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SECTORSHAFT TRANSFERLINE DESIGN

Burt Zhang

AcceleratorSystemsDivision
SuperconductingSuperColliderLaboratory
2550BeckleymeadeAvenue
Dallas, TX 75237

1. INTRODUCTION
The SuperconductingSuperCollider SSCis a high energyacceleratorwhich produceshead-on

collisions of two proton beamseachenergizedat an energylevel of 20 TeV. Superconductingmagnetsare

usedto bendand focus the proton beams.A cryogenicsystemwith unprecedentedcapacity is requiredto

supply cryogensat 4 K, 20 K helium and 80 K nitrogen for both normal operationand transient

conditionsof thesemagnetsand two thermal shields.The refrigerationsystemconsistsof twelve helium

refrigerationplantsandone or two air separationplants.The main ring of the collider is divided into ten

sectors.Eachsectoris equippedwith a cryogenic refrigerationplant at the X5 site. The two additional
refrigerationplantsare for the high energybooster}IEB. The air separationplants will produceliquid

nitrogenat an estimatedrateof 5000g/s for the collider consumption.At each sector,connectionbetween
the above-groundrefrigerationplant and the below-ground collider main ring is accomplishedby the
Shaft TransferLine STL, The reliability of the STL is vital to the operationof the entire SSCcryogenic
system.Characteristicsof other largescalecylindrical cryostatsare summarizedin Table 1.1

Table 1.1 Characteristicsof largescalecylindrical cryostats.

Cryostat Ltotal Lvac Lmcyjule O.D. Shield Heatleak per unit length W/m
in m m in 2K 4K 20K 40K 80K

LEP/CERN >150
EBAF 1500 83-170 19.2 0.114-

0.406
5.5. 0.00559

0.0414
0.17HERA 6366 141 23.554 0.48 Al NIA N/A 1.3 1.0

TRISTAN 20 20 20 0.1652 Cu 015
RHIC Al.
TEVTRON
SSC 90 17 0.6858 Al WA N/A
SSC5Th 30-100 12 0.6096 Cu N/A N/A

This report presentsthethnctionality, design requirements,anddesigncalculationsof the Sit.
Systemoperatingmodeswhich dictatethe design criteria for variouselementsof the Sit are addressed.
Systemrequirements,design constraints,and results of analysis conducted on key elementsare also
discussed.

1.1 System Configuration
At eachsector, the terminal elementof the SurfaceRefrigeration SystemSRS is the Surface

Distribution Box SOB. On the collider side, four half-feedspool piecesSPEFwill interfacewith the
Below-Grade SubsystemsBOS in the undergroundcryogenic chamber.The BGS includes the Cold



CompressorBox CCB, Tunnel Distribution Box 1DB, Nitrogen SubcoolerBox NSa, Shaft and
Tunnel TransferLine SystemsSit andTTL, and two NitrogenDump Tanks NDT. A flow diagram
for thesecryogenicfacilities is shownin Figure 1.1.1

Figure 1.1.1 Flow diagramfor cryogenicfacilities in theundergroundenclosure
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The shaft transfer line consistsof two horizontal sectionsand one vertical section. The first
horizontal sectionstartsat the SDB and ends at the utility shaft. The vertical sectionfollows the utility
shaftwall all the way front top to bottom. The secondhorizontalsection starts at the bottom of the utility
shaft andendsat the CCB. The two horizontalsectionsare connectedto thevertical sectionat the top and
bottom of the utility shaft respectivelyby two elbow pieces.The elbow piecescompletethe required90°
turns.

1.2 SystemRequirements
Helium and nitrogen are circulated in the collider main ring to maintain the operating

temperaturesof the magnetsand their thermalshields. The designandnominal requirementson pressure,
temperature,and massflow ratesfor the sevencryogeniccircuits of the shafttransferline aretabulatedin
Table 1.2.1 togetherwith the circuit tubesizesandtheir wall thicknesses.

Table1.2.1 ShaftTransferLine systemrequirementsand line sizes

P bar T Flow Rateg/s O.D. Wall
Cryo. Circuits Design Nom. K Design Nom. in in
4K He supply 20 4 4.5 400 400 3 0.065
4 K He return 20 3.5 4.3 400 100 3 0.065
4K gasHe 10 1 4.0 400 300 4 0.065
20K He supply 20 3 16.5 200 200 3 0.065
2OKHereturn 20 2 24 200 200 4 0.065
80K liquid N2 20 10 80 TED TED 3 0.065
80KgasN 10 1 80 TBD TED 4 0.065

1.3 General Description
The depth of the utility shaft which composesthe majority of the shaft transfer line variesfrom

sectorto sector. The length of thehorizontalsectionof the STL at surfacealsovariesat a few sectors.The
depth of the utility shaftfrom surfaceto the beamline and otherpertinentparametersare listed in Table
1.3.1.
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Table1.3.1 Surfaceandbeamaltitudes

LOCATION
SURFACE

ALTITUDE
m

DEPTHTO
BEAM LINE

m

BEAM LINE
ALTITUDE

in

BEAM LINE
REF. ALT.

m
1115 233.17 74.06 159.11 75.96
N25 197.97 33.87 164.10 80.95
1135 208.03 57.92 150.11 66.96
N45 161.54 37.50 124.04 40.89
N55 140.21 41.45 98.76 15.61
N20 217.17 53.13 164.04 80.89
N30 207.26 48.00 159.26 76.11
N40 161.54 23.70 137.83 54.68
N50 151.64 41.21 110.43 27.28

EAST CLUSTER
515 150,88 66.48 84.40 1.25

S25 139,45 53.40 86.05 2.90

535 139.54 27.04 102.50 19.35

545 156.21 30.51 125.70 42.55

555 169.16 24.99 144.17 61.02

S20 140.21 57.06 83.15 0.00

530 145.54 52.76 92.78 9.63

540 155,45 41.49 113.96 30.81

550 163.83 27.61 136.22 53.07

WEST CLUSTER

The shafttransferline consistsof sevencryogenic circuits enclosedin a common vacuumjacket,

an insulationsystem,an internal suspensionsystem,andan externalsuspensionsystem. A crosssection

of the cryostatis presentedin Figure 1.3.1.

MLI BLANKETS

20 K He SUPPLY

80 K GAS N2

80 K SHIELD

4 K GAS He

VACUU.1 JACKET

Figure 1.3.1 Crosssectionof shafttransferline

20 K RETURN

MLI BLANKET

4 K He SUPPLY

4 K He RETURN

80 K LIQUID N2
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EachSTL is to be built in basic constructionunits straight module, elbow piece, and make-up

pieceand assembledon-site.The scope of the design taskconsistsof stress andheat transferanalyses,

mechanicaldesign,vacuumdesign,as well as instrumentation.The outline is given in thefollowing chart

TLcHART.PPT
Ill t193

Consideringfactors such ;j manufacturability, conveniencein transport and handling, and
economics,the ma.’cimumlength of the straightmodulewill be 40 feet12 m. The sizeof the elbow piece
is kept at minimum. The make-uppiece basically is a section of the straight module with a variable.
length. It is used to meet the exact length requirementof eachsection of a 8Th. For heat leak and
economicsconsiderations,the seven cryogenic circuits sharea comthoncryostat instead of residing in
individualvacuumjacketedVi lines.

The thermalshield,coveredby two kiLl blankets,enclosesall the circuit tubesand is solderedto
the 80 K liquid tube at designatedintervalsto provide the requiredrefrigeration.To reduceheat leak, each
heliumcircuit tubeis also coveredby an ML! blanket.The cryogeniccircuits, thermalshield, ML! system,
and internal suspensionsystemcanbe fabricatedand assembledin a bundle before being slid into the
vacuum jacket and secured at one end. Static and dynamic loads from the internal elementsare
transmittedto the vacuumjacketthroughthe internalsuspensionsystem.To ensureproper function of the
cryostat, the spaceenclosedby the vacuumjacket will be evacuatedafter the on-sitefinal assembly.At a
balancebetweencost andmaintenanceconvenience,each shaft transferline is a singlevacuumunit. For
vacuum maintenanceand leakagediagnosis,a pumping port is provided at every interconnect region
where two neighboringconstructionunits are to be joined. Two pressurerelieve devicesare installedon
eachSit to protectthe cryostatfrom being internally pressurizedwhena circuit leak occurs.A stainless
steelvacuumbarrier is attachedto eachend of a Sit to isolate the vacuumspaceof the cryostatfrom
neighboring equipment. Stainlesssteel bellows are used to accommodatethermal movementof each
circuit tube. They are installedat every interconnectregion.

An elbowpiececompletesa 90° bend.Miteredsectionsare usedas shown in Figure 1.3.2.
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SPACE RERYEn FDR SUPPORTS

Figure 1.3.2 Crosssectionof elbowpiece

The circuits tubesare bent at two locations within the c’yostat of the elbow piece. Straighttube
sections between the bends are parallel to the vacuum jacket. Such configuration offers better
manufacturabilityfor the thermal shieldandkiLl blankets.The mitered sectionsare sizedin sucha way
that the middle sectionscanbe slid in from eitherend at assemblywithout having to be cut in halves. The
hatchedareasdesignatethe spacesreservedfor the internalsupports.

1.3.1 Design Requirements
Besidesmeetingthe systemfunctional requirements,the STL design has to meetcertain strength

and heatleak requirements.The internal suspensionsystemis designedto withstanda 2g loading in all
directionsfor transport.Partof the internal suspensionsystemwill experiencedynamicloads. Loadsto be
consideredincludethe following:

* static 2g
* hydrostatic
* thermal

The static loadsare summarizedin Table 1.3.2

6



Table 1.3.2 Elementweight of standardmodule

Element Material
lb/ft

Content
lb/ft

Total
lb/ft

Module
lb

4Ksupply 2.04 0.38 2.42 95.31
4K return 2.04 0.38 2.42 95.31
4K gas 2.73 0.09 2.82 111.14
4K sum 6.81 0.86 7.67 301.77

20K supply 2.04 0.38 2.42 95.31
20K return 2.73 0.68 3.41 134.41
20K sum 4.77 1.07 5.84 229.72
Sub total 11.58 1.93 13.50 531.50

80K liquid 2.04 3.64 5.68 227.26
80K gas 2.73 0.03 2.76 108.54
80K sum 3.75 3.67 8.44 335.8
Sub total 15.33 5.6 21.94 867.3

MU 0.75 N/A 0.75 29.65
Shield 9.74 N/A 9.74 383.46
Bad, support 35.27 176.35
Long. support
Internal sum

Vac. jacket 63.41 N/A 63.41 2496.46
Attachment
Total

Hydrostaticandhydrodynamicloads on eachinternalsupportof the elbow pieceare listed in Table 1.3.3.

Table 1.3.3 Hydrostaticandhydrodynamicloads on eachelbow support

______________

Static lb Dynamicib
4 K Hesupply 2078 0.045
4 K Hereturn 2078 0.045
4KgasHe 1847 0.33
20 K He supply 2078 0.042
20 K He return 2078 0.042
80K liquid N2 2078 1.538
SOKgasN2 1847 0.964
Total 14084 3

wherethe static load for each circuit is the product of design pressureand the inner cross-sectionalarea,
andthedynamicload is calculatedusing

F=thv1-cos®
Since the turningangle8 = 90° for both elbowpieces,the aboveequationbecomes

pA
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wherep andA are densityandcross-sectionalarearespectively.The hydrostaticforce is calculatedusing
the designpressure

F=pA
This load is the major considerationof the internal and external suspensionsystems design. It is
transmittedto thevacuumjacketthroughthe internalsupportsin the elbowpiece, and to the concretewall
or foundationthrough the externalsupportsfor the elbow piece.Otherloadsappearto beinsignificant in
magnitudeandcanbecoveredby the reservedsafetymargin. A safetyfactorof two for materialstrengthis
usedfor the loadsconsideringthat the mostseverecondition in both casesis temporary.The hydrostatic
loadsarecalculatedbasedon the designpressureinsteadof the nominalpressure.

Consideringthe failure mode when the internal suspensionsystem in one vertically installed module
collapses,the internalsuspensionsystemof the moduleaboveit should remainintact.

1.3.2HeatLeakBudgets
Due to thevariationof the utility shaftdepth,the heatleakbudgetsfor the STL are allocatedon a

unit lengthbasisas shown in Table 1.3.4.

Table 1.3.4 Transferline heatleak budgets
HeatLeakBudgetW/ft W/m

4K 20K 80K
0.03 0.0984 0.1 0.328 1.2 3.94

Heattransfer modes contributing to the total heat leaks include thermal radiation, residualgas
conduction,solid conductionthroughMUI blankets,andsolid conductionthroughthe internal suspension
system.The heattransfermodes are analyzed individually and then superimposed.The heat leak budget
per unit length of transfer line is basedon the heat Leaks into the longestshaft transfer line at MiS site
dividedby its length.

Thetotal heatleaksfor the transferline systemsallocatedto the sectorsare summarizedin Table
1.3.5.

Table 1.3.5 Transferline systemheatleak budgetsummary

Location HeatLeakW
Sector 4K 20K 80K

MIS 8.1 27 324
N25 4.1 13.8 166
N35 6.5 21.7 260
N45 4.5 15 180
N55 4.9 16.3 196
S15 7.4 24.5 294
S25 6.1 20.2 243
S35 3.5 11.6 139
S45 3.8 12.7 153
S55 3.3 10.9 131

1.3.3 Safety Devices
Pressurerelief devicesare required to protect the vacuumjacket from potential damagedue to

excessiveinternal pressurein the vacuumspaceof the cxyostatwhich canbecausedby leakagefrom any
cryogeniccircuit.
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1.3.4 Maintenance
A treestructureof pumping/leakdetectionport is providedat every interconnectregion for easy

maintenance.The cryostatis designedin sucha way that it can maintaina vacuumlevel of 1.0 x iO-6 ton
at a helium leakagerate less than 10-6 std cm3/s. The port provides the accessfor leak detectionand
diagnosis.The leakagelocationcanbedeterminedby analyzingthe moleculeconcentrationin the cayostat
spaceJim Briggs, 1992,or by measuringthe pressuregradientwhile pumpingKimo Welch, 1993.

1.3.5 interface
The Sit interfaceswith the SDB andCCB. Due to thebendsat the top andbottom of the utility

shaft,thepatternof the internalcircuit tubesvariesfrom thevertical section to the horizontalsection.To
illustratethis clockingphenomenon,definea coordinatesystemfor the vertical sectionby choosingZ axis
vertically up, coinciding the centerline of the cryostat,X axis parallel to the tangentof the utility shaft
wall at the installedposition,andY axis normal to andaway from the utility shaftwall. For the horizontal
sections,the Z axis is a continuationof thatdefinedfor the verticalsection,following the centerline of the
cryostat, the Y axis is definedas vertically up, andX axis is horizontaland is determinedusing YandZ
axes following the right hand rule. The coordinatesystemtransformationfor an arbitrary bend is
schematicallyshown in Figure 1.3.3.

-l

1.3.6PressureDrops
The pressuredropsthroughthe circuit linesare computedbasedon the nominal flow rates.A

computerprogramTLDP is developedfor suchcalculationand theresultsare graphicallypresentedin
Figure 1.3.8.

Th

A-A

Xv

Figure 1.3.3.Patternclockingdue to bendpattern.dxf.
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Figure 1.3.8.Pressuredrops throughcryogeniccircuitstldp.dxf.

1.3.7Assembly,Transport,and Handling
Temporary covers are required to protect the interior of the cryostat from damage and

contaminationat both sidesof the modulesandelbow piecesduring transportation.Lugs for handlingare
to be designed, manufacturedand installed on the vacuumjacket before a module can be shipped.
Appropriateproceduresare to be developedfor proper transportation,handling,andassembly.

To estimatethe maximum lengthof a singleconstructionunit that canbelowered down into the
tunnel through theutility shaft,a sketchis shown in Figure 1.3.4 to illustrate thespaceconstraint.

Figure 1.3.4. Spaceconstraintfor transferline module to be loweredinto tunnel throughutility shaft.

Noticethat the following relationhas to be obeyed

D H
L. +

sma cosa
To reachthemaximum, take the first derivativeof L with respectto a and let it bezero, getting

tana= 3j-

VH
Use the drop zonediameterof the utility shaft 1 = 14’ and the height of the hammerheadcryogenic
chamberH=20’, weget a = 41.602°.This angle givesa maximumlengthof L = 47.83 ft.

1.5 2.0 2.5 3.0 3.5 4.0 4,5 5.0

Circuit Tube Diameter in
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2. INTERNAL SUSPENSIONSYSTEM

2.1 StraightModule InternalSuspensionSystem
The straight module internal suspensionsystemholds the circuit tubes,the thermal shield, and

theMU blanketsin placeandtransmitsthe loads to the vacuumjacket. It consistsofone longitudinal and
four radial supports.The longitudinalsupportis locatedat oneendof the module theupperend whenthe
module is installedvertically. This supportis anchoredto the vacuumjacket. It bearsall the longitudinal
loads from the internal elements.Eachcircuit tube is weldedto a stainlesssteel collar which in turn is
bolted to the longitudinal support.Fasteningmethodsrelying on friction shouldbe avoidedas they will
not producethe requiredforceto withstandthe loads.

The radial supportsareinstalledin sucha way that one of them is locatedat the oppositeend to
the longitudinal support, and the rest spacedat even intervals in between.Thesesupports restrict the
radial movementof the circuit tubes while allowing their longitudinal movement.Each radial support
assemblyis securedto the 80 K circuit tubes.During the cool-down and warm-up periods, the radial
supportassembliesfollow the thermal movementof the 80 K liquid nitrogencircuit tube. Evidently, the
largest travel occurs at the last radial support assemblyat the free end of a module. Three caster
modulesor equivalentsliding mechanismsare attachedto the radial supportassemblyat the warm end.
The castermodulescan roll longitudinally along the inner surfaceof the vacuumjacket wall. The 4 K
and20 K circuit tubescan slide longitudinally in the radial assembly, An isometricview of the straight
module is shown in Figure 2.1.1.

Figure 2.1.1 Isometricview of transferline straightmodule.

2.1.1 Longitudinal Spacing between Supports
For transportpurpose, the conventionalrequirementis to keep the natural frequencyof the

equipmentto be shippedabove30 Hz. The natural frequencyfn of the tube canbe calculatedusing the
equation

where C,, Coefficientdependingon boundaryconditionsandmode number
g Gravitationalaccelerationmis2
E Modulusof elasticity of pipe materialpsi
I Momentof inertia of pipe in4
w-------- Weightper linearunit length of pipe lb/in
1-------- Spacingin -

This equationis codedinto a computerprogramspan.for to calculatethe spacingfor eachcircuit tube
and thevacuumjacket. Theresultsare summarizedin Table2.1.1.
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Table2.1.1 Spacingfor internalsupportsbasedon anaturalfrequencyof30 Hz

I TubeElement C,,’ 1.56 C,,6.28 C,, 14.l
1210.D.x 0.065" wall 2.524 m 5.064 in 7.588 m
4" O.D. x 0.065" wall 2.922m 5.863m 8.785 m
24" O.D. x 0.25" wall 7.179m 14.40m 21.58m

Underoperatingcondition, the spacingbetweensupportscan be calculatedby the formula

ijOij

where

32 D

is the sectionmodulusof tube in3, S allowableweight stresspsi, andw weight per linear lengthof tube
lb/in. Generally,this equationallows a larger spacingbetweensupports.

The EJMA standardsrecommendfour timesandfourteen timespipe O.D. for the first andsecond
pipe guide respectively,and the following equationfor the maximumspacingbetweenintermediateguide
EqnB-9

L=a1311
El

pa±fe

Where L maximumintermediateguidespace,ft
E modulusof elasticityof pipe material, psi
I momentof inertia of pipe, in4
p designpressure,psig
a bellowseffectivearea,in2
f bellows initial springrateper convolution, lblinlconv

axial strokeof bellows per convolution, in/cony.

The positive and negative signs are for compressionand extension use of the bellows
respectively. Normally, this equation gives a span longer than that evaluatedbased on the natural
frequencycriterion. The currentdesigndoesnot meetthe requirementon the secondguide.

2.1.2 PlateThickness
The thicknessof each compositeor stainlessplate is determinedbasedon the magnitudeand

distributionof the loadsappliedto it. A computerprogramCENTER is developedto calculatethe load
distribution in eachplate. This programis also usedto strategicallylocatethe standoffrods suchthat the
strengthrequirementsfor the plates are minimized. Finite elementschemesare used to determinethe
stress level. A commercial softwarepackagefrom Algor is usedfor the analysis,and the results from
CENTER are imposedon the finite elementmodel as boundaryconditions.Two design options using
compositematerialandstainlesssteelare evaluated.The plate thicknessfor the compositedesignoption is
tabulatedin Table2.1.2.
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Table2.1.2 Plate thicknessof supportsfor compositedesignoption.

Support 4 K in/mm 20 K in/mm 80 K in/mm

Radial 0.25/6 .3 5 0.25/6.35 0.375/9.525
Uongitudinal 0.325/6.35 0.5/12.7 0.75/19.05
Elbow 0.75/19.05 1/25.4 1/25.4

The resultsof the analysisandfile namesfor the stainlesssteeldesignoptionare listed in Table2.1.3.

Table2.1.3 Stressleveland heat leak for stainlesssteellongitudinal andelbowsupports.

Longitudinal Sup ‘ort
4K 20K 80K 4K 20K 80K

Thicknessin/mm 3/16 4.76 1/4 6.35 3/8 9.53 1/2 12.7 5/8 15.9
Max. StressMPa 258 209 253 334 357 266

HeatLeakM/ 0.06 1.5 28 0.06 1.5 42
File Name SS4L SS2OL SS8OL SS4E SS2OE 5S80E

Detailedresults of stressanalysisfor the compositedesign optionarediscussedin reference?.The
stainlesssteeldesignoption usesthe sameradial supportas thecompositedesignoption.

2.1.3 HeatTransferAnalysis
Heat transfer analysis for stainlesssteel design option is basedon the assumptionthat the

temperaturegradientsin the platesare negligible.The total thermal resistanceis then due to the standoff
rods and the compositewashers. The following equationsare used to calculate the resistancesfor the
standoffrods andwashersrespectively

1

0 A JkdT

t
Rwash,r

= Ak
where Ic A, andL denotethermalconductivity,cross-sectionalarea,and length respectively.The total heat
leak throughconductionis then calculatedusing

AT

- Rrod+Rwasher

For the compositedesign option, heat transferanalysisis conductedon eachsupport assembly
radial, longitudinal, and elbow piece using Algor’s finite elementpackage.Detailedproceduresand
resultsare given in Zhang1993.

2.1.4 Balanceof RadialSupport
A radial supportconsistsof threeplates.Since the supportassemblyis securedto the 80 K circuit

tubes,a bending momentresults whenthe support is appliedto a horizontal section of transfer line. To
eliminate this bending moment, the roller modulesshould be located in such a way that the support
assemblyis balanced.To demonstratethis idea, take the roller axis as the pivoting point aboutwhich the
total momentshouldbe zero.The location of the roller is then determinedusingthe equation

13



- L47, < + L2OK X

whereL is the longitudinal distancebetweenthe roller axis and the plate, and w is the weight that the
platebears.

2.1.5 Installationof MLI Blankets
The internalsupport assembliesboth longitudinal and radial are equippedwith stainlesssteel

bracketsto supporttheML! blankets.The blanketsare securedto the bracketsusingbarbedSnap-Ontype
nylon fastenersat designatedlocationsto reduceheatleaks.

2.1.6 StandoffRods
A group of threestandoffrods are used to link the 4 and 20 K plates. There are mainly two

purposesfor usingthe standoff rods: a. the rods redistributethe loads on the 20 K plate from the 4 K
circuit tubes,reducingthe strengthrequirementon the20 K plate; b. since the rods are designedprimarily
to beartensile loads, the tensilestrengthof stainlesssteelcanbe utilized to reducethe cross-sectionalarea
of the rods andhencereducethe heat leak from the 20K circuit to the 4K circuit. Anothergroupof three
standoffrods are used to link the 20 K plate to the 80 K platebasedon the samedesign principle. The
diameterof the rods are determinedbasedon the mostsevereloading conditionthat occursat the internal
supportsfor the elbowpiece.

For the horizontal sections,the rods will experiencea bendingmoment. The stresslevel due to
such load canbe estimatedusing

M 304.7x2/6x2+1/4/2+3/S/2
= =45353ps1

I/C ,zR4/41R
whereR = 3/16" hasbeenused.This calculationis basedon the assumptionthat one rod is supportingthe
load alone.Thebendingstressconcentrationfactor is determinedas 1.3 from Figure 6-15 of Popov 1990.

Evidently, the rods usedon the elbow supportrequirea larger diameter1/2". All rods sharethe
samedesign for manufacturingconvenienceexcept the length of the threadedends,which varies from
plate to plate to meetthe dimensionrequirements.

2.2 Elbow PieceInternal SuspensionSystem
The internalsuspensionsystemfor the elbowpiece is different from that of the straightmodule,It consists
of only two supports,one at eachend of the elbowpiece. Both supportsare anchoredto the vacuumjacket.
Due to the 90° bend, each support will experienceboth hydrostatic and hydrodynamic loads during
operation.For this reason,no expansionjoint is usedwithin an elbow piece. The thermal movementsof
the circuit tubes have to be accommodatedby their own flexures, which adds additional loads to the
supports.Dependinkon the patternorientation of the circuit tubes in each individual elbow piece, the
thermal stressmaybe partially or totally relieveddue to its self-limiting naturewhenthe supportsdeform
at design pressures.The thermalstressin eachcircuit tube is analyzedusing Algor’s PipePlus underthe
file name "ELBOWL". The hydrostaticload distribution is calculatedusinga computerprogramCENT.

2.3 Heat Leaks through Internal SuspensionSystem
Substantialeffort is required to reduce the heat leaks into the cryogenic circuits through the

internal suspensionsystem while maintaining its strength.Table 2.3.1 lists the heat leaks into the
cryogeniccircuits throughthe elementsof the internalsuspensionsystemof the compositedesignoption.
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Table2.3.1 Heatleaksinto cryogeniccircuits throughsupportsandvacuumbarrier.

Support/barrier HeatLeakW
4K 20K 80K

Radial 0.038 0.39 2.6
Longitudinal 0.047 0.62 6.3
Elbow 0.062 0.89 9.1
Barrier 0.023 0.85 10.7

Such low heatleaksare dueprimarily to the design of the internal suspensionsystem.Heatleaks
through the internal supportsare computedusing Algor’s heat transferanalyzer. Details are given in
reference?.Heat leaks through vacuum barrier is evaluatedusing an in-house developed computer
programflB.

2.3.1 Sizing for CopperStrapson Supports
Copper strapsare used to establish desired temperatureboundaryconditions on eachsupport

assembly.Generally,the standoffrods are to be maintainedat 20 and 80 K on the 20 and 80 K plates
sidesrespectively.To achievethis, thermal shortingstrapsare usedto anchorthe standoffrods between
the4 and 20 K platesto the 20 K circuit tubeson the 20 K side. Similarly, the standoffrods between20
and80 K platesare anchoredto the 80 K circuit tubeson the 80 K side. To size the straps,considerthe
equation

Q=Wk

where4 W,andL are the thickness,width, and length of the straprespectively,k the thermalconductivity,
Q heatleak to be intercepted,andT temperature.Using ksoJc-570 W/m-K, k2ofr1050W/m-K, andQ =
const.for eachindividual rod, JT = 2K, and t = 0.125", a relationshipbetweenthewidth and length can
beestablished

W=CL

0
with

i/cAT
Valuesof Q to be usedshouldbe basedon the elbow piece internal supportdesign.The width K’

is then determinedaccordinglydependingon the length L of the strapwhich is measuredafterthe layout.

3. CRYOSTAT

3.1 ThermalShieldandMU System
The cryostatservesfor the purposeof reducingheat leaks into the cryogenic circuits. From the

cryogenicsystem,refrigerationfor the thermalprotectionof the cryostat is availableat temperaturelevels
of 20 and 80 K. Considering the trade-offs in increasedstructural design complexity and reduced
reliability, only one thermalshieldat 80K is adopted.The shieldis madeof gauge19 coppersheetwhich
is rolled into a cylinder andsolderedto the 80 K liquid circuit tube.

3.1.1 ThermalShield
The design of the thermal shield is primarily basedon the considerationof two factors: the

strengthto support the MU blankets, and the capability to limit the temperaturevariation in a shield
undera predeterminedlevel. The shieldthicknessrequiredbasedon the buckling criterion is determined
usingthe equation
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where the normal pressureon the shieldsurthceis calculatedassumingthat the frill is evenly distributed
over the upperhalfof the shieldtwo blanketsof 32 alternatinglayersof mylar andspacermaterial:

P = 2 x 2 x 1.5/b/rn2
= 6

lb/ft2 = 0.0038709psi
10. 764

The heat transfercharacteristicsof the shield is modeled using Algor’s heat transferanalyzer.
Thefinite elementmodel is underthe file name"TSHIELD". The thermal conductivity of copperat 80 K
k = 500 W/m-K and a heatflux q = 0.66 W/m2 are used.The modeledsheethas the dimensions1.32 m x
2.84 m x 0.001 m. To simulatethe heatflux into the shield, a volumetric energygenerationterm q/V =
660 W/m3 is usedbasedon the thicknessof 1 mm. The simulatedtemperaturedistribution in the shieldis
shown in Figure 3.1.1.

It appearsthat for the designedheat flux, the coppersheethas a thicknesswhich is sufficient to
dissipateheat such that the niaxiniLim temperaturerise in the shield will be under 1 K. Finally, copper
sheetthickness= 1 mm or 0039" is selectedas the constructionmaterialof the shield.

SpacingbetweenSolderJoints
The spacingbetweensolderjoints is basedon thc idea that the local longitudinal temperature

variationshouldbe less or equal to that of circumferential.The larger of the shieldarc is approximately
53", therefore the spacing should be less or equal to that. From structural view point, the spacing is
determinedas 20" with a solderjoint length of 6’. Fifty-six percentsilver hardsoldermay be usedfor the
soldering.

ThermalMovement
Thethermalshieldis attachedto the 80 K circuit ttibes by soldering.Thermalstressoccurs in the

shield as the system is cooled down. Since copper has a larger thermal contractioncoefficient than
stainlesssteel, the stressis tensile.For T = JOt K- 80K. aLcopper/L= 3.09 x io- and AL5*5*IL = 2.9 x
10-3. Thesevalues lead to a tensile stressin the shield

s= =3.09-2.9x i0 = 1.9x104
L

Use E = 15.6 x 106 psi for copper. the maximum tensilestressin the shieldis calculatedas

Figure 3.1.1 Temperaturedistribution in thermalshield.
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= 15.6x 106 x 1.9x 1O = 2,964psi
Thereis anotherscenariothat may causethermal stressin the shield. During various operating

modes,one 80 K circuit tube maybe still warm while the other is at 80 K. The concernis the structural
integrity of the shieldand the solderjoints undersuchadversesituations.This time, the shieldon the cold
tube side is compressed.Theoreticalpredictionfor suchsituationappearsto beless reliable.Therefore,an
experimentwas set up to verify the behaviorof the shield and solderjoints assembly. Two piecesof
stainlesssteel tubesandone coppersheetare usedfor the experiment. The coppersheethasa dimension
of 2 m x 0.266 m. It is solderedto the 2 meter long tubes.One of the tubes is then filled with liquid
nitrogenwhile the other remainsat ambienttemperature.It was observedthat as one tube is cooled down,
the sheeton the cold side graduallybuckledbetweenthe solderjoints.

3.1.2MU Blanket
Two ML! blanketsare used over the thermal shield. Eachblanket has 32 layersof alternating

double-sidedaluminizedmylar andspunbondedpolyesterspacer.It is madeby sewingthe layerstogether
along the two longitudinal edges with Velcro strips. Sufficient escapingpath must be provided for
moleculesentrappedin the blanketlayersto easethe vacuumroughing.An MLI blanket of 20 layersis
applied to each helium circuit tube to further reduce heat leak. Heat leak analysis through the I’ALI
blanketsis estimatedusinga computerprogramLEAK which producesthe anticipatedheatleaksinto 4,
20, and80 K circuits for given cryostatgeometry, blanket layers andvacuum level. Factorsconsidered
include radiation, solid conduction,and residualgasconduction.

To reduce heat leaks into the helium circuits through the internal suspensionsystem, thermal
shortingstrapsare requiredto maintain temperatureboundaryconditionsof 20 and 80 K at designated
locations on both longitudinal and radial internal supportassemblies.The strapsare madeof copperand
sized sufficiently for the intended heat leak interception. The maximum allowable temperaturedrop
through onestrapwill be less than 2K. Detailedcalculationsare given in 2.3.1.

3.2 Vacuum System
Eachshafttransfer line is a singlevacuumunit. It is isolatedfrom the neighboringequipmentby

using two vacuum barriers at the ends. A vacuum pumping/leak detection port is provided at each
interconnectregion. The designvacuumlevel of the cryostat is 1.Ox io-6 ton at the inner surfaceof the
vacuumjacketwall. Thisvacuumlevel shouldbe maintainedevenat the presenceof a minor leak at a rate
lessthan io-6 atm.cm3ls.t

OutgassingRates
All constructionmaterialsexposedto the vacuumspacewill outgasduring roughingandnormal

operation. The major constituent of the outgassingis water vapor. The double aluminized mylar
contributesthe most to the total outgassing.The net effect is amplified as the MLI blanketsconsistof a
largenumberof alternatinglayersof mylar andspacermaterial. Using the experimentaldatacollectedat
BrookhavenNationalLaboratory,we will havethe following

Table3.2.1 Watervaporcontentin MLI materials

Total OutgassedWater
Material per unit area per straightmodule12 m

ReemaySpunbondedPolyester 4.0 x 10-6 g/cm2 460 g
DoubleAluminized Mylar 1.23 x io-5 g/cm2 1413 g

Datacollectedfrom other referenceare summarizedin Table3.2.2.

tThe SensitiveLeakTest requiredby ASME B31.3 dictatesa sensitivity not lessthan iO-3 atmcm3fs
undertestconditionsseep.84.
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Table3.2.2 Outgassingratesof Sn.constructionmaterials

Material Condition Outgassingrateton. lJs.cm2
Copper As received 1.0 x io-
Mylar Degreased 1.5 io-7
Stainlesssteel Degreased 2.5 x io-10
Steel, mild Clean,slightly rusty 3.0 x 108

3.2.1 Cryocondcnsation
Cryocondensation cryopumping essentially involves two processes: solidification and

adsorptionof residualgasparticleson a surfaceat cryogenictemperature.For both processes,thebonding
betweenthe cryosurfaceand the gasmoleculesis by meansof van der Waals’ forces. In the Sit ciyostat,
the thermal shield and the 80 K circuit tubes are exposedto the vacuum space, and both will be
cryopumpingafter the systemcool-down. For the evaluationof ciyopumpingcapacitypurpose,a specific
pumping speedpumpingspeedper unit areaS/A = 14 I/s-cm2 canbe usedfor the 80 K surfaces.This
will provide sufficient cryopumpingpowerfor the condensablegas constituentswhich enterthe cryostat
spacedue to the outgassingof the surfacesin the czyostat. Outgassingis a continuousprocessin the
czyostat after the ctyostat is rough-pumpedand cooled down. Surfacesthat should be included for the
outgassingconsiderationprimarily include the inner surfaceof the vacuumjacket, surfacesof the ML!
blankets,andsurfacesof the internal suspensionassembly.

Ultimate AchievableVacuumLevel
The ultimate achievablevacuumlevel from cryocondensationcanbe estimatedusingthe formula

Leybold, 1992

= T

where P5 is the saturationpressureof the pumpedgasesat the cold surfacetemperatureT, T is the
temperatureat the inner wall of the vacuumjacket, andfc. fw are the sticking coefficientsat T and T1
respectivelyRoth, 1990.

3.2.2 Cryosorption
Czyosorptionis a physical adsorptionprocesswhich also relies on van der Waal’s forces. The

equilibrium pressureof adsorbedgas particles is far lower than the correspondingsaturationvapor
pressure. Particlesof the gas constituentswhich are difficult to condensehelium, hydrogen, andneon
with condensationtemperaturesat 0.3, 2.5 and 6 K respectively,Haeffer, 1989.can be adsorbedin sub-
saturatedconditions. The binding energy between gas particle and adsorbingparticle is considerably
greater than that between gas particles them selves. Consequentiy,the equilibrium pressureof gas
particlesis far lower than the correspondingsaturationvaporpressure.Activated charcoalcanbe usedas
the adsorbentin the getter. The getter hasan enclosureshroud to block the condensablegas especially
water vapor moleculeswhich otherwisewill saturatethe gettersin a rathershort period of time. This
enclosurewill also serveas a thermal shield to preventdirect radiative thermal communicationbetween
the getter adsorbentand other wanner surfaces in the cryostat. Sufficient conductancebetween the
vacuumspaceof the cryostatand the adsorbentmaterial is providedfor initial desorptionof water vapor
before the cool-downand for the adsorptionof helium moleculesduring normal operation. The getter
module is both mechanicallyand thermally attachedto the 4 K gas helium circuit to obtain the required
mechanicalsupportand refrigeration. It canbe locatedeitherbetweenthe 4 and20 K platesof the radial
supportat one endof the module cryostat,or in eachinterconnectregiondependingon its final size, The
quantity of charcoal to be used in eachgetter is calculatedbasedon the assumptionthat the average
thermal cycle of the collider is one year, multiplied by a safety factor of two. The getters are to be
regeneratedevery time the systemis warmedup.
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MaterialSpecification
The frameof the gettermodule is formed out of 16 gaugestainlesssteel sheet,the wire cloth is

40 meshwith a 0.01" wire diameterandan openingwidth of 0.015". The openareais 36%of total surface

area.The adsorbentis CalgonactivatedcoconutcharcoaltypePCB 12 x 30.

CharcoalQuantity Calculation
Thehelium leak ratecanbeconsideredasundetectableif it is below 1E-9scc/s at standard

condition.Usinga safetyfactor of 1000, the total leak rateis specifiedas

Q = 1E-6 scc/s 7.6 E-7 ton1/s

at standardtemperatureandpressure,which gives a total leakperyear at

Q = 31.536scc/yr= 23.967torrl/yr

According to HseuhandHalama1979, a sorbingcapacity- 8 ton l/cm2 of He on charcoalat
4.2 K canbeobtainedafter charcoalpanelis evacuatedto 1 E-5 ton N2 equivalentfor couple days.
Using this capacity,we get the requiredsubstrateareafor continuedoperationof a year

A = 23.967/82.996cm2

Usingthe surfacecharcoaldensity- 0.1 g/cm2,the requiredcharcoalquantitybecomes

m = 0.1 x 2.996 = 0.2996g

Foran apparentdensityp = 0.44 g/cm3,therequiredcharcoalvolume is

V = 0.3x0.44= 0.132em3

In anotherliterature,Hseuhet. al 1982 proposeda surfacecoverageof 1 scc/cm2which leadsto
a massquantity

m = 31.536scc/ 1 scc/cm2x 0.1 g/cm2 = 3.1536g

Then the requiredcharcoalvolume becomes

V= 3.1536/0.44 = 7.167cm3

Leaksinto the vacuumspaceare normal classifiedinto two types:real and virtual. The real leak
representsgas influx into the vacuumspacethrough pores in either the vacuumjacket or in the inner
circuit tubes,while a virtual leak refersto outgassingof entrappedgasparticlesfrom solid surfaceswithin
the ciyostat.The leak rateof a real leakdependson the poresize. It hasbeenpointedoutby Chamberset
aI that the leak rate decreaseswith increaseof temperaturefor viscous flow, but increaseswith
temperaturefor molecularflow; and furthermore,both requiresa minimumhole sizeof at leastabout 10
moleculardiameters.According to Hseuh3,a factor of 100 has beenusedby Brookhavenengineersfor a
leakageincreasewhenthe tube is cooled down to 4 K. This calculationis basedon the assumedtotal leak
ratewhich includesthe cooling effect. The desorbingtemperaturethresholdis believedto be in the range
18-20 K

Initially, after the transferline vacuumspaceis sealedoff andrough-pumped,hot air stream400
K shouldbe run throughthe 4 K gashelium tube to heatthe getter in order to get rid of the watervapor
moleculesinitially depositedto it underambientconditions.
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3.2.3 Vacuum Barrier
Eachtransferline is anindependentvacuumunit At the interfaces,vacuumbarriersare installed

on neighboringequipment.After final installation, thesetwo vacuumbarrierswill isolate the transferline
vacuumspace.Temporazyvacuumbreaksare neededfor protectionand leak checking.Originally, a few
types of vacuumbreaksare designedor evaluated.Two examplesarediscussedbelow.

ConcentricReentrantShell Design
The vacuumbarrier is a stainlesssteel structurewhich isolates the endof the transferline from

theneighboringequipmentseeFigure3.2.1.

Figure 3.2.1 Shaft transferline vacuumbarrier
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It primarily consistsof threesetsof concentricshellsandplates,eachfor the group of circuit tubesat the
sametemperature4, 20, and80 K. The shells are corrugatedto increasetheir strengthagainstbuckling.
The lengthof the shells is around300 mm to reduceheat leak into the ctyogeniccircuits through solid
conduction.The circuit tubesare welded to the plates. A computerprogramHS is developedto estimate
the stressandbuckling criteriafor thevacuumbarrierplatesandshells. The heatleaks into the cryogenic
circuit throughthevacuumbarrierin solid conductionis calculatedby anotherprogramJAB.

Individual VacuumBellowsDesign
Individual vacuumbellows canbeusedfor eachcircuit tube at the ends of the Sit to breakthe

vacuum.This designoptionoffers a bettercircuit tube patternwhich allows the useof automaticwelding
machineon every circuit tube. The 80 K tubescanbe separatedfurther from each other, resultingmuch
betterload distributionandheattransfercharacteristics.From economicsview point, this designcostsless
than 10 percentof the barrierdesign.The drawbacksof this approachare a higher heatleak into the 4 K
circuits 0.45 W comparedto 0.023MI, and a slightly highercomplexity in a sectionof thermal shield
andMU systemnearthe vacuumbellows.

3.2.4 VacuumJacket
Wall Thickness

Per 304.1.3 of ASME B31.3, the wall thicknessof the vacuumjacket is calculatedbasedon the
equationgiven in UG-28 of ASME B&PV Code SectionVIII, Division I. Assumet = 0.23", then for D0/t
= 104 and IJD0 = 20, factor A is determinedfrom Fig. 5-UGO-28.0as 0.00011.Since this valuefalls to
the left of thecurves in Fig. 5-UGS-28.l,the equation

2AE
a3D,t

is used yielding a maximum allowableexternal working pressureof 19.7 psig. The assumedthickness
thereforecanbe the pressurethicknesswhich shouldbe augmentedby a mechanicalallowancefactor c.
The elbow piece consistsof mitered bends.The thickness requirementfor the mitered sections follows
304.2.3 of ASME B31.3 andallows higherexternalpressure.The 24" IPS schedule10 71.18lb/fl, 94.35
kg/m, wall thickness= 0.25"carbonsteelpipe hasbeenselectedas the constructionmaterial.

ThermalMovement
For a genericsite, the maximumtemperaturevariationis AT = 50 K accordingto documentfrom

Conventional ConstructionDivision. Considera transfer line as a whole after the final assembly,the
induced thermal stress will be due to the expansiondifferential between the vacuumjacket and the
concretewall to which the transferline is fastened.Using thermalexpansioncoefficientsof 10.8 x 106/K
and 11.7 x l0-6/K for concreteandcarbon steel respectively,the strain in the vacuumjacketwill be s = A
L/L = AT11.7-10.8x 10-6 = 4.5 x j-5 FromHook’s law, the stressbecomesa = sE = 1350 psi whenE
= 30 x 106 psi is used. This kind of stresslevel is manageablewithout use of expansionjoint. However,
certainflexibility is requiredfor the external suspensionsystem.To veri’ this, calculatethe force acting
on an external support which is anchoredto the utility shaft rigidly: F = 1350 x It 242_23.52/ 4 =

25,182 lb. The total elongationof thevacuumjacketfor the deepestshaft is in the order of AL = 4.5 x 10
5 x 74 = 0.00333m.

