the floor
1732 HVAC Equipment )
17327 OA & Ex'haust air )
processing
17322 Air—condlitioning for i
tunnel
[ [
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Conclusion

(1) VE on AT of process cooling water was
Investigated with cost estimation by
consultant.

(2) Higher ATs certainly reduce cost. The
highest limit will be given by heat load
operation spec. of RF equipment.

(3) Local package air-conditioner scheme
seems effective in cost reduction.
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APPENDIX

(0) Cost profile

(1) Heat loads

(2) Heat diffusion

(3) Suppress heat diffusion

(4) Surface and underground temperature
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Priority of study on process cooling water

Proportion of process cooling water
In total infrastructure (excl. survey)

Piped utility 0.1%

Air treatment
Safe@-@%ﬁjipment 1.3%
Handling equipment 1.6%
Electric 13.7%

Process cooling
water 15.5%

Civil engineering
66.7%
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I | s ommEEmmmmmm—— =
Focus on i S
Sh aft #7 Area i Process Cooling Water : i [ a]l
I I
Geometry of Facility oM Isutace [ —Chilled Watef
: 1 3.4'MW
Cooling Tower building ~700 m2 : 7 : ; 220
Shaft 14 mg, 137 m (450 ft) depth | (st
Cavern 16 m(W), 18 m(H), 49 m(L) : _ :"”}‘ e
Tunnel 4.5 mg, ~4030 m (1550 + 2480) | [ i ]
RF Unit Heat Loads E . i
To Low-Conductivity Water 104 kW | I R
To Chilled Water 21.2kwW | [ :Cgvem -
Rack 115kw | _ ‘% B %
Service Tunnel Air 9.7 kW : - = :—i G 3 i =
To Beam Tunnel Air 5.9 kW : =T [ : '|' | L 196 skids I
Shaft #7 Total Heat Loads | Z]Jj% skids SgptieTurnel 91 208 Gooling Fans
Number of RF units 104 i 104RFunits | ] Raks in 104 RF units |
Low-Conductivity Water 10.8 MW e o
Chilled Water 3.4 MW
(Air2.2+Rack1.2) Bes Tanos!
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Cost Profile

ML cooling system cost is
~half of total area

Process Cooling Water
piping cost is expensive,

Including high percentage of
LCW skids system (37%)

Low cost performance of
Chilled water system

Beam Tunnel
D45m
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.’ﬁ . A -
i Global Design Effort Conventional Facilities and Siting

\[.:j;.'ll'EzRO:NDAIRHEATLOAD (all LCW) and g-8-g ML Top-5 heat Ioads to AIr/ChW

MAIM LINAC - ELECTRON & POSITRON
To Low
Conductivit] toChilled | keith Jobe load toair
¥ Water Wdater MOV 22 ofi
Power
Total |Average| Heat Heat | fraction — L =
Heat Heat | Loadto | Load to to Power to = | g i {

CQuantity Load Load | Water | Water | Tunnel | Tunnel i — I ‘ |- s :
Componants Per 36m Location (KW (KW) (KW (W) | Air (o-a) | Al (EW) ELEVATION - SERVIGE TUNNEL
Non-RF Components
LCW Skid Pump 1 per & rf -Motor/Feeder Loss 0.25 Sarvice Turng 0.0 0. o o 1.00 -
2R Loss and Motor Loss (misc) 1 Service Tunne 8.9 B.z2 o o 1.00 B.zz
Fancoils (g ten Chilled Water] 1.c Hp z Sanvice Tunne g1 2.g1 o o
Rack Water Skid 0.25 Sarvice Tunnd 0.20 0.20f o o 1.00 0.20
Lighting Heat Dissipation ~1.3W/sf Sarvice Tunne 1.65 1 6] [+] o 1.00 165
AC Pwr Transformer 34.5-.48 KV 0.25 Sarvice Tunnd 2.00 2oo] 1.0 o 0.25 0.50 k 5 k
Emerg. AC Pwr Transfermer 34 c-. 48 kW Sarvice Tunmel 1,040 1000 o o 1.00 1.00 1 . R aC S 1 1 . W
RF Components
RF Charging Supply 35.5 Kv AC-BKVY DC 136 m Senvice Tunnel 4.0 5.0 2.8 0 0.3 1.2 2. |2R &. Moto r LOSS 8.2 kW
Switching power supply &V sokW 136 m Sarvice Tunne 7.5 7.5 a5 o Oudy C- .0 .
i [omeree | 75 [ 75 | s | o | 0w Koo 3. Waveguides (B.T.) 5.9 kW
FPulse Transformer 1/36 m Service Tunnel 1.0 1.0 0.7 o 0.3 0.3
K lystron Socket Tank | Gun 136 m Service Tunnel 1.0 1.0 0.8 o 0.2 0.2 4 SW I tC h I n g P S 3 O kW
Elystron  Focusing Coil (Selenoid ) 136 m Sarvice Tunnd 4.0 5.5 o 0 0. ’ ) : '
Elystron Collector af36m | Service Turne 45.8 o d I 3 O k

