Process Water VE Updates

(Main Linac Only)
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Brief History - Process Water cooling
*Dec 2006 RDR Cost finished

*Oct 2007 Update ML heat table — (evaluate DT)
*Nov 2007 Value Engineering. PM select VE items (Dec 07 stop work)

*Aug 2008 Cost Kly Cluster
*Sep & Oct 08 VE Costing exercise

Re-visit VE, & Performed a comparative cost estimate to understand the

delta and impacts on selected VE/ PM items, for the goal of First-Cost
reduction only. Focus on costing rather than design

(Specific VE selected is for Main Linac only RDR-twin-tunnel)

E. Huedem 2008



Oct 31 2007

WATER AND/AIR HEAT LOAD (all LCW) and 9-8-9 ML

Main Linac HLRF Heat Load Table

NOTE : Loads, Circulators and Klystron Body Supply Temperature is critical (should have very slow supp

Jensen,Oleg & Shigeki

MAIN LINAC - ELECTRON & POSITRON
To Low Conductivity Water to Chilled | keith Jobe load to air
Water Nov 22 06
Data from a number of people
Max Supply Delta Maximum | Typical |Acceptable Power Max
Heat Load | Allowable | Temp Temperat| Water | Allowable| (water) Temp |Heat Load|fractionto| Powerto Space
Quantity | to Water |Temperatu] (variation)| Supply ure (C | Flow (/] Pressure | pressure | Variation | to Water |Tunnel Air| Tunnel Air[ |Temp
IComponents Per 36m (KW) re (c) (C) |Temp( C)| delta) min) (Bar) drop Bar delta C (KW) (0-1) (KW) (C)
Non-RF Components
LCW Skid Pump 1 per 4 rf -Motor/Feeder
Loss 0.25 o) N/A N/A N/A N/A N/A N/A N/A None o) 1.00 4 0.00 =l
/2R Loss and Motor Loss (misc) 1 0 N/A N/A N/A N/A N/A N/A N/A None 0 1.oc{ 8.22
Fancoils (5 ton Chilled Water) 1.5 Hp 2 o N/A N/A N/A N/A N/A N/A N/A None o N -V
Rack Water Skid 0.25 o) N/A N/A N/A N/A N/A N/A N/A None o) 1.00 0.20
Lighting Heat Dissipation ~1.3W/sf 0 N/A N/A N/A N/A N/A N/A N/A None 0 1.00 1.65
IAC Pwr Transformer 34.5-.48 kV 0.25 1.50 35 None o] 0.25 0.50
Emerg. AC Pwr Transformer 34.5-.48 kV 0 N/A N/A N/A N/A N/A N/A N/A None 0 1.00 1.00
RF Components
RF Charging Supply 34.5 Kv AC-8KV DC 1/36 m 2.8 40 40 1.2 18 5 10 o 0.3 1.2
Switching power supply 4kV 5okW 1/36 m 4.5 35 8.50 7.6 13 5 10 o 0.4 3.0
Modulator 136 m 4.5 35 3.23 20 10 5 nfa 0 0.4 3.0
Pulse Transformer 1/36 M 0.7 60 35 0.50 20 1 n/a 0 0.3 0.3
Klystron Socket Tank / Gun 1/36 m 0.8 60 35 1.15 10 15 1 n/a 0 0.2 0.2
Klystron Focusing Coil (Solenoid ) 1/36 m 5.5 8o 55 8 10 15 1 n/a 0 0.1 0.4 85F
r 38 (inlet (a)
Klystron Collector 1/36 m < 45.8 7 temp 25to| 18 37 15 0.3 n/a
A\ 63) o 0.0 1.4 a
Klystron Body & Windows 1/36 m 4.2 40 25 to 40C 6 10 15 4.5 +-2.5C o
Relay Racks (Instrument Racks) 1/36 m o N/A N/A N/A N/A N/A None 11.5 -0.2 -1.5
Attenuators 2/36 m o N/A N/A N/A N/A N/A None 0.0
Waveguide (in service tunnel) 1/36 m o 1.166
Waveguide (in penetration) 1/36 m 0.676
Waveguide (in beam tunnel) 1/36 m 0.0 +-2.5C o) Qs.g
. . . o.45per | 3per Do
Circulators With loads (isolator) 26/36 m 2.49 35 load load +-2.5C o 0.0
Loads 24/36 m )g_gr\ 35 z.lzl;_,;zer ?O’::; +-2.5C 0.0
Subtotal RF unit Onl l( 102.0 P &
[Total RF 103, k 11.5 I k 21.&)

emp variation) **Oct 25 2007

Reduced by 50% (Mar 2008)




RDR Process Water System

Basis: Shaft 7

cost drivers
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Selected VE target
cost drivers
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DESCRIPTIONSs & "color" legen

Gut-Feal) may result ta savings. Will be evaluated? tential

not sha = ltems that im Not Sure

Provide one high efficiency cogen power | cooling plant on site and distribute power and 33 degree F chilled water
throughout the facility, remowe the power generation and chilling cost from the project cost

-

Steve

Eliminate chilled water system. Use process water as the primary rejection,
Use process fancoils, warmer tunnel temperature 104 F ( ) during normal operation, and portable
cooling for workers

Increase water system Delta T =30 D F (16.7 b C)
Centralize the HVAC and reconfigure air flow from the ends -“

Consider using low mineral content water instead of LCW (pipe material)
Allow different type of pipe materials (CPVC)

Modihr top shaft HYAC to only process make up air, add blowers down shaft for recirculation
Reduce lighting level to egress limits

Use localized cooling unit

| & | 41 [Use a dessicant to dehumidify ventilation air

HEW|HNEW1 | Eliminate Rack Skid and replace with just pump Tom/Emil

NEW|MEW2| Efiminate one piping system by using chilled water only as primary rejection, eliminate process water distribution Tom/Emil

E. Huedem 2008



Process Water Only for

V E Schemes cost evaluation E
(Vp]
*RF WATER SYSTEM Shaft7 ¢
*OVERALL WATER SYSTEM \ % / g
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Per unit cost

MEANS BOOK SAMPLE PIPE COST
1" (25DN) to 4" (100DN)

Y-
7

== Carbon Steel Sch 40/Std sch

7
P

== Stainless Steel 304 Sch 10

== Copper Type L
== CPVC Pipe Sch 80

A/s‘n;r piping to
fancoils, racks use

copper, even RF water

E—

1||

1-1/4
1-1/2"
2-1/2"
3
4

E. Huedem 2008



VE Item. PIPE MATERIAL in tunnel ??