ExternalAttachment
Lugs are to be attachedto the vacuumjacket for handling andsecuringthe transfer line to the

external supports.Lugs two at eachlocation are supposedto bear the total weight of a straight module
4000 Ib. A sketchof the attachmentfor theexternal supportis shown in Figure 3.2.2.
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TakeSa = 15,000 psias the allowablestressfor bothvacuumjacketand lug material, weget
a. BasePlate

BearingpressureP = 2000/4/3.5= 145 psi. Fromthe equationa= /3Pb2 /
j2, the thicknessof the plate

canbe derivedas

1flpb2 11x 145 x 3. 52

= 15,000
=0.344"

b. Top Bar Plate

t =0.75
Fda =

Sc1h

0.75x2000x2.25x4
= 0.0643"

15000x22 x3.5

c. GussetPlate

Stressin jacketshell

- F3d-b -

- Sab2 sin2 a -

20003x 2.25-3.5

15000x 352 x sin2 63.4Y
= 0.0442"

t2r/3

2000x 2.25
0.1882xlOxO.2

where the stressfactor CL, = 0.25 is detenninedfrom Fig. 7.9 using y r/t = 10/0.188= 53 and fi dr

= 2/10= 0.2; with c = hxaO.5/2 = 2. Check results:
1. Resistingarea

Ar = 2 x 1/8 x 4 + 1/8 x 4 +3/8 x 4 = 3 in2 -* shearstressS,= 2000/3 = 667 psi
2. SectionModulus

I bh24x1/82000104

c,,,, 6 - 6

I - 1/8x42
= 0.6667- -2

C gusset 6

Figure 3.2.2 Vacuumjacketattachmentfor externalsupportlug.dxO

= 15,915ps1
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11 4x3/82
=o.o937s

Chase 6

hence = 0.7708 in3 -> bendingstress

Fxe 2000x2.25
Sb= =1/ 0.7708

"C

Combinedmaximumtension

s, =5857 psi

Combinedmaximum shear

÷t2 = 2938 psi

Note: Shearstrengthis 6 timestensile strengthp.264.

Size of AnchorBolts

DbQ,, _]-0ió" -

where 4 i4M 1 4x4000x12/24000002
in2

NSQ D 2x20,000k 20
The lugs shouldbe locatedat least 2 feetfrom the endof the vacuumjacketto preservethe space

for interconnection.

3.2.5 PressureRelief Device
The cryostat is protectedby pressurerelief devicesagainstexcessivepressurebuild up in the

vacuumspace.The pressurein the cryostatwill rise whencryogenleakageoccurs.As the cryogenwarms
up in the cryostat, its volume expandsrapidly. Since the vacuumjacket is not a codedpressurevessel,the
maximum allowable internal pressureof the ciyostat must be below 15 psi. The Sit is an active
dynamic system comparedto passive devices such as cryogenic containersor gas cylinders. The
recommendedmethodsfor relief device sizing from ASME, CGA, and API are not applicableto this
situation.Thenatureof the ventingprocessis rathercomplexevennumericalsimulationshaveto be based
on assumptions.To size the pressurerelief device, one needsto determinethe ultimateflow requirement
which is determinedby the leakage rate and the cryogenevaporationrate once it is injected into the
ciyostat.First, checkthe venting conditionandseeif sonicflow is reached. Assumingisentropicflow, the
relationshipbetweenthe stagnationpressureP0 in the cryostatand the sonicpressureat thethroatP01,j,
canbeusedfor the estimationLiepmanand Roshko,1957

ft

[ 2
p [k÷1j

23



At standardconditionP = atm, T= 60°F= 288.56K, the specific heatratio k =1.6666.
Substitutethis value into the equation,we get 0.4872I’ = 14.468psia which is slightly below
the atmosphericpressure.The uncertainlyremainsas to whetherthe flow is sonic at the throat.However,
we know that if thedownstreamreservoirpressureatp, is lower thanor equal to the sonicpressure,then
sonicflow is guaranteedat the throat.The codesallows a 10%margin abovethe maximumallowable
working pressureMAWP duringventing. This would given us a sonic pressureofP.,o,uc 15.92psia>

atmwhich suffices the requirementfor sonicflow at the throat.Therefore,thesizing ofrelief devicecan
bebasedon sonicflow conditionson the warmcryostatside.

4. Interconnection
At final assembly,the constructionunits straightmodule, elbow piece, and make-uppiece are

to be field-joined. The cryogeniccircuits are to be joined by stainlesssteel bellows throughbutt-welding.
The thennalshieldandMLI blanketsdo not requirebridging. Theyenclosethe joined sectionof circuit
tubesbetweenthe longitudinal supportfrom one module and the radial supportfrom theother in the same
way as that betweentwo internal supports.Finally, the vacuumjacketsof thejoining modulesneedto be
connected.Dependingon the finalization of theexternal suspensionsystemdesign,the vacuumjacket
interconnectionmay be accomplishedby use of a sectionof split shellsclam shells. The structureand
installationmethodsof the interconnectregiondeterminethe requiredclearancebetweenthe shafttransfer
line and the utility shaftwall. This clearanceshould be no more than 6 inches. An orbital welder will be
usedwheneverpossible.Longitudinalcuttercanbe usedfor the removalof the interconnectsectionof the
vacuumjacketfor maintenanceand repair.

5. External SuspensionSystem
Theexternal suspensionsystemholds the STL in designatedlocations. It anchorsthe Sit to the

utility shaftwall in the verticalsectionand to theconcretefloor or ceiling in the horizontal sections.

5.1 Straight Module Supports
The straightmodule requirestwo externalsupportswith one at eachend.Eachsupportassembly

shouldprovidethe flexibility for three-dimensionaladjustment.The strengthrequirementsand
calculationson the vacuumjacketsideare given in 3.2.4.The strengthrequirementsfor the external
supportsare basedon the loads. Eachsupportshould be able to bearthe total weight of the straight
modulewith a safetyfactorof two.

5.2 Elbow PieceSupports
Due to the use of bellows for the interconnectionof the cryogeniccircuit tubes, the hydrostatic

loads from the circuit tubes are transmittedto the vacuumjacket of the elbow piece.The design of the
externalsuspensionsystemmustbe able to handlethe resultantforce correspondingto the operatingmode
which producesthe mostsevereloading.2Dependingon the final designor selectionof the bellows for the
internalcircuit tubes,the thrust forces from the bellows calculatedat designpressureshould be included
in the total load on the elbow piece supports.The external suspensionsystemshould also relieve stress
from the vacuumjacketat the penetrationto the neighboringequipment.

5.3 ThermalExpansionConsideration
The temperatureenvironmentfor the shaft transferline is betweenthe surfacebuilding controlled

temperaturerange0°-50° C, and the controlledtunnel temperaturerange 80° ±5° F. The stressin the
vacuumjacketdue to temperaturevariationand the differencein thermal expansionbetweenthe vacuum
jacket material carbonsteel the concretewall is well below allowablelevel less than 1,500 psi for a
temperaturedifference of 50° C. Therefore,from the thermal expansion/contractionpoint of view, the
shaft transfer line vacuumjacketdoes not requireexpansionjoints. However, the thermal stressimposes
an additional loading on the externalsuspensionsystemif the externalsupportsalong the utility shaftwall

2Dependingon the structureof thebellows,this operatingmodecould beeitherthe normal operatingor
the CCWP mode.
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are designed as rigid supports. Appropriate spring factor needs to be incorporatedin the external
suspensionsystemdesignto avoid theuseof bellows for theshafttransferline vacuumjacket.

5.4 Location and StrengthRequirementon Vacuum JacketAttachment
The surfaceareafor the external support attachmentto the module vacuumjacketfor external

support is sizedin sucha way that the total loadingfor a modulecanbe supportedat one location.
Sufficient clearance2 feetminimumshouldbe reservedat both endsof a module for the installationof
the interconnection.
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Appendix A. List of computer programs for transfer line design and analysis

* LOAD computesthe static and dynamicload for each cryogeniccircuit.
* SPANdetenninesthe spacingbetweeninternal support basedon a predetermined naturalfrequency.
* CENTERcalculatesthe centerof gravity for the platesof the internal suspensionsystem. Weight

distribution canbe optimizedto minimize the strengthrequirement.
* CENT calculatesthe centerof gravity and hydrostaticload distribution on the internal suspension

systemfor the elbowpiece.
* LEAK estimatesthe heatleak through the MLI system.Heat transfermodesinclude radiation, solid

conductionandresidualgasconduction.
* MU includesLEAK andcalculatesthetemperaturedistributionin the shield.
* DPCV computesthe pressuredropthrough a valveor the Cv value, valid when1? is less than 1/2 of

the absoluteupstreampressure.
* HS calculatesthe stressandbucklingcriteriafor the vacuumbarrierplatesandshells.
* RB calculatesthe heatleak into the 4, 20, and80 K circuits througha singlevacuumbarrier.
* TLFRIC TLDP calculatesthepressuredrops throughthe cryogeniccircuit tubes
* TLPOIN’T determinesthe testingconditionfor heatleak into the transferline circuitswhich offers the

largesttemperaturedrop acrossthe testingsectionwith minimumflow rate.
* SSCONDHeatleak throughstainlesssteelcylinderby conduction.
* SSINTHeat leak into 4 and20 K circuits through rods.
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Appendix B. Design of Shaft Transfer Line SuspensionSystemTesting Stand

A teststand is designedfor the verification of the finite elementanalysisresults.Hydraulic jacks
RCH-121by EnerpacIndustrialHydraulicTools are usedto simulatethe actualloadsfrom the cryogenic
circuit tubes, The arrangementis shown in Figure B. 1. Details on the testing procedure,strain gauge
setup,andexperimentaldataare presentedin Stifle andZhang1993.

SteelRod

20 K Plate
Hollow Ring

FigureB. 1 Experimentalapparatusfor verification of stressin supportsystemof transferlines.

HydraulicJacks

HydraulicPumps

StrainGageInstrumentation

4 K Plate

80 K Plate
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Appendix C. Alternative Design of the Internal Supports.

An alternative design of the internal support systemwill replacetubing with piping for the
cryogenic circuits. Stainlesssteel 3" and 4" pipes are to be usedfor liquid/one-phaseand vapor lines
respectively. All pipes will be schedule10. Based on a decision that eliminates the usedof vacuum
barriersin theclyostatanywhereexceptat the interfacesof the transferline with neighboringequipment,
thecryogeniccircuit lines canbe rearrangedto yield a patternthat is easierto work with. Suchpatternis
shown in Figure C. 1. It provides the accessibilityof customizedorbital welder headsto all circuit pipesfor
the field interconnect welding.

The increasedinner diametersof thecircuit pipes reducethefrictional pressuredropsthroughthe
transferlines. The disadvantageof suchdesignis the weight increasedue to the changein size andwall
thicknessof the piping. Consider the effective areasfor the hydraulic loads, this design inevitably has
muchhigher strengthrequirementon the elbowsupports.

Figure Ci Circuit pipe patternof alternativedesignpattern.dgn.
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1.0 SCOPE

TheCryogenicsDepartmentof the AcceleratorSystemsDivision ASD of theSuperconductingSuper

Collider LaboratorySSCL is procuringTransferLine SystemsTLS for use in the High EnergyBooster

HEB and Super Collider rings. This Statementof Work SOW definesthe work required by the

subcontractorto design,fabricate,test,andinstall oneprototypeTransferLine SystemUS at N15 of the

SuperconductingSuperCollider LaboratorySSCL.

1.1 BACKGROUND

UniversitiesResearchAssociationURA is the prime contractor to the U. S. Departmentof Energy

DOE for the SuperconductingSuperCollider SSCproject.As such,URA is responsiblefor the overall

design,development,production,construction,installation,operation,andmaintenanceof the SSC. The

SSCrequirescryogeniccooling in its High EnergyBoosterHEB andSuperCollider SC rings. The FEB

is approximately80 feetundergroundwhile the SC is approximately250 feet underground.The HEB is

divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhasa refrigeration
planton the surfacewhichsuppliesliquid helium to cool the strings of superconductingmagnetsin the

sector.

Thereis oneTLS locatedat eachof the 12 utility shafts; 2 for the HEB and 10 for the SSC. Technical

and functional descriptionsof the itS are containedin AHW-XXXXX.XXX, DevelopmentSpecification

for the TransferLine Systems.

Procurementof thisprototypeTLS is being arrangedandcoordinatedby the CryogenicsDepartment
of the AcceleratorSystemsDivision ASD of the SSCL.

1.2 OBJECTIVE

The objectivesof this procurementare to deliver a productiondesignwith accompanyingdata and

programmanagementservices,fabricatea prototype TLS, and install the prototype at site N-is to
supportcollidercooldowntesting.

13 SUMMARY OF SUBCONTRACTORACTIVITIES

The scopeof work to be performedby the subcontractorincludesbut is not limited to thefollowing:

a. Equipmentdesign. EstablisFthe US design requirementsbaselinein the form of a product
fabricationspecificationanddrawingpackage.

b. Presentthe design trade-offs, product specifications,processspecifications,drawings and
acceptancetestproceduresat the Critical Design Review. Approval of the specificationsand
drawingswill establishthedesignbaseline.

c. Fabricatethe prototypeTLS.

d. Installationand acceptancetestingat the N-15 siteof the SSC.

e. Maintenanceandsupportof the prototypeTLS during coot down testingat SSC.
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2.0 APPLICABLE DOCUMENTS

2.1 MILITARY SPECIFICATIONS

a. DOD-Std-1000BDrawings.Engineeringand AssociatedLists

b. MIL-Std-4908SpecificationPractices

2.2 SSCL DOCUMENTS

a. SSCL StandardP40-000031ConfigurationManagementPlan

b. AHW-XXXXX.XXX DevelopmentSpecificationfor theTransferLine System

c. AcceleratorSystemsDivision SafetyandHealthProgramManual

d. SSCLPracticeD10-000003,HazardAnalysis Instructions

e. SSCL LaboratoryEnvironment,Safety,andHealthManual,D10-00001

2.3 OTHERDOCUMENTS

a. DOE5481.18,SafetyAnalysis andReviewSystem

b. Subcontractor Quality AssurancePlanto be submittedwith proposal

c. Subcontractor Program ManagementPlanto be submittedwith proposal

d. SubcontractorConfigurationManagementPlanto be submittedwith proposal

2



3M SUBCONTRACTORRESPONSIBILITIES

The subcontractorshall furnish all materials, labor, facilities, equipment, supplies, tools,

documentation,management,and supportservicesrequired to completethe tasks definedherein.The

work shall be performedin accordancewith this Statementof Work and the DevelopmentSpecification

for theTransferLine System.

3.1 TRANSFERLINE SYSTEMDESIGN

The subcontractorshall design the itS in accordancewith the requirementsof the Development

Specificationand in compliancewith the generalrequirementsof documentsspecifiedin this Statement

of Work underSections2.2 SSCL Documentsand 2.3 OtherDocuments,and the specific taskingof

Sections3, 4 and5.

3.11 EquipmentDesign

The subcontractorshall be responsiblefor the completedesignand/or selectionof all equipment

comprising the TLS. The equipmentdesign shall be fully documentedin accordancewith the

DevelopmentSpecificationand Section 3.1.4 of this SOW to permit verification of conformanceto the

DevelopmentSpecification.

The designof any itemof equipmentor anyassemblyshall be consideredcompleteupon approvalby

URA of all relateddrawings and any additional design documentationrequired by this SOW

specifications,calculations,test results,etc..At that time the subcontractorshall be releasedto begin

procurementand/or fabricationof the item or assembly. All equipmentdesigndocumentationshall be

completedby the Critical DesignReview CDR. The statusof in-progressdesignsshall be presentedto

URA atscheduledreviewsper Section3.1.2of thisSOW.

3.1.2 DesignReviews

The design and planning efforts of the subcontractorshall be presentedto URA at the reviews

describedherein. Reviewsshall be conductednot later than the datesspecified in Section F of the
Subcontract,andeachreview shall be includedas a milestonein the subcontractor’sschedule.

3.1.2.1 Startof Work Meeting

The subcontractorshallconducta Startof Work Meeting of the TLS not later than the datespecified

in Section F of the Subcontract.The purposeof this meetingis to clarify the requirementswith the
subcontractor.As a minimum, thefollowing itemsshall be addressed:

a. DevelopmentSpecification

b. Statementof Work

c. ContractDataRequirementsList

d. Cost/Schedule

e. Interfaces

f. Designstandardizationand maintenance
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g. ProgramManagementPlan

It Quality AssurancePlan

i. ConfigurationManagementPlan

j. Programrisk assessment

k. Problemsandconcerns

I. TestPlanning

m. SSC TestSupport

n. Installationplanning

CDRL No.1- Meeting Agendas
CDRL No.2 - MeetingMinutes

3.1.2.2 Critical DesignReviewCDR

The subcontractorshall conducta CDR of the US not later thanthe datespecifiedin SectionF of the
Subcontract.The purposeof this review is to obtain URA concurrencethat the TLS designhas been

completed.As a minimum, the following itemsshall beaddressed:

a. Design

b. Interfaces

c. Drawings,Level 2

d. Specifications

e. ConfigurationManagement

f. AcceptanceTestPlanning

g. TestSupportPlanning

it Systemsafety

i. Fabricationplanning

j. Quality Assuranceplanning

k. Installationplanning

I. FailuremodesanalysisFMA

m. Logistics

1. Transportation,packaging,andhandling

2. Standardization

3. Specialtoolsandequipmentrequirements

4. Sparesrequirements

n. Programandneartermschedules.
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o. Programrisk assessments

p. Problemsandconcerns.

CDRL No. 1 - MeetingAgendas CDRL No. 8 - FailureModesAnalysis
CORL No. 2- MeetingMinutes CDRL No. 11-ProductSpecifications
CDRL No. 5 - Drawings,Level 2 CDRL No. 7-Reliability Analysis
CORL No. 10- MaintainabilityProgram CORL No.23-AcceptanceTestPlan

Plan

3.13 Analysis

3.1.3.1 Reliability Analysis

The subcontractorshall preparea reliability block diagramandreliability prediction. The block

diagramshall be completeto an indenturelevel that reflects the modular replacementsanticipatedto

occuron-siteand shall reflect failures identified in the failure modesanalysisdefinedin Section3.1.3.2of

thisSOW.

The reliability predictions for the TLS and replacementmodulesshall be consistentwith the

DevelopmentSpecification.

CDRL No. 7- Reliability Analysis

3.1.3.2 FailureModesAnalysis FMA
The subcontractorshall perform a failure modesanalysisto determinethe effect of component

failureson US performanceand supportability. For the purposesof this analysiscomponentis defined
to be an item that is recommended.for replacementby the tJRA-approvedmaintenanceconcept.
Subcomponentrepair activitiescarriedout post-replacementin a differentfacility are beyondthe scope

of this analysis.Resultsof this analysisshallbe presentedto URA in the form of a report. This analysis

shall include:a descriptionof the failure modes,causesof failure, probableeffectsof failure, probability

of occurrence,criticality of failure, a list of anysafety implications, andcorrectiveactionsor preventive

measures. The subcontractorshall provide recommendationsfor mitigating the impact of failures

throughdesignimprovements,tests,andinspections.

CDRL No. 8- FailureModesAnalysis

3.1.4 Documentation

3.1.4.1 Specifications

Thesubcontractorshall providea Critical Item FabricationProductSpecification,TypeC2b per MIL-
STD-4908for equipmentproduced on this contract, in sufficient detail to allow verification of

compliancewith the DevelopmentSpecificationand to supportmaintenanceand reprocurementactions.

Product,processandmaterialspecificationsshall be included. For commercialequipment,commercial

specificationsshallsuffice.
CDRL No.11-ProductSpecificationC2b
CDRL No.15-ProcessSpecifications

CDRL No. 21 - Material Specifications
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3.1.4.2 Drawings

The subcontractorshall convertdesignrequirementsinto practicaldesignlayoutsLevel I andthen
convertdesign layouts into detaileddrawings Level II. The subcontractorshall produceall final
drawings in a format compatible with DOD-STD-1000B, Level II. For commercial equipment,
commercialdrawingsshall suffice.

The subcontractorshall prepareas-built drawingsfor any item, component,module,etc., which
deviatesfrom designor fabricationdrawingspecifications,or which is cut- or built-to-fit in the shopor
field. Thesedrawings shall be submitted to URA within fourteen14 days after completionof the
fabricationand/orinstallationof the item.

CDRL No. 12-AsBuilt Drawings

3.1.4.3 InterfaceControl DocumentslCD

The subcontractorshallsupportIJRA in producingtheappropriateinterfacecontrol documents.
CDRL No. 32- InterfaceControl Documents

3.2 FABRICATION AND INSTALLATION

The subcontractorshall fabricateandinstall all componentsof the prototypeTLS in accordancewith the
approvedprogrammanagementplanand the applicablecodes,standards,URA approvedspecifications,
and the requirementsof this Statementof Work.

3.11 Schedule

The subcontractorshall maintain a fabrication and installation schedulefor all components
delineatingmilestones,witnesspoints,testing,and shippingdates. This scheduleshall be in accordance
with SectionF of this subcontract.This scheduleshall be maintainedas an integralpart of the program
scheduledescribedin Section3.5.3.

CDRL No. 27-ProgramSchedules

3.2.2 Shop/FieldWitnessPoints

Thefollowing witnesspointsshall be includedin the subcontractor’sprototypefabrication schedule.

URA shall benotified at leastfive 5 workingdays in advanceof eachwitnesspoint.

a. Shop/Fieldfunctional tests.

b. Final shop/fieldpressureandtemperaturetestsandvacuumleakchecking.

3.2.3 Material Control

The subcontractorshall implementmaterial control proceduresin accordancewith the TLS quality
assuranceprogramand TLS specifications.Material qualification recordscertified material test reports,
certificatesof compliance,etc. shall be collectedand maintainedby the subcontractorand submittedfor
URA approvalat leastsixty 60 days beforeacceptancetesting.

CDRL No. 14-. PartsQualificationPlan
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3.2.4 ProcessesandMethods

As required by the URA approvedQuality AssurancePlan, the subcontractorshall develop,

maintain, and follow written proceduresfor all specialfabrication processesrequired to satisfy the

provisions of the TLS specifications.Such processesshall include, but are not limited to: welding,

brazing,heattreating,non-destructiveexamination,chemical machining,cleaningand packaging,leak

checking,andpressuretesting. Proceduresshall conformto the recommendedpracticesof the applicable

codegoverningthe designof the componentASME, AWS, etc.. Theseproceduresshall besubmittedto

URA for approvalat leastsixty 60 days prior to use.

CDRL No. 15- ProcessSpecifications

3.2.5 Testing

The subcontractorshall developa fabrication test plan FTP defining productquality verification

testing to be performedduring fabricationandassemblyof the TLS componentsincluding all field

assemblytasks. Tests requiredby the TLS specificationsand the subcontractor’squality assurance

programshall beincluded. TheFTP shall be submittedfor approvalby URA at least sixty 60 daysprior

to use.

ForeachtesttheFTPshall includethe following:

a. Descriptionof objectivesanddefinition of criteria,

b. Identificationof equipmentandsuppliesrequired,

c. Detailedtestprocedure,

d. Forms for reportingthe testresults.

Test resultsshall be reportedto IJRA. For eachtestfor which a witness point has beenidentified in

Section3.2.4,above,or Section3.2.10,below, the resultsshall be reportedto URA within five 5 daysof

completionof the test.

CDRL No. 17- FabricationTestPlan

CDRL No. 18 - WitnessedFabricationTestResults

Theresultsof all fabricationtests,includingwitnessedtests,shall becompiledby the subcontractorin

aFabricationTestReportwhich shall be submittedto URA within thirty 30 daysafter completionof the

last test. Note that this doesnot includeacceptancetests.URA reservesthe right to witnessanytesting

conductedat anysubcontractorfacility, at any of its vendors’ facilities,or in the field.
CDRL No. 19- FabricationTestReport

3.2.6 Spares

Spareparts sufficient for two yearsof operationshall be identified. All sparepartsshall belisted in

thespareparts list. URA reservesthe option to purchaseany subsetof the sparepartslist.
CDRL No.20-SparePartsList
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3.2.7 Reserved

3.2.8 Installation

The prototype TLS shall be installed by the subcontractorin URA-supplied facilities near
Waxahachie,Texas.The installation shall be conductedin accordancewith the approvedprogram
managementplan and the applicable codes,standards,and specificationsset forth in the TLS
specificationsandin this Statementof Work. This SOW considersinstallation tasksto include fabrication

tasksaccomplishedin the field.

The following witness points shall be included in the subcontractor’sinstallation schedule. URA

shallbe notified at Leastfive 5 working daysin advanceof eachwitnesspoint.

a. Completionof major subsystemsand/ormodules.

b. Functionaltestsandleak checks.

3.2.9 MaintenanceManual

Prior to installationof the prototypeTLS, a maintenancemanualshall be provided.The maintenance
manualshall complywith the safetyrequirementsfor useof DANCER, WARNING, CAUTION, andNOTE

notations.In addition,a NOTE shall be usedto explaincritical stepswherehumanassemblyerrorscould
causea failure. The manualshall includea list of all sparesand equipmentrequiredfor maintenance.

CDRL No. 41- MaintenanceManual

33 RESERVED

3.4 RESERVED

3.5 PROGRAM MANAGEMENT

The subcontractorshall managethe design,development,test, fabrication,and installation tasks

definedby this SOW in accordancewith the TLS ProgramManagementPlan referencedin Section 2.3,

above. The subcontractorshall providea single point of contactfor all data, information,and policy

communicationsto andfrom the URA subcontractadministrator.The languageof communicationfor all

activities associatedwith the US shallbe English.

The subcontractorshall describethe structureof their organizationwhich will contribute to the

performanceof this contract,and shall identify responsiblepersonnelby positionandby name.

CDRL No. 36- ContractorOrganization

3.5.1 ContractWork BreakdownStructureCWBS

The subcontractorshall deliver a CWBS. The subcontractorshall identify within the CWBS all

significantsubcontractualelementsand tasks.The subcontractorshallnotchangethe CWBSor associated

definitions for anycontractualelementsor tasksat level threeor abovewithout URA approval. Changes
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at lower levels may be madeby thesubcontractorasdeemednecessary.Schedulesshall be keyedto the

CWBS andthe SOW deliverables.

CDRL No. 35 - ContractWork BreakdownStructure

3.5.2 Lower Tier SubcontractManagement

Thesubcontractorshallprovidemonthlyschedule,supportability,and technicalprogressinformation

aboutlower tier subcontractsto URA. The subcontractorshall implementprogramplanningand control

necessaryto accompLishthe lower tier subcontracteffort. The subcontractorshall inform the .JRA

subcontractadministratorof, and invite URA personnelto, all lower tier subcontracttechnical

interchangemeetings,designreviews,testreviews,and programmanagementreviews.

CDRL No. 37-LowerTier SubcontractData

3.5.3 ProgramSchedules

The subcontractorshalldevelopandmaintaina masterscheduleof milestonesand eventsplannedto

occurthroughoutthe durationof the contract.Thesubcontractorshallextendthe masterscheduleto the

lowest CWBS level necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be

updatedmonthlyand reportedto VItA.

CDRL No. 27-ProgramSchedules

3.5.4 ConfigurationManagementCM and Control

Configurationcontrol shall be performedin accordancewith the CM sectionof the subcontractor’s

programmanagementplan asapprovedby URA.

3.5.5 SystemSafety

3.5.5.1 SafetyAnalysis

The subcontractordesignprocessshall ensurethat safety is an inherentpart of systemdesign.The

subcontractorshall identify potential risk factorsassociatedwith systemdesignsandhumanoperations

including detailed hazard analyses.The subcontractorshall perform a hazard analysis that

comprehensivelyaddressessafety issuesaccordingto Section 2.2.d, using Section 2.3.a as a guide,

including but not limited to: industrial safety, fire protection,environment,andindustrial hygiene.Risk

assessmentsshall be perhrmedandmitigation methodsapplied until all identified risksarewithin the

limits definedin theTechnicalSpecification.

CDRL No. 28-SafetyAnalysis

333.2 Material SafetyData SheetsMSDS

The subcontractorshallprepareanddeliverall currentmaterialsafetydata sheetsfor anyhazardous

materialin thedeliveredend item. The MSDSshall consistof the following sections:

a. Identification: The companyname,addressand emergencyphonenumberof the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their common names,

workerexposurelimits to the substance,and otherrecommendedlimits.
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c. Physical and chemical characteristics:Listings of known physical and chemical
characteristicsof the material,suchas: boiling point, vaporpressure,vapordensity,melting
point, evaporationrate,appearance,odor,andcolor undernormal conditions.

d. Physicalhazards:PhysicaLhazardsandrecommendedmethodsfor handlingthe hazards.

e. Reactivity:Stability of the material,and identificationof substancesthat whenmixed with
the materialcauseit to becomeunstable.

f. Healthhazards:Waysthe materialcould enterandaffectthe body of apersonwho hasbeen
exposed.

g. Precautionsfor safe handling and use: Proceduresfor safely handling the material, and

proceduresto follow in caseof a spill or leak of the material.Properstorageproceduresfor

the materialshall be includedin thissection.

h. Control measures:Methods and equipmentto be usedwhen in contactwith or exposedto

the material.

CDRL No. 29- Material Safety DataSheets

3.5.5.3 On-SiteActivities
All subcontractorpersonnelshall comply with Section2.I.e, SSC LaboratoryEnvironment,Safetyand

HealthManual requirementswhenperformingactivitieson anSSCLsite. All relatedsubcontractorplans

and proceduresshall ensure that the subcontractor’semployeesreceiveappropriatetraining prior to

performingon-siteactivities.Training shall be coordinatedwith the SSCLSystemSafetyProjectOffice.

3.6 QUALITY ASSURANCE

The subcontractorshallestablishandmaintaina quality assuranceprogram.Approvalof the quality

assurancesection of the program managementplan constitutes URA concurrencewith the

subcontractor’sapproachto satisfyingprogramquality assurancerequirements.

3.7 SSCL NUMB ERINC SYSTEM

Documentidentificationwill be in accordancewith the documentnumberingsystemestablishedby

the SSCLfor thosedocumentsdeliveredto the SSCL. The procedurefor useof the documentnumbering

systemwill be furnishedto the subcontractorby SSCLat the time of subcontractaward.

3.8 UNITS OFMEASURE

The subcontractorshall useeither the S.!. or English systemfor design documentation,drawings,
tooling, materials,andall otherapplicationswhereappropriate.However,interfacesbetweenthe it and

SSCLequipmentshall be in English units. piping, wiring, fasteners,etc. The systemselectedby the

subcontractorshall remainconsistentthroughoutthe proposalandfor all work, with the measurement

givenin parenthesesin the alternatesystemof notationfor all primary measurements.
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3.9 RESERVED

3.10 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.10.1 TechnicalInterchangeMeetingsTIM

The subcontractorshall conducttechnical interchangemeetingsto coordinatesystemrequirements

andschedulesandto discussmutual interesttopicsrelated to the SOW. Suchmeetingsmaybeformalor

informal in natureas dictatedby the topics to bediscussedand may or maynotrequire formal minutes.

Timing andlocation of meetingsshall beas requiredandagreedto by URA andthe subcontractor.

CDRL No.1- Meeting Agendas
CDRL No.2- MeetingMinutes

3.10.2 TechnicalReviews

Designreviewswill be co-chairedby designatedpersonnelfrom LIRA and the subcontractor.The

subcontractorshall be responsiblefor the following: development,preparationand submissionof

agendas;engineeringdata requiredfor technicalevaluation; presentationmaterials; maintenanceof

the minutesand actionitems resuitingfrom the reviews. Engineeringdata to bediscussedas part of

the scheduledreview shall be transmittedto URA in accordancewith Section F of the subcontract.

Approval of the reviewconstitutesacceptanceof the milestoneandauthorizationto proceed.

Reviewsshall be held at the subcontractor’sfacility on URA-approveddatesin the subcontractor’s

masterschedule.The subcontractorshallprepareanddeliver meetingminutesand action itemsfor URA

approvalwithin five 5 workingdaysafter a review.

CDRL No.1-MeetingAgendas
CDRL No.2- MeetingMinutes

3.11 TECHNICAL REPORTS

Thesubcontractorshallprovidea monthlywritten technicalprogressreportin subcontractorformat.

Thereportshall includethe following sectionsanddata,organizedby task:

a. Summaryof work performed,including milestonecharts, showingwork accomplished
during the monthand work remainingto becompleted.

b. Discussionof problemsencounteredduring the previousmonth and proposedmethod of

solution.

c. Planningdatafor future work.

d. Any otherinformationdeemedappropriate.

e. Additional data requestedby URA.

CDRL No. 30- Monthly Report
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3.12 COST REPORTS

The subcontractorshall provide monthly cost statusreports to URA. The cost information shalt

evaluatecost performanceagainsttheCWBS andcontractualdeliverables.

CDRL No.31- CostReports

4.0 RESERVED

5.0 CUSTOMER FURNISHED PROPERTY/SERVICES

TBD
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CDRL TITLE SOW REF DELIVERY APPROVAL

1 MeetingAgendas 3.1.2.1,.2 As Req’d No
3.10. 1,.2

2 MeetingMinutes3.1.2.1,.2, As Req’d Yes
3.10.1,.2

5 Drawings,Level 23.1.2.2 300CDR Yes

7 Reliability Analysis 3.1.2.2 CDR Yes
3.1.3.1

8 FailureModesAnalysis 3.1.2.2 CDR Yes

3.13.2

10 MaintainabilityProgram 3.1.2.2 CDR Yes

Plan

11 ProductSpecifications 3.1.2.2 300 CDR Yes

3.1.4.1

12 As Built Drawings3.1.4.2 As Req’d Yes

14 PartsQualificationPlan 3.2.3 60D AT Yes

15 ProcessSpecifications 3.1.4.1 CDR60D Yes

3.2.4

17 FabricationTestPlan 3.2.5 As Reqd Yes

IS WitnessedFabrication 3.2.5 FT SD No

TestResults

19 FabricationTestReport 3.2.5 As Reqd No

20 SparePartsList 3.2.6 600 Install No

21 Material Specifications 3.1.4.1 CDR 600 Yes

23 AcceptanceTestPlan 3.1.2.2 CDR Yes
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27 ProgramSchedules 3.2.1 Monthly No

3.5.3

28 SafetyAnalysis 3.5.5.1 30D CDR Yes

29 Material SafetyData 3.53.2 300 CDR Yes

Sheets

30 Monthly Report 3.11 Monthly No

31 Cost Reports 3.12 Monthly No

32 InterfaceControl 3.1.4.3 As Req’d Yes

Documents

35 ContractWork 3.5.1 CA 300 Yes

BreakdownStructure

36 ContractorOrganization 3.5 CA 300 No

37 Lower Tier Subcontract 3.5.2 Monthly No

Data

41 MaintenanceManual 3.2.9 1200 Install Yes

Delivery Exampl- CA 30D = 30 daysafter ContractAward, 30L CDR= 30 daysbejbreCDR
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CDRL 1- Meetjn Agenda

Meetingagendanotificationsshall includeas aminimum:

a. location,dates,and times,

b. namesof meetingchairpersonsor personcallingthe meeting,

c. scheduleof itemsto bediscussedand presenters,

b. andactionassignmentsandstatusform previousmeeting.

CDRL 2- MeetingMinutes

MeetingMinutes shall include,but arenot limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovidedby bothsubcontractorand URA,

d. andactionassignmentsidentified with schedulesandresponsibilityfor

accomplishment.

CDRL 5 - Drawings.Level 2

ReferenceDOD-STD-1000B,Drawings,EngineeringandAssociatedLists

CDRL 7-Reliability Analysis

Recordthe reliability requirementsfor the end item, major subsystemsand critical componentsto include,but not

limited to:

a. possiblefailure modes,

b. probability of occurrenceof eachfailure mode,

c. timesduringoperationthe failuremodecanoccur,

d. classificationof the failuremodecritical, major, minor,

e. enditem reliability whenthe failureoccurs,

f. andenditem reliability whenthe failure doesnot occur.

CDRL 8- Failure ModesAnalysis

ReferenceSOW paragraph3.13.2

CORL 10- MaintainabilityProgramPlan
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Plan describesthe subcontractor’smaintainability program,how it will be conductedand the controls and

monitoring provisions, if any, levied on suppliersand vendors. It describesthe techniquesand tasks to be

performedand their integrationanddevelopmentin conjunctionwith otherrelatedactivities.

CURL 11-ProductSoecifications

ReferenceMIL-STD-490B,SpecificationPractices

CURL 12- As Built Drawings

ReferenceDOD-STD-1000B,Drawings,EngineeringandAssociatedLists

CURL 14- PartsOualification Plan

The planshall contain,but is not limited to ,the following

a. the inspectionsandtestsnecessaryto qualify the part,

b. the justification for usinggenericqualification, reducedtesting,or limited usage

proceduresfor qualifying,

c. the mannerin which sampleswill be chosen,the period theywill be chosen, and the elapsed

timebetweenqualificationinspections,

d. the descriptionof the testprocedures;electrical,environmental,and operational

usedin qualifying the part,

e. andthe datato berecorded.

CURL 15 - ProcessSpecifications

ReferenceMIL-STD-490B, SpecificationPractices

CDRL 17- FabricationTestPlan

ReferenceSOW paragraph3.2.5

CURL 18-WitnessedFabricationTestResults

ReferenceSOW paragraph3.2.5
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CDRL 19- FabricationTestReport

ReferenceSOW paragraph3.2.5

CURL 20- SparePartsList

ReferenceSOW paragraph3.2.6

CDRL 21- MaterIal Specifications

ReferenceMIL-STD-490B,SpecificationPractices

CURL 23 - AcceptanceTestPlan

A. Overview. Includesflow diagrams,milestones,personnelparticipation,and safetyrequirements:

1. Flow diagrams. A functional description of the acceptancetest çtaa block

diagramportrayalof the functions thatmust be met to satisfy the totalacceptanceprogram,

2. Milestones. Identifiesthe startandexpectedcompletiondatesof eachtestto beperformed,

3. Participation. Identifies the contractorand URA participationrolesand responsibilities,

4. Safety. Identify and sMteany safetymeasuresor guidelinesto beobserved during testing.

B. MasterTestList. List all teststo be accomplishedin the order theyare to be performed. Separatelistings foc

eachlocationshall be provided. Listing shall include:

1. Locationwherethe testis to be performed,

2. Numberfor eachpieceof equipmentor item testwill be performed,

3. Nameandbrief descriptionof testto be performed,

4. Numberof cyclesthe testwill be performedandselectedparametersto be observed.

C. EquipmentList. The list shall include all equipmentto be used in the test. The listing shall include thE

following:

1. All testequipmentby description,nomenclature,serial number;

2. All supportequipmentby description,nomenclatureand serialnumber;

3. All specialtest equipmentrequired to be designedor constructedfor useon the programby

description,nomenclature,anddaterequired.

U. Validation. An overview of the proceduresthat will be usedto validate the testresults.

CURL 27 - ProgramSchedules

ReferenceSOW paragraph3.2.1 and3.5.3
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CURL 28- SafetyAnalysis

The purposeof this planis to providea basisof understandingbetweenthe subcontractorand URA to ensurethat

adequateconsiderationis givento safetyduring all phasesof theprogram.

Plan details the tasksand activities of systemsafety managementand systemsafetyengineeringrequiredto

identify,evaluate,andeliminateor control hazardsthroughoutthesystemlife cycle.

CURL 29-Material SafetyData Sheets

ReferenceSOW paragraph3.5.5.2

CURL 30- Monthly Report

ReferenceSOWparagraph3.11

CURL 31- CostReports

ReferenceSOWparagraph3.12

CURL 32- InterfaceControl Documents

Documentsshall be preparedto control the interfacesbetweentwo or moresystemsegmentsandto providea

common data referencefor the segmentswhere the control of a single interfacerestswithin the design tasks

delineatedwithin this SOW and the associatedspecifications. Documentsshall specify in subparagraphsas

appropriate,in quantitativetermswith tolerances,the mechanical,electrical,and functional relationshipsof the

interfacingsystemsegments,to the level of detail necessaryto permit detail design.

CURL 35- ContractWork BreakdownStructure

ReferenceSOW paragraph3.5.1.

CURL 36- ContractorOrganization

ReferenceSOWparagraph3.5
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CURL 37- Lower Tier SubcontractData

ReferenceSOW paragraph3.5.2

CURL 40- TrainingSyllabus

TrainingSyllabusshallincludeasa minimum:

a. Classroomandpracticalapplicationtime,

b. Time allocatedfor eachtopic of instruction,

c. Scheduledorderof presentation,

d. Separateschedulelisting for classrooms,trainingequipment,andlaboratory use,

e. Resourcerequirementslist,

f. andCurriculumOutline providingdetailedtraining data for eachlesson.

CURL 41- MaintenanceManual

Thesemanualsshall include detailed machine functions, basic diagnostic operations,basic operational

procedures,operationof maintenanceswitchesandassociatedtestequipment,recommendationsfor preventative

maintenanceschedules,and suggestedmaintenanceroutines. When a commercialmanual is availableand

consideredadequate,the subcontractormayrecommendthe manualand submitacopy for approval.

20



STATEMENT OF WORK SOW

FOR THE

TRANSFER LINE SYSTEMS
FABRICATION

FORTHE
SUPERCONDUCTINGSUPERCOLLIDER

LABORATORY

DRAFT

March28, 1994



TransferLine SystemStatementof WorkNo.AHA-XXXXXXXXXX

TABLE OF CONTENTS

1.0 Scope 1

1.1 Background I

1.2 Objective I
1.3 Summaryof SubcontractorActivities 1

2.0 ApplicableDocuments 2
2.1 Reserved 2
2.2 550.Documents 2
23 OtherDocuments 2

3.0 SubcontractorResponsibilities 3

3.1 Startof Work Meeting 3
3.2 ProductionReadinessReviewPRR 3
3.3 Fabrication 4

3.3.1 Schedule 4
3.3.2 ShopWitnessPoints 4

3,3.3 Material Control S

3.3.4 ProcessesandMethods 5

3.35 Testing 5
3.3.6 Spares 6

3.3 Reserved 6
3.4 Reserved 6
3.5 ProgramManagement 6

3.5.1 ContractWork BreakdownStructureCWBS 6
3.5.2 Lower Tier SubcontractManagement 6

3.53 ProgramSchedules 7

35.4 ConfigurationManagementCM and Control 7

3.5.5 SystemSafety 7

3.6 Quality Assurance 8
3.7 SSCL NumberingSystem 8
3.8 Units of Measure 8
3.9 Reserved 9
3.10 ManagementReviewsandTechnicalMeetings 9

3,10.1 TechnicalInterchangeMeetingsTIM 9

3.10.2 Resserved 9
3.11 TecimicalReports 9
3.12 Cost Reports 9

4.0 Reserved 10

5.0 CustomerFurnishedProperty/Services 10
ANNEX 1- CONTRACTDATA REQUIREMENTSLIST 11

Attachmenti-I to RH’ XXX-XXX-XXXXXMarch 28, 1994



1.0 SCOPE

The CryogenicsDepartmentof the AcceleratorSystemsDivision ASD of theSuperconductingSuper

Collider LaboratorySSCLis procuringTransferLine SystemsTLS for usein the High EnergyBooster

HEB andSuper Collider rings. This Statementof Work SOW defines the work requiredby the

subcontractorto fabricate eleven11 Transfer Line SystemsUS for the SuperconductingSuper

Collider LaboratorySSCL. Technical requirementsfor the TLS are containedin the Productand

Material Specificationsfor the Transfer Line Systems,document numbers,XXXXXXXXXX and
XXXXXXXXXX, respectively.

1.1 BACKGROUND

UniversitiesResearchAssociationURA is the prime contractorto the U. S. Departmentof Energy

DOE for the SuperconductingSuperCollider SSCproject. As such,URA is responsiblefor the overall

design,development,production,construction,installation,operation,andmaintenanceof the SSC. The

SSCrequirescryogeniccooling in its High EnergyBoosterHEB andSuperCollider SC rings. The HEB

is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The HEB is
divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhasa refrigeration

plant on the surfacewhichsuppliesliquid helium to cool the stringsof superconductingmagnetsin the
sector.

There is oneTLS locatedat eachof the 12 utility shafts; 2 for the HEB and 10 for the SSC. Thebasic
contractcalled for the design,fabrication,and installationof a prototypeTLS at N-iS of the SSC. The

fabricationof elevenIi productionTLS, two 2 for the I-fEB and nine9 for the SSC,is includedin this
option.

Procurementof thesesystemsis beingarrangedandcoordinatedby the CryogenicsDepartmentof
the AcceleratorSystemsDivision ASD of the SSCL.