. —— 58.9 | 472 oo | 14 | 5. Modulator . W

K lystron Body & Windows 136 m Service Tunnd G2 o
Relay Racks (Instrument Racks) 136 m Sarvice Tunnd 10.0 10,0 ] é 11.5 -0.2 1.5

zf36m | SeniceTunnd o 0.0

1f36m | SeniceTunnel o 1166
RF Distribution (Attenuators, Loads, Waveguide, | 1/36m Penetration 0676 _— TOtaI Of to p 5 - 3 1 . 6 kW
Circulators allin series connection) 136 m Eeam Tunnel 0.0 o 5.9

Ze36m | SeamTomna zaa | o = 82% of total (S.T.32.9+B.T.5.9 kW)

2gf36 m | Beam Tunnel 30.05 0.0

Subtotal RF unit Only| a0 8z| 102.0

Total RF 107 gg] 103.5 11.5 2.4
Total Heat load to Air/Chilled water in service tunnel (per RF) ( 32.9 > C an n O t W e r ed u C e ’?
Total Heat load to LOW (per RF) 10 Lo
Total Heat lead to airin beam tunnel (ignore rock contribution for mow) ( Lo >
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Parametric Consideration

To understand heat loads to air, lets see
how are heat diffusion and conduction..
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Heat Diffusion from Plates
q(W/m?) = U(&-6,)

U: Heat transfer rate (W/m2/K)
@ Equipment temperature (C)

— -1
U=(Re*R)
R..: Surface heat resistance
R, : Heat resistance of the material

— -1
Rse - (hr + hcv)
h,: HTE by “Radiation”
h,: HTE by “Convection”
- 4 4
h, =eo(T =T (T, —T,)
& Efficiency due to the material, ex. 0.30 (stainless steel), 0.94 (cement, cloth)

o. Stefan-Boltsmann constant, 5.67 x 108 Wm-2K-4
T,.: Surface temperature (K), T,: Ambient temperature (K)

Heat diffusion by Radiation and Convection

3.26460°-25((Ww+0.348)/0.348)°5 upward-directed surface
2.28460°25((w+0.348)/0.348)°5 doward-directed surface
Nev = 2.56460°25((Ww+0.348)/0.348)0-5 vertical planes (46>10K)
(3.61+0.09446)925((w+0.348)/0.348)°>  vertical planes (40<10K)
40=| T, -T,|
w: Air flow velocity (m/s)
R =d/A

d: Thickness of the material (m)
A: Thermal conductivity of the material (Wm-1K-1)
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The order of “Surface Heat Resistance”

For T, (ambient temperature) 29 C
and T, (surface temperature) 34~54 C

(1) Heat Radiation

assume ¢=1.0
h =eo(T 4-T24/(T,-T,)=6.4~7.1(Wm2K1)
(2) Air convection

assume w = 0.45 m/s (27 m/min)

h,, = 3.26460°25((w+0.348)/0.348)%° = 7.4 ~ 11.0 (Wm-2K-1) upward-directed surface
h,, = 2.5646°25((w+0.348)/0.348)°>= 5.8 ~ 8.7 (Wm2K-1) vertical planes (46>10 K)

(3) Overall heat diffusion from equipment surfaces

assume ¢= 1.0 and w =0.45 m/s (27 m/min)

h=12~18 W/m?/K (for AT =5 ~ 25 deg)

2008/11/17 ILC GDE Meeting (UIC, Chicago) 24



11U Global Design Effort

Conventional Facilities and Siting

Suppress the Heat load to Air!