Resisitivity Conductivity
ppm TDS
M-Ohms microsiemens
18 0.056 0.027
Main Injector & 10 0.1 0.05
TeV LCW 8 0.125 0.06
Stainless > 0.2 0.1
/Copper/ 4 0.25 0.12
plastic Tesla 1 1 0.5
CPI notes/ Thales
e e = VE - — |- = =01 | A e - = 5 o
0.02 50 25
0.002 500 245
0.0002 5,000 2450
0.0001 10,000 4900
0.00002 50,000 24500

Ultra Pure

Pure

Tap water

Sea water

Means Cost Book has cost for limited size steel,

Stainless 304 sch 10,
CPVCsch 8o,
carbon steel ?

stainless, copper, iron, some plastic. Used



MAIN LINAC RF WATER SYSTEM (based on incomplete heat table dated Oct 21 2007), exclug rmer

3 liter /min per load flow e. huedenf 11/15/2007
4
red indicates flows : 'Y 95 F
were arbitrarily . + 95F !
L
changed ; 26 Circujefors 95 F b
] 20.61 gpm 0.0 gpm H
o o Assume 3 psi - '
Green indicates pressure drep : o83 deltaTF .
placeholder only {To be ] '
I
Confirmed) : 958 F i
: i
! 24 Loads .
] 19.02 gpm Body !
H 30.05 KW 2.64 gpm ]
' 10.787 delta TF 4.2 KW
' ho. 86 delta TF
k
i
| | | ! ’
: 105.9 F ]'
H Charg Suppl Switch PS Modulatr Pulse Transfr Socket Gun Solenoid Waveguide Bypass b
! °.75 gpm 2.01 gpm 5.28 gpm 5.28 gpm 2.64 gpm 2.64 gpm 2.00 gpm Q.0 gpm !
1 2.8 KW 4.5 KW 4.50 KW o.70 KW 0.80 KW g.go KW 0.568 KW i
. 256 deltaTF 15.3 deltaTF 582 deltaTF ogo deltaTF 207 deltaTF || 14 22 delta T F|REREEN:ELERNG |
] I
I '
~73 PS5l 1’ 131.4 F 121 F 1116 F w67 F 1079 F 1z0.0 F 108.09 F [
Press Drop b h 4 }
; i
X 110.0 F - !
1 '
1 i
! Collector Bypass ;
1 9.77 gpm 2.79 gpm !
' 45.8 KW :
! 32 deltaT F v
[ 142 F
1
1
¥ ¥ 123.9 F & 1168 F 130.1 F ¥ 127 F & 130 F v 125 F
2.76 gpm 804 gpm 17.81 gpm 20.61 gpm 2061 gpm 23.25 gpm

E. Huedem 2008



gpm= BtuH/ (500 x pT F)
lpm =14.375 KW / bT K

977 gp

RF WATER SYSTEM | &=

k J

o2 DN

E. Huedem 2008



POST RDR DELTA-T

June 6 2008

excluding ac fransformer

red indicate flow
arbitrarily changed

Placeholder only

e huedem

IEFMI 40 AT

mnohn

26 circulators

PR

24 Loads

skid —— oo F

gpm= BtuH/ (500 x DT F)
lpm =14.375 KW / pT K

#1;2"

iSf .

~5 bar ICharg Supply Switchng PS
press drop 0.75 gpm 3 ldmin 2 gpm 8 Ifmin
2549 dtF 14 dtC || 15 dtF SdtC
2.8 KW 4.5 KW
F 137|F
C 58.2|C

Modulator

1.15 gpm
26.7 dtF

4.5 Kw

322c¢Cc 26.7 |pm Ip
7.06 gpm 9.77 gpim,

1" NS A
25DN 32 DN '
. 34" 1
20.6 gpm higher o DN !
1
249 KW flow reqmnt Body 4.2 KW 1
7.1 gpm ‘8.7 Umin ~4.5 bar 264 gom 10 Vmin !
13 dtC press drop 109 dtF 6dtC :
1D1lF 383C :
1
~1 bar Solencid 6.5 KW ,
1
press drop 2.64 gpm 10 min 1
30.1 KW 142 dtF 79dtC .

7.1 gpm 26.7 limin 115|F 46.2 72 AF

29 dtF 161 dtC r 40 AC

Sckt Gun 0.8 assume

~1 bar 2.64 gpm 10 Imin ~110 psic
press drop 207 dtF 1.15dtC ~7-8Bar
1
4 117|F 473 C 1
Pulse Trsfmr Wavegd :
4 imin [ 1.15 gpm 4 |/min 2 gpm 8 l/min :
15 dtC 4.16 dtF 2dtC [232dtF  1dtC :
0.7 KwW 0.68 KWW :
1
1
[
4 i
1
542 C 130, F‘(?_'q av T ;}\ '
Tollectr 5.8 ROV ] é 48 I/min :
9.8 gpm 37 lfmin 12.7 gpm 1
1
2 dtF 18 dtC ' i
i
162 == === == !

t 1-1/44" v

4

2%

32 DN



POST RDR DELTA-T I 74.7 FoT] 4156 C L\TI 322 C 26.7 Ipm 106.5 KW 37 lpm
June 6 2008 e huedem THo Tix kg —— a0 F 7.06 gpm 9.77 gpm
excluding ac transformer 1 1-1/4" &
25 DN 32 DN ,
red indicate flow 374" :
arbitrarily ch: 20 DN 1
1
26 circulators 2.49 kKWW Body 4.2 KW 1
— . 1
Green is placeholder 7.06 gpm 26.7 Umin 4.5 bar 264 gom 10 Umin .
24 dtF 1.3 dtC press drop 10.9 dtF 6 dtC !
101l|: 383 C :
Adjusted heat !
load to air ~1 bar Solenoid 5.5 KW 1
1
press drop 2.64 gpm 10 ¥min 1
24 Loads 30.1 KW 14.2 dtF 7.9 dtC !
7.06 gpm  26.7 I/min 115|F 46,2 74.7 AF
29.1 dtF 16.1 dtC 42 AC
Sckt Gun 0.8 assume
~1 bar 2.64 gpm 10 l/min ~110 psit
press drop 207 dtF 115 dtC -7,g$ar
.LUZ-- laf . " 117[F 473 cC 1
~5 bar ICharg Supply Switchng PS Modulator Pulse Trsfmr Wavegd :
press drop 0.75 gpm 2 I/min 2 gpm ALl 1.15 gpm 4 U'min [ 1.15 gpm 4 |/min 2 gpm & Ifmin 1
2731 dtF 15 dtC 24 dtF EX:Ad | 356 dt F 20 dt C 475 dtF 3diC |232 diF 1dtC :
3 KW 7.2 KW 0.8 KW 0.68 KW :
149\ F 146 |F 1
1
64.9|C 83.3|C 51 1
b r 1
1
56 C 133‘F<?_?;Z-- """ 7}\ '
ollectr  40.5 RWV 48 1fmin :
9.8 gpm 37 Iimin = 12.7 gpm 1
1
32 dtF 13 dtC , '
1BEF ——— == == = : !
> 1-1/4" vy
737 3ZDN >

