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Design Review In July for %
Syringe; Design Review INn OCt. ! cltcsoroon
for Remainder of Equipment

Cutaway view of the
target system

Cutaway view of the
target and solenoid
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Design Approach - Two Design
Packages to Expedite Procureme

Mron Coliahoration

(1) Syringe Pump
— Syringe pump design replaced the
original centrifugal pump due to the

high pressure requirement for the
system to deliver a 20 m/s jet

— Two hydraulic cylinders drive a Hg
cylinder

— Stainless vs carbon steel cylinders

— Procurement underway thru BNL and
the vendor chosen (kickoff meeting
with Airline Hydraulics Co. today!)

(2) Target Delivery System

— Consists of primary and
secondary containments,
supports, sump tank,
instruments, filtered vent,
supply line, laser optic windows,
and beam windows

— Procurement in November using
BNL procurement process
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Overall Plan N
e Pump equipment and target delivery system are designegldg}}%ﬁﬂ%

— Funding is provided for design, assembly, and testing

Procure all hardware thru BNL (except for misc. items)

e Assemble equipment and test the system at ORNL/TTF

— Characterize operating parameters of the target equipment and the laser
diagnostic (pictures of Hg jet)

— Ship the target to MIT along with auxiliary equipment, and support base
structure

Integrated system tests at MIT (w/solenoid)

— Characterize operating parameters in the magnetic field environment
(pictures of Hg jet in high field)

— Fit up test of solenoid/target equipment on base support structure

— Ship back to ORNL (NEW - assess sending solenoid to ORNL for
subsequent shipping to CERN)

— Ship system to CERN along with all support equipment

e Beam-on-target tests at CERN
— Proof-of-principal tests in TT2A tunnel, store, decon., pack, and
— Ship mildly activated equipment plus Hg back to ORNL
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Hg Delivery System

Muon Coliahoration

o Capacity 23 liters
Hg (=760 Ibs)

e Provide 1-cm dia.,
20 m/s jet for up to
12 sec

e Secondary
containment size
960mm x 1475mm X
960mm

e Estimated weight 2
tons incl. Hg
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Primary Containment

Muon Collaboretion
e Hg supply flow path
— 1-inch Sch.-40 pipe

— 1-inch flex metal hose w/sanitary fittings

— sump tank
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rarget system must deliver a stable, | 5 (
unconstrained jet of Hg in 1-atmosphere Jf &=
into 15 Tesla field (Vacuum Is Under Review)

Regmts and Operating ConditionsiN;
2

e 1-cm diameter jet at 20 m/s delivered every 30
minutes

e >]-sec steady state jet during the magnet peak field
e Full-beam interaction length is 30-cm

e 24 GeV, 1 MW proton beam, <20x10*? ppp

e Beam line is 120-cm (47.2”) above the tunnel floor

e Up to 100 pulses for the CERN test, >500 operating
cycles for system testing

e The pump equipment operates in a range of 6000
Gauss to 300 Gauss (1 Tesla = 10* Gauss)
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!
Magnetic Field Profile ﬁﬁ}'(

Muon Coliahoration

Parameters of Pulse Coil Precooled to 89 K and Energized at 600 V to 7200 A

® 15 TeS|a peak fleld . ’ . i i P TKI
has a 1-sec flat top at T e
t=95s o+

Stray field profile AN

—

Seconds

1e LN2 magnet operation
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Magnetic Force Analysis

Hﬂu Caliaboratian

ANSYS)

e Peter Titus performed
ANSYS analysis of attractive
forces between magnet and
single iron cylinder

e Force nearly 13000lb

e Further analysis showed

fo r C e d eC reas eS Force on 416 Lb C::zc::-:zﬁii;:;p between Magnet
significantly with separation
distance > 1m
e Outcome: Syringe systemis
stainless steel! i T
0 /.S'\%
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I
Geometry of the Interaction Regio@({

Muon Coliahoration

Hg Jet Target
Baseline Configuration
15 Sept 2005

e 0.4° horizontal kick

e Jet to beam is 33 millirad
(1.89°); jet to magnetic axis
IS 100 millirad (5.73°)

e The PB crosses the jet
centerline at Z=0, which is
also at 15 T in the center of
the solenoid
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!
Containment Schematic \(

Muon Coliahoration

Flitered Double Window (2)
Single Window (2)  Ventilation

/ Ty ol e T
Vacuum/Pressure / = = 1y
Test Port N C
\‘\_H_ \ A \
e iy \ Solenoid
Sensors ——H- —==j==| |l.|— Primary Containment Bore
Fiber Optic Bundle —f— \E 1 <—— Hg Vapor Monitor No. 1
: —— Syri
Hydraulic Fluid Lines é % Pump - H Hg Vapor Monitor No. 2
Solenoid Secondary
Bore Containment Secondary Containment
Hg Supply
. Tube
Primary
Containment Clearance Between
Cryostat and Containment
Nozzle Hg Target System
Sect. A-A Containment Boundaries
ST (pts: Aug. 24, 2005)
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Optical Components - Target %
|nterfaCGS Are Defined Muon Collaboretion

e BNL provides splitters, prisms, lenses, bracket,
mounting hardware & adjustment mechanisms

e Rad tolerant fused silica cable is being tested at
CERN
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Z=0 Section Cut

