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New BDS plant
location since

BASIS Vancouver

17 15
i

1 }ﬂﬁ

19~ %

119

(4,
)
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WATER PLANT LOCATION

Plant No. Area it serves Plant No. Area it serves
| &- DR load 1ot divided by 4 (except for chilled water anly the BDS and
17]e-OR alcoves are considersd) B|Cump Half of BOS total load and one 16MW durnp
| e- DR load 1ota! divided by 4 (except for chilled water only the |
18)e-OR alocoves are considered) 2IML Same as Shaft 7 {but with &4 total BF)
| same as =hatt O plus half of e- source load (wag) Need to be
e- DR load 1ota! divided by 4 (except for chilled water only the ML &2+ |updated per Clay's latest email (need fo rearrange
18)=-CR alcoves are considered) Y source & e|§istribu1iun later]
e- DR lead 1ota! divided by 4 (except for chilled water only the Main Linac Total Load x Mo fo BF at this shaft (123 divided by
13|E- CR alcoves are considered) &ML tofal mo of ML RF (524)
11|RTHIL Ha'f of RTML iotal load 8|RTML Half of RTML total load
e- source total load divided by 2 [wag) Meed to be updated per e+ DR load total dvided by 4 (except for chied waler only the
Ole- Source |Clay's latest email (need to rearrange distributicn later) 12|=+ CR aleowes ane considersd)
W= Linac Total Load x Mo T FF a1 this snatt [ 108) avided oy 2+ 230 total owided oy 4 (except for ch 2o water on'y _the
TIHL tofal no of ML RF (824) 14|=+ CR alcowves ars considered)
WL & e+ [Same as Shaft 7 ibut with 120 total RF) plus half of e+ scurce e+ UR loaa total coided by 4 (except for cnteg water only the
b)zource todal load 18]=+ CR are considered)
Tame @& Shan | (Buk woih B3 tofal RF) [excluded e+ sounce B+ U load tonal owided Dy 3 [excepl for cied waler ony he_
] (518 transport line for now) 16l=+ CR  |aleoves are considered)
L5 and
& |Curnp Ha'f of BDS tota load and one TEMW duma
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e Thermal Loads

Pursue info from Area System leaders, Magnet group
and POC.

Mostly total load only (..and changing)
Tabulated (but we’'re told everything is still preliminary)

Other than the load at shaft 7 (ML), the current Thermal
load list is just used as multiplier for sizing, cost ..and
electrical power usage tabulation.

Total Thermal load pre-Vancouver was 296MW,
currently at 222MW.
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Total Heat Load List as of Aug 30 2006

THERMAL LOAD USED (in MW) (..and still changing....)

Updated Aug 25 2006 CFS

Area System

LCW

Air / Chilled Water
(does notindude heat of
COMmpression)

Total

Sources

SOURCES e-

3.72

1.31

5.03

Aug 21 (Clay) 4.36:3.72;2.53 MW for LCW,
1.53;1.31;0.89 MW for Air- Numbers are PSTD
ipeak simultaneous thermal demand);INFTC
(installed nameplate thermal capacity) ;ATL
(Average thermal demand)

SOURCES e+

15.8

.85

DR e-

'DRAFT |

21.35

Aug 21 (Clay) 22.8:15.8;10.7 MW for LCW,
8.00;5.55;3.80 MW for Air - PSTD (peak
simultaneous thermal demand) [ INPTC
(installed nameplate thermal capacity ;ATL
iaverage thermal demand)

6.71

3.05

8.762

Aug 10 (Andy)-except load to air is not used
iwhich is assume to be dissipated to ventilation
air) LOADS STILL NEED TO BE CHECKED
WITH MAGNET GROUP —very preliminary
accdg to Andy

DE e+

B.25

4.90

13.154

Aug 10 (Andy)-except load to air is not used
iwhich is assume to be dissipated to ventilation
air) LOADS STILL NEED TO BE CHECKED
WITH MAGNET GROUP —very preliminary
accdg to Andy