1.2 OWECTJVE

The objectiveof this procurementis to deliver productionTLS, with accompanyingdataand spare
parts, in accrodancewith Section F of this subcontracton the schedulerequired to supportcollider
operation.

1.3 SUMMARY OF SUBCONTRACTORACTiVITIES

The scopeof work to be performedby the subcontractorincludesbut is not limited to the following;

a. Maintenanceof the designbaselineestablishedunderthe basiccontract.

b. Conductof a ProductionReadinessReviewPRR.

b. Fabricationof eleven11 productionTL systems.

I



2.0 APPLICABLE DOCUMENTS

2.1 RESERVED

2.2 SSCL DOCUMENTS

a. SSCLStandardP40-000031ConfigurationManagementPlan

b. AHW-XXXXX.XXX DevelopmentSpecificationfor the TransferLine System

c. AcceleratorSystemsDivision SafetyandHealthProgramManual

d. SSCL PracticeD10-000003,HazardAnalysis Instructions

e. SSCL LaboratoryEnvironment,Safety,and HealthManual, D10-00001

f. XXXXXXXXXX, ProductSpecificationfor theTL Systems.

g. XXXXXXXXXX, MaterialSpecificationfor the TI.. Systems.

23 OTHER DOCUMENTS

a. DOE 5481.1B,SafetyAnalysisandReviewSystem

b. SubcontractorQuality AssurancePlan

c. SubcontractorProgramManagementPlan

d. SubcontractorConfigurationManagementPlan

2



3.0 SUBCONTRACTOR RESPONSIBILITIES

The subcontractorshall furnish all materials, labor, facilities, equipment, supplies, tools,

documentation,management,and supportservicesrequired to completethe tasks defined herein.The

work shall be performedin accordancewith this Statementof Work and the Specificationsfor the

TransferLine System.

3.1 START OF WORK MEETING

The subcontractorshall conducta Startof Work Meetingof the US no later than the datespecifiedin

Section F of the Subcontract. The purposeof this meeting is to clarify the requirementswith the

subcontractor.As a minimum, the following itemsshall beaddressed:

a. ProductandMaterial Specifications

b. Statementof Work

c. ContractDataRequirementsList

d. Cost/Schedule

e, ConfigurationManagement

f. Quality Assurance

g. Producibility

h. Installation

i. SafetyProgram

CDRL No.1- MeetingAgendas
CDRL No. 2 - MeetingMinutes

3.2 PRODUCTIoNREADINESS REVIEW PRR

The subcontractorshallconductaPRRno laterthanthe datespecifiedin SectionF of the Subcontract.
The purposeof this review is to obtain URA concurrencethat any TL systemdesign problems

encounteredduring developmenthavebeen resolved,and that adequatedocumentationof technical

readinessandanticipatedproductioncostsare availablefor productionphaserelease.As a minimum,

the following items shallbe addressed:

a. Productdesign:

1. Producibility,

2. Reviewof designchangesduringfirst article build andinstall,

3. Design validation for performance,reliability, and maintainability.

b. Plantcapacity,skilledpersonnel,and training resources.

c. ProductionEngineeringand Planning:

1. Compatabilityof productionschedulewith delivery requirements,
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2. Integrationof manufacturingmethodsand processeswith facilities, equipment,tooling,
andlayout.

d. Materialsand purchasedparts:

1. Completenessof bill of materials,

2. Identification of long lead items,

3. Adequacyof inventorycontrol system.

4. Sparepart requirements.

e. Quality Assurance.

1. SafetyProgram.

CDRL No. 1 - MeetingAgendas
CDRL No. 2 - MeetingMinutes

3.3 FABRICATION

The subcontractorshall fabricateall componentsof elevenII productionTLS in accordancewith the
approvedprogrammanagementplanand the applicablecodes,standards,URA approvedspecifications,
and therequirementsof thisStatementof Work. Delivery of the productionunits will be in accordance

with Section F of the subcontract.

33.1 Schedule

The subcontractorshall maintain a fabricationschedulefor all componentsdelineatingmilestones,

witness points, testing, and shippingdates. This scheduleshall be accordancewith Section F of this

subcontract.This scheduleshall be maintainedas an integral part of the programscheduledescribedin

Section3.53.

CDRL No. 27-ProgramSchedules

33.2 ShopWitnessPoints

Thefollowing witnesspointsshall be includedin the subcontractor’sfabricationschedule.URA shall

benotified at leastfive 5 workingdays in advanceof eachwitnesspoint.

a. Shopfunctional tests.

b. Final shoppressureandtemperaturetestsandvacuumleakchecking.

3.33 Material Control

The subcontractorshall implementmaterial control proceduresin accordancewith the TLS quality

assuranceprogram,TLS systemspecifications,and the PartsQualification Planapprovedunderthe basic

contract.
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3.3.4 ProcessesandMethods

As requiredby the URA approvedQuality AssurancePlan, the subcontractorshall maintainand

follow written proceduresfor all specialfabricationprocessesrequiredto satisfy the provisionsof theUS

specifications.Such processesshall include, but arenot limited to: welding, brazing,heattreating,non

destructiveexamination,chemical machining, cleaningand packaging,leak checking,and pressure

testing.Proceduresshall conformto the recommendedpracticesof the applicablecodegoverningthe

designof thecomponentASME, AWS, etc..

33.5 Testing

The subcontractorshall conducta fabricationtestprogramduringfabricationandassemblyof the

TLS components.Testsrequiredby the TLS specificationsand the subcontractor’squality assurance

programshall be included. The fabrication test programshall be conductedin accordancewith the FTP
submittedand approvedunderthe basiccontract.

For eachtest the FTP shall includethe following:

a. Descriptionof objectivesand definition of criteria

b. Identificationof equipmentandsuppliesrequired

c. A detailedtestprocedure

d. Forms for reportingthetest results

Testresultsshall be reportedto URA. For eachtest for which a witnesspoint hasbeenidentified in
Sections3.3.2 and3.3.4,above,the resultsshall be reportedto URA within five 5 daysof completionof
thetest.

CDRL No. 18 - WitnessedFabricationTestResults

The resultsof all fabrication tests,includingwitnessedtests,shall becompiledby the subcontractorin
a FabricationTestReportwhichshall be submittedto URA within thirty 30 daysafter completionof the
last test for eachunit. Note that this does not include acceptancetests. URA reservesthe right to
witnessanytestingconductedat anysubcontractorfacility, at anyof its vendors’facilities, or in the field.

CURL No.19- FabricationTestReport

33.6 Spares

Sparepartssufficient for two yearsof operationshall be identified. All sparepartsshall be listed in
thesparepartslist. URA reservesthe option to purchaseanysubsetof the sparepartslist.

CDRL No.20- SparePartsList
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33 RESERVED

3.4 RESERVED

33 PROGRAMMANAGEMENT

The subcontractorshallmanagethe fabricationtasks definedby this SOW in accordancewith the itS
programmanagementplanreferencedin Section 2.3, above. The subcontractorshall provide a single
pointof contactfor all data,information, and policy communicationsto and from the URA subcontract
administrator.The languageof communicationfor all activitiesassociatedwith the US shall beEnglish.

The subcontractorshall describethe structureof their organizationwhich will contribute to the
performanceof this contract,andshall identify responsiblepersonnelby positionandby name.

CDRL No. 36- ContractorOrganization

3.5.1 ContractWork BreakdownStructureCWBS

The subcontractorshall deliver a CWBS. The subcontractorshall identify within the CWBS all
significantsubconftactualelementsand tasks.Thesubcontractorshall not changetheCWBS or associated

definitions for anycontractualelementsor tasks at level threeor abovewithout URA approval.Changes

at lower levels may be madeby the subcontractoras deemednecessary.Schedulesshall be keyed to the

CWBS and the SOW deliverables.
CURL No. 35 - ContractWork BreakdownStructure

3.5.2 LowerTier SubcontractManagement

The subcontractorshall providemonthly schedule,supportability,and technicalprogressinformation

aboutlower tier subcontractsto URA. The subcontractorshall implementprogramplanningandcontrol

necessaryto accomplishthe lower tier subcontracteffort. The subcontractorshall inform the URA

subcontractadministratorof, and invite URA personnel to, all lower tier subcontracttechnical

interchangemeetings,designreviews,test reviews,and programmanagementreviews.

CDRL No. 37-LowerTier SubcontractData

3.5.3 ProgramSchedules

The subcontractorshalldevelopand maintaina masterscheduleof milestonesand eventsplannedto
occur throughoutthe durationof the contract.The subcontractorshall extendthe masterscheduleto the

lowestCWBS level necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be

updatedmonthlyand reportedto URA.

CURL No. 27- ProgramSchedules

3.5.4 ConfigurationManagementCM andControl

Configurationcontrol shall be performedin accordancewith the CM sectionof the subcontractor’s

programmanagementplanas approvedby URA.
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33.5 SystemSafety

33.5.1 SafetyAnalysis

Thesubcontractorshallensurethatsafety is an inherentpartof fabricationandinstallationprocesses.

The subcontractorshall identify potential risk factorsassociatedwith fabrication, installationand human

operationsincluding detailedhazardanalyses.The subcontractorshall performa hazardanalysisthat

comprehensiveiyaddressessafety issuesaccording to Section 2.2.d, using Section 2.3.a as a guide.

including but not Limited to: Industrial safety, fire protection,environment,and industrialhygiene.Risk

assessmentsshall be performedand mitigation methodsapplied until all identified risks are within the

limits definedin the TL systemspecificationd.

CDRL No. 28-SafetyAnalysis

3.5.5.2 Material SafetyData SheetsMSDS

The subcontractor shall prepare and deliverall currentmaterialsafetydatasheetsfor anyhazardous

material in the deliveredenditem. The MSDSshallconsistof the following sections:

a. Identification: The companyname,addressandemergencyphonenumberof the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their commonnames,

workerexposurelimits to thesubstance,andotherrecommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and chemical

characteristicsof the materiai,suchas: boiiing point, vapor pressure,vapordensity,melting

point, evaporationrate,appearance,odor,and color under normalconditions.

d. Physicalhazards:Physicalhazardsand recommendedmethodsfor handlingthehazards.

e. Reactivity: Stability of the material,and identification of substancesthat when mixed with
the materialcauseit to becomeunstable.

f. Healthhazards:Waysthe materialcould enterandaffect the body of a personwho hasbeen
exposed.

g. Precautionsfor safehandlingand use:Proceduresfor safely handling the material, and

proceduresto follow in caseof a spill or leak of the material.Properstorageproceduresfor

the materialshallbe includedin this section.

h. Control measures:Methodsand equipmentto be usedwhen in contactwith or exposedto
the material.

CURL No. 29- Material SafetyDataSheets

33.5.3 On-Site Activities

All subcontractorpersonnelshall comply with Section 2.1.e,SSC LaboratoryEnvironment,Safetyand
Health Manualrequirementswhenperformingactivitieson an SSCLsite. All relatedsubcontractorplans
and proceduresshall ensurethat the subcontractor’semployeesreceiveappropriatetraining prior to
performingon-siteactivities.Trainingshall be coordinatedwith the SSCLSystemSafety ProjectOffice.

7



3.6 QUALITY ASSURANCE

Thesubcontractorshall establishand maintaina quality assuranceprogram.Approval of the quality
assurancesection of the program managementplan constitutes URA concurrencewith the
subcontractor’sapproachto satisfyingprogramquality assurancerequirements.

3.7 SSCL NUMBERING SYSTEM

Documentidentificationwill be in accordancewith the documentnumberingsystemestablishedby
the SSCL for thosedocumentsdeliveredto the SSCL. The procedurefor useof the documentnumbering
systemwill befurnishedto thesubcontractorby SSCLat the timeof subcontractaward.

3.8 UNITS OF MEASURE

The subcontractorshall useeither the S.!. or Englishsystemfor designdocumentation,drawings,
tooling, materials,andall otherapplicationswhereappropriate.However,interfacesbetweenthe It and
SSCL equipmentshall be in Englishunits. piping, wiring, fasteners,etc. The systemselectedby the

subcontractorshall remainconsistentthroughoutthe proposalandfor all work, with the measurement
givenin parenthesesin the alternatesystemof notationfor all primarymeasurements.

3.9 RESERVED

310 MANAGEMENT REVIEWS ANI5 TECHNICAL MEETINGS

3.10.1 TechnicalInterchangeMeetingsTIM

The subcontractorshall conducttechnicalinterchangemeetingsto coordinateprogramrequirements

andschedulesand to discussmutual interesttopics relatedto the SOW. Such meetingsmaybe formal or

informal in natureas dictatedby thetopics to bediscussedandmayor maynot requireformal minutes.

Timing andlocationof meetingsshallbe as requiredand agreedto by URA andthe subcontractor.

CDRL No.1- MeetingAgendas
CDRL No. 2- MeetingMinutes

3.10.2 Resserved

3.11 TECHNICAL REPORTS

The subcontractorshall providea monthlywritten technicalprogressreport in subcontractorformat.

The reportshall includethe following sectionsanddata,organizedby task:

a. Summaryof work performed,incLuding miLestonecharts, showingwork accomplished

during the monthand work remainingto becompleted.

b. Discussionof problemsencounteredduring the previousmonth andproposedmethodof
solution.
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c. PLanningdata for future work.

d. Any otherinformationdeemedappropriate.

e. Additional data requestedby LJRA.

CURL No.30- Monthly Report

3.12 COST REPORTS

The subcontractorshall provide monthlycost status reports to URA. The cost information shall

evaluatecostperformanceagainst the CWBS andcontractualdeliverables.

CURL No. 31- CostReports

4.0 RESERVED

5.0 CUSTOMER FURNISHED PROPERTY/SERVICES
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ANNEX 1- CONTRACT DATA REQUIREMENTS LIST

CONTRACT DATA REQUIREMENTS LIST

TRANSFER LINE SYSTEMS
STATEMENT OF WORK
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CDRL TITLE SOW REF DELIVERY APPROVAL

1 MeetingAgendas 3.1 As Req’d No

3.10.1

2 MeetingMinutes 3.1. As Req’d No

3.10.1

18 WitnessedFabrication 3.23 FT 5D No
Test FT Results

19 FabricationTestReport 3.2.5 As Req’d No

20 SpareParts List 3.2.6 PRR No

27 ProgramSchedules 3.2.1 Monthly No

3.5.3

28 SafetyAnalysis 3.5.5.1 Updates Yes

29 Material SafetyData 3.5.5.2 Updates Yes

Sheets

30 Monthly Report 3.11 Monthly No

31 Cost Reports 3.12 Monthly No

35 ContractWork 3.5.1 CA 30D Yes

BreakdownStructure

36 ContractorOrganization 3.5 CA 30D No

37 LowerTier Subcontract 3.5.2 Monthly No
Data

Delivery Examples- CA 30D = 30 daysafter Contract Award, Updates = RevisionsAs Req‘d based upon changesfroi

submittedunderthe Basic Contract
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CDRL 1- Meefln2 Menda

Meetingagendanotificationsshall includeas a minimum:

a. location,dates,and times,

b. namesof meetingchairpersonsor personcallingthe meeting,

c. scheduleof itemsto be discussedandpresenters,

b. andactionassignmentsandstatusform previousmeeting.

CDRL 2- Meetin2Minutes

MeetingMinutesshall include,but arenot limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovided by bothsubcontractorandURA,

d. and actionassignmentsidentified with schedulesandresponsibilityfor

accomplishment.

CDRL 15- WitnessedFabricationTestResults

ReferenceSOW paragraph3.2.5

CDRL 19 - FabricationTestRerort

ReferenceSOW paragraph3.2.5

CURL 20- Spare PartsList

ReferenceSOW paragraph3.2.6

CDRL27- ProgramSchedules

ReferenceSOW paragraph3.2.1 and 3.5.3

CURL 28- Safety Analysis

The purposeof thisplanis to provideabasisof understandingbetweenthe subcontractorand URA to ensurethat

adequateconsiderationis given to safetyduring all phasesof the program.
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Plan details the tasks andactivities of systemsafety managementandsystemsafety engineeringrequired to

identify,evaluate,andeliminateorcontrol hazardsthroughoutthe systemlife cycle.

CDRL 29-MaterialSafetyDataSheets

ReferenceSOW paragraph35.5.2

CURL 30- Monthly Report

ReferenceSOW paragraph3.11

CDRL 31- Cost Reports

ReferenceSOW paragraph3.12

CURL 35- ContractWork BreakdownStructure

ReferenceSOW paragraph3.5.1.

CURL 36-ContractorOrganization

ReferenceSOW paragraph33

CDRL 37- Lower Tier Subcontract Data

ReferenceSOW paragraph35.2
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1.0 SCOPE

TheCryogenicsDepartmentof the AcceleratorSystemsDivision ASD of the SuperconductingSuper

Collider LaboratorySSCLis procuringthe servicesrequiredto install TransferLine SystemsUS for

usein the High EnergyBoosterHEB andSuperCollider rings. This Statementof Work SOW defines

the work required by the subcontractorto install elevenII Transfer Line SystemsTLS for the

SuperconductingSuperCollider LaboratorySSCL. Technicalrequirementsfor the TLS arecontainedin

the Product and Material Specifications for the Transfer Line System, document numbers,

XXXXXXXXXX andXXXXXXXXXX, respectively.

1.1 BACKGROUND

UniversitiesResearchAssociationURA is the prime contractorto the U. S. Departmentof Energy

DOE for the SuperconductingSuperCollider SSCproject. As such,URA is responsiblefor the overall

design,development,production,construction,installation,operation.andmaintenanceof the SSC. The

SSCrequirescryogeniccooling in its High EnergyBoosterHEB and SuperCollider SC rings. The I-fEB

is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The FEB is

divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhas a refrigeration

planton the surfacewhichsuppliesliquid helium to cool the strings of superconductingmagnetsin the

sector.

Thereis oneUS locatedat eachof the 12 utility shafts; 2 for the HEB and 10 for the SSC. The basic
contractcalled for the design,fabrication,and installation of a prototypeTLS at N-is of the SSC. The

installation of eleven11 productionitS, two 2 for the HEB andnine9 for the SSC, is includedin this

SOW.

Procurementof theseservicesis beingarrangedandcoordinatedby the CryogenicsDepartmentof

the AcceleratorSystemsDivision ASD of the SSCL.

1.2 OBJECTIVE

Theobjectiveof this procurementis to performthe installationsof productionTLS in accordancewith
SectionF of this subcontracton the schedulerequired to support collideroperation.

1.3 SUMMARY OF SUBCONTRACTORACTIVITIES

The scopeof work to be performedby the subcontractorincludesbut is not limited to the following:

a. Conductof aStartof Work Meeting

b. Installationof eleven11 productionTLS.



2.0 APPLICABLE DOCUMENTS

2.1 RESERVED

2.2 SSCL DOCUMENTS

a. AHW-XXXXX.XXX DevelopmentSpecificationfor the TransferLine System

b. AcceleratorSystemsDivision Safety andHealthProgramManual

c. SSCLPracticeD1O-000003,HazardAnalysis Instructions

d. SSCLLaboratoryEnvironment,Safety,andHealthManual,D10-0000i

e. XXXXXXXXXX, ProductSpecificationfor the TransferLine System.

f. XXXXXXXXXX, Material Specificationfor the TransferLine System.

2.3 OTHER DOCUMENTS

a. DOE 5481.IB,SafetyAnalysisand ReviewSystem

b. SubcontractorQuality AssurancePlan

c. SubcontractorProgramManagementPlan
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3.0 SUBCONTRACTOR RESPONSIBILITIES

The subcontractorshall furnish all materials, labor, facilities, equipment, supplies, tools,
documentation,management,and supportservicesrequiredto complete the tasks definedherein. The
work shall be performedin accordancewith this Statementof Work and the Specifications for the
TransferLine System.

3.1 START OF WORK MEETING

The subcontractorshall conductaStart of Work Meetingfor the installationof the ItS no later than

the date specified in Section F of the Subcontract. The purposeof this meeting is to clarify the

requirementswith thesubcontractor.As aminimum, thefollowing itemsshall be addressed:

a. ProductandMaterialSpecificationsanddrawings

b. Statementof Work

c. ContractDataRequirementsList

d. Cost/Schedule

e. Quality Assurance

h. Installation

i. SafetyProgram

CDRL No. 1 - MeetingAgendas
CDRL No.2-MeetingMinutes

3.2 INSTALLATION

The subcontractorshall install all componentsof eleven 11 production TLS in accordancewith the

approvedprogrammanagementplanand the applicable codes,standards,URA approvedspecifications,

andthe requirementsof this Statementof Work. Delivery of installationserviceswill be in accordance

with SectionF of the subcontract.

3.2.1 Schedule

The subcontractor shall maintain an installation schedule for all componentsdelineating milestones,

witness points, testing, and shipping dates. This scheduleshall be in accordancewith Section F of this

subcontract. This scheduleshall be maintained as an integral part of the program scheduledescribed in

Section3.5.3.

CDRL No.27-ProgramSchedules

3.2.2 Witness Points

The following witriess points shall be included in the subcontractor’s installation schedule. URA

shall be notified at Least five 5 working days in advanceof eachwitness point.

a. Functional tests.

b. Final pressureand temperature testsand vacuumleak checking.
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3.2.3 Processesand Methods

As required by the URA approvedQuality AssurancePlan, the subcontractorshall maintainand

follow written proceduresfor all specialinstallationprocessesrequired to satisfythe provisionsof the

TLS specifications.Such processesshall include, but arenot limited to: welding, brazing,heattreating,
non-destructiveexamination,chemicalmachining,cleaningandpackaging,leak checking,and pressure

testing. Proceduresshall conform to the recommendedpracticesof the applicablecodegoverningthe

designof thecomponentASME, AWS, etc..

3.2.4 Testing

The subcontractorshall conducta test program during installation and assemblyof the TLS

components.Tests requiredby theTLS specificationsand the subcontractor’squality assuranceprogram
shall be included. The installationtestprogram shall be conductedin accordancewith the FTP submitted

andapprovedunder the basiccontract.

For eachtest the FTPshall includethe following:

a. Descriptionof objectivesanddefinition of criteria

b. Identification of equipmentandsuppliesrequired

c. A detailedtestprocedure

d. Formsfor reportingthe test results

Testresultsshall be reportedto UIRA. For each test for which a witnesspointhas beenidentified in

Sections3.2.2 and3.2.3, above,the resultsshall be reportedto URA within five 5 days of completionof

the test.

CDRL No.18 - WitnessedInstallationTestResults

The resultsof all installationtests, includingwitnessedtests,shalL be compiledby thesubcontractor

in an InstallationTestReportwhich shall be submittedto URA within thirty 30 daysaftercompletionof

the last test for eachunit. Note that this doesnot include acceptancetests. URA reservesthe right to

witnessanytestingconductedatany subcontractorfacility, at anyof its vendors’ facilities,or in the field.

CDRL No. 19 - InstallationTestReport

3.3 PROGRAMMANAGEMENT

The subcontractorshall managethe installation tasksdefined by this SOW in accordancewith the

TLS programmanagementplanreferencedin Section2.3,above. The subcontractorshall providea single

point of contactfor all data,information,and policy communicationsto andfrom the URA subcontract

administrator.Thelanguageof communicationfor all activitiesassociatedwith the TLS shall be English.
The subcontractorshall describethe structureof their organizationwhich will contribute to the

performanceof this contract,and shallidentify responsiblepersonnelby positionand by name.

CDRL No. 36-ContractorOrganization
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33.1 Reserved

33.2 Reserved

33.3 ProgramSchedules

The subcontractorshalldevelopandmaintainamasterscheduleof milestonesandeventsplannedto
occur throughoutthe durationof the contract. The subcontractorshall extendthe masterscheduleto the
lowestlevel necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be updated
monthlyandreportedto URA.

CDRL No. 27-ProgramSchedules

3.3.4 Reserved

33.5 SystemSafety

3.3.5.1 SafetyAnalysis
The subcontractorshall ensure that safety is an inherent part of installation processes. The

subcontractorshall identify potential risk factors associatedwith installationand humanoperations
including detailed hazard analyses. The subcontractorshall perform a hazard analysis that
comprehensivelyaddressessafety issuesaccordingto Section 2.2.d, using Section2.3.a as a guide,

includingbut not limited to: Industrial safety, fire protection,environment,and industrial hygiene.Risk

assessmentsshall be performedand mitigation methodsapplieduntil all identified risks are within the

limits definedin the US specifications.

CDRL No. 28-Safety Analysis

33.5.2 Material SafetyDataSheetsMSDS
The subcontractorshallprepareand deliver all currentmaterialsafetydatasheetsfor anyhazardous

material in the deliveredend item. TheMSDSshall consistof the following sections:

a. Identification: The companyname,addressandemergencyphonenumberof the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their commonnames,

worker exposurelimits to the substance,andother recommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and chemical

characteristicsof the material,suchas: boiling point, vaporpressure,vapordensity,melting

point, evaporationrate,appearance,odor,andcolor undernormal conditions.

d. Physicalhazards:Physicalhazardsand recommendedmethodsfor handlingthe hazards.

e. Reactivity: Stability of the material,and identificationof substancesthat when mixed with

the materialcauseit to becomeunstable.

f. Healthhazards:Ways the materialcould enterandaffect the body of a personWho hasbeen

exposed.
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g. Precautionsfor safehandling and use: Proceduresfor safely handling the material, and

proceduresto follow in caseof a spill or leakof the material.Properstorageproceduresfor

the materialshall be includedin this section.

h. Control measures:Methodsand equipmentto be used when in contactwith or exposedto

the material.

CDRL No. 29- Material SafetyData Sheets

33.5.3 On-SiteActivities

All subcontractorpersonnelshallcomply with Section2.1.e,SSCLaboratoryEnvironment,Safetyand

HealthManualrequirementswhenperformingactivitieson an SSCLsite. All relatedsubcontractorplans

andproceduresshall ensurethat the subcontractor’semployeesreceive appropriatetraining prior to

performingon-siteactivities. Trainingshall becoordinatedwith the SSCLSystemSafetyProjectOffice.

3.4 QUALITY ASSURANCE

The subcontractorshallestablishand maintaina quality assuranceprogram.Approval of the quality

assurancesection of the program managementplan constitutes URA concurrencewith the

subcontractor’sapproachto satisfyingprogramquality assurancerequirements.

3.5 SSCLNUMBERING SYSTEM

Documentidentification will be in accordancewith the documentnumberingsystemestablishedby
the SSCL for thosedocumentsdelivered to the SSCL. The procedurefor useof the documentnumbering
systemwill be furnishedto the subcontractorby SSCLat the time of subcontractaward.

3.6 UNITS OFMEASURE

The subcontractorshall useeither the S.I. or English systemfor designdocumentation,drawings,
tooling, materials,and all otherapplicationswhereappropriate.However, interfacesbetweenthe TLS
andSSCL equipmentshall be in English units. piping, wiring, fasteners,etc. The systemselectedby
the subcontractorshall remain consistent throughout the proposal and for all work, with the
measurementgiven in parenthesesin the alternatesystemof notationfor all primarymeasurements.

3.7 RESERvED /

3.8 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.8.1 TechnicalInterchangeMeetingsTIM

The subcontractorshall conducttechnicalinterchangemeetingsto coordinateprogramrequirements
and schedulesand to discussmutualinteresttopics relatedto the SOW. Such meetingsmaybe formal or

6



informal in natureas dictatedby the topics to be discussedand mayor maynot requireformal minutes.

Timing andlocationof meetingsshall be as required and agreedto by URA and the subcontractor.

CORL No. 1 - MeetingAgendas
CDRL No. 2 - MeetingMinutes

3.8.2 Resserved

3.9 TECHNICAL REPORTS

The subcontractorshall providea monthlywritten technicalprogressreport in subcontractorformat.

The reportshall includethe following sectionsanddata,organizedby task:

a. Summaryof work performed,including milestonecharts, showingwork accomplished

during the monthandwork remainingto becompleted.

b. Discussionof problemsencounteredduring the previousmonth andproposedmethodof

solution.

c. Planningdatafor futurework.

d. Any otherinformationdeemedappropriate.

e. Additional datarequestedby URA.

CDRL No. 30- Monthly Report

3.10 COST REPORTS

The subcontractorshall provide monthly cost status reports to URA. The cost informationshall

evaluatecostperformanceagainstthe CWBSandcontractualdeliverables.

CDRL No. 31-CostReports

4.0 RESERVED

5.0 CUSTOMER FURNISHED PROPERTY/SERVICES
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ANNEX 1- CONTRACTDATA REQUIREMENTSLIST

CONTRACT DATA REQUIREMENTS LIST

TRANSFER LINE SYSTEM
STATEMENT OF WORK
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CDRL TITLE SOW REF DELIVERY APPROVAL

I MeetingAgendas 3.1 As Req’d No

3.8.1

2 MeetingMinutes 3.1 As Req’d No

3.8.1

18 Witnessed Fabrication 3.2.4 FT 5D No
Test Fl Results

19 Fabrication Test Report 3.2.4 As Reqd No

27 Program Schedules 3.2.1 Monthly No

3.3.3

28 Safety Analysis 3.35.1 Updates Yes

29 Material SafetyData 3.3.5.2 Updates Yes
Sheets

30 Monthly Report 3.9 Monthly No

31 CostReports 3.10 Monthly No

36 ContractorOrganization 3.3 CA 30D No

Delivery Examples- CA 30D = 30 daysafter ContractAward, Updates= RevisionsAs Req’dbased upon changesfro’

submittedunder theBasic Contract
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CDRL 1- MeetingAgenda

Meetingagendanotificationsshall includeas a minimum:

a. location,dates,and times,

b. namesof meetingchairpersonsor personcalling the meeting,

c. scheduleof items to bediscussedand presenters,

b. andactionassignmentsandstatusform previousmeeting.

CDRL 2- MeetingMinutes

MeetingMinutes shall include,but are not limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovidedby bothsubcontractorand URA,

d. andactionassignmentsidentified with schedulesand responsibilityfor

accomplishment.

CDRL 18- WitnessedFabricationTestResults

ReferenceSOW paragraph3.2.4

CDRL 19- FabricationTestReport

ReferenceSOW paragraph3.2.4

CDRL 27- ProgramSchedules

ReferenceSOW paragraph3.2.1and3.3.3

CDRL 28- SafetyAnalysis

Thepurposeof this planis to providea basisof understandingbetweenthe subcontractorandiRA to ensurethat

adequateconsideration is givento safetyduring all phasesof the program.

Plan details the tasks andactivities of systemsafety managementandsystemsafety engineeringrequiredto

identify, evaluate,andeliminateor control hazardsthroughoutthe systemlife cycle.

CDRL 29-MaterialSafetyDataSheets
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ReferenceSOWparagraph 33.5.2

CDRL 30- Monthly Report

ReferenceSOWparagraph 3.9

CORL 31- CostRtports

ReferenceSOWparagraph 3.10

CDRL3G - Contractor Organization

ReferenceSOW paragraph 3.3
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SSC Laboratory
Cold Compressor System RH

1.0 Introduction and Scope

The Cold Compressor maintains helium vapor pressure over magnet recooler baths at
0.75 bar 10.78 psia and discharges to a surface refrigeration plant from 1.35 to 1.45 bar 19.57
to 21.02 psia. The pumped volume is approximately loOm3 3531 ft3.

The compressor interfaces with recooler baths and surface refrigerator via the Cold
Compressor Box. Cold Compressor and Cold Compressor Box are located in an Adit area
adjacent to the Tunnel.

The Cold Compressor will have its own vacuum enclosure and either socket directly into
the Cold Compressor Box on bayonets as shown in Fig. 2.2-4 or be free standing and be
connected via bayoneted "U" tubes. The choice of configuration is presently the contractors
option. Options will be reviewed after responses to this RH.

The Cold Compressor Box has provision for an additional Compressor. The
arrangement of process control valves allows this second machine to be used as a standby, or in
future for parallel or series compression.

The basic cold compressor machine is referred to in the text as the Cold Compressor, and
the assembly of Cold Compressor and Vacuum Enclosure as the Cold Compressor Module
CCM.

The CCM and associate controls are referred to in the text as the Cold Compressor
System CCS.

This Request for Information specification previews URA requirements for Cold
Compressor Modules. Comments are solicited from contractors to aid in preparation of the
Request for Proposal RFP.
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2.0 Applicable Documents

2.1 Drawings Supplied by IJRA
2.2-1 SSCL Main Accelerator Ring Plan View
2.2-2 Sector Refrigerator System Block Diagram
2.2-3 Cold Compressor Box schematic
2.2-4 Cold Compressor Vacuum enclosure Layout
2.2-5 Flow/Pipe/Component Symbols

2.2 Standards
The Contractor proposal shall list all applicable standards to be used in the design,

construction, test, packaging and shipping. The following documents of the exact issue shown
form a part of this document to the extent specified herein. If a conflict arises between the
documents referenced below and the contents of this specification, the latter shall prevail.
2.2.1 Industry and Society Documents

a American National Standards Institute ANSI
1 ANSI1ASQC Q91-1 987 , Quality Systems-Model for Quality Assurance in

Design/Development, Production, Installation and Servicing.
b American Society of Mechanical Engineers ASME

1 Petrochemical Plant and Petroleum Refinery Piping 831.3.
2 Building Services Piping B31 .9.

c National Electrical Code NEC
1 240, Overcurrent Protection
2 250, Grounding

d National Electrical Manufacturers Association NEMA
1 Stds. Publication No. PR 4: Plugs, Receptacles and Cable Connectors of

the Pin and Sleeve Type for Industrial Use.
2 Stds. Publication No. 250: Enclosures for Electrical Equipment 1000

Volts Maximum
e International Standards Organization ISO

1 1601000, units
d Compressed Gas Association CGA

1 CGA 341, Standard for Insulated Cargo Tank Specifications for
Cryogenic Vessels-3.6 General Requirements, Outer Shell.
2.2.2 SSCL Documents

1 P40-00011 9.A, Leak checking.
2 P40-000120.A, Processing of Stainless Steel Weldments for

High Vacuum Use.
3 AQA-lOl 0097.0, Contracted Supplemental Welding and Brazing.

2.2.3 Govemment / Military Documents
1 MIL-sTD-1629, Failure Mode, Effects and Criticality Analysis FMECA.
2 MIL-STD-2155 AS, Failure Reporting, Analysis, and Corrective Action

System FRACAS.
3 MIL-STD-1 30, Identification Marking.
4 DOD-STD-1 000B, Drawings, Engineering, and Assembly Lists.
5 Ocupational Health and Safety Act, 29 CFR

Part 1910, OSHA Standards
Specific items to be listed by contractor during design stage.
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3 Requirements

3.1 Performance
3.1.1 Operating Modes

The CCM is required to follow various anticipated plant operating modes which reflect
both magnet system demand and refrigerator reliability. These are described as Design, Nominal,
and Standby. Efficiencies given are the minimum required Isentropic efficiencies.

Table 3.1.1
Mode Performances

3.1.2 Mode Stability
The compressor shall maintain an inlet pressure +/- 1% under stable conditions in any of

its three modes. During transitions between modes the inlet pressure may vary by up to ± 5%.
NB: 1% controls at +/- 0.01K, 10% controls at ÷1-0.1K, what level of control is absolutely
necessary?

The compressor must be able to withstand an inlet pressure excursion of dP/dt = 10%/sec
to a maximum pressure of TBD during a quench of a full magnet string 1/4 sector as shown in
Fig. 2.2-1.
3.1.3 Non-Mode
3.1.3.1 Operating Condition Range

The compressor shall be capable of safe start, operation to design mode speed or motor
shaft power, and shut-down under the conditions listed below. Operation time at design mode
shall be unlimited.

Design
General Mechanical Requirements
Environmental Conditions
Tunnel:
a Relative Humidity 80%
b Temperature 80°F 27°C.
c Structural Vibration:
It is predicted that structural vibrations in the machinery

machinery will be rotating vacuum pumps, circulating pumps,
effectively vibration isolated from the structure.

Surface
Above ground all installations are to be designed for an ambient temperature range of -

15°C 5°F to 55°C 131°F, with the exception of equipment in the control room which shall be

Pin
÷1- 1%

Tin Pout
mm

Eff.%
mm

Flow

bar K bar g/s
Design 0.75 4.3 1.45 65 330
Nominal 0.75 4.3 1.4 60 264
Standby 0.75 4.3 1.35 55 138

3.1.3.2
a.
b.
supply

3.2
3.2.1
3.2.1.1

a inlet pressures 0.6 thai 1.9 bar,
b outlet pressures 1.02 thru 1.9 bar,
c inlet temperatures 4 thai 300K.

Start/Restart
The compressor shall be tolerant to cool down thermal excursions of dTldt = 100K/sec.
The compressor shall be capable of restart from Trip condition without repressurizing the

there is a nominal supply volume of lOOm3 of 3.9K vapor.

areas will be minimal. All local
less than 10 kW power input and
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rated for temperatures within the range 10°C 50°F to 32°C90°F and from 20% to 80% relative
humidity.
3.2.1.2 Equipment Layout
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3.2.1.3 Materials
a Proven mechanical Items shall be used where possible. The number of original
components and assemblies shall be minimized.
b All material and equipment must be new and suitable for the application.
c All machinery components shall be designed and constructed such that no damage
occurs due to failure of a subsystem such as instrument air, cooling water, power, or computer
systems.
d All devices such as instruments, valves, and filters shall allow for convenient inspection
and maintenance.
o All the equipment shall be painted to URA specification.
I Assemblies and machined pieces operating at low temperature less than 270 K shall be
constructed of materials known to be appropriate for cryogenic applications.
g The selection and combinatiOn of materials shall be such that no significant galvanic
corrosion can occur.
h All instrument air manifolds shall be protected with an set" containing a water/oil trap
and particulate filter.

All instrument tubing shall be stainless steel.
The use of epoxies or other similar materials shall require prior approval of URA.

k All system piping shall conform to ASME 631.3.
3.2.1.4 Design Pressure
3.2.1.4.1 Helium Systems

Helium containment design pressure shall be 10 bar 145 psia. Pipework inside the
vacuum enclosure shall be designed for 10 bar 145 psia pressure difference. Pipework attached
to the compressor shall conform to ASME 631.
3.2.1.4.2 Water Systems

All water circuits shall be rated for at least 10 bar 145 psia.
3.2.1.5 Welding
Welding shall comply with the requirements of:

ASME 631.3.
SSCL Document P40-0001 20.A
SSCI. Document AQA-1010097.0

3.2.1.6 Joints, Seals, and Valves
a All joints which form a barrier to helium gas leakage into the vacuum space shall be
welded. There shall be no demountable joint under these conditions without the written approval
of URA.
b All seals, joints, and welds must be double acting, holding pressure as well as vacuum.
c Any installed joints or welds for temperature service less than 270 K shall be designed for
10,000 temperature cycles from 400 K to 4 K without loss of vacuum integrity.
d Demountable joints forming a seal between helium and atmosphere shall be 0 ring
sealed. There shall be no compressed gaskets, compression fittings or thread sealants. The
required surface finish for 0-ring seals with elastomer gaskets must be better than
1.5 microns mis, and for all metal seals better than 0.3mm rms.
e The design and construction of demountable seals shall be such that the joint can be
broken and reestablished at least 20 times without damaging the sealing surfaces.
f Small couplings up to 10 mm pipe size for service at more than 270 K in helium
pipework and at connections to valves and instrumentation shall be Parker Ultraseal. Cajon VCO
or equivalent zero clearance fillings commercially available in the USA. Compression fittings are
not acceptable for helium service.
g All valves shall be bellows sealed.
3.2.1.7 Penetrations
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All vacuum vessel penetrations shall be designed such that the temperature of any point
on the surface of the vessel is within 5°C of ambient temperature. The penetrations shall also
allow for thermal movement over the entire operating temperature range.
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3.2.1.8 Safety Devices
System shall have safety devices to meet applicable codes and regulations and to protect

personnel and equipment during malfunctions and fault conditions. Pressure-relief valve settings
shall conform to the requirements given elsewhere in this specification and to the applicable
standards. Unless otherwise stated, relief valve settings shall be a minimum of 2 bar or
10% above normal operating pressures, whichever is greater. Piping and system design
shall meet or exceed the above relief valve pressure rating.
a All volumes throughout the system which have a potential for exceeding the design
pressure shall be equipped with relief valves.
b Relief valve ports of vessels and chambers with superinsulation shall be screened to
prevent inlet blockages.
c All relief valves shall be easily demountable for inspection and resetting.
d Use of burst discs shall be minimal and shall require URA approval.
e All cryogenic pressure relief devices shall be located so that there Is unobstructed access
to them with a hot-air blower.
3.2.1.9 Cleaning and Surface Treatment
a Cleaning of internal surfaces of piping including field-installed piping vessels, valves,
and devices shall meet requirements for normal refrigeration/cryogenic equipment not exposed to
liquid air or oxygen, per ASTM A 380-88. The contractor shall submit detailed cleaning
procedures before construction starts.
b All flux residue from brazed or soldered connections, all weld spackle and slag, and all
sand and other particulates shall be removed. Systems shall be drained and purged of all
solvents and be thoroughly dried.
c Visual inspection under bright and black light shall indicate no moisture, rust, foreign
matter, film, or accumulation of oil, grease, or paint.
d Cleaned internal surfaces shall have sufficient protection to maintain established
cleanliness.
e All carbon-steel surfaces exposed to atmosphere shall be sand-blasted. The contractor
shall then apply one 1 shop coat of rust-inhibitive primer and two 2 50 microns 0.002" shop
coats of enamel dry film thickness. Color scherne will be given by URA after design approval.
3.2.1.10 Services
a The system shall require no external services apart from electrical power and 100 psig
6.9 bar instrument air.
b Instrument air consumption shall not exceed 2 scfm 56 1/mm.

3.2.2 General Electrical Requirements
3.2.2.1.Enclosures
a All enclosures shall be NEMA 12 standard.
b. Enclosures shall be located for access from a normal work surface and have an electrical
hazard decal located on the door
c Enclosures shall house only electrical and/or fiber optic devices.
3.2.2.2 Terminal Blocks
a The terminal blocks of the electric cabinets shall have a reserve of at least 10% spare
terminal points.
b Terminal points shall be numbered on the terminal block, and each terminal block shall be
numbered.
c All terminal blocks shall be rated for the highest voltage present on that terminal block.
3.2.2.3 Wiring, Cables, Connectors
3.2.2.3.1 Wiring
a All wiring shall be installed in a good and workmanlike manner, suitable for the
environment in which it is installed, and shall conform to NEC Article 300.
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b All wiring shall meet UL VW-1 Vertical Flame Test.
c For all applications above 250 K, the contractor shall use stranded copper wire with
suitable insulation for the application. For all applications below 250 K, the contractor shall use
stranded copper wire with PTFE insulation unless noted elsewhere in this specification. Field
instrumentation wiring shall be shielded cables of twisted pairs, twisted triples, or twisted quads.
Exceptions must be approved by URA.
d Both ends of all cables and conductors shall be labeled according to a logical labeling
scheme see Sections 3.6.7.4 and 3.6.7.5. Wires not soldered to plugs or sockets shall be
terminated at a terminal point. Spare wires or cables shall not be left loose.
e Plugs, sockets, and terminals shall be wired according to the electricaF elementary
through the entire system.
t Plugs and sockets shall be rugged industrial type with strain relief clamp and quick
coupling which can be bayonet or other locking system. Soldered-or, preferably, crimped-gold
plated pins shall be used. In case identical connectors are selected for different functions, the
socket and plug insert shall be keyed at different angles.
g. The socket end of a connector shall always be the powered end.
h. Connectors at more than 3°C 50F below ambient shall be hermetically sealed to
prevent condensation wetting of the connection.

Wire ties are not permitted inside conduit, cable tray, or wiring duct.
j. Analog signal cable shall be physically separated from other types of control and power
cable.
k. No more than two wires per terminal point shall be permitted.