E. Huedem 2008



with bypass |45 FaT|25.3 C AT 322C 48 Ipm m
June 6 2008 e huedem WRoTix skid —— - oo 12,7 gpm m
excluding ac transformer 1-1/4" w &
32 DN 32 :
red indicate flow . 3/4" !
arbitrarily changed 20-6 gpm, hlgher s :
1
° : flow reqmnt Body 4.2 kw :
green indicate 0 ~4 5 bar 2.64 gpm 10 Vmin A
0 press drop 10.9 dtF 6dtc |
10‘1lF 33 C !
91.24|F 1
3z2e7|C ~1 bar Solenoid 55 KW :
1-1/4" 32DN press drop 264 gpm 10 Umin i
0 142 dtF 7.0 dtC :
P 0 115.1|F 16.2 45.5 A
5 0 d L 4 5.3 AC
Sckt Gun 0.8 assume
107.54|F 42 C ~1 bar 264 gpm 10 l/min ~110 psid
4 press drop 207 dtF 1.15dtC ~7-§Bar
#1;2-- ism“ ¥i 11“ " 117.2[F 473 ¢C I
~5 bar [Charg Supply Switchng PS Modulator Pulse Trefmr Waveqgd :
press drop 075 gpm 3 Umin)l 2 gpm 8 Umin|| 528 gpm 20 Umin| |5.28 gpm 20 /min 2 gpm 8 Ifmin :
2549 dtF 14 dtC 154 dtF Qatc|| 582 dtF JdtC 091 dtF 1dtC 2dtF 14dtC :
2.8 Kw 4.5 Kw 4.5 Kw 0.7 KW :
134.7 124 6|F 115.01|F 1101 F 1
57.4C 51.4|C 46.1|C 43.41C :
E L 4 4 r 1
< ________ 1
482 C 15811/ A 21 Ipm| 1" !
ollectr  45.8 RV 48 limin 55 gp :
9.77 gpm 37 Vmin v 12.7 gpm 462 C 1
32dtF 18 dtC | 115 F 575 |
1 1
14;_3?21: > - ;;E’N J 1365 o R
1-144"
2% Mk

E. Huedem 2008



with bypass I 47.5F f“~T| 26.4 CAT| 322¢C 48 Ipm 106.5 KW 579 Ipm

June 6 2008 e huedem TRONA . ety 0 12.7 gpm 153 gpm
excluding ac transformer 1-1/4" 1-1/4"
32 DN 32 DN T
red indicate flow 2/4" :
arbitrarily changed 1
6 ato A9 Body 42 KW :
green indicate 8.0 ~4.5 bar 2.64 gpm 10 Vmin :
placeholder only d 0.7 d press drop 109 dtF 6 dtC '
101lF 383 C :
adjusted h.eai load to 91.34|F :
air X (R ~1 bar Solenoid 5.5 KW I
32DN press drop 2.64 gpm 10 Vmin :
4 Load 0 142 dtF 7.9 dtC :
48.0 115.1F 462 47.5 AF
9.0 d L 4 26.4 AC
Sckt Gun 08 assume
107.54F 42C ~1 bar 264gpm 10 Umin|  ~110 ps
4 press drop 207 dtF 115 dtC ~7-8 Bal
1“4’2" l3m" i l1" 117.2fF 473 C |
~5 bar ICharg Supply Switchng PS Modulator Pulse Trsfmr Wawvegd :
press drop 075 gpm 3 1min)l 2 gpm 8 Umin|| 5.28 gpm 20 ¥min] |5.28 gpm 20 I/min 2 gpm 8 I/min :
2731 dtF 15 dt C |p4.6 dtF 14 dt C 776 dtF 4 dtc 1.03 dtF 1 dt C jeRcya: 4 1dtC :
3 KW 7.2 KW 6 Kw 0.8 KW 0.68 Kw :
136.5|F 133.81F 116.95|F 110.2 F :
58.1|C 56.6|C 47.2|C 43.5C 1
L ] v \ 4 |
1
473 C 11?‘I,=<1_1; " 7:\ 21 Ipm 1" '
ollectr  45.8 RWV 48 limin 5.5 gpm :
9.77 gpm 37 limin ~* 12.7 gpm 473 C 1
32 dtF 18 dt C : M7 F 58.55!
149 10 = === === = ! 137.5
55.1t e — v >

E. Huedem 2008



PROCESS WATER AND AIR TREATMENT
CFS POST-RDR Evaluations - MAIN LINAC ONLY

(St Unit)

‘e huedemnm

RDR POST-RDR
Dec 2006 Nov 2007 Jun&Sep 2008 Sep 208 Aug 2008
Ch
anged Changed OFEL
Lhe Lhe TuaEal Kl
RF Using o culator ulator quick sketch evaluation at Changed the "circulator”, = | + Y
led RDR Numbers " & " & "rf load" last day of Dubna-Changed "rf load" & other < :s er
watercoole given as load" flow, to the "circulator” & "rf load" [component flows further 5‘; eme
component is flow, to increase flow, to increase delta T further rom
. C.A Jul o7
increase delta T il
delta T further smet
Kiystron Body heal load Lo waler per RF KO noneg £ 2
Windows flow Iprn none 10
(max aliowabie jwater delta T AC None 5.0
Lerip 40 C) Resultant oullel waler Lemperalure C I 38
Klystron heal load Lo walerper RF KA 3.6 5.5
Solenoid flow Iprn none 10
(max allowable fwater delta T AC None 7-9
temp 8o C) Resultant outlet water temperature C £6
heat load to water per RF KW o.8
Klystrorn Gun [row bm none 10 16.0
rrax adlowable B o Ty o e T AC QI None 1.15 1.15
temp 6o )
Resultant outlet water temperature C G 7 51 53
heat load to water per RF KW None 2.49
QuanLity per o None 26
Circulators [heat Ioad to water each kw | MNone 0.096 Use rough
flow per circulator Ipm None 3 numbers
from C.A.
water delta T ANC None o.5 .
email Jul
heat load to water per RF v None 21 2008
quantity per rf None 24 fora quick]
RF load heat locad to water each KW None high-level
flow per loads pm | None cost
water delta T ANC None 16.1 evaluation
wWat led
M‘:ai;c‘:;dee heat load to water per RF KW none
RF ch i)
SC :’:?'"g heal load Lo waler per RF KW 2.8
LL/ A
Switchi,
Pov:,e'rcs;nily heat load to water per RF KW
| ower S up)
heat load KW 455
Modulator [riow Ipm None 20
max allowabie
(temp s0C 7) water delta T AC None 3.2
Resultant outlet water temperature C I 46
P heat load KW o.7
Transformer 1O lpm None 20
(rmax aflowabie fwater delta T ANC None 0.5
temp 60 C)
Resultant outlet water temperature C I &3
Coffector [reatload e 45.8
(rnax flow lpm none 37
atlowable water delta T AC None 18
temp 87 C) Resultant outlet water temperature C
-~
RF water system dehlta T (delta F) 20 1L 25 30 L 5.5 89 ( 7 A Varies
RF water system delta T (delta C) 1.1 7-8 13.9 16.7 25 459 54

Placeholders

Arbitrarily changed numbers,

Marc noted from Shigeki's dubna report that ..

