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OUTLINE

• Scope / WBS
• Plant Locations
• Loads
• Scheme for ML, CR, DR, IR
• Airflow scheme / Sump System
• Interfaces
• (Backup Slides/Reference)‐ Load tables from Area systems
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SCOPE:

1.7.3 AIR TREATMENT EQUIPMENT
1.7.3.1 Engineering, study work and documentation

1.7.3.1.1      In-house Engineering
1.7.3.1.2      Outsourced Consultancy Services

 1.7.3.2 HVAC Equipment 
1.7.3.2.1      Ventilation Units - MUA
1.7.3.2.2      Tunnel Fancoils / air handler
1.7.3.2.3      Air-conditioning for General Areas
1.7.3.2.4      Alcoves / Caverns HVAC
1.7.3.2.5      HVAC surface racks
1.7.3.2.6      Surface RF equipment Ventilations

1.7.4 PIPED UTILITIES
1.7.4.1 Engineering, study work and documentation

1.7.4.1.1      In-house Engineering
1.7.4.1.2      Outsourced Consultancy Services

1.7.4.2 Plumbing 
 1.7.4.2.1      Potable Water 

1.7.4.2.2      Sanitary System  
1.7.4.2.3      Sump Systems
1.7.4.2.4      GroundWater Lift  Systems

1.7.4.3 Fire Suppression 
1.7.4.4 Fuel System Distribution

1.7.5 PROCESS (COOLING) WATER
1.7.5.1 Engineering, study work and documentation

1.7.5.1.1      In-house engineering
1.7.5.1.2      Outsourced Consultancy Services

 1.7.5.2 Primary Stations
 1.7.5.2.1      Cooling Towers & Pumping Stations
  1.7.5.2.2      Primary Stations and Piping
 1.7.5.3 Secondary Stations
 1.7.5.3.1      Demineralized Water Stations and Distribution Piping
  1.7.5.3.2      Chilled Water Stations and Distribution Piping
  1.7.5.3.3      Water Stations and Distribution Piping
  1.7.5.3.4      Compressed Air

1.7.5.3.5      Process Water Distribution

1.7.5 PROCESS (COOLING) WATER
1.7.5.1 Engineering, study work and documentation

1.7.5.1.1      In-house engineering
1.7.5.1.2      Outsourced Consultancy Services

 1.7.5.2 Primary Stations
 1.7.5.2.1      Cooling Towers & Pumping Stations

1.7.5.2.1.1 Cooling Towers for Process Water
1.7.5.2.1.2 Cooling Towers for Chiller Water
1.7.5.2.1.3 Tower Pump & Accessories for Process Water
1.7.5.2.1.4 Tower Pump & Accessories for Chiller Water
1.7.5.2.1.5 Chilled Water Pumps
1.7.5.2.1.6 Controls
1.7.5.2.1.7 Heat Exchanger for RF Water system
1.7.5.2.1.8 reserved

  1.7.5.2.2      Primary Stations and Piping
1.7.5.2.2.1 Chillers
1.7.5.2.2.2 Tower piping for Process Water (surface)
1.7.5.2.2.3 Tower piping for Chilled Water (surface)
1.7.5.2.2.4 Tower piping for Process Water (shaft)
1.7.5.2.2.5 Chilled Water Piping (surface)
1.7.5.2.2.6 Chilled Water Piping (Shaft)
1.7.5.2.2.7 reserved

 1.7.5.3 Secondary Stations
 1.7.5.3.1      LCW Systems

1.7.5.3.1.1 LCW Skid (Pumps & Heat Exchangers)
1.7.5.3.1.2 LCW Pumps - Surface
1.7.5.3.1.3 LCW Piping - Surface
1.7.5.3.1.4 LCW Piping - Tunnel
1.7.5.3.1.5 LCW Piping Connections
1.7.5.3.1.6 MISC LCW (DI processing / LCW Controls etc)

  1.7.5.3.2      Chilled Water Stations and Distribution Piping
1.7.5.3.2.1 Heat Exchanger (Cavern)
1.7.5.3.2.2 Distribution Pumps (Cavern)
1.7.5.3.2.3 Piping (Cavern)
1.7.5.3.2.4 Piping (Tunnel)
1.7.5.3.2.5 Piping Connections to End Equipment
1.7.5.3.2.6 reserved