The contractor shall ground all equipment, per NEC Article 250, to the system ground that
is supplied by URA.
m. All shielded cables shall be grounded on one end only. All shielded cables that do not
enter the interface rack shall have their shields connected to a common point insulated from
equipment ground and that point shall be connected to the URA supplied instrument ground.
3.2.2.3.2 Color codes
a. Three-phase wiring shall be color coded as follows:
Phase I 8ROWN
Phase 2 ORANGE
Phase S YELLOW
Neutral GRAY
Ground GREEN

On the larger size wires that are not available with color-coded insulation, the contractor
shall use 1, wide colored tape to color code the wire at the terminal end.
b. Control and single phase power shall be color coded as follows:
ac line voltage BLACK
ac control voltage RED
ac neutral WHITE
dc control BLUE
Ground GREEN
External source YELLOW

On the larger size wires that are not available with colored coded insulation, the
contractor shall use 1" wide colored tape to color code the wire at the terminal end.
c. Multiconductor cable color code shall be the cable manufacturer’s standard color code.
3.2.2.3.3 Connectors
a. All crimp connectors shall be installed with a ratchet type crimping tool.
b. All crimp connectors shall be of the insulated type for wires AWG #10 and smaller, except
where noted.
c. Devices with pigtail connections shall be connected utilizing a bolted splice and insulated
with a minimum of three layers of electrical tape.
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d. Crimp type wire splices are not permitted.
e. Plugs and receptacles shall comply with standards set out in NEMA Stds. Publication No.
PR 4.
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3.2.2.3.4 Cable ldentificatioation
a. Cable marking shall be of the wrap type marker with a clear heat shrinkable sleeve to
protect the marker.
b. Cable numbering shall be in a format of XXX-XX-XXX; as in the following table:

First group Site location N15, N25, etc.
Second group Equipment type CC = cold compressor,

etc
First digit of third group Cable type P = power,

C = control, A = analog
Remaining digits of third group Cable number 1, 4, 10, etc.

For example, cable number N25-CC-1A4 would be a cable at site location N25,
equipment type Cold Compressor # 1, an analog signal, the fourth cable in a series of analog
cables for Compressor # 1.
3.2.2.3.5 Wire identification
a. Wire markers shall be of the heat shrinkable sleeve type.
b. Wire numbers shall be a four.digit number. The first two digits shall indicate the sheet
number of the elementary, and the second two digits shall indicate the wire on that sheet.
3.2.2.3.6 Panel indicator Light Bulbs

All bulbs in panel-installed control buttons, alarms, and indicator lights shall be the longest
possible lifetime e.g., neon or LED type. Incandescent bulbs which require frequent
replacement shall be avoided.
3.2.2.4 Grounding

All electrical equipment shall be grounded in accordance with NEC 250 and have
overcurrent protection in accordance with NEC 240.

3.2.3 Compressor
This performance specification shall be met by a system incorporating a single Cold

Compressor and associated Control Units.
3.2.3.1 Type

The compressor shall be a rotating centrifugal machine with one stage of compression. It
shaH employ hydrodynarnic gas lubricated bearings, or magnetic primary bearings, or a
combination of these.
3.2,3.2 Speed and Power Margins

The compressor shall have a speed capability of 115% of Design Mode speed, and a
shaft power capacity 120% of Design mode power.
3.2.3.3 Drive Motor

The drive motor shall be AC synchronous. The motor stator shall be axially located
between the compressor joumal bearings.
3.2.3.4 Motor Cooling
3.2.3.4.1 General

Any cooling system provided by the contractor shall be self contained, and shall require
no external services other than electrical power and instrument air.
3.2.3.4.2 Water Cooling
a The water cooling system shall be built to ASME B31 .9.
b Solder joints and compression fittings shall not be used.
c Water circuits shall be fabricated in stainless steel pipe or tube.
d Any pipework flexibility necessary to isolate vibration or to facilitate servicing or repair
shall provided by stainless steel hose sections.
e The water circulation pump shall be magnetically driven.
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f All water connections broken to carry out Cold Compressor servicing or replacement shall
be self-sealing.
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3.2.3.4.3 Cryogen Cooling
a Contractors are invited to consider helium lead cooling flow from the Compressor process
end, to reduce motor cold end temperatures and thermal conduction through shaft and body heat
breaks. Lead cooling flow would discharge from the top of the motor enclosure to a low pressure
return. Helium lead cooling flow shall not exceed 1.0 gm/sec.
b Provision of cryogen cooling for the compressor motor other than that suggested in
3.2.3.4.3 a is discouraged but liquid nitrogen will be considered if specification performances can
not otherwise be met. Liquid nitrogen motor cooling is exceptional to the requirements of this
specification, and the implications of cost, reliability, and performance will be considered before
presentation of the Request for Proposal RFP.
3.2.3.5 Motor Purge Valve

A valved atmospheric vent shall be included in the motor casing warm end to purge the
motor of air during installation.
3.2.3.6 Atmospheric Leakrate
a. The integral leakrate between Cold Compressor and atmosphere shall
be C lxi o mbar I/s measured according to SSCL Document P40-000119.A00.
b. The Ieakrate from individual demountable seals shall be C 1x107 mbar I/s measured
according to SSCL Document P40-0001 19.A00
3.2.3.7 Hydrodynamic Gas Bearing

The compressor shall meet the performance requirements specified herein after no fewer
than 100 stop/start cycles from static to Design mode speed with a maintained outlet pressure of
1.02 bar maximum and without any interim maintenance or repair.
3.2.3.8 Magnetic Bearing
a. The compressor shall meet performances specified in this document after at least 5
failures of its entire active magnetic primary bearing system at Design mode speed without any
maintenance or repair.
b. Loss of levitation which initiates motor shut-down shall be sensed at the compressor.
c. The lubricants in secondary backup bearings shall have a vapor pressure less than 1 x
io- mbar.
d. Rolling element secondary bearings shall not rotate by windage.

3.2.4 Rotating Assembly Dynamics and Design
3.2.4.1 Critical Speeds
a. The maximum continuous rotor speed shall be no greater than 80% of the first bending
critical speed.
b. Standby speed shall be more than 25% above journal bearing resonance frequencies
first and second critical speeds.
c. Journal bearing resonance frequencies first and second critical speeds and rotating
assembly first bending critical speeds shall be determined analytically and shall be confirmed by
test.
3.2,4.2 Balance
a. Diametral concentricity of all shaft diameters shall be within 0.0002 inch 5 microns of
the axis of the shaft joumal bearing surface.
b. The rotating assembly shall be multiplane dynamically balanced during assembly. The
shaft shall be balanced alone, and each element of the assembly balanced separately on the
shaft. Threaded components necessary to secure an element shall be considered part of that
element.
c. The maximum residual unbalance after balancing the shaft, and every additional element
shall be less than:

4W/N oz inch or 6350W/N gm mm
where W = balanced assembly static weight lb Kg, and N = Maximum continuous speed rpm.
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d. The shaft shall be symmetrical about its axis. Any keyway shall be balanced by a keyay
on the opposite side and in the same axial plane.
e. The method of attaching elements to the shaft shall adequately maintain concentricity and
balance under all specified operating conditions, including overspeed to trip speed.
f. The method of attaching elements to the shaft shall ensure repeatable quality of balance
after dismantling and reassembly.
g. Each removable element of the rotating assembly shall be provided with an area as close
as practical to its mass center for material removal during balance. Each element shall be
permanently marked to aid correct angular realignment on the shaft.
3.2.4.3 Thrust Bearings
a. Thrust bearings shall have adequate capacity to control the axial clearance between
impeller and shroud so that process gas recirculation is limited to a level consistent with process
performance requirements.
b. Thrust bearings shall have capacity to prevent rotating assembly touch down on any static
surface under all specified operating conditions, including surge.
c. Calculation of thrust forces shall include, but not be limited to, the effects of rotating
assembly mass and impeller pressure difference under all specified operating conditions.
d. Thrust design shall include consideration of thrust surface thermal distortion by gas film
shear, and dynamic stress distortion of the thrust disc.
e. The thrust disc shall be integral with the shaft.
f. Thrust disc surfaces shall be flat and perpendicular to the shaft journal surfaces axis
within 0.0004 inch 10 microns.
3.2.4.4 Journal Bearings
a. Journal bearings shall have capacity to prevent rotating assembly touch down on any
static surface under all specified operating conditions, including overspeed to trip.
3.2.4.5 Impeller Clearance
a. There shall be static bearings deactivated axial clearance between impeller and shroud
at all temperatures within the specified operating range.
b. Hydro dynamic

Journal bearing clearances shall be used to determine an impeller to shroud radial
clearance that avoids contact in full conical whirl second mode bearing.
c. Magnetic

Secondary journal bearing clearances extant after 3 failures of the primary bearing at
Design speed shall be used to determine an impeller to shroud radial clearance that avoids
contact in a full conical whiri second mode bearing.

3.2.5 Vacuum Enclosure
3.2.5.1 Fabrication
a. Fabrication shall conform to the general requirements in section 3.2.1
b. The enclosure and process pipework shall be fabricated from 304 stainless steel and
designed in accordance with CGA 341.
c. The maximum process gas pressure drop at design mode condition between bayonets
and compressor shall be:

Inlet 1 mbar
Outlet 1 mbar

d. The layout and support of cold piping and components shall allow for thermal contraction
without generation of excessive stresses.
e. The enclosure shall have a thermocouple vacuum gauge tube with a bellows sealed
isolation valve. These shall be readily accessible for troubleshooting and maintenance. The
gauge tube shall have physical protection.
f. The enclosure shall have a 50mm KF flange vacuum connection.
3.2.5.2 Bayonets
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a. The enclosure shall have either male or female process inlet and outlet bayonets
depending upon CCM configuration see Section3.2.1.12. Male bayonets shall extend vertically
downwards, and female receptors vertically upwards.
b Full Bayonet specifications and designs will be provided by URA with the RFQ.
3.2.5.2.1 Direct Mounting Male Bayonets
a. Current designs require a minimum 12 inches 305 mm and maximum 20 inches 508
mm between male bayonet centers at the cold compressor box. The heat break length will be 30
inches 762 mm minimum.
b. Mutual flexibility angularity and center to center between male bayonets is necessary to
guarantee alignment with the Cold Compressor Box bayonet sockets.

Mutual angular displacement: >20
Center to center movement: >0.040 inches 1.0 mm

3.2.5.2.2 Direct Mounting Mechanical interface
For direct mounting to the Cold Compressor Box the connection must be robust enough

that it can carry the assembly weight and avoid damage resulting from rotating mass stored
energy in seizure, or damaging vibrations caused by failure of primary bearings.

The following is suggested:
a. The vacuum enclosure has a rigid extension concentric with the inlet bayonet and that the
extension is flanged. The flange will be bolted to a 4" bayonet isolating ball valve mounted on the
cold compressor box.
b. Mutual flexibility of male bayonets will be provided by bellows sections in the outlet
bayonet.
3.2.5.2.3 U Tubes

"U" tubes if applicable will be procured separately to the CCM procurement.
3.2.5.3 Pressure Relief
a. The enclosure shall be equipped with an atmospheric pressure relief plate capable of
handling the total cold compressor flow capacity with a maximum pressure difference of 100
mbar.
b. Robust screens shall be provided on the vacuum side of the port to limit the hazard of
blockage by superinsulation. The screen projected area shall be no less than 4 x port area.
c. The relief plate shall be readily accessible, and easily removed for inspection and service
after release of vacuum.
d. The use of burst discs shall require URA approval.
3.2.5.4 Vacuum Leakrate
a. The leakrate to the vacuum enclosure measured according to SSCL Document P40-
0001 19.A00 shall be as follows:

Atmosphere to vacuum <1x106 mbar I/s
Helium to vacuum ‘clxi o9 mbar I/s

b. The vacuum enclosure shall be designed for a sustained maximum pressure of <lxi o-
mbar over a period of twelve 12 months for operating and non-operating conditions.
3.2.5.5 Limiting Weights and Dimensions
3.2.5,5.1 Direct Mounting Configuration

The overall height of the Module including bayonet length shall not exceed 5 feet 1524
mm. The total Module weight shall not exceed 300 lbs 136 Kg.
3.2.5.5.2 Free Standing Configurations

The footprint for a free standing design shall not exceed 6’ x 4’ x TBD high 1829 mm x
1219 mm x TBD mm high. The total Module weight shall not exceed 2000 lbs 908 Kg.
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3.2.6 Local Control Center
3.2.6.1 Interfaces with Refrigerator Control
3.2.6.1.1 Physical Interface
a. The physical interface between the Sector Refrigerator Control SRC and the Local
Control Center LCC will be at the URA interface rack located at Adit level and separated from
the Cold Compressor Box by approximately 100 ft 30m.

The contractor shall provide all interconnections between the interface rack and LCC.
b. USA will assign all terminal points in the interface rack. The procedure for assigning the
interface rack terminals will be as follows:
1. The contractor shall draft the electrical elementary showing the connections to the
interface rack using a symbol such as a triangle. Sufficient space shall be allocated to the right of
the symbol for the USA supplied terminal number.
2. The contractor shall then submit the drawings to USA for approval.
3. Upon receiving these drawings, USA will determine according to the architecture of the
control system the exact location that each wire shall be connected to in the interface rack.
4. USA will return a copy of the marked-up electrical elementary to the contractor for the
incorporation of the URA supplied interface terminal numbers.
3.2.6.1.2 Electrical Interface/Signal Conditioning
a. All analog signals to and from interface rack shall be linear.
e. The sensor output to the interface rack can be linear, nonlinear, continuous, or pulsed, but
shall conform to Section 3.2.6.1.2.
b. Signals shall be conditioned as follows:
1. All analog signals from contractor equipment to URA control equipment shall be source 4-
20 mA. The electrical specifications for the USA analog input modules are as follows:
o Type of input Analog
o Rated voltage 20-28 V Uc
o Input current range 4-20 mA
o Input resistance 500 ohms
2. All analog signals from USA control equipment to contractor equipment will be source 4-
20 mA. The electrical specifications for the URA analog output modules are as follows:
o Type of output Analog
o Rated voltage 20-28 V dc
o Output current range 0-20 mA
o Max. loop resistance 600 ohms
3. All digital signals from contractor equipment to URA dontrol equipment shall be ÷24 V dc
"true." The electrical specifications for the USA discrete input modules are as follows:
o Type of input: Discrete
o Rated voltage 24 V dc
o Operating voltage range 0-30 V dc
o Voltage range for "ON" 14.0-30 V dc
o Voltage range for "OFF" 0.00-5.0 V dc
o Input current for "ON" 2.0-15.0 mA
o Input current for "OFF" 0.5 mA
4. All digital signals from URA control equipment to contractor equipment shall be ÷ 24 V dc
logic "true" rated at 0.5 A. The electrical specifications for the URA discrete output modules are
as follows:
o Type of output Discrete
o Rated voltage 6-24 V dc
o Operating voltage range 4.5-34 V dc
o Temporary overload 2.0 A for 1 ms
o Max. "ON" state voltage drop 1.8 V dc
o Max. "OFF" state leakage current 0.2 mA
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Where special equipment signal levels do not conform to this listing, the contractorshall
supply interface electronics to convert to the standard process signals shown. This interface
electronics will be subject to URA approval. Any signal different from the standard signals
defined here is subject to URA approval.
c. All device malfunctions shall produce a signal logic "false." Normal operation within
accepted limits shall produce logic "true."
d. Signal conditioning units shall be installed in a contractor-supplied AMCO #8211 rack,
which shall be married to the USA-supplied interface rack see Section 3.2.5.1.1.
e. Signal conditioning units shall be located within those stations.
3.2.6.2 Sensors and Transmitters
a. The CCM shall be equipped with sensors as necessary to provide for its safety and
protection, and manual and automatic remote-controlled operation.
b. All sensor outputs shall be connected to the LCC for remote monitoring and data
acquisition at the SRC. The minimum sensor monitoring requirement is given in 3.2.6.5.
c. All sensors may be state of the art but must have proven reliability, accuracy,
reproducibility, long time stability, and maintainability. Sensors shall have a past history of at
least 20,000 hours of continuous operation in a similar application. Sensors that do not meet this
requirement shall not be used without prior USA approval.
d. Sensor signal dependence on ambient temperature and cable length shall be minimized.
e. The sensor output to the interface rack can be linear, nonlinear, continuous, or pulsed, but
shall conform to Section 3.2.6.1.2.
f. All sensors shall be labeled with a permanent tag, numbered as shown on the P&lDs.
g. All sensor installations shall allow for easy replacement of the sensor without opening
helium circuits or vacuum spaces to atmosphere. Redundant sensors shall be installed at all
points where replacement is difficult. All spare redundant critical control point sensors shall be
connected to the USA interface rack.
h. Loop response time shall be less than .05 sec from sensor input to interface.
3.2.6.2.1 Pressure Sensors
a. Pressure and vacuum instrumentation such as pressure transducers and vacuum gage
tubes shall have an isolating valve to facilitate replacement, servicing, or recalibration.
b. Helium pressure sensors shall be capable of withstanding 15 bar pressure without
requiring recalibration.
c. Pressure sensor loop accuracy shall meet or exceed the following full-scale
specifications:

Accuracy ± 0.5%
Sensitivity 0.1%
Repeatability 0.1%
Stability ± 0.1%/yr

3.2.6.2.2 Power Consumption Measurement
All three phases of the power supply shall be included in the active power consumption

measurement, which shall be accurate to within ±1% of full scale.
3.2.6.2.3 Current

Currents up to GA shall be measured with an accuracy better than 0.5%. Currents above
GA, which require transformers in the measurement chain, shall be determined with an accuracy
of ±1.5%.
3.2.6.2.4 Voltage

Voltages up to 600 V shall be directly measured with an accuracy better than 0.5%.
Voltages which require transformers in the measurement chain shall be determined to an
accuracy of ± 1.5%.
3.2.6.3 Instrumentation
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a. The minimum instrumentation requirement for the CCM is given in Table 3.2.5.3. The
use of closed circuit cooling water is assumed. The contractor shall specify any other parameters
which are necessary or usefully monitored for CCM control, protection, and availability.
b. Detail of Instrumentation requirement

1. The compressor shall be provided with a vibration detection system. The early
warning or shutdown for excess vibration due to abnormalities and wear in the compressor
assemblies shall be designed to prevent equipment damage.

2. Each phase of the motor winding shall be equipped with at least one temperature
sensor.

3.
temperature

4

3.2.6.4 Units

Each thrust and journal bearing shall be provided with at least one imbedded
sensor.

Hours run, and starts counters shall be non-resettable.

Table 3.2.5.3
CCM Instrumentation

The units given below are preferred for all instrumentation readouts supplied with the
system, any deviations require URA approval. English equivalents mentioned in the text are for
clarification only and should not be used in instrumentation readouts.
a. All pressures shall be given in bar absolute unless noted otheiwise.
b. Vacuum readings shall be given in millibar mbar absolute.
c. Temperatures shall be given in either K or °C as noted. In general, It is preferred that
temperatures be expressed as Kelvin for the range below ambient, and in degrees Celsius for the
range above ambient. For the purposes of this RFI, the ambient temperature To is assumed to
be 305 K.
d. Flow rates shall be given in grams per second g/s.
e. Time shall be given in seconds or hours as noted.

LCC
display

SRC
remote

Instrument

X X Compressor inlet pressure
X X Compressor outlet pressure
X X Compressor motor input power
X X Compressor motor winding temperature
X X Compressor bearing temperature
X X Compressor vibration monitor
X Compressor start counter
X Compressor hour meter
X x Compressor shaft speed

X X Coolingwaterflow
X Cooling water inlet temperature
X J Cooling water outlet temperature

x

I
I

Cooling water temperature rise

I
x x ‘ Vacuum enclosure pressure
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f. Standard S.l. units see Standard ISO 1000 shall be used for all other quantities.
3.2.6.5 Alarms and Trips
a. The contractor shall furnish a list of alarms and alarm levels that may be usefully
implemented in the SRC.
b. An emergency stop due to any CCM component or control failure shall be fail-safe. No
externally implemented protection logic will be provided.
c. LCC shall contain all the hardwired safety alarms and shutdowns required for safe
operation.
d. Trips shall have first out display and alarms, trips and first out status shall be relayed to
the SRC.
e. As a minimum requirement the contractor shall provide the alarms and trips listed in
Table 3.2.5.4. The use of closed circuit cooling water is assumed.

Table 3.2.5.4
Alarms and Trips

Alarm Trip Parameter
X X Compressor motor input power
X X Compressor motor winding temperature
X X Compressor bearing temperature
X X Compressor vibration monitor
X X Compressor shaft speed

X X Cooling water flow
X X Cooling water temperature rise

x [ Vacuum enclosure over pressure

3.2.6.6 Magnetic Levitation LCC
a. The LOC shall be designed for ease of re-characterizing to a new bearing system in the
event of a cold compressor exchange.
b. The LCC shall have battery back-up to maintain bearing levitation on power outage.
Levitation shall be maintained for the time required for the rotating assembly to stop from design
mode speed. Backup shall be sized for no fewer than 3 consecutive outages without battery
recharge.

It is anticipated that there will be 12 power failures per calendar year and the duration of
failure 15 cycles minimum.
3.2.6.7 CCM Control
a. After a trip shutdown has occurred, the LCC shall require a reset command to unlatch the
safety shutdown function from the LCC if the control is set to local or from the SRC if set to
remote. The compressor shall not restart until the reset command has been received all
safeties unlatched. When the control is set to the remote mode, the SRC shall command the
LCC to start/stop the compressor and reset the shutdown status functions. Transfer to and from
the SSC shall be bumpless.
b. The LCC shall enable either Manual or Automatic speed control. Automatic speed control
will respond to inlet pressure. The contractor shall provide pressure transducers to monitor and
control inlet pressure and to monitor outlet pressure. These transducers shall be installed by
USA. The inlet pressure control loop performance shall be consistent with requirements in 3.1.2.3
c. The LCC low voltage section shall contain the compressor’s local start/stop controls. A
key-operated local/ remote switch to transfer the control of the compressor to the SRC shall also
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be located in the LCC low voltage section. Transfer of control between SRC and LLC shall be
bumpless.
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3.3 Reliability and Availability
The system shall be designed for high reliability meeting performances specified in this

document without maintenance or repair for periods of at least 8000 operating hours.
3.3.1 Reliability

The mean time between failures MTBF of each CCM shall be at least 6,000 hours.
For purposes of this calculation, any reduction of the 0CM performance below minimum

mode requirement given in Section 3.1.1 shall be termed a failure and shall count in the
assessment of MTBF.
3.3.2 Mean Down Time

The mean down time MCi for the CCM shalt be no greater than six 6 hours. For the
purposes of this calculation, MDT is measured from the point at which CCM performance falls
below minimum mode requirement given in Section 3.1.1 and the point when that performance is
restored.
3.3.3 Availability
CCM availability shall be calculated as:

Availability = Scheduled Uptime - Unscheduled Downtime
Scheduled Uptime

The minimum availability of each 0CM shall be at least 0.99875.
3.3.4 Maintainability

The CCM shall be designed for ease of fault diagnosis and correction, Items liable to
failure shall be readily accessible so that URA technician personnel can easily, safely, and reliably
carry out any necessary inspection, maintenance or repair.
3.3.5 Operation

The contractor is encouraged to discuss operating strategies which will improve the
availability of the CCM.

3.4 Documentation
3.4.1 Submittals
a. For each submittal, three 3 copies of all engineering documentation shall be submitted
as follows: Specific guidelines shall be given in following sections.
o Two 2 paper copies
o One 1 electronic copy on 3.5’ floppy diskette formatted for Macintosh or PC-DOS.
b. The numbering system for all engineering documents shall be in accordance with this
technical specification, Appendix D.
3.4.1.1 URA Engineering Approvals

All contractor engineering documentation shall be sent to the SSCL for approval by USA
and thirty 30 days shall be allowed for that approval.
3.4.1.2 Text Document Formats
a. Text documents are documents other than drawings and databases e.g., specifications,
operating and maintenance manuals which are part of the engineering function.
b. Text documents shall be electronically created and maintained using either of the
following software packages:
1. Microsoft Word for Macintosh, v5.0 unless a later version is authorized by USA.
2. Microsoft Word for Windows IBM PC compatible, v2.0 unless a later version is
authorized by USA.
c. Operating and maintenance manuals delivered with standard, off-the-shelf equipment
procured by the contractor is not required to be delivered in electronic format unless readily
available.
3.4.1.3 Drawing Formats
a. All drawings delivered to the SSCL shall be CAD drawings.
b. Manual and/or electronically scanned drawings are not acceptable.
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c. All drawings shall be submitted as follows:
1. Paper: one 1 vellum and one 1 blue-line or equal
2. Electronic: either of the following formats:

lntergraph/MicroStation preferred PC 4.0 or later
Aut0CAD vi 0 or later

d. If CAD files are translated from electronic format different from Aut0CAD or MicroStation,
the contractor shall examine the translated CAD file using either Aut0CAD or MicroStation to
assure accuracy and completeness of the translation. This shall be accomplished prior to sending
the translated files to the SSCL.
e. Drawings reduced from their original size are not acceptable, unless specifically
requested by USA.
f. The maximum size drawing submitted shall be E-size 44" x 34".
g. Drawings on architectural size paper shall not be allowed.
h. All revisions of a drawing shall be indicated on the drawing by clouding and shall
specifically be noted in the revision block of that drawing.

General revisions to drawings shall not be allowed.
j. As-built drawings shall be submitted in full size and shall be printed on mylar.
k. Parts lists/bills of material shall be prepared integrally with any drawings where it is
required and shall be shown on the first sheet of those drawings.

The contractor shall use either the S.l. or English system for design documentation and
drawings. The system selected by the contractor shall remain consistent throughout the
proposal and for all work, with the measurement given in parentheses in the alternate system of
notation for all primary measurements.
3.4.2 Document Numbering

All CCM documents shall be numbered A H A - XXXXX, where XXXXX is a unique
document number in the sequence 60000 to 60999.

The contractor shall subdivide the sequence 60000 to 60999 in some logical order to
localize document significance.
3.4,3 Design Basis Document

The design basis document shall include the following information:
3.4.3.1 Compressor
3.4.3.1.1 General
a Weight kg:
b Proportions mm:
c Rotating assembly axis vertical/horizontal:
3.4.3.1.2 Bearings
a Primary bearing type, manufacturer, and model No.:

Journal:
Thrust:

b Secondary bearing type, manufacturer, and model No.:
Journal:
Thrust:

c Primary journal bearing radial clearance
Cold end nominal: Tolerance mm: ±

Warm end nominal: Tolerance mm: ±

d Secondary journal bearing radial clearance
Cold end nominal: Tolerance mm: ±
Warm end nominal: Tolerance mm: ±

e Center line distance between:
Primary journal bearings mm:
Secondary journal bearings mm:

g Secondary bearing lubricant
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Journal: vapor pressure mbar:
Thrust: vapor pressure mbar:

h Surface finishes to limit bearing touch-down abrasion
Journal:
Thrust:

3.4.3.1.2 Impeller
a Design:
b Fabrication detail:
c Maximum impeller overhang from

Primary journal mm:
Secondary joumal mm:

d Radial clearance impeller eye diameter to shroud mm:
e Impeller inlet diameter mm:
f Impeller outlet diameter mm:
3.4.3.1.3 Diffuser
a Design:
b Fabrication detail:
3.4.3.1.4 Balance
a Number of major elements balanced excluding shaft:
b Maximum location clearance to shaft diametral:

Static:
Element 1:

Identity: Clearance mm:
Element 2:

Identity: Clearance mm:
At design speed:

Element 1:
Identity: Clearance mm:

Element 2:
Identity: Clearance mm:

3.4.3.1.5 Materials and heat treatments:
a Shaft;
b Impeller
c Other:
3.4.3.1.6 Temperatures in Design, Nominal, and Standby modes:
a Motor stator C:
b Thrust bearing surface or winding C:
c Journal bearing surface or winding

Cold end bearing C:
Warm end bearing C:

3.4.3.1.7 Motor
a Design, manufacturer, and model No.:
b Controller electrical input phase, frequency, and voltage, current:
c Power Input power in Design, Nominal, and Standby modes:
d Power losses in, Design, Nominal, and Standby modes

Copper losses resistance W:
Core losses including hysteresis and eddy currents W:
Bearing friction losses WV:
Windage losses :

e Shaft power in Design, Nominal, and Standby modes W:
f Efficiency in Design, Nominal, and Standby modes %:
3.4.3.1.8 Motor cooling
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a Circuit design:
b Services and demand:
c Cooling medium:
d Cooling medium Specific heat Q/gmC:
e Design, Nominal, and Standby modes:

Flow:
Inlet temperature C:
Outlet temperature C:
Heat removed W:

3.4.3.1.9 Conduction/convection heat transfer to process:
a Thermal conduction:

via housing sections iV:
via shaft sections N
via baffles and insulators:

b Thermal convection from bearing/motor system
Natural W:
Forced in Design, Nominal, and Standby modes W:

3,4.3.1.10 Rotor Dynamics
a Critical speeds:

First critical bearing Hz:
Second Critical bearing Hz:
Third critical bending Hz:

b Mode speeds:
Design Hz:
Nominal Hz:
Standby Hz:

c Maximum continuous speed Hz:
d Failure speed Hz:
e Impeller peripheral velocity at design speed mis:
f Thrust disc peripheral velocity at design speed m/s:
g Rotating assembly stored energy at design spee U:
3.4.3.2 Compressor Module
3.4.3.2.1 General
a Weight kg:
b Proportions mm:
3.4.3.2.2

3.4,3,3 Local Control Center
3.4.3.3.1 General
a Weight kg:
b Proportions H mm x W mm x D mm:
3.4.3.3.2

3.4.4 Design Calculations
a. Process pipework stress calculations.
3.4.5 Component Design Data Sheets
Description and uses

A component design data sheet shows the complete engineering criteria necessary for the
design or selection of a component.
Requirements
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Component design data sheets shall be developed and provided to URA for all equipment
for both process and mechanical design. These shall include the compressor, heat exchangers,
pumps, and valves. The subcontractor may use its standard data sheets for these items.
3.4.6 Component Test Data Sheets
Description and use

A component test data sheet shows the types of tests performed on a given component
and the results of those tests as used in the design verification and/or calibration of the
component.
Requirements

Component test data sheets shall be developed, completed after component test, and
provided to URA for all the applicable equipment. This applies to both process and mechanical
testing of the components. All applicable test data sheets shall be provided for compressor, heat
exchangers, pumps, and valves. The subcontractor may use its standard data sheets for these
items.
3.4.7 Drawings

In particular the following drawings are required:
a. Layout drawing of cold compressor, vacuum enclosure and cold pipework showing the
arrangement of pipework to control thermal stresses.
b. Layout drawing of CCM units giving principal dimensions and weights.
c. Detail design of cold compressor showing:

1. the disposition of primary and secondary bearings
2. motor cooling system
3. location and type of temperature sensors

3.4.8 Specifications for Second Tier Procurement
Specifications for all equipment instrumentation, electrical, mechanical, etc. or materials

procured by the contractor for thistontract shall be submitted to URA.
3.4.9 Interface Control Documents

The contractor documentation shall define all interfaces between the CCM and the
Collider system. This shall include all instrumentation I/O, alarms, trips, etc. see Section 3.2.5
routed to the interface rack, and connetction points for instrument air and electrical power.

The following shall be specified:
a. Electrical power voltage, phase, and current.
b. Instrument air flow and pressure.
3.4.10 Data Bases

3.4.11 Item Specific Documentation

3.4.12 Spare Parts List
The Contractor shall propose maintenance spare parts stocking for 24000 hrs operation

consistent with the availability requirements in Section 3.3.3.
Spare parts that can be sourced within the USA and have a value less than $100 such as

"0" rings and fasteners shall be specified.
If the number of start-ups is significant in determining the maintenance interval, the

contractor shall assume 100 start-ups per 10,000 hrs of machine operation.
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3.4.13 Maintenance Schedule
The contractor shall supply a maintenance schedule that meets the level of CCM

availability specified in section 3.3.3.
CCM elements which are necessarily returned to the contractors shops for repair or

maintenance shall be identified.
3.4.14 Environment, Safety, and Health

The DOE and URA are committed to the policy of ensuring that all activites associated
with the construction and operation of the SSCL shall be in compliance with the applicable federal
and other environment, safety, and health regulations.

The contractor shall provide a list of all hazardous materials, as listed by OSHA and/or
EPA, used in construction, installation, testing, maintenance, and repair of the CCM on URA sites
and shall provide a copy of the Material Safety Data Sheet MSDS for each hazardous material
listed.

The contractor shall require of all subcontractors, employees, agents, and all other
persons performing work at URA sites the same responsibility for the aforesaid safe use, storage,
and disposal of such materials. The contractor shall require its subcontractors, rnaterialmen,
agents, employees, and other persons performing work to use a substitute for any specified
hazardous material whenever so directed by URA. All hazardous material brought onto the
construction site or other SSCL premises shall bear a label stating the identity of the material, any
hazards associated with it, and the name of the party responsible for bringing such material onto
the site.

Any waste in any form which results from the work must be properly disposed of by the
subcontractor in a safe manner, protective of the environment and in accordance with all
applicable laws. The contractor shall be considered the generator and owner of any hazardous
substances, pollutants, or contaminants it may bring onto the work site or that may be generated
as a result of its performance of the work.

4.0 Quality Assurance Provisions
4.1 Contractor Quality Assurance Plan

The contractor shall maintain a quality assurance plan that conforms with ANSI/ASQC
Q91-1987, Quality Systems-Model for Quality Assurance in Design/Development, Production,
Installation and Servicing.
4.2 Quality Audits
a. The contractor shall cooperate fully with URA audits of compliance with 4.0 These shall
be conducted before award of contract and periodically thereafter.
b. Under section 4.6.4 of ANSI/ASQC Q91-1 987, URA elects the option to cany out
verification at any subcontractor’s plant. This will not be used by the contractor as evidence of
effective control of quality by the subcontractor.
c. The contractor shall give URA 5 days minimum notice of subcontractor acceptance
inspections and tests.
d. Subcontractors and suppliers of parts or assemblies which have a direct impact on
reliability shall be identified by the contractor. These shall include, but not be limited to, parts or
assemblies of the following:
o Motor and motor control system.
o Bearings and bearing control system.
o Motor cooling system.
e. Supplier specifications for all equipment instrumentation, electrical, mechanical, etc. or
materials procured by the contractor for this contract shall be made available to URA on request.
f. The subcontractor’s quality system shall have control provisions for the conduct of audits,
source inspection, and surveillance of extemal organizations and activities that affect the quality
of deliverables. These quality verification activities shall be performed by qualified personnel who
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are independent of the organizations responsible for the performance of the work and attainment
of the specified quality.
4.3 Responsibility for Inspection

According to the CCM Statement of Work
4.4 FMECA

Failure mode, effects and criticality analysis FMECA shall be performed initially at the
conceptual subsystem level, and then subsequently to lower levels as the designs are developed
and as determined necessary by the criticality of the modes identified at higher levels of analysis.
The FMECA shall be performed and documented using MIL-STD-1 629 as a guide throughout the
design phase.

During the test phase the contractor shall implement a failure reporting, analysis, and
corrective action system detailed in Section 4.5.
4.5 FRACAS

The contractor shall implement a failure reporting, analysis, and corrective action system
FRACAS during development, site commissioning, and early operating phases using MIL STD
21 55AS as a guide.

The contractor shall identify and discuss the procedures that will be used to control failure
report initiation, failure analysis, and feedback of corrective actions into the design, manufacturing
and test process. The plan submitted for review shall describe the flow of failed hardware and
failure data through the contractor’s organization.

The contractor shall identify failure review board FRB members and indicate the extent
of their authority. The FRB shall identify trends, corrective action status, and assure adequate
corrective actions are taken.
4.6 Testing in Contractor’s Shop

URA reserves the right to designate selected manufacturing, inspection, and/or test
operations as "witness" and/or "hold" points during the review cycle of the contractor’s inspection
plans. The contractor shall provide URA with five 5 working days’ notice in advance of reaching
such witness/hold points during the manufacturing and test cycle of each item.

Shop witness points shall include the following:
o Compressor tests: leakage, pressure, and dynamic balance of rotating assembly.
o Functional tests of mechanical equipment and functional tests of all instruments and
sensors.
o Final pressure, leak, temperature tests on each assembly prior to shipping.
4.7 Verification and Acceptance Testing at SSCL

On-site installation witness points and final acceptance shall include:
o Pressure, vacuum, and leak tests.
o Functional check of machinery operation 168 hr test of compressors, coolant circulators,
etc.
o Functional, calibration check of instruments.
o Cooldown, warmup, and transient response, and for capacity and efficiency tests
described in Section 3.9.
o Fail safe checks, water, air supply, power supply and computer failure.
o Inspection of wiring and functional test of electrical components
4.8 Requirements Cross Reference
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4.9 Quality Conformance Matrix
SECTION PARAGRAPH

DEMO ANAL TEST EXA
M

t’tk

3.0 Requirements X
3.1 Performance x
3.1.1 Operating modes X
3.1.2. Mode stability X
3.1.3 Non-mode x
3.1.3.1 Operating condition range X
3.1.3.2 Start/Restart X
3.2 Design X
3.2.1 General Mechanical requirements X
3.2.1.1 Environmental conditions
3.2.1.2 Equipment layout
3.2.1.3 Materials
3.2.1.4 Design pressure
3.2.1 .4.lHelium systems
3.2.1.4.2 Water Systems
3.2.1.5 welding
3.2.1.6 Joints, seals and vaLves
3.2.1.7 Penetrations
3.2.1.6 Safety devices
3.2.1.9 Cleaning and surface treatment
3.2.1.10 Services
3.2.2 General electrical requirements
3.2.2.1 Enclosures
3.2.2.2 Terminal blocks
3.2.2.3 wiring, cable, connectors
3.2.2.3.1 Wiring
3.2.2.3.2 Color codes
3.2.2.3.3 Connectors
3.2.2.3.4 Cable identification
3.2.2.3.5 Wire identification
3.2.2.4 Panel indicator light bulbs
3.2.2.5 Grounding
3.2.3 Compressor
3.2.3.1 Type
3.2.3.2 Speed and Power Margins
3.2.3.3 Motor
3.2.3.4 Cooling
32.3.4.1 General
3.2.3.4.2 Water Cooling
3.2.3.4.3 Cryogen Cooling
3.2.3.5 Motor purge valve
3.2.3.6 Atmospheric leak rate
3.2.3.7 Hydrodynamic gas bearing
3.2.3 8 Magnetic bearing
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4.9 Quality Conformance Matrix
SECTION PARAGRAPH

DEMO ANAL TEST EXA
M

N/A

3.2.4 Rotating assembly dynamics and design
3.2.4.1 Critical speeds
3.2.4.2 Balance
3.2.4.3 Thrust bearings
3.2.4.4 Journal bearings
3.2.4.5..lmpeller clearance
3.2.5 Vacuum enclosure
3.2.5.1 Fabrication
3.2.5.2 Bayonets
3.2.5.2.1 Direct mounting male bayonets
3.2.5.2.2 Direct mounting mechanical interface
3.2.5.2.3 U tubes
3.2.5.3 Pressure relief
3.2.5.4 vacuum leakrate
3.2.5.5 Limiting weights and dimensions
3.2.5.5.1 Direct mounting configuration
3.2.5.5.2 Free standing configurations
3.2.6 Local control center
3.2.6.1 Interfaces with refrigerator control
3.2.6.1.2 Electrical interface/signal conditioning
3.2.6.2 Sensors and transmitters
3.2.6.2.1 Pressure sensors
3.2.6.2.2 Power consumption measurement
3.2.6.2.3 Current
3.2.6.2.4 Voltage
3.2.6.3 Instrumentation
3.2.6.4 Units
3.2.6.5 Alarms and trips
3.2.6.6 Magnetic levitation LLC
3.2.6.7 CCM control
3.3 Reliability and availability
3.3.1 Reliability
3.3.2 Mean down time
3.3.3 Availability
3.3.4 Maintainability
3.3.5 Operation
3.4 Documentation
3.4.1 Submittals
3.4.1.1 URA engineering approvals
3.4.1.2 Text document formats
3.4.1.3 Drawing formats
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4.9 Quality Conformance Matrix
SECTION PARAGRAPH

DEMO ANAL TEST EXA
M

N/A

3.4.2 Document numbering
3.4.3 Design basis document
3.4.3.1 Compressor
3.4.3.1.1 General
3.4.3.1.2 Bearings
3.4.3.1.3 Impeller
3.4.3.1.4 Diffuser
3.4.3.1.5 Balance
3.4.3.1.6 Materials and heat treatment
3.4.3.1.7 Temperatures
3.4,3.1.8 Motor
3.4.3.1.9 Motor cooling
3.4.3.1.10 Conduction/convection
3.4.3.1.11 Rotor dynamics
3.4.3.2 Module

3.4.3.3 Local control center

3.4.4 Design calculations
3.4.5 Component design data sheets
3.4.6 Drawings
3.4.7 Specifications for second tier procurement
3.4,6 Interface control documents
3.4.9 Data bases
3.4.10 Item specific documentation
3.4.11 Spare parts list
3.4.12 Environment, safety, and health
3.4.13 Manuals

4.0 Quality assurance provisions
4.1 Contractorqualityassuance plan
4.2 Quality audits
4.3 Responsibility for inspection
4.4 FMECA
4.5 FRACS
4.6 Testing in contractors shop
4.7 Verification and acceptance testing at SSCL
4.8 Requirements cross reference
4.9 Quality conformance matrix
4.10 Deviation requests
4.11 Nonconformance reports
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5.0 Packing and Delivery
Proper protection for shipping loads and for prevention of environmental stress shall be

provided during transportation, hauling, and storage.
a. All items heavier than 20 kg shall have lugs to permit lifting into place. Any special lifting
gear such as spreader bars shall be furnished by the contractor. URA will retain all special lifting
gear, if it is required, for maintenance.
b. In order to prevent corrosion, all cryogenic and vacuum assemblies shall be filled with dry
gas at 1.5-2.0 bar or vacuum as appropriate during storage, transportation, and installation. The
type of gas or vacuum used shall be clearly documented by the contractor on the crates and
vessels and in the shipping papers.
c. Fragile items must be protected from shock during shipment.
d. Shipping labeling shall be per Mil Standard 130, Identification Marking.
e. Operational warning signs and tags shall be per OSHA standards.
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6.0 Notes
6.1 Definitions
6.1.1 Rotating Assembly

The assembly of all rotating components.
6.1.2 Shaft

The one piece mandrel that locates all other elements of the rotating assembly.
6.1.3 Impeller

The rotating section through which the process gas total pressure is increased.
6.1.4 Thrust Bearing

Provides axial support of the rotating assembly.
6.1.5 Journal Bearings

Provides radial support of the rotating assembly.
6.1.6 Secondary bearing

Provides rotating assembly support in the event of primary bearings failure.
otherwise known as backup bearing.

6.1.7 Thrust Disc
A radial bearing surface on the rotating assembly.

6.1.8 First Critical Speed

6.1.9 Second Critical Speed

6.1.10 Third Critical Speed
Otherwise known as First Bending Critical Speed

6.1.11 Pressure P
Static pressure, measurement makes no allowance for velocity pressure.

a. All process points are measuredas static pressures. Wall tap shall be 4 mm or smaller in
diameter, with a sharp, burr-free edge, installed normal to flow boundaries in straight tube or
pipe sections. Combinedpressure/temperaturetapsare not acceptable.

6.1.2 Drawings
6.1.2.1 Layout
Description and use

A layout drawing shows the design concept with design information requiring special
consideration by the engineer and draftsman-i.e., special clearances, adjustments, equipment
provisions, materials, processes, finishes, critical tolerances, and other special features. It serves
as an engineering worksheet from which engineering drawings are made. The drawing is not
used for fabrication, procurement, or inspection.
Requirements

Layout drawings shall be produced at the system skid arrangements, module
equipment on skids and unit levels individual pieces of equipment.

Identify the drawing as "DESIGN LAYOUT" above the title block in letters 0.25" high.
Specify all necessary design information-dimensions, tolerances, special clearances

e.g., maintenance, work space, safety adjustments, materials, finishes, processes, etc.
All layout drawings shall show all known equipment whether provided by URA or by the

contractor.
All equipment shall be shown to scale. Schematic representations shall not be allowed.

6.1.2.2 Installation
Description and use -
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An installation drawing shows configuration envelope and complete information necessary
to install an item relative to its supporting structure or to associated items. An installation drawing
may show a specific completed installation. Installation drawings for one-of-a-kind installation
may be revised to record the as-installed or as-built condition.
Requirements

a. Installed items shown in solid lines; other items structures, etc. in phantom.
b. Interface mounting and mating information, such as dimensions of location for

attaching hardware.
c. Interface pipe and cable attachments required for the installation and co

functioning of the item to be installed with related items.
d. Information necessary for preparation of foundation plans, including mounting

place details, drilling plans and shock mounting and buffer details.
e. Location, size and arrangement of ducts.
f. Weight of unit.
g. Location, type, and dimensions of cable entrances, terminal tubes and electrical

connectors.
h. Reference notes to applicable lists and assembly drawings.

