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• RDR process water-TimelineRDR process water Timeline
• Heat Load (RDR & Post RDR)

D lt T• Delta T
• Value Engineering items
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PROCESS

RDR Process Water (Timeline)

RDR

PROCESS 
WATER 

RDR COST
We’re hereVE, GDE, KOM, 

Criteria Updates

No updates done-
this period

Changes/ 
reviews

No updates done-this period

Dec 6 
2006

Aug 23 
2007

2006 Dec 
2007

Nov 
2007

Jun 
2008

•Nov-Dec 6 2006 Concept and cost Process Water (Stop Dec 06 2006)
A EDR Ki k Off M ti•Aug 23 2007 EDR Kick Off Meeting

(task: Get as much info and evaluate to get high delta T)
•Oct-2007 GDE, some Updates on ML heat table 
•Nov 27 2007 Value Engineering (VE) session 7 7 g g ( )

(Post RDR Delta T evaluate -more on this later in the slide)
•Dec 4 2007 Marc list from VE list (more on this later in the slide)

interface with HLRF people re: delta T, heat load, non-cfs VE items
•Dec 18 2007 Stopped work
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•Dec 18 2007 Stopped work
minimal interface with Atsushi, Masami, Peter..



PROCESS

RDR Process Water (Timeline)

RDR

PROCESS 
WATER 

RDR COST
We’re hereVE, GDE, KOM, 

Criteria Updates

No updates done-
this period

Changes/ 
reviews

No updates done-this period

Nov 26 
2006

Aug 23 
007

2006 Dec 
2007

Nov 
2007

Jun 
2008

About RDR
•Criteria and heat loads were incomplete Snapshot in time•Criteria and heat loads were incomplete. Snapshot in time 
•Cooling infrastructure in RDR was conceptual, and very little on paper. 
•Cost was generated for shaft 7 based on info at that time
•Not a unified criteria??
•LCW part was immature. 
•Instead of criteria,..Various Cost reduction discussion,
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Basic Design Concept in RDR

10.4 MW 
(2,956 Ton)

Process 
Water

Chilled 
WaterWater

x 26 skids x 26 qty
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Water Plant at Shaft 7

x 26  qty
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Surface Plant Locations* used in RDR
* (follows major shaft locations)

11 7 5 3

40 RF 64 RF 56 RF 58 RF 64 RF BDS
RTML 1.0

~ 5 Km

104 RF 114 RF
+ 50% of e-plus load

64 RF
+ 50% of e-plus load

ELECTRON SIDE

DR
Start 
of ML

Tunnel about 450 ft depth

ELECTRON SIDEof ML

2

BDS

4
RTML

8
6

40 RF64 RF54 RF56 RF64 RF

DR

BDS 40 RF64 RF54 RF56 RF64 RF

104 RF64 RF 110 RF
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+ e-minus load

POSITRON SIDE
12



Total Heat Load RDR Nov 2006
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IR = None



ML RF Heat Load – RDR       Nov 2006Nov 27b 2006 0.4242 1.4909 2.982

WATER AND AIR HEAT LOAD   (all LCW) and 9-8-9 ML
MAIN LINAC - ELECTRON & POSITRON

to Chilled 
Water

To Air 
(chilled 

t )
To Low Conductivity Water keith Jobe load to 

i N 22 06
Shigeki, Chris A., 

Water

Components
Quantity 
Per 36m Location

Heat Load 
to Water 

(KW)

Supply 
Temp 

(variation) 
(  C  )

Delta 
Tempera
ture (C 
delta)

Water 
Flow (l / 

min)

Maximum 
Allowable 
Pressure 

(Bar)

Typical 
(water) 

pressure 
drop Bar

Acceptable 
Temp 

Variation 
delta C

Heat Load 
to Water 

(KW)

Power 
fraction to 
Tunnel Air 

(0-1)

