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Brief History - Process Water cooling
•Dec 2006 RDR Cost finished

d h bl l•Oct 2007 Update ML heat table – (evaluate DT)
•Nov 2007 Value Engineering. PM select VE items (Dec 07 stop work)

A 8 C t Kl Cl t•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)
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Oct 31 2007 0.4242 1.4909 2.9819
WATER AND AIR HEAT LOAD   (all LCW) and 9-8-9 ML

MAIN LINAC - ELECTRON & POSITRON
To Air 

Main Linac HLRF Heat Load Table

To Low Conductivity Water to Chilled 
Water

keith Jobe load to air 
Nov 22 06

(chilled 
water)

Max Supply Delta Maximum Typical Acceptable Power 

He
at 
Lo
ad 
to Max 

Data from a number of people

Components
Quantity 
Per 36m

Heat Load 
to Water 

(KW)

Allowable 
Temperatu

re ( c) 

Temp 
(variation)  

(  C  )
Supply 

Temp (  C  )

Temperat
ure (C 
delta)

Water 
Flow (l / 

min)

Allowable 
Pressure 

(Bar)

(water) 
pressure 
drop Bar

Temp
Variation 

delta C

Heat Load 
to Water 

(KW)

fraction to 
Tunnel Air 

(0-1)

Power to 
Tunnel Air 

(KW)

Air 
(K
W)

Space 
Temp  

( C )
Non-RF Components
LCW Skid Pump 1 per 4 rf -Motor/Feeder 
Loss 0.25 0 N/A N/A N/A N/A N/A N/A N/A None 0 1.00 0.60 #
I^2R Loss and Motor Loss (misc) 1 0 N/A N/A N/A N/A N/A N/A N/A None 0 1.00 8.22 #( ) / / / / / / /
Fancoils (5 ton Chilled Water) 1.5 Hp 2 0 N/A N/A N/A N/A N/A N/A N/A None 0 #
Rack Water Skid 0.25 0 N/A N/A N/A N/A N/A N/A N/A None 0 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 #
AC Pwr Transformer 34.5-.48 kV 0.25 1.50 35 None 0 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 0 0.3 1.2

85 F

Switching power supply 4kV 50kW 1/36 m 4.5 35 8.50 7.6 13 5 10 0 0.4 3.0
Modulator 1/36 m 4.5 35 3.23 20 10 5 n/a 0 0.4 3.0 4
Pulse Transformer 1/36 m 0.7 60 35 0.50 20 1 n/a 0 0.3 0.3 1
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 80 55 8 10 15 1 n/a 0 0.1 0.4 85 F 

(a)
Klystron Focusing Coil (Solenoid ) 1/36 m 5.5 80 55 8 10 15 1 n/a 0 0.1 0.4

Klystron Collector 1/36 m 45.8 87
38 (inlet 

temp 25 to 
63)

18 37 15 0.3 n/a
0 0.0 1.4

Klystron Body & Windows 1/36 m 4.2 40 25 to 40C 6 10 15 4.5 + - 2.5 C 0
Relay Racks (Instrument Racks) 1/36 m 0 N/A N/A N/A N/A N/A None 11.5 -0.2 -1.5
Attenuators 2/36 m 0 N/A N/A N/A N/A N/A None 0.0
Waveguide (in service tunnel) 1/36 m 0 1.166
Waveguide  (in penetration) 1/36 m 0.676
Waveguide (in beam tunnel) 1/36 m 0.0 + - 2.5 C 0 5.9

Circulators With loads (isolator) 26/36 m 2.49 35
0.45 per 

load
3 per 
load

+ - 2.5 C 0 0.0

Loads 24/36 m 30.05 35
2.25 per 

load
8 per 
load

+ - 2.5 C 0.0
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Subtotal RF unit Only 102.0
Total RF 103.5 11.5 21.4

RF Component only Loads
NOTE : Loads, Circulators and Klystron Body Supply Temperature is critical (should have very slow supply temp variation) **Oct 25 2007 
Jensen,Oleg & Shigeki Reduced by 50% (Mar 2008)



RDR Process Water System
Basis: Shaft 77

*= cost drivers

Selected VE target 
cost drivers
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304 thin Sch 10 
Stainless



VE ITEMS – Nov 2007 

Additional PM items- Mar 2008

1 Eliminate chilled water system. Use process water as the primary rejection,
Use process fancoils warmer tunnel temperature 104 F (up to ~113F/ 45C) during normal operation and portable2 Use process fancoils, warmer tunnel temperature 104 F (up to 113F/ 45C) during normal operation, and portable 
cooling for workers

Increase water system Delta T  = 30 D F (16.7 D C) up to 72 F DT (40 D K)