4 ———m=
Hg Supply Tube 2 —*n
@25.4
Optics (mirrors, ]

lenses, splitters)

-
L' 31

Fiber Bundles

Optic Windows
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secondary Containment

B156.9
Magnet Bore
X ID=1462mm
Hg Jet
i
76.2
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Hg Loading/Unloading Under
Stu dy Mion Collahoration

A glove box could be required for unloading Hg at
the completion of testing if refilling flasks is not
permitted outside of the secondary containment

— Consider use of snorkel near flasks in lieu of glove box

— Develop list of activated Hg byproducts and determine
effectiveness of filtration
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Filter Lifetime iIs Calculated ﬁ'ﬁi (

Muon Coliahoration

Preliminary Estimate For y

Saturation Pressure |
Iog I:’sat = _3105.5/T0K +4.9294 (bar) Filter

effectiveness
_ : tests could be
Saturation Concentration done at ORNI.
3
Csat = 2.445P5at /TOK (KgHg/m ) (Pgg¢ mbar)
Ref. Quechsilber und seine Gefahren, Swiss government
worker safety report, SBA No. 145, Luzern
e Flow Rate 110 cfm e Filter Weight 6 Ibs
e Temp. 25°C o Filter Satur. 12%
e Filter Effic. 99.0% e Filter Life 185 hrs
— Does not incl. reduction
for humidity
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are Underway to Assess

MARS15 Simulations at FNAL y
Activation of the Target System

Tt

Muon Coliahoration

e Preliminary results
Indicate that
activation levels
are not a problem
for electronics,
INStruments, or
materials
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CERN Tunnel Layout

Hyd Pump
& Controls
in TT2

ISR
(Control Room
Location)

OAK RIDGE NATIONAL LABORATORY

U. S. DEPARTMENT OF ENERGY ] ,
Muon Collaboration Friday Mtg.

Oct. 28, 2005

Muon Coliahoration

UT-BATTELLE
ALz




Power Requirements %
Muon Collaboretion

e Hydraulic pump — 380/460VAC, 50-60Hz,
60A (power connection at CERN)

e Proportional control valve — 24VDC
e Heater foil — 120VAC :
e Hg vapor monitors — 120VAC/i

e Instruments — 24VDC
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Instrumentation & Sensors

e

Muon Collaboration

Controlled Components

Hydraulic pump

Proportional
control valve*

Heater foil

Analog Sensor Inputs

: Secondary
lodscharge rglever |HOSUTE L |containment
thermocouple
Cylinder 1 Cylinder 2
position* position AU ALl

Hydraulic fluid
high pressure

Hydraulic fluid
low pressure

Beam window 1
pressure*

Beam window 2
pressure*

Digital Sensor Inputs

Hydraulic filter
dirty switch

Hydraulic low
level switch

Conductivity
probe

* Critical for system operation or safety
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!
LabView®-Based Control System ﬁ%’(l

Muon Coliahoration

e Remote control over long distance
limited choices

— Analog I/0 modules need to be close to
equipment and power supplies

e LabView controller on laptop computer
was chosen Z

— National Instruments recommends Compact
PCI I/O modules

— Communicates to laptop via EtherNet cable

— Allows custom operator interface, data
logging if required during development

— Should allow straightforward integration
with other control systems

e Control system development to begin F———x
late October
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'\!

Miscellaneous Equipment For /
T h > Targ et SySte m Muon Coliaboration
Large Items Small Items
Vacuum CleaneFr Dry Merc-X Cleaning Solution
Snorkel Sponges
2 VVapor Monitors Plastic Buckets
Spare Filters (qty. TBD) | Plastic Pans
Glove Box ? Gauze- roll
VacuumPump ? Small Tools
Vinyl Tape
Herculite

Plastic Bags— asst’d (1 gal.— 20 gal.)

1-liter plastic bottles

Lab Coats/Shoe Covers

Tyvek Hooded Suits

Nitrile Gloves

Full Face Mask/Respirator Cartridges
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Project Schedule