RTML

12

24

14.4

May 24 (Jerry, PT) preliminary ~7 MW per
RTML

MAIN LINAC

78

26.83

104.832

Jun 1 (Shigeki et. al.) spreadsheet per RF x 624
RF

BDS

14.71

2.60

17.3

Aug 10 (Andrei) Rough 17.3 MW for 14mrad—-
TO BE CHECKED---very very preliminary accdg
to Andrei. Assume B5%/ 15% distribution to
low/air

DUMPS

36

36

Aug 15 (Andrei) -reconfigure such that one or
two plant sized for(2) 18MW serves (6) 18MW
dumps, only (2) are active at any time. Aug 25
(Fred). adjust shaft locations
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MAIN LINAC HEAT LOAD PER RF

Currently NO heat load to air from Klystron,
Numbers from Shigeki spreadsheet /
email Apr 2006

1
|I|'IAII-| LINAG « ELECTRON & FOSITRON
To Delonized Water to Chiled 'Waity Ta Alr
Haal
PR
Supply | Delts | Allos
Heat | Temp |[Tempe| abbe | Typloal | Acoeptss Mas
Total Heat] Load to | {varabl | rature | Press| (water) | e Temp Heat Load |Space
Guantity Lizaid Water | on) | [c ure | pressure | Waration| Heat bo | oAl | Temp
Companenis Per 36m Locartlon [ (EW ) | dela) | (Bar)| drop Bar | delta © | Water (KW (KW {C Source
LEW Skid Furp 5 Hp (placehodler i Savics Tenasl 4.14 ] MA Ki&d | H/A Ri& Hone i \ 4.14 =amil - & HP pump placehalder
[Fancolk [ = ton Ghllked weater] 1 Fe i Lavice TLnasl 1.bE Ii] NiA Kia | HiA Ki&a Hone J o\ 1.bb =amill - 4 ) 1P 5Ton Fanool] placeholder
Rtk Waber Skid 075 |semvics Tenasl 1.04 ] M A Kid | H/A R/ Hone 3\ i.04 = amil - 1{5Hp) eeery 4 BF (placcholder
Lighting Heat Dissipation -1 3W'sF Savics Tenasl 1.55 o A Ki& | H/A Ri&a Hone i \ 1.65 = Oy - 14 W persgm
Lighfing Heat Dissipabion -1, 38 sF dermlaraizr Tunas) 1.565 1] Al T [ Hione a \ 1.65 = Clay - 14 W per sgom
F-r:.'-:n: Heat Dlssipatlan S00ETuh each i iermlarmiar Tuntsl 0.0 o A Ki& | H/A Ri&a Hone i \ a.00 = amil - placehclder
ropke Feat Dlssipatian Soobiuh eacs i Lavice TLnasl ] Ii] NiA Kia | HiA Ki&a Hone ] \ L] =emil - placehodder
[AZ Pwr Transformer 34,5 48 kY 025 |ssvvics Tenasl 200 0 Bl & Kid | H/A RiA Hone 1] \ 2 * Clay sl 5-14-08 bypica’ 112.9 €¥a oll simr
Emeerg. AC Par Transformer 34,5 48 KV LarvkE TLnsl ENTH NE [ RE W& KA Hone [ 1.3 * Clayp mml 3-14-06 bypical 75 kdn o i
. _ N * i darvean aminl 2-37-08 103 Ea 008400 il g e
REF Charging Supply 34,5 Ky AC-11KY eachipald Apr 18 2004 ** Clgy 5-25-04 LLAF
[u]n 1/36 i |Semvics Tenas 19.0G] 7.50 ] 11.5 mgarting
Medulakar Savics Tenasl 7.50 3.50 pEN: a \ 4 * Shigekl Fukcade Brral 1-1-08 *"Saigec dg- 18 2008
Puls Transfonmer |Ssmvis Turmsl E.-:lIJ_I 5. 00 Ju] \ 1 " " Ihigail Apr 13 J004
Elysiran Socket Tank Sareicw Teroasl 1.00 1.00 a * L] rerhigeld Apr L8 300
Elysiran  Foousieg Codl Laviee Tunasl E.-‘l-[ll B.40 | ®34% Ju] i} P Ghigeki Fukade Fread 4-005-0d
Elystron Collector Savics Tenasl EL.-:II]| 61.00 | *35% 2 a o * Shigekl Fukcade Preal 1-1-08
EIysEran Sy Sareiw Turoasl 1|:-,-:|[|_| 10.00 | *35%= S|Mone Ja] 0 * Shigeki Fukade Eradl 1-0-0%
Elystran Wincows Savics Tenasl .50 0.50 | *35% i a o * Shigekl Fukcade Preal 1-1-08
* Shigeti Fulcase Erradl 3-30-04 ""Shigeki Azr 10 2008
Felay Facks Laviee Tunasl 133 0.0 M/A Rik | M/& Ri&  |Mons 121.8 L] {chilled wnbar} " * Asy larean Email 0- L8 2008
Clroglabors & Durnmy Loaad ferslarmiar Tuntel 24.3 4.3 1] ] "mShpald Erad Apr 35 I004 |
Wavequlde dzppiarmiar Tunis)| 4,00 £,00 Hi& Ki& [ Ju] .00 " Ghigeki Fukadn Fread 1-30-04 /
CERET COmpCnentsr re T wn [1] ] WA /
Tokal 162.4) 125.2 12.80 20.23 /
[FF Component only Loads 154.05 l /
Total Heat load to Air & Chilled water per RF 43.0 ww 47504 LEISEY STIRNGIET  DRETIS
Total Heat load to LCW per RF 125 swi 7.03 335375 1143693135 The 0n|y Change