Heat load to air by RF equipment when LCW used
Estimated diffusion when AT =5 deg, e=1, w =0.45 m/s

T: EQuipment temperature (34 C)
T,: Ambient temperature (29 C)

Heat Load

Load to
Air/Chilled
Water
(@present)

Estimated Heat Difusion

Top panel
(m2)

Side
panel
(m2)

Heat
difussion
(kW)

@AT=5de

Racks

11.9

11.9

8.8

4.1

I’R & Motor Loss

8.22

8.2

0.0

Waveguides (B.T.)

9.9

9.9

4.9

Switching P.S.

7.9

3

1.1

Modulator
Total of top 5

7.9
40.62

3
31.6

1.6
11.3

2008/11/17
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Effects of Heat Insulator
----- (-5 % (Preaching Budda) -----

Heat radiation and convection

assume ¢=1.0 and w = 0.45 m/s (27 m/min)

h=12~18 W/m?K (for AT =5 ~ 25 deqQ)
Rge = 0.056 ~ 0.083 W-1m2K

Heat resistance of insulator (1 mm)
R, =d/A=0.020 Wm2K

d: Thickness of the material (0.001 m)
A: Thermal conductivity of insulator ( 0.05 Wm-1K-1)

- A few mm of heat insulator is
comparable to surface resistance

- A few cm of heat insulator is
usually enough for completeness
of water cooling system

2008/11/17 ILC GDE Meeting (UIC, Chicago) 26



"P . A -
i Global Design Effort Conventional Facilities and Siting

Ambient Temperatures

Surface and Underground
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Earth Temperature
-- as a short note --

Teun=5780K

Fsun=6.96 The Earth

lsun-earth=1.496x10*m

Solar constant

Qsun = OTgunt X 4arg 2 [Anr 2=1370 W/m?

sun sun sun-earth

Reflection (al)

Temperature of the earth
Qeun 2= oT A X 4ar 2 (equilibrium)
=> T,=279K (6 C)
Temperture on the ground depends on site
Osun X COS@(1-al)= oT* (1-ab) (equilibrium)

cosé@=sinérosgytcosa t+ sinBsinw,cosusing,t+ cos@sinucos at
@: latitude, 1=23.5 deg, 05
w,=2nday, @,=2alyear

Air

Absorption (ab)
H,0, CO?

11

Radiation Transmitted by the Atmosphere
2 1 10 70

Global Temperatures

—— Annual Average

0.4

— Five Year Average

Temperature Anomaly (°C)

1860 1880 1900 1920 1940 1960 1980 2000 % ! Wavt‘tngall[umrm i
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Temperatures affects surface cooling tower

Annual |Statistical

Place Altitude Temperature Monthly Average )
Average |Peoriod

d |m |Jan |Feb |Mar [Apr ([May [Jun Jul Aug |[sep Oct Nov |Dec
Moscow-Dolgoprudnyj 55| 50| -75 | 6.7 | -1.4 6.4 | 128 | 17.1 | 184 | 165 | 108 50 | -1.6 | -5.5 5.3 11971-2000
Chicago-Ohare 41| 59| -56 | -28 [ 3.0 | 9.0 | 151 | 204 | 234 | 224 [ 180 | 114 43 | -2.2 9.7 [1971-1999
Zurich-Town 471 23] 03 | 1.3 | 5.1 8.1 (128 | 156 | 18.0 | 17.7 | 14.0 9.3 | 41 15 9.0 11971-2000
Berlin-tempelhof 52| 28] 08 | 15 | 49 | 87 | 142 [17.2 | 19.2 | 188 | 145 96 | 49 | 20 9.7 11971-2000
Morioka 39| 42]-21 | -1.6 18 | 84 (138 [182 | 218 | 232 | 183 | 11.8 57 | 08 10.0 |1971-2000
Tokyo 35| 41] 58 [ 6.1 89 | 144 | 187 | 21.8 | 254 | 27.1 | 235 | 182 |13.0 | 84 15.9 ]1971-2000
Fukuoka 33| 35| 6.4 | 69 99 | 148 [19.1 [ 226 | 269 | 276 | 239 [ 18.7 [13.4 8.7 16.6 |1971-2000
Place Altitude Relative Humidity Monthly Average Annual

