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Abstract

MONOPHASE COOLING SYSTEMS

The cooling systems of the drawers and of the front-end electronic cratesin the ATLASTileand LAr calorimeters
are foreseen to operate with water at sub-atmospheric pressure, using the so-called Leakiess Cooling Systemv.2.
Though this systemis already running in many experiments at CERN and outside, the huge dimension of ATLAS
and severe environment (inaccessible, high radiation, magnetic field) call for a full-scale demonstrator in order to
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Prepared by:
G. Blanchot
P. Bonneau
P. Gris
A. M. Henriques Correia
F. Varela Rodriguez

Checked by:
M. Bosteels
H. Burckhart
J. Godlewski
M. Hatch
R. Leitner
M. Nessi
H. Takai
F. Vazeille
M. Wilhelmsson

J. Godlewski

Approved by:

ATLAS TC mailing list
M. Wilhelmsson ST/CV

Distribution List

ST/CV Cooling of Electronics & Detectors list




ATLAS Project Document No: Page: 2 of 22

ATC-TL-ES-0001 Rev.No.: 1.1

History of Changes

Rev. No. Date Pages Description of changes
1 24/07/2001 1 Names added in “ Checked by” and “ Approved by” positions.
1 24/07/2001 5 2.1 - Reference for “ Pressure drop calculations and assumption” added.
1 24/07/2001 5 2.6 - Location of LV power supply heat sinks added.
1 24/07/2001 5and 14 2.7 - Paragraph suppressed. One comment added in paragraph 11.
1 24/07/2001 7 4.3 - Design flows shown on the ... “shown” added.
1 24/07/2001 8 4.5 - Comment on magnetic test of the pump added.
1 24/07/2001 10 5.1-“July” changed to “summer”.
1 24/07/2001 10 5.3 - DCS equipment can be used... “be” added.
1 24/07/2001 11 6 - Comment on influence of ambient temperature on cooling water
temperature added.
1 24/07/2001 11 7 - Comment on Prague’ s cooling screens added.
1 24/07/2001 12 and 13 8.1 — Scaffolding provided by DELPHI, not ALEPH.
1 24/07/2001 13 8.1 — Header of table repeated at top of page.
1 24/07/2001 14 9 — Magnetic field test requirement modified




ATLAS Project Document No: Page: 3 of 22

ATC-TL-ES-0001 Rev.No.: 1.1

IR @ 1 | T @ I Y RS SPTSRN 5
A OO0 ] ] I o 1 s S 5
pZ A o 80 Y = 0 VTP TSRS 5
2.2 Overall automatic control Of the SYSIEM ..o e st sreenre b eae s 5
FZ TS = YOS 5
AV - == ST 5
2.5 Heating SysStem fOr the TilE DIGWEN .......cccui ittt st st e s e sae e e e resneentesreensesresrnenes 5
2.6 C0o0liNg Of the LV POWES SUPPIY ..eoveiiiiiiriesiesieieieeeie sttt sttt st st sseste st e e e e eneesensensennas 5
3 LAYOUT OF THE HYDRAULIC TEST ...ttt ettt e ste s st e e stae e s te s s ente e snne s snnee e sntessnneeesnns 6
3.1 LCSV.2 OpEraling PriNCIPIE. ....eiteitiitertesieie ettt ettt e e et a et e b b e e e b e s e e e e nenb e b e 6
3.2 FOreseen [ayOUL INUXLD ...ttt sttt st e ae st e sbe e b e saeeae et e sae e besbeeneesbesbeentestesneenns 6
TG I - o TH T o 1H 1 o [ g = S 6
4 DESCRIPTION OF THE KEY COMPONENTS ...ttt et e et st s 6
O 1 W g ol o R 7= L= S 7
A N 0= g 7= oY o 1 = S 7
4.3 BalANCING VBIVE.......eoiiiiieieiieist ettt b bbbttt b bbb et et e e e e h e e bt eb e bt s b e se et e e et e st e neneeeneee 7
4.4 Pressure tranSmitter & PreSSUIE SWITCH.......cviiiiiiiieiesee et 7
S o U 10 S 7
4.6 Differential PreSSUIE FEQUIBLION ..........ciirieiieieeeieiest sttt et b et e e et be b e b b e se et e e e e e e nenbeeneee 8
4.7 MUITIHAYEr "MEDIA" TUDE ...ttt ettt b e b e b b e e e e e e et ne s e e b e 8
4.8 PneumatiC CONLIOl VAIVE & CONVEITES ......ocucieieieeii ettt st sttt ne s nnees 8
e I 1S D1 X ol 11| = S 8
0 0 ] I SR 8
4.11Water treatMENt & CONEIOL ........ooiiiiieiierieeee ettt e st e st et e e e se e st e seebesseseesee s e e e e eneenenrennenes 9
4.12Tank [iQUI TEVE] traNSIMITIEN ........ceiiiiiece et st ee st e e b e s ae e e e st e sae e besbeeaeesbesreensesresrnenes 9
5 MONITORING OF THE COOLING SYSTEM ...ooi ittt sttt saee ettt 9
5.1 Monitoring of the Cooling System of the Tilecal modules calibration in building 185............cccccvvieecevvenenne 9
5.2 Monitoring of the Real Size Hydraulic test described in thisdocument............cccccoeveiieniecie e, 10
5.3 Monitoring in Magnetic and RAJIGHON TESL..........cccuiiriririirieee e nre s 10
6 HEATING SYSTEM FOR THE TILE DRAWERS ...ttt 11
7 COOLING OF THE LOW VOLTAGE POWER SUPPLY ...ttt seens 11
8 BUDGET/MANPOWER......cct ittt st sttt seesesbe s tentese et e e e e eneenenrennas 12
8.1 MaterialS desCribDe IN SECHON Zh......ccueece ettt e s te s teesaestesre e tesneeneesresneenes 12
8.2 ManPOWES (EXTEINAl SLAIT) ......cuerreriirteriiieie ettt sttt e s e e ese b b enas 14
9 LIST OF COMPONENTSTO BE TESTED IN MAGNETIC FIELD ..o 14
10 LIST OF COMPONENTSTO BE TESTED WITH RADIATION.....ioiiiiiiee e 14