= is doabfe

Numbers that were arbitrarily changed further to increase system delta T (*impact whether doable ta be che

Used this for costing

evaluation



ASSUMPTION WITH RACK COOLING

Revisit Pre-RDR (Aug 2006) scheme of self contained cooling unit

Discussion with Vendor ,Mike Bordenet, VP of Zonatherm, (Liebert& Knurr Equipment)

-suggest XDF version, no specific off-the-shelf that match the size, but can provide to whatever size you want
-BUT this typically comes/purchased with racks

-This simplify the CFS piping, but impact the rack arrangement,

-similar to localized coolng unit, less efficient than centralized chilled water system

+a =
g o fgod’fn{j’

C; ZONATHERM PRODUCT?
. 251 . Hoihroc.k Drive
Rack Cooling /Q - e

. www.zonatherm.com
Unit ~ccr- Racks o or- |
\ 35" J
I
i i | A i e i s O i m_:ﬂ_mllv
48"|| LIEBERT XDF 1 I 1 1 1
< rocesH>
| ) I - <L o oL <= <L - <Jl. <
; SERVER SERVER SERVER SERVER SERVER
7" CABINET CABINET CABINET CABINET CABINET
= \S5 0o
Xx\O

8.31.06 | issued For Review

LEQT XDF — WATER gqo ¥
~obliic CAPACITY — é;)/
FERING WATER TEMPERATURE — @5

[LONS PER MINUTE —
FRALL DIMENSIONS 82.5"H x 35"W x 48"D

FERMI LAB
ILC-

( Aug 14 2006 )
=

Shee

TYPICAL LAYOUT

CTRICAL REQUIREMENTS:

PPQRATOR AND CONDENSER FAN POWER SUPPLY— 120V.1¢. 5.0 FLA

PHESSOR POWER SUPPLY — 208V.3¢. 7.7 FLA

T I SUPPLIED WITH 10° POWER CORD WITH NEMA 5—15P PLUG (FOR 120V.1¢. CONNECTION)

T I SUPPLIED WITH 10" POWER CORD WITH NEMA L21—30P LOCKING PLUG (FOR 208V.34. CONNECTION)

Simplified
Piping to Main i
Scale: CAD file:
NO SCALE
iz 5 L
Air Cooled, Seff Contained version, e Pre
With Open Side Panel Chkd by: M-1
Liebert XDF endosure Liebert CXT UPS

with integrated cooling



| Total Operating Tower

L ]

26°C AT ( 47.5°F AT) RF WATER SYSTEM E.Huadem —
Oct 31 2008
5 DRAFT
Total Operating TowerTon 4204 T 48 C 28C
SHAFT 7 (PI’OCESS Water only) _SCheme #— Total Operating TowerhW 14 .78 MW T 1181F 85 F
3348 gpm
_____________________ —_——
Cavern | 12871 lprn :
HX i :
H ]
e e et
3348 gpm 14 .8 MWW
F wialer System 1RF = 9.6 fps 4 120 F 90 F *
47.5F 4T 32C 32C 122 lpm 49 C
26 C 4T | 90 F o g0 F 322,gpm «— |—> >
< ¥ [
| i I ¢ [orvemre] |, SRR
. — > —
» - 2
1375 F 90 F M0F 90 F | 105 F 40 a0 F 108|F 90 F 36 C 1673.8 gpm
1 58C + T 2,35 garn 0.68 gor fiz 2.0 gpm az|c 59 gpmn |oea F | e BeE T e 521 s
8.9 Ipm 258 Ipm -4/ 7 BASIS
el 102 T T e 1 sve tunl space at 113 F
@snve - @srve 2 adjusted Load to airper RF at 5T 18 8 KW
32 C funnel furnel g.l?%':\ actual Load to air per RF at BT 5.9 KW
T 1375F 90 F 3 Load to (RF) water per RF - 106.5 KW
15.3 gpm 4 Racks per RF= 5.5 KW
5 Taotal load to water per RF= 1399 KW
aciual folal capact= 19.2 KW Actiai cap= 5.9 kw B Shaft 7 has 104 RF
LCW SYSTEM RACK chiller system AC Transformer =2 fancoll per if 54 in senes 1 fancoll per i bi 7 There are 3 fancoils per BE for delta T sizing
106.5 KW 6.875 KW * 1.5 Kwy purpose anly
475 F 4T 20 FaT 15 FAT 9 Rack Chiller system include self-contained chiler
26 CAT 11 CaT B3 car based onLiebert XDF (rack spacing issue, details

*include heat of comprsn

L. Aueaem Zuus

9

later by others)

Process cooled fancoils per vendor

0
Clean YWater system used for now. Load based on

M. Meuhaeur email Dec 2007 & Oct 2007, full
watercooled waveguide in penetration iz a placeholder



|Total Operating Tawer 12.7 |

25°C AT ( 45°F AT) RF WATER SYSTEM  Hoedem
gty
SHAFT 7 (Process Water Only) Scheme #0 o e Towerw eoe

1RF =
2cC Z2C 13B.11 lpm
90 F a0 F 385 pm
- —
. ’ L ] = 7
e 78 [mrowre] | [
» _ . e ! 3 >
' oS o 7
T 1365 F f 110 F l anF | 105F a0 F F 1078 F 1897 5 gom
575C [2.35 gpm 0.68 gprm’ 12" 14 .4 gpm 3.6 gpm 422 C 544 fos
8.9 lpm 2.58 lpm 54.5 lpm 3.6 gpm BASIS
l' 1 13.6 lpm 1 sve tunl space at L 28C |
- 1079 F sctudl Load to ot per 21.4 KW
actual Load o ar per RF al B 5.9 KW
T 13565 F 3 Load to (RF) water per RF 103 KW
155 gpm 4 Racks per RF= 5.5 KW
S Total load to water per RF= 158.7 KW
Actual cap= 23 kw Actus cap= 3.7 kw 6 Shaft 7 has 104 RF
LCW SYSTEM RACK chiller system AC Transformer Lz fancoil per o s.t. 1 fancol per ff bt 7 There are 5 cooling unit per BE for delta T skzing
103 Kw B6.875 KW 1.5 Kw purpose ony
455 FaT 2p FaT 15 FaT 8 Rack Chiller system include self-cortained chiller
253 Co 11 C& 8.3 CAT based on Liebert XDF (rack spacing issue, delails
later)y

"include heat of comprsn
9 DX compressorized fancoil per vendor

0 Clean Water system used for now. Load based on
M.Meubaeur emall Dec 2007 & Ocl 2007, full
walercooled waveguide in penetartion Is a placehalder

