4.2.13 Target Pile Air Cooling System

The purpose of the air cooling system is (1) to keep the pit floor and walls at
approximately 12.8 °C, (2) to remove the following heat loads: beam heating - 158 kW, stripline
- 2.4 kW, ambient - 3.4 kW, fan - 50 kW, (3) to dehumidify at a rate of 20 kilograms/hour at the
158 kW beam heating load, and (4) filter particulates from the airflow. The automatically
controlled system is designed to provide 240 kW of cooling, and to circulate and filter 750 Nm’
of air per hour. The high efficiency particulate filters have a minimum removal efficiency of
99.97% with 0.3-micron size particles. The dehumidification rate is based on a leak exchange
rate between the target hall and the target pile of 2.5% of the design airflow rate. The filters are
installed in bag-in/bag-out housings.

The flow schematic is shown in Figure 4.2-41 a & b. It is discussed below, starting

where the cooling airflow exits the target pile.

Temperature and humidity of the air exiting the target pile are monitored. Humidity of

the target hall is also monitored.

Pressure drop across the particulate and high efficiency filter banks are individually
monitored. High differential pressure across either bank will shutdown the fan. It is very
important to change the filters at the specified pressure drops. In particular, the prefilter will
come apart at high-pressure drops, and unload the particulates trapped in it. This will
unnecessarily load the much more expensive high efficiency filters, most likely requiring that

they be changed immediately.

The airflow is cooled after filtering. An automatically controlled air damper is installed
in parallel with the evaporator coils. It will make moderate adjustments in the amount of air
flowing to the evaporators to reduce the reheat duty. Air damper position can also be positioned
manually. An electrically operated solenoid valve starts or stops the flow of high-pressure liquid
refrigerant 22 to each evaporator coil based on the system heat load. Solenoid valve operation
can be either automatic or manual. The full-open and full-closed state of each solenoid valve is
monitored using limit switches. A self-operated, thermal expansion valve automatically controls
flow of refrigerant 22 to each evaporator coil. Evaporator coil header pressure is used to
automatically adjust condenser unit capacity to match the system heat load. Operating status of

the condensing unit is monitored.



The single-speed fan boosts the airflow to operating pressure after cooling. Fan
differential pressure is monitored. The particle beam will shutdown if fan differential pressure is
too low. Fan inlet and outlet temperatures are monitored. The fan can be started and stopped in

either the target hall or the power supply room.

The reheater heats the airflow to operating temperature when needed. Reheater operation
can be either automatic or manual. The heating element is equipped with a high temperature
switch to protect it from burning out. Temperature and humidity of the air entering the target
pile are monitored. The particle beam will shutdown if supply air temperature to the target pile

is high or low for too long.

Slow start, smart motor contactors energize the fan and refrigeration compressor motors.
Each contactor will protect its motor from being damaged by current and voltage irregularities.
Each motor winding has an internal high temperature switch that is included in the control logic

to further protect the motor from damage.

A PLC, programmable logic controller, is used to automatically control the solenoid
valves that start and stop high-pressure refrigerant flow to each evaporator coil. Control logic for
the fan is hardwired. All monitoring instruments are wired to PLC input modules. The PLC
transmits all monitored signals to Acnet via Ethernet. The signals will be displayed on Actnet

parameter pages. Selected signals are included on alarm pages and on graphic displays.

The instrument list is given in Table 4.2-16.5a and Table 4.2-16.5b .



