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OutlineOutline

• Introduction
• Heat Loads (Total Main Linac only)Heat Loads (Total, Main Linac only)

• Conceptual Design
• Previous “Cost Reduction” Items
• Items going forward (criteria/heat load delta T)• Items going forward (criteria/heat load, delta T)

• Summary
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Introduction
Some non-conventional abbreviations used
• RDR (Reference Design Report)

-work done between ~Mar 2006 to Nov 2006

• EDR (Engineering Design Report)
-work to be performed from Oct 2007 to Mid 2010?

• Various Area in the machine
– BDS (Beam Delivery System)

p 7

( y y )
– DR (Damping Ring)
– ML (Main Linac)
– IR (Interaction Region)
– RTML (Ring To Main Linac)

l l d• CFS (Conventional Facility and Siting)
-our group (civil, electrical, hvac, process water, safety, survey)
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Introduction

•Machine is expected to run all season of the year

ML

• What are the heat producing equipment to water/air?
DR
MagnetsML 

RF equipment

e- (electron side) e+ (positron side)

g
RF Equipment
Power Supplies

BDS
Magnets

RTML
Magnets

Sources
?magnets?
P li

IR
?detector 

t ?

Others
AC Transformers

Magnets
Power Supplies
Water Dump

RF Equipment
Power Supplies
Water Dump

Power supplies components?
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Introduction

•Machine is expected to run all season of the year

ML

DR
Magnets

• What are the heat producing equipment to water/air?

ML 
RF equipment

e- (electron side) e+ (positron side)

FOCUS
g

RF Equipment
Power Supplies

BDS
Magnets

RTML
Magnets

Sources
?magnets?
P li

IR
?detector 

t ?

Others
AC Transformers

Magnets
Power Supplies
Water Dump

RF Equipment
Power Supplies
Water Dump

Power supplies components?

Remove Equipment
Heat (to Water/Air)
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Introduction

RDR EDR
We’re here

Perspective

RDR EDR
Criteria GatheringCosting No work done-this period Design/Costing

Nov 2006 Sep 2007 Mar 2008??Jun 2006

Changes/ reviews reviews

Status
•Cooling infrastructure in RDR was conceptual, and very little on paper. 
•Criteria and heat loads were incomplete Most only have total KW (use scaling•Criteria and heat loads were incomplete. Most only have total KW (use scaling 
approach)
•Still need to layout/conceptualize LCW water system, establish other heat load 

l d d l d f lcomponents in service tunnel, get updated loads, firm up environmental criteria.
•Various Cost reduction sessions
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Heat Loads

THERMAL LOAD USED (in MW) (..and still changing….) Updated Nov 27  2006 CFS ( ) ( g g ) p
Area System LCW Chilled Water Total
SOURCES e- 2.88 1.42 4.300
SOURCES e+ 17 48 5 33 22 810SOURCES e+ 17.48 5.33 22.810

DR e- 8.84 0.92 9.762
DR e+ 8.84 0.92 9.762
RTM 10 89RTML 9.25 1.34 10.589

MAIN LINAC 56.00 21.06 77.056
BDS 10.29 0.98 11.272

DUMPS 36 0 36.000
150 32 182IR = None

SEE SEPARATE LARGE PRINTOUT
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Heat LoadsThese are the RF 
equipment

SEE SEPARATE 
LARGE PRINTOUT

Low Conductivity Water (LCW)

LARGE PRINTOUT

Heat Table dated 
11/27/06 –
used in RDR

Current Heat Table 
(dated 10/31/07)-
ongoingg g

E Huedem, Nov 27 2007 8LCW/Process Water Load is about 100 KW per RF (RDR)
Racks require separate cold water system



KLYSTRON 
SOCKET 

PULSE 
CONV

TRANS-
KLYSTRON 
SOLENOID

KLYSTRON 
BODY/ 
WINDOW

KLYSTRON  
COLLECTOR

TANK/GUN

RF TRANS-
FORMER

CHARGING 
SUPPLY

TRANSFORMER
FORMERSERVICE TUNNEL

SOLENOID WINDOW

MODULATOR

ATTENUATOR

WAVEGUIDE

ATTENUATOR

BEAM TUNNEL

24 LOADS AND 26 CIRCULATORS

Plan View of ONE ML RF UNIT used in RDR
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Design Constraints
Surface Plant Locations 13

11 7 5 3

BDSRTML

Surface Plant Locations

Tunnel Depth

13

1.0ML

DR
~ 5 Km

St t
Tunnel about 450 ft depth

ELECTRON SIDE

Start 
of ML

8
DR

2

BDS

4
RTML

8
6

ML

12

E Huedem, Nov 27 2007 10POSITRON SIDE
12



No of RF UNIT used in RDR for MAIN LINAC only
13

11 7 5 3

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

13

1.04 4 5 5 4

104 RF 114 RF
+ 50% of e plus load

64 RF

BDS

DR
St t + 50% of e-plus load + 50% of e-plus load

ELECTRON SIDE

Start 
of ML

560 RF for ML !

8
DR

560 RF for ML !

2

BDS

4
RTML

8
6

40 RF64 RF54 RF56 RF64 RF

104 RF64 RF 110 RF
+ e-minus load12
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 e minus load
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No of RF UNIT used in RDR for MAIN LINAC only
13FOCUS

7 5 3

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

13

1.0

FOCUS

on RDR

4 4 5 5 4

104 RF 114 RF
+ 50% of e plus load

64 RF

BDS

DR
St t + 50% of e-plus load + 50% of e-plus load

ELECTRON SIDE

Start 
of ML

8
DR

2

BDS

4
RTML

8
6

40 RF64 RF54 RF56 RF64 RF

104 RF64 RF 110 RF
+ e-minus load12
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 e minus load

POSITRON SIDE
12
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263263

190

279

190
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78F Wet Bulb
Basic Design Concept in RDR

Cooling 
Tower

Chiller

Use Shaft 7

Pumps

85F 
Process 
Water

Chiller

There are 104 RF 
stations served by 
Shaft 7

Heat 
Exchangers 
(Cavern)

90F Process Water

Each LCW Skid 
Serve 4 RF 95F LCW

Chilled Water

Chilled 
Water 

Pump/
HX Serve 4 RF 95F LCW

Fan 
Coil

To RF system 
components. 
No detailed 

Service Tunnel
skid for 
racks

Constant Flow

equipment info 
during RDR. 