When not disclosed on other referenced documents, the following shall be included:
1. Overall and principal dimensions in sufficient detail to establish the limits of

space in all directions required for installation, operation and servicing.
2. The amount of clearance required to permit the opening of doors or the removal

of plug-in units.
3. Clearance for travel or rotation of any moving parts, including the centers of

rotation, angles of elevation and depression.
The installation drawing shall include a parts list to establish the requirements for the installation
hardware and the items being installed.
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6.1,2.3 Installation Assembly
Description and use

An installation assembly drawing shows the installed and assembled position of an item
relative to its supporting structure or to associated items.
Requirements

a. List of items to be installed
b. Locating dimensions and associated tolerances
c. Types and quantities of attachment
d. Process and special installation requirements
e. Adjustment data -
e. Special test or inspection requirements
f. Detail definition of special installation parts

6.1.2.4 Inseparable Assembly
Description and use

An inseparable assembly drawing shows the assembled relationship of two or more parts,
separately fabricated and permanently joined together by brazing, cementing, riveting, soldering,
welding, etc., and not subject to disassembly. Their future use is considered as a single item if it
be the end item or in subsequent assemblies.
Requirements

The drawing shall fully define the end product as assembled. Any dimensions that are not
characteristic of the end product are informational and should be identified as "REF."

Part of an inseparable assembly may be defined on separate detail drawings or on the
inseparable detail drawing. -
6.1.2.5 Separable Assembly -
Description and use

A separable assembly drawing shows the assembled relationship of two or more items
where at least one of the items is capable of disassembly or servicing or replacement without
causing destruction of any of the items for its designed use. The parts are normally identified as
an assembly.
Requirements

a. Present sufficient views to show the relationship between each part composing
the assembly.

b. Cite associated lists, installation drawings, wiring and schematic diagrams, etc.,
as applicable.
When an installation drawing is called out in the associated parts list, include a delta note as
follows: "FOR INSTALLATION, REFER TO DRAWING XXXXXXX."
6.1.2.6 As-Built
Description and use

As-built drawings document for any item, deviations from design or fabrication drawing
specifications, and items which are cut- or built-to-fit in the shop or field.
Requirements

Requirements for each individual type of drawing apply.
6.2
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6.3 RFI Responses
The purpose of the CCM RFI is to provide Suppliers with draft requirements, and from

responses to formulate a RFP which most appropriately meets the needs of SSCL.
Suppliers are encouraged to consider cold compressor machines in which the compressor

shaft is magnetically levitated, if different from their established designs. Non-contacting
magnetic levitation is currently the URA preferred bearing technology.

In addition to making general comments on the RFI, Suppliers are asked to respond to
the specific issues below in order that URA can finalize designs for the prototype Cold
Compressor Box and make provision for tunnel cold compressor services.
6.3.1 Mechanical Design Concept -

Suppliers are requested to provide conceptual arrangements of cold compressor vacuum
enclosure showing, in particular:

a principal weights and dimensions,
b internal pipework showing bellows arrangement,
c compressor proportions, attitude and weight.

6.3.2 Process Control Design Concept
The Contractoris requested to consider and inform URA how to control process gas at trip

and on compressor re-start to avoid repressurizing the recooler vapor return line see ??? and
recommend control that mitigates compressor surge.
6.3.3 Services

Details of anticipated utilities requirements are requested, in particular
a Compressor motor cooling medium, heat extracted and flow.
b Electrical power requirements.

6.3.4 Ancilliary Equipment
Suppliers are requested to estimate weights and dimensions of ancillary equipment e.g.

enclosures, cooling circuit, vacuum system indicating clearances necessary for personnel to
carry out maintenance and repair, and limitations on location with respect to environmental
conditions and physical separation from the cold compressor.
6.3.5 Process Gas Filtration

Suppliers are requested to advise SSCL of the minimum necessary quality of compressor
inlet process gas filtration. This is to be expressed as absolute efficiency rating i.e. 99.99%
removal of "X’ micron particle size.
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1.0 Scoff

This Statementof Work SOW definesthe work requiredby the subcontractorto design,fabricate,test,

install, maintain,andsupporta prototypeCold CompressorSystemCCS, with an option to refurbish

the prototype and produce 12 more systemsfor the Superconducting Super Collider Laboratory SSCL.
A total of thirteen 13 Cold Compressor Systemswill be required. Technical requirements are contained

in AHW-00002.000,the Technical Specification for the CCS.

1.1 BACKGROUND

UniversitiesResearchAssociationURA is the primecontractorto the U. S. Departmentof Energy

DOE for the SuperconductingSuperCollider SSCproject.As such,IJRA is responsiblefor the overall
design,development,production,construction,installation,operation,andmaintenanceof the SSC. The

SSCrequirescryogeniccooling in its High EnergyBoosterHEB andSuperCollider SC rings. The HEB

is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The HEB is

divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhasa refrigeration

plant on the surfacewhich suppliesliquid helium to cool the strings of superconductingmagnetsin that

sectorby evaporation. The resulting helium vapor requires compressionbefore returning to the

refrigerationplant. TheCCSwill belocatedin the cryogenicalcoveunderground.

TheSSCLdesiresto obtainprototypesof theCold Compressorto evaluateatthe SSCL CryogenicTest

Facility prior to awarding a production option for twelve more systemsand refurbishment of the

prototype to production configuration. The CCS procurement of the cryogenic systemsis being arranged

and coordinated by the Cryogenics Department of the AcceleratorSystemsDivision ASD of the SSCL.

SSCL requires a total of thirteen 13 CoLd Compressor Systems;ten 10 for the collider main ring,

two 2 for the high energybooster HEB, and one 1 spare. The cold compressorlocated underground

in the accelerator tunnel raises recooler vapor return pressureto surface cryogenic refrigeration plant low

pressure. This SOW setsforth the contract requirements for the Cold CompressorSystems.

1.2 OBJECTIVE

The objective of this procurement is to deliver qualified Cold CompressorModules with

accompanyingdata, spareparts,and training on the schedulerequired to support collider installation.

While URA reservesthe right to award all 13 systemsto a single subcontractor,it is probablethat

contractsfor the design, developmentand test of the CCS prototype will be awardedto two

subcontractorsfollowed by adown-selectto onesubcontractorfor the productionof the twelve systems.

The overall objective is for the subcontractorto deliver Cold CompressorSystemsthat meet all the
performance requirements while providing easeof operation and maintainability for URA over the

systemlife.

13 SUMMARY OF SUBcONTRACTOR AcTIVITIES

The scopeof work to be performedby the subcontractorincludesbut is not limited to the following:
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a. Equipment design. Establish the CCS design requirementsbaseline in the form of a
developmentspecification.

b. Present the preliminary design calculations and test methodology at the Preliminary Design
Review.

c. Present the product specifications, process specifications, drawings and acceptance test
procedures at the Critical Design Review. Approval of the specifications and drawings will

establish the design baseline.

d. Prototype build and verification testing.

e. Installation and acceptancetesting at SSCL.

f. Maintenanceand support of the prototype during evaluation testing at SSCL.

g. Training.

h. Option 1.

- Revisethe TechnicalDataPackageas required.

- Fabrication and delivery of the CCS production units.

- Refurbishment of the prototype to production configuration.

- Installation of the first production CCS in an underground tunnel.

Detailed requirements for thesetasks aie given in Section 3.0 below.
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2.0 APPLICABLE DOCUMENTS

2.1 MILITARY SPECIFICATIONS

a. DOD-Std-I000B Drawings, Engineeringand AssociatedLists

b. MIL-Std-490B SpecificationPractices

2.2 SSCL DOCUMENTS

a. SSCL StandardP40-000031ConfigurationManagementPlan

b. AHW-00002.000TechnicalSpecificationfor the Cold CompressorSystemCCS

c. Accelerator SystemsDivision Safety and Health Program Manual

d. SSCL PracticeD10-000003,Hazard Analysis Instructions

e. SSCL Laboratory Environment, Safety, and Health Manual, D10-00001

23 OTHER DOCUMENTS

a. DOE 5481.1B,Safety Analysis and ReviewSystem

b. CCS Quality AssurancePlan to be submitted with proposal

c. CCS Program ManagementPlan to be submitted with proposal

d. CCS Configuration ManagementPlan to be submitted with proposal
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3.0 SUBCONTRACTOR RESPONSIBILITIES

The subcontractor shall furnish all materials, labor, facilities, equipment, supplies, tools,
documentation,management,and support servicesrequired to completethe tasksdefinedherein.The
work shall be performedin accordancewith thisStatementof Work and the TechnicalSpecificationfor
theCold CompressorSystem.

3.1 COLD COMPRESSORSYSTEM DESIGN

The subcontractorshalldesignCold CompressorSystemsin accordancewith the requirementsof the

TechnicalSpecificationandin compliancewith the generalrequirementsof documentsspecified in this

Statementof Work under Sections2.2 SSCL Documentsand 2.3 Other Documents,and the specific
taskingof Section3.

3.1.1 EquipmentDesign

The subcontractorshall be responsiblefor the completedesignand/or selectionof all equipment

comprisingthe CCS. The equipmentdesignshall be fully documentedin accordancewith the Technical

Specificationand Section 3.1.4 of this SOW to permit verification of conformanceto the Technical

Specification.

The designof any itemof equipmentor any assemblyshall beconsideredcompleteupon approvalby

URA of all related drawings and any additional design documentationrequired by this SOW

specifications,calculations,testresults,etc.. At that time the subcontractorshall be releasedto begin

procurementand/or fabricationof the.itemor assembly.For long-leaditems the designdocumentation

shall be completedby the time of, and presentedat, the Preliminary Design Review PDR. All other

equipmentdesigndocumentationshall be completedby the Critical DesignReview CDR. The statusof

in-progressdesignsshall be presentedto URA at scheduledreviewsperSection3.1.2 of this SOW.

3.1.2 DesignReviews

The design andplanning efforts of the subcontractorshalt be presentedto URA at the reviews

describedherein. Reviewsshall be conductedno later than the datesspecified in Section F of the

Subcontract,and eachreview shall be includedas a milestonein the subcontractor’sschedule.

3.1.2.2 PreliminaryDesign ReviewPDR

The subcontractorshall conducta PDR of the Cold CompressorSystem no later than the date

specifiedin SectionF of the Subcontract.The purposeof this review is for IJRA to assessthe progressof

thedesign. As a minimum, the following itemsshaltbe addressed:

a. DesignAnalyseselectrical, mechanical,etc.

b. SystemRequirementstraceabilityto the TechnicalSpecification

c. Implementationtraceabilityto theTechnicalSpecification

d. Layoutdrawings Level 1

e. Interfaces

f. Quality control planning
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g. Designstandardizationand logistics

h. Long LeadItem list

i. Fabricationandinstallationplanning

j. Hazardanalysis

k Programandneartermschedules

1. Programrisk assessment

m Problemsandconcerns

m. TestPlanning

o. SSCTestSupport

CDRL No. 1 - MeetingAgendas CDRL No. 5 - Drawings
CDRL No.2- MeetingMinutes CDRL No. 7- Reliability Analysis
CDRL No.3 - DevelopmentSpecifications CDRL No. 8 - FailureModesAnalysis
CDRL No. 4 - Wiring/ConnectionDiagram
CDRL No. 23- AcceptanceTestPlan

3.1.2.3 Critical DesignReviewCDR

The subcontractorshall conducta CDR of the Cold CompressorSystemno later than the date

specifiedin SectionF of the Subcontract.The purposeof this review is to obtain IJRA concurrencethatthe

CCSdesignhasbeencompleted.As a minimum, the following itemsshall be addressed:

a. Electricaldesign

b. Mechanicaldesign

c. Interfaces

d. DrawingsLevel 2

e. Specifications

f. ConfigurationManagement

g. Failure modesanalysisFMA

h. AcceptanceTestPlanning

i. Systemsafety

j. PrototypeFabricationplanning

k. Quality Assuranceplanning

j. Installationplanning

m. QualificationTestSupportPlanning

n. Logistics

1. Transportation,packaging,andhandling
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2. Standardization

3. Specialtools andequipmentrequirements

4. Sparesrequirements

o. Programandnearterm schedules

p. Programrisk assessments

q. Problemsandconcerns.

CDRL No. 1 - MeetingAgendas CDRL No. S - FailureModesAnalysis
CDRL No. 2 - MeetingMinutes CDRL No. 11- ProductSpecifications
CDRL No. 5 - Drawings CDRL No. I - Reliability Analysis
CDRL No. 10- MaintainabilityProgramPlan CDRL No.23 - AcceptanceTestPlan

3.13 Analysis

3.1.3.1 Reliability Analysis

The subcontractorshall preparea reliability block diagram andreliability prediction.The block

diagramshall be completeto an indenturelevel that reflects the modular replacementsanticipatedto

occuron-siteand shall reflect failures identified in the failure modesanalysisdefinedin Section3.1.3.2of

this SOW.

CDRL No. 7 - Reliability Analysis

3.13.2 Failure ModesAnalysis FMA

The subcontractorshall perform a failure modesanalysisto determinethe effect of component

failures on Cold CompressorSystemperformanceandsupportability.For the purposesof this analysis
componentis defined to be an item that is recommendedfor replacementby the URA-approved

maintenanceconceptSubcomponentrepairactivitiescarriedout post-replacementin a differentfacility

are beyondthe scopeof this analysis.Resultsof this analysisshall be presentedto URA in the form of a

report.This analysisshall include:adescriptionof the failure modes,causesof failure, probableeffectsof

failure, probability of occurrence,criticality of failure, a list of any safety implications,and corrective

actionsor preventivemeasures.The subcontractorshall provide recommendationsfor mitigating the

impact of failuresthroughdesignimprovements,tests,and inspections.

CDRL No. 8 - FailureModesAnalysis

3.1.4 Documentation

3.1.4.1 Specifications

The subcontractorshall provide a Critical Item FabricationProductSpecification. Type C2b per
MIL-STD-4908 for equipmentproducedon this contract,in sufficient detail to allow verification of

compliancewith the TechnicalSpecificationand to supportmaintenanceand reprocurementactions.

Product,processandmaterial specificationsshall be included.For commercialequipment,commercial

specificationsshall suffice.
CDRL No. 11- Critical Item FabricationProductSpecification C2b
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CDRL No. IS-ProcessSpecifications
CDRL No. XX - Material Specifications

3.1.4.2 Drawings

The subcontractorshall convertdesign requirementsto practicaldesign layoutsLevel 1 and then

convertdesignlayouts to detaileddrawings. The subcontractorshall produceall final drawings in a

format compatiblewith DOD-STD-1000B,Level II. For commercialequipment,commercialdrawings

shall suffice.

The subcontractorshall prepareas-built drawings for any item, component,module,etc., which

deviatesfrom designor fabrication drawingspecifications,or which is cut- or built-to-fit in the shopor

field. Thesedrawingsshall be submittedto URA within fourteen14 days after completion of the

fabricationand/or installation of theitem.

CDRL No.12- Drawings

3.15 PrototypeBuild andTest

The subcontractorshalldesign,develop,fabricate,procure,assemble,install, maintainandsupport

oneprototypeCold CompressorSystem. This systemshall be built to the technical baselineestablishedat

the CDRanddeliveredin accordancewith SectionF of the Subcontract.

Compliancewith the requirementsof the TechnicalSpecificationshall be verified by the successful

accomplishmentof the URA approvedAcceptanceTest Plan, as documentedin the URA approved

AcceptanceTestReport.

CDRL No. 26- AcceptanceTestReport

32 FABRICATION

The subcontractorshall fabricate, assemble,test, package,and ship all componentsof the CCS,

includingthose fabricatedby its subcontractors,in accordancewith theapprovedprogrammanagement

planandthe applicablecodes,standards,and specificationsset forth in the CCSTechnicalSpecification

andthis Statementof Work, in the quantitiesand to the schedulesshown in Section F of the Subcontract.

Fabricationrequirementsdelineatedin this sectionshall also apply to any tasksexecutedin the field as

well as thoseperformedin subcontractorfacilities. The tasksdescribedin Section3.2 of this SOW shall be

implementedupon exerciseof contractoption 1.

3.2.1 Design Revision

The subcontractorshallupdatethe technicaldatapackageto incorporateany engineeringchangesto

the productbaseline,includingany recommendationsfrom the URA EvaluationTestReport.

3.22 ProductionReadinessReviewPRR

The subcontractorshall conduct a PRR of the Cold CompressorSystem no later than the date

specified in Section F of the Subcontract.The purposeof this review is to determinethe statusof the

specific action itemswhich mustbe satisfactorilyaccomplishedprior to executinga productiongo-ahead

decision.obtain URA concurrencethat the specific action itemswhich mustbe accomplishedCCSdesign

hasbeencompleted.As a minimum, the following itemsshall beaddressed:
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a. ProductBaselinereview

b. EngineeringChangeOrder review

c. QA DiscrepancyReports

d. EvaluationTestReportrecommendations

d. Interfaces

e. DrawingsLevel 2

f. Specifications

g. ConfigurationManagement

h. Fabricationplanning

i. FacilitiesAllocation

j. Long LeadItems

k. Quality Assuranceplanning

1. AcceptanceTestPlanning

m. Logistics

1. Transportation,packaging,andhandling

2. Standardization

3. Special tools andequipmentrequirements

4. Sparesrequirements

a. Installatjonplanning

o. Programandnearterm schedules.

p. Programrisk assessments

q. Problemsand concerns.

CDRL No. 11- ProductSpecifications
CDRL No. 1 - MeetingAgendas CDRL No.23 - AcceptanceTestPlanCDRL No.2- Meeting Minutes
CDRL No.5- Drawings

3.2.3 Schedule

The subcontractorshall maintain a fabrication and installation schedulefor all components
delineatingmilestones,witnesspoints,testing,andshippingdates.This scheduleshall be maintainedas

anintegralpartof the programscheduledescribedin Section3.5.3.
CDRL No. 27-ProgramSchedules
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3.2.4 ShopWitnessPoints

The following witnesspointsshall beincludedin the subcontractor’sprototypefabrication schedule.
URA shall be notified atleastfive 5 workingdaysin advanceof eachwitnesspoint.

a. Shop functional tests of all mechanical,electrical, and electronic equipment,and all
instrumentsandsensors.

b. Final shop pressureandtemperaturetestsandvacuumleak checking.

c. Dynamicbalancing of the rotor.

3.2.5 Material Control

The subcontractorshall implementmaterialcontrol proceduresin accordancewith its CCSquality

assuranceprogramand the TechnicalSpecification.Material qualificationrecordscertified material test

reports,certificatesof compliance,etc. shall be collectedandmaintainedby the subcontractorand
submittedfor URA approvalat leastsixty 60 daysbeforeacceptancetesting.

CDRL No. 14-Parts QualificationPlan

3.2.6 ProcessesandMethods

As required by the URA approvedQuality AssurancePlan, the subcontractorshall develop,
maintain,and follow written proceduresfor all special fabricationprocessesrequired to satisfy the

provisionsof the TechnicalSpecification.Suchprocessesinclude,but are not limited to, welding, brazing,

heat treating,non-destructiveexamination,chemicalmachining,cleaningandpackaging,leak checking,

andpressuretesting.Proceduresshall conform to the recommendedpracticesof the applicablecode

governingthe designof the componentASME, AWS, etc.. Theseproceduresshall be submittedto URA

for approvalatleastsixty 60 daysprior to use.
CDRL No.15-ProcessSpecifications

3.2.7 Testing

The subcontractorshall develop a fabrication test plan FTP defining productquality verification

testing to be performedduring fabrication and assemblyof the CCScomponentsincluding all field

assemblytasks.Tests requiredby the TechnicalSpecificationand the subcontractor’squality assurance

programshall be included.TheFTP shall be submittedfor approvalby URA at leastsixty 60 daysprior

to use.

For each test theFTP shall include the following:

a. Descriptionof objectivesanddefinition of criteria

b. Identificationof equipmentand suppliesrequired

c. A detailedtestprocedure

d. Formsfor reportingthe test results
Testresultsshallbe reportedto URA. For eachtest for which a witnesspoint hasbeenidentified in

Section3.2.3,above,or Section3.3.4, below, the resultsshall be reportedto URA within five 5 daysof

completionof the test.
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CURL No. 17-Fabrication AcceptanceTestPlan

CURL No.18-WitnessedFabricationTestResults

The resultsof all fabricationtests, includingwitnessedtests,shall be compiledby the subcontractorin

the F1’R which shall be submittedto IJRA within thirty 30 days after completion of the last test. Note
that this doesnot include acceptancetests. URA reservesthe right to witness any testing conducted at

anysubcontractorfacility, atanyof its vendors’facilities, or in the field.
CURL No. 19- FabricationTestReport

3.2.8 Spares

Spare parts sufficient for two years of operation shall be identified. All spare parts shall be listed in

the sparepartslist URA reservesthe option to purchaseany subsetof the sparepartslist.

CURL No.20- Spare Parts List

3.2.9 Long Lead Items

The subcontractorshall identify long lead items to URA for approvalat PDR.The documentationthat

characterizesthe designof all itemsso identified shall alsobe provided atPDR.

CURL No. 21 - Long LeadItemsList

33.10 Installation

The first productionCCS shall be installed by the subcontractorin a URA-suppliedunderground

tunnel nearWaxahachie,Texas.The installationshall be conductedin accordancewith the approved

programmanagementplan and the applicablecodes,standards,and specificationsset forth in the
TechnicalSpecification and in this Statementof Work. This SOW considersinstallation tasks to be
fabricationtasksaccomplishedin the field; as such,the requirementsof Section3.2apply.

The following witnesspointsshall be includedin the subcontractor’sinstallationschedule.URA shall

be notified at leastfive 5 workingdaysin advanceof eachwitnesspoint.

a. Completionof majorsubsystemsand/ormodules.

b. Functionaltestsand inspectionof wiring.

3.3 LOGISTICS

3.3.1 OperatingManuals

The subcontractorshalldevelopan operatingmanualwhich fully describesthe operationof the CCS

in all modes.The operatingmanuawill useindenteddanger,warning,caution,andnotenotationsto set

off and call attention.to the severity of potential consequencesof humanerror or mistake.DANGER

notationshall be usedfor situationswheredeathcould occur;WARNING shall be usedwhensevereinjury

or occupationalillness could occur; CAUTION notation shall be used for callingattentionto a possible less

severeconsequenceof minor injury or minor occupationalillness; and NOTE shall be used to explain
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critical stepswherehumanassemblyerrors could causea failure; in addition, NOTE shall be usedto set
off and call attention to technical information important to the presentation or action being described,
thusNOTE is usedas a technicalnotation.

CURL No.35- Operating Manual

33.2 Training

The subcontractorshall conducta training coursefor cryogenicengineersand techniciansat a Texas
locationdesignatedby URA. The courseshall consistof both classroomand hands-ontraining. Training
shall becompletedprior to installationof the first productionCCS.

Sufficient informationshall be presentedto allow operationspersonnelto performsafeand efficient

startup, operation, andshutdownof the CCS. All manualand computer-automatedactionsrequiredto

operate the systemshall be described in detail. Training shall include steadystateconditions where the
processis under controlandstepsto takewhentheCCS reachesout of toleranceperformancealongwith
emergencystepsrequiredto shutdown the process.

Maintenanceproceduresshall be presentedincluding detailed instructionsfor the maintenance
activities that operationspersonnelmaybe requiredto perform and descriptionsof all necessarytools
andreplacementparts. The frequencyof scheduledmaintenanceshall be reviewed.Completemethods
usedby operationspersonnelto diagnoseequipmentfailuresshall becovered.

At its discretion,URA maychooseto recordthe training on audio and/orvideo mediumfor future

use.

A training syllabusshall be provided.

CURL No. 40-TrainingSyllabus.

3.33 SpecialTools andEquipment

After the installationof the first productionCCS, the subcontractorshall supplyoneset of all special
toolsandequipmentrequiredfor maintenance.

3.3.4 Maintenance Manual

Prior to installation of the first production CCS, a maintenancemanual shall be provided.The
maintenancemanual shall comply with the safety requirementsfor use of DANGER, WARNING,

CAUTION, andNOTE notations.In addition,a NOTE shallbe used to explaincritical stepswherehuman

assemblyerrorscould causea failure.

CURL No. 41- MaintenanceManual

3.4 RESERVED

3.5 PROGRAM MANAGEMENT

The subcontractor shall managethe design,development,test, fabrication, logistics, andinstallation
tasks defined by this SOW in accordancewith the CCS program managementplan referenced in Section
2.3, above.Note thatthe managementtasksof Section3.5 pertainingsolely to designrevision, fabrication,
and installationshallonly beaccomplishedafter the exerciseof contractoption 1. Thesubcontractorshall
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provide a singlepoint of contactfor all data, information, and policy communicationsto and from the

URA subcontractadministrator.The languageof communicationfor all activities associatedwith the CCS

shall be English.

The subcontractor shall describe the structure of their organization which will contribute to the

performanceof this contract, andshall identi’ responsiblepersonnelby position and by name.

CURL No. 36- Contractor Organization

35.1 Contractor Work Breakdown Structure CWBS

The subcontractor shall deliver a CWBS. The subcontractor shall identify within the CWBS all

significant subcontractual elementsand tasks.The subcontractor shall not change the CWBS or associated

definitions for any contractual elementsor tasks at level three or above without URA approval. Changes

at lower levelsmaybe made by the subcontractor asdeemednecessary.Schedulesshall be keyed to the

CWBS and the SOW deliverables.

3.5.2 Lower Tier Subcontract Management

The subcontractorshall provide monthly schedule,supportability, and technicalprogressinformation

about lower tier subcontracts to URA. The subcontractor shall implement program planning and control

necessary to accomplish the lower tier subcontract effort. The subcontractor shall inform the URA

subcontract administrator of, and invite URA personnel to, all lower tier subcontract technical

interchange meetings,designreviews, test reviews,and program managementreviews.

CDRL No. 37- Lower Tier Subcontract Data

3.53 Program Schedule

The subcontractor shall developand maintain a masterscheduleof milestonesandeventsplannedto

occur throughout the duration of the contract. The subcontractor shall extend the master scheduleto the

lowest CWBS level necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be

updatedmonthlyandreportedto URA.
CDRL No. 27- Program Schedules

3.&4 ConfigurationManagementCM andControl

Configurationcontrol shall be performedin accordancewith the CM sectionof the subcontractor’s

programmanagementplanasapprovedby IJRA.

3.5.5 SystemSafety

3.5.5.1 Safety Analysis

The subcontractor design processshall ensure that safety is an inherent part of systemdesign.The

subcontractorshall identify potential risk factorsassociatedwith systemdesignsand human operations

including detailed hazard analyses.The subcontractorshall perform a hazard analysis that
comprehensivelyaddressessafety issuesaccording to Section 2.2.d, using Section 2.3.a as a guide,
includingbut not limited to: Industrial safety, fire protection,environment,and industrialhygiene.Risk

assessmentsshall be performed and mitigation methods applied until all identified risks are within the

limits definedin the Technical Specification.
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CURL No. 28- SafetyAnalysis

3.5.5.2 MaterialSafetyDataSheetsMSDS

The subcontractorshallprepareanddeliver a!! currentmaterialsafetydatasheetsfor any hazardous
materialin the deliveredenditem. The MSDSshall consistof the following sections:

a. Identification: The companyname,address,and emergencyphonenumberof the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their common names,

worker exposurelimits to the substance,andotherrecommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and chemical

characteristicsof the material,suchas: boiling point, vaporpressure,vapordensity,melting

point, evaporationrate,appearance,odor,and color undernormalconditions.

d. Physicalhazards:Physicalhazardsandrecommendedmethodsfor handling the hazards.

e. Reactivity: Stability of the material, and identification of substancesthat whenmixed with

the materialcauseit to becomeunstable.

f. Healthhazards:Ways the materialcould enterandaffect the body of apersonwho hasbeen

exposed.

g. Precautionsfor safehandling and use: Proceduresfor safely handling the material, and

proceduresto follow in caseof a spill or leak of the material.Properstorageproceduresfor

the materialshall be includedin this section.

It Control measures:Methods and equipmentto be usedwhen in contactwith or exposedto

the material.

CURL No. 29- Material SafetyDataSheets

3.5.5.3 On-SiteActivities

All subcontractorpersonnelshallcomply with Section 2.2.e,SSCLaboratoryEnvironment,Safetyand
HealthManual requirementswhenperformingactivities on an SSCLsite. All relatedsubcontractorplans

and proceduresshall ensurethat the subcontractor’semployeesreceiveappropriatetraining prior to

performingon-siteactivities.Trainingshall be coordinatedwith the SSCLSystemSafetyProjectOffice.

3.6 QUALITY ASSURANCE

The subcontractorshallestablishand maintaina quality assuranceprogram.Approvalof the quality

assurancesection of the program managementplan constitutes URA concurrencewith the

subcontractor’sapproachto satisfyingprogramquality assurancerequirements.
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3.7 SSCLNUMBERING SYSTEM

Documentidentification will be in accordancewith the documentnumberingsystemestablishedby

the SSCLfor thosedocumentsdeliveredto the SSCL. The procedurefor useof the documentnumbering

systemwill befurnished to the subcontractorby SSCLat the time of subcontractaward.

3.8 UNITS OF MEASURE

The subcontractorshall use either the S.I. or English systemfor design documentation,drawings,

tooling, materials,and all otherapplicationswhereappropriate.However, interfacesbetweenthe CCS

and SSCLequipmentshall be in English units. piping, wiring, fasteners,etc. The systemselectedby

the subcontractorshall remain consistent throughout the proposal and for all work, with the

measurementgiven in parenthesesin the alternatesystemof notationfor all primary measurements.

3.9 RESERVED

3.10 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.10.1 Technical InterchangeMeetingsTIM

The subcontractorshall conducttechnicalinterchangemeetingsto coordinatesystemrequirements
andschedulesandto discussmutual interesttopics relatedto the SOW. Suchmeetingsmaybe formal or
informal in natureas dictatedby the topics to be discussedand mayor maynot require formal minutes.
Timing andlocationof meetingsshallbe as requiredandagreedto by URA andthe subcontractor.

CDRL No.1- Meeting Agendas
CDRL No. 2 - Meeting Minutes

3.10.2 TechnicalReviews

Design reviews will be co-chairedby designatedpersonnelfrom URA andthe subcontractor.The
subcontractorshall be responsiblefor the following: development,preparationand submissionof
agendas;engineeringdatarequiredfor technicalevaluation;presentationmaterials;maintenanceof
the minutesandactionitems resultingfrom the reviews. Engineeringdata to be discussedaspartof

the scheduledreviewshall be transmittedto URA a minimum of ten 10 working days prior to the
formal review, Approvalof the reviewconstitutesacceptanceof the milestoneandauthorizationto
proceed.

Design reviews PDR, CDR, PRRshall be held at the subcontractor’sfacilities on URA-approved

datesin the subcontractor’smasterschedule.The subcontractorshall prepareand deliver meeting

minutesand actionitemsfor iRA approvalwithin five 5 working daysaftera review.

CURL No.1- Meeting Agendas
CURL No.2- MeetingMinutes

AttachmentJ-1 to RFPSSC-93A-09376 14 March28, 1994



Cold CompressorStatementof Work No. AHA-XXXXXXXXXX

3.11 TECHNICAL REPORTS

The subcontractorshallprovidea monthlywritten technicalprogressreport in subcontractorformat.

The reportshall includethe following sectionsanddata,organizedby task:

a. Summaryof work performed,including milestonecharts, showingwork accomplished

duringthe monthandwork remainingto becompleted.

b. Discussionof problemsencounteredduring the previousmonth and proposedmethod of

solution.

c. Planningdatafor futurework.

d. Any other informationdeemedappropriate.

e. Additional datarequestedby URA.

CDRL No.30-. Monthly Report

3.12 COST/SCHEDULE REPORTS

The subcontractorshall provide monthly cost/schedulestatusreports to LJRA. The cost/schedule

informationshall evaluatecostperformance againstcontractualdeliverablesandschedule.

CDRL No. 31- Cost/ScheduleReports

3.13 INTERFACE CONTROL DOCUMENTS lCD

The subcontractorshallsupportURA in producingthe appropriate interfacecontrol documents.

CURL No. 32- InterfaceControl Documents
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4.0 RESERVED
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5.0 CUSTOMER FURNISHED PROPERTY/SERVICES

5.1 CUSTOMER FURNISHED PROPERTY

The SSCLCryogenicsTestBed ? will be madeavailableto supportAcceptanceTestingof the CCS. The ?
will be located in the CryogenicsBuilding at the NIS Site at SSCL. The ? will provide the sameinterfaceas the

SSCCold CompressorBox. The CCSsuctioninterfacewill be TBD. TheCCS exhaustinterfacewill be TBD. The

heliumflowratecan range from TBD to TUD, with suctionpressuresrangingfrom ThU to TBD. Available power
is TBD VAC, TBD Amps, TM phases,TBD Hz, andTM VDC, TM Amps. SeeFigure TM for a description of

the CryogenicsTest Bed.

5.2 CUSTOMER FURNISHED SERVICES

SSCL will provide the contractor with phone, space for tool storage, instrument calibration lab service,

welding shop support, vacuum systems,etc. SSCL will provide power to the CCS power cabinet panel. SSCL

will make the cryogenicconnectionto the CCS. SSCLwill unpackthe CCSand emplacethe CCSequipmenton

theCryogenicTest Bed. The CryogenicTest Bed will provide the following services:

CompressedAir: TM SCFM at TBD psig

80K Nitrogen: TBD SCFM at TUD psig

Water: TUD gpm at TM psig
7"

Attachmentj-1to RIP SSC-93A-09376 17 March28, 1994
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SSCLaboratory
Cold CompressorSystemRFI

1.0 IntroductionandScope
The Supercolliderhas 12 distributedsurfacerefrigerationsystems.Eachof theseprovidescryogensto local
tunnelsuperconductingmagnetsvia a Cold CompressorBoxe CCB.
Processinterfaceswith eachCCB are:
a transferline from surfacerefrigeratorcontaining:

LN2 liquid supply
LN2 vapor return
4barliquid Helium supply
3.5 bar liquid helium return
20K helium
6K helium return

b transferline to the Tunnel Distribution Box locatedadjacentto the CCB containing:
LN2 liquid supply
LN2 vaporreturn
4barliquid Helium supply
3.5 bar liquid helium return
20K helium
4K helium vapor return

c supply and return to the Cold CompressorModule CCM. The CCM processinlet and outlet are
bayonetedinto the CCB. There is provisionfor an additional CCM for future upgrades.

This Requestfor InformationspecificationpreviewsURA requirementsfor Cold CompressorBoxes.
Commentsare solicited from contractorsoaid in preparationof the Requestfor ProposalRFP.
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2.0 Applicable Documents

2.1 DrawingsSuppliedby URA
2.2-1 SSCL Main AcceleratorRing Plan View
2.2-2 SectorRefrigeratorSystemBlock Diagram
2.2-3 Cold CompressorBox schematic
2.2-4
2.2-5 Flow/Pipe/ComponentSymbols

2.2 Standards
The Contractorproposalshall list all applicablestandardsto be usedin the design, construction,test,

packagingandshipping. The following documentsof the exactissue shownform a part of this documentto
the extentspecified herein. If a conflict arisesbetweenthe documentsreferencedbelowandthe contentsof
thisspecification,the latter shall prevail.
2.2.1 Industryand SocietyDocuments

a AmericanNational StandardsInstitute ANSI
1 ANSI/ASQCQ91-1987, Quality Systems-Modelfor Quality Assurancein

Design/Development,Production,Installation andServicing.
b AmericanSocietyof MechanicalEngineersASME

1 PetrochemicalPlant and PetroleumRefinery Piping B31.3.
2 Building ServicesPiping B31.9.

c National Electrical Code NEC
1
2

d NationalESectricalManufacturersAssociationNEMA
1 Stds.Publication No. PR 4: Plugs, ReceptaclesandCable Connectorsof the Pin and

SleeveType for Industrial Use.
2 Stds.PublicationNo.250: Enclosuresfor Electrical Equipment1000 Volts Maximum

e InternationalStandardsOrganizationISO
1 ISO1000,units

d CompressedGasAssociationCGA
1 CGA 341, Standardfor InsulatedCargoTank Specifications

for CryogenicVessels-3.6GeneralRequirements,OuterShell.
2.2.2 SSCLDocuments

1 P40-000119.A,Leak checking
2 P40-000120.A,Processingof StainlessSteelWeldmentsfor High Vacuum Use
3 AQA-lOl 0097.0, ContractedSupplementalWelding and Brazing.

2.2.3 Government/ Military Documents
3 MIL-STD-130, IdentificationMarking
4 DOD-STD-1000B,Drawings, Engineering,andAssemblyLists.
5 OcupationalHealthand SafetyAct, 29 CFR

Part 1910,OSHA Standards
Specific itemsto be listed by contractorduring designstage.
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3.0 Requirements
3.1 General
3.1.1 ServicesRestrictions
3.1.2.1 Instrumentair
The systemshall require no externalservicesapartfrom electricalpowerand 100 psig 6.9 bar instrumentair
see6.??
3.1.2.2 LN2

3.1.2.3 Electrical
Phase,Frequency,Voltage,Currentlimitation

3.1.6 Mechanical
3.1.6.1 Design Pressures

Containmentdesignpressureshall conformto the requirementsin table7??
Table ???

Line interconnection Design Pressure
from/to bar

4barliquid
3.Sbarliquid

4K vapor
6K

80 K liquid
80 K vapor
20K supply
20K return

3.1.6.2 Leak Rates
Leakratesmeasuredaccordingto SSCLDocumentP40-000119.A00 shall be as follows:

1 To Vacuumfrom Helium/Nitrogen
Plate fin heatexchanger <lxi 0-6 mbarI/s
Piping, vessels,andvalves <ix 10-9 mbarI/s.

2 To Vacuumfrom Atmosphere
Atmosphereto vacuum clxi 0-6 mbarI/s
Demountableseals <lxi 0-7 mbarI/s
Vacuumpump Integrated cixiO-5 mbarl/s

3 To Atmospherefrom ProcesspressureaboveI bar
Relief valves new <lxlo-7mbar I/s
Relief valvesafter repeateduse20 times <lxi 0-2 rnbar I/s
Demountableseals <lxi 0-7 mbar I/s
Integral leak rateexcluding relief valves <lxi 0-5 mbarI/s.

4 FromAtmosphereto Processpressurebelow 1 bar
Relief valves afterrepeateduse20 times <lxi 0-6 mbarI/s

d. Integral leak rate <lxi 0-5 mbarI/s.
Demountableseals <lxi 0-7 mbarI/s
Cryogenicvalve stems <lxi 0-7 mbarI/s

5 Process/ProcessLeakage
Valve seat
Heatexchangercross cixiO-4 mbarI/s

Subcontractorshall submitleak-checkingproceduresbefore constructionbegins.
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The systemshall be designedfor no vacuumloss due to air leakageover a period of twelve 12
monthsfor operatingand non-operatingconditions.

Undernormal operatingconditions,the coldboxshall be able to maintaina pressureless thanil0-7
mbar, preferablyasstaticvacuum.This is not to be confusedwith the allowableintemal leakagerate of less
than10-5 mbar-liter/s.

3.1.6.3 WeightsandMeasures
Maximum dia
Max height

Vacuum enclosure
Prolections
CCB bayonetinterface

Max weight TBD kg TBD Ibs
Floorloading TBD kg/crn2 TBD psi
Transferline interfaceprolection

To shaft
To distribution box

3.1.6.4 Pipework

3.1.6.5 Materials
a Provenitemsshall be usedwherepossible. The numberof original componentsandassembliesshall
be minimized.
b All material andequipmentmust be new andsuitable for the application.
d All devicessuchas instruments,valves, andfilters shall allow for convenientinspectionand
maintenance.
g The selectionand combinationof materialsexposedto atmosphereshall be such that no significant
galvaniccorrosioncan occur.
k All systempiping shall conform t0rASME B31.3.

All generalusewarm piping above270 }Q, shall be austeniticstainlesssteel,seamlessor welded,
ASTM A3l2 pipe.
h. Rubberand plastichoses,pipe,andfittings shall not be usedon helium, nitrogen or vacuumcircuits.

The useof epoxiesor othersimilar materialsshall requireprior approvalof URA.

3.1.6.6 Welding
Weldingshall comply with the requirementsof:

ASME 631.3.
SSCLDocumentP40-000120.A
SSCL. DocumentAQA-10l0097.0

3.1.6.7 Cleaning and SurfaceTreatment
a Cleaning of internal surfacesof piping including field-installedpiping vessels,valves, anddevices
shall meetrequirementsfor normal refrigeration/cryogenicequipmentnot exposedto liquid air or oxygen, per
ASTM A 380-86. The contractorshall submitdetailedcleaningproceduresbefore constructionstarts.
b All flux residuefrom brazedor solderedconnections,all weld spackleand slag,and all sandandother
particulatesshall be removed. Systemsshall be drainedand purgedof all solventsand be thoroughlydried.
c Visual inspectionunderbright andblack light shall indicateno moisture,rust, foreignmatter,film, or
accumulationof oil, grease,or paint.
d Cleanedinternalsurfacesshall havesufficient protectionto maintain establishedcleanliness.
e All carbon-steelsurfacesexposedto atmosphereshall be sand-blasted.The contractorshall then
apply one1 shopcoatof rust-inhibitiveprimerandtwo 2 50 microns0.002" shopcoatsof enameldry
film thickness.Color schemewill be given by URA after designapproval.

3.1.6.8 Lifting, Maneuvering

3.1.7 Electrical
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3.1.7.1 Enclosures
a All enclosuresshall be NEMA 12 standard.
b. Enclosuresshall be locatedfor accessfrom a normalwork surfaceand havean electrical hazard
decal locatedon the door
c Enclosuresshallhouseonly electrical and/orfiber optic devices.
3.1.7.2 Terminalblocks
a The terminal blocks of the electriccabinetsshall havea reserveof at least10% spareterminalpoints.
b Terminal pointsshall be numberedon the terminal block, andeachterminalblock shall be numbered.
c All terminal blocksshall be ratedfor the highestvoltagepresenton that terminal block.
3.1.7.3 Wiring
a All wiring shall be installedin a good andworkmanlikemanner,suitablefor the environmentin which
it is installed,andshall conformto NEC Article 300.
b All wiring shall meet UL VW-i Vertical FlameTest.
c For all applicationsabove250 K. the contractorshall usestrandedcopperwire with suitable insulation
for the application. For all applicationsbelow250 K, the contractorshall usestrandedcopperwire with PTFE
insulation unlessnotedelsewherein this specification. Field instrumentationwiring shall beshieldedcablesof
twisted pairs, twistedtriples, or twistedquads. Exceptionsmustbe approvedby URA.
d Both endsof all cablesand conductorsshall be labeledaccordingto a logical labelingschemesee
Sections3.6.7.4and 3.6.7.5. Wires not soldered to plugsor socketsshall be terminatedat a terminal point.
Sparewiresor cablesshall not be left loose.
e Plugs, sockets,andterminalsshall be wired accordingto the electrical elementarythrough the entire
system.
f. Plugs andsocketsshall be ruggedindustrial type with strain relief clampand quick coupling which can
be bayonetor other locking system. Soldered-or,preferably,crimped-goldplated pins shall be used. In
caseidentical connectorsareselectedfor different functions,the socketand plug insert shall be keyed at
different angles.
g. The socketendof a connectorshall alwaysbe the poweredend.
h. Connectorsat more than30C 50F below ambientshall be hermeticallysealedto prevent
condensationwetting of the connection.