Aug 16 2006
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Costing / Sizing Method

Size & Estimate Shaft 7 Water Plant

Used Means 2006 cost book, Vendors budget prices,
previous project info and some wags for costing.

Scale all other plants based on loads (except the tunnel
piping Is scaled based on length). - (using Shaft 7
plant as reference) and distributing it by area system.
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Plant Scaling / Multiplier based on loads

PLANT LOADS (MW) Multiplier for Area
el o el L= BT
mcess|hw = JProcess |Chw source | source RTML | Linac BDS i &
17] 1.7] 02 10% 4%
151 1.7] 02 10% 49 100%
190 1.7] 02 10% 49
13] 1.7] 02 10% 49 100
11 s0] 12 38%] 22%
of 19| o7 12% 12%] 100%]
71150l 55 100%] 100% 100%
sl 229 798 143%] 144% B6%
3l so|l 28] s0%| 50% 100%
Al 254 130 158%] 249%
Bl 254 1.3] 158%]| 24%
21 sol 28] s0%| S50% 100%
4] 24.8] 86] 155%| 156% 60.6%
6l 16.0] 55 100%] 100% 100%
sl so] 120 38%w| 22%
12l 21| 03 13% 5%
14] 2.1 023 13% 5%
18] 2.1] 023 13% 5%
160 2.1 023 13% 6%
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Marc’'s Task / CES mechanical / from Vancouver
1) Assess CFS mechanical in general

2) Investigate skid cost when produced In
mass quantities

3) Investigate savings associated with 2X delta
T In process water

4) General issues associated with removal of
chilled water (Temperatures, stabllity, etc)

5) Reduction of mechanical system capital cost

6) Watt (cooling power) per watt (heat
rejection)

9/7/06 10
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Cost Reduction List. (Page 1)

SEP T 2008

REODUCTION OF CFS MECHAMICAL COST {Process Cooling WBS Shown)

(see separate pdf for clearer copies)