Power to 
Tunnel Air 

(KW)

e
at 
L
o
a
d 

Max 
Spac

e 
Temp 
( C ) Source

Non-RF Components
LCW Skid Pump 1 per 4 rf -Motor/Feeder 
Loss 0.25 Service Tunnel 0 N/A N/A N/A N/A None 0 1.00 0.60 # based on (1) 30 HP per 4 RF from Clay Table Email dated 9-15-06
I^2R Loss and Motor Loss (misc) 1 Service Tunnel 1.00 12.01 # Clay's Email Nov 22 2006

(2) 1 HP RF (T bl 4 A h Ch 28) l h ld

water)air Nov 22 06

Ray L, R. Cassel,
Clay C., Keith J, 
HLRF Meeting 
Notes/emailsFancoils (5 ton Chilled Water) 1.5 Hp 2 Service Tunnel 0 N/A N/A N/A N/A None 0 # (2) 1.5 HP per RF (Table 4 Ashrae Chap 28) placeholder

Rack Water Skid 0.25 Service Tunnel 0 N/A N/A N/A N/A None 0 1.00 0.20 # based on (1) 5 HP per 4 rf (table4 Ashrae Chap 28) placeholder
Lighting Heat Dissipation ~1.3W/sf  Service Tunnel 0 N/A N/A N/A N/A None 0 1.00 1.65 # * Clay - 14 W per sq m
Lighting Heat Dissipation ~1.3W/sf  Accelerator Tunnel 0 N/A N/A N/A N/A None 0 #

People Heat Dissipation 500btuh each 0 Accelerator Tunnel 0 N/A N/A N/A N/A None 0 #

People Heat Dissipation 500btuh each 2 Service Tunnel 0 N/A N/A N/A N/A None 0 #

AC Pwr Transformer 34.5-.48 kV 0.25 Service Tunnel 1.50 N/A N/A N/A N/A None 0 0.25 0.50 # * Clay email 3-14-06 typical 112.Kva oil xfmr *

Emerg. AC Pwr Transformer 34.5-.48 kV  Service Tunnel 0 N/A N/A N/A N/A None 0 1.00 1.00 # * Clay email 3-14-06 typical 112.Kva oil xfmrKeith J 
RF Components

Notes/emails,

RF Components

RF Charging Supply 34.5 Kv 
AC-8KV DC 1/36 m Service Tunnel

2.8 40 40 1.17 18 8 10 0 0.3 1.2
 

85 
F 
(a)

* 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

Switching power supply 4kV 
50kW 1/36 m

4.5 35 13.6 7.6 13 8 10 0 0.4 3.0 ** 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

Modulator 1/36 m Service Tunnel
4.5  28.82   0 0.4 3.0 4

* 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

Pulse Transformer 1/36 m Service Tunnel 0.7  0 0.3 0.3 1 **Shigeki Apr 18 2006** Nov 22 2006 Keith Jobe wag on load to air**11-27-06 C.Adolphsen Email

**Shi ki A 18 2006** M & K ith l d t i / hill d t f ll l d t t **N 22 2006 K ith
Klystron Socket Tank / Gun 1/36 m Service Tunnel

0.8 0 0.2 0.2
 

**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

Klystron　Focusing Coil 
(Solenoid ) 1/36 m Service Tunnel

3.6  0 0.1 0.4
 * Shigeki Fukuda Email 4-05-06 **Nov 22 2006 Keith Jobe wag on load to air** 11-27-06 C. Adolphsen Email

Klystron Collector 1/36 m Service Tunnel
45.8 *35> 2 0

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

Klystron Body 1/36 m Service Tunnel
0.0 *35> 5 + - 2.5 C 0

 
* Shigeki Fukuda Email 3-1-06** Keith Jobe added stability Oct 20 2006 * * HLRF 11/16 /06 meeting** 11-27-
06 C. Adolphsen Email

Klystron Windows 1/36 m Service Tunnel 0.0 *35> 1 0  * Shigeki Fukuda Email 3-1-06**11-27-06 C. Adolphsen Email