Assumed  
average plant 

BeamTunnel

E Huedem, Nov 27 2007 14

20 delta F
during RDR



78F Wet Bulb
Basic Design Concept in RDR

Cooling 
Tower

Chiller

Use Shaft 7

Pumps

85F 
Process 
Water

Chiller

There are 104 RF 
stations served by 
Shaft 7

Heat 
Exchangers 
(Cavern)

90F Process Water

Each LCW Skid 
Serve 4 RF 95F LCW

Chilled Water

Chilled 
Water 

Pump/
HX Serve 4 RF 95F LCW

Fan 
Coil

To RF system 
components. 
No detailed 

Service Tunnel
skid for 
racks

Constant Flow

equipment info 
during RDR. 

Assumed  
average plant 

BeamTunnel Since Sep 07, for EDR, get as  much 
info, and evaluate to get  HIGH DELTA T

(started-see later slides)
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20 delta F
during RDR



Basic Design Concept in RDR

10.4 MW 
(2,956 Ton)

x 26 skids x 26  qty

E Huedem, Nov 27 2007 16
Water Plant at Shaft 7



Cooling Tower

Used BAC (BaltimoreAircoil) HXV Closed Circuit Tower in RDR

Increase
Ambi
ent

Leaving 
Water

Approach Fan HP 
per unit

Increase 
in Cost 

Increase 
in Weight 

Increase 
of HP per 

unitunit 
78 85 7 25 0 0 0
78 84 6 30 5% 9% 20%78 84 6 30 5% 9% 20%
78 83 5 37.5 24% 30% 50%

Used 
in 
RDR

78 82 4 45 35% 43% 80%
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Heat Exchanger

Inlet 
Temperat

(F)

Outlet 
Tempera

(F)

Pressur
e Drop 

( i)

Inlet 
Tempera

(F)

Outlet 
Tempera

(F)

Pressur
e Drop 

( i)

Hot Cold
Heat 
load 
MW

Approach 
Temperat

ure F
ure (F) ture (F) (psi) ture (F) ture (F) (psi)

5 5.25      110 90 10 85 105 10
4 5.25      109 89 10 85 105 10
3 5 25 108 88 10 85 105 103 5.25      108 88 10 85 105 10

Approach 
T t

Dimensi Volume 
Increase 
i C t

Increase 
in 

Used Tranter Plate 
Heat Exchanger in

92"H x 

Temperat
ure F on Size (Cu ft)

in Cost 
%

Volume 
%

Heat Exchanger in 
RDR

Used 
in 

5 35"W x 
118"L

220 0% 0%

4  ? 16%
RDR

4

3
115"H x 
35"W x 
148"L

345 57% 58%

E Huedem, Nov 27 2007 18
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About RDR CostsAbout RDR Costs

•Approach: estimated cooling infrastructure at Shaft 7, and other areas were pp g 7,
scaled (full & partial) depending on the total heat loads

•CFS cost is about ?? % of the whole ILC cost

•Process Water is about 15% of the total CFS cost (less if chilled move to HVAC)

•Cost Drivers in Process Water (% of Process Water Cost)

•High Heat Load

•LCW system   38%

•Process Piping   12%

•Chilled Water related items  28% (will be part of HVAC in EDR)
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ML Meeting May 12 2006
Examples of previous various “Cost-Reduction” (not VE) sessions 

Run both tunnel and electronics hotter using 85F tower water supply 

Increase all primary cooling pipe diamters to reduce shaft horsepower

ML Meeting May 12 2006
Can’t due to HX & IL 
wetbulb, 85F amb was 
spec

p y g p p p

Reduce number of cooling skids

Stack heat loads to reduce primary flow and increase delta T Need Component Info

( i )

July to Sep cost/power reduction exercises 2006
Evaluate power usage

(ongoing)

Cut number of skids

Raise delta to klystron collector 2X

R d li i t hill d t R h t l d k t l h l d t i

Need more Info (ongoing)

Reduce or eliminate chilled water usage

Need watt per watt number

Increase all primary cooling pipe diameters to reduce shaft horsepower requirements on 

Ray has watercooled racks, tunnels has load to air

p y g p p p q
water flows.  The pumping costs for the primary cooling loops are larger than desired.

Remove use of deionized water (LCW vs Non-LCW Water) Users against, 100% non-lcw 
not doable
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Examples of previous various “Cost-Reduction” (not VE) sessions 

Caltech Review Oct 9 2007
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Examples of previous various “Cost-Reduction” (not VE) sessions 

Mac Meeting Review Jan 2007

Orsay Cost Review May 2007

Pipe Velocity vs size 
vs HP

Water System Delta T

Need Component Info (ongoing)

E Huedem, Nov 27 2007 22



Cooling Plant  watt* per watt** information (It VARIES!!) Sep 2006                                     
*electrical   **heat removed

Centrifugal chillers (only *no pump, no tower* ) full load (~ 0.55 KW per ton 0.16 watt per watt

Data Centers typical (from Uptime Institute) =  0.55 watt per watt

Packaged Chilled water plant ( from www.tas.com)

Superior (0.7KW/ton) 0.199 watt per watt

Above average (0.85 KW/ton) 0.242 watt per wattTYPICALg ( ) p

Below Average (1.3 KW/ton) 0.370 watt per watt

Inferior (1.6 KW/ton) 0.455 watt per watt

CUB i t ll d (LCW & hill d) 0 242 tt tt

TYPICAL

CUB installed (LCW & chilled) 0.242 watt per watt

Tevatron -installed(mostly LCW to pond from Maurice) 0.18 watt per watt

Main Injector -installed (mostly LCW to pond from Maurice) 0.16 watt per watt

Shaft 7 COMBINED Chilled & process *wag on equipment pressure drop* 

using closed circuit towers (preliminary layout around Sep 2006) 0.17 watt per watt
Shaft 7 process only *wag on equipment pressure drop* 

NO Chilled (preliminary layout around Sep 2006) 0 11 watt per wattNO Chilled (preliminary layout around Sep 2006) 0.11 watt per watt
Shaft 7 chilled only *wag on equipment pressure drop* 