DRAFT DRAFT DRAFT DRAFT DRAFT DRAFT DRAFT (estimates need to be checked) gh

(Values in SKI

Bold red indicate lHtems for Marc TOTAL M LINAC] BDS [Started Awg 10 2008
% reducion] redecaon
% reducion tazed on | besed on
=azed on Indal nial Imitiml
Co=tibul 14 Cashidul 14 ) Tostidul
lterms TSy ruhers 14 Nimpact’ Motes
A |Imitial Cost (July 14 2008) |Eszcd on 206 MW thermal Load |placeholoers)
2 |Check Estimate Iafer iafar later lafer
Undated Thermal Load. added ,3;?5: Ti::;:;::ar'r al load 222 MW [Aug 30 2006) - Naote that these numbers are prelimmary according to
missing items, Comected errors & e -:r:;d:.-.m Srom ~7OMW 1o ~1 7MWY (preiminary]
C |reduced Skid to 2X (1 skid to 2 Z3% 2% 829 - - ——— m— — -
RE) = Suggest to use this as Numikers from Magnet Group are not considerad. |2 doesa't include the Scurces and B0 changes
i ag= SN wallrg 1of MOre Wenanrs NG on various S SIZINg. CWTenly Wse
NEW BASELINE guantity discount.
The % in the fo]'-l'awing are gpproximate and are Yreduction as comparad to the Jul 14 estimate.
Make All Chiller Aircooled (7 Remove Coolng Tower & Pumg for the Chillers, Chillers can be located owtside the kldy (reduced kldg cost not
1 Skid /2 RF; 20 Delta T an 250 a9 iro std:._ __ .
Process; Updated Load per ltem [Ecvi electrical caeacity increase by ~10 fo ~15%
) There wil ke na free cooling during winter. Operating cost increase.
Reduce LOW Skid to 1 Shid to S Wallrg Tof MOre VEnanrs MG on various ond SIZINg. CWTenly J5e TaUs per shod Bls Boesn T ncluas
2 |4 BF at 20 delta 8% 10% quantity discount. TD
3294 mpac of 40 delia F on RF waler load not included (kby777) Piping schame fo get £1F deka in Rf componenis nod
considered
) about 20% of]
o |Increase Process water delta i 15 ue 1o 143 4] delia F is also acceptakble in Magnet load (Meeiing with magnet Auwg 22 2006) TED
T |Tto 40 F (with 1 skid 2 RF} load ) [N-:ﬂe-u-:lt BOS Water Dump kas 34F della. Since cost is scaled from Shaft 7, this cost redwciion may not be
re-:l;.f:-:-r reflected (see add; item balow]
comection mpaci on BHP.__TBED
agas mpa of 40 delta F on RF water load not included by 777) Piping schame to get 40F delia n Rf components not
considered
about 407% off n " T - H ' e
. [Inerease Process water defta  [is 15 gue 1o —_— 4l dela Fis u-scla-c,eptabe- in h'_a:_fled load !_h'eet g with magnet P.I.-P 2 %E ) -
Tto 40 F (with 1 skid 4 RF) |oad * Mote that BOS Water Dump has 34F delfa. Since cost is scaled from Shaft 7, this cost redwciion may not ke
resducsion reflechad [see add; item Eslow)
and
COMECIlan mpas on EHP..._TBD

9/7/06
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Cost Reduction | ist. (Page 2)