0.0 1.4

Relay Racks (Instrument 
Racks) 1/36 m Service Tunnel

0.0 N/A N/A N/A N/A None 11.5 -0.2 -1.5
 

* 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

Circulators, Attenuators & 
Dummy Load 1/36 m Accelerator Tunne

32.3 + - 2.5 C 0 0.1 1.7
 

**Shigeki Email Apr 28 2006**HLRF 11/16/06 meeting update from 24.3 to 29.8 KW** 11-27-06 C. Adolphsen 
Email

Waveguide 1/36 m Accelerator Tunne 3.5    + - 2.5 C 0 0.1 0.4  
* Shigeki Fukuda Email 3-30-06** Keith Jobe added stability Oct 20 2006** HLRF 11/16/06 meeting from 4 
KW to 5 KW**11-27-06 C. Adolphsen Email

Subtotal RF unit Only      (a) HLRF  meeting Nov 16 2006
Total RF 100 11.5 26.1  
RF Component only Loads
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RF Component only Loads

Total Heat load to Dirty Water (per RF) 1.3333
Total Heat load to  Chilled water (per R 37.6 KW cooled by chilled water 
Total Heat load to LCW (per RF) 100.0 KW cooled by low conductivity water  



• Heat Table improvement! Oct 2007, but still incomplete
Oct 31 2007 0.42417 1.49095 2.9819

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

Shigeki (check min Flow?)

POST-RDR     Heat Table

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

MAIN LINAC - ELECTRON & POSITRON
to Chilled 

Water

Components
Quantity 
Per 36m Location

Heat 
Load to 
Water 
(KW)

Max 
Allowabl

e 
Tempera
ture ( c) 

Supply 
Temp 

(variatio
n)  (  C  )

Supply 
Temp (  C 

)

Delta 
Temper
ature (C 

delta)

Water 
Flow (l 
/ min)

Maximu
m 

Allowabl
e 

Pressure 
(Bar)

Typical 
(water) 

pressure 
drop Bar

Acceptabl
e Temp 

Variation 
delta C

Heat 
Load to 
Water 
(KW)

Power 
fraction 

to 
Tunnel 

Air (0-1)

Power to 
Tunnel 

Air (KW)

e
a
t 
L
o
a

Max 
Spac

e 
Tem

p     
( C )

Non-RF Components

keith Jobe load to air 
Nov 22 06

To Air 
(chilled 

To Low Conductivity Water

Cassell??
Worked with Shigeki, Chris N., 

Mike N., Keith J., Jensen, 
Cassell , Clay

Non RF Components
AC Pwr Transformer 34.5-.48 kV 0.25 Service Tunnel 1.50 35 None 0 0.25 0.50 #

RF Components

RF Charging Supply 34.5 Kv AC-8KV 
DC

1/36 m Service Tunnel 2.8
40 40 1.17 18 5 10 0 0.3 1.2  

Switching power supply 4kV 50kW 1/36 m Service Tunnel 4.5
35 8.50 7.6 13 5 10 0 0.4 3.0

Modulator 1/36 m Service Tunnel 4.5 35 3.23 20 10 5 n/a 0 0.4 3.0 4

Jensen

Pulse Transformer 1/36 m Service Tunnel 0.7 60 35 0.50 20  1 n/a 0 0.3 0.3 1

Klystron Socket Tank / Gun 1/36 m Service Tunnel 0.8 60 35 1.15 10 15 1 n/a 0 0.2 0.2  

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

Klystron Collector 1/36 m Service Tunnel 45.8 87

38 
(inlet 

temp 25 
to 63)