e Assemble syringe
ump and target
ardware May-Jun
006

e Target system tests
at ORNL Jul-Aug
2006

e Integrated system
tests at MIT Sep-Oct
2006

e Beam-on-target
experiment at CERN
Mar-Apr 2007
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Hg Target System Design-nTOFLL Sert | Finish 2004 2005 2006 2007
Date _Date_ Jul | Aug [Sept Oct [ Nov|Dec Jan | Feb | Mar Apr [ May| Jun Jul | Aug Sept Oct|Nov|Dec Jan Feb | Mar Apr May Jun Jul AugSept Oct Nov|Dec Jan Feb | Mar Apr May|Jun
Activties & Milestones at CERN (Rev. 10, Oct. 12, 2005) by CERN Engineers
Modifications to Existing Power Supply 5005 103005 Notes and Technicians
test Pover Supply 108105 1226005 L. This schedule i based on testing o
nstall Cryo System Equipment & Dewar 103105 120/06 &l CERN in March, 2007. p—
Install and Test Target & Solenoid in TI2A | 1107 107 2 Red diamonds indicate milestones or —y
o estimated travel
Commission Test Equipment at CERN (verify  1/25/07 2125007
operational capability of total system) —v
Beam On Experiment 202607 318007 =
Decommission - Phase | (remove 319007 | 62007
{argetisolenoid from beamline atter 1 week of ———y
cooldown, store in TT2A for several months)
Decommission - Phase l (dismantle 621107 | 93007
equipment, remove Hg, ship target & Hg to o
ORNL)
Activties & Milestones at MIT Solenoid at MIT
Fabricate Solenoid 53104 10/16/05
RAL Provide Test Plan & Vahe BoxDetails | 8105 FS
RAL Deler Vaive Boxo MT o105 *
Setup Solenoid System at MT 1017005 11/6/05 h—v
Nagnet System Testat MT 1177105 12125005 —
Prelim. Safety Review & Target TestPlan | 10/18105 10120105 v
Final Safety Review & Target Test Plan 2021106 | 223106 rs
Setup Target System at MIT 8121106 9710106 o ‘T"e‘z?;a‘i: ;{TS‘E'“S
i
Integrated System Testat MIT 9711006 10/606 9
Ship Target System Back To ORNL 101006 10729006 av
Ship Target System To CERN 110606 12131106
Hg Target System - ORNL
‘9 Target System Other Collaboration Meetings
1. System Design Princeton CERN CERN To Be Scheduled As Required
1a. Engineering Coordinaton / 504 711007 ——ts L
Collaboration Meetings: 1115004 ¢ A T
3128105 Princeton AccAppOS
o105
4729005 MIT
6127105
1017105
1b. Establish Interfaces & Obiain LT Ty ———
Requirements
1. Neutronics Calcs (BNL) o2 sml0G  EmE (BNL)
1d. Develop Interface Duigs T TR S N
Le. Design Hg Flow Loop System Tite | Title Il Design
Design Review for Pump
Title I Design 11/1/04 13005 Title I Design  Review Subsystem
21105 Title Il Design
Title i Design 2021105 711005 h g Title Il Design Review for Target
8105 10/19/05 Loop, Deflector & Nozzle
7111105 '
101705
11, Develop Procurement Specification for | 5/23/05 6124105
Pump Equipment - ORNL Funds For Pump
1. Procurement (Bid & Award) for Pump | 711005 | 930105 Procurement are
Equipment- BAL Avallable in FYos
1h. Fabricate Pump Equipment- Deliver o | 10/19/05  2116/06 Deliver Pump
ORNL (16 weeks fabrication) 2127106 ¥ Sysiom 1o ORNL
1i. Design Opical Diagnostics (BNL) 1004 925005 Deliver Diagnostic
4 System to ORNL
BN /
1j. Design Target Windows (BNL) 927104 91805 @ Delver Windows
413106 =) to ORNL
1 Nozzle/Hg Deflector Tests (Princeton) | 44105 1229106
11 Develop Procurement Spec for Target | 1024105 11/6/05 (Princeton) -
Loop - ORNL AN
1m. Procurement (Bid & Award) for Target | 117105 215106 Deliver Target
Loop - BNL Loop to ORNL
In. Fabrication 26606 514106 ey
515106
1o. Target Contol System Development | 11/7/05 2712106 —
1p. Assemblyand Systems Test @ ORNL | 56106 6/6/06 —
1q. Ship Target Assemblyto MIT 814106 812006 @
2. Develop Prelim. Decommissioning and | 211005 12123105
Disposition Plan
3. Develop Prelim. Shipping & installation | 321105 12123105
Plan for MIT and CERN
4. Develop Prelim. System Test Plan & 3721005 12123005
Operations Plan Muliple Trips to CERN
5. Provide Support for the High-Power Tests | 14007 9730007
at CERN 122007 ® * 0
2126007
12007
618107
T Aug [Sept Oct Nov|Dec Jan Feb Mar Apr May Jun Jul |Aug Sept Oct Nov Dec Jan Feb Mar Apr Way Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar Apr Way Jun
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Alternative Configurations
for Nozzle/Plenum Are

Under Consideration
e Attaching plenum from up-

beam end requires smaller
diameter plenum

e Rigid supply tubing must
bend towards center to
accommodate flange bolt
circle

e Non-plenum tubing
requires Hg flow to bend
away from center (adds 4
bends before 180-deg
turn)
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Removable Plenum Concept %
Muon Collaboretion

e Adding exterior
bolts reduces
plenum ID

e Beam tube
positioning will be
a problem

e Plenum wall
thicknesses may
not be
representative
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Conclusions ﬁ%’(}

Muon Collaboration

e Procurement for the Hg delivery system has
slipped approx. 1 month
— Not a problem; sufficient slack in schedule

e Syringe pump system contract was awarded
thru BNL — vendor design review in 30 days

e Hg Delivery system procurement package will
be sent to BNL before end of November

e Target system is on schedule to meet April 2007
testing at CERN
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