  1.7.5.3.3      Water Stations and Distribution Piping
1.7.5.3.3.1 Water Stations and Distribution Piping
1.7.5.3.3.2 reserved

  1.7.5.3.4      Compressed Air
1.7.5.3.5      Process Water Distribution

1.7.5.3.2.1 Heat Exchanger (Cavern)
1.7.5.3.2.2 Distribution Pumps (Cavern)
1.7.5.3.2.3 Piping (Cavern)
1.7.5.3.2.4 Piping (Tunnel)
1.7.5.3.2.5 Piping Connections to End Equipment
1.7.5.3.2.6 reserved

1.7.5         PROCESS COOLING WATER

1.7.4         PIPED UTILITIES

1.7.3         AIR TREATMENT (HVAC)

• Conventional Mechanical scope includes Air Treatment (Ventilations), Sumps systems 
(part of pipe utilities wbs), and Process Cooling Water system

• Follows the RDR WBS system
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PROCESS WATER PLANT LOCATIONS
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(sample load distribution) *EXCLUDING non‐technical components    

New Shaft Nos PM‐12 PM‐11 PM‐10 PM‐8 PMC‐0 PMB‐0 PXB‐0 PXB‐0 PM+8 PM+9 PM+10 PM+11 PM+12

Old Shaft Nos Shaft 11  Shaft 7  Shaft 14  Shaft 15  Shaft 13 Shaft 12 Shaft 1.1 Shaft 1.2 Shaft 16 Shaft 4 Shaft  17  Shaft 6  Shaft 10 

        (central 
region)

      near this 
shaft

(central 
region)

         

  2.1 21.0 4.85 4.85 11.9 14.5 2.8 2.3 36 9.9 4.85 17.3 4.85 20.8 1.8 210
45% rtml 5% 5% 45% rtml

3.87 0.43 0.43 3.87
28 RF 64 RF 64 RF 64 RF 64RF 64RF 64 RF 64 RF 24 RF

2.12 4.85 4.85 4.85 4.85 4.85 4.85 4.85 1.82
105 RF 108 RF 101 RF

4.91 5.04 4.73
100%

6.22
100%

4.3
50% 50%

5.20 5.20

85% 15%

11.97 2.84

CRYO (surface) 7.37 2.52 0 1.730 7.37 7.37 49.63
IR 0.576 0.576

** includes 0.914 KW nc magnet over 5 plants   * excluding conventional  non‐technica l  components  (By Parsons) 210

RTML 8.61

17.3 16.54 16.54

 

     

Shaft 5  Shaft 3  Shaft 2 TOTAL 
MW 

(cooling)*

PM‐9 PM‐7 PM+7

ML (surface)
64 RF 64 RF 64RF

79.59
4.85 4.85 4.85

ML (tunnel)**
108 RF 81 RF 81 RF

5.04 3.74 3.74

BDS 10.4

6.22

e‐ 4.30

e+

DR 14.81

Dumps 36.00

7.37 7.96 7.96

36

PROCESS WATER PLANT LOADS‐KCS (Technical components only shown)
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(sample load distribution) *EXCLUDING non‐technical components  

New Shaft Nos PM‐12 PM‐11 PMC‐0 PMB‐0 PXB‐0 PXB‐0 PM+9 PM+11 PM+12

Old Shaft Nos Shaft 11  Shaft 7  Shaft 13 Shaft 12 Shaft 1.1 Shaft 1.2 Shaft 4 Shaft 6  Shaft 10 

    (central 
region)

      near this 
shaft

(central 
region)

     

  0.0 33.2 11.9 14.5 2.8 2.3 36 9.9 30.9 32.4 0.0 244
45% rtml 5% 5% 45% rtml

3.87 0.43 0.43 3.87
         

0.00 0.00 0.00 0.00 0.00
113 RF 121 RF 109 RF

21.96 23.51 21.18
100%

6.22
100%

4.3
50% 50%

5.20 5.20

85% 15%

11.97 2.84

CRYO (surface) 7.37 2.52 0 1.730 7.37 7.37 49.63
IR 0.576 0.576

** includes 0.914 KW nc magnet over 5    * excluding conventiona l  non‐technica l  component 244

DR 14.8

Dumps 36.00

7.37 7.96 7.96

36

BDS 10.4

6.22

e‐ 4.30

e+

ML (surface)
     