11 TIMESCALE ...ttt r e e s b e b e e Rt sb e eae e bt eR e e s e sbeemnearesheenesneeneeareaneenresreennen 15




ATLAS Project Document No: Page: 4 of 22

ATC-TL-ES-0001 Rev.No.: 1.1

12 ANNEXES L ...ttt d e s bRt b e e b e e e b e e e b e e e bt e bt e e e bt b e st e b e e sn e e nre e 15
L3 ANNEXES 2.ttt bbb £ R R R R R R E AR Rt R R e Rt e nenr e n e 22
13 1DrBWINGS & INOLES ..ottt sttt ettt b b e e e s et e st e st e bt s b e b e b e e e e e e e st e b e ebenb e ne e b e e e e e e enenbennenee 22

A U o] o 1= =Y o (oo SRRSO 22




ATLAS Project Document No: Page: 5 of 22

ATC-TL-ES-0001 Rev.No.: 1.1

21

2.2
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2.5

2.6

Objectives

The cooling systems of the drawers and of the front-end electronic crates in the ATLAS Tile and LAr
calorimeters are foreseen to operate with water at sub-atmospheric pressure, using the so-called Leakless
Cooling System version 2. Although this system is aready running in many experiments at CERN and
outside, the huge dimension of ATLAS and severe environment (inaccessible, high radiation, magnetic
field) call for afull-scale demonstrator in order to check our calculations, to test the selected components
and to develop the control systems. This test will be essential in view to prepare the market surveys and
the tendering documents for the final systems in ATLAS. It is part of the Work package 1 in the
document ATLAS Cooling projects.

Scope of thetest

Liquid system:

The design of the system is done according to the joined document "LCS v.2 - Pressure drop calculations
and assumptions — Annexes 2 — Drawings & Notes' and some parameters or sequences have to be
checked:

Dimension of the return pipe and regime of the flow --> pressure drop.
Draining of air at start.

Draining of fluid at stop.

Pressure control system.

Overall automatic control of the system

Definition, programmation, test and integration of the different control systems, active and passive: PLC,
PID Controllers, SCADA, ATLAS ELMB, and Interlock for the alarms.

Safety

Relief valves

Definition of all the necessary alarms.

Failure mode and effect analysis.

Definition and test of an online analysis system to control the quality of the fluid (water).
Control of the corrosion.

Alert handling within the SCADA Application.

M aterial

All the components have to be tested in the real conditions:
-On the full scale demonstrator.

-In magnetic field for sensible components

-Approved radiation resistant.

Heating system for the Tile Drawer

All TileCal modules will be calibrated at the same temperature. The same thermal conditions must be
verified in ATLAS. A system of heaters (R&D developped by Clermont-Ferrand) is thus forseen to
compensate for the temperature gradient in the cavern.

Cooling of theLV Power supply

The Tile Drawers are powered by Low Voltage power supplies located in the Tile Fingers. These power
supplies are cooled by means of water circulating heatsinks. These heatsinks are connected in series at the
outlet of the hydraulic circuit of the Tile Drawers.
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3.2

3.3

Layout of the hydraulic test

LCSv.2 operating principle
The liquid is held in a storage tank (3) —(

maintained below atmospheric pressure

by a vacuum pump (2). A check valve (5)

discharges any excess air in the event of

drainage and prevents the pressure in the

storage tank from rising above 2
atmospheric pressure. The liquid is moved

into the exchangers (1) incorporated 4©ﬂ 5
through the electronic system by a

circulator (4).

The pressure at the various points of the

circuit depends on the head losses and

hydrostatic pressures. 3

At start-up, if the pressure in the storage

tank is not low enough the vacuum pump 4
is activated. While the later is in @

operation, in the event of an air intake for
instance, the circulator cannot run. The Fig.1
pressure throughout the circuit still equal

to the pressure in the storage tank.

Foreseen layout in UX15

Drawings 186.5.08, 186.5.09, 186.9.18 and 186.9.20 show the current layout of the cooling systems and
their piping for the ATLAS Calorimeters -LAr and Tile - in UX15. The cooling stations, consisting of the
tank, circulator, heat exchanger and pneumatic pressure regulators are located on the floor of the cavern.
The pipes can go up to ~ 15 m to distribute the liquid in the heat exchangers on the electronics. The
detectors are divided in 6 sectors with the aim to have a pressure head of 2 to 3m in each sector. Each
sector has a pressure transmitter and an isolating valve and will feed 8 or 12 drawers for the tile
calorimeter and 2 or 3 crates for the LAr calorimeter.

According to the LCS v.2 principle, the overpressure (1 to 2 bar) will be limited to the inlet pipes, from
the pump at the cooling station to the arrival in the corresponding sector. The distribution lines in the
sectors, the heat exchangers in the electronics and the return pipes will run in sub-atmospheric mode (0 to
-700 mbar).

Layout in building 185

Figure 186.10.01 shows the layout of the demonstrator in Building 185. The total height, the level
differences and the distances between the simulating heat exchangers are similar to those planned in
UX15.

The cooling unit with all its components is described in Figure 186.10.02. Note that there is not any heat
exchanger, asit is not planned to have heat exchange in this test.

Description of the key components

This chapter concerns only the hydraulic part of the test.

All the components are selected from known industrial solutions with the objective of:
The quality of selected materials.

The compliance with international standards.

The reliability of componentsin motion.
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4.1

4.2

4.3

4.4

4.5

The long term product policy and spare parts availability.
Pneumatic ball valve

(Item 10, 29, 32 in Figures 186.10.01 & 186.10.02)

Bleeding liquid in the circuit as well as draining of air from the circuit are the most delicate sequencesin
the cooling system, not speaking of the leak test. In this way it is very comfortable to separate the large
circuit in smaller circuit with isolating valve.