NO process (preliminary layout around Sep 2006) 0.35 watt per watt

Udated Shaft 7 *wag on equipment pressure drop*

E Huedem, Nov 27 2007 23

Udated Shaft 7 *wag on equipment pressure drop* 
using closed circuit towers (RDR conceptt around Nov 2006) TBD watt per watt

e.huedem



To EDR
• Finish criteria / Heat TableFinish criteria / Heat Table
• VE
• Evaluate for High Water Delta T / Pipe Sizes• Evaluate for High Water Delta T / Pipe Sizes
• Update concept design / Refine estimate

E Huedem, Nov 27 2007 24



• Heat Table improvement! Oct 2007, but still incomplete
Oct 31 2007 0.42417 1.49095 2.98193 7 4 4 7 49 95 9 9

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

MAIN LINAC - ELECTRON & POSITRON
to Chilled 

Water

Q i

Heat 
Load to 
W

Max 
Allowabl

e 
T

Supply 
Temp 

( i i
Supply 

T ( C

Delta 
Temper

(C
Water 
Fl (l

Maximu
m 

Allowabl
e 

P

Typical 
(water) 

Acceptabl
e Temp 

V i i

Heat 
Load to 
W

Power 
fraction 

to 
T l

Power to 
T l

e
a
t 
L

Max 
Spac

e 
Tem

keith Jobe load to air 
Nov 22 06

To Air 
(chilled 

To Low Conductivity Water

Components
Quantity 
Per 36m Location

Water 
(KW)

Tempera
ture ( c) 

(variatio
n)  (  C  )

Temp (  C 
)

ature (C 
delta)

Flow (l 
/ min)

Pressure 
(Bar)

pressure 
drop Bar

Variation 
delta C

Water 
(KW)

Tunnel 
Air (0-1)

Tunnel 
Air (KW)

o
a

p     
( C )

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

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  85 
F

Klystron Collector 1/36 m Service Tunnel 45.8 87

38 
(inlet 

temp 25 
to 63)

18 37 15 0.3 n/a

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 N/A N/A N/A N/A N/A N 11 5 -0 2 -1 5

0.0 1.4

F (a)

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  

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
load

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

l l d i hill d i i l KW l d b h ll d
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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  



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

Shigeki (check min Flow?)3 7 4 4 7 49 95 9 9

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

MAIN LINAC - ELECTRON & POSITRON
to Chilled 

Water

Q i

Heat 
Load to 
W

Max 
Allowabl

e 
T

Supply 
Temp 

( i i
Supply 

T ( C

Delta 
Temper

(C
Water 
Fl (l

Maximu
m 

Allowabl
e 

P

Typical 
(water) 

Acceptabl
e Temp 

V i i

Heat 
Load to 
W

Power 
fraction 

to 
T l

Power to 
T l

e
a
t 
L

Max 
Spac

e 
Tem

keith Jobe load to air 
Nov 22 06

To Air 
(chilled 

To Low Conductivity Water

Cassell??

Components
Quantity 
Per 36m Location

Water 
(KW)

Tempera
ture ( c) 

(variatio
n)  (  C  )

Temp (  C 
)

ature (C 
delta)

Flow (l 
/ min)

Pressure 
(Bar)

pressure 
drop Bar

Variation 
delta C

Water 
(KW)

Tunnel 
Air (0-1)

Tunnel 
Air (KW)

o
a

p     
( C )

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  Jensen

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

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  85 
F

Klystron Collector 1/36 m Service Tunnel 45.8 87

38 
(inlet 

temp 25 
to 63)

18 37 15 0.3 n/a

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 N/A N/A N/A N/A N/A N 11 5 -0 2 -1 5

0.0 1.4

F (a)

Shigeki

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  

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
load

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

l l d i hill d i i l KW l d b h ll d Chris Nantista
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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?



Waveguide Heat of ONE RF UNIT (Oct 4 2007)

KLYSTRON MODULATOR

LLRFAt Service Tunnel 
(to air -load to 
fancoil) = 1 17KW

Assume issue with 
mixing air between

TUNNEL 
PENETRATION

ATTENUATORS

fancoil) = 1.17KW

At Penetration 
(water) = 0.676KW?

mixing air between 
tunnel, watercooled 
waveguide in the 
penetration by???

Sealed

PENETRATION

At Beam Tunnel 
(to air )= 5.9KW*

*if the straight run of waveguide in beam 
tunnel are watercooled, the remaining load 
to air becomes 5 4KW

Sealed

to air becomes 5.4KW

Heat Loss from Cryo ~5w/m (T.Peterson) ~(-0.18KW)

Heat Loss from RockWall ignored

Heat Loss (Air )  ~38 w/m ~(-1.3 KW) 
*15F delta T air at 2 5Km

See HVAC slides
later, for option of
aircooled wavgd15F delta T air at 2.5Km

Heat Gain (Waveguide)  = 5.9 KW ~ +5.9 KW

--------------------------------------------- ----------------

NET LOAD t AIR (b t l) + 4 42 KW

aircooled wavgd
at penetration &

about rock contrbtion

E Huedem, Nov 27 2007 27

NET LOAD to AIR (beam tunnel) + 4.42 KW

cn eh  Oct 4 2007



Use Shaft 778F Wet Bulb

High Delta T Impact– Process Water only

Cooling 
Tower

Use Shaft 7
Equipment

85F 
Process 
Water

Other piping ~ 4% of 
Process water cost

Heat 
Exchangers 
(Cavern)

Tunnel Header ~ 8% of 
Process water cost

Each LCW Skid 
Serve 4 RF 95F LCWServe 4 RF 95F LCW

To RF system 
components. 
No detailed 

Service Tunnel

equipment info 
during RDR. 

Assumed 20 
delta F during 

BeamTunnel Immature LCW in RDR: 
need to layout
and understand

t i t

E Huedem, Nov 27 2007 28

RDR cost impact



Use Shaft 778F Wet Bulb

High Delta T Impact– Process Water only

Cooling 
Tower

Use Shaft 7
Equipment

85F 
Process 
Water

Other piping ~ 4% of 
Process water cost

Samples on 
next few 
slides

Heat 
Exchangers 
(Cavern)

Tunnel Header ~ 8% of 
Process water cost

s des

Each LCW Skid 
Serve 4 RF 95F LCW

Chilled Water

Serve 4 RF 95F LCW

To RF system 
components. 
No detailed 

Service Tunnel

equipment info 
during RDR. 