113.5
0.00 0.00 0.00

ML (tunnel)**
121 RF 60 RF 60 RF

23.51 11.66 11.66

 

     

Shaft 5  Shaft 3  Shaft 2 TOTAL 
MW 

(cooling)*

PM‐9 PM‐7 PM+7

RTML 8.61

30.9 19.61 19.61

PROCESS WATER PLANT LOADS‐DRFS (Technical components only shown)
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ML‐KCS Process water System
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83/98F 
(15 DT) 85/100F 

(15 DT)

LCW
85/107F 
(22 DT)

FCU
85/95F 
(10 DT)

104F 
Space
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ML‐KCS Process water System (simplified)
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Central Region Process water System



85/100F 
(15 DT)

60/82F 
(22 DT)

PW
65/85F 
(20 DT)

FCU
65/75F 
(10 DT)

LCW
70/92F 
(22 DT)

85F 
Space
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Central Region Process water System (simplified)



Fast Abort
PreUndulator
Undulator

Auxiliary 
Source

Target
Positron 
Capture

400 MeV
Pre‐Acc PTran1

5 GeV
Booster
Section

PTran 2

2,023  KW
LCW (excl dumps)

310  KW
LCW (excl dumps)

104  KW
LCW

657 KW
LCW (excl dumps)

193 KW
LCW

14.7 KW
LCW

84.9 KW
LCW

29 KW
LCW (excl dumps)

101.5  KW
Heat Load to air 
Beam Tunnel

204.1  KW
Heat Load to air 
Service Tunnel

8.6  KW
Heat Load to air 
Beam Tunnel

86.8  KW
Heat Load to air 
Service Tunnel

0  KW
Heat Load to air 
Beam Tunnel

21.4  KW
Heat Load to air 
Service Tunnel

7.4  KW
Heat Load to air 
Beam Tunnel

25.5  KW
Heat Load to air 
Service Tunnel

90.2  KW
Heat Load to air 
Beam Tunnel

0  KW
Heat Load to air 
Service Tunnel

34.5  KW
Rack Heat Load
At Service tunnel

0.9  KW
Heat Load to air 
Beam Tunnel

2.3  KW
Heat Load to air 
Service Tunnel

1.8  KW
Heat Load to air 
Beam Tunnel

4.6  KW
Heat Load to air 
Service Tunnel

0  KW
Heat Load to air 
Beam Tunnel

0 KW
Heat Load to air 
Beam Tunnel

92  KW
Rack Heat Load
At Service tunnel

Length shown are approximate for process water distribution purposes only & doesn’t reflect the actual beamlength

74 m 17 m 70 m 35 m 512 m 313 m 1,010 m

Central Region LCW SKID LOCATIONS & FEED

11

683 m

PM‐7

EN
D 
O
F 
M
AI
N
 L
IN
AC

D R A F T  SEP 2 2010 

270m 270m 234m 35m 512m 431m487m434m353m353m480m
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Damping Ring Process water System (PMB shaft)
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Damping Ring Process water System (PMC shaft)



PMC-0

PMB-0

Tower
83/98F (15 DT)

Chiller
60/90F (30 DT)

Wiggler LCW
65/105F (40 DT)

RF LCW
63/106F (43 DT)

Chiller
50/71F (21 DT)

HX
52/731F
(21 DT)

Wiggler Wiggler

52/62F to FCU
65/94F magnet&PS
(65/105 magnets)

73F return

84F 
Space
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Damping Ring Process water System (Simplified)
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IR & Main Dump Process water System
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IR & Main Dump Process water System (simplified)



AIR TREATMENT SCHEME

Typical 
Ventilation 
Equipment on 
each shaft

Ducted supply air to each 
“Refuge Area Alcove”