As one can see on the layout of the test we put isolating valve on each line at the departure and on the
return on the cooling unit and also on the inlet and outlet on the platform. These valves are remote
controlled by the PLC via pneumatic distributor. We are aware that space is very critical inside the
detector so we choose for the latest a special space saving in line design valve.

So, on the cooling unit the valves are pneumatic spring return actuate with a positioner to return a
position signal, common standard in the industry.

Short description of EI-O-Matic actuator is given in Annexes.
The special on line valves are HP220X series from Danfoss. Technical datais given in Annexes.

Thermal flowmeter

(Item 11 in Figure 186.10.01)

Flowmeter is always one of the main request from users of cooling system in term of control as when a
problem arise with the temperature on the electronics one wants to be sure that the liquid is circulating in
the heat exchangers.

Common flowmeter like turbine is aready about 500 CHF / line and is not resistant to magnetic field.
Massflowmeter, Ultrasonic or Coriolis flowmeters cost at least 2,000 CHF / line so we cannot afford
them.

We have at ST/CV aready developed low cost thermal flowmeter for gases based on Pt100 and PLC
algorithms. Preliminary tests on liquid show that it could be possible to apply the same principle to
liquids but thereisalot of development to do. This development is part of the plans for the future.

Balancing valve

(Item 12 in Figure 186.10.01)

Design flows shown on the pipe drawings must be confirmed experimentally. To obtain the required
flows in the heat exchangers at different height level, they must be measured in real conditions and
adjusted.

TA Hydronics STAD balancing valves and the CBI" balancing instrument are designed for pre-setting of
flow, flow measuring and pressure reading.

Technical description of the STAD isin Annexes aswell asthe CBI".
Pressuretransmitter & pressure switch

(Item 13, 22, 26 in Figures 186.10.01 & 186.10.02)

We have been using these components from Huba Control for a long time without any specia problem.
The 691 series uses ceramic technology and has gone through severe electromagnetic tests.

Dimension problems could appear since we need these sensors inside the detector. The various plastic
and elastomere must be radiation compliant.

Operating instructions and el ectromagnetic compatibility are in Annexes.
Pump

(Item 24 in Figure 186.10.02)

We know by experience that the leakage in shaft seal is the main failure of the conventional circulators.
Thisfailure would be catastrophic in UX15 during run period so we choose magnetic drive pump to avoid
this problem.

We need for the test 4 m3/h @ 4 bar. We already use Iwaki pump for small application and have a Sanwa
pump that will be tested on afluorocarbon circuit for the TRT.
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4.6

4.7

4.8

4.9

4.10

So theaim isto test a KSB Multimagno pump with the characteristics described in Annexes.
This component will be certified under magnetic field condition as described in Chapter 9.

Differential pressure regulator

(Item 28 in Figure 186.10.02)

A circuit with its pump is designed for an operating flow at an operating pressure but it happens in many
cases that the whole circuit is not running, so one has to adapt the flow. We usually do this by controlling
the pump speed via a frequency variator or inverter. Due to the severe electromagnetic environment in
UX15, we prefer to use a pure mechanical system; a differential pressure regulator will run as adischarge
valvein order to maintain a constant pressure drop in the circuit.

We have a short description of the SART 5362 series in Annexes.
Multilayer "Mepla" tube

(Item 33, 34, and 35 in Figure 186.10.02)

The multilayer tube has become a standard in the cooling and heating installation as it combines the
advantages of plastic polyethylene and aluminium:

- Internally and externally corrosion resistant

- Can be manually bent many times, the shape remains the same

- Extremely resistant to atmospheric agents

- Extremely resistant to ageing

- Not sensitive to stray current

- Very light and easy to install

- Easy to connect, without threading and welding. Compression or crimp fitting.
One hasto be sure that the tube is acceptable regarding radiation.

Technical characteristics are in Annexes.

Pneumatic control valve & converter

(Item 38, 39 in Figure 186.10.02)

The principle of the LCS v.2 is to adjust the inlet pressure in the heat exchangers inside the electronics
just below the atmospheric pressure. To minimise the effect of height difference the detector is divided in
sectors regarding the maximum height of 3m (see final layout in UX15). That's why we have 3 platforms
in the test. Due to the lack of space inside the detector each sector has its inlet line controlled by avalve
directly at the departure on the cooling unit. This valve will be pneumatic actuated by aPID controller via
an E->P converter. The pressure signal comes from a pressure sensor fitted at the lowest point of each
sector. This material is astandard in the Building heating installations.

Technical characteristics of Sauter pneumatic valve drive AV42, control valve V6R and E-P converter are
in Annexes.
Pressure controller

(Item 40 in Figure 186.10.02)
To actuate the pressure control valve from the pressure transmitter we need a process tool.

We will start the test with our standard PID auto-tuning controller REX-G9 from RCK, which we know,
works very well. It is accurate at the 0.1% level, multi-area with contact input and provides remote set
point, retransmission output and serial communication.

Next step will be the use of a special PID agorithm directly on the PLC. This solution will be much
cheaper but needs alot of development.

Technical characteristics of the REX-G9 arein Annexes.
P.L.C.
(Item 41 in Figure 186.10.02)
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5.1

A PLC is a component used for industrial controls. The structure of a PLC is that of a computer; it
consists of a Central Processing Unit (CPU), a memory, input/output modules and an interna bus. The
peripherals and the programming are conceived to be adapted to industrial process control. The functions
implemented by a PLC are written in the form of programs stored in memory. A PLC receives input
signals from process equipment to be controlled (switches, sensors), processes them according to a
precise model defined by programs and provides output signals to the process equipment such as relays,

Motor starters, €tc...

Schneider and Siemens provide the 2 supported solutions at CERN and our group is used to work with
the Schneider Premium PLC.

Recommendations for the use of PLCs at CERN from the Working Group on Programmable Logic
Controllers are in Annexes.