Assumed 20 
delta F during 

BeamTunnel Immature LCW in RDR: 
need to layout
and understand

t i t
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RDR cost impact



• Tunnel Pipe Sizes Reasonable Balance between increased pumping hp, piping first cost, noise/vibration.
Process Water PIPE SIZE - SHAFT 7 Nov 27 2006 ehProcess Water PIPE SIZE  SHAFT 7 Nov 27 2006 eh
No of RF water skid Per Plant 26 there are 128 RF in Shaft 7 , but 1 skid serves 6 RF

No of RF = 104, total KW per Skid 400 KW 113.798 10400 S. Fukuda  Adjusted email 4
Supply Temp (process Water) 90 F S. Fukuda M 10348

Delta  T (water) 20 F M. Ball discussion (realistic #
One Plant Serves 5 Km 21.92982
Flow per LCW skid Unit 137 gpm 68.27881
Plant Size (MW) 10.4 MW 1497.342
Plant Size (Ton) 2959 Ton 10.96491( )
Pipe/Pump Sizing from Cavern to Skid at  20 delta F Delta T F 1775.2489 37.95m x 4

FLOW Pipe SIZE Velocity press drop press drop
gpm fps ft/100 ft 118

1 137 4" 3.45 1.12 5.577 497.97
2 273 6" 3.03 0.53 2.639 497.97
3 410 6" 4.55 1.14 5.677 497.97
4 546 6" 6.06 1.95 9.710 497.97
5 683 8" 4.36 0.75 3.735 497.97
6 819 8" 5.23 1.06 5.278 497.97

pipe length (ft) 
between skidPipe Segment between Skid

7 956 8" 6.1 1.43 7.121 497.97
8 1092 8" 7.01 1.84 9.163 497.97
9 1229 10" 4.97 0.73 3.635 497.97

10 1366 10" 5.53 0.89 4.432 497.97
11 1502 10" 6.08 1.07 5.328 497.97
12 1639 12" 4.67 0.53 2.639 497.97
13 1775 12" 5.06 0.69 3.436 497.97

14) Main Piping to HX cavern-supply/return 3550 14" 8.42 1.42 4.26 300
23.1 ft
23 1 ft

HX atCavern (pressure drop ) assume ~ 10psid
HX at Skid (press re drop) ass me 10 psid 23.1 ft

4.26
13.9 ft
68.4 ft

136.7 ft
Add 20 elbows 14" (23 equiv ft each) - wag  14" 8.42 1.42 6.532 460.0

207.6 ft
Add 10% wag for misc accessories 228.4 ft
Press Head pump in psi   98.9 psi
calculated BHP @ 65 effy for one pump 315 BHP

HX at Skid (pressure drop) assume ~ 10 psid

total supply & return pipe friction + 2 HXs + Valve+ Elbow press drop

Main Piping at HX cavern (supply & return)- item 14 above
Control valve at skid (pressure drop) assume~6psid
subtotal Supply pipe friction - item 1 to 13
Subtotal Piping Supply & return pipe friction - double above item

calculated BHP @ 65 effy for one pump 315 BHP
calculated BHP @ 65 effy for two pumps 157 BHP
PIPING header only & INSULATION COST FOR ProcessWaterSTEEL PIPING (ignore fittings cost) Means 2006

20 delta T F Length Unit Steel Sch40 Total Stl
Pipe Header 14" 1200 300 LF 174.00$     52,200$         
Pipe Header 12" 3983.757 3983.757  LF 200.00$     796,751$       
Pipe Header 10" 5975.635 5975.635 LF 165.00$     985,980$       
Pipe Header 8" 7967.514 7967.514 LF 109.00$     868,459$       
Pipe Header 6" 5975 635 5975 635 LF 80 00$ 478 051$Pipe Header 6 5975.635 5975.635 LF 80.00$      478,051$      
Pipe Header 4" 1991.878 1991.878 LF 48.00$       95,610$         
Pipe Header 3" 0 0 LF 38.50$       -$               
Pipe Header 2-1/2" 0 0 LF 34.00$      -$              
Pipe Header 14" insulation return 1.5" 150 LF 20.00$       3,000$           
Pipe Header 12" insulation return 1.5" 1991.878 LF 18.30$       36,451$         
Pipe Header 10" insulation return 1.5" 2987.818 LF 16.75$       50,046$         
Pipe Header 8" insulation return 1.5" 3983.757 LF 15.15$       60,354$         
Pipe Header 6" insulation retirn 1.5" 2987.818 LF 11.85$       35,406$         
Pipe Header 4" insulation retur 1.5" 995.9392 LF 9.50$        9,461$          
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p $ ,$
Pipe Header 3" insulation return 1.5" 0 LF 8.05$         -$               
Pipe Header 2-1/2" insulation return 1.5" 0 LF 7.60$        -$              

piping main in tunnel= 3,471,769$



• Tunnel Pipe Sizes Reasonable Balance between increased pumping hp, piping first cost, noise/vibration.
Process Water PIPE SIZE - SHAFT 7 Nov 27 2006 eh
No of RF water skid Per Plant 26 th 128 RF i Sh ft 7 b t 1 kid 6 RFNo of RF water skid Per Plant 26 there are 128 RF in Shaft 7 , but 1 skid serves 6 RF

No of RF = 104, total KW per Skid 400 KW 113.798 10400 S. Fukuda  Adjusted email 4
Supply Temp (process Water) 90 F S. Fukuda M 10348

Delta  T (water) 20 F M. Ball discussion (realistic #
One Plant Serves 5 Km 21.92982
Flow per LCW skid Unit 137 gpm 68.27881
Plant Size (MW) 10.4 MW 1497.342
Plant Size (Ton) 2959 Ton 10.96491
Pipe/Pump Sizing from Cavern to Skid at 20 delta F Delta T F 1775 2489 37 95m x 4

RDR but higher 
pipe velocity

Pipe/Pump Sizing from Cavern to Skid at  20 delta F Delta T F 1775.2489 37.95m x 4
FLOW Pipe SIZE Velocity press drop press drop
gpm fps ft/100 ft 118