18 37 15 0.3 n/a

0
0.0 1.4

85 
F (a)

Shigeki

0

Klystron Body & Windows 1/36 m Service Tunnel 4.2 40
25 to 
40C

6 10 15 4.5 + - 2.5 C
0  

Relay Racks (Instrument Racks) 1/36 m Service Tunnel 0 N/A N/A N/A N/A N/A None 11.5 -0.2 -1.5  
Attenuators 2/36 m Service Tunnel 0 N/A N/A N/A N/A N/A None 0.0
Waveguide (in service tunnel) 1/36 m Service Tunnel 0 1.166
Waveguide  (in penetration) 1/36 m Penetration 0.676
Waveguide (in beam tunnel) 1/36 m Beam Tunnel 0.0 + - 2.5 C 0 5.9  

0 45
Circulators With loads (isolator) 26/36 m Beam Tunnel 2.49   35

0.45 
per 

load

3 per 
load

  + - 2.5 C 0  0.0

Loads 24/36 m Beam Tunnel 30.05 35
2.25 
per 

load

8 per 
load

+ - 2.5 C 0.0

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 variat

l l d i ( )
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Total Heat load to Dirty Water (per RF) 1.33333 #

Total Heat load to Air/Chilled water in service tunnel (per RF) 32.9 KW cooled by chilled water 913

Total Heat load to LCW (per RF) 103.5 KW cooled by low conductivity water 2875   
Total Heat load to air in beam tunnel (ignore rock contribution for now) 5.9 KW pending 164  

Loads Increasing

Chris Nantista

Beam Tunnel 
Temperature?

Chris and Keith?



Heat Load KW per RF

POST RDR

RDR
Post RDR 
as of Dec 

07

Post RDR 
after Dec 

07

p

Service Tunnel (ML RF)
to water 100 104
to air 26 21.4
racks 11.5 11.5

Service Tunnel (ML RF)

to water included included
to air (wvguide) 0 5.9

beam tunnel (ML RF)

Load to air, servc tunnel, w /m ~ 684

Servc tunnel temp F 85 104 > 104???

85 (cooler
DR tunnel temperature F 104

85 (cooler 
LCW)

Metrology reqmnt (GDE Oct 2007) < 90F
Air Stability + - 0.1 C
Water Supply stability + - 0 2 C
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Water Supply stability + - 0.2 C



POST RDR High DELTA-T Evaluation
In RDR there’s incomplete component criteria toIn RDR there s incomplete component criteria to 

evaluate the delta T. 
Used 20Fdelta average for Shaft 7 plant.g p

LCW 
SKID

1 RF 
=100KW

1 RF 
=100KW

1 RF 
=100KW

1 RF 
=100KW

? Pipe 
Distribution ?
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Post RDR- High Delta T EvaluationPOST RDR

1 RF

E Huedem, June 5 2008 12



POST RDR Post RDR- High Delta T Evaluation

1 RF
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POST RDR Post RDR- High Delta T Evaluation

1 RF
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POST RDR Post RDR- High Delta T Evaluation

8 liter per 
min per 
load

2 RF
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POST RDR Post RDR- High Delta T Evaluation

3 liter per 
min per 
load

2 RF
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Post RDR- High Delta T Evaluation

Nov 2007, being pursued this 
possibility of low-flow, high delta T 
Load with Chris N, Shigeki & Mike N 
and their vendor…as well as finding 
the rest of the info such as the delta P 
…
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Nov 2007 trying to find out the minimum flow in

Post RDR- High Delta T Evaluation

Nov 2007, trying to find out the minimum flow in 
the collector. SO WHAT IS THE MINIMUM FLOW 
REQD FOR COLLECTOR?    Question to the 
same group   

More on thisMore on this….
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Dec 4 2007 to Dec 16 2007 Interface with Mike Nubauer (HLRF point of contact)

Service tunnel

Water Pump/ Skid

Service tunnel

Mike N: CFS stop 
here with valves 

beam tunnel

tap???
22 F delta to 30
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(From Shigeki’s Oct 2007 Slide) General Calorimetric Calculation
• P(kW):Average power 10184 3Q ⋅⋅• P(kW):Average power
• (deg): delta C
• Q(liter/min) : flow rate