Water treatment & control

(Item 42, 43 in Figure 186.10.02)

The heat exchangers and the cooling screens inside the electronics are planned to be in Aluminium and
we know by experience that the corrosion is a big concern in such a circuit. We thus decided to use
simple deminaralized water (around 0.5/1 uS/cm). The level will be controlled by a transmitter and a
secondary circuit going through resin filter.

The corrosion rate can be analysed by spectroscopy and electrochemical analysis on water sample at
regular intervalsthat have to be determined.

An example of a conductivity transmitter is in Annexes with the Burkert Digital inductive conductivity
transmitter type 8226.

Tank liquid level transmitter

(Item 44 in Figure 186.10.02)

Like for the flowmeter this component is very critical considering the fact that the common standard in
the industry is not magnetic resistant. Nevertheless this is an important device for safety in our system as
a continuous control of the liquid level in the storage tank allows the detection of leak or failure in the
piping. The aim isto test an aternative solution, e.g. a capacitive probe with demineralized water in order
to check its relevance.

Technical description of the Burkert RF Capacitance level transmitter type 8100 isin Annexes.

Monitoring of the Cooling System

The purpose is to provide the needed tools to monitor the running parameters of the cooling system (e.g.
water temperature, flows, pressure and water analysis) and the operation conditions of the Tilecal
modul es (temperature of the electronicsinside the drawers).

The monitoring will be implemented using the standard ATLAS Detector Control System (DCS) toals, in
terms of both, software (SW), using PVSS-II and hardware (HW), using the ATLAS Embedded Loca
Monitor Box (ELMB).

PVSS-lI is a commercia software package chosen by the Joint Controls Project (JCOP) at CERN to
implement the DCS of the four LHC experiments. The ELMB is akey element in the implementation of
the FE of the ATLAS subdetectors. It is alO concentrator called to provide standardisation amongst the
different subdetectors, flexibility and keeping a low cost per channel. The estimate is of about 5000
ELMB nodesin thefinal installation of the ATLAS experiment.

The monitoring of the Tilecal cooling pilot project will be carried by the DCS group and Tileca DCS
group from Clermont Ferrand. The activity can be divided in three different tasks:
Monitoring of the Cooling System of the Tilecal modules calibration in building 185

This system will be used to calibrate the totality of the modules with a cesium source. In this calibration,
one transfer line of the cooling system will be instrumented with 6 NTC probes and one differential
pressure meter, that will measure the temperature and pressure differences of the cooling liquid along the
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5.2

5.3

cooling pipes as well as the temperature of the Low Voltage (LV) system. These sensors and the status of
the different devices (vacuum pump, circulator, flowmeter, etc) composing the cooling unit will be read
by an ELMB. This node will be interfaced to PVSS by means of the ATLAS CANopen OPC Server.
This application will also interface to the HV Control application (implemented in Labview by the Tilecal
group from Clermont-Ferrand) via DLL, in order to read the temperatures inside the drawers measured
by the HV system.

What follows lists the different components need for this activity:
A Windows NT (SP4) PC with 128 MB of RAM running PVSS-I1 (Provided by Tilecal).
A National Instruments (NICAN-II) interface card (~1400 CHF provided by Tilecal).
ATLAS CANopen OPC Server (Provided by DCS).
ATLAS ELMB and Motherboard (250 + 150 CHF Provided by DCS).
NTC sensors (Provided by ST/CV).
1 pressure meter (Provided by ST/CV)

This activity started in December 2000 with the preparation of the cabling (Clermont-Ferrand), and signal
adapters needed for the ELMB and sensors (DCS). The assembling of the cooling pipes, calibration of the
temperature probes and the final version of the PV SS-11 SW are expected to be ready April 2001.

The application will be extended to monitor the cooling system during the calibration of 12% of the
modules in SPS/H8 beam line in Summer 2001 where six super-drawers will be cooled down and the
monitoring of each of the six cooling pipesis needed.

Monitoring of the Real Size Hydraulic test described in this document

The control of the cooling will be performed by a Schneider Programmable Logical Controller (PLC), see
figure 186.10.01. A specia PV SS application will be developed with the purpose of interfacing the PLC
by means of a Schneider OPC? server in order to visualise and store system parameters and status. No
additional HW equipment is needed for this application. The ST/CV group must specify which
parameters must be exchanged with the PV SS application. Both, Schneider PLC and OPC server are not
yet available. The estimated time scale for this activity is second half of 2001.

Monitoring in Magnetic and Radiation Test

The aim of the DCSteam isto make the ELMB usable for the MDT subdetector, implying operability in
presence of magnetic field and radiation. It has been aready proven that the ELMB could access sensor
and actuators by means of cables up to 30 m long. Thiswill give the possibility of placing the ELMB
wherever the radiation magnetic tolerance limits allow it and access signals of the Tile Calorimeter.

The previous generation of the ELMB modules, LMB has been satisfactory tested for a magnetic field of
1T. The electronics used in the current implementation of the ELMB is the same and hence, the same
guota looks achievable. Several radiation tests with the ELMB are ongoing and afinal qualification of the
modules, according to the ATLAS radiation tolerance rules, is expected by the end of 2001.

DCS equipment can be used in both, final implementation of the monitoring of the cooling of the Tilecal
detector and assisting the ST/CV group during testing of the equipment employed in the system. In the
latter case, the ST/CV group must define the equipment (e.g. sensor, actuator, electronics), parametersto
monitor (voltages, current, temperatures, status) and timescale.

! Dynamic Link Library
2 OPC stands for OLE for Process Control.
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Heating system for the Tiledrawers

A stable temperature inside the TileCal drawers is required for many reasons (stability of the
electronics; gain stability of the PMTs - the variation gain for the tubes used in the TileCal is about
0.2% per °C and the goal is to have a relative gain variation no bigger than 0.5%; on the PMT test
benches, characteristics are evaluated at a precise temperature; the TileCal modules calibration: each
module will be calibrated with **'Cs at a common temperature). The same thermal conditions must be
respected when the TileCal will be assembled so as to use calibration data for the correspondence
current-energy.