60”x54” supply 
& return duct in 
shaft

Supply air to use the space 
below floor (non‐ducted)

20Kcfm

40Kcfm 40Kcfm

80Kcfm80Kcfm 80Kcfm
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LCW BOOSTER PUMP 
(1 PER 2 RF)
24 GPM, 1 BHP, 1‐1/2”PIPE 

1‐1/4” (4.5 GPM) 
TO FANCOILS
1qty/RF

1 RF ( 3 CRYOMODULES)

INTERFACE (KCS) (ONLY THE SUPPLY PIPE ARE SHOWN FOR CLARITY)

ONE 1” VALVE TAP FOR RACKS PER RF
(5 KW PER RF) @ 10 F dt
3.4 GPM

1‐1/4” PIPE HEADERS AFTER 
BOOSTER PUMPS INCLUDED 
(BUT NOT THE VARIOUS VALVE 
TAPS?)

12” LCW MAIN SUPPLY PIPE

~ 38.75 m

SEP 23 2011
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LCW BOOSTER PUMP 
(1 PER 2 RF)
126 GPM, ? BHP, 3”PIPE 

1‐1/4” (4.5 GPM) 
TO FANCOILS
~4qty/RF

1 RF ( 3 CRYOMODULES)

INTERFACE (DRFS) (ONLY THE SUPPLY PIPE ARE SHOWN FOR CLARITY)

ONE 1” VALVE TAP FOR RACKS chiller PER RF
(11.6 KW PER RF) @ 17 F dt
6 GPM condenser water

2‐1/2” PIPE HEADERS AFTER 
BOOSTER PUMPS INCLUDED 
(BUT NOT THE VARIOUS VALVE 
TAPS?)

24” LCW MAIN SUPPLY PIPE

~ 38.75 m

SEP 23 2011

VARIOUS TAPS TO RF 
EQUIPMENT BY OTHERSRACK CHILLERS BY 

OTHERS

Option 1 (for comparison)
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LCW BOOSTER PUMP 
(1 PER 4 RF)
277 GPM, 17  BHP, 4”PIPE 

1‐1/4” (4.5 GPM) 
TO FANCOILS
~4qty/RF

1 RF ( 3 CRYOMODULES)

INTERFACE (DRFS) (ONLY THE SUPPLY PIPE ARE SHOWN FOR CLARITY)

ONE 1” VALVE TAP FOR RACKS chiller PER RF
(11.6 KW PER RF) @ 17 F dt
6 GPM condenser water

3” PIPE HEADERS AFTER 
BOOSTER PUMPS INCLUDED 
(BUT NOT THE VARIOUS VALVE 
TAPS?)

24” LCW MAIN SUPPLY PIPE

~ 38.75 m

SEP 23 2011

VARIOUS TAPS TO RF 
EQUIPMENT BY OTHERSRACK CHILLERS BY 

OTHERS

Option 2 (used)
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1‐1/2” PW

INTERFACE (Central Region)(ONLY THE SUPPLY PIPE ARE SHOWN FOR CLARITY)

14” PROC WATER (PW) MAIN SUPPLY PIPE

VARIES

SEP 23 2011

1‐1/2” PW

2” LCW PIPE (to Power Supplies)  2” LCW PIPE

4”
 L
CW

 (2
98

 g
pm

)

3” LCW PIPE (to Magnets) 3” LCW PIPE

SERVICE TUNNEL

BEAM TUNNEL

VARIOUS VALVE TAPS BY OTHERS

FANCOILS

FANCOILS

LCW SKID

HX
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INTERFACE (Damping Ring)(ONLY THE SUPPLY PIPE ARE SHOWN FOR CLARITY)

6” (52F) LCW

4” (65F) LCW

Feed from PMB‐0 to beam tunnel (approx 1.3 Km)

Feed from PMC‐0 to wiggler area (approx 204m x 2)

6” (52F) LCW from PMB‐0

8” LCW TO WIGGLERS from PMC‐0

Will assume minimum 
number of valves taps

FANCOILS

Will assume minimum 
number of valves taps

FANCOILS
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BACKUP SLIDES

LOAD TABLES
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ML-KCS  ( MAIN LINAC - Klystron Cluster Scheme )  DESIGN CRITERIA FOR CFS
KLY CLUSTER SCHEME, MAIN LINAC "Power, Water & Air Heat Load" per RF (3‐cryomodule section) 

COMPONENTS IN THE SURFACE (listed as per RF)  

to CHW?