TΔ
)min//((deg)37.14

60
1018.410 3

kWliter
P
QT

then
T

QP

⋅=

⋅
⋅⋅=⋅

Δ

Δ

)min//(37.14 kWliter
P
Q

T
K

put
P

==
Δ

At MLI-KOM Wilhelm pointed out the Thales guide line parameter of cooling KAt MLI-KOM, Wilhelm pointed out the Thales guide line parameter of cooling K
Is 0.8 (liter/min/kW), and this value is a common accepted value from the cooling 
of the collector (by Toshiba engineer). Toshiba has better efficiency of cooling than the 
K=0.8 case.Though it is nice data, we use K=0.8 as the standard collector cooling.

Current data for collector given as 45.8 KW, and 37 l/min. 

In Oct 2007, We’re told that ILC will use a Klystron design for 300KW at 
10 rep rate, but will be use for 150KW peak at 5 Hz rep rate, actual heat10 rep rate, but will be use for 150KW peak at 5 Hz rep rate, actual heat 
dissipation given to us as 45.8 KW at K=0.8, flow = 0.8 x 45.8 = 37 l/min. 

So, should we use this 150KW load also, flow = 120 l/min ?
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At K=0.8, Delta T across collector always ~32F delta T



Comparison

32 delta F
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Comparison – Tesla and Post RDR
Simplified Tesla lcw 

diagram

p

Load low 
delta T

32Fdelta

32Fdelta

Post RDR has 
more components, 
blend delta T

103 KW 
Collector 45.8 KW 

Collector
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Comparison – Tesla and Post RDR
Simplified Tesla lcw 

diagram

p
Change to low flow-high delta T

60

31Fdelta

60 
deltaF

31Fdelta

161.7 F 155 F
If use 150KW at K=0.8, 
fl 120 l/ i ith
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flow =120 l/min, with 
modified circulator/ 
loads, 



Comparison – Tesla and Post RDR
Simplified Tesla lcw 

diagram

p
Change to low flow-high delta T

23.25 gpm

60

31Fdelta

60 
deltaF

31Fdelta

161.7 F 155 F
For 45.8 KW collector, system delta T= 30 F
For 150 KW collector, system delta T=60F
Delta T = Total RF Heat Load (BtuH) / (500 * gpm flow)

1-1/2" 1-1/2" pipe main to one rf
23.3 23.3 gpm main to one rf

30 60 delta T system
102 204 KW total
45.8 150 KW collector
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e ta ota eat oad ( tu ) / (500 gp o )
pipe main already consider this, just need to add 
feedback piping loop, and ensure Heat rejection design 
for the higher load

36.64 120 l/min collector
9.7 31.7 gpm collector
32 32 delta T F collector



Specific V.E. List

•About 50+ list from V E in Nov 2007 List from value

POST RDR

About 50+ list from V.E. in Nov 2007, List from value 
engineering sessions in Nov 2007. Some appear to 
have real good cost reduction potentials.

•Talks located in 
h //il d li llid / f Di lhttp://ilcagenda.linearcollider.org/conferenceDisplay.py
?confId=2328

•Description of each list, but no detailed evaluation no 
pros/cons and cost impact evaluation done yetpros/cons and cost impact evaluation done yet

•Color coded
Red=Marc selected on Dec 4 2007
Yellow=potential VE but not necessarily cost p y
reduction?
Green= by others (HLRF), not 
CFS
Gray=ignore
White=not sure

•Further effort stopped on Dec 18 07
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Specific V.E. ListPOST RDR
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Specific V.E. ListPOST RDR

Provide one high efficiency cogen power / cooling plant on site and 
di t ib t d 33 d F hill d t th h t th

Some VE list variations of this

distribute power and 33 degree F chilled water throughout the 
facility, remove the power generation and Chilling cost from 
the project cost, by using alternative financing mechanism 