[ L
455 'RA FTJ AT Temparaire | Tampardiine s Enility cold be an ssus
an Linac (Adolph=an amal Sap 5 2006 mquire 29C (84F) air lemparature. Maad Chillad Fancall for s
[IChillad Walar svsiam |s s8ll neadad for BODS (requiramant )
Remove Chilled Water = [ CFD analysis af fe spaca will be pursued o provids e varation of lsmparatum acmss tha umna (o ssa i
(Walar Coolod Racks will have pcoaniabia
5 dodicaled chiliar- praliminar abaus 40% ofl a5 H& Bac 3 Chap £ Haal Simss al 95F al 55dewpoint aquatis fo WEBT of 77TF adequats for connuous haawvy
concent based on Liebard XDF. | #x &dus ta . May raquim chilad walar Bancois o maintan o fis. -
Coef for fhie iz geeymad g laad sad an Libari cosl infs sanilo HLRF Sap 1) for rack with chir. Assuma cos! nduded wit ofar groun or fis
incivded with offer growp ) it sl ST
ard MOTE That coes! mducion in Bancal costis nolindudad.
COTECIon Jmpact of BHP . TED
[Warm Taemparature | Tamparatura siEhility could be anissua
324, PMain Linac (Adolphsan email Sap 5 2006} mquire 29C (B4F) air lsmperature. Nead Chillad Fancoil for fis__
Reduce GHW (Varation of bem [Challad Wmia'.ajﬂa'n |= =4l na.ada-:H-:r BODS -:raqur:ernarﬂ] ____ .
_ |4 CFD anaysis af e spaca will be pursuad o provide e varation of lsrmoeratum acmss tha umna lo ssa d
k] -E.x_-capiEZFS wll ha'u'e c,usi 1':.'.' . ——
dedicated CHLR, skids & piping [a90ut 0% of E:.ﬂ. Sac 3 Chap & Hedl Simss al 05F al Shdawpoi aqiats o WES T ol 77F adeqi=is lor coninaods haavy
to ML racks, and no fancaoils for | e & dus o y - —— ;
=] . . 16%: . May require chilled waltar fancois o maintain o fis [TeD
othar aquipmant haat load to air laxad r = r r
MOTE: Wea couldnt find a smal - '_arga foaiprind for e dedicalad rack chiller. Could ba spacaissua.
water ba water dedicatad chillar | rad usion icated Chiller Skid for each water cooled RF Racks (1 par RF), wag ot 325nshlked cost basad on phona with
this point and ndar (Ecabay) bulio ba chackad later, and basad an aimooked Libard) amai & $13K + instal (but this is anky
’ GO TSI srcadiad). 10 Ton Scaobay budget of 340 nal usad farnow
OTE Thatcas! mducton n ancal costis nolindudad.
Impact of BHP ____TED
Reduce CHW {Vanaton of ham 5
7 excapt provide chilled water only
on smallar araa in ha sarvica
tunnal for worker fo waork)
ighar walar pmssus in hiatunnel pping.
Sliminate HX and Pump and atar Ef.r:l =5h-:l.!I-:I ba sizad fo accapt highar prassura (Dan Lacaedm of Bomquis! suggestiad 15% ncraass incost
8 Cavam Fa skid far fis)
[Savings in Cavamn spaca for aquipmant nad considarad athis paint)
|Glvaol in e umel ppng, =20 ar o777
a Ona Largs LOW Distrbution from Mo data for Brge 147 10 10 &= pipa. (dscussad wit two vandors- Aug 22 2006)
tha Cawvam Largs piping man al Sanlass and Caven pump al Shinass will bs vary axpansive
10 (1 Skid to B RF)
11 |Pravide ona plant for BDS
12 Saparate Estimats for BDS Plant
at Sddalta F
13 Vanous HX approach