2

Consider using low mineral content water instead of LCW (pipe material)

3

4 g (p p )
Allow different type of pipe materials (CPVC)

4

5

Use localized cooling unit
Remove LCW Skid
R t k li l t l th ½ f th k l d (50% d ti k l d)

6
7

Restore rack cooling only to less than ½ of the rack power load (50% reduction rack load)
8
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Process Water Only  for 

VEVE Schemes cost evaluation
•RF WATER SYSTEM
•OVERALL WATER SYSTEM

Shaft 7
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MEANS BOOK SAMPLE PIPE COST
1” (25DN) to 4” (100DN)

$90.00 

$70.00 

$80.00 

$50.00 

$60.00 

Carbon Steel Sch 40/Std schit 
co

st

$30.00 

$40.00 
Stainless Steel 304 Sch 10

Copper Type L

CPVC Pipe Sch 80Pe
r 

un
i

$10.00 

$20.00 

Smaller piping to 
fancoils, racks use 

$-

1"

1-
1/

4"

1-
1/

2" 2"

2-
1/

2" 3" 4"

copper, even RF water

E. Huedem  2008



VE Item.  PIPE MATERIAL in tunnel ??
Resisitivity Conductivity

ppm TDS
M-Ohms microsiemens

18 0.056 0.027
Ultra Pure

Main Injector & 10 0.1 0.05Main Injector & 
TeV LCW

10 0.1 0.05

8 0.125 0.06

Pure
5 0.2 0.1

4 0.25 0.12
Stainless 
/Copper/ 
plastic Tesla

CPI notes/ Thales
1 1 0.5

0.1 10 5

Keith 0.02 50 25

0.002 500 245 Tap water

plastic Tesla

VE

0.0002 5,000 2450

0.0001 10,000 4900

Sea waterSea water

0.00002 50,000 24500

Means Cost Book has cost for limited size steel, 
t i l i l ti U dstainless, copper, iron, some plastic. Used 

Stainless 304 sch 10, 
CPVC sch 80, 
carbon steel ?carbon steel ? 
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gpm=  BtuH/ (500  x DT F)
lpm =14.375 KW / DT K 

Was 20.6 gpm, 
higher flow 

reqmnt

RF WATER SYSTEMRF WATER SYSTEM
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gpm=  BtuH/ (500  x DT F)
lpm =14.375 KW / DT K 

20.6 gpm higher 
flow reqmnt
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20.6 gpm, higher 
flow reqmnt
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E. Huedem  2008 Used this for costing 
evaluation



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

ASSUMPTION WITH RACK COOLING

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

Rack Cooling 
Unit Racks

PLAN VIEW

Aug 14 2006Aug 14 2006

Simplified 
Piping to Main

E. Huedem  2008
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Scheme to consider effect of 
reduction of heat load to air by 50%

E. Huedem  2008



250C DT (450F DT) RF Water model 400C DT (720F DT) RF Water model

Scheme 5 Scheme 6 Scheme 7 Scheme 5 Scheme 6 Scheme 7

Actual RF Water delta T
26.40C  

(47.50F )
25.30C  

(45.50F )
25.30C  

(45.50F )
41.50C  

(74.70F )
400C  

(720F )
400C  

(720F )

0 0 0 0 0 0

Overall Water delta T
16.70C  

(30.10F )
16.50C 

(29.70F )
18.10C  

(32.60F)
20.30C  

(36.50F )
19.60C  

(35.20F )
22.40C  

(40.40F )

DIFFERENCES BETWEEN SCHEMES

process cooled fancoils Yes NO NO Yes NO NO

localized compressorized cooling 
unit

NO Yes Yes NO Yes Yes

service tunnel space temperature 45 C (113 F) 29 C   (85 F) 29 C   (85 F) 45 C (113 F) 29 C   (85 F) 29 C   (85 F)

available from cooling unit in 
service tunnel KW

19.2 23 11.5 19.2 23 11.5
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MATRIX SUMMARY (as of Nov 14 2008 4:30pm) – Cost Savings vs Impact/Issues 

RF Water Delta T 25C DT (45F DT) 40C DT (72F DT) Kly 
Cluster-

Aug 2008
Impact / Issues (by others)

Scheme 5 Scheme 6 Scheme 7 Scheme 5 Scheme 6 Scheme 7Cost to be added (could be by others?)
Major IMPACT/ Issues?
SS=Sch 10 304 Stainless in Tunnel only ;

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

Overall Water Delta T
oDC 16.7 16.5 18.1 20.3 19.6 22.4 22.1

oDF 30.1 29.7 32.6 36.5 35.2 40.4 39.8

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

28% 30% 31% 23% 25% 26% 30% 32% 33% 31% 33% 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