E. Huedem 2008



Scheme to consider effect of
reduction of heat load to air by 50%

[Total Operating Tower 11.2 1
25°C AT ( 45°F AT) RF WATER SYSTEM E.Husdem —
Oct 31 2008
7 DRAFT
roc ate Total Operating TowerTon 4135 T 47.5C 29C
SHAFT 7 (P ess W r onw) m#— Total Operating TowerfWW 14.53 MW T 117.6F BSF ;
3046 gpm
P e .
Cavem 1 11529 Ipm :
HX ] !
! i
e e e e !
14.5 MW
a0 F *
32c
80 F «— | —» >
9 o [ ] +— -/
566 C 56 26 gom | r
132 F 13 125 F N - >
—F 7
1MO0F S0F | 105 F o0 F F 1523 gom
235 gprm 0.68 gpm' |12 7.2 gpm 519 fps |
B89 lpm 258 lpm BASIS
L 1 space maintain at | 85F ] 20F |
- KW
575C 2c Lo T 5.9 KW
T 1355 F 90 F 3 Load to (RF) water per RF 103 KW
15 gpm 4 Racks per RF= 5.5 KW
5 Total load to water per RF=  139.7 KW
Actual cap=  11.5 kw Actasl aaps 5.7 kw 6 Shatt 7 has 104 RF
LCW SYSTEM RACK chiller system AC Transrormer L :_,2 cooling unit per if s.t. 1 coling unit per if bt 7 There are 3 cooling unit per BRE for delta T sizing
103 Kw 6.875 KW * 1.5 Kw purpose only
455 F 4T 20 F AT 15 F&T 8 Rack Chiller system include self-contained chilier
253 CAT 11 CAT B33 CAT based on Lieber XDF (rack spacing issue, detalls

Finclude heat of compran

E. Huedem 2008

later by others)

9 DX compressorized cooling unil per vendor

0
Clean Water system used for now. Load based on
M Meubaeur email Dec 2007 & Oct 2007, ful
walercooled waveguide in penetration is placeholder



25°C DT (45°F DT) RF Water model | 4£0°C DT (72°F DT) RF Water model

Schemes Scheme 6 Scheme 7 Scheme g Scheme 6 Scheme 7

26.4°C | 25.3°C 25.3°C 41.5°C 40°C 40°C
Actual RFWaterdeltaT

(47.5°F) | (45.5°F) | (45.5°F) | (74.7°F) | (72°F) | (72°F)

16.7°C 16.5°C 18.1°C 20.3°C 19.6°C 22.4°C
Overall Water delta T

(30.12°F) | (29.7°F) | (32.6°F) | (36.5°F) | (35.2°F) | (40.4°F)
DIFFERENCES BETWEEN SCHEMES
process cooled fancoils Yes NO NO Yes NO NO
Ioclallzed compressorized cooling NO Ves Ves NO Ves Ves
unit
service tunnel space temperature | 45C(113F) [ 29C (85F) | 29C (85F) | 45C(2113F) | 29C (85F) | 29C (85F)
available from cooling unitin 10.9 N 11 10.2 N 11
service tunnel KW 9 3 5 S 3 5




MATRIX SUMMARY (as of Nov 14 2008 4:300m) — COSt Savings vs Impact/Issues

RF Water Delta T *

25C DT (45F DT)

40C DT (72F DT)

Impact / Issues (by others)

Cost to be added (could be by others?)

Major IMPACT/ Issues?

SS=Sch 10 304 Stainless in Tunnel only;
CPVC=Sch 80 CPVC plastic pipe; CS=Std Sch
(40) Carbon Steel

Scheme g

Scheme 6

Scheme 7

Scheme 5

Scheme 6

Scheme 7

Kly

Cluster-
IAug 2008

SS

cs

SS

CPVC

cs

SS

CPVC

CPVC cs

SS

CPVC

cs

SS

SS

Overall Water Delta T

m

°C
oF

16.5
29.7

18.1
32.6

20.3
36.5

19.6
35.2

22.4
40.4

22.1
39.8

'First-Cost" Savings in % - Process/Air
Treatment WBS 1.7.3. & 1.7.5

289

%
31X

26%(

0%

;3%%

@’ 3)%% 32%

28%

27%

RF Loads and Circulators reduced flow

RF Modltrs and Plse Transfm-flow/temp

..-k...l ]
LLA=4% \\ =% I

A +:a
eeato

Watercooled wvgde cooling design (by others)

Kly Clstr's RF Pipe Cooling by others

High Space Temperature ok?

~45°C (11

OF)

~45°C (113°F)

Equipment Insulations??

0% reduction in air heat load possible?

Finalize HLRF Heat Load table? Collector issue?

Rack chiller impact ok? / Rework rack arrngmt??

Confirm reduced Heat load from racks?

Cost for increased maintenance due high space

Cost of portable cooling for maintenance

Pump Recirc loop at Collector~ $2M??

Pump Recircloop (modul/P.Transfmr)~ $2M ??
Electrical Reduction

Operational cost reduction

Electrical addition

Operational cost addition
Pipe Press & Temp limit issues
"Clean Water" Compatibility Issue

W)

E. Huedem 2008

??




Cost savings comparison

note that the resultant overall cost savings were result from a number of VE items (not
just one item), but following is an attempt to shows various delta between some VE
items



COST SAVINGS COMPARISON

(basic schemes) 5% b

RF Water Delta T *

25C DT (45F DT)

40C DT (72F DT)

Kly

Impact / Issues (by others)

Cost to be added (could be by others?)

Major IMPACT/ Issues?

SS=Sch 10 304 Stainless in Tunnel only;
CPVC=Sch 80 CPVC plastic pipe; CS=Std Sch
(40) Carbon Steel

Scheme g

Scheme 6

Scheme 7

Scheme 5

Scheme 6

Scheme 7

Cluster-
IAug 2008

SS |CPVC

cs

SS | CPVC

cs

SS

CPVC

cs

SS CPVC cs

SS

CPVC

cs

SS

SS

Overall Water Delta T

m

°C
oF

16.7
30.1

16.5
29.7

18.1
32.6

20.3
36.5

19.6
35.2

22.4
40.4

22.1
39.8

'First-Cost" Savings in % - Process/Air
Treatment WBS 1.7.3. & 1.7.5

28%|30%
X

31%(

Ty

26%
X

30%

;3%%

3P0

@’ 3)%% 32%

28%

27%

35%

-47%

RF Loads and Circulators reduced flow

RF Modltrs and Plse Transfm-flow/temp

Watercooled wvgde cooling design (by others)

Kly Clstr's RF Pipe Cooling by others

High Space Temperature ok?

~45°C (11

OF)

~45°C (113°F)

Equipment Insulations??

0% reduction in air heat load possible?

Finalize HLRF Heat Load table? Collector issue?

Rack chiller impact ok? / Rework rack arrngmt??

Confirm reduced Heat load from racks?

Cost for increased maintenance due high space

Cost of portable cooling for maintenance

Pump Recirc loop at Collector~ $2M??

Pump Recircloop (modul/P.Transfmr)~ $2M ??
Electrical Reduction

Operational cost reduction

Electrical addition

Operational cost addition
Pipe Press & Temp limit issues
"Clean Water" Compatibility Issue

W)

E. Huedem 2008

??




COST SAVINGS COMPARISON

(reduction of heat load to air by 50%) 7 to 8% b

RF Water Delta T *

25C DT (45F DT)

40C DT (72F DT)

Kly

Impact / Issues (by others)

Cost to be added (could be by others?)