Wire tiesarenot permitted inside conduit, cabletray, or wiring duct.
Analog signal cableshall be physicallyseparatedfrom other typesof control and powercable.

k. No morethan two wiresper terminalpoint shall be permitted;
I. The contractorshall ground all equipment,per NEC Article 250, to the systemgroundthat is supplied
by URA.
m. All shieldedcablesshall be groundedon one endonly. All shieldedcablesthat do not enterthe
interfacerackshall havetheir shieldsconnectedto a common point insulatedfrom equipmentground and
that point shall be connectedto the URA supplied instrumentground.
3.1.7.4 Color codes
a. Three-phasewiring shall be color codedas follows:
Phase1 Brown
Phase2 Orange
Phase3 Yellow
Neutral Gray
Ground Green

On the largersize wiresthat are not availablewith color-codedinsulation,the contractorshalluse I"
wide coloredtapeto color codethe wire at the terminalend.
b. Control and single phasepowershall be color codedas follows:
ac line voltage Black
accontrol voltage RED
acneutral WHITE
dccontrol BLUE
Ground GREEN
ExternalsourceYELLOW

On the largersizewires that arenot availablewith coloredcoded insulation,the contractorshall use
V wide coloredtapeto color codethe wire at the terminal end.
c. Multiconductorcablecolor codeshall be the cable manufacturer’sstandardcolor code.
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3.1.7.5 Connectors
a. All crimp connectorsshall be installedwith a ratchettype crimping tool.
b. All crimp connectorsshall be of the insulatedtypefor wiresAWG #10 andsmaller, exceptwhere
noted.
c. Deviceswith pigtail connectionsshall be connectedutilizing a boltedspliceand insulatedwith a
minimum of threelayers of electricaltape.
d. Crimp typewire splicesare not permitted.
e. Plugsand receptaclesshall comply with standardsset out in NEMA Stds.Publication No. PR 4.
3.1.7.6 Cable identification
a. Cablemarkingshall be of the wrap typemarkerwith a clearheatshrinkablesleeveto protectthe
marker.
b. Cable numberingshall be in a format of XXX-XX-XXX; as in the following table:

First group Site location N15, N25, etc.
Secondgroup

.

EquipmenttypeCC = cold compressor,
etc

First digit of third group Cabletype P = power,
C = control,A = analog

Remainingdigits of third group Cablenumber1,4, 10, etc.

For example,cable numberN25-CC-1A4would be a cableat site location N25, equipmenttypeCold
Compressor# 1, an analogsignal, the fourth cablein a seriesof analogcablesfor Compressor# 1.
3.1.7.7 Wire identification
a. Wire markersshall be of the heatshrinkablesleevetype.
b. Wire numbersshall be a four-digit number. The first two digits shall indicatethe sheetnumberof the
elementary,andthe secondtwo digits shall indicate the wire on that sheet.
3.1.7.8 Grounding

All electrical equipmentshall be groundedin accordancewith NEC 250 and haveovercurrent
protectionin accordancewith NEC 240.
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3.2 Process
The CCB performanceshall meetthe modeprocessrequirementsgiven in tables???thai ???

Table ???.1
3.2.1 Design Mode

DesignMode
Line intercon TI P1 m _H

from/to K bar g/s i/gm mbar
4barliquid -

3.5barliquid -

4K vapor
6K
80 K liquid
80 K vapor
20K supply
20K return

Table ???.2
3.2.2 Nominal Mode

Line intercon Ti P1 m _H
from/to K bar g/s j/gm mbar

4barliquid
3.5barliquid
4K vapor
6K
80 K liquid
60 K vapor
20K supply
20K return

Table 777.3
3.2,3 StandbyMode

Line intercon Ti P1 m _H
from/to K bar g/s jlgm mbar

4barliquid
3.5barliquid
4K vapor
6K
80 K liquid
80 K vapor
20K supply
20K return

3.3 Cold components
3.3.1 Cold piping

With the exceptionof the heat exchanger,all internalsshall be fabricatedfrom 304 stainlesssteel.
All cold/cryogenicpiping lessthan 270 K shall be perASTM A312with 304, 304L, 304LN or 316

material.
Seamlesspipe maybe used for all applications.
The layout of cold piping shall be designedto preventthe occurrenceof thermalacousticoscillation

andto minimize convectiveinstabilities. Particularattentionshould be paid to piping, valving, and
penetrationswhich maybe subjectto veryhigh thermalgradients.

The layout andsupportof cold piping andcomponentsshall allow for thermalcontractionwithout
generationof excessivestresses.

The heatleak loadassociatedwith the cold piping shall be properlyaccountedfor in the design
All bayonetsshall be installed in vertical position, with the malesectionpointing down.
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All transitionjoint assembliesshall be 80 K shock,pressure,and leaktestedafter installationin cold
piping. In addition, all transitionjoint manufacturerstestdocumentation,including lifecycle testsor records,
shall be submittedto URA.

Any installedjoints or weldsfor temperatureservice lessthan270 K shall bedesignedfor 10,000
temperaturecyclesfrom 400 K to 4 K without loss of vacuumintegrity.

All joints which form a baffler to helium gasleakageinto the vacuumspaceshall be welded. There
shall be no demountablejoint undertheseconditionswithout the written approvalof URA.
3.3.2 Heatexchanger
1. The heatexchangershall be mountedvertically andwith warm endup.
3. The plate-fin heatexchangershall be vacuumfurnacebrazedandcleanedof foreign material prior to
coldbox installation.How TBD.

Description Units Equip. Remarks
Design Design

HX Performance
for eachheatexchangerandeachstream
Inlet temperaturestream K
Outlet temperaturestream K
Inlet pressurestream bar
Outlet pressurestream bar
massflow of the streamg/s
Fin codewith definitions
PrimarysurfaceareaAl mA2
Secondarysurfacefin areaA2 m’2
Total surfaceareaA=Ai+eA2 mA2
Freeflow crosssect. areaof core mmA2
Flow length of core m
Massvelocity g/s.mA2
ReynoldsNo.
"Coleburn ""f" factordefine"
Heat transfercoefficientkW/m"2-K
"Friction factor "1" Define"
Pressuredrop heatexchangercore mbar
Pressuredrop 1-IX inlet distributor mbar
Pressuredrop HX exit distributor mbar
Pressuredrop HX inlet nozzle mbar
Pressuredrop HX exit nozzle mbar
DP total for this streamin the HX mbar

ForEachNeatExchanger
Heat teak in to the heatexchanger W
Total energytransferredkW
IntegratedMTD over cooling curves K
Cmin/Cmax
UA requiredfor processduty kW/mA2K
UA req. for longitudinal conduction kW/mA2.K
Total UA required kW/mA2.K
Total UA Provided kW/m"2-K
NTU’s requiredfor processduty
NTU’s req. for longitudinal conduct’n
Total NTU’s required
Total NTU’s provided
Effectivenessrequired
Effectivenessprovided
3.3.3 Phaseseparator

The phaseseparatorshall be TBD mm LTBD inchesdiameter.
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Overall length shall be _TBD mm LTBD inches
Vesselendsshall be TBD.

Volume
solids removai
liquid removal
liquid vaporization
heater

3.3.4 Cryogenicvalves
b. Cold valveswithout LN2 heatintercept
ambienttemperatureto 4 K given in table7???

in any helium systemshall not exceedheatleak from

Table ???
Valve Size Heat Leak
inches [W]
1/2,3/4,1 <1.5
1-1/2 <2.5
2 <3.0
3 <5.0
4 <7.0

c. All cold valvesfor helium serviceshall incorporatea stainless-steelsealedbellows, a doubleseal,and
a sampleport for leak-checkingtheshaftspindle interspace.

The valve plug shall be removable,and it shall be possibleto repairtheseatin situ if it is not
removable.
h. All valve sealsand trims shall be soft seatand, togetherwith control plugs, shall be easily
replaceable.

All valvesexcept hand valvesshall havea fail-safe position.
Valvesshall be designedto preventthermal-acousticoscillations.

Table????
Valve interconnection pressure Cv

from/to bar

3,3,5 Valve Actuators
3..3.5.1

3.3.6 Filters
All filters shall be replaceablefrom the outsideof coldboxvesselswithout breakingvacuum.
Filter materialsshallbe compatiblewhti cryogenicoperationandshallbe capableof full process

reverseflow.
The nominal inlet side of the filter shall be provided with a low velocity annularvolume of TBD pipe

diametersradiusandTBD pipe diametersdeepin which particulatecan collectwhen it is dislodgedfrom the
filter surfaceduring reverseflow.

The filter removableassemblyshall be providedwith soft sealsto the filter housing,andthe seals
shall be resiliantly loaded. Cryogenicseal leakagemeasuredat 80K and 1 atmosphereshall not exceed1
1/mm 0.035SCFM.

Sealsshall be replaceableand of commerciallyavailabledesign.
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Woven wire filters shall be capableof beingcleanedof all particulateby solventwashing.
Fabric filters shall be easily replaced.
Designpressuredrop for the filter materialshall be 0.5 bar7.25 psi in both directions.
Filters shall bedesignedto preventthermal-acousticoscillations.
Filter performanceandsurfaceareashall conformto the requirementslisted in table ???

Table 7??
Item interconnection

from/to

Mmn. Area Performance NeatLeak Pressure
*

cm2inch2 microns

size
Performanceis expressedas the absoluteEfficiency Rating i.e. 99.99%removal of tabulatedparticle

- Without LN2 heatintercept.

3.3.7 Reliefvalves
All safety relief valvesshall be UL approved.
All relief valvesshall be accessiblefor inspectionand resetting.
All pressurerelmefdevicesshall be accessiblefor servicingandheatingwith a hot-airblower.

Table???

3,3.8 Bayonets
a The enclosureshall have femaleprocessinlet and outlet bayonetsextendingvertically downwards.
b Full Bayonetspecificationsanddesignswill be provmded by URA with the RFQ.

Currentdesignsrequirea minimum 12 mnches305 mm and maximum20 inches508 mm between
male bayonetcentersat the cold compressorbox. The heatbreaklength wmll be 30 inches762 mm
minimum.
c Toleranceon bayonetmutual positionand angularity:

Mutual angulardisplacement: >20
Centerto centerdistance: >0.040inches1.0 mm

d The Cold CompressorBox the connectionshall be robust enoughthat it cancarry the assembled
weightof the Cold CompressorModule CCS. In addition the supportshall sustaina twisting torqueresulting
from rotating massstoredenergyin Cold Compressorseizure.

Storedenergyis estimatedto be TBD joules,and theduration of failure TBD secs.
a. The vacuumenclosureshall havea rigid standoffflangedto receivea 4" Worcesterball valve type
???for bayonetisolation,

bar

Valve interconnection
from/to

pressure Cv
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3.3.9 VacuumBarriers

3.3.10 Radiationshield
The designedmaximumradiation shield temperatureshall be TBD.
The shieldshall encloseall cold piping with the exceptionof penetrationsandtransferline pipes.

Liquid nitrogen and nitrogenvaporlinesmay be enclosed.
The radiationshieldshall be cooledwith liquid nitrogengravity fed from a liquid nitrogen reservoir.
Vaporshall be returnedto the transferline 80 K return.

3.3,10 Liquid Nitrogen Reservomr
The reservoirinternaldmmensmonsshall be - 135 mm 5.31 inch diameterx_540 mm 21.3 inch

long.
Vesselendsshall be TBD.
Liquid supplyshall be takenfrom the transferline 80 K line I, and level shall be controlledby TBD.
Vapor from the reservoirshall be returnedto thetransferline 80 K return.

3.3.11 MLI Multilayer Insulation
The helium componentsand the innerside of the coldboxvesselshall besuper-insulated.

3.3.11.1 Matermals
a The substrateand reflectorshall be preparedto Fermi National LaboratorySpecificationES-239972.
b Separationof reflector layersshall be by spunbound PETsheet.
c Wherenecessaryinsulation shall be securedwith adhesivealuminiumtape.
3.3.11.1 Application

a Surfacesshall be coveredasfollows:
Nominal 4 K TBD layers
Nominal 20 K 32 layers
Nominal 80 K 64 layers

b Layerdensityshall be 60 to 80 layersperinch. Where convenientMLI shall be applied mn 4 or more
butting blanketsasshown mn fig 7??. Thejoins in successiveblanketlayersshall beseparatedby 1800 or 100
mm 4 inches.

3.3.12 Thermal Intercepts
All penetrationsof crosssectionareato lengthratio _TBD from above270Kto - nominal 20Kshall

havethermalinterceptionto the 80K radiationshield. Unlessotherwisestatedthe interceptshallbe thermally
anchoredat mid point betweensubstantiallyisothermalendsof the penetration. The heatconductorshall be
braidedcopperwire with an effectivecrosssectionareato length ratio _TBD Attachmentat eachend shall
ensuregood thermalcontact.

Table???
Item Penetration

3.4 Warm components
3.4.1 VacuumEnclosurec

Exceptfor the top plateor head,which shall be stainlesssteel,the coldboxvesselsmay be
constructedof carbonsteel. The outer andinner surfaceof the carbonsteelvesselshall be paintedin
accordancewith 7??.



16

The enclosureshall be fabricatedin accordancewith CGA 341.
The vacuumenclosureshall be designedfor a sustainedmaximumpressureof <lxi 0-3 mbarover a

period of twelve 12 monthsfor operatingand non-operatingconditions.
All vacuumvesselpenetrationsshall be designedsuchthat the temperatureof any pomnt on the

surfaceof thevesselis wmthin 5°C of ambienttemperature.The penetratmonsshall alsoallow for thermal
movementoverthe entireoperatingtemperaturerange.
3.4.2 Vacuum Pumping
3.4.2.1 Pumps

An active, dedicatedvacuumsystemconsistingof an oil lubricatedroughingpump and
turbomolecularpump shall be provided, andshall be of adequatesize for a pump-downwithin 48 hoursfrom
utility vacuumpump-downpressurelevel to 1 10-5mbarorbetterwith all internal componentsfully
outgassedandat ambienttemperature.

The minimum pumping speedfor this pump shall be greaterthan TBDI/secfor helium and the
vacuumpump port shall be a mmnimum of TBDmm TBD in diameter.

The roughingpumpshall be shock-mountedto minimize vibration coupling with the Admt structure.
The outputvibration estimateshall be suppliedto URA at the time of the proposal. The vacuumpumpsshall
be air cooled.

Back diffusion of hydrocarbonsto the vesselvacuumspaceshall be_TBD.
3.4.2.2 System

Vacuum-vesselpressuregaugesshall be locatedon the vacuumvesselat a right angleto the pump
port at the vesseltop plate. The vacuumpumpingsystemminimum requirementsare shownin Figure 3.2.1-
B.

Robustscreensshall be provided on the vacuumside of thepumpout port to limit thehazardof
blockageby superinsulation.The screenprojectedareashall be no lessthan4 x port area.

A vacuumgatevalve shall be installedbetweenthe coldboxand its vacuumsystem,to close in the
eventof poweroutageand to allow the replacementof vacuumsystemcomponentswithout breakingthe
coldboxvacuum. The coldbox,the gate valve, and the pumpshall be closely coupledfor maximumpumpmng
speed.

Connectionsin vacuumsystemshall be metallic rigid tube or flexible bellows.
In caseof failure of controls,power,or instrumentair, or failure of any componentof the vacuum

system,vacuumthe gate valveshall closeand the roughing and high vacuumpumpsshall be shutdown.
If the vacuumvesselpressurerisesabove1 10-1 mbar,the high vacuumpumpshall beshut down

and isolatedautomaticallyand the roughing pump shall be valved into the vessel.
3.4.3 Valves
3.4.4 Relief valves

All manualservicevalvesshall be collectedin a few convenientlocationsand clearly labeledas to
function.

All valvesshall be stampedwith flow arrowson the body.
Valvesshall be installedwmth flow arrowsorientatedtowardsthe lower pressureat operatmngcondition.
All valvesup to 10 mm shall be bellowssealed.
Instrumentvalvesshall be standardsinglesealbellowstype.
All valveson 0.75 bar/4 K helium and 1.4 bar/i .4 K helium circuits shall be bellows sealed.
Valveswith packedsealingsystemneedthe approvalof URA.
Linesto isolation valvesshall have thermalstabilizationloops for no-flow conditions.

3.4.5 .JomntsandSeals
All seals,joints, andweldsmust be doubleacting, holdmng pressureaswell asvacuum.
Soft and hardsoldering may be usedfor electricalconnectionsonly.
Brazing may be usedonly for a limited numberof transmtionjoints copper/stainlesssteeland

standarditem electricheaters. If extensivebrazingproceduresare proposed,the Brazing Procedures
SpecificationsBPS and BrazingQualification BQR shall be submittedwith the proposal.

All detachablejoints suchasat flanges,ports, bayonets,and valvesshall haveall-metal sealsor0-
ring seals. The requiredsurfacefinish for 0-ring sealswith elastomergasketsmustbe betterthan
1.5 mm rms, and for all metalsealsbetterthan 0.3 mm rms.

The designand constructionof demountablesealsshall be suchthat the jomnt canbe broken and
reestablmshedat least 20 tmmeswithout damagingthe sealingsurfaces.
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Demountablejoints forming a seal betweenhelium and atmosphereshall be 0 ring sealed. There
shall be no compressedgaskets,compressionfittings or threadsealants.The requiredsurfacefinish for 0-
ring sealswith elastomergasketsmustbe betterthan 1.5 microns rms, and for all metalsealsbetterthan
0.3 mm rrns.

Small couplingsup to 10 mm for serviceat more than270 K in helium pipework and at connections
to valvesand instrumentationshalt be ParkerUltraSeal,Cajon VCO or equivalentzeroclearancefittings
commerciallyavailable in the USA. Compressionfittings arenot acceptablefor helium servmce.

3.5 Instrumentation
3.5.1 VacuumSystem

Fordetailsof the mmnmmumrequirements,seeTable3.9.???

Table??
Local Remote Description
X X Vacuumvesselpressurelow vacuum
X X Vacuumvesselpressurehigh vacuum

x
x

X Jx Turbo pumpforeline pressure
X Forepurnpinlet pressure
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3.5.2 Coldbox
For detaHsof the minimum requirements,seeColdbox, FigureTable 3.9.???

Table ???
Local Remote Description

X CS HX-1A 1 or 2 VN2 inlet temperature.
X
X

CS HX-1A I or 2 VN2 Inlet pressure
CS HX-iA I or 2 VN2 massflow

2X CS HX-1A 1 and2 0N2 outlet temperature
2X
X

CS HX-IA 1 and2 GN2 outlet pressure
CSHXN2 inlet tqphaseseparatocpcessure

X CS HX-IC LN2 inlet to phaseseparatortemperature
X CS HX-1C LN2 inlet to phaseseparatormassflow
X CS HX-IC LN2 phaseseparatorlevel
X CS HX-IC LN2 phaseseparatorpressure
2X
2X CSHX-1AI and2HPhellunhinettéii’erature
2X CS HX-1AB 1 and2 HP different!pressura
2X CSHX1B1 and2 HP outlet helium temperature
2X CS HX-lS 1 and2MP inlet helium t2perature
2X CS HX-IA land2 MP helium outlet pressure
2K CS HX-1A I !pLMflJurn outlet temperature

CS NX1A 1 and2 MR helium outletbypassflow2X
2X CB HX-IA 1 and2- 20 1< helium outlet pressure
2X________ CS HX-IA I and 2 -20 K helium outlet temperature
U
ax

CS }-IX-lAland2LP helium outletpure
C? HX-lAland2LP helium outlet temperature

X CS HX-IC HP outlet helium pressure
? 06 HX-IC HP outlet helium temperature
X CS 80 K adsorberHP outlet helium pressure
X_________ CR 80 K adsorberHP outlet helium temperature -

CBHX-1$i or 2MP?etiurninlet pressure
CS HX-lQfpr2 MP heflum inlet temperature

[X
I X
Jç

CS HX-1B1 cc 2 - 20 K helium inlet pressure
2Qti1Qi or- 2OKhelium injQt temperature
CBHX-1B I or2 LP helium inlet pressure
CS HX-1S 1 or2 IF helium inlet temperature
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3.6 Interfaceswith SectorRefrigeratorControl SRC
3.6.1 Physical
a. The physical interfacebetweentheSectorRefrigeratorControl SRC andthe Local Control Center
LCC will be at the URA interfacerack locatedat Adit level andseparatedfrom the Cold CompressorBox by
approximately100 ft 30m.

The contractorshall provideall interconnectionsbetweenthe interfacerack andLCC.
b. URA will assignall terminalpoints in the interfacerack. The procedurefor assigningthe interface
rackterminalswill be asfollows:
1. The contractorshall draft the electricalelementaryshowingtheconnectionsto the interfacerack using
a symbol suchasa triangle. Sufficient spaceshall be allocatedto the right of thesymbol for the URA
suppliedterminal number.
2. The contractorshall then submitthedrawingsto URA for approval.
3. Upon receiving thesedrawings,URA will determineaccordingto the architectureof the controlsystem
theexact location that eachwire shall be connectedto in the interfacerack.
4. URA will return a copy of the marked-upelectrical elementaryto the contractorfor the incorporationof
the URA suppliedinterfaceterminal numbers.
3.2.6.1.2 Electrical Interface/SignalConditioning;
a. All analogsignalsto and from interfacerackshall be linear.
e. The sensoroutputto the interfacerackcan be linear, nonlinear,continuous,or pulsed,but shall
conformto Section3.2.6.1.2.
b. Signalsshall be conditionedasfollows:
1. All analogsignalsfrom contractorequipmentto URA control equipmentshall be source4-20 mA. The
electrical specificationsfor the URA analoginput modulesare as follows:
o Type of input Analog
o Ratedvoltage 20-28 V dc
o Input current range 4-20 mA
o Input resistance500 ohms
2. All analogsignalsfrom URA control equipmentto contractorequipmentwill be source4-20 mA. The
electricalspecificationsfor the URA analogoutput modulesare as follows:
o Type of output Analog
o Ratedvoltage 20-28V dc
o Outputcurrentrange 0-20 mA
o Max. loop resistance 600 ohms
3. All digital signalsfrom contractorequipmentto URA control equipmentshall be +24 V dc "true." The
electricalspecificationsfor the URA discreteinput modulesare as follows:
o Type of input: Discrete
o Ratedvoltage 24 V dc
o Operatingvoltagerange 0-30 V dc
o Voltagerangefor "ON" 14.0-30V dc
o Voltagerangefor "0FF" 0.00-5.0V dc
o Input currentfor "ON" 2.0-15.0mA
o Input currentfor "OFF" 0.5 mA
4. All digital signalsfrom URA control equipmentto contractorequipmentshall be + 24 V dc logic "true"
ratedat 0.5 A. The electricalspecificationsfor the URA discreteoutput modulesareas follows:
o Type of output Discrete
o Ratedvoltage 6-24 V dc
o Operatingvoltagerange 4.5-34 V dc
o Temporaryoverload 2.0 A for I ms
o Max. "ON" statevoltagedrop 1.8 V dc
o Max. "OFF" state leakagecurrent 0.2 mA

Wherespecialequipmentsignal levelsdo not conformto thislisting, the contractorshallsupply
interfaceelectronicsto convertto the standardprocesssignalsshown. This interfaceelectronicswill be
subjectto URA approval. Any signal different from the standardsignalsdefinedhereis subjectto iRA
approval.
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c. All devicemalfunctionsshall producea signal logic "false." Normal operationwithin acceptedlimits
shall producelogic "true."
d. Signal conditioning units shall be installedin a contractor-suppliedAMCO #8211 rack, which shall be
marriedto the URA-suppliedinterfacerack seeSection3.2.5.1.1.
e. Signal conditioningunits shall be locatedwithin thosestations.
3.6.2 Sensors and Transmitters
a. The CCB shall be equippedwith sensorsas necessaryto provide for its safetyandprotection,and
manualandautomaticremote-controlledoperation.
b. All sensoroutputsshall be connectedto the LCC for remotemonitoringand dataacquisitionat the
SRC. The minimum sensormonitoringrequirementis given in 3.2.6.5.
c. All sensorsmaybe stateof the art but musthaveproven reliability, accuracy,reproducibility, long
time stability, andmaintainability. Sensorsshall havea pasthistory of at least20,000hours of continuous
operationin a similar application. Sensorsthat do not meetthis requirementshall not be usedwithout prior
URA approval.
d. Sensorsignaldependenceon ambienttemperatureand cable length shall be minimized.
e. The sensoroutput to the interfacerackcan be linear, nonlinear,continuous,or pulsed,but shall
conform to Section3.2.6.1.2.
f. All sensorsshall be labeledwith a permanenttag, numberedasshownon the P&lDs.
g. All sensorinstallationsshall allow for easyreplacementof the sensorwithout openinghelium circuits
or vacuumspacesto atmosphere.Redundantsensorsshall be installed at all pointswherereplacementis
difficult. All spareredundantcritical control point sensorsshall be connectedto the URA interface rack.
h. Loop responsetimeshall be lessthan .05 secfrom sensorinput to interface.
3.6.2.1 PressureSensors
a. Pressureandvacuuminstrumentationsuch aspressuretransducersandvacuumgagetubesshall
havean isolating valve to facilitate replacement,servicing, or recalibration.
a. All processpoints are measuredasstaticpressures.Wall tap shall be 4 mm or smallerin diameter,
with a sharp, burr-free edge,installed normal to flow boundariesin straighttubeor pipe sections. Combined
pressure/temperaturetapsare not acceptable.
b. Pressuresensorconnectionsshall be madewith stainlesssteel tubesof 4 mm inside diameter. Each
line betweenprocesspoint andsensorboth low and high pressurelines in caseof a differential pressure
sensorshall be equippedwith a loop for vibration isolation and thermalstabilization,and shall havean
isolation valve. Differential pressuresensorsshall also havea bypassvalve unlessmisuseof the bypass
valvecould causecontaminationof the system.
c. Valved test portsshall be installed on all pressuresensors.
d. VCO style fittings shall be usedon pressuresensinglines andtest ports.
e. Unlessthe differenceof two processpoints is measured,all pressuremeasurementsshall be
absolute.
f. Pressuresensorsshall be capableof withstandingpressuresto 150%of the maximum ratedsystem
pressureor 2 bar over the sensor’srelief valve setting, whicheveris greater,without requiring recalibration.
g. Pressuresensorsshall not be mountedinside the coldbox vacuum.
c. Pressuresensorloop accuracyshall meetor exceedthe following full-scalespecifications:

Accuracy ± 0.5%
Sensitivity 0.1%
Repeatability 0.1%
Stability ± 0.1%/yr

3.6.2.2 TemperatureSensors
The subcontractorshall use4-wire silicon diodes. Thermocouplesarenot acceptable.
1. With the exceptionof real surfacetemperaturemeasurementse.g., heaterprotection,heat
exchangerbody temperature,all processtemperaturesensorsshall be mountedin thin stainlesssteelwells
which extendto the centerof the pipe.
2. The sensorshall be mountedon the bottom of the well. Vacuumgreaseor indium metalshall be
usedbetweenthe sensorandthe mounting surface. The well diametershall beslightly greaterthanthe
sensordimensionto allow easysensorinstallationor changeout.The thicknessof stainlesssteel betweenthe
sensorand processstreamshall be minimized. The surfaceof the well contactingthe processstreammaybe
finned.



3. At least 1 m of thesensorcablingat thesensorendshall be affixedto the pipewhich carriesthe
processstreamto be measured.Superinsulationshall coverall sensorsat low temperature.
c. Sensorloop accuracy,sensitivity, repeatability,andstability shall meet or exceedthe following
specifications:

21
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Temp. range
11<]

Accuracy
ImK]

Sensitivity
fmK]

Repeatability
[mK]

Stability
mK/year]

2-6 ±150 2 ±2 ±10
6-40 ±300 6 ±6 ±30

40-100 ±550 10 ±10 ±50

3.6.3 Units
The units given below are preferredfor all instrumentationreadoutssuppliedwith the system,any

deviationsrequireURA approval. English equivalentsmentionedin the text are for clarificationonly and
should not be usedin instrumentationreadouts.
a. All pressuresshall be given in barabsoluteunlessnoted otherwise.
b. Vacuum readingsshall be given in millibar mbar absolute.
c. Temperaturesshall be given in either K or °C asnoted. In general, it is preferredthat temperatures
be expressedasKelvin for the rangebelowambient,and in degreesCelsiusfor the rangeaboveambient.
For the purposesof this RFI, the ambienttemperatureTO is assumedto be 305 K.
d. Flow ratesshall be given in gramsper secondg/s.
e. Time shall be given in secondsor hours asnoted.
f. StandardS.l. units seeStandardISO 1000shall be usedfor all otherquantities.

3.7 Environment,Safety,andHealth
The DOE andURA are committed to the policy of ensuringthat all activitesassociatedwith the construction
and operationof the SSCLshall be in compliancewith the applicablefederal andother environment,safety,
and health regulations.
3.7.1 Hazardouschemicals

The subcontractorwill be responsiblefor thesafeuse,storage,anddisposal, in accordancewith all
applicablelaws, of anychemnicalor othermaterial used in performanceof the work. The subcontractorshall
providea list of all hazardousmaterials, as listed by OSHA and/orEPA, usedin performanceof the work and
shall providea copy of the Material SafetyData SheetMSDS for each hazardousmaterial listed.

The subcontractorshall requireof all lower-tiersubcontractors,employees,agents,and all other
personsperformingwork the sameresponsibilityfor the aforesaidsafeuse,storage,anddisposalof such
materials. The subcontractorshall require its lower-tiersubcontractors,materialmen,agents,employees,and
otherpersonsperformingwork to usea substitutefor any specifiedhazardousmaterialwheneverso directed
by URA. All hazardousmaterial broughtonto the SSCL premisesshall beara label statingthe identity of the
material,anyhazardsassociatedwith it, andthe nameof the party responsiblefor bringing such material onto
the site.

Any waste in any form which resultsfrom the work mustbe properlydisposedof by the subcontractor
in a safemanner,protectiveof the environmentand in accordancewith all applicablelaws. The
subcontractorshall be consideredthe generatorandownerof anyhazardoussubstances,pollutants,or
contaminantsit maybring onto the work site or that maybe generatedas a result of its performanceof
thework.
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4.0 Quality Issues
4,1 Reliability

The meantime betweenfailuresMTBF for eachCCB shall be at least6,000hours.
For purposesof this calculation,anyreductionof the COB performancebelow minimum mode

requirementgiven in Section3.???shall be termeda failure andshall count in the assessmentof MTBF.
4.2 Mean Down Time

The meandown time MDT for the CCB shall be no greaterthansix 6 hours. For the purposesof
this calculation,MDT is measuredfrom the point atwhich COB performancefalls belowminimum mode
requirementgiven in Section3.7?and the point when that performanceis restored.
4.2 Availability
COB availability shall be calculatedas:

Availability = ScheduledUptime - UnscheduledDowntime
ScheduledUptime

The minimum availability of eachCOB shall be at least0.99875.
The contractoris encouragedto discussoperatingstrategieswhich will improvethe availabilityof the

COB.
4.4 Maintainability

The COB shall be designedfor easeof fault diagnosisandcorrection. Items liable to failureshall be
readily accessibleso that URA technicianpersonnelcan easily, safely,and reliably carry out anynecessary
inspection,maintenanceor repair.
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Documentation
Submittals

a. For eachsubmittal,three3 copies of all engineeringdocumentationshallbe submittedas follows:
Specificguidelinesshaltbe given in following sections.

Two 2 papercopies
One 1 electroniccopy on 3.5" floppy disketteformattedfor Macintoshor P0-DOS.

b. The numberingsystemfor all engineeringdocumentsshall be in accordancewith this technical
specification,Appendix D.

URA Engineering Approvals
All contractorengineeringdocumentationshall be sentto the SSCL for approvalby URA and thirty

30 daysshall be allowedfor that approval.
Text DocumentFormats

a. Text documentsaredocumentsotherthan drawingsand databasese.g., specifications,operating
andmaintenancemanualswhich are part of the engineeringfunction.
b. Text documentsshall be electronicallycreatedandmaintainedusing either of the following software
packages:
1. Microsoft Word for Macintosh,v5.O unlessa later version is authorizedby URA.
2. Microsoft Word for Windows IBM PC compatible,v2.O unlessa later versionis authorizedby URA.
c. Operatingand maintenancemanualsdeliveredwith standard,off-the-shelfequipmentprocuredby the
contractoris not requiredto be deliveredin electronicformat unlessreadily available.

Drawing Formats
a. All drawingsdeliveredto the SSCLshall be CAD drawings.
b. Manual and/orelectronicallyscanneddrawingsarenot acceptable.
c. All drawingsshall be submittedasfollows:
1. Paper: one 1 vellum and one 1 blue-line orequal
2. Electronic: eitherof the following formats:

lntergraphlMicrostationpreferedPC 4.0 or later
Aut0CAD vi 0 or later

d. If CAD files aretranslatedfrom electronicformatdifferent from AutoCAD orMicroStation, the
contractorshall examinethe translatedCAD file usingeither AutoCAD or MicroStationto assureaccuracyand
completenessof the translation. Thisshall be accomplishedprior to sendingthe translatedfiles to the SSCL.
e. Drawingsreducedfrom their original size are not acceptable,unlessspecifically requestedby URA.
f. The maximumsizedrawing submittedshall be E-size44fl x 34".
g. Drawings on architecturalsize papershall not be allowed.
h. All revisionsof a drawing shall be indicatedon the drawing by cloudingand shall specifically be noted
in the revisionblock of that drawing.

Generalrevisionsto drawingsshall not be allowed.
j. As-built drawingsshall be submittedin full size andshall be printed on mylar.
k. Parts lists/bills of materialshall be preparedintegrally with anydrawingswhereit is requiredand shall
be shown on the first sheetof thosedrawings.

The contractorshall useeitherthe SI. or English systemfor designdocumentationand drawings.
The systemselectedby the contractorshall remainconsistentthroughoutthe proposaland for all work, with
the measurementgiven in parenthesesin thealternatesystemof notationfor all primarymeasurements.

DocumentNumbering
All COB documentsshall be numberedA H A - XXXXX, where XXXXX is a unique documentnumber

in the sequence60000to 60999.
The contractorshall subdividethe sequence60000to 60999 in somelogical orderto localize

documentsignificance.
Design BasisDocument
The design basisdocumentshall includethe following information:

6 Notes
6.1 InstrumentAir
DewPoint
Pressure
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Flow/pressureLimitations
Particulatesize
6.2 Electrical
Phase,Frequency,Voltage,Currentlimitation
6.3 Liquid Nitrogen
Supply Pressure,dischargepressure,volume gls
6.4 Limiting Weightsand Dimensions

Maximum dia
Max height

Vacuum enclosure
Projections
CCB bayonetinterface

Max weight TED kg TED Ibs
Floor loading TED kg/cm2 TED psi
Transferline interfaceprojection

To shaft
To distribution box

6.5 Installation
Shaft accessseefig 7?
Shaft hasa cleardrop zonedia TED m TED ft.
Hoist installed?lift capacityTED tonnesTED tons.
Floor load capacityat shaftheadTED kg/cm2 TED psi
Floor load capacityin Adit TED kg/cm2 TED psi

6.6 EnvironmentalConditions
a RelativeHumidity 80%
b Temperature80°F 27°C.
c StructuralVibration:
It is predictedthat structuralvibrationsin the machineryareaswill be minimal. All local machinerywill

be rotating vacuumpumps,circulating pumps, lessthan 10 kW power input and effectivelyvibration isolated
from the structure.
6.7 EquipmentLayout

6.8 Definitions
Ti inlet temperature,K.
P1 static inlet pressure,bar
m massflow, g/s

H changein Enthalpy,j/g
3 changein.staticpressure,mbar
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1.0 SCOPE

This Statementof Work SOW definesthe work requiredby the subcontractorto design,fabricate,test,

install 12 Cold CompressorBoxes CCB for the SuperconductingSuperCollider LaboratorySSCL.

Technicalrequirementsarecontainedin AHW-XXXXX.XXX, the TechnicalSpecificationfor the CCB.

1.1 BACKGROUND

UniversitiesResearchAssociationURA is the prime contractorto the U. S. Departmentof Energy

DOE for the SuperconductingSuperCollider SSCproject.As such,URA is responsiblefor the overall

design,development,production,construction,installation,operation,andmaintenanceof the SSC. The

SSCrequirescryogeniccooling in its High EnergyBooster1-LEB and SuperCollider SCrings. The HEB

is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The HEB is

divided into two 2 sectorswhile the SC is divided into ten10 sectors.Eachsectorhas a refrigeration
plant on the surfacewhich suppliesliquid heliumto cool the stringsof superconductingmagnetsin the

sector. The CCB provides undergroundconditioning of the cryogen streams outside of the
superconductingmagnetstrings in the sector. The CCB will be located in the cryogenic alcove

underground.
The SSCLdesiresto obtain twelveCCB systems. The CCB procurementof the cryogenicsystemsis

being arrangedand coordinatedby the CryogenicsDepartmentof the AcceleratorSystemsDivision
ASD of the SSCL.

SSCL requiresa totalof twelve 12 Cold CompressorBox Systems;ten 10 for thecollider main ring,

and two 2 for thehigh energyboostrHEB. This SOW sets forth the contractrequirementsfor the
Cold CompressorSystems.

1.2 OBJECFIVE

The objectiveof this procurementis to deliver Cold CompressorBox Systemswith accompanying
data,spareparts,andtraining on the schedulerequiredto supportcollider installation.

The overall objectiveis for the subcontractorto deliver Cold CompressorBox Systemsthat meet all
the performancerequirementswhile providingeaseof operationand maintainabilityfor URA over the
systemlife.

1.3 SUMMARY OF SUBCONTRACTORACTIVITIES

Thescopeof work to be performedby the subcontractorincludesbut is not limited to the following:

a. Equipmentdesign. Establishthe CCB designrequirementsbaselinein the form of a product
fabricationspecification.

b. Presentthe designcalculations,productspecifications,processspecifications,drawings and
acceptancetestproceduresat the Critical Design Review. Approval of the specificationsand
drawingswill establishthe designbaseline.

c. Installation andacceptancetestingat SSCL.
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d. Maintenanceandsupportof the first CCB duringacceptancetestingat SSCL.

e. Training.

f. Fabricationanddeliveryof theCCB productionunits.

g. Installationof the first productionCCB in an undergroundtunnel.

Detailedrequirementsfor thesetasksaregiven in Section 3.0 below.
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2.0 APPLICABLE DOCUMENTS

2.1 MILITARY SPECIFICATIONS

a. DOD-Std-1000BDrawings,Engineeringand AssociatedLists
b. MIL-Std-490B SpecificationPractices

2.2 SSCL DOCUMENTS

a. SSCL StandardP40-000031ConfigurationManagementPlan

b. AHW-XXXXX.XXX TechnicalSpecificationfor theCold CompressorBox SystemCCB

c. AcceleratorSystemsDivision SafetyandHealthProgramManual

d. SSCL PracticeD10-000003,HazardAnalysis Instructions

e. SSCLLaboratoryEnvironment,Safety,andHealthManual,D10-00001

2.3 OTHERDOCUMENTS

a. DOE 5481.1B,SafetyAnalysisandReviewSystem

b. CCB Quality AssurancePlanto be submittedwith proposal

c. CCB ProgramManagementPlAn to be submittedwith proposal

d. CCB ConfigurationManagementPlanto besubmittedwith proposal
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3.0 SUBCONTRACTORRESPONSIBILITIES

The subcontractorshall furnish all materials, labor, facilities, equipment, supplies, tools,

documentation,management,and supportservicesrequiredto completethe tasksdefinedherein.The
work shall be performedin accordancewith this Statementof Work andthe TechnicalSpecificationfor

theCold CompressorBox System.

3.1 COLD COMPRESSORBOX DESIGN

ThesubcontractorshalldesignCold CompressorBox systemsin accordancewith the requirementsof
the TechnicalSpecificationand in compliancewith the generalrequirementsof documentsspecifiedin
this Statementof Work underSections2.2 SSCLDocumentsand 2.3 OtherDocuments,and the specific
taskingof Section3.

3.1.1 EquipmentDesign

The subcontractorshall be responsiblefor the completedesignand/or selectionof all equipment
comprisingthe CCB. The equipmentdesignshall be fully documentedin accordancewith theTechnical
Specification and Section 3.1.4 of this SOW to permit verification of conformanceto the Technical

Specification.

Thedesignof any itemof equipmentor anyassemblyshall beconsideredcompleteupon approvalby
URA of all relateddrawings and any additional design documentationrequired by this SOW
specifications,calculations,test results,etc.. At that time the subcontractorshall be releasedto begin
procurementand/orfabricationof the.itemor assembly. All equipmentdesigndocumentationshall be
completedby the Critical Design Review CDR. The statusof in-progressdesignsshall be presentedto
URA at scheduledreviewsperSection3.1.2of thisSOW.

3.1.2 DesignReviews

The designand planningefforts of the subcontractorshall be presentedto URA at the reviews
describedherein. Reviewsshall be conductedno later than the datesspecified in Section F of the
Subcontract,andeachreviewshall be includedasa milestonein the subcontractor’sschedule.

3.1.2.2 Startof Work Meeting
The subcontractorshallconducta Startof Work Meetingof the Cold CompressorBox systemno later

than the datespecified in Section F of the Subcontract.The purposeof this meetingis to clarify the
requirementswith the subcontractor.As a minimum, the following itemsshall beaddressed:

a. the Specification

b. the Statementof Work

c. the ContractDataRequirementsList

d. the Schedule

e. Interfaces

f. Quality control planning.
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g. Designstandardization andlogistics

h. the Program ManagementPlan

i. the Quality AssurancePlan

j. the ConfigurationManagementPlan

k. Program risk assessment

I. Problemsandconcerns

m. TestPlanning

n. SSCTestSupport

CDRL No.1 - MeetingAgendas CDRL No. 5 - Drawings
CDRL No.2 - MeetingMinutes
CDRL No. 3 - Specifications

3.12.3 Critical DesignReviewCDR

The subcontractorshall conducta CDR of the Cold CompressorBox systemno later than the date

specifiedin SectionF of the Subcontract.The purposeof this review is tO obtainURA concurrencethat the

CCB designhasbeencompleted.As a minimum, the following itemsshall be addressed:

a. Electrical design

b. Mechanicaldesign

c. Interfaces

d. DrawingsLevel 2

e. Specifications

f. ConfigurationManagement

g. AcceptanceTest Planning

h. TestSupportPlanning

i. Systemsafety

j. Fabricationplanning

k. Quality Assuranceplanning

I. Installationplanning

m. Failure modesanalysisFMA

n. Logistics

1. Transportation,packaging,andhandling
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2. Standardization

3. Special toolsand equipmentrequirements

4. Sparesrequirements

o. Programandnearterm schedules.

p. Programrisk assessments

q. Problemsandconcerns.

CDRL No. 1 - MeetingAgendas CDRL No. 8 - Failure ModesAnalysis
CDRL No. 2 - MeetingMinutes CDRL No. 11- ProductSpecifications
CDRL No.5- Drawings CDRL No.7-Reliability Analysis
CDRL No. 10- MaintainabilityProgramPlan CDRL No.23 - AcceptanceTestPlan

3.1.3 Analysis

3.1.3.1 Reliability Analysis

The subcontractorshall preparea reliability block diagramand reliability prediction. The block

diagram shall be complete to an indenture level that reflects the modular replacementsanticipated to

occuron-siteandshall reflect failuresidentified in the failure modesanalysisdefined in Section 3.1.3.2of

this SOW.

The reliability predictionsfor the Cold CompressorSystemsand replacementmodulesshall be
consistentwith the TechnicalSpecification.

CDRL No. 7-Reliability Analysis

3.13.2 FailureModesAnalysisFMA
The subcontractorshall perform a failure modesanalysisto determinethe effect of component

failureson Cold CompressorSystemperformanceand supportability.For the purposesof this analysis

componentis defined to be an item that is recommendedfor replacementby the URA-approved

maintenanceconceptSubcomponentrepairactivitiescarriedout post-replacementin a differentfacility
arebeyondthe scopeof this analysis.Resultsof this analysisshallbe presentedto URA in the form of a

report.This analysisshall include:a descriptionof the failure modes,causesof failure, probableeffectsof

failure, probability of occurrence,criticality of failure, a list of any safety implications, and corrective

actionsor preventivemeasures.The subcontractorshall provide recommendationsfor mitigating the

impactof failures throughdesignimprovements,tests,and inspections.

CDRL No. 8 - FailureModesAnalysis
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3.1.4 Documentation

3.1.4.1 Specifications

The subcontractorshall provide a Critical Item FabricationProductSpecification, Type C2b per
MIL-STD-490B for equipmentproducedon this contract,in sufficient detail to allow verification of
compliancewith the TechnicalSpecificationand to support maintenanceand reprocurementactions.
Product,processandmaterialspecificationsshallbe included.For commercialequipment,commercial
specificationsshall suffice.

CDRL No. 11- Critical Item Fabrication Product Specification C2bj

CDRL No. 15-ProcessSpecifications

CDRL No. XX - Material Specifications

3.1.4.2 Drawings

The subcontractorshall convertdesignrequirementsto practicaldesignlayoutsLevel 1 and then
convertdesignlayoutsto detaileddrawingsLevel II. The subcontractorshallproduceall final drawings

in a formatcompatiblewith DOD-STD-1000B,Level II. For commercialequipment,commercialdrawings

shall suffice.