1 137 2-1/2" 9.18 12.9 64.238 497.97
2 273 4" 6.88 4.08 20.317 497.97
3 410 4" 10.33 8.88 44.220 497.97
4 546 6" 6.06 1.95 9.710 497.97
5 683 6" 7.59 2.98 14.839 497.97
6 819 6" 9.1 4.22 21.014 497.97
7 956 8" 6 1 1 43 7 121 497 97

pipe length (ft) 
between skidPipe Segment between Skid

7 956 8 6.1 1.43 7.121 497.97
8 1092 8" 7.01 1.84 9.163 497.97
9 1229 8" 7.89 2.3 11.453 497.97

10 1366 8" 8.77 2.82 14.043 497.97
11 1502 8" 9.64 3.38 16.831 497.97
12 1639 10" 6.66 1.27 6.324 497.97
13 1775 10" 7.22 1.48 7.370 497.97

14) Main Piping to HX cavern-supply/return 3550 12" 10.18 2.31 6.93 300
23.1 ft
23.1 ft

HX atCavern (pressure drop ) assume ~ 10psid
HX at Skid (pressure drop) assume ~ 10 psid 3

6.93
13.9 ft

246.6 ft
493.3 ft

Add 20 elbows 12" (19 equiv ft each) - wag  12" 10.18 2.31 8.778 380.0
569.1 ft

Add 10% wag for misc accessories 626.0 ft
Press Head pump in psi   271.0 psi
calculated BHP @ 65 effy for one pump 863 BHP

total supply & return pipe friction + 2 HXs + Valve+ Elbow press drop

Main Piping at HX cavern (supply & return)- item 14 above
Control valve at skid (pressure drop) assume~6psid
subtotal Supply pipe friction - item 1 to 13
Subtotal Piping Supply & return pipe friction - double above item

a S d (p essu e d op) assu e 0 ps d

calculated BHP @ 65 effy for two pumps 432 BHP
PIPING header only & INSULATION COST FOR ProcessWaterSTEEL PIPING (ignore fittings cost) Means 2006

20 delta T F Length Unit Steel Sch40 Total Stl
Pipe Header 14" 0 0 LF 174.00$     -$               
Pipe Header 12" 1200 1200  LF 200.00$     240,000$       
Pipe Header 10" 3983.757 3983.757 LF 165.00$     657,320$       
Pipe Header 8" 9959.392 9959.392 LF 109.00$     1,085,574$    
Pipe Header 6" 5975 635 5975 635 LF 80 00$ 478 051$Pipe Header 6 5975.635 5975.635 LF 80.00$      478,051$      
Pipe Header 4" 3983.757 3983.757 LF 48.00$       191,220$       
Pipe Header 3" 0 0 LF 38.50$       -$               
Pipe Header 2-1/2" 1991.878 1991.878 LF 34.00$      67,724$        
Pipe Header 14" insulation return 1.5" 0 LF 20.00$       -$               
Pipe Header 12" insulation return 1.5" 600 LF 18.30$       10,980$         
Pipe Header 10" insulation return 1.5" 1991.878 LF 16.75$       33,364$         
Pipe Header 8" insulation return 1.5" 4979.696 LF 15.15$       75,442$         
Pipe Header 6" insulation retirn 1.5" 2987.818 LF 11.85$       35,406$         
Pipe Header 4" insulation retur 1.5" 1991.878 LF 9.50$        18,923$        
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p $ ,$
Pipe Header 3" insulation return 1.5" 0 LF 8.05$         -$               
Pipe Header 2" insulation return 1.5" 995.9392 LF 7.60$        7,569$          

piping main in tunnel= 2,901,573$



Means 2006 Schedule 40 Welded Steel Pipe CostMeans 2006 Schedule 40 Welded Steel Pipe Cost
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• Tunnel Pipe Sizes Reasonable Balance between increased pumping hp, piping first cost, noise/vibration.
Process Water PIPE SIZE - SHAFT 7 Nov 27 2006 ehNOV 21 2007Process Water PIPE SIZE  SHAFT 7 Nov 27 2006 eh
No of RF water skid Per Plant 26 there are 128 RF in Shaft 7 , but 1 skid serves 6 RF
No of RF = 104, total KW per Skid 400 KW 113.798 10400 S. Fukuda  Adjusted email 4
Supply Temp (process Water) 90 F S. Fukuda M 10348

Delta  T (water) 30 F M. Ball discussion (realistic #
One Plant Serves 5 Km 21.92982
Flow per LCW skid Unit 91 gpm 45.5192
Plant Size (MW) 10.4 MW 998.2281
Plant Size (Ton) 2959 Ton 10.96491

NOV 21 2007

Pipe/Pump Sizing from Cavern to Skid at  20 delta F Delta T F 1775.2489 37.95m x 4
FLOW Pipe SIZE Velocity press drop press drop
gpm fps ft/100 ft 118

1 91 3" 3.95 2.01 10.009 497.97
2 182 4" 4.59 1.9 9.461 497.97
3 273 6" 3.03 0.53 2.639 497.97
4 364 6" 4.04 0.91 4.532 497.97
5 455 6" 5.05 1.38 6.872 497.97
6 546 6" 6.03 1.93 9.611 497.97
7 637 8" 4 09 0 66 3 287 497 97

pipe length (ft) 
between skidPipe Segment between Skid

7 637 8" 4.09 0.66 3.287 497.97
8 728 8" 4.67 0.85 4.233 497.97
9 819 8" 5.23 1.06 5.278 497.97

10 910 8" 5.84 1.3 6.474 497.97
11 1001 8" 6.42 1.56 7.768 497.97
12 1092 8" 7.01 1.84 9.163 497.97
13 1183 10" 4.81 0.69 3.436 497.97

14) Main Piping to HX cavern-supply/return 2367 10" 9.63 2.56 7.68 300
23.1 ft
23.1 ft

HX atCavern (pressure drop ) assume ~ 10psid
HX at Skid (pressure drop) assume ~ 10 psid 23.1 ft

7.68
13.9 ft
82.8 ft

165.5 ft
Add 20 elbows 10" (16 equiv ft each) - wag  10" 9.63 2.56 8.192 320.0

241.5 ft
Add 10% wag for misc accessories 265.6 ft
Press Head pump in psi   115.0 psi
calculated BHP @ 65 effy for one pump 244 BHP

total supply & return pipe friction + 2 HXs + Valve+ Elbow press drop

Main Piping at HX cavern (supply & return)- item 14 above
Control valve at skid (pressure drop) assume~6psid
subtotal Supply pipe friction - item 1 to 13
Subtotal Piping Supply & return pipe friction - double above item