In 2000 test beam data acquisition, using the LAr cooling station with long (50m + 50m) non-
insulated pipe, it was observed a clear effect of ambient temperature (DT = 5 between night and day)
on the temperature inside the drawer (DT = 2).

In 2001, with the new installed cooling station in Bd.185, 3 different lines (20m + 20m) will be
connected:

One with standard hose PVC @10-16mm.
One with standard hose PVC @10-16mm fully insulated with Armaflex I T thickness 6mm.
One made with multilayer pipe @11.5-16mm as foreseen in the test installation.
The variation on the temperature will be monitored as function of the ambient temperature for the
different type of pipe. Full set of measurement will be available beginning of 2002.

As seen in Figure 186.9.20 and 186.9.18 the water distribution will be divided in 24 sectors, some
including 8 drawers, others 12. The temperature is nonetheless not constant inside the detector: a
+6°C gradient from top to bottom (19°C to 25°C) is expected [ATL-TC-ER-0012-00]. This induces
variations on the water tubes that will feed each sector: the input and output temperatures of the water
in the drawers vary from drawer to drawer, depending on its location. Since this feature disagrees
with the previous points, it is proposed to use heaters to correct for the gradient temperature effect.
Clermont-Ferrand, now in charge of the cooling distribution circuit inside the drawers wishes to study
this heater system (R& D phase). It would be made of:

- A heater; power: 1 kW (enough for a sector of 8 to 12 drawers). This kind of heater does not exist

yet and will require adedicated R& D phase

- A rday for the driving of the heater as well as cable (the orders on the relay will be applied from
the ELMB).

- Temperature probes (four at upmost) to monitor the temperature along the tubes (monitored
through the ELMB).

- A cooling unit (the existing unit made for the calibration in build. 185).

- Tubesto flow water (Iength to be defined)

- A PCto monitor the system (already exists for the cooling unit monitoring).
- A system to simulate the heat exchange of the drawers.

The estimated cost, in charge to Clermont-Ferrand, including the heater and the elements necessary
for its inclusion in the hydraulic circuit, is (at upmost) 2500 CHF. The cable and the relay should in
total cost less than 400 CHF. Including all other items should not exceed the 12000 CHF allocated to
Clermont-Ferrand for this R&D phase.

Cooling of the L ow Voltage power supply

The Tile Drawers are powered by Low Voltage power supplies located in the Tile Fingers. These power
supplies are cooled by means of water circulating heatsinks. These heatsinks are connected in seriesin the
hydraulic cooling circuit of the Tile Drawers, and is monitored by the drawers cooling slow control
system.




ATLAS Project Document No: Page: 12 of 22

ATC-TL-ES-0001 Rev.No.: 1.1

The Finger Power Supplies are a currently under development by the Tile Collaboration. The technology
used is targetted for radiation tolerance, which limits the efficiency to 70%. The maximum total power
that must be supplied to a superdrawer is 320W (thisincorporates all the safety factors).

Different kinds of heatsinks are being considered, and the final choice will depend on space constrains
inside the finger. A default solution already used in the test beam runs is based on machined Aluminium
heatsinks plates, 20mm thick, with circulating water. Alternative solutions are being considered, like flat
Aluminium or stainless steel heatsinks with circulating water. The number of heatsinks per power supply
will be one or two, depending on geometrical dimensions of the devel opped converters.

The cost of the power supplies cooling system and the space constraints are unknown at this stage of the
devel opment because atechnology hasn't been selected yet.

This being studied by the Prague and Barcelonateams and ST/CV group.
Thefirst test with 6 heatsinks manufactured by Prague team will be done in Summer 2001.

8 Budget/M anpower .

8.1 Materialsdescribed in section 4.

Component Supplier Unit Qty Price Drawing Item Comment
| | | price | | | | | |
| Pneumatic on line valve HP 3/4" | Danfoss | 345 6 | 2070 1861001 10 |
| - spring return i i i i i i i i
| Thermal flowmeter | CERN-ST/ICV | 0 6 | 01861001 | 11 |Tobe |
| 'R&D [ o dwe
. lopped
' Baancing valve STAD1L/2'F- | RIBAT | 4640 6 | 278 1861001 | 12 | |
Kus252
| Balancing Instrument TA | RIBAT | 4636 1 | 4636 ! | Provided |
| Hydronics | by ST/ICV |
| Pressure transmitter -1/5 bar, 4- | HubaControl | 217.40 | 3 | 652.20 | 186.10.01 | 13 | i
| 20mA | | | | | | | |
| Scaffolding from DELPHI | DELPHI 1861001 | 14 | Provided |
i - Experiment i i i i i by i
| | | o | | DELPHI
| Tank stainless steel 750 | DEPOSITOS | 1773 1 | 17731861002 | 20 | i
| | COBALLESSL | i i i i i i
| Check valve 10mbar | 40.10.30.106.3 | 750 1 | 75| 186.10.02 | 21 | i
| Pressostat -50/-600, | HubaControl | 7550 | 2 | 151 1861002 | 22 | .
| Art.625.64301121 : : ; ; ; : : :
| Butterfly valve Lug DN50 | Zurcher- | 152 1 | 1521861002 | 23 | .
| | Technik | | | | | | !
| Magneticdrivepump 4m3/h | KSB ZurichSA | 7512 | 1 | 7512 186.10.02 | 24 | .
| @46m | | | | | | | !
| Stainless steel strainer 0.5 DN32 | TECOFI 417 1 | 417 1861002 | 25 | !