The subcontractorshall prepareas-built drawings for any item, component,module,etc., which

deviatesfrom designor fabricationdrawingspecifications,or which is cut- or built-to-fit in the shopor

field. Thesedrawingsshall be submitted to URA within fourteen14 days after completionof the

fabricationand/orinstallationof the item.

CDRL No.12- Drawings

3.1.5 RESERVED

3.2 FABRICATION

The subcontractorshall fabricate,assemble,test, package,andship all componentsof the CCB, including
thosefabricatedby its subcontractors,in accordancewith the approvedprogrammanagementplanand

the applicablecodes,standards,andspecificationsset forth in the CCB TechnicalSpecificationand this

Statementof Work, in the quantitiesand to the schedulesshown in Section F of the Subcontract.
Fabricationrequirementsdelineatedin this sectionshall alsoapply to any tasks executedin the field as
well asthoseperformedin subcontractorfacilities.

3.2.1 Reserved

3.2.2 Reserved
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3.2.3 Schedule

The subcontractorshall maintain a fabrication and installation schedulefor all components

delineatingmilestones,witnesspoints,testing, andshippingdates.This scheduleshall be maintainedas

an integralpart of the programscheduledescribedin Section3.5.3.

CDRL No. 27-ProgramSchedules

3.2.4 ShopWitnessPoints

The following witnesspointsshallbeincludedin the subcontractor’sprototypefabrication schedule.

ERA shall benotified at leastfive 5 working daysin advanceof eachwitnesspoint.

a. Shopfunctionaltestsof all mechanicalandelectrical,and all instrumentsandsensors.

b. Final shoppressureandtemperaturetestsandvacuumleak checking.

3.2.5 Material Control

The subcontractorshall implementmaterial control proceduresin accordancewith its CCB quality
assuranceprogramand the TechnicalSpecification.Material qualificationrecordscertified materialtest

reports,certificatesof compliance,etc. shall be collected and maintainedby the subcontractorand
submittedfor URA approvalat leastsixty 60 daysbeforeacceptancetesting.

CDRL No. 14-PartsQualificationPlan

3.2.6 ProcessesandMethods

As required by the URA approvedQuality AssurancePlans the subcontractorshall develop,
maintain, and follow written proceduresfor all special fabrication processesrequired to satisfy the

provisionsof theTechnicalSpecification.Suchprocessesinclude,but are not limited to, welding, brazing,
heattreating,non-destructiveexamination,chemicalmachining,cleaningandpackaging,leak checking,
andpressuretesting.Proceduresshall conform to the recommendedpracticesof the applicablecode

governingthe designof thecomponentASME, AWS, etc.. Theseproceduresshall be submittedto URA

for approvalat leastsixty 60 daysprior to use.

CDRL No. 15- ProcessSpecifications

3.2.7 Testing

The subcontractorshalldevelopa fabrication test plan FTP definingproductquality verification
testing to be performedduring fabricationandassemblyof the CCB componentsincluding all field
assemblytasks.Testsrequiredby the TechnicalSpecificationand the subcontractor’squality assurance
programshall be included.The FTP shallbesubmittedfor approvalby URA at leastsixty 60 daysprior
to use.

For eachtest the FTPshall includethe following:

a. Descriptionof objectivesanddefinition of criteria

b. Identification of equipmentandsuppliesrequired

c. A detailedtestprocedure
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d. Formsfor reportingthe testresults
Testresultsshallbe reportedto URA. For eachtest for which a witnesspointhasbeenidentified in

Section3.2.3,above,or Section3.3.4, below, the resultsshall be reportedto ERA within five 5 days of
completionof the test

CDRL No. 17- Fabrication AcceptanceTestPlan
CDRL No. 18- WitnessedFabricationTestResults

Theresultsof all fabricationtests,includingwitnessedtests,shall becompiledby thesubcontractorin
the FTR which shallbe submittedto ERA within thirty 30 daysafter completionof the last test.Note
that this doesnot includeacceptancetests.URA reservesthe right to witnessanytestingconductedat
anysubcontractorfacility, atanyof its vendors’facilities, or in the field.

CDRL No. 19- FabricationTestReport

3.2.8 Spares

Spareparts sufficient for two yearsof operationshall be identified. All sparepartsshall belisted in
the sparepartslist. URA reservesthe option to purchaseanysubsetof the sparepartslist.

CDRL No. 20 - SparePartsList
3.2.9 Reserved

3.3.10 Installation

Each complete CCB shall be installed by the subcontractorin URA-supplied facilities near
Waxahachie,Texas. The installation shall be conducted in accordancewith the approvedprogram

managementplan and the applicablecodes,standards,and specificationsset forth in the Technical
Specificationandin this Statementof Work. This SOW considersinstallation tasksto be fabrication tasks
accomplishedin thefield; as such,the requirementsof Section3.2 apply.

Thefollowing witnesspointsshall be includedin the subcontractor’sinstallationschedule.URA shall

be notified atleastfive 5 working days in advanceof eachwitnesspoint.

a. Completionof major subsystemsand/ormodules.

b. Functionaltestsandinspectionof wiring.

3.3 Logistics

3.3.1 Operating Manuals

Thesubcontractorshalldevelopanoperatingmanualwhich fully describesthe operationof the CCE

in all modes.The operatingmanualwill useindenteddanger,warning,caution,andnotenotationsto sel

off and call attention to the severity of potentialconsequencesof humanerror or mistake.DANGEF
notationshallbe usedfor situationswheredeathcould occur;WARNING shallbe usedwhensevereinjury
oroccupationalillness could occur;CAUTION notation shall be used for callingattentionto a possibleles$

severeconsequenceof minor injury or minor occupationalillness; and NOTE shall be usedto explain

critical stepswherehumanassemblyerrorscould causea failure; in addition,NOTE shall be usedto sel
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off and call attentionto technicalinformation important to the presentationor action being described!

thusNOTE is usedas a technicalnotation.

CDRL No. 35-OperatingManual

3.3.2 Training

The subcontractorshall conducta training coursefor cryogenic engineersand techniciansat a

locationdesignatedby ERA. The courseshall consistof bothclassroomandhands-ontraining.Training

shallbe completedprior to installationof the first productionCCB.

Sufficientinformationshall be presentedto allow operationspersonnelto performsafeand efficient

startup,operation,andshutdownof the CCB. All manualandcomputer-automatedactionsrequiredto

operatethe systemshall be describedin detail. Trainingshall includesteadystateconditionswherethe

processis undercontrol andstepsto takewhenthe CCB reachesout of toleranceperformancealongwith

emergencystepsrequiredto shutdown the process.
Maintenanceproceduresshall be presentedincluding detailed instructions for the maintenance

activities that operationspersonnelmay be required to perform and descriptionsof all necessarytools

andreplacementparts.The frequencyof scheduledmaintenanceshall be reviewed.Completemethods

usedby operationspersonnelto diagnoseequipmentfailures shall becovered.
At its discretion,URA may chooseto recordthe training on audioand/or video mediumfor future

use.
A trainingsyllabusshall be provided.

CDRL No. 40-. TrainingSyllabus

3.3.3 SpecialTools and Equipment

Prior to the installation of thefirst production CCE CDRLJ,The subcontractor shall supply one set of all

specialtools andequipmentrequiredfor maintenance.

3.3.4 MaintenanceManual

Prior to installation of thefirst production CCB CRDL, A maintenancemanualshall be provided.The

maintenancemanual shall comply with the safety requirementsfor use of DANGER, WARNING,
CAUTION, andNOTE notations.In addition,a NOTE shallbe used to explaincritical stepswherehuman
assemblyerrorscould causea failure.

CDRL No. 41- Maintenance Manual

3.4 Reserved

33 PROGRAM MANAGEMENT

The subcontractor shall manage the design,development,test, fabrication, logistics; and installation

tasksdefinedby this SOW in accordancewith the CCB programmanagementplanreferencedin Section
2.3, above.Note that the managementtasksof Section3.5 pertainingsolely to designrevision, fabrication,
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andinstallationshallonly be accomplishedafter the exerciseof contractoption 1. The subcontractorshall
providea single point of contactfor all data, information,and policy communicationsto and from the
URA subcontractadministrator. The languageof communication for all activities associatedwith the CCB
shallbe English.

The subcontractorshall describethe structureof their organizationwhich will contribute to the
performanceof this contract,andshall identify responsiblepersonnelby positionand by name.

CDRL No. 36-ContractorOrganization

3.5.1 ContractorWork BreakdownStructureCWBS

The subcontractorshall deliver a CWBS. The subcontractorshall identify within the CWBS all
significantsubcontractualelementsand tasks.The subcontractorshallnot changetheCWBS or associated

definitions for any contractualelementsor tasksat level threeor abovewithout URA approval.Changes
at lower levels maybe madeby the subcontractoras deemednecessary.Schedulesshall be keyed to the

CWBS andtheSOW deliverables.
CDRL No. XX - CWBS

3.5.2 Lower Tier SubcontractManagement

The subcontractorshallprovidemonthlyschedule,supportability,and technicalprogressinformation
aboutlower tier subcontractsto URA. The subcontractorshall implementprogramplanningandcontrol

necessaryto accomplishthe lower tier subcontracteffort. The subcontractorshall inform the URA

subcontractadministratorof, and invite URA personnelto, all lower tier subcontracttechnical

interchange meetings,design reviews,test reviews,and program managementreviews.

CDRL No. 37-LowerTier SubcontractData

333 Program Schedule

The subcontractor shall develop and maintain a master scheduleof milestonesandeventsplannedto

occur throughout the duration of the contract. The subcontractor shall extend the master scheduleto the

lowest CWBS level necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be

updated monthly and reported to LIRA.

CDRL No. 27- Program Schedules

3.5.4 Configuration Management CM and Control

Configuration control shall be performed in accordancewith the CM section of the subcontractor’s

program managementplan as approved by ERA.

3.5.5 SystemSafety

3.5.5.1 Safety Analysis

The subcontractor design processshall ensure that safety is an inherent part of systemdesign.The

subcontractorshall identify potentialrisk factorsassociatedwith systemdesignsandhuman operations

including detailed hazard analyses.The subcontractorshall perform a hazard analysis that

comprehensivelyaddressessafety issuesaccording to Section 2.2.d, using Section 2.3.a as a guide,
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including but not limited to: Industrial safety, fire protection, environment, and industrial hygiene.Risk

assessmentsshall be performed and mitigation methods applied until all identified risks are within the

limits defined in the TechnicalSpecification.

CURL No.28- SafetyAnalysis

3.5.5.2 Material Safety Data SheetsMSDS

The subcontractor shall prepare and deliver all current material safetydata sheetsfor any hazardous

material in the delivered end item. The MSDSshall consistof the following sections:

a. Identification: The company name,addressand emergency phone number of the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their commonnames,

worker exposurelimits to the substance,and other recommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and chemical

characteristicsof the material,suchas; boiling point, vaporpressure,vapordensity,melting

point, evaporation rate, appearance,odor, and color undernormal conditions.

d. Physical hazards: Physical hazardsand recommendedmethods for handling the hazards.

e. Reactivity:Stability of the material,and identificationof substancesthat when mixed with

the material causeit to becomeunstable.

f. Health hazards: Ways the material could enter and affect the body of a person who has been

exposed.

g. Precautionsfor safehandlingand use:Proceduresfor safely handling the material,and

proceduresto follow in caseof a spill or teak of the material.Properstorageproceduresfor

the materialshall be includedin this section.

h. Control measures:Methods and equipment to be used when in contact with or exposedto

the material.

CURL No. 29- Material SafetyData Sheets

3.5.5.3 On-Site Activities

Al subcontractor personnel shall comply with Section 2.2.e,SSC Laboratory Environment, Safetyand
Health Manual requirements when performing activities on an SSCL site. All related subcontractor plans

and procedures shall ensure that the subcontractor’s employeesreceive appropriate training prior to

performing on-siteactivities. Training shall be coordinated with the SSCL SystemSafety Project Office.

3.6 QUALITY ASSURANCE

The subcontractor shall establishand maintain a quality assuranceprogram. Approval of the quality

assurance section of the program management plan constitutes URA concurrence with the

subcontractor’sapproachto satisfyingprogramqualityassurancerequirements.
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3.7 SSCL NUMBERING SYSTEM

Documentidentification will be in accordancewith the documentnumbering systemestablishedby

the SSCL for those documentsdelivered to the SSCL. The procedure for useof the document numbering

systemwill be furnished to the subcontractorby SSCL at the time of subcontract award.

3.8 UNITS OF MEASURE

The subcontractor shall useeither the 5.1. or English systemfor design documentation, drawings,

tooling, materials, and all other applications where appropriate. However, interfaces betweenthe CCB

and SSCL equipment shall be in English units. piping, wiring, fasteners,etc. The systemselectedby

the subcontractor shall remain consistent throughout the proposal and for all work, with the

measurementgiven in parenthesesin the alternate systemof notation for all primary measurements.

3.9 RESERVED

3.10 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.10.1 Technical Interchange MeetingsTIM

The subcontractor shall conduct technical interchange meetings to coordinate systemrequirements

and schedulesand to discuss mutual interest topics related to the SOW. Such meetingsmay be formal or

informal in nature as dictated by the topics to be discussedand may or may not require formal minutes.

Timing and location of meetingsshall be as required and agreed to by URA and the subcontractor.

CDRL No.1- Meeting Agendas
CURL No.2- Meeting Minutes

3.10.2 Technical Reviews

Designreviews will be co-chaired by designatedpersonnelfrom URA and the subcontractor. The

subcontractor shall be responsible for the following: development, preparation and submission of

agendas; engineeringdata required for technical evaluation; presentation materials; maintenanceof

the minutes andaction items resulting from the reviews.Engineering data to be discussedas part of

the scheduledreview shall be transmittedto URA a minimum of ten 10 working days prior to the

formal review. Approval of the review constitutesacceptanceof the milestoneand authorization to

proceed.

Design reviews CDR shall be held at the subcontractor’s facilities on URA-approved dates in the

subcontractor’s master schedule.The subcontractor shall prepare and deliver meetingminutes andaction

items for URA approval within five 5 working days after a review.

CDRL No.1- Meeting Agendas
CURL No.2- Meeting Minutes
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3.11 TechnicalReports

Thesubcontractorshall providea monthlywritten technicalprogressreport in subcontractorformat.
The reportshall includethe following sectionsanddata, organizedby task:

a. Summaryof work performed,including milestonecharts, showingwork accomplished

during the monthandwork remainingto becompleted.

b. Discussionof problemsencounteredduring the previousmonth andproposedmethodof
solution.

c. Planningdatafor future work.

d. Any other information deemedappropriate.

e. Additionaldatarequestedby URA.

CURL No.30-Monthly Report

3.12 CostlScheduleReports

The subcontractorshall provide monthly cost/schedulestatusreportsto URA. The cost/schedule

information shall evaluatecost performanceagainstcontractualdeliverablesandschedule.

CURL No. 31- Cost/ScheduleReports

3.13 InterfaceControl DocumentslCD

Thesubcontractorshall supportURA in producingthe appropriateinterfacecontrol documents.

CURL No.32- InterfaceControl Documents

4.0 Reserved

5.0 CustomerFurnishedProperty/Services

5.1 CustomerFurnishedProperty

TheSSCLCryogenicsTestBed ? will be madeavailableto supportAcceptanceTestingof the CCB. The

? will be locatedin the CryogenicsBuilding at the N15 Site at SSCL. The ? will providethe sameinterfacesas

the undergroundcryogenicalcove. The CCB interfaceswill beTBD. Available poweris TBD VAC, TBD Amps,

TBD phases,TBD Hz, andTBD VUC, TBD Amps. SeeFigure TUD for a descriptionof the CryogenicsTestBed

?.

5.2 CustomerFurnishedServices
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SSCL will providethe contractorwith phone,spacefor tool storage,instrumentcalibration lab service,

welding shopsupport,vacuumsystems,etc. SSCLwill provide power to the CCB electrical panel. SSCL will

makethe cryogenicconnectionto the CCB. SSCLwill unpackthe CCB andemplacethe CCB on the Cryogenic

TestBed. TheCryogenicTestBed will provide the following services:

CompressedAir: ltD 5GM at ltD psig

BOX Nitrogen: TBD SCFM at TBD psig

Water: TED gpmat TED psig

7"

AttachmentJ-1 to RFPSSC-93A-09376 15 March28, 1994



STATEMENT OF WORK SOW

FOR THE

COLD COMPRESSOR BOX
FABRICATION

FORTHE
SUPERCONDUCTINGSUPERCOLLIDER

LABORATORY

DRAFT

March28, 1994



Statementof Work No.AHA-XXXXXXXXXX

TABLE OF CONTENTS

1.0 Scope I

1.1 Background 1

1.2 Objective 1

1.3 Summaryof SubcontractorActivities 1
2.0 Applicable Documents 2

2.1 Reserved 2

2.2 SSCL Documents 2
2.3 OtherDocuments 2

3.0 SubcontractorResponsibilities 3

3.1 StartofWorkMeeting 3

3.2 ProductionReadinessReviewPRR 3

3.3 Fabrication 4

3.3.1 Schedule 4

3.3.2 ShopWitnessPoints 4

3.3.3 Material Control 5

3.3.4 Processesand Methods 5

3.3.5 Testing 5

3.3.6 Spares 6

3.3 Reserved 6

3.4 Reserved 6

3.5 ProgramManagement 6

3.5.1 ContractWork BreakdownStructureCWBS 6

3.5.2 LowerTier SubcontractManagement 6

3.5.3 ProgramSchedules 7

3.5.4 ConfigurationManagementCM andControl 7

3.5.5 SystemSafety 7

3.6 Quality Assurance 8

3.7 SSCLNumberingSystem 8

3.8 Unitsof Measure 8

3.9 Reserved 9

3.10 ManagementReviewsandTechnicalMeetings 9

3.10.1 TechnicalInterchangeMeetingsTIM 9

3.10.2 Resserved 9

3.11 TechnicalReports 9

3.12 Cost Reports 9

4.0 Reserved 10

5.0 CustomerFurnishedProperty/Services 10

ANNEX 1- CONTRACT DATA REQUIREMENTSLIST 11

AttachmentJ-1 to RIP XXX-XXX-XXXXXMarch 28, 1994

- -



1.0 SCOPE

TheCryogenicsDepartmentof the AcceleratorSystemsDivision ASD of the SuperconductingSuper

Collider LaboratorySSCL is procuringCold CompressorBox CCB for usein the High EnergyBooster
HEB and SuperCollider rings. This Statementof Work SOW defines the work required by the

subcontractorto fabricate eleven11 Cold CompressorBox CCB for the SuperconductingSuper
Collider LaboratorySSCL. Technical requirementsfor theCO are containedin the Productand
Material Specificationsfor the Cold CompressorBox, document numbers,XXXXXXXXXX and

XXXXXXXXXX, respectively.

1.1 BACKGROUND

UniversitiesResearchAssociationURA is the prime contractorto the U. S. Departmentof Energy

DOE for the SuperconductingSuperCotlider SSCproject. As such,URA is responsiblefor theoverall

design,development,production,construction,installation,operation,andmaintenanceof the SSC. The
SSCrequirescryogeniccooling in its High EnergyBoosterNED andSuperCollider SC rings. The HEB

is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The MED is

divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhas a refrigeration

planton the surfacewhich suppliesliquid helium to cool the stringsof superconductingmagnetsin the

sector.

Thereis oneCCB locatedin the cryogenicchamberat eachof the 12 utility shafts; 2 for the NED and

10 for the SSC. The basiccontractcalled for the design,fabrication,and installationof a prototypeCCB at

N-is of the SSC. The fabricationof eleyen11 productionCOB, two 2 for the HEB andnine 9 for the

SSC,is includedin this contract.

Procurementof thesesystemsis being arrangedand coordinatedby the CryogenicsDepartmentof

the AcceleratorSystemsDivision ASD of the SSCL.

1.2 OBJECTIvE

The objective of this procurementis to deliver productionCCB, with accompanyingdata and spare

parts, in accrodancewith Section F of this subcontracton the schedulerequired to supportcollider

operation.

1.3 SUMMARY OF SUBCONTRACTORACTIVITIES

The scopeof work to be performedby the subcontractorincludesbut is not limited to the following:

a. Maintenanceof the designbaselineestablishedunderthe basic contract.

b. Conductof a ProductionReadinessReviewPRR.

c. Fabricationof eleven11 productionCCB.
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2.0 APPLICABLE DOCUMENTS

2.1 RESERVED

2.2 SSCL DOCUMENTS

a. SSCL StandardP40-000031ConfigurationManagementPlan

b. AHW-XXXXX.XXX DevelopmentSpecificationfor the Cold CompressorBox

c. AcceleratorSystemsDivision SafetyandHealthProgramManual

d. SSCLPracticeD10-000003,HazardAnalysisInstructions

e. SSCLLaboratoryEnvironment,Safety,andHealthManual,D10-00001

f. XXXXXXXXXX, ProductSpecificationfor the Cold CompressorBox.

g. XXXXXXXXXX, MaterialSpecificationfor the Cold CompressorBox.

2.3 OTHERDOCUMENTS

a. DOE 5481.1B,SafetyAnalysisand ReviewSystem

b. SubcontractorQuality AssurancePlan

c. SubcontractorProgramManagementPlan

d. SubcontractorConfigurationManagementPlan
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3.0 SUBCONTRACTORRESPONSIBILITIES

The subcontractor shall furnish all materials, labor, facilities, equipment, supplies, tools,

documentation,management,andsupportservicesrequiredto completethe tasksdefinedherein.The

work shall be performedin accordancewith this Statementof Work and the Specificationsfor the Cold

CompressorBox.

3.1 STARTOF WORK MEETING

ThesubcontractorshallconductaStartof Work Meetingof the CCB no laterthan the datespecifiedin

Section F of the Subcontract. The purposeof this meeting is to clarify the requirementswith the

subcontractor.As a minimum,the following itemsshall be addressed:

a. ProductandMaterial Specifications

b. Statementof Work

c. ContractDataRequirementsList

d. Cost/Schedule

e. ConfigurationManagement

f. Quality Assurance

g. Producibility

h. Installation

i. Safety Program

CDRL No.1 - MeetingAgendas
CDRL No.2- MeetingMinutes

3.2 PRODUCTIONREADINESS REVIEW PRR

The subcontractorshall conducta PRRno later thanthe datespecifiedin SectionF of the Subcontract.

The purposeof this review is to obtain URA concurrencethat any TL systemdesign problems

encounteredduringdevelopmenthavebeen resolved,and that adequatedocumentationof technical

readinessandanticipatedproductioncostsare availablefor productionphaserelease. As a minimum,

the following itemsshall be addressed:

a. Productdesign:

1. Producibility,

2. Reviewof designchangesduringfirst article build andinstall,

3. Designvalidation for performance,reliability, andmaintainability.

b. Plantcapacity,skilled personnel,and training resources.

c. ProductionEngineeringandPlanning:

1. Compatabilityof productionschedulewith delivery requirements,
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2. Integrationof manufacturingmethodsandprocesseswith facilities, equipment,tooling,

and layout.

d. Materialsandpurchasedparts:

1. Completenessof bill of materials,

2. Identificationof longleaditems,

3. Adequacyof inventorycontrol system.

4. Sparepartrequirements.

e. Quality Assurance.

f. SafetyProgram.

CDRL No. 1 - MeetingAgendas
CDRL No. 2 - MeetingMinutes

33 FABRICATION

The subcontractorshall fabricateall componentsof eleven11 productionCCB in accordancewith the
approvedprogrammanagementplan andtheapplicablecodes,standards,URA approvedspecifications,

and the requirementsof this Statementof Work. Delivery of the productionunits will be in accordance

with SectionF of the subcontract.

33.1 Schedule

The subcontractorshall maintain a fabrication and instatlationschedule for all components

delineatingmilestones,witnesspoints, testing,andshippingdates. This scheduleshall be accordance

with Section F of this subcontract.This scheduleshall be maintainedas an integral part of the program

scheduledescribedin Section 3.5.3.

CDRL No. 27-ProgramSchedules

3.3.2 ShopWitnessPoints

The following witnesspointsshall be includedin the subcontractor’sfabricationschedule. URA shall

be notified at leastfive 5 working daysin advanceof eachwitnesspoint.

a. Shop functionaltests.

b. Final shoppressureandtemperaturetestsandvacuumleakchecking.

333 Material Control

The subcontractorshall implementmaterial control proceduresin accordancewith the CCB quality

assuranceprogram,CCB systemspecifications,andthe PartsQualification Plan approvedunderthe basic

contract.

4



33.4 ProcessesandMethods

As requiredby the URA approvedQuality AssurancePlan, the subcontractorshall maintainand
follow written proceduresfor all specialfabricationprocessesrequired to satisfy the provisionsof the
CCB specifications.Suchprocessesshall include, but are not limited to: welding, brazing,heattreating,
non-destructiveexamination,chemical machining,cleaningand packaging,leak checking,andpressure
testing. Proceduresshall conform to the recommendedpracticesof the applicablecodegoverningthe
designof thecomponentASME, AWS, etc..

33.5 Testing

The subcontractorshall conducta fabricationtestprogramduring fabricationand assemblyof the
CCB components.Tests requiredby the CCB specificationsand the subcontractor’squality assurance
programshall be included. Thefabricationtestprogramshall be conductedin accordancewith the FTP

submittedandapprovedunderthe basiccontract.

For eachtest theFTPshall includethefollowing:

a. Descriptionof objectivesand definitionof criteria

b. Identificationof equipmentandsuppliesrequired

c. A detailedtestprocedure

d. Formsfor reportingthetestresults

Testresultsshallbe reportedto URA. For eachtest for which awitnesspoint hasbeenidentified in

Sections3.3.2 and3.3.4,above,the resultsshall be reportedto URA within five 5 daysof completionof

the test.

CDRL No. 18 - WitnessedFabricationTestResults

Theresultsof all fabricationtests,including witnessedtests,shallbe compiledby the subcontractorin

a FabricationTestReportwhich shall be submittedto TJRA within thirty 30 daysafter completionof the
last test for eachunit. Note that this doesnot include acceptancetests.URA reservesthe right to

witnessanytestingconductedat anysubcontractorfacility, atanyof its vendors’facilities, or in the field.
CDRL No. 19 - FabricationTestReport

33.6 Spares

Spareparts sufficient for two yearsof operationshall be identified. All sparepartsshall be listed in

the sparepartslist. URA reservesthe option to purchaseany subsetof the sparepartslist.
CDRL No.20 - SparePartsList
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33 REsERVED

3.4 RESERVED

3.5 PROGRAM MANAGEMENT

The subcontractorshall managethe fabrication tasks definedby this SOW in accordancewith the

CCB programmanagementplan referencedin Section 2.3, above. The subcontractorshall provide a

sing]e point of contact for all data, information,andpolicy communicationsto and from the URA

subcontractadministrator.The languageof communicationfor all activitiesassociatedwith the CCB shall

be English.

The subcontractorshall describethe structureof their organizationwhich will contributeto the

performanceof this contract,andshall identi5’ responsiblepersonnelby positionandby name.

CDRL No. 36-ContractorOrganization

3.3.1 ContractWork BreakdownStructureCWBS

The subcontractorshall deliver a CWBS. The subcontractorshall identify within the CWBS all

significantsubcontractualelementsandtasks.The subcontractorshall not changetheCWBS or associated

definitions for any contractualelementsor tasksat level threeor abovewithout URA approval.Changes

atlower levelsmaybe madeby the subcontractoras deemednecessary.Schedulesshall be keyed to the

CWBS andtheSOW deliverables.

CDRL No. 35 - ContractWork BreakdownStructure

3.5.2 Lower Tier SubcontractManagement

Thesubcontractorshallprovidemonthlyschedule,supportability,andtechnicalprogressinformation

aboutlower tier subcontractsto URA. The subcontractorshall implementprogramplanningandcontrol

necessaryto accomplishthe lower tier subcontracteffort. The subcontractorshall inform the URA

subcontractadministratorof, and invite URA personnel to, all tower tier subcontracttechnical

interchangemeetings,designreviews,test reviews,and programmanagementreviews.

CDRL No. 37.- LowerTier SubcontractData

3.5.3 ProgramSchedules

The subcontractorshalldevelopandmaintaina masterscheduleof milestonesandeventsplannedto

occur throughoutthe durationof the contract.The subcontractorshallextendthe masterscheduleto the

lowestCWBS level necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be

updatedmonthlyandreportedto URA.

CDRL No. 27-ProgramSchedules

33.4 ConfigurationManagementCM and Control

Configurationcontrol shall be performedin accordancewith the CM sectionof the subcontractor’s

programmanagementplanasapprovedby URA.
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3.5.5 SystemSafety

3.5.5.1 SafetyAnalysis

The subcontractorshallensurethat safetyis aninherentpart of fabricationand installationprocesses.

The subcontractorshall identify potential risk factorsassociatedwith fabrication,installation andhuman

operationsincluding detailedhazardanalyses.The subcontractorshall perform a hazardanalysis that
comprehensivelyaddressessafety issuesaccording to Section 2.2.d, using Section2.3.a as a guide,
includingbut not limited to: Industrial safety,fire protection,environment,andindustrial hygiene.Risk
assessmentsshallbe performedandmitigation methodsapplieduntil all identified risks arewithin the
limits definedin theCCB specifications.

CDRL No. 28-Safety Analysis

3.53.2 MaterialSafetyData SheetsMSDS

The subcontractorshaltprepareand deliver all currentmaterialsafetydata sheetsfor anyhazardous
material in the deliveredenditem. The MSDSshall consistof the following sections:

a. Identification: The companyname,addressand emergencyphonenumberof the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their commonnames,

workerexposurelimits to thesubstance,andotherrecommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and chemical
characteristicsof the material,suchas: boiling point, vapor pressure,vapordensity,melting

point, evaporationrate,appeaance,odor,andcolor undernormalconditions.

d. Physicalhazards:Physicalhazardsand recommendedmethodsfor handlingthehazards.

e. Reactivity: Stability of the material,and identification of substancesthat when mixed with

the materialcauseit to becomeunstable.

f. Healthhazards:Ways the materialcould enterandaffect the body of a personwho hasbeen

exposed.

g. Precautionsfor safehandling and use:Proceduresfor safely handling the material, and

proceduresto follow in caseof a spilt or leak of the material.Properstorageproceduresfor

the materialshallbe includedin this section.

h. Controlmeasures:Methodsand equipmentto be usedwhen in contactwith or exposedto
the material.

CDRL No. 29-Material SafetyDataSheets

3.5.5.3 On-SiteActivities

Alt subcontractorpersonnelshaltcomply with Section2.1.e,SSC LaboratoryEnvironment,Safetyand
HealthManual requirementswhenperformingactivities on an SSCLsite. All relatedsubcontractorplans
andproceduresshall ensurethat the subcontractor’semployeesreceiveappropriatetraining prior to
performingon-siteactivities.Trainingshall be coordinatedwith the SSCLSystemSafetyProjectOffice.
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3.6 QUALITY ASSURANCE

The subcontractorshallestablishandmaintaina quality assuranceprogram.Approval of the quality

assurancesection of the program managementplan constitutes URA concurrencewith the

subcontractor’sapproachto satisfyingprogramquality assurancerequirements.

3.7 SSCLNUMBERING SYSTEM

Documentidentificationwill be in accordancewith the documentnumberingsystemestablishedby

theSSCL for thosedocumentsdeliveredto the SSCL. The procedurefor useof the documentnumbering

systemwill befurnishedto the subcontractorby SSCLat the time of subcontractaward.

3.8 UNiTS OF MEASURE

The subcontractorshall useeither the S.I. or Englishsystemfor design documentation,drawings,
tooting, materials,and alt other applicationswhereappropriate.However, interfacesbetweenthe CCB

and SSCL equipmentshall be in Englishunits. piping, wiring, fasteners,etc. The systemselectedby

the subcontractorshall remain consistent throughout the proposal and for all work, with the

measurementgiven in parenthesesin the alternatesystemof notationfor all primarymeasurements.

3.9 RESERVED

3.10 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.10.1 TechnicalInterchangeMeetingsTIM

The subcontractorshall conducttechnicalinterchangemeetingsto coordinateprogramrequirements
and schedulesandto discussmutual interesttopics relatedto the SOW. Suchmeetingsmaybe formal or
informal in natureas dictatedby the topics to be discussedand mayor maynot requireformal minutes.

Timingandlocationof meetingsshall beas requiredand agreedto by URA andthe subcontractor.

CDRL No. 1 - MeetingAgendas
CDRL No. 2- MeetingMinutes

3.10.2 Resserved

3.11 TECHNICAL REPORTS

Thesubcontractorshaltprovidea monthlywritten technicalprogressreport in subcontractorformat.
Thereportshall includethe following sectionsanddata,organizedby task:

a. Summaryof work performed,including milestonecharts, showing work accomplished

during the monthand work remainingto becompleted.

b. Discussionof problemsencounteredduring the previousmonthandproposedmethodof

solution.
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c. Planningdatafor futurework.

d. Any other informationdeemedappropriate.

e. Additional datarequestedby URA.

CDRL No. 30-Monthly Report

3.12 COSTREPORTS

The subcontractorshall provide monthly cost statusreports to URA. The cost informationshall
evaluatecostperformanceagainstthe CWBSand contractualdeliverables.

CDRL No.31- CostReports

4.0 RESERVED

5.0 CUSTOMERFURNISHED PROPERTY/SERVICES
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ANNEX 1- CONTRACT DATA REQUIREMENTSLIST

CONTRACT DATA REQUIREMENTS LIST

COLD COMPRESSORBOX
STATEMENT OF WORK
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CDRL TITLE SOW REF DELIVERY APPROVAL

I MeetingAgendas 3.1, .2 As Req’d No
3.10.1

2 MeetingMinutes3.1,.2 As Req’d No
3.10.1

18 WitnessedFabrication 3.3.5 FT SD No
Test FT Results

19 FabricationTestReport 3.3.5 As Reqd No

20 SparePartsList 3.3.6 PRR No

27 ProgramSchedules 3.5.3 Monthly No

28 SafetyAnalysis 3.5.5.1 Updates Yes

29 MaterialSafety Data 3.55.2 Updates Yes
Sheets

30 Monthly Report 3.11 Monthly No

31 CostReports 3.12 Monthly No

35 ContractWork 3.5.1 CA 30D Yes

BreakdownStructure

36 ContractorOrganization 3.5 CA 30D No

37 Lower Tier Subcontract 3.5.2 Monthly No

Data

Delivery Examples- CA 30D = 30 daysafter Contract Award, Updates= RevisionsAs Req’d basedupon changesfro

submittedunder the Basic Contract
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CORL 1- MeetingAgenda

Meetingagendanotificationsshall includeas a minimum:

a. location,dates,andtimes,

b. namesof meetingchairpersonsor personcalling the meeting,

c. scheduteof itemsto bediscussedandpresenters,

b. and actionassignmentsandstatusform previousmeeting.

CDRL 2- Meetin2Minutes

MeetingMinutesshallinclude,but arenot limited to:

a. namesof alt meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovidedby bothsubcontractorandURA,

d. andactionassignmentsidentified with schedulesand responsibilityfor

accomplishment.

CDRL 18- WitnessedFabricationTestResults

ReferenceSOWparagraph3.3.5

CDRL 19- FabricationTestReport

ReferenceSOW paragraph3.3.5

CURL 20- SparePartsList

ReferenceSOW paragraph3.3.6

CURL 27-ProramSchedules

ReferenceSOW paragraph35.3

CDRL 28- SafetyAnalysis

The purposeof thisplanis to providea basisof understandingbetweenthe subcontractorandURA to ensurethat

adequateconsiderationis given to safetyduringall phasesof the program.
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Plan details the tasks andactivities of systemsafety managementandsystemsafety engineeringrequiredto

identify, evaluate,and eliminateor control hazardsthroughoutthe systemlife cycle.

CDRL 29- Material Safety Data Sheets

ReferenceSOW paragraph35.5.2

CURL 30- Monthly Report

ReferenceSOW paragraph3.11

CURL 31- Cost Renorts

ReferenceSOW paragraph3.12

CURL 35- ContractWork Breakdown Structure

ReferenceSOW paragraph35.1.

CURL 36- ContractorOreanization

ReferenceSOWparagraph35

CURL 37- Lower Tier Subcontract Uata

ReferenceSOW paragraph35.2
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1.0 SCOPE
The Cryogenics Department of the Accelerator Systems Division ASD of the

SuperconductingSuperCollider Laboratory SSCL is procuring the services required
to install Cold CompressorBoxes CCB for use in the High Energy Booster HEB and
SuperCollider rings. This Statement of Work SOW defines the work requiredby the
subcontractor to install eleven 11 Cold Compressor Boxes CCB for the
Superconducting Super Collider Laboratory SSCL. Technical requirements for the

CCB are containedin the Productand Material Specifications for the Cold Compressor

Box, documentnumbers,XXXXXtXAXandXX%Z XA%KX, respectively.

1.1 BACKGROUND

Universities Research Association URA is the prime contractor to the U. S.

Departmentof Energy DOE for the SuperconductingSuperCollider SSC project. As

such, URA is responsible for the overall design, development, production,

construction, installation, operation, and maintenanceof the SSC. The SSC requires

cryogenic cooling in its High Energy Booster HEB and Super Collider SC rings.

The HEB is approximately 80 feet undergroundwhile the SC is approximately 250 feet
underground. The HEB is divided into two 2 sectorswhile the SC is divided into ten

10 sectors. Each sector has a refrigeration plant on the surface which supplies

liquid helium to cool the strings of superconductingmagnetsin the sector.

Thereis one CCB located in the cryogenic chamberat each of the 12 utility shafts;

2 for the HEB and 10 for the SSC. The basiccontract called for the design, fabrication,

and installation of a prototype CCB at N-iS of the SSC. The installation of eleven11

productionCCB, two 2 for the HEB andnine 9 for the SSC, is included in this SOW.

Procurement of these services is being arranged and coordinated by the

CryogenicsDepartmentof theAcceleratorSystemsDivision ASD of the SSCL.

1.2 OBJECTIVE

The objective of this procurement is to perform the installations of production

CCB in accordancewith Section F of this subcontracton the schedulerequired to

support collider operation.

1.3 SUMMARY OF SUBCONTRACTORACTIVITIES

The scopeof work to be performedby the subcontractorincludes but is not limited to

the following:

a. Conductof a Startof Work Meeting

b. Installation of eleven11 productionCCB.

1



2.0 APPLICABLE DOCUMENTS

2.1 RESERVED

2.2 SSCL DOCUMENTS

a. AHW-XXXXX.XXX DevelopmentSpecificationfor the Cold CompressorBox

b. AcceleratorSystemsDivision Safety andHealth ProgramManual

c. SSCL PracticeD10-000003,HazardAnalysis Instructions

d. SSCLLaboratoryEnvironment,Safety,and Health Manual, D10-0000i

e. XXKKX2CKXXX,ProductSpecificationfor the Cold CompressorBox.

F. XXflXXXXXI Material Specificationfor the Cold CompressorBox.

2.3 OTHER DOCUMENTS

a. DOE 5481.18,SafetyAnalysis andReview System

b. SubcontractorQuality AssurancePlan

c. SubcontractorProgramManagementPlan

2



3.0 SUBCONTRACTORRESPONSIBIUTIES

The subcontractor shall furnish all materials, labor, facilities, equipment,
supplies, tools, documentation, management,and support services required to
complete the tasks defined herein. The work shall be performed in accordancewith
this Statementof Work andthe Specificationsfor the Cold CompressorBox.

3.1 STARTOF WORK MEETING

The subcontractorshall conduct a Start of Work Meeting for the installation of the
CCB no later than the date specified in Section F of the Subcontract. The purposeof
this meeting is to clarify the requirementswith the subcontractor: As a minimum,
the following items shall beaddressed:

a. Productand Material Specificationsand drawings

b. Statementof Work

c. Contract Data RequirementsUst

d. Cost/Schedule

e. Quality Assurance

h. Installation

i. SafetyProgram

CDRL No. 1 - Meeting Agendas
CDRL No. 2 - Meeting Nlinutes

3.2 INSTALLATION

The subcontractorshall install all components of eleven 11 production CCB in

accordancewith the approved program managementplan and the applicable codes,

standards,URA approved specifications, and the requirementsof this Statement of
Work. Delivery of installation serviceswill be in accordancewith Section F of the

subcontract.

3.2.1 Schedule

The subcontractor shall maintain an installation schedule for all components

delineating milestones,witness points, testing, and shipping dates. This schedule
shall be in accordancewith Section F of this subcontract. This scheduleshall be

maintainedasan integralpart of the programscheduledescribedin Section 3.5.3.
CDRL No. 27-ProgramSchedules
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3.2.2 Witness Points

The following witness points shall be included in the subcontractor’sinstallation

schedule. UBA shall be notified at least five 5 working days in advance of each

witnesspoint.

a. Functional tests.

b. Final pressureand temperaturetestsand vacuumleak checking.

3.2.3 Processesand Methods

As required by the URA approvedQuality AssurancePlan, the subcontractorshall

maintain and follow written proceduresfor all special installation rocessesrequired

to satisfy the provisions of the CCB specifications. Such processesshall include, but

are not limited to: welding, brazing, heat treating, non-destructiveexamination,
chemical machining, cleaning and packaging, leak checking, and pressuretesting.

Proceduresshall conform to the recommendedpractices of the applicable code
governingthe designof the componentASME, AWS, etc..

3.2.4 Testing

The subcontractorshall conduct a test program during installation and assembly
of the CCB components. Tests required by the CCB specifications and the

subcontractor’squality assuranceprogram shall be included. The installation test

program shall be conducted in accordancewith the FTP submitted and approved
under the basiccontract.

For eachtest the FTPshall include thefollowing:

a. Descriptionof objectivesanddefinition of criteria

b. Identification of equipmentandsuppliesrequired

c. A detailedtestprocedure

d. Forms for reportingthe test results
Test results shall be reportedto URA. For eachtest for which a witness point has

beenidentified in Sections3.2.2 and 3.2.3, above, the resultsshall be reportedto VRA

within five 5 daysof completionof the test.

CDRL No. 18 - WitnessedInstallation TestResults

The resultsof all installation tests, including witnessedtests, shall be compiled by
the subcontractorin an Installation Test Report which shall be submitted to IRA
within thirty 30 days after completion of the last test for each unit. Note that
this does not include acceptancetests. URA reservesthe right to witness any
testing conductedat any subcontractorfacility, at any of its vendors’ facilities, or in
the field.

CDRL No. 19 - Installation TestReport

4



3.3 PROGRAM MANAGEMENT

The subcontractorshall manage the installation tasks defined by this SOW in
accordancewith the CCB programmanagementplan referencedin Section 2.3, above.
The subcontractorshall provide a single point of contact for all data, information,
and policy communications to and from the URA subcontractadministrator. The
languageof communicationfor all activities associatedwith theCCB shallbe English.

The subcontractorshall describe the structure of their organizationwhich will
contribute to the performance of this contract, and shall identify responsible
personnelby positionandby name.

CDRL No. 36- ContractorOrganization

3.3.1 Reserved

3.3.2 Reserved

3.3.3 ProgramSchedules

The subcontractorshall developand malntain a masterscheduleof milestonesand
eventsplanned to occur throughout the duration of the contract. The subcontractor

shall extend the master schedule to the lowest level necessaryfor management

control. The schedule, as a minimum to level 3, shall be updated monthly and

reportedto URA.

CDRL No. 27- ProgramSchedules

3.3.4 Reserved

3.3.5 System Safety

3.3.5.1 SafetyAnalysis

The subcontractor shall ensure that safety is an inherent, part of installation

processes. The subcontractorshall identify potential risk factors associatedwith

installation and human operations including detailed hazard analyses. The

subcontractorshall perform a hazard analysis that comprehensivelyaddressessafety

issues according to Section 2.2.d, using Section 2.3.a as a guide, including but not
limited to: Industrial safety, fire protection, environment, and industrial hygiene.

Risk assessmentsshall be performed and mitigation methods applied until all

identified risks are within the limits definedin the CCB specifications.