HX at Skid (pressure drop) assume  10 psid

calculated BHP @ 65 effy for two pumps 122 BHP
PIPING header only & INSULATION COST FOR ProcessWaterSTEEL PIPING (ignore fittings cost) Means 2006

30 delta T F Length Unit Steel Sch40 Total Stl
Pipe Header 14" 0 0 LF 174.00$     -$               
Pipe Header 12" 0 0  LF 200.00$     -$               
Pipe Header 10" 3191.878 3191.878 LF 165.00$     526,660$       
Pipe Header 8" 11951.27 11951.27 LF 109.00$     1,302,688$    
Pipe Header 6" 7967.514 7967.514 LF 80.00$       637,401$       

$ $Pipe Header 4" 1991.878 1991.878 LF 48.00$      95,610$        
Pipe Header 3" 1991.878 1991.878 LF 38.50$       76,687$         
Pipe Header 2-1/2" 0 0 LF 34.00$      -$              
Pipe Header 14" insulation return 1.5" 0 LF 20.00$       -$               
Pipe Header 12" insulation return 1.5" 0 LF 18.30$       -$               
Pipe Header 10" insulation return 1.5" 1595.939 LF 16.75$       26,732$         
Pipe Header 8" insulation return 1.5" 5975.635 LF 15.15$       90,531$         
Pipe Header 6" insulation retirn 1.5" 3983.757 LF 11.85$       47,208$         
Pipe Header 4" insulation retur 1.5" 995.9392 LF 9.50$         9,461$           
Pipe Header 3" insulation return 1 5" 995 9392 LF 8 05$ 8 017$
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Pipe Header 3  insulation return 1.5 995.9392 LF 8.05$        8,017$          
Pipe Header 2" insulation return 1.5" 0 LF 7.60$        -$              

piping main in tunnel= 2,820,996$



• Tunnel Pipe Sizes Reasonable Balance between increased pumping hp, piping first cost, noise/vibration.
Process Water PIPE SIZE - SHAFT 7 Nov 27 2006 ehNOV 21 2007Process Water PIPE SIZE  SHAFT 7 Nov 27 2006 eh
No of RF water skid Per Plant 26 there are 128 RF in Shaft 7 , but 1 skid serves 6 RF

No of RF = 104, total KW per Skid 400 KW 113.798 10400 S. Fukuda  Adjusted email 4
Supply Temp (process Water) 90 F S. Fukuda M 10348

Delta  T (water) 30 F M. Ball discussion (realistic #
One Plant Serves 5 Km 21.92982
Flow per LCW skid Unit 91 gpm 45.5192
Plant Size (MW) 10.4 MW 998.2281
Plant Size (Ton) 2959 Ton 10.96491

NOV 21 2007

( )
Pipe/Pump Sizing from Cavern to Skid at  20 delta F Delta T F 1775.2489 37.95m x 4

FLOW Pipe SIZE Velocity press drop press drop
gpm fps ft/100 ft 118

1 91 2-1/2" 5.92 6.1 30.376 497.97
2 182 3" 7.9 7.41 36.900 497.97
3 273 4" 6.88 4.08 20.317 497.97
4 364 4" 9.17 7.07 35.206 497.97
5 455 6" 5.05 1.38 6.872 497.97
6 546 6" 6.06 1.95 9.710 497.97

pipe length (ft) 
between skidPipe Segment between Skid

7 637 6" 7.07 2.61 12.997 497.97
8 728 6" 8.09 3.37 16.782 497.97
9 819 6" 9.1 4.22 21.014 497.97

10 910 6" 10.11 5.16 25.695 497.97
11 1001 8" 6.42 1.56 7.768 497.97
12 1092 8" 7.01 1.84 9.163 497.97
13 1183 8" 7.59 2.14 10.657 497.97

14) Main Piping to HX cavern-supply/return 2367 10" 9.63 2.56 7.68 300
23.1 ft
23 1 ft

HX atCavern (pressure drop ) assume ~ 10psid
HX at Skid (press re drop) ass me 10 psid 23.1 ft

7.68
13.9 ft

243.5 ft
486.9 ft

Add 20 elbows 10" (16 equiv ft each) - wag  10" 9.63 2.56 8.192 320.0
562.8 ft

Add 10% wag for misc accessories 619.1 ft
Press Head pump in psi   268.0 psi
calculated BHP @ 65 effy for one pump 569 BHP

HX at Skid (pressure drop) assume ~ 10 psid

total supply & return pipe friction + 2 HXs + Valve+ Elbow press drop

Main Piping at HX cavern (supply & return)- item 14 above
Control valve at skid (pressure drop) assume~6psid
subtotal Supply pipe friction - item 1 to 13
Subtotal Piping Supply & return pipe friction - double above item

calculated BHP @ 65 effy for one pump 569 BHP
calculated BHP @ 65 effy for two pumps 285 BHP
PIPING header only & INSULATION COST FOR ProcessWaterSTEEL PIPING (ignore fittings cost) Means 2006

30 delta T F Length Unit Steel Sch40 Total Stl
Pipe Header 14" 0 0 LF 174.00$     -$               
Pipe Header 12" 0 0  LF 200.00$     -$               
Pipe Header 10" 1200 1200 LF 165.00$     198,000$       
Pipe Header 8" 5975.635 5975.635 LF 109.00$     651,344$       
Pipe Header 6" 11951 27 11951 27 LF 80 00$ 956 102$Pipe Header 6 11951.27 11951.27 LF 80.00$      956,102$      
Pipe Header 4" 3983.757 3983.757 LF 48.00$       191,220$       
Pipe Header 3" 1991.878 1991.878 LF 38.50$       76,687$         
Pipe Header 2-1/2" 1991.878 1991.878 LF 34.00$      67,724$        
Pipe Header 14" insulation return 1.5" 0 LF 20.00$       -$               
Pipe Header 12" insulation return 1.5" 0 LF 18.30$       -$               
Pipe Header 10" insulation return 1.5" 600 LF 16.75$       10,050$         
Pipe Header 8" insulation return 1.5" 2987.818 LF 15.15$       45,265$         
Pipe Header 6" insulation retirn 1.5" 5975.635 LF 11.85$       70,811$         
Pipe Header 4" insulation retur 1.5" 1991.878 LF 9.50$        18,923$        
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p $ ,$
Pipe Header 3" insulation return 1.5" 995.9392 LF 8.05$         8,017$           
Pipe Header 2" insulation return 1.5" 995.9392 LF 7.60$        7,569$          

piping main in tunnel= 2,301,713$



• Tunnel Pipe Sizes Reasonable Balance between increased pumping hp, piping first cost, noise/vibration.
Process Water PIPE SIZE - SHAFT 7 Nov 27 2006 ehNOV 21 2007Process Water PIPE SIZE  SHAFT 7 Nov 27 2006 eh
No of RF water skid Per Plant 26 there are 128 RF in Shaft 7 , but 1 skid serves 6 RF