Major IMPACT/ Issues?

SS=Sch 10 304 Stainless in Tunnel only;
CPVC=Sch 80 CPVC plastic pipe; CS=Std Sch
(40) Carbon Steel

Scheme g

Scheme 6

Scheme 7

Scheme 5

Scheme 6

Scheme 7

Cluster-
IAug 2008

SS |CPVC

cs

SS | CPVC

cs

SS

CPVC

cs

SS

CPVC

cs

SS

CPVC

cs

SS

SS

Overall Water Delta T

m

°C
oF

16.7
30.1

16.5
29.7

18.1
32.6

20.3
36.5

19.6
35.2

22.4
40.4

22.1
39.8

'First-Cost" Savings in % - Process/Air
Treatment WBS 1.7.3. & 1.7.5

28%](30%
X

31%(

Ty

26%(
X

0%

;3%%

3P0

31%

3)%%

32%

28%

27%

47%

RF Loads and Circulators reduced flow

RF Modltrs and Plse Transfm-flow/temp

Watercooled wvgde cooling design (by others)

Kly Clstr's RF Pipe Cooling by others

High Space Temperature ok?

~45°C (11

OF)

°C (213

OF)

Equipment Insulations??

0% reduction in air heat load possible?

Finalize HLRF Heat Load table? Collector issue?

Rack chiller impact ok? / Rework rack arrngmt??

Confirm reduced Heat load from racks?

Cost for increased maintenance due high space

Cost of portable cooling for maintenance

Pump Recirc loop at Collector~ $2M??

Pump Recircloop (modul/P.Transfmr)~ $2M ??
Electrical Reduction

Operational cost reduction

Electrical addition

Operational cost addition
Pipe Press & Temp limit issues
"Clean Water" Compatibility Issue

W)

E. Huedem 2008

??




COST SAVINGS COMPARISON

(by Pipe material) 2% b

RF Water Delta T *

25C DT (45F DT)

40C DT (72F DT)

Kly

Impact / Issues (by others)

Cost to be added (could be by others?)

Major IMPACT/ Issues?

SS=Sch 10 304 Stainless in Tunnel only;
CPVC=Sch 80 CPVC plastic pipe; CS=Std Sch
(40) Carbon Steel

Scheme g

Scheme 6

Scheme 7

Scheme 5

Scheme 6

Scheme 7

Cluster-
IAug 2008

SS |CPVC

cs

SS | CPVC

cs

SS

CPVC

cs

SS CPVC cs

SS

CPVC

cs

SS

SS

Overall Water Delta T

m

°C
oF

16.7
30.1

16.5
29.7

18.1
32.6

20.3
36.5

19.6
35.2

22.4
40.4

22.1
39.8

'First-Cost" Savings in % - Process/Air
Treatment WBS 1.7.3. & 1.7.5

28%](30%
X

31%(

: 23‘V> %
X

26%
X

30%

;3%%

3P0

@@ 32%

26%

28%

27%

35%

47%

RF Loads and Circulators reduced flow

RF Modltrs and Plse Transfm-flow/temp

Watercooled wvgde cooling design (by others)

Kly Clstr's RF Pipe Cooling by others

High Space Temperature ok?

~45°C (11

OF)

~45°C (113°F)

Equipment Insulations??

0% reduction in air heat load possible?

Finalize HLRF Heat Load table? Collector issue?

Rack chiller impact ok? / Rework rack arrngmt??

Confirm reduced Heat load from racks?

Cost for increased maintenance due high space

Cost of portable cooling for maintenance

Pump Recirc loop at Collector~ $2M??

Pump Recircloop (modul/P.Transfmr)~ $2M ??
Electrical Reduction

Operational cost reduction

Electrical addition

Operational cost addition
Pipe Press & Temp limit issues
"Clean Water" Compatibility Issue

W)

E. Huedem 2008

??




Plastic Pipe ratings

Schedule 80 CPVC: Water Pressure Rating (psi)

Pipe 130F -

Size TOPF B80°F 90°F 100°F 120°F, to 140 F‘ 160°F 180°F 200°F
" 1.7930 1,130 1.0Z8 927 TIE\ return TES 452 282 226
A" 920 = 837 754 £94 B0 363 230 124
A" 250 B50 774 697 B53 425 340 213 170
h =90 E90 6Z8 566 449 345 27h 173 138
1" E30 E30 573 517 410 315 252 158 126
14" 520 520 473 426 2348 260 208 120 104
14" a70 470 478 a5k 206 23 185 118 94
2° 40a 400 264 Jia a0 L1140 200 160 faln all
24" &20 4210 2B2 144 273 210 164 105 g4
el 370 270 337 303 7a1 N 185 148 93 74
4' 320 220 291 262 203 160 128 = 64
5 290 250 264 238 139 145 16 r3 o
B 240 a0 rin 2110 182 140 112 70 LE
a8’ 250 50 278 205 163 125 10n 62 50
1mn* 230 £30 209 149 150 115 92 58 46
12" 230 230 209 189 150 115 9z 2] 45
14 220 220 200 120 143 110 a8 55 44
16" 220 220 200 120 143 111 85 5h 44

Schedule 40 CPVC: Water Pressure Rating (psi)

Eﬁ TO0°F 80°F ao’F 100°F 120°F 140°F 160°F 180°F 2007 F
A" fa0 Ta&n 710 640 By 390 312 195 156
v~ B20 620 564 502 403 210 248 165 124
=40 530 537 484 04 295 236 143 118
A 30 440 437 344 Nz 240 192 1E0 96
1" LT 450 110 B4 2493 225 120 112 an
144" 365 J65 32 293 237 123 146 9 73
1" A0 230 00 271 15 165 132 a2 (=131
27 275 275 2560 226 179 135 180 e o5

ra 300 00 273 246 195 150 120 5 G0
3 Zhb 260 237 213 1649 130 104 ES 52
4° 220 220 200 1an 143 110 oa L] a4
5" 130 180 164 142 17 a0 Tz 45 26
a 160 160 146 131 104 20 k4 40 32
m 140 140 127 15 . 7l BG 35 28
12" 130 130 1148 o7 a5 65 0z 3 26
14 130 130 118 oy 141 b = 26

oh
E. Huedem 2008



Length of Pipe in meter

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

LENGTHS OF PROCESS WATER PIPES IN SERVICE TUNNEL ONLY
(MAIN LINAC ONLY)

Check: ~2Km x 4 total Length for Shaft 7 distribution

(72°F DT) Cluster

”
4” (100 DN)

RDR 25°C pT 26°C DT 25°C pT 25°C pT 40°C pT 42°CpT 40°C pT 40°C T Kly

(45°F pT) (47°F pT) (45°F DT) (45°F DT) (72°F pT) (75°F pT) (72°F pT)