Savings % still need to be checked !
X X XX XX X X XX

y p g y
High Space Temperature ok? ~45oC (113oF) ~45oC (113oF)
Equipment Insulations??
50% 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?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 ~  ( - 2.3 MW) ~  ( - 2.3 MW)
Operational cost reduction ~  ( - ??) ~  ( - ??)
Electrical addition ~  + 3 MW ~  +  1 MW ~  + 3 MW ~ +  1 MW ??
Operational cost addition +  ?? +  ?? +  ?? +  ??
Pipe Press & Temp limit issues
"Clean Water" Compatibility Issue
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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 

itemsitems

E. Huedem  2008



COST SAVINGS COMPARISON
(basic schemes) 5% D

RF Water Delta T 25C DT (45F DT) 40C DT (72F DT) Kly 
Cluster-

Aug 2008
Impact / Issues (by others)

Scheme 5 Scheme 6 Scheme 7 Scheme 5 Scheme 6 Scheme 7Cost to be added (could be by others?)
Major IMPACT/ Issues?
SS=Sch 10 304 Stainless in Tunnel only ;

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

Overall Water Delta T
oDC 16.7 16.5 18.1 20.3 19.6 22.4 22.1

oDF 30.1 29.7 32.6 36.5 35.2 40.4 39.8

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

28% 30% 31% 23% 25% 26% 30% 32% 33% 31% 33% 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

X X XX XX X X XX

y p g y
High Space Temperature ok? ~45oC (113oF) ~45oC (113oF)
Equipment Insulations??
50% 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?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 ~  ( - 2.3 MW) ~  ( - 2.3 MW)
Operational cost reduction ~  ( - ??) ~  ( - ??)
Electrical addition ~  + 3 MW ~  +  1 MW ~  + 3 MW ~ +  1 MW ??
Operational cost addition +  ?? +  ?? +  ?? +  ??
Pipe Press & Temp limit issues
"Clean Water" Compatibility Issue
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COST SAVINGS COMPARISON
(reduction of heat load to air by 50%) 7 to 8% D

RF Water Delta T 25C DT (45F DT) 40C DT (72F DT) Kly 
Cluster-

Aug 2008
Impact / Issues (by others)

Scheme 5 Scheme 6 Scheme 7 Scheme 5 Scheme 6 Scheme 7Cost to be added (could be by others?)
Major IMPACT/ Issues?
SS=Sch 10 304 Stainless in Tunnel only ;

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

Overall Water Delta T
oDC 16.7 16.5 18.1 20.3 19.6 22.4 22.1

oDF 30.1 29.7 32.6 36.5 35.2 40.4 39.8

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

28% 30% 31% 23% 25% 26% 30% 32% 33% 31% 33% 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

X X XX XX X X XX

y p g y
High Space Temperature ok? ~45oC (113oF) ~45oC (113oF)
Equipment Insulations??
50% 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?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 ~  ( - 2.3 MW) ~  ( - 2.3 MW)
Operational cost reduction ~  ( - ??) ~  ( - ??)
Electrical addition ~  + 3 MW ~  +  1 MW ~  + 3 MW ~ +  1 MW ??
Operational cost addition +  ?? +  ?? +  ?? +  ??
Pipe Press & Temp limit issues
"Clean Water" Compatibility Issue
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COST SAVINGS COMPARISON
(by Pipe material) 2% D

RF Water Delta T 25C DT (45F DT) 40C DT (72F DT) Kly 
Cluster-

Aug 2008
Impact / Issues (by others)

Scheme 5 Scheme 6 Scheme 7 Scheme 5 Scheme 6 Scheme 7Cost to be added (could be by others?)
Major IMPACT/ Issues?
SS=Sch 10 304 Stainless in Tunnel only ;

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

Overall Water Delta T
oDC 16.7 16.5 18.1 20.3 19.6 22.4 22.1

oDF 30.1 29.7 32.6 36.5 35.2 40.4 39.8

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

28% 30% 31% 23% 25% 26% 30% 32% 33% 31% 33% 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

X X XX XX X X XX

y p g y
High Space Temperature ok? ~45oC (113oF) ~45oC (113oF)
Equipment Insulations??
50% 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?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 ~  ( - 2.3 MW) ~  ( - 2.3 MW)
Operational cost reduction ~  ( - ??) ~  ( - ??)
Electrical addition ~  + 3 MW ~  +  1 MW ~  + 3 MW ~ +  1 MW ??
Operational cost addition +  ?? +  ?? +  ?? +  ??
Pipe Press & Temp limit issues
"Clean Water" Compatibility Issue
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Plastic Pipe ratings