No of RF = 104, total KW per Skid 400 KW 113.798 10400 S. Fukuda  Adjusted email 4
Supply Temp (process Water) 90 F S. Fukuda M 10348

Delta  T (water) 40 F M. Ball discussion (realistic #
One Plant Serves 5 Km 21.92982
Flow per LCW skid Unit 68 gpm 34.1394
Plant Size (MW) 10.4 MW 748.6711
Plant Size (Ton) 2959 Ton 10.96491

NOV 21 2007

( )
Pipe/Pump Sizing from Cavern to Skid at  20 delta F Delta T F 1775.2489 37.95m x 4

FLOW Pipe SIZE Velocity press drop press drop
gpm fps ft/100 ft 118

1 68 3" 3.42 4.56 22.707 497.97
2 137 4" 3.45 1.12 5.577 497.97
3 205 4" 5.17 2.37 11.802 497.97
4 273 6" 3.03 0.53 2.639 497.97
5 341 6" 3.79 0.8 3.984 497.97
6 410 6" 4.55 1.14 5.677 497.97

pipe length (ft) 
between skidPipe Segment between Skid

7 478 6" 5.31 1.52 7.569 497.97
8 546 6" 6.03 1.93 9.611 497.97
9 615 6" 6.83 2.44 12.150 497.97

10 683 8" 4.36 0.75 3.735 497.97
11 751 8" 4.82 0.9 4.482 497.97
12 819 8" 5.23 1.06 5.278 497.97
13 888 8" 5.70 1.24 6.175 497.97

14) Main Piping to HX cavern-supply/return 1775 10" 7.22 1.48 4.44 300
23.1 ft
23 1 ft

HX atCavern (pressure drop ) assume ~ 10psid
HX at Skid (press re drop) ass me 10 psid 23.1 ft

4.44
13.9 ft

101.4 ft
202.8 ft

Add 20 elbows 12" (19 equiv ft each) - wag  10" 7.22 1.48 5.624 380.0
272.9 ft

Add 10% wag for misc accessories 300.2 ft
Press Head pump in psi   130.0 psi
calculated BHP @ 65 effy for one pump 207 BHP

HX at Skid (pressure drop) assume ~ 10 psid

total supply & return pipe friction + 2 HXs + Valve+ Elbow press drop

Main Piping at HX cavern (supply & return)- item 14 above
Control valve at skid (pressure drop) assume~6psid
subtotal Supply pipe friction - item 1 to 13
Subtotal Piping Supply & return pipe friction - double above item

calculated BHP @ 65 effy for one pump 207 BHP
calculated BHP @ 65 effy for two pumps 104 BHP
PIPING header only & INSULATION COST FOR ProcessWaterSTEEL PIPING (ignore fittings cost) Means 2006

40 delta T F Length Unit Steel Sch40 Total Stl
Pipe Header 14" 0 0 LF 174.00$     -$               
Pipe Header 12" 0 0  LF 200.00$     -$               
Pipe Header 10" 1200 1200 LF 165.00$     198,000$       
Pipe Header 8" 7967.514 7967.514 LF 109.00$     868,459$       
Pipe Header 6" 11951 27 11951 27 LF 80 00$ 956 102$Pipe Header 6 11951.27 11951.27 LF 80.00$      956,102$      
Pipe Header 4" 3983.757 3983.757 LF 48.00$       191,220$       
Pipe Header 3" 1991.878 1991.878 LF 38.50$       76,687$         
Pipe Header 2-1/2" 0 0 LF 34.00$      -$              
Pipe Header 14" insulation return 1.5" 0 LF 20.00$       -$               
Pipe Header 12" insulation return 1.5" 0 LF 18.30$       -$               
Pipe Header 10" insulation return 1.5" 600 LF 16.75$       10,050$         
Pipe Header 8" insulation return 1.5" 3983.757 LF 15.15$       60,354$         
Pipe Header 6" insulation retirn 1.5" 5975.635 LF 11.85$       70,811$         
Pipe Header 4" insulation retur 1.5" 1991.878 LF 9.50$        18,923$        
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p $ ,$
Pipe Header 3" insulation return 1.5" 995.9392 LF 8.05$         8,017$           
Pipe Header 2" insulation return 1.5" 0 LF 7.60$        -$              

piping main in tunnel= 2,458,624$



• Tunnel Pipe Sizes Reasonable Balance between increased pumping hp, piping first cost, noise/vibration.
Process Water PIPE SIZE - SHAFT 7 Nov 27 2006 ehNOV 21 2007Process Water PIPE SIZE  SHAFT 7 Nov 27 2006 eh
No of RF water skid Per Plant 26 there are 128 RF in Shaft 7 , but 1 skid serves 6 RF

No of RF = 104, total KW per Skid 400 KW 113.798 10400 S. Fukuda  Adjusted email 4
Supply Temp (process Water) 90 F S. Fukuda M 10348

Delta  T (water) 40 F M. Ball discussion (realistic #
One Plant Serves 5 Km 21.92982
Flow per LCW skid Unit 68 gpm 34.1394
Plant Size (MW) 10.4 MW 748.6711
Plant Size (Ton) 2959 Ton 10.96491

NOV 21 2007

( )
Pipe/Pump Sizing from Cavern to Skid at  20 delta F Delta T F 1775.2489 37.95m x 4