Scheme 4 Scheme 5 Scheme 6 Scheme 7 Scheme 4 Scheme5 Scheme6 Scheme 7

SCHEMES
11.1 15.6 16.7 16.5 18.1 18.7 20.3 19.6 22.4 22
OVERALL WATER DELTATC

E. Huedem 2008




Pipe Size — Overall Water System

Kly Cluster
25C DT (45F DT) 40C DT (72F DT)
“OR Aug 2008
Scheme | Scheme | Scheme | Scheme | Scheme | Scheme Kly Cluster
5 6 7 5 6 /

_Fr)r(OFC)eSSW"’“er Delta |10 | 167 | 165 | 181 | 203 | 196 | 22 22

Process Water Delta

20 30.1 29.7 32.6 36.5 35.2 40 40

200 DN
350 DN 300DN 350DN 300DN 300DN 300DN 300 DN EE:RR(ENS

(14")  (12") (14")  (12") (12" @ (129 (12") et

Pipe Main Size

Largest Pipe size in  [eloJoAs]\\ic{o[oR»] BRc{o[oR»] ' 250 DN | 250 DN | 250 DN
Tunnel PRV RPN (10") | (10") | (20") | (8")

Chilled Water Delta T

(F) 18 none none none none none none none
) ) ) 250 DN

Pipe Main Size (10") none none none none none none none

Largest Pipe size in {200 DN

T none none none none none none none
Tunnel (8")

E. Huedem 2008



Summary

*A Matrix (cost savings vs issues) resulted from the VE cost evaluation, showing the corresponding
issues and impact. This will be check and updated and the effort will be documented. Close the loop
on the VE items from Dec 06.

*Cost savings comes from a combined number of VE items not just from single one, mainly from
removal of Centralized Chilled Water Loop & LCW skid , & reduced heat loads BUT has impacts that
need to be investigated. Only considered first-cost savings.

*Placeholders and Impacts can affect cost later. (such as watercooled waveguide placeholder, heat
loads, etc).

*This VE cost evaluation is only for selected VE items. Other VE (Cogeneration) may be worth pursuing
by experts in those fields.

*The VE is only for Main Linac. Other heat loads/ water system for other area system remain immature
(nothing done since RDR).




THE END



BACKUP SLIDES



To account for all VE items=2 basic
schemes for overall water system

Scheme 5 | Scheme6
COMMONTO BOTH SCHEMES
Eliminate chilled Water. Use only process Ves Ves
water
Remove LCW Skid Yes Yes
Reduce Rack Heat load by 50% Yes Yes
DIFFERENCES BETWEEN SCHEMES
process cooled fancoils Yes NO
localized compressorized cooling unit NO Yes
service tunnel space temperature 45C (123 F) | 29C (85F)




Where did we get this data?

asedon{z)30H
Clay's Email Nov 22 2006

(2) 1.5 HP per RF (Table 4 Ashrae Chap 28) placeholder

based on (1) 5 HP per 4 rf (table4 Ashrae Chap 28) placeholder

* Clay - 14 W per sg m**Nov 22 2006 Keith Added Value

* Clay email 3-14-06 typical 112.Kva oil xfmr * Nov 22 2006 Keith Added Value
* Clay email 3-14-06 typical 112.Kva oil xfmrKeith J

* C.Jensen email 2-27-06 183 kVa 0.84pf oil ps xfmr **Shigeki Apr 18 2006 ** Clay 5-25-06 LLRF meeting ** Sep 18 move all to LCW per Marc Ross ** Move
load to Dirty Water per RCassell Oct 20 2006, **Nov 22 2006 Keith Jobe Wag on load to Air**Nov 27 2006 C. Adolphsen Email ** RCassell email Oct 3 2007
** Move load to Dirty Water per Rcassell Oct 20 2006 LCW for now **Nov 22 2006 Keith Jobe wag on load to air **Chris Jensen Post meeting notes 11 16 06
**Nov 27 2006 C. adolphsen Email ** Rcassell email Oct 3 2007 **Oct 25 2007 fix delta T

* Shigeki Fukuda Email 3-1-06 **Shigeki Apr 18 2006**Nov 22 2006 Keith Jobe wag on load to air** 11-27-06 C. Adolphsen Email **12-1-06 Email from Chris
Jensen ****sypply temp, water flow, press drop from Chris Jensen mtg 10-24-07

**Shigeki Apr 18 2006** Nov 22 2006 Keith Jobe wag on load to air**11-27-06 C.Adolphsen Email****supply temp, water flow, press drop from Chris Jensen
Imtg 10-24-07

**Shigeki Apr 18 2006** Marc& Keith -remove load to air/chilled - transfer all load to water**Nov 22 2006 Keith Jobe wag on load to air**11-27-06 C.
adolphsen Email**supply temp, water flow, press drop from Chris Jensen mtg 10-24-07

* Shigeki Fukuda Email 4-05-06 **Nov 22 2006 Keith Jobe wag on load to air** 11-27-06 C. Adolphsen Email *Shigeki Oct 18 2007

* Shigeki Fukuda Email 3-1-06 **Nov 22 2006 Keith Jobe wag on load to air** 11-27-06 C. Adolphsen Email* Shigeki Oct 18 2007

* Shigeki Fukuda Email 3-1-06** Keith Jobe added stability Oct 20 2006 * * HLRF 11/16 /06 meeting** 11-27-06 C. Adolphsen Email*Shigeki Oct 18 2007 **Oct
25 2007 Fix Supply temp *Shigeki Emaii Oct 26 2007

* Shigeki Fukuda Email 3-30-06 **Shigeki Apr 18 2006 (chilled water) ***Rlarsen email** RayLarsen Email 9-15-06 except reduced by 40% per Marc * Ray HLRF
Meeting 11/16/06**11-27-06 C. Adolphsen Email

*C. Nantista Oct 1 2007

* C. Nantista Oct 3 2007

* C. Nantista Oct 3 2007

* C. Nantista Oct 3 2007

**Shigeki Email Apr 28 2006**HLRF 11/16/06 meeting update from 24.3 t0 29.8 KW** 11-27-06 C. Adolphsen Email **C. Nantista Oct 1 2007 ** Oct 24 2007
Flow, Supply Temp per Oleg, NO Press drop *Chris Nantista Oct 26 2007 8 liter per min per load, 10 bar press, no press drop, but 30 C for circulator?