Pressure transmitter -1/5 bar, 4-

HubaControl | 217.40 | 1 | 217.40 1861002 26 | |

- 20mA | | : |

| Manometer blondelle ech.-1+5b, | 22.4121.300.9 | 80| 1 | 80 1861002 | 27 |

| D100 | | | | | | | |
Diff.pressure regul. SART ; Zurcher- ; 2637 ; 1 2637 ; 186.10.02 ; 28

DN20

| Technik
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Component Supplier Unit Qty Price Drawing Item Comment
i ‘ | price | ' i i i i
' Ball valve 316 - 3/4” with spring | Zurcher- . 270, 3 | 810 1861002 | 29 | .
| return pneumatic actuator and | Technik g g ' i g g g
| position indicator i i i : : i i i
' Ball valve brass 1” 1 4040642166 | 19| 3 | 571861002 | 30 | |
| Sight flow indicator VCYL 39S | PaulusAG | 3330 3 | 100 1861002 31 | |
| 11/8" ODF | | | ' | | | i
| Ball valve 316 - 1/2" with | Zurcher- . 250, 4 | 1000 186.1002 | 32 | .
| pneumatic spring return actuator | Technik g g ' i g g g
| and position indicator : | | | | | | i
' Meplatube Alu/PE @26/20 'GEBERITSA | 7.95 150 | 11925 186.10.02 | 33 | i
| Meplatube AIWPE @16/11.5 | GEBERITSA | 405| 100 | 405 186.10.02 | 34 | |
| Meplatube Alu/PE @20/15 | GEBERITSA | 585| 150 | 8775 186.10.02 | 35 | §
| Meplafitting @16X1/2” | GEBERIT SA | 18| 10 | 180 i i i
' Meplafitting @20X 1/2” 'GEBERITSA | 18| 25 | 450 | ! ! !
' Meplafitting @26X3/4”  GEBERIT SA | 21| 20 | 420 | ! ! !
| MeplaTefitting |GEBERITSA | 18 6 | 108
| @20X1/2" X @20 | | | | | | | |
| MeplaEqual Tefitting @20 | GEBERIT SA | 18| 10 | 180 i i i
| MeplaEqual Tefitting@26 | GEBERITSA | 18| 10 | 180 | | | |
| Vacuum pump KNF N026 220v | KNF(CH) 1 366.80| 1 | 366.80|186.10.02 | 36 | ’
NEUBERGER
| Leakless control accessories | ST/ICVstock | 200, 1 | 200 | i i i
| Pneumatic distributor 3/2 ' BACHOFEN | 140 3 | 1820 186.10.02 @ 37 | ‘
| Control valve V6R Im3/hwith | SAUTERSA | 53370 | 3 | 160111861002 38 | |
| pneum.actuator | | | | | | | |
| Converter E>PXEP4-20mA | SAUTERSA | 31140 | 3 | 93420 | 186.10.02 = 39 | |
| Regulateur REX G9 | Thermotronic | 1630 | 3 | 4890 186.10.02 | 40 |
| 4/20,3al,cons.ext. | AG-VOGTLIN | | | i i i i
| PLC Premium, 16 Andlog, 32 | SCHNEIDER | 10395 | 1 | 10395 186.10.02 = 41 |
| TOR | ELECTRICSA | | | | | | |
| PLC Accessories, rack, cables, | CERN Stores | 3150 | 1 | 3150 186.10.02 | 41 |
| efc.. | | | | | | | |
| Demineralisation unit 50 liters | AQUAZUR | 11348 | 1 | 11348 1861002 | 42 | not  in|
i | | | | | | | Bd.185 |
| Cartridgefilter 10" Stainless | 40.15.08210.7 | 685 1 | 685 1861002 @ 42 |
| stedl | | | | | | i i
| Filtre de déminéralisation | COLE - | 44 1 | 44 1861002 42 |
i | PARMER | | | | | | |
| MeplaBending tool @16t050 | MGF - | 405 1 | 405 | Provided |
Macchine & by ST/CV
| | Ustenslli | | | | | | i
' Conductivity transmitter BACHOFEN | 2470 1 | 2470 186.10.02 @ 43 | i
| Prop. liquid level transmitter | DIMAT | 1043| 1 | 1043 | 186.10.02 | 44 | |
- Tubes & accessories for  CERN STores | 2000 1 | 2000 : : |
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8.2

10

Scaffolding 0.6m X 5m X 13m Alu: 18,700CHF (offer 2001-1112 from CERN's supplier Alu'lt). To
avoid this extra cost we will use the scaffolding from DELPHI detector after the dismantling of the
experiment. Thiswill be available in September 2001.

The total cost of the components described in the table excluding the tools provided by ST/CV, the
scaffolding (provided by DELPHI), the flowmeter (to be developed by ST/CV), the demineralisation unit
(not mandatory for thistest) is51,440CHF.

This also exclude the costs related with the tests described in section 5 (monitoring of the cooling
system), section 6 (heating system for the Tile drawers) and section 7 (cooling of the low voltage power
supply) that will be taken in charge by the CERN-Tilecal, Clermont Ferrand-Tile and ATLAS DCS
groups.

Manpower (Externa staff)

Cooling unit: mechanical part: 160H X 55 CHF = 8800
Electrical & programming part; 120H X 55CHF = 6600
Bd.185: Piping: 80H X 55CHF = 4400
Start and test: 40H X 55CHF = 2200
Tota 400H X 55CHF = 22,000CHF

List of componentsto betested in magnetic field

The magnetic field in the TileCal achieves its maximum of 0.5 - 1 Tedla in the iron structure of the
girders. Inside the girders where the drawers will be installed with the cooling pipes and the temperature
probes, the magnetic field is around 0.1 Tesla. The pressure transmitters and the pneumatic on-line valves
will be located near the crack between the Barrel and the Extended Barrel where the field is around 0.08
Tesla maximum. On the floor of the UX15 cavern where will be located the cooling station (radius 12m)
the maximum magnetic field is 0.05 - 0.07 Teslaat z = 0 and decreases to 0.02 Teda at z = 14.5m. The
exact location of the cooling stationsin z is not yet defined.

The components that need to be tested in magnetic field in extreme condition are listed.
At 0.5 Teda
Pressure transmitter
Pneumatic on-line valve
At 0.07 Tesla
Magnetic drive pump
Pressostat
Ball valve and control valve - with pneumatic actuator and position indicator
Proportional liquid level transmitter
Dew point transmitter

Before starting these tests, contact with ATLAS TC is needed to agree on acommon procedure and saf ety
factorsto take into account. Thisis also valid for radiation test described in chapter 10.