tamparaturas vs HX cost

9/7/06
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Delta T

I/ SHAFT ¥ LCW PLANT pumps estimate iMaigllinac Onl Aug 23 2005
F/05.20 Ioad (wag | sdjusied load (wag | aojusled load (weg adjiseed oad [wag
BASE: with chilled porfon of load fo&lr | porflon of load to dr | portlan of load to ar pordion of koad fo alr
vialer o handle other | with chilled waater to back bo water No back o waler}- No back io watery- ko back to waler Mo
2 ar aad nangle omer ar load =10 ST CNw e
3|LON Load per RF (Ihemma K] T&5 i 133 i
£|Celta T jdeka F) 20 20 26 40
5(Moof FF el =hatl 7 Flare 135 128 123 125
5[Flow m) K] =3 EE] 25
r) T IoW far 7 plant o202 T o] ER-ri=] ek |
8| LCW Plant for shaft 7 (W) 16 18 13 19
3|Flow at Tunned (gpmy} FREDL 2,731 3257 1,617
10 PROCESS PUMP FROM CAVERN TO SKID 3 3
11 [PIpng ak Tunnel vares 2 pipe less (plpe |
12|Size aong lunnsl Englhh — o lEs s 1 i ygrs
13|Mau Fipe Size [near base of Gnal) 14" 77 [F3 varies in tunnel) 12‘|
% poion i bhis inberel i o] £7%] 2E%| [ : |
14| Average Pressure Drop [Tt 100 1) -:1-1 of D51 1.711 073 =
15| Averags Weloohy (Tps) - ow- W 4.22 ] 473 4.1
16| Tunngl Piping Oinly Cosl (K3F) . 4364 | 5 a3 3547 | § 2384
% redudion co=t i fenel piping o __1 22 MR 26%% 19% £3%
(Mzin linac Proce=s Coaling Cao, -
2 reducion cost Eamed on cvewll P Froce=s Tocling [inc =nag)| (=]] TED TED
[N, lirc Tofal 075 C“p::;l['
T reducion in cas bazed on overell MLCFS co=l fndi=nag)| TED TED TED TED TED TED
17| Length Tunnel Pige (one leg) M-supply& refum (-5, Tkm} PETZE 1E725] 16728 16726 16735 16726 16728
15| Pressure Drop FIping Oy - 1 [ lii] T2 TE7 T34 TG il
19| Creerall % Reducion In oost Dased on Tomal Process Cool
20 [Waln Plping from Tunnal 1o Caverm
21|Size 187 1E° 18" 15 157 = 147
22| Awerage Pressure Drop (7 T00T] L.ES [iR=k] ) 0T 1.05 11E 1.05]
23| Pipa walodly (TpE) 754 T 714 .14 7.E3 7.25 T.25
24| Lengtn Tunnel Pipe isupplvEnsium) wag 150 150 150 150 150 1 150
25| Pressure Crop Main Plping -ower bo Cavern .40 140 1. 18 718 .50 182 i.62
25
27 [Mizcsllasnacus
28| Adowance Tor Real Exchngr preéssure drop (eaveam) - 1T 23 23 i) 5 pas] 5 23
29| Allosance Tor Heat Exchngr pressure drop [LCW Ski) -1t 23 23 23 23 F] 23 23
30| Allgswance for Control Valves- T - wag ] 30 30 30 2 30 ]
31| Total Snop Tor Miscelaneous i) i) i) TG ] 70 i)
32
33(Subtotal Press Drog 163 354 200 204 211 a5 185
24| Allgvwance Tor Milings and safely Tachor 15%: - wag e 55 30 3 2 25 2
35| Total () 187 418 230 233 243 223 212
ELEEINER &1 181 93 Wz 105 gr o2
En
35
JAAcua F'.JI'F SRRSO |2 LLmD rinng 1 E:“?rl E2E Fnachenl selecion|
40|50 & on T ESCT PUTE -Pow = e & hasd @ rowd ! 1E7| 185
41|HP each pu Instaliad) (ron-overoasing) 15? 200 235
42 ng 2 2

Q.Ia:m F‘ﬂ RLirin T
<3 [Tty Porep ey 3“9 5 {0 28% reductionF?, : 1 1
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Watt per watt information for water cooling

plants

CUB (Central Cooling
Plant at Fermilab)

% Chilled
Water

Watt per
Watt

Use Cooling Towers

Tevatron- Fermilab

Use Pond Water (no fan
power)

Main Injector

Use Pond Water (no fan
power)

Shaft 7 Water Plant

Jse Cooling Towers

So current water plant design appear to be ok With regard to this.

9/7/06
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e Summary
Basic Water System Design is presented.

Thermal Load still preliminary, still changing, may still be large and
need to be checked, confirmed. (Cost Driver)

Skid reduction (1skid to 4RF) and increase delta T (40F) can be
pursued. Impact on BHP to be investigated. (how about impact
on water cooled components?)

Various Cost reduction scheme investigated and continuing
(including skid cost)

Watt (cooling power) per watt (heat load) for shaft 7 plant appear
reasonable.

Major Cost driver is still Skid, CHW and Large thermal load.
Temperature analysis in next two weeks (also Tom and Lee’s talk).
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