**Shigeki Email Apr 28 2006**HLRF 11/16/06 meeting update from 24.3 t0 29.8 KW** 11-27-06 C. Adolphsen Email **C. Nantista Oct1 2007 ** Oct 24 2007
Flow, Supply Temp per Oleg, NO Press drop *Chris Nantista Oct 26 2007 8 liter per min per load, 10 bar press, no press drop, but 30 C for circulator?

a) HLRF meeting Nov 16 2006




MEANS BOOK SAMPLE PIPE COST
1" (25DN) to 8” (200DN)

,

/

/

// == Carbon Steel Sch 40/5td sch

== Stainless Steel 304 Sch 10
/ === Copper Type L
CPVC Pipe Sch 80

/

1-1/4"

o0 < n © Y]

1-1/2"
2-1/2"
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|Total Operating Tower 11.4 |

41.5°C AT ( 74.7°F AT) RF WATER SYSTEM E. Huedem
Ot 31 2008
DRAFT
Total Operating TowerTan 4206 T 497 C 294 C
Total Operating TowerMW 14.78 MW # 1215 F 85 F
2768 gpm
——————— R
10478  Ipm H
:
1
2768 gom A= 148 mw
RF Water System T84 fps + 126 F a0 F L
T4.7 rat azc azc 100.8 lpm 525C
41.5 C AT ! an F . g0 F 266 gpﬂ'l — | —
< 7 ¥
| [ a7ecC 21 fyyen |
i 154 F 151 .‘I 3EF N — " >
Fa T Tt 7
1647 F S0 F 110 F a0 F 105 F a0 80 F 108|F B0 F 36 C 13842 gom
T 737 C l r 35 gpi 068 gp B0 gopm 58 gpm 9869 F 2“'30""’”6' S8ifps |
8.9 lpm 258 lpm =t o f BASIS
e R e — 1 space maintain at
@smve = | @snvc 2 adusted | T O1BE KW
37 lpm 2c funed funnet Be actugl 5.9 KW
T 164.7 F 90 F 3 Load to (RF) water per RF 106.6 KW
9.7 gpm 4 Racks per RF= 5.5 Kw
& Total load to water per RF= 13097 KW
actual total capact=  19.2 KW Afusl cp= 5.9 kw 6 Shaft 7 has 104 RF
LCW SYSTEM RACK chiller system AC Transformer = 2 fancoil per if 5.& in series i fancoif per f bt 7 There are 3 fancoils per BE for defta T sizing purpose
106.55 KW 6.875 KW ¢ 1.5 Kw only
T4.7 FAT A 156 F AT g Rack Chiler system include seif-contained chiller
41,5 CAT B3 CaT pased on Liebert XDOF (rack spacing ssue, detalls

* include heat of comprsn

E. Huedem

2008

Iater by others)

% Process Cooled Fancoils based on vendor
10 Clean wWater system used for now. Load based on
. Neubaewr email Dec 2007 & Cct 2007, ful
watercooled waveguida in peneiration (by olhers) is
placeholder



40°C AT { 72°F AT) RF WATER SYSTEM

SHAFT 7 (Process Water Only) Scheme ﬁ

E.Huedem
QOct 32 2008
DRAFT

|Total Operating Tower 12.7 1
L
Total Operating TowerTon 4684 T 48 C 23 C
Total Operating TowerdW 16.50 MW ? 1202 F 85 F
3203 gpm

LCW SYSTEM
103 Kw
T2FAT

40 Al

RACK chiller system
6.875 Kw
20 F 2
11 CaT
*include heat of comprsn

AC Transformer
1.5 Kw
15 FAT
B3 Cal

“>d4 cooling unit per if st

E. Huedem 2008

1 cooling umit parf bt

1 RF =
jz2c z2C 116.6 Jpm
SOF — S0 F 308 ‘gpm
. » ] - 7
27 gpm 52 C
2 DeitaTF
152 F, 149 127 F 125F|35'2 2 |., . | . 5
Fa = rerans v 7
162 F 20 F 110 F 90 F 105 F a0 F 1078 F 1601 6 apm
1 Delta TC N
T 72¢C i Tz.as gom N 42C 19, 10ata | 651 fps
£.9 Ipm 3.6 gpm BASIS
13.6 Ipm 1 space maintain at | __85F |
1079 F 2 actud Load to &ir per RF at ST 214 KW
37 lpm 2C actuel Loed o ar per [ al BT 5.9 KW
T 162 F an F 3 Load to {RF) water per RF 103 Kw
9.8 gpm 4 Racks per RF= 5.5 Kw
S Total load to water per RF= 1587 KWW
Actual cap= 23 kw Acivel cap= 5.7 kw 6 Shaft 7 has 104 RF

7 There are 5 cooling unkt per BE for delia T sizing

purpose onthy

8 Rack Chiller system include self-cortained chiller
based on Liebert XOF {rack spacing Issue. defalls

later)

S DX compressorized fancoll per vendor

1]}
Clean Water system used for now. Load based on
M Neuhaeur email Dec 2007 & Oct 2007, full
walercooled waveguide in penetration is a placeholder



Total Operating Tower 11.2

40°C AT ( 72°F AT) RF WATER SYSTEM E.Husdem —
et e asad
DRAFT
Total Operating TowerTon 4135 T 51.9C 29 C
Total Operating Tower AW 14.53 MW + 1254 F 85 F *
2zZCc 32C 1RF =
S0 F a0 F 236 gpm
¢ ] — 3
| [ s 8s 20 gom [soavorr] r
40.4 Delta TF
~ 152 F, 149 14 F 130 F >
90 F 110 F a0 F 105 F o0 F F 1079 F 12372 gom
t + .35 sa:m‘l 0.68 wmlh 7.2 gpm 3.6 gpm 787 tps
8.8 Ipm 252 lpm BASIS
+ 1 space maintain at
- 107.9 F 2 acwal K
T2 acusl 5.9 KW
T 162 F a0 F 3 Load ta {RF) water per RF 103 KW
10 gom 4 Racks per RF= 5.5 KW
S Total load to water per RF=  139.F7 KW
Actual cap=  11.5 bw Adusl caps 5.7 kw 6 Shafl 7 has 104 RF
RACHK chiller system AC Transformer L2 cooling und per of 5§ 1 cooling und per rf bt 7 There are 3 cooling unk per BRE for delta T sizing
B.B75 KW 1.5 KW purpese oy
20 F 4T FaT B Rack Chiller system include sel-conlained chiller

based on Lebert XDF (rack spacing issue. delails
later by olhers)

11 CAT
" nclude Reat of Compran

9 DX compressorized fancol per vendar

10
Clean Water system used for now. Load based on
M Meubaeur email Dec 2007 & Ocl 2007, full
walercocled waveguide in peneiration is a placehalder

E. Huedem 2008



Pipe Size — RF Water System

RDR CIE.?t,er
RF Water Delta T 25C DT (45F DT) 40C DT (72F DT) Aug
RDR 2008
. 128 Ipm (34
RF Water Main Flow 58 Ipm (15.3 gpm 7 lpm (9.77 gpm
2pm) pm (15.3 gpm) //\\p (9.77 gpm)
RF Water Pipe Main| 50 DN (2") Qz DN (1-1/49
2 ASPROSITE z = =
3, Read Velocity Opposite any Flow Rate
i + on Scale 3.
s ' 1
e W

< Lr.-ss - pER U

Zi ”“Junh m m‘n\\
"A[u] L}\ *}_

'JH l.nss MILINCHES PEF E

S NORMALLY Usep DESIGN RANCE SCALE NO 3

:’

i -
?:-‘:*——_‘y__________r--—-—‘“ JI— o
Jf’J-‘F
: ,,________,__ e
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