In section 5.3 are described the specific tests under way for the monitoring components.

List of componentsto betested with radiation

The neutron integrated and gamma dose close to the Tile girder region (r = 4m) are about 10"
neutron/cm?/year and 1 Gy/year respectively.

The following components need to be tested to those radiation levels:
Pressure transmitter
Multilayer tube
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Pneumatic on-line valve

Timescale

The main steps of the project are:

May 2001: submit the project to Joint Cooling & Ventilation committee (JCOV) to get financed
(detailsin section 8.1 and 8.2)

June 2001: Purchase. The status of thiswill depend of the outcome of the finance of this project.
September-November 2001: Construction and installation in building 185

December 2001-June 2002: Tests and development. The radiation and magnetic field tests can be done
inparallel.

October 2002: All Tender documents ready to be released (PRR cooling review). This will be a
necessary step for the market survey and tendering for the final system in UX15.

Annexes1

Drawing N° 186.10.01 Layout of the full scaletest in Bd.185

Drawing N° 186.10.02 Cooling unit Bd.185

Drawing N° 186.9.18 TILE Calorimeter / Extended - Layout cooling circuit in UX15
Drawing N° 186.9.20 TILE Calorimeter / Barrel - Layout cooling circuit in UX15
Drawing N° 186.5.08 LAr Calorimeter / Barrel - Layout cooling circuit in UX15
Drawing N° 186.5.09 LAr Calorimeter / End cap - Layout cooling circuit in UX15
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width platform 600mm

Simulation heat exchanger

PIPING WITH MEPLA TU

BES
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@20/15 and 26/20

1

1 1
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31 34
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15/500| 15/549

“Return|
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20/128| 20/ 140

1000W/DT=2
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Pressure|
transmittef
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/7 Flowmeter
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v N el REMOTE CONTROLS
T 12 X
Balancing valve SCADA PVSsSII
g ] 4 OPC SERVER
&
10
PLATEFORM 1 — _pneumatic
—NH—KH ON OFF valve
B . 3/4"
Y
Air lines
14 @6/4
———» VACUUMVACUUM
Return lines \ £
WATER H
8 @26/20 ‘l LIQUID ANALYSIS TREATMENT H
N Y H
1T g
H y 8
T &g ‘% AIR SUPPLY "
=
“:zliezlolli:?/ Cooling Unit
see drawing ISﬂmETY.[ PART NO. DESCRIPTION
ATLAS / CALORIMETERS - COOLINGBONNEAU - H
FULL SCALE LEAKLESS v.d —1&-
‘ 20m | PILOT PROJECT - Build.185 SCALE 1:89
DRAFT 07/03/2001
=)\ CERN/EST/SM/SF 186.10.01
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- T uum pump
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SECTORS Total
PIPING FOR THE 8 drawers = volume
2 EXTENDED 12 drawers = 3600W 2400W - of the
BARRELS .
1R 1L 3R 3L 2R 2L piping
Lenght[m] 34 49 | 405 | 555 | 355 | 505
Inner Inlet 2016 | 2018 | 2017 | 2018 | 2014 | 2015 420 [1]
dia.[mm] | Outlet | 20926 | 2229 | 2@27 | 2029 | 2223 | 225
——8480.00
Pressure
transmitter
N
g shut off valve USA15
/ PLC
PID Control
[ KNS Converter e->p
4 \“ SCADA
o Water treatment unit
g Ny Air supply
> o 3
55593
s2383
© 523
® = o
<3 Outlet lines 23" i 3
N 2
& o “ g
General characteristics:
1 Cooling unit 77 kW
Primary circuit: mixed water - 13/17 °C - 16.5 m3/h
& Secondary: Water - 18/20 °C - 33 m3/h
% 4 X 64 drawers 300W (200W in drawer + 100W power
i supply)
Flow indicator Pressure drops distribution:
-Overpressure: 1 bar in inlet pipe + head difference
-Subpressure: -300mbar head difference in sectol
— -200mbar heat exchanger drawer
-100mbar outlet line
Pneumatic pressure ITEM| QTY. | PART NO. DESCRIPTION
regulator
ATLAS - TILE CALORIMETER COOLING BONNEAU - P
LAYOUT COOLING CIRCUIT UX15 E’@
EXTENDED SHOWN SCALE 1:100
Modularity 6 sectors 08/03/2001
i CERN/EST/SM/SF 186.9.18
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SECTORS Total
PIPING FOR THE — —
BARREL 12 drawers = 8 drawers = | volumg
. 3600W 2400W of the:
(2 sides) L
1R/1L | 3R/3L 2R /2L piping
Lenght[m] 35 43 38
peasco inner | Inlet [ 4016 | 4@17 4915 350 [I]
dia.mm] [ Outlet | 4@27 | 4028 4023