FLOW Pipe SIZE Velocity press drop press drop
gpm fps ft/100 ft 118

1 68 2-1/2" 4.56 3.41 16.981 497.97
2 137 2-1/2" 9.18 12.9 64.238 497.97
3 205 3" 9.31 8.9 44.319 497.97
4 273 4" 6.88 4.08 20.317 497.97
5 341 4" 8.59 6.24 31.073 497.97
6 410 4" 10.33 8.88 44.220 497.97

pipe length (ft) 
between skidPipe Segment between Skid

7 478 6" 5.31 1.52 7.569 497.97
8 546 6" 6.03 1.93 9.611 497.97
9 615 6" 6.83 2.44 12.150 497.97

10 683 6" 7.59 2.98 14.839 497.97
11 751 6" 8.34 3.57 17.778 497.97
12 819 6" 9.10 4.22 21.014 497.97
13 888 6" 9.86 4.93 24.550 497.97

14) Main Piping to HX cavern-supply/return 1775 10" 7.22 1.48 4.44 300
23.1 ft
23 1 ft

HX atCavern (pressure drop ) assume ~ 10psid
HX at Skid (press re drop) ass me 10 psid 23.1 ft

4.44
13.9 ft

328.7 ft
657.3 ft

Add 20 elbows 12" (16 equiv ft each) - wag  10" 7.22 1.48 4.736 320.0
726.6 ft

Add 10% wag for misc accessories 799.2 ft
Press Head pump in psi   346.0 psi
calculated BHP @ 65 effy for one pump 551 BHP

total supply & return pipe friction + 2 HXs + Valve+ Elbow press drop

Main Piping at HX cavern (supply & return)- item 14 above
Control valve at skid (pressure drop) assume~6psid
subtotal Supply pipe friction - item 1 to 13
Subtotal Piping Supply & return pipe friction - double above item

HX at Skid (pressure drop) assume ~ 10 psid

calculated BHP @ 65 effy for one pump 551 BHP
calculated BHP @ 65 effy for two pumps 276 BHP
PIPING header only & INSULATION COST FOR ProcessWaterSTEEL PIPING (ignore fittings cost) Means 2006

40 delta T F Length Unit Steel Sch40 Total Stl
Pipe Header 14" 0 0 LF 174.00$     -$               
Pipe Header 12" 0 0  LF 200.00$     -$               
Pipe Header 10" 1200 1200 LF 165.00$     198,000$       
Pipe Header 8" 0 0 LF 109.00$     -$               
Pipe Header 6" 13943 15 13943 15 LF 80 00$ 1 115 452$Pipe Header 6 13943.15 13943.15 LF 80.00$      1,115,452$   
Pipe Header 4" 5975.635 5975.635 LF 48.00$       286,830$       
Pipe Header 3" 1991.878 1991.878 LF 38.50$       76,687$         
Pipe Header 2-1/2" 3983.757 3983.757 LF 34.00$      135,448$      
Pipe Header 14" insulation return 1.5" 0 LF 20.00$       -$               
Pipe Header 12" insulation return 1.5" 0 LF 18.30$       -$               
Pipe Header 10" insulation return 1.5" 600 LF 16.75$       10,050$         
Pipe Header 8" insulation return 1.5" 0 LF 15.15$       -$               
Pipe Header 6" insulation retirn 1.5" 6971.574 LF 11.85$       82,613$         
Pipe Header 4" insulation retur 1.5" 2987.818 LF 9.50$        28,384$        
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p $ ,$
Pipe Header 3" insulation return 1.5" 995.9392 LF 8.05$         8,017$           
Pipe Header 2" insulation return 1.5" 1991.878 LF 7.60$        15,138$        

piping main in tunnel= 1,956,620$



Delta T (low velocity) cost reduction bhp reduction

Tunnel Pipe Header Only-shaft 7 (process water only)

Delta T (low velocity) cost reduction bhp reduction
20
30 19% 23%
40 29% 34%

high velocity cost reduction bhp reductionhigh velocity cost reduction bhp reduction
20
30 21% 34%
40 33% 36%

Impact on others

Equipment =?Equipment =?

Other Piping =?

LCW =?LCW ?
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• High DELTA-T 
RDR has incomplete component criteria to evaluate the delta T. 
Used 20Fdelta average for Shaft 7 plant.

LCW 
SKIDS

1 RF 
=100KW

1 RF 
=100KW

1 RF 
=100KW

1 RF 
=100KW

? Pipe 
Distribution ?
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Stacking of Loads / High Delta T

1 RF
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Stacking of Loads / High Delta T

1 RF
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Stacking of Loads / High Delta T

1 RF
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• High DELTA-T 
RDR has incomplete component criteria to evaluate the delta T. 
Used 20Fdelta average for Shaft 7 plant.

LCW 
SKIDS

1 RF 
=100KW

1 RF 
=100KW

1 RF 
=100KW

1 RF 
=100KW

? Pipe 
Distribution ?
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Stacking of Loads / High Delta T

8 liter per 
min per 
loadload

2 RF

SEE SEPARATE LARGE PRINTOUTSEE SEPARATE LARGE PRINTOUT
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Stacking of Loads / High Delta T

3 liter per 
min per 
loadload

2 RF

SEE SEPARATE LARGE PRINTOUTSEE SEPARATE LARGE PRINTOUT
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• Piping implications /more piping?? (work for EDR)Piping implications /more piping?? (work for EDR)
• Flow at Loads/circulators can be reduced??(Help from Chris Nantista of Slac)
• Other missing info (Chris Nantista, Keith, etc)
• Change other low delta T components & compare value?? (Jensen? Maurice?)g p p ( )
• We assume the current numbers are right. How about minimum flow for 

Collector?? (Shigeki working on this with vendors) ..maybe more than what’s 
currently specified (37 liter per min), maybe around ?100?, if so delta T reduced 
unless small pump dedicated to collector (power implication)??unless small pump dedicated to collector (power implication)??
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Summary

Design concept presented (RDR) is preliminary, had  incomplete criteria, BUT 
many cost reduction meetingsmany cost reduction meetings

We’re in the early EDR data/criteria gathering period, (incomplete criteria). 
Showed preliminary iteration with delta T expect many meetingsShowed preliminary iteration with delta T, expect many meetings

Need criteria frozen (not a moving target),and time/resources to actually work on 
this (EDR), and whatever list this VE will generatethis (EDR), and whatever list this VE will generate

continue main focus on FIRST COST REDUCTION???

Hope to see lots of  constructive discussions, and HOPE TO HAVE A PRODUCTIVE 
SESSION

Thank you for your attention.
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