BPS > Boam Fermit System; PSR > Powar Supply Room; FLG -> Programmabie Lagic Controller. WG = Water Column
HORMAL | MORMAL

TAG NO. DESCRIPTION LDCATION UNTS | OPERATING | CPERATNG FALERAON Acl‘:ffl"f" A0S | DSCHETE ManupACTURER
A Analysis Element - Supply air relative bumidty Local % B3t . 0- 100
Y Analysis Elamant - Raturn sir ralative humicty Local % Ao s - 0 10
AE - Analysis Elamant - Targel hall relatres bumidiy Lecal % S01e 100 - - 10
AT Analysis kdicating Transeritber - Supply air relstve husidity PSR * 51065 . 0. 100
AT Analysie kditsting Transsritter - Retum aie relative hustidity PR % A10E5 . 0. 100
AT Analysis bdicating Trangatter - Targes hadl relatwe humsdity PSR % 50t 100 . 0100
HC - Hand conteod, Open Asto Close - Evaporator #1 upper col PSR B B - . - - 00 110 VA
HC - Hand costeol, Open Acte Clase - Evagarator #1 lowwr col PeR - - - - - - o 110 VAS
HC- Hiand costrol, Open Asto Cluse - Evaperater 42 wpper col PSR - - - - - - Dwi0vAC
HC. Hand coetrol, Open feto Close - Evagsrater 42 lywer col PSR . . . . . - 0w 0VAC
HE Hand costrcl, Open Acto Close - Evaparater 3 wpper col PR . . . . . - O 1OVAC
HG - Hand contecd, Open Asto Close - Evaporator #83 loaer col PSR . . . . . . 010 110 VAG
HC - Hand costeol, Open Aste Cloge - Evaparstor #1 upper col Aznet command bs PLC - - - - - - . N
HE- Hand costrol, Opin Aste Clioss - Evagorater @1 linwer col Acnet commaed ts PLE - - - - - - - -
HC - Hand ceetrol, Open Acto Cluse - Evaporater #2 coper col Acnet commied o PLC - . . . . . . .
HC . Hand coetrel, Open Acts Clase - Evapsrater 92 lower col At commasd te FLC - . . . . . . .
HC - Hand conteod, Open Auto Close - Evaporator #3 upper col Acnet command to FLG . . . . . . . .
HE - Hand eosteol, Open Asta Clos - Evaparaber 8 lower col Acnet commesd ba PLEC - - - - - - . -
HE - Hand eosteod, Stiet - Fian PSR - - - - - - 010 110 VAS
HC - Hand costeol, Staet - Fan Lecal - - - - - - 010 110 VAT
HC Hand ceeteel, Steg - Fan PR . . . . . - 01 10VAC
HE - Hand conteed, Stog - Fan Lesal . . . . . . Do 110 VAG
HE - Hand costecd, n C4 Ao - Reheater PSR - Vander panal . . . . . . .
IE- Cuminl Elemest - Fan malor Fi emster eentacior L] 51070 5 0- 100 Jbe WD -
IS Cumenl Switch Low - Fan matar (Fan “en” signal 1o sotwars logic) Fam mter contactor % 0-10 F - Q10 24VDC
ISL- Cument Switch Low - Fan matar Fan “en” signal 10 hardwered logic) Fam mater contactor % 01| - . 01024 VDG
. Pawer Light - Reheater oo PSR . Vender panal . . . . . . . .
PO Prassume Dffreeatal kdicator £ Swich - Prfier hank Ll inches Wi 071013 s15 Qa3 £I%F5 . . Drwyer
POl Prassurs Difieeeteal bdicaber § Switch - High aficiency Hlar bank PeR mehes WE 15103 <3 dlas #IES - Dy
POI- Pressure Difcectial kdicater § Switch - Fan PSR inches WC 101013 12 Dwis | 42%F3 - Dveyer
POIT . Fressune Dffwertial Transritter - Fan PSR inches WC 101013 12 O30 1%FS O 10VDC . range Resuarch
PDSHH - Pressure Difereatial Swtch High - Prafhier bank PR inches WE . 126 . . . 010 24%DC Dwyer
POSHH - Fressum Dffpensbal Swtch High - High effciacy fitar bank PsR inches Wi . 2 . . . 010 280G Dwyer
POSHH - Fraasurs [fisesebal Suetch High Hgh - Prafitsr bank PER inchs Wi - 15 - - - 10 24DC Dwyae
POSHH - Pragsuns Diffeesetinl Swich High Hgh - High eficiency fiber bank PSR inches W - 3 - - - O 24DE Drwryer
PDSLL - Pressure Dificestial Swch Livw Low - Fan PSR inches WE . [ . . . 010 26 VDG Dwyér
POT. Frassure Dfftseatial Transrittar - Profhter bark PR inches W 071013 <15 Dte26  +0.25%F5 4to20mh . Satrs
POT- Pressure Dffercntal Trangmitter - High efickency fher bank PSR nches W 15193 <3 L £0.25%F5 402D ma . Satra
POT- Frassure Diffsepstial Transmittar « Fan PSR inches WE 101013 12 Otod%  #02%FS dtoMma . Satra