Pressure
transmitter

2740—|

shut off valve

8
8
USA15
PLC
PID Control
Converter e->p
SCADA
2 Water treatment unit
T Air supply
rlogs
@
g
g
£l
S
g General characteristics:
7 1 Cooling unit 77 kW
Primary circuit: mixed water - 13/17 °C - 16.5 m3/h
Secondary: Water - 18/20 °C - 33 m3/h
4 X 64 drawers 300W (200W in drawer + 100W power
Outlet supply)
lines PPY,
Flowindicator Pressure drops distribution:
-Overpressure: 1 bar in inlet pipe + head differencg
§ B -Subpressure: -300mbar head difference in sector
% 7 lH -200mbar heat exchanger drawer
PP0LE -100mbar outlet line
Inlet
fines Pneumatic pressre mixed ITEM[ QY. [ PART NO. DESCRIPTION
regulator water
ATLAS - TILE CALORIMETER COOLING BONNEAU - P
LAYOUT COOLING CIRCUIT UX15 ‘5’@
BARREL SHOWN SCALE 1:100
Modularity 6 sectors 08/03/2001
S CERN/EST/SM/SF 186.9.20
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SECTORS Total
nreL | Cssoon somes=izzoow | ‘Gl
R2 2 B3 13 T3 | R3 | Piping
Lenght[m] 20 20 20 20 20 20
[E)g inner | Inlet | 2021 | 2021 [ 2@24 | 2024 | 2@24 | 2024
dia.[mm] [ Outlet | 20933 | 20933 | 20338 | 2038 | 2038 | 20338 5901
Lenght[m] 245 | 145 | 145 | 195 | 245 | 195
[')'\éTT inner | _Inlet | 2017 | 2916 | 2018 | 2020 | 2@21 | 2@20
dia.[mm] [ Outlet | 2@29 | 2@25 | 2230 | 2032 | 2233 | 2@32
NO Lenght[m] 445 | 345 | 345 | 395 | 445 | 395
CHAN [ inner | Inlet [ 20919 | 2018 [ 2@21 | 2@21 | 2@22 | 2@21 | 550
GE | dia[mm] [ Outlet | 2030 | 2029 | 2033 | 2034 | 2035 | 2034

Pneumatic
on/off valve

\ Pressure
transmitter

<3

3

D

{2 \ i

3400 4»‘472540 —4

3400

PID Control

""""""""" Converter e->p
SCADA
Water treatment unit
Air supply

2540—.‘47

T

55643
2 225 8
S c o
ge2s
3
2
3 =
H
R

General characteristics:

1 Cooling unit 255 kW

Primary circuit: chilled water - 6/12 °C - 36.5 m3/h
Secondary: Water - 14/18 °C - 55 m3/h

2 X 16 (barrel) + 2 X 13 (end caps) crates 3.6kW

2 X 16 (barrel) + 2 X 13 (end caps) power supply 0.8kW

Flow indicat istributi
low indicator X Pressure drops distribution:

11400
6800

Outlet
lines

-Overpressure: 1 bar in inlet pipe + head differenc

o % = 4 -Subpressure: -300mbar head difference in sector
MM -200mbar heat exchanger drawer

Change of [ Shas -100mbar outlet line
diameter o
Inlet E (3]
fines Pneumatic pressure mixed .E ITEM[ QTY. [ PART NO. DESCRIPTION
regulator water &
(> ATLAS - LAr CALORIMETER BOXES COOLING | BONNEAU - P
LAYOUT COOLING CIRCUIT UX15 E’@
BARREL SHOWN SCALE 1:100
Modularity 6 sectors 08/03/2001

S CERN/EST/SM/SF 186.5.08
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SECTORS Tote
PIPING FOR THE 3 crates = volun
END CAPS 2 crates = 8800W 13200W of th
R2a | L2a | B2 | L2b | R2b T3 pipin
Lenght[m] 34 495 | 495 | 525 37 40
inner | Inlet | 29918 [ 2019 | 20919 | 2220 | 2018 2021 570|
dia.[mm] | Outlet | 2829 | 2032 | 2@32 | 2@32 | 2@30 2035

Pressure
transmitter

28480.00:

on/off
valve

USA15
PLC
PID Control

Converter e->p
SCADA
Water treatment unit
Air supply

[——2100—»{«——1990 —»|

[+——2000—>
£

1) Jre [eudls
aloway

uswIean Jate

|oa)

General characteristics:
1 Cooling unit 255 kW
Primary circuit: chilled water - 6/12 °C - 36.5 m3/h
Secondary: Water - 14/18 °C - 55 m3/h

2 X 16 (barrel) + 2 X 13 (end caps) crates 3.6k
2 X 16 (barrel) + 2 X 13 (end caps) power supply| 0.8kW

11400

Outlet
lines

-Overpressure: 1 bar in inlet pipe + head differen:

&\\ i 1 1 -Subpressure: -300mbar head difference in sectc
— ‘{ l -200mbar heat exchanger drawer

bt g -100mbar outlet line

Flow indicator X Pressure drops distribution:

Pneumatic pressure ITEM[ QTY. [ PART NO. DESCRIPTION
regulator

ATLAS - LAr CALORIMETER BOXES COOLING | BONNEAU - P
LAYOUT COOLING CIRCUIT UX15 E@

END CAP SHOWN SCALE 1:100
Modularity 6 sectors 08/03/2001

N/ CERN/EST/SM/SF 186(5.09

e )
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Annexes 2

pdf documents.
Drawings & Notes

Drawing N° 186.10.01 Layout of the full scale test in Bd.185

Drawing N° 186.10.02 Cooling unit Bd.185

Drawing N° 186.9.18 TILE Calorimeter / Extended - Layout cooling circuit in UX15
Drawing N° 186.9.20 TILE Calorimeter / Barrel - Layout cooling circuit in UX15
Drawing N° 186.5.08 LAr Calorimeter / Barrel - Layout cooling circuit in UX15
Drawing N° 186.5.09 LAr Caorimeter / End cap - Layout cooling circuit in UX15
Drawing ATLLLMA 0001 Drawer patch panel

Drawing ATLLLMW_0001 Superdrawer cooling

LCSv.2 - Pressure drop calculations and assumptions

Supplier'sdoc

Short description of EI-O-Matic pneumatic actuator

Technical data of Danfoss HP220X pneumatic valve

Technical description of STAD balancing valve

Technical description of the balancing instrument CBI"

Huba pressure sensor 691 series

KSB Multimagno pump MTM-S2 2/3 C/110-20

SART direct acting pressure regulators

Multilayer Mepla pipe from Geberit

Technica characteristics of Pneumatic valve drive AV42, control valve V6R and E-P converter
Technical characteristics of the REX-G9

Recommendations for the use of PLCs at CERN from the Working Group on Programmable Logic
Controllers

Technical description of the Burkert Digital inductive conductivity transmitter type 8226
Technical description of the Burkert RF Capacitance level transmitter type 8100