(e.g. ESPC, etc.) to transfer the construction costs of cogeneration ( g , ) g
to the project’s future operating cost stream (without increase) 

where it can be amortized out of energy cost savings, thus 
practically eliminating the current costs for utility plants from 

the project construction In other countries the ESPC concept mightthe project construction. In other countries the ESPC concept might 
likely be replicated through investment loans. This idea would provide 

a centralized cogeneration plant at the central site with 
distribution throughout the tunnel. The cogeneration plant could 

likely provide cooling for the cryogenic, chilled water and 
process water systems and heat for desiccant dehumidifier regeneration, 

in addition to electrical power for the accelerator. Plant operation 
and maintenance is typically handled by the ESPC contractor
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and maintenance is typically handled by the ESPC contractor 
and is also paid for out of the energy cost savings stream.



Specific V.E. ListPOST RDR

Maintain reasonable (even lower) tunnel temperature to increase operating 
efficiency, extend equipment life, and improve operating environment.

This VE item quoted impact of high ambient temperature involving electronicq p g p g
equipment of various grades of construction (Hardy,Average and weak), and the

Corresponding loss of equipment life. Another is the energy loss associated 
with electrical resisitivity of conductors in distribution and equipment.
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Specific V.E. ListPOST RDR

Use process water only as primary rejection. 
Eliminate Chilled water system by usingEliminate Chilled water system by using 

multiple compressorized Fan coil (heat pump) 
to maintain 85F space
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Specific V.E. ListPOST RDR

Eliminate process water by usingEliminate process water by using 
chilled water only 

as primary rejection
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Specific V.E. List

Red Item (Marc’s selection from VE list)

Eliminate chilled water, use process water only for 
heat rejection

Consider using 30F water Delta T in RF

Warmer tunnel temperature to 104F during operation andWarmer tunnel temperature to 104F during operation and 
local cool during maintenance

Consider low mineral content water instead of LCWConsider low mineral content water instead of LCW

Consider using plastic pipe instead of steel/stainless steel
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ACTUAL Marc Dec 4 2007 VE list
Evaluate Shaft 7 cost based on following selected list

Cost Reduction = ?
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ACTUAL Marc Dec 4 2007 VE list
Evaluate Shaft 7 cost based on following selected list

Variation: as high as 
possible???Cost Reduction = ?
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ACTUAL Marc Dec 4 2007 VE list
Evaluate Shaft 7 cost based on following selected list

TBD

85

Variation: Replace w 
compressorized 
fancoils maintain 85F

Cost Reduction = ?
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fancoils, maintain 85F



ACTUAL Marc Dec 4 2007 VE list
Evaluate Shaft 7 cost based on following selected list

Cost Reduction = ?
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Summary
Post RDR effort (Nov & Dec 2007) =updating HLRF heat table, delta T, value engineering session.
started investigating with HLRF low flow-high delta T “Load

The number of suggestions (VE list one water system learning from tesla/xfel etc) should result toThe number of suggestions (VE list, one water system, learning from tesla/xfel etc) should result to 
improvement and cost reduction!, but by how much? who’s costing? No effort time??

I think chilled water “only” scheme (as suggested in VE list) should at least be considered / eva;uated 
to find out “first cost” impact unless the “heat load to air” in bedrock tunnel scheme is reducedto find out first cost  impact, unless the heat load to air  in bedrock tunnel scheme is reduced 
much much further 

From Oct GDE, it appear that heat Loads and requirement from other area system appear to be
changing increasing and tolerance tightening so Requirement/criteria agreed by PM and areachanging, increasing and tolerance tightening, so  Requirement/criteria agreed by PM and area 
system will be important

Getting requirement/criteria is difficult,.. getting something that is agreed upon by the majority is 
more difficult and it will probably take a while to get this For future detailed work (edr??) itmore difficult, and it will probably take a while to get this.. For future detailed work (edr??).. it 
would be helpful to get what criteria/ requirement will be used as basis …
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