Pl Pragsurs bdicaber - Evaperater caili PeR priig L) B175 01s W00 wINFS - - Chryer
PIT- Pressure Transritter - Eviparator coits PSR piig  SAw0E 6175 D1t £0.11%FS 4to20ma . Satra
TE- Tempessture Elemant - Retorm sir bentparature from target pike Local F 01080 <80 406 100 @5 . . Minco
TE- Temperature Element - Supply air temperature to target pile Local hd St En £l 40 to 100 5 . . minco
TE - Tamperature Elsman - Fan nlet tamperature Local - 105 ] 40 to 100 #l5 . . minco
TE- T Elamant - Fan g Beerge Lecal - e E0 £ 40 to 100 W5 - - Mnco
TE- Tempesature Elment - Tangal gile gil wall # & ham 1 midpoint Lecal F S0wed 55 40 to 100 . - - Dmegs
TE - Tomperature Ekemnt - Tangel pile pit wall 82 @ hom 1 midpoint Local F SwEd 55 40 to 100 . . Dmegs
TE- Tempesature Element - Target pile pit flosr # @ hem 1 midpoint Local - 5010 60 55 40to 100 42 . . Omega
TE- Tompraature Elgmant - Targel pile pit fioor 8 @ hom 1 mudpont Local hd Sl Ed £ 40 to 100 2 . . Omega
TE- Tampeestute Elgmant - Dursbak: binck innee wall #1 & hom 1 midgaint Lozal " 0 ED £ ta 100 =} - megs
TE- Tampeesture Elaman - Corstek block inne wall #2 8 hom 1 midgain Lesal * ) 3 A te 100 a2 - Cmegs
TE- Tempesature Element - Hom 1 camiage sugpon beam i@ midpeint Lecal F E ] 55 40 to 100 ] . . Omegs
TE- Tempessture Elemant - Froe i 8 upetrean ted of hom 1 camiage Local F 01060 55 406 100 2 . . Qrnegs
T - Tomprsaiur edicating Gommier - A damper e * 10 61 55 40 to 10 . 410 20 m .
T - Tampesature Indicating Contralar - Rishaster contral PSR - Vander panal * L] £ A0 to 1000 - 410 20 et
TEH- Target piss supgly it tamperature high - Rehaater control PER - Vindsr pansl o £l &5 -
TSHH - Huating element temperstue high - Rehestes cotrol PSR - Vender pinel F
TSHH - Target pite supply air tempersture high high Local F 01070 70 . . 010 24%DC
T Tempesature Trarsmsttar - Fan discharge temperatue PSR - St En 5% 40 to 100 4 to 20 mb, .
™. .1 Tamperature Transmitting indicator - ta PLE PSR b o &0 % ADto 100 A bo 30 ma, .
m-o-2 Tompesature Trarsralling bdicater - lo Ruhester conteol PER F 0ol ksl A0 te 100 A bo M el -
ISH- Posinn Indcator - Fan centaclor closed (ausiiary contact) Miatar conlactor - - - - - - D10 110'VAC
I5H- Fusition Indicator - Solensid vabve Hynne pen Lecal . . . . . . 010 26VDC
5H Pasition Indicator - Zalensid vabve Hinne cpen Local . . . . . . 010 24%DC
Z5H - Pastan Indcator - Solencid wvn HY-nnn open Local . . . . . . 10 28 VDG
I8H- Puagitan Indeator - Salensid wabes Hinne span Lecal - - - - - - 1o 24 VOE
I5H- Pusitin Indicator - Salensid vabve Hy-nne: cgen Lecal - - - - - - 01024 VD0
I5H- Fusition Indicator - Solensid vabve Hynne pen Lecal . . . . . . 010 26VDC
5L Pasition Indicator - Salensid vaive Hinne closed Local . . . . . . 010 24%DC
5L Fasion Indcator - Solenaid wée Hy-nro closed Lecal . . . - . . O1a 28V0G
5L~ Pasein Indestor - Saleneid wse Hne closed Lezal - - - - - - O1a 28 v0C
5L Pasizan Indeator - Selinsid v Hnre closed Lezal - - - - - - 01e 24v0E
5L Pusition Indicator - Solensid vave Hyenre closed Lecal . . . . . . 010 26 VDG
mL. Fasiion Indicator - Salensid vaive Hnne closed Local . . . . . . 010 24%DC
I Pastan Transmiter - Air damper Lecal % 0te 100 4o 20 m .
m. Posean Transmittng Indicator - Alr damper PSR % 0t 0001 4 to 20 ma, .
Eniegaa HY - PLE loge: outpu sxgnal PL - - - - - - 040 110 VAS -
Enesgize Hy'- PLE logic oulput signal FLC . . . . . - 0w 0VAC .
Eneagize Wy - PLE logic output signal FLD . . . - . - 01 10VAC .
Encrgae HY - PLC logic output signal FLG . . . . . . Do 110 VAG .
Enprgae Hy PLE Ingic nutput signal FLL B B - . - B Ot 110 VAL -
Eniegan HY - PLE loge: outpu sxgnal PL - - - - - - 040 110 VAS -