Quantit
y 

 
Average  
Heat 
Load 

(KW)

Heat Load 
to LCW 
Water 

(KW)

Max 
Allowable 
Temperat
ure ( c) 

Supply 
Temp  (  
C  )

Delta 
Tempera
ture (C 
delta)

Water 
Flow     

(l / min)
gpm

Delta 
Temper
ature (F 
delta)

Maximum 
Allowable 
Pressure 
(Bar)

Typical 
(water) 
pressure 
drop Bar

Acceptabl
e Temp 
Variation 
delta C

Racks 
Heat 
Load 

(KW)

Heat 
Load to 

Air 

(KW) 
RF Components  x (692)

RF Charging Supply  692/ML 3.03 2.1 40 10.7 2.84 0.75 19.3 18 5 10 NA 0.9

Switching power supply  692/ML 7.0 4.2 35 7.94 7.6 2.008 14.28 13 5 10 NA 2.8

Pulse Transformer 692/ML 1.0 0.7 60 35 0.50 20 5.283 0.905   1 n/a NA 0.3

Modulator 692/ML 6.3 3.8 35 2.73 20 5.283 4.916 10 5 n/a NA 2.5

Klystrn Scket Tank / Gun 692/ML 1.0 0.8 60 35 1.15 10 2.642 2.068 15 1 n/a NA 0.2

Focusing Coil (Solenoid ) 692/ML 1.7 1.6 80 55 2 10 2.642 4.182 15 1 n/a NA 0.1

Klystron Collector 692/ML 37.5 87

38 
(inlet 
temp 
25 to 
63)

15 37 9.774 26.19 15 0.3 n/a NA

Klystron Body & Windows 692/ML 3.4 40
25 to 
40C

5 10 2.642 8.711 15 4.5 + ‐ 2.5 C NA

CTOs & combining Loads/circulator 2/Klstrn 10.50 8.4 6.04 19.99 5.28 10.86
(80 
psid)

? 2.1

Relay Racks (Instrument Racks) TBD 3.0 0 N/A N/A N/A 0 N/A N/A N/A None 3 0.0

SUBTOTAL     62.51   Total  surface RF (excluding Racks) = 72.74   3.0 10.2

COMPONENTS IN THE TUNNEL (listed as per RF)
RF Components  (x 584)

RF Pipe in Shaft (shaft & bends) 584/ML 1.31 1.18 10 1.693 0.447 18
(80 
psid)

? 0.1

Relay Racks (Instrument Racks) TBD 5 0 N/A N/A N/A N/A N/A N/A N/A N/A None 5 0.0

Main tunnel Wvgde & local wvgd 584/ML 8.47 8.05 12 9.628 2.544 21.6
(80 
psid)

0.4

    + ‐ 2.5 C 0

+ ‐ 2.5 C

Subtotal Tunnel RF& NonRF unit Only (for 1 RF)  36.41   Total  tunnel  RF (excluding Racks) = 39.99 5.0 3.6

Power to Beam =37KW per RF Total (for 1 RF) 98.9 112.73 KW/RF 8 13.8

 

??

total RF heat loss less 
racks =

27 19.52 5.157 3630.21TBD
(80 
psid)

Distribution Edn Loads & Cavity 
Reflection loads

42.13

Max 
Spac
e 

Tem
p    

( C )

20 3

To Low Conductivity Water

104 
F 
(a)

1.3

To AIR

D R A F T    MAR 23 2011

Pow
er 

Sup
plie

s
Kly

stro
n 

Wv
gud

MAIN LINAC   KCS

Mar 23 2011
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POSITRON SOURCE  (1 of 3)

25Backup Slides
SEP 29 2011    Conv Mechanical Updates   

E.Huedem / L. Hammond



POSITRON SOURCE  (2 of 3)
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POSITRON SOURCE  (3 of 3)

Updates recently Added 
~200KW
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