Schedule 80 CPVC: Water Pressure Rating (psi)
130 F  

to 140 F 
return 
water

~140 psi 
system

Schedule 40 CPVC: Water Pressure Rating (psi)
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LENGTHS OF PROCESS WATER PIPES IN SERVICE TUNNEL ONLY 
(MAIN LINAC ONLY)

8,000

9,000 2”
(50 DN)
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-

42oC DT 
(75oF DT) 
Scheme 5

40oC DT 
(72oF DT) 
Scheme 6

40oC DT 
(72oF DT) 
Scheme 7

40oC DT 
(72oF DT) 
Scheme 4

25oC DT 
(45oF DT) 
Scheme 7

25oC DT 
(45oF DT) 
Scheme 6

26oC DT 
(47oF DT) 
Scheme 5

25oC DT 
(45oF DT) 
Scheme 4

RDR Kly 
Cluster

(300DN) C
he

Scheme 5 Scheme 6 Scheme 7Scheme 4Scheme 7Scheme 6Scheme 5Scheme 4

11.1 15.6 16.7 16.5 18.1 18.7 20.3 19.6 22.4 22

OVERALL WATER DELTA T C

SCHEMES
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Pipe Size – Overall Water System

RDR
25C DT (45F DT) 40C DT (72F DT)

Kly Cluster

Aug 2008

Scheme Scheme Scheme Scheme Scheme Scheme 
Kly Cluster

5 6 7 5 6 7
Kly Cluster

Process Water Delta 
T (F) 11 16.7 16.5 18.1 20.3 19.6 22 22

Process Water DeltaProcess Water Delta 
T (F) 20 30.1 29.7 32.6 36.5 35.2 40 40

Pipe Main Size 350 DN 300 DN 350 DN 300 DN 300 DN 300 DN 300 DN 
200 DN 

(8") (less Pipe Main Size
(14") (12") (14") (12") (12") (12") (12") surface RF 

Load)

Largest Pipe size in 
T l

300 DN 
( ")

300 DN 
( ")

300 DN 
( ")

250 DN 
( ")

250 DN 
( ")

250 DN 
( ")

200 DN 
( ")

150 DN 
( ")Tunnel (12") (12") (12") (10") (10") (10") (8") (6")

Chilled Water Delta T 
(F) 18 none none none none none none none

Pipe Main Size 250 DN 
(10")

none none none none none none none

Largest Pipe size in 200 DN 
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g p
Tunnel (8")

none none none none none none none



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 savingsneed 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). 
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THE ENDTHE END
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BACKUP SLIDESBACKUP SLIDES

E. Huedem  2008



f ll bTo account for all VE items=2 basic 
schemes for overall water system Scheme 5 Scheme 6

COMMON TO BOTH SCHEMESCOMMON TO BOTH SCHEMES

Eliminate chilled Water. Use only process 
water

Yes Yes

Remove LCW Skid Yes Yes

Reduce Rack Heat load by 50% Yes Yesy 5

DIFFERENCES BETWEEN SCHEMES

process cooled fancoils Yes NOprocess cooled fancoils Yes NO

localized compressorized cooling unit NO Yes

service tunnel space temperature 45 C (113 F) 29 C   (85 F)
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Where did we get this data?
based on (1) 30 HP per 4 RF from Clay Table Email dated 9-15-06based on (1) 30 HP per 4 RF from Clay Table Email dated 9-15-06
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 sq m**Nov 22 2006 Keith Added Value
* Clay email 3-14-06 typical 112.Kva oil xfmr * Nov 22 2006 Keith Added Valuey 3 4 yp
* 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 ****supply 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 
mtg 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**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 
Fi S l t *Shi ki E il O t 625 2007 Fix Supply temp *Shigeki Email 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
* C. Nantista Oct 3 2007

**Shigeki Email Apr 28 2006**HLRF 11/16/06 meeting update from 24.3 to 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 to 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?

E. Huedem  2008

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)

C b St l S h 40/Std hCarbon Steel Sch 40/Std sch

Stainless Steel 304 Sch 10

Copper Type L

CPVC Pipe Sch 80

1"

1-
1/

4"

1-
1/

2" 2"

2-
1/

2" 3" 4" 5" 6" 8"

E. Huedem  2008
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E. Huedem  2008



E. Huedem  2008



RDR
Kly 

Cluster

Pipe Size – RF Water System

RF Water Delta T 25C DT (45F DT) 40C DT (72F DT)
Cluster

RDR
Aug 
2008

RF Water Main Flow 128 lpm (34 
gpm)

58 lpm (15.3 gpm) 37 lpm (9.77 gpm)
gpm)

RF Water Pipe Main 50 DN (2") 32 DN (1-1/4")

E. Huedem  2008