Table 4.2-16.5a Air-cooling system instrument list — Part 1
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AE -

AE -

AE -

AT

AT

AT

HE -

HE -

HE -

HE -

HE -

HE -

HE -

HE -

HE -

HE -

E-

ISL. oall-

ISL. oall-

e . .

POa- Phetobab: J003MR Drferertial pressune giage wid tws swithes
POI Phetobab: J005MR Drferertial pressune giage wid tws swithes
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POSHH - On PDI- day, 10 arp G
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POSHH - On PO - Phatotransitor sctusted SPOT relay. 1.0 amp 30 we
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A ChE
AN ChE
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RTD M1 8 2
T M1 Ch L
T M1 Ch 2
T M1 Ch Y
TG M1 Chd
TG M1 Ch S
TG M1 ChE
TG M1 G T
THG M1 Ch e
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Solteaid vabo 15 i 3 lowar coi

Table 4.2-16.5b Air-cooling system instrument list — Part 2
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Figure 4.2-41a: Air-cooling system flow schematic




LEGEND

INSTRUMENT INSTALLED IN
THE POWER SUPPLY ROOM

LOCAL INSTRUMENT

SOFTWARE FUNCTION
ACCESSIBELE TO OPERATOR

SOFTWARE FUNCTION NOT
ACCESSIBLE TO OPERATOR

+ ACNET PARAMETER PAGE
ACNET ALARM PAGE

» ACNET GRAPHIC DISPLAY

PLC INPUT
PLC OUTPUT

ETHERNET

______ ELECTRICAL INSTRUMENTATION
SIGNAL (mA OR VDC)

—o—o— PLC SOFTWARE LINK
<> CONTROL INTERLOCK
T/C  THERMOCOUPLE

RTD RESISTANCE TEMPERATURE
DETECTOR

Figure 4.2-41b: Legend for Air-cooling system flow schematic