Average

d |m |Jan |Feb |Mar [Apr ([May [Jun Jul Aug |[sep Oct Nov |Dec
Moscow-Dolgoprudnyj 55| 50| 80 76 13 67 64 63 69 74 78 79 82 82 74 |1961-1967
Chicago-Ohare 41 59| 72 72 70 65 64 66 69 n n 69 73 76 70 11961-1990
Zurich-Town 47 23| 85 80 75 12 73 74 73 71 81 84 84 85 79 11961-1990
Berlin-tempelhof 52| 28| 89 83 76 68 64 61 65 69 73 79 87 89 75 |1961-1967
Morioka 39| 421 73 A 68 66 69 76 81 80 81 78 74 14 74 11971-2000
Tokyo 35| 41| 50 51 57 62 66 73 15 12 72 66 60 53 63 ]1971-2000
Fukuoka 33| 35| 64 64 66 67 69 76 75 74 74 69 67 65 69 1971-2000

Detail design and comparison of site difference are the next step after the system
optimizaton.
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Beam Tunnel Temperature Soil | Rock

Water Table
Tunnel Air temperature without wall loss Cylinder Model
AT = Pl(Fc)

P:heat load [W],
F: air flow [g/s],
c: specific heat capacity [J/(gK)]

> r
Tunnel Ta [Tse

When,

P=59kWx 104 =0.61 MW,

F=7.16 m3s (=2 x 2.252m2 x 0.45 m/s)
p=1184 g/m3

¢ =1.020 J/(gK) (hum~50%)

AT ~ 70 deg!

Heat Diffusion into tunnel wall
q=hdar

Assuming the tunnel surface heat resistance (1/h)
h =12~ 18 W/m2/K (for AT =5 ~ 25 deg)

S=zx4.5m x 36 m ~ 500 m2(Tunnel wall / RF init)
Sh=6~9kW /K

2008/11/17 ILC GDE Meeting (UIC, Chicago) 30



"P . A -
i Global Design Effort Conventional Facilities and Siting

. R E (O
How Is Underground Temperature ? o > ¥ 7 2 = M
J P Np=s =annnnnn
ol (WA S|
Depend on the geology NERRANE el
v NN —
-.100 \ A\\ @ Osa‘ka area,
Deeper than 10 m, the temperature is constant 120 \fS >
140 \
160 \ N D
Geothermal heat flow forward the surface ground 190 : \
~40 x 1012/ 4ﬂ(64 X 106)2 = ~0.08 W/m? E-7 REEREOHE
the total geothermal heat of the earth (W) / the surface area of the Earth (m?) (K Kitaoka, Okayama university of science)

Temperature rise in deep underground
~0.08 / (2~8 ) = 0.01~0.04 K/m

Heat flow (W/m?2) / the thermal conductivity (W/mK)
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How Is tunnel wall Temperature ?

Cylinder Model Soil / Rock Water Bath
AT =-q In (r,/ro) 1274
_z 1;3 2;3 3;3 40 5 r (m) TW > I
; g =100 W/m Tunnel fw
: 2=5 W/(mK)
AT(deg) Cylinder Model

Assuming a bath, r,-r, =50 m, AT =10 deq,
100 W/m could be removed from the tunnel

X
A
Linear Model Water Bath T.
AT =-Qx /A, Q=0 X 2ar (Quess) »
0 » Xx(m) W
s 4 8 8 1 Soil / Rock
=100 W/m
-10 | 1= - _ == - .
Y Equivalent wall plane
AT(deg) Tunnel
Assuming a bath, r,-r, =7 m, AT =10 deg, Linear Modell
100 W/m could be removable
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Summary at Dubna

(1) Delta T increase and Chilled Water Decrease are potential
measures to reduce cooling costs.

(2) Effect of high AT to room T may be suppressed by insulator
with relative low cost.

(3) Effect of high AT to equipment and beam instability should be
studied separately.

(4) Alternative air cooling system using package air conditioner
IS under consideration.

(5) More investigation and effort to decrease heat load to air are
necessary.

(6) Cooling effect by tunnel wall depends on geology of the site,
though an order of ~100 W/m may be cooled under some
conditions.

(7) LCW skid loop with complicated piping is another impact to
raise cooling cost but the study is a subject to be solved
hereafter.
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