CDRL No. 28- SafetyAnalysis

3.3.5.2 Material Safety Data SheetsMSDS
The subcontractor shall prepare and deliver all current material safety data

sheetsfor any hazardousmaterial in the deliveredend item. The MSDS shall consistof

the following sections:
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a. Identification: The company name, addressand emergencyphonenumber

of thematerial manufacturer.

b. Hazardousingredients:The material’s hazardouscomponentsand their

common names, worker exposure limits to the substance, and other

recommendedlimits.

c. Physical and chemical characteristics: Listings of known physical and

chemical characteristics of the material, such as: boiling point, vapor

pressure,vapor density, melting point, evaporationrate, appearance,odor,

andcolor undernormal conditions.

ci. Physical hazards: Physical hazards and recommendedmethods for
handling the hazards.

e. Reactivity: Stability of the material, and identification of substancesthat
when mixed with thematerial causeit to becomeunstable.

f. Health hazards:Ways the material could enter and affect the body of a
personwho has beenexposed.

g. Precautionsfor safehandling and use: Proceduresfor safely handling the
material, and proceduresto follow in caseof a spill or leak of the material.
Proper storage procedures for the material shall be included in this
section.

h. Control measures:Methodsand equipment to be used when in contact with
or exposedto thematerial.

CDRL No. 29- Material SafetyDataSheets

3.3.5.3 On-SiteActivities
All subcontractor personnel shall comply with Section 2.1.e, SSC Laboratory

Environment, Safety and Health Manual requirementswhen performing activities
on an SSCL site. All related subcontractorplans and proceduresshall ensurethat the

subcontractor’semployees receive appropriate training prior to performing on-site
activities. Tralning shall be coordinatedwith the SSCL SystemSafety Project Office.

3.4 QUAUTY ASSURANCE

The subcontractorshall establish and maintain a quality assuranceprogram.
Approval of the quality assurance section of the program management plan
constitutes URA concurrence with the subcontractor’s approach to satisfying
programquality assurancerequirements.
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3.5 SSCL NUMBERING SYSTEM

Document identification will be in accordancewith the document numbering
system establishedby the SSCL for those documents delivered to the SSCL The
procedure for use of the document numbering system will be furnished to the
subcontractorby SSCLat the time of subcontractaward.

3.6 UNITS OF MEASURE

The subcontractorshall use either the S.!. or English system for design
documentation, drawings, tooling, materials, and all other applications where
appropriate. However, interfacesbetween the CCB and SSCL equipment shall be in

English units. piping, wiring, fasteners, etc. The system selected by the
subcontractor shall remain consistent throughout the proposal and for
all work, with the measurementgiven in parenthesesin the alternatesystem of
notation for all primary measurements.

3.7 RESERVED

3.8 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.8.1 TechnicalInterchangeMeetingsTIM

The subcontractor shall conduct technical interchange meetings to coordinate

programrequirementsand schedulesand to discussmutual interest topics related to
the SOW. Suchmeetingsmay be formal or informal in natureas dictatedby the topics
to be discussedand may or may not require formal minutes. Timing and location of

meetingsshall be as required andagreedto by URA andthe subcontractor.

CDRL No. 1 - Meeting Agendas
CDRL No. 2 - Meeting Minutes

3.8.2 Resserved

3.9 TECHNICAL REPORTS

The subcontractorshall provide a monthly written technical progressreport in
subcontractor format. The report shall include the following sections and data,

organizedby task:

a. Summaryof work performed, including milestonecharts, showing work
accomplishedduring the month andwork remainingto be completed.

b. Discussion of problems encountered during the previous month and

proposedmethodof solution.
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c. Planningdatafor future work.

d. Any otherinformationdeemedappropriate.

e. Additional datarequestedby URA.

CDRL No. 30- Monthly Report

3.10 COST REPORTS

The subcontractorshall provide monthly cost status reports to URA. The cost
information shall evaluate cost performanceagainst the CWBS and contractual
deliverables.

CDRL No. 31- CostReports

4.0 RESERVED

5.0 CUSTOMER FURNISHED PROPERTY/SERVICES
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ANNEX 1 - CONTRACT DATA REQUIREMENTS LIST

CONTRACT DATA REQUIREMENTS LIST
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CDRL TITLE SOW REF DELIVERY . APPROVAL

1 MeetingAgendas 3.1 As Req’d No
3.8.1

2 Meeting Minutes 3.1 As Req’d No
3.8.1

18 WitnessedFabrication 3.2.4 FT 5D No
Test PT Results

19 FabricationTest Report 3.2.4 As Req’d No

27 ProgramSchedules 3.2.1 Monthly No

3.3.3

28 SafetyAnalysis 3.3.5.1 Updates Yes

29 Material Safety Data 3.3.5.2 Updates Yes

Sheets

30 Monthly Report 3.9 Monthly No

31 Cost Reports 3.10 Monthly No

36 ContractorOrganization 3.3 CA 30D No

DeliveryExamples- CA 30D = 30 days after Contract Award, Updates= RevisionsAs Req’d based

changesfrom Data submittedunderthe BasicContract

10



CDRL 1 - Meetin2 AQenda

Meeting agendanotifications shall include as aminimum:

a. location, dates,and times,

b. namesof meetingchairpersonsor personcalling the meeting,
c. scheduleof items to be discussedandpresenters,

b. andactionassignmentsandstatus form previousmeeting.

CDRL 2- Meetin2Minutes

Meeting Minutesshall include,but arenot limited to:
a. namesof all meetingparticipants,

b. discussionof each pertinentagendaitem,

c. recommendationsprovided by both subcontractorand URA,

d. and action assignmentsidentified with schedulesand responsibility for

accomplishment.

CDRL 18 - WitnessedFabricationTestResults

ReferenceSOW paragraph3.2.4

CDRL 19 - Fabrication TestRenort

ReferenceSOW paragraph3.2.4

CDRL 27 - ProgramSchedules

ReferenceSOW paragraph3.2.1 and 3.3.3

CDRL 28 - SafetyAnalysis

The purposeof this plan is to provide a basis of understanding between the subcontractor

and URA to ensurethat adequateconsiderationis given to safetyduring all phasesof the

program.

Plan details the tasks and activities of system safety managementand system safety
engineeringrequired to identify, evaluate,and eliminate or control hazardsthroughout the

systemlife cycle.
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CDRL 29 - Material SafetyDataSheets

ReferenceSOWparagraph3.3.5.2

CDRL 30 - Monthly Report

ReferenceSOW paragraph3.9

CDRL 31 - CostReoorts

ReferenceSOW paragraph3.10

CDRL 36 -Contractor Onanization

ReferenceSOW paragraph3.3
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1.0 SCOPE

The Cryogenics Department of the Accelerator Systems Division ASD of the

SuperconductingSuper Collider Laboratory SSCL is procuring Cold Compressor
Boxes CCB for use in the High Energy Booster HEB and SuperCollider rings. This

Statementof Work SOW defines the work required by the subcontractorto design,

fabricate, test, and install one prototype Cold CompressorBox CCB at MiS of the

SuperconductingSuperCollider LaboratorySSCL.

1.1 BACKGROUND

Universities ResearchAssociation URA is the prime contractor to the U. S.
Departmentof EnergyDOE for the SuperconductingSuperCollider SSC project. As
such, iRA is responsible for the overall design, development, production,

construction, installation, operation, and maintenanceof the SSC. The SSC requires
cryogenic cooling in its High Energy Booster HEB and Super Collider SC rings.

The HEB is approximately80 feet undergroundwhile the SC is approximately250 feet

underground. The HEB is divided into two 2 sectorswhile the SC is divided into ten

10 sectors. Each sector has a refrigeration plant on the surfacewhich supplies
liquid helium to cool thestrings of superconductingmagnetsin the sector.

There is one CCB located in the cryogenic chamberat each of the 12 utility shafts;

2 for the HEB and 10 for the SSC. Technicaland functional descriptionsof the CCB are
contained in MIW-XX0X.XXX, DevelopmentSpecification for the Cold CompressorBox.

Procurementof this prototype CCB is being arrangedand coordinatedby the
CryogenicsDepartmentof the AcceleratorSystemsDivision ASD of the SSCL

1.2 OBJECTIvE

The objectives of this procurement are to deliver a production design with

accompanying data and program managementservices, fabricate a prototype CCB,

andinstall the prototype at site N-is to support collider cooldowntesting.

1.3 SUMMARY OF SUBCONTRACTORACTIVITIES

The scopeof work to be performedby the subcontractor includes but is not limited to
the following:

a. Equipment design. Establish the CCB design requirementsbaseline in the
form of a productfabricationspecificationand drawing package.

b. Present the design trade-offs, product specifications, processspecifications,
drawings and acceptancetest procedures at the Critical Design Review.
Approval of the specifications and drawings will establish the design
baseline.
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c. Fabricatethe prototypeCCB.

d. Installation andacceptancetestingat theN-iS siteof the SSC.

e. Maintenanceandsupport of the prototypeCCB during cool down testing at
SSC.
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2.0 APPLICABLE DOCUMENTS

2.1 MILITARY SPECIFICATIONS

a. DOD-Std-1000BDrawings,EngineeringandAssociatedUsts

b. MIL-Std-4908SpecificationPractices

2.2 SSCLDOCUMENTS

a. SSCLStandardP40-000031ConfigurationManagementPlan

b. AHW-XXXXX.XXX DevelopmentSpecificationfor the Cold CompressorBox

c. AcceleratorSystemsDivision Safetyand Health ProgramManual

d. SSCLPracticeD10-000003,HazardAnalysis Instructions

e. SSCL LaboratoryEnvironment,Safety,and Health Manual, D1O-0000l

2.3 OTHER DOCUMENTS

a. DOE 5481.1B, SafetyAnalysis and Review System

b. SubcontractorQuality AssurancePlan to be submittedwith proposal

c. SubcontractorProgramManagementPlan to be submittedwith proposal

d. SubcontractorConfiguration ManagementPlan to be submitted with
proposal
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3.0 SUBCONTRACTORRESPONSIBILITIES

The subcontractor shall furnish all materials, labor, facilities, equipment,
supplies, tools, documentation,management,and support services required to
complete the tasks defined herein. The work shall be performed in accordancewith
this Statementof Work and the DevelopmentSpecification for the Cold Compressor
Box.

3.1 COLD COMPRESSORBOX DESIGN

The subcontractorshall design the CCB in accordancewith the requirementsof
the DevelopmentSpecification and in compliancewith the general requirementsof
documentsspecified in this Statementof Work under Sections2.2 SSCL Documents
and2.3 Other Documents,andthe specific taskingof Sections3, 4 and 5.

3.1.1 Equipment Design

The subcontractorshall be responsiblefor the complete design and/or selection
of all equipment comprising the CCB. The equipment design shall be fully

documentedin accordancewith the DevelopmentSpecification and Section 3.1.4 of
this SOW to permit verification of conformanceto the DevelopmentSpecification.

The design of any item of equipment or any assembly shall be considered
completeupon approval by URA of all related drawingsand any additional design
documentationrequired by this SOW specifications,calculations, test results,etc.. At
that time the subcontractor shall be released to begin procurement and/or
fabrication of the item or assembly. All equipmentdesign documentationshall be
completedby the Critical Design Review CDR. The status of in-progressdesigns
shall be presentedto URA at scheduledreviewsper Section3.1.2 of this SOW.

3.1.2 DesignReviews

The designarid planning efforts of the subcontractorshall be presentedto URA at
the reviews describedherein. Reviews shall be conductednot later than the dates
specified in Section F of the Subcontract, and each review shall be included as a

milestonein the subcontractor’sschedule.

3.1.2.1 Start of Work Meeting
The subcontractorshall conducta Startof Work Meeting of the CCB not later than

the date specified in Section F of the Subcontract.The purposeof this meeting is to
clarify the requirementswith the subcontractor.As a minimum, the following items
shall be addressed:
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a. DevelopmentSpecification

b. Statementof Work

c. ContractDataRequirementsUst

d. Cost/Schedule

e. Interfaces

f. Designstandardizationandmaintenance

g. ProgramManagementPlan

h. Quality AssurancePlan

i. ConfigurationManagementPlan

j. Programrisk assessment

k. Problemsandconcerns

i. Test Planning

m. SSC TestSupport

n. Installationplanning

CDRL No. 1 - Meeting Agendas
CDRL No. 2 - MeetingMinutes

3.1.2.2 Critical DesignReview CDR

The subcontractorshall conducta CDR of the CO not later than the datespecified
in Section F of the Subcontract. The purpose of this review is to obtain URA

concurrencethat the CCB design has been completed.As a minimum, the following

itemsshall beaddressed:

a. Design

b. Interfaces

c. Drawings,Level 2

d. Specifications

e. ConfigurationManagement

f. AcceptanceTestPlanning

g. TestSupportPlanning

h. Systemsafety

i. Fabricationplanning

j. Ojmality Assuranceplanning

k. Installation planning
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1. FailuremodesanalysisFMA

m. Logistics

1. Transportation,packaging,andhandling

2. Standardization

3. Specialtools andequipmentrequirements

4. Sparesrequirements

n. Programandneartermschedules.

o. Programrisk assessments

p. Problemsandconcerns.

CDRL No. 1 - MeetingAgendas CDRL No. 8 - FailureModes
CDRL No. 2 - MeetingMinutes Analysis
CDRL No. 5 - Drawings,Level 2 CDRL No. 11- ProductSpecifications
CDRL No. 10- Maintainability Program CDRL No. 7 - Reliability Analysis

Plan CDRL No.23 - AcceptanceTest Plan

3.1.3 Analysis

3.1.3.1 Reliability Analysis
The subcontractorshall prepare a reliability block diagram and reliability

prediction. The block diagram shall be complete to an indenture level that reflects

the modular replacementsanticipated to occur on-site and shall reflect failures
identifiedin the failure modesanalysisdefinedin Section3.1.3.2 of this SOW.

The reliability predictions for the CCB and replacement modules shall be
consistentwith the DevelopmentSpecification.

CDRL No. 7 - Reliability Analysis

3.1.3.2 FailureModesAnalysis FMA

The subcontractorshall perform a failure modes analysis to determinethe effect

of componentfailures on CCB performanceand supportability. For the purposesof
this analysis component is defined to be an item that is recommendedfor
replacement by the URA-approved maintenance concept. Subcomponent repair

activities carried out post-replacementin a different facility are beyond the scopeof

this analysis. Results of this analysisshall be presentedto URA in the form of a

report. This analysis shall include: a description of the failure modes, causesof
failure, probableeffects of failure, probability of occurrence,criticality of failure, a
list of any safety implications, and corrective actions or preventive measures. The

subcontractorshall provide recommendationsfor mitigating the impact of failures

throughdesignimprovements,tests,and inspections.

CDRL No. 8 - Failure ModesAnalysis
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3.1.4 Documentation

3.1.4.1 Specifications
The subcontractorshall provide a Critical Item Fabrication ProductSpecification,

Type C2b per MIL-STD-490B for equipmentproducedon this contract, in sufficient
detail to allow verification of compliancewith the Development Specification and to
support maintenanceand reprocurement actions. Product, process and material
specifications shall be included. For commercial equipment, commercial
specificationsshall suffice.

CDRL No. 1 1-ProductSpecificationC2b
CDRL No. 15-ProcessSpecifications

CDRL No. 21 - Material Specifications

3.1.4.2 Drawings
The subcontractor shall convert design requirements into practical design

layouts Level 1 and then convert design layouts into detailed drawings Level II.
The subcontractorshall produce all final drawings in a format compatible with DOD
STD-1000B,Level II. For commercialequipment,commercialdrawingsshallsuffice.

The subcontractor shall prepare as-built drawings for any item, component,

module, etc., which deviatesfrom design or fabrication drawing specifications,or
which is cut- or built-to-fit in the shop or field. Thesedrawings shall be submitted to
URA within fourteen 14 days after completion of the fabrication and/or installation

of the item.
CDRL No. 12 -As Built Drawings

3.1.4.3 Interface Control DocumentslCD

The subcontractorshall support URA in producing the appropriate interface

controldocuments.
CDRL No. 32- InterfaceControl Documents

3.2 FABRICATION AND INSTALLATION

The subcontractorshall fabricateand install all componentsof the prototypeCCB in
accordancewith the approvedprogram managementplan and the applicablecodes,
standards,URA approved specifications, and the requirementsof this Statementof
Work.

3.2.1 Schedule

The subcontractorshall maintain a fabrication and installation schedulefor all
componentsdelineatingmilestones,witness points, testing, and shipping dates. This
scheduleshall be in accordancewith Section F of this subcontract. This schedule
shall be maintained as an integral part of the program scheduledescribedin Section

3.5.3.
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CDRL No. 27-ProgramSchedules

3.2.2 Shop/FieldWitnessPoints

The following witness points shall be included in the subcontractor’sprototype

fabrication schedule. URA shall be notified at least five 5 working days in advance

of eachwitnesspoint.

a. Shop/Fieldfunctional tests.

b. Final shop/field pressure and temperature tests and vacuum leak
checking.

3.2.3 MaterIal Control

The subcontractorshall implement material control proceduresin accordance

with the CCB quality assuranceprogram and CCB specifications. Material

qualification records certified material test reports, certificates of compliance, etc.

shall be collected and maintained by the subcontractorand submitted for URA
approvalat least sixty 60 daysbeforeacceptancetesting.

CDRL No. 14 - PartsQualificationPlan

3.2.4 Processesand Methods

As required by the URA approvedQuality AssurancePlan, the subcontractorshall
develop,maintain, and follow written proceduresfor all special fabricationprocesses
required to satisfy the provisions of the CCB specifications. Such processesshall
include, but are not limited to: welding, brazing, heat treating, non-destructive
examination, chemical machining, cleaning and packaging, leak checking, and
pressure testing. Proceduresshall conform to the recommendedpractices of the
applicable code governing the design of the component ASME, AWS, etc.. These
proceduresshall be submittedto URA for approvalat least sixty 60 daysprior to use.

CDRL No. 15 - ProcessSpecifications

3.2.5 Testing

The subcontractorshall develop a fabrication test plan FTP defining product
quality verification testing to be performed during fabrication and assemblyof the
CCB componentsincluding all field assembly tasks. Tests required by the CCB
specificationsand the subcontractor’squality assuranceprogram shall be included.
TheFTP shallbe submittedfor approvalby URA at least sixty 60 daysprior to use.

For eachtest the FTP shall include thefollowing:

a. Descriptionof objectivesanddefinition of criteria,

b. Identificationof equipmentand suppliesrequired,

c. Detailedtestprocedure,

d. Forms for reportingthe test results.
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Test resultsshall be reportedto URA. For each test for which a witness point has
beenidentified in Section 3.2.4, above, or Section 3.2.10, below, the resultsshall be
reportedto URA within five 5 daysof completion of the test.

CDRL No. 17 - FabricationTestPlan
CDRL No. 18 - WitnessedFabricationTestResults

The resultsof all fabrication tests, including witnessedtests, shall be compiled by
the subcontractorin a FabricationTest Report which shall be submitted to URA
within thirty 30 daysafter completion of the last test. Note that this does not
Include acceptance tests. URA reserves the right to witness any testing
conductedat any subcontractorfacility, at any of its vendors’ facilities, or in the
field.

CDRL No. 19 - FabricationTestReport

3.2.6 Spares

Spare parts sufficient for two years of operation shall be identified. All spare
parts shall be listed in the spare parts list. URA reservesthe option to purchaseany
subsetof the spareparts list.

CDRL No. 20 - SparePartsUst

3.2.7 Reserved

3.2.8 Installation

The prototype CCB shall be installed by the subcontractorin URA-supplied

facilities near Waxahachie,Texas. The installation shall be conducted in accordance

with the approvedprogram managementplan and the applicable codes, standards,

and specificationsset forth in the CCB specifications and in this Statementof Work.

This SOW considersinstallation tasks to include fabrication tasks accomplishedin the
field.

The following witness points shall be included in the subcontractor’sinstallation
schedule. URA shall be notified at least five 5 working days in advanceof each
witnesspoint.

a. Completionof major subsystemsand/or modules.

b. Functionaltestsand leak checks.

3.2.9 MaintenanceManual

Prior to installation of the prototype CCB, a maintenancemanual shall be
provided. The maintenancemanual shall comply with the safety requirements for

use of DANGER, WARNING, CAUTION, and NOTE notations.In addition,a NOTE shallbe used
to explain critical steps where human assemblyerrors could causea failure. The
manualshall include a list of all sparesandequipmentrequiredfor malntenance.
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CDRL No. 41- MalntenanceManual

3.3 RESERVED

3.4 RESERVED

3.5 PROGRAM MANAGEMENT

The subcontractorshall managethe design, development, test, fabrication, and

installation tasks defined by this SOW in accordancewith the CCB Program

ManagementPlan referencedin Section 2.3, above. The subcontractorshall provide

a single point of contactfor all data, information, andpolicy communicationsto and

from the URA subcontractadministrator. The languageof communication for all

activitiesassociatedwith theCCB shall be English.

The subcontractorshall describe the structure of their organizationwhich will

contribute to the performance of this contract, and shall identify responsible

personnelby position andby name.
CDRL No. 36-ContractorOrganization

3.5.1 ContractWork BreakdownStructureCWBS

The subcontractorshall deliyer a CWBS. The subcontractorshall identify within
the CWBS all significant subcontractualelementsand tasks. The subcontractorshall
not changethe CWBS or associateddefinitions for any contractualelementsor tasks
at level threeor abovewithout URA approval. Changesat lower levels may be made
by the subcontractoras deemednecessary.Schedulesshall be keyed to the CWBS and
the SOW deliverables.

CDRL No. 35 - ContractWork BreakdownStructure

3.5.2 Lower Tier SubcontractManagement

The subcontractorshall provide monthly schedule,supportability, and technical
progressinformation about lower tier subcontractsto URA. The subcontractorshall
implement program planning and control necessaryto accomplish the lower tier
subcontract effort. The subcontractor shall inform the URA subcontract

administratorof, and invite URA personnelto, all lower tier subcontracttechnical
interchange meetings, design reviews, test reviews, and program management

reviews.
CDRL No. 37- Lower Tier SubcontractData
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3.5.3 ProgramSchedules

The subcontractorshall developandmaintain a masterscheduleof milestonesand
eventsplanned to occur throughoutthe duration of the contract. The subcontractor
shall extendthe masterscheduleto the lowest CWBS level necessaryfor management
control. The schedule,as a minimum to level 3, shall be updatedmonthly and
reportedto URA.

CDRL No. 27- ProgramSchedules

3.5.4 ConfigurationManagementCM and Control

Configuration control shall be performed in accordancewith the CM sectionof
the subcontractor’sprogrammanagementplan asapprovedby URA.

3.5.5 SystemSafety

3.5.5.1 SafetyAnalysis
The subcontractordesignprocessshall ensure that safety is an inherent part of

systemdesign. The subcontractorshall identify potential risk factors associatedwith
system designs and human operations including detailed hazard analyses.The
subcontractorshall perform a hazardanalysisthat comprehensivelyaddressessafety
issues according to Section 2.2.d, using Section 2.3.a as a guide, including but not

limited to: Industrial safety, fire protection, environment, and industrial hygiene.
Risk assessmentsshall be performed and mitigation methods applied until all

identifiedrisks arewithin thelithits definedin theTechnicalSpecification.
CDRL No. 28-SafetyAnalysis

3.5.5.2 MaterialSafetyDataSheetsMSDS
The subcontractorshall prepareand deliver all current material safety data

sheetsfor any hazardousmaterial in the deliveredend item. The MSDS shall consist of

the following sections:

a. Identification: The companyname,addressand emergencyphone number

of thematerial manufacturer.

b. Hazardousingredients: The material’s hazardouscomponentsand their
common names, worker exposure limits to the substance, and other

recommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and
chemical characteristicsof the material, such as: boiling point, vapor
pressure,vapor density,melting point, evaporationrate,appearance,odor,
andcolor under normal conditions.

d. Physical hazards: Physical hazards and recommendedmethods for
handling the hazards.
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e. Reactivity: Stability of the material, and identification of substancesthat
whenmixed with the materialcauseit to becomeunstable.

f. Health hazards:Ways the material could enter and affect the body of a

personwho hasbeenexposed.

g. Precautionsfor safe handling and use: Proceduresfor safely handling the
material, and proceduresto follow in caseof a spill or leak of the material.
Proper storage proceduresfor the material shall be included in this
section.

h. Control measures:Methods and equipment to be used when in contact with

or exposedto the material.

CDRL No. 29- Material SafetyDataSheets

3.5.5.3 On-SiteActivities
All subcontractor personnelshall comply with Section 2.1.e, SSC Laboratory

Environment, Safety and Health Manual requirementswhen performing activities

on an SSCL site. All relatedsubcontractorplans and proceduresshall ensurethat the
subcontractor’semployeesreceive appropriate training prior to performing on-site

activities.Tralning shall be coordinatedwith the SSCLSystemSafety Project Office.

3.6 OJ.JAUTY ASSURANCE

The subcontractor shall establish and maintain a quality assuranceprogram.
Approval of the quality assurancesection of the program managementplan
constitutes URA concurrence with the subcontractor’s approach to satisfying
programquality assurancerequirements.

3.7 SSCL NUMBERING SYSTEM

Document identification will be in accordancewith the document numbering
system establishedby the SSCL for those documentsdelivered to the SSCL The
procedurefor use of the document numbering system will be furnished to the
subcontractorby SSCLat the time of subcontractaward.

3.8 UNITS OF MEASURE

The subcontractor shall use either the S.I. or English system for design
documentation, drawings, tooling, materials, and all other applications where
appropriate.However, interfacesbetweenthe CCB and SSCL equipmentshall be in

English units. piping, wiring, fasteners,etc. The system selected by the

subcontractor shall remain consistent throughout the proposal and for
all work, with the measurementgiven in parenthesesin the alternate systemof
notationfor all primary measurements.
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3.9 RESERVED

3.10 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.10.1 Technical InterchangeMeetingsTIM

The subcontractorshall conduct technical interchangemeetings to coordinate
systemrequirementsandschedulesand to discussmutual interest topics relatedto the
SOW. Suchmeetingsmay be formal or informal in nature as dictatedby the topics to
be discussedand may or may not require formal minutes. Timing and location of
meetingsshallbe asrequiredandagreedto by URA and thesubcontractor.

CDRL No. 1 - MeetingAgendas
CDRL No. 2 - Meeting Minutes

3.10.2 TechnicalReviews

Design reviews will be co-chairedby designatedpersonnelfrom URA and the
subcontractor. The subcontractor shall be responsible for the following:

development,preparationand submissionof agendas; engineeringdata required

for technical evaluation; presentationmaterials; maintenanceof the minutes
and action items resulting from the reviews. Engineeringdatato be discussedas
part of the scheduledreview shall be transmitted to URA in accordancewith
Section F of the subcontract. Approval of the review constitutesacceptanceof the
milestoneandauthorizationto proceed.

Reviews shall be held at the subcontractor’sfacility on URA-approveddatesin the
subcontractor’smaster schedule. The subcontractor shall prepare and deliver
meeting minutes and action items for URA approval within five 5 working days
after a review.

CDRL No. 1 - MeetingAgendas
CDRL No. 2 - MeetingMinutes

3.11 TECHNICAL REPORTS

The subcontractorshall provide a monthly written technical progressreport in
subcontractorformat. The report shall include the following sectionsand data,
organizedby task:

a. Summaryof work performed,including milestonecharts, showing work
accomplishedduring the month and work remainingto be completed.

b. Discussion of problems encounteredduring the previous month and
proposedmethodof solution.

c. Planningdatafor future work.

d. Any other informationdeemedappropriate.
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a Additional datarequestedby URA.

CDRL No. 30- Monthly Report

3.12 COSTREPORTS

The subcontractorshall provide monthly cost status reports to URA. The cost

information shall evaluatecost performance against the CWBS and contractual
deliverables.

CDRL No. 31- Cost Reports

4.0 RESERVED

5.0 CUSTOMER FURNISHEDPROPERTY/SERVICES

TED
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ANNEX 1 - CONTRACT DATA REQUIREMENTSUST

ANNEX 1 TO ATTACHMENT J-1

CONTRACT DATA REQUIREMENtS LIST

COLD COMPRESSOR BOX
STATEMENT OF WORK
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CDRL TITLE SOW REF DELIVERY APPROVAL

1 MeetingAgendas 3.1.2.1,.2 As Req’d No
3. 10. 1,.2

2 MeetingMinutes 3.1.2.1,.2, As Req’d Yes
3.10.1,.2

/

S Drawings,Level 2 3.1.2.2 30D CDR Yes

7 Reliability Analysis 3.1.2.2 CDR Yes

3.1.3.1

8 FailureModesAnalysis 3.1.2.2 CDR Yes

3.1.3.2

10 Maintainability Program 3.1.2.2 CDR Yes
Plan

11 ProductSpecifications 3.1.2.2 30D CDR Yes

3.1.4.1

12 As Built Drawings 3.1.4.2 As Req’d Yes

14 PartsQj.ialification Plan 3.2.3 60D AT Yes

15 ProcessSpecifications 3.1.4.1 CDR 6OD Yes

3.2.4

17 FabricationTest Plan 3.2.5 As Req’d Yes

18 WitnessedFabrication 3.2.5 FT SD No

TestResults

19 FabricationTestReport 3.2.5 As Req’d No

20 SparePartsUst 3.2.6 60D Install No

21 MaterialSpecifications 3.1.4.1 CDR bOD Yes

23 AcceptanceTestPlan 3.1.2.2 CDR Yes
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27 ProgramSchedules 3.2.1 Monthly No
3.5.3

28 SafetyAnalysis 3.5.5.1 3ODCDR Yes

29 Material SafetyData 3.5.5.2 30D CDR Yes
Sheets

30 Monthly Report 3.11 Monthly No

31 CostReports 3.12 Monthly No

32 InterfaceControl 3.1.4.3 As Req’d Yes
Documents

35 ContractWork 3.5.1 CA 30D Yes
BreakdownStructure

36 ContractorOrganization 3.5 CA 30D No

37 Lower Tier Subcontract 3.5.2 Monthly No
Data

41 MaintenanceManual 3.2.9 120D Install Yes

DeliveryEvamr,les- CA 30D = 30 daysafter Contract Award, 30D CDR = 30 days beforeCDR
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CDRL 1 - Meeting Agenda

Meeting agendanotifications shall includeas a minimum:

a. location,dates,and times,

b. namesof meetingchairpersonsor personcalling the meeting,

c. scheduleof items to be discussedand presenters,

b. and action assignmentsand statusform previousmeeting.

CDRL 2 - Meeting Minutes

MeetingMinutes shall include,but arenot limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovided by both subcontractorand URA,

d. and action assignmentsidentified with schedulesand responsibility for

accomplishment.

CDRL 5 - Drawings. Level 2

ReferenceDOD-STD-1000B,Drawings,Engineeringand AssociatedUsts

CDRL 7 - Reliability Analysis

Record the reliability requirementsfor the end item, major subsystems and critical

componentsto include,but not limited to:

a. possiblefailure modes,

b. probability of occurrenceof eachfailure mode,

c. timesduring operationthefailure modecan occur,

d. classificationof the failure modecritical, major, minor,

e. end item reliability whenthe failure occurs,

f. andend item reliability whenthe failure doesnot occur.

CDRL 8 - FallureModesAnalysis

ReferenceSOW paragraph3.1.3.2

CDRL 10 - Maintainability ProgramPlan
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Plan describesthe subcontractor’smaintainability program, how it will be conductedand

the controls and monitoring provisions, if any, levied on suppliers and vendors. It

describesthe techniquesand tasks to be performedand their integrationand development

in conjunctionwith other relatedactivities.

CDRL 11 - ProductSoecifications

ReferenceMIL-STD-490B, SpecificationPractices

CDRL 12 - As Built Drawiins

ReferenceDOD-STD-1000B,Drawings,EngineeringandAssociatedUsts

CDRL 14 - PansOualiflcation Plan

Theplanshall contain,but is not limited to ,the following

a. the inspectionsand testsnecessaryto qualify the part,

b. the justification for using genericqualification, reducedtesting, or limited

usageproceduresforqualifying,

c. the mannerin which sampleswill be chosen,the period they will be chosen,

and the elapsedtime betweenqualification inspections,

d. the descriptionof the test procedures;electrical, environmental,and

operationalusedin qualifying the part,

e. and the datato be recorded.

CDRL 15 - ProcessSpecifications

ReferenceMIL-STD-490B, SpecificationPractices

CDRL 17 - Fabrication TestPlan

ReferenceSOW paragraph3.2.5

CDRL 18 - WitnessedFabricationTestResults

ReferenceSOW paragraph3.2.5
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CDRL 19 - FabricationTestRenort

ReferenceSOW paragraph3.2.5

CDRL 20- SnarePartsUst

ReferenceSOW paragraph3.2.6

CDRL 21 - Material Sneciflcations

ReferenceMIL-STD-490B, SpecificationPractices

CDRL 23 - AcceptanceTest Plan

A. Overview. Includes flow diagrams, milestones, personnel participation, and safety

requirements:

1. Flow diagrams. A functional descriptionof the acceptancetest program

using a block diagram portrayal of the functions that must be met to satisfy the

total acceptanceprogram,

2. Milestones. Identifies the start andexpectedcompletion datesof eachtest to /

beperformed,

3. Participation. Identifies the contractorand IRA participation roles and

responsibilities,

4. Safety. Identify andstateany safetymeasuresor guidelines to be observed

during testing.

B. MasterTest Ust. Ust all tests to be accomplishedin the order they are to be performed.

Separatelistings for eachlocation shall be provided. Usting shall include:

1. Location wherethe testis to beperformed,

2. Numberfor eachpieceof equipmentor item testwill beperformed,

3. Name andbrief descriptionof test to be performed,

4. Numberof cycles the testwill be performedand selectedparametersto be

observed.

C. EquipmentUst. The list shall include all equipmentto be usedin the test. The listing

shall include the following:

1. All testequipmentby description,nomenclature,serialnumber;

2. All support equipmentby description,nomenclatureand serial number;
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3. All special testequipmentrequiredto be designedor constructedfor useon
theprogramby description,nomenclature,anddaterequired.

D. Validation. An overviewof the proceduresthat will be usedto validatethe testresults.

CDRL 27 - ProgramSchedules

ReferenceSOW paragraph3.2.1 and3.5.3

CDRL 28- Safety Analysis

The purposeof this plan is to provide a basis of understandingbetweenthe subcontractor

and URA to ensurethat adequateconsiderationis given to safety during all phasesof the

program.

Plan detalls the tasks and activities of system safety managementand system safety

engineeringrequiredto identify, evaluate,and eliminate or_control hazardsthroughoutthe

systemlife cycle.

CDRL 29 - Material SafetyDataSheets

ReferenceSOW paragraph3.5.5.2

CORL 30 Monthly Renort

ReferenceSOW paragraph3.11

CDRL 31 - Cost Reports

ReferenceSOW paragraph3.12

CDRL 32 - InterfaceControl Documents

Documentsshall be prepared to control the interfaces between two or more system

segmentsand to provide a commondatareferencefor the segmentswhere the control of a

single interfacerestswithin the design tasks delineatedwithin this SOW and the associated

specifications. Documentsshall specify in subparagraphsas appropriate, in quantitative
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terms with tolerances, the mechanical, electrical, and functional relationships of the

interfacingsystemsegments,to the level of detail necessaryto permit detail design.

CDRL 35 - ContractWork BreakdownStructure

ReferenceSOW paragraph3.5.1.

CDRL 36 - Contractor Organization

ReferenceSOW paragraph3.5

CDRL 37 - Lower Tier SubcontractData

ReferenceSOW paragraph3.5.2

CDRL 40- Training Syllabus

Training Syllabusshall include as aminimum:

a. Classroomand practicalapplicationtime,

b. Time allocatedfor eachtopic of instruction,

c. Scheduledorder of presentation,

d. Separateschedulelisting for classrooms,training equipment,and laboratory

use,

e. Resourcerequirementslist,

f. and Curriculum Outline providing detailedtraining datafor eachlesson.

CDRL 41 - MaintenanceManual

Thesemanualsshall include detailedmachinefunctions, basic diagnosticoperations,basic

operationalprocedures,operation of maintenanceswitchesand associatedtest equipment,

recommendationsfor preventative maintenanceschedules,and suggestedmaintenance

routines. When a commercial manual is available and considered adequate, the

subcontractormay recommendthe manualandsubmita copy for approval.

77



04/06/94 10:14AM

Revision: 0

DRAFT 2

TECHNICAL SPECIFICATION

of the

Tunnel Distribution Box TDB

part of the

Sector Tunnel System STS

for the

Collider Main Ring

[High Energy Booster HEB Ring

submitted by the

Superconducting Super Collider Laboratory SSCL

Accelerator Systems Division / Cryogenics Systems Department

Prepared by:

Donald S. Finan

ASD / Cryogenics

Approved By:

ASD/ Cryogenics



Table of Contents

2



Tunnel Distribution Box TDB

1.0 ScolDe

This specification, in conjunction with associated drawings and other
applicable documents, details the technical requirements of the
design, configuration, fabrication, materials, quality assurance,
inspection, testing, cleaning, and packaging for the Tunnel
Distribution Box TDB for the Superconducting Super Collider
Laboratory, operated by the Universities ResearchAssociation URA.

The TDB is a helium cryostat system that is an intregal part of the
Collider [high energy booster HEB] underground cryogenic equipment
will be installed in the tunnel adit area.

1.]. Intended Use

The TDB will be used to convey and control helium and nitrogen flows
within the Collider [HEB] dipole magnets string located within each
tunnel sector.

1.2 Associated Equipment

The TDB is to interface with the Adit Transfer Line ATL, the.
Nitrogen Distribution Box NDB and the four [two] SPRF Feed Spools.
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2.0 Applicable Documents

The following documents of the exact issue shown form a part of this
specification document to the extent specified herein. If a conflict
arises between the documents referenced below and the contents of
this specification, the latter shall prevail.

2.1 Industry and Society Documents

American Society of Mechanical Engineers ASME

B31.3: Chemical Plant and Petroleum Refinery Piping

American Society for Testing and Materials ASTM

a. A 312: Stainless Steel Pipe

b. A 269 Stainless Steel Tubing

c. A 380-88: Standard Practice for Cleaning and
Descaling Stainless Steel Parts, Equipment, and Systems

d. E 493-7380, E 498-7380, E 499-7380: Standard
Test Methods for Leaks Using the Mass Spectrometer Leak
Detector .. various modes

CompressedGas Association CGA

a. CGA P-12: ‘Safe Handling of Cryogenic Liquids

b. CGA P-14: Accident Prevention in Oxygen-Rich and
Oxygen-Deficient Atmospheres

c. CGA S-l.3: PressureRelief Device Standards-Part 3:
CompressedGas Storage Containers

d. CGA 341: Insulated Cargo Tank for Cryogenic Liquids

National Institute of Standards and Technology NIST-formerly
[NBS

NIST Technical Note 1334: Thermophysica]. Properties of
Helium-4 from 0.8 to 1500 K with Pressures to 2000 MPa
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2.2 SSCL Documents

The following are required documents for use in the design of the
Tunnel Distribution Box TDB

SSCL Dwg. Number Title

AHA xxxxx Sector Distribution System, P&ID

AHA 07001 Tunnel Distribution Box Shell

ABA 620xx Tunnel Distribution Box, "xxx" Lines

tbd tbd

The following documents provide additional information and background
but are not part of the requirements of this specification:

1. SSC Cryogenics System," Site-Specific Conceptual Design
SSC-SR-l056. Dallas, Texas: SSC Laboratory, July, 1990.

2. Than, R., S. Abramovich and V. Ganni. The SSCL Cryogenic
System Design and the Operating Modes,’’ SSCL Cryo Note 92-12,
October 1992.

2.3 Source of Documents

Any difficulty in obtaining the applicable documents should be
referred to the SSCL Subcontract Administrator. Documents may be
obtained from the following:

2.3.1 Industry and Society Documents

Copies can be obtained from the appropriate professional organization
referenced. Reference copies of technical society and association
documentsare generally available in libraries.

2.3.2 SSCL Documents

Frank Rydeen
Deputy Chief Engineer
2550 BeckleymeadeAvenue
Dallas, TX 75237
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3.0 Requirements

3.0.1 System Configuration

a. SSCL drawing tbd specifies the required configuration:
i.e., size of the vacuum vessel, location and dimensions of
required design penetrations, support details and orientation of
piping at the interfaces.

b. The routing of piping inside the vessel is conceptual, and must
be designed in detail by the Subcontractor as specified in tbd
and conforming to the respective P&ID drawing.

c. The six 6 interface connection ports dimensions must be held
to tolerances as shown on the tbd drawing.

d. Any deviations from this configuration must be shown as an
exception to this specification.

e. Valving will be specified by SSCL within the requirements
Appendix tbd

3.0.2 Descriptions

The Tunnel Distribution Box TDB is a distribution cryostat that is
installed within the tunnel area of the Collider [ high energy
booster HEB and will be used to convey helium and nitrogen within
the tunnels. It is installed between the Adit Transfer Line ATL,
the Nitrogen Distribution Box NDB and the four [two] SPRF feed
spools. It consists of a series of piping circuits each with
distribution headers and control valves. These circuits control the
flow of cryogens to and from the Collider [HEB] rings.

The Collider {HEB} will contain one TDB per refrigeration Sector
which gives a total of ten per the Collider two for the HEB.

Refer to Appendix tbd for flow diagram and isometric drawings for
details of a N25 site model Tunnel Distribution Box TDB for the
Collider.

The following descriptions are based on the N25 Collider model:

3.0.2.1 4K He Supply Circuit 4KHeSply

The 4K He Supply Circuit receives 4K helium from the ATL and
distributes this cryogen to the four [two] magnet strings. The
flow from the ATL starts with a 3"NPT line, manifolds to four
[two] 3. 1/2"NPT flow meter elements. From each flow meter, a 1
1/2 NPT" line connects to a control valve and then exits to the
Feed Spool Piece SPRF interface.

3.0.2.2 4K He Return Circuit 4KHeRtn

The 4K He Return Circuit receives 4K plus helium from the four
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[two] magnet strings and returns this cryogen to the ATL. The
interface from each SPRF starts with a 1 1/2" NPT line and
connects to an isolation valve. Each valve outlet connects to a
3" NPT manifold which exits to the ATL interface.

3.0.2.3 20K Supply Circuit 2OKHeSply

The 20K Supply Circuit receives gas heliumGHe from the ATL and
distributes this cryogen to two a single magnet strings. The
flow starts with a 4"NPT line, manifolds to two [a] 3"NPT flow
meter elements. From each flow meter, a 3"NPT line connects to
a control valve and then exits to a SPRF interface.

3.0.2.4 20K Return Circuit 2OKHeRtn

The 20K Return Circuit receives Cue from two { a single} magnet
strings and returns this cryogen to the ATL. The interface from
each SPRF starts with a 3"NPT line and connects to an isolation
valve. Each valve outlet connects to a 4"NPT manifold which
exits to the ATL interface.

3.0.2.5 Gas Helium Return Circuit GHeRtn

The Gas Helium Return Circuit receives GHe from four two
magnet strings and returns this cryogen to the ATL. The
interface from each SPRF starts with a 3"NPT line and connects
to an isolation valve. Each valve outlet connects to a 4"NPT
manifold which exits,to the ATL interface.

3.0.2.6 80K Liquid Nitrogen Supply 8OKLN2

The 80K Liquid Nitrogen Supply System consists of five {three}
separate piping circuits within the TDB. The circuit #1
receives liquid nitrogen from the ATL and distributes this
cryogen to the TDB shield and the Nitrogen Distribution Box
NDB. This flow starts with a 3"NPT line and branches to the

TDB shield piping system. The main 3"NPT run continues through
the TDB to the NDB interface. Circuits #2,3,4,5 {#2,3} are
separate distribution runs from the NDB directly to each SPRF
interface.

3.0.2.7 80K Gas Nitrogen Return 8OKGN2

The Gas Nitrogen Return Circuit receives GN2 from four two
magnet strings and GN2 from the NDB and returns these cryogen
flows to the ATL. The interface from each SPRF starts with a 2
1/2"NPT line and connects to an isolation valve. The outlet
from each valve and the line from the NDB connect to a 4"NPT
manifold which exits to the ATL interface.

3.0.2.8 Vacuum Vessel and Thermal Shield

The vacuum vessel is a horizontal cylinder with full diameter
accessports removable heads on each end. These large ports
are to be used for the initial assembly of the internal piping
and thermal shield. These access ports and others on the
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cylinder surface will also be used for maintenance operations
and instrument servicing, in particular the ventui flowmeters.
An internal thermal shield is cooled by a 80K nitrogen side-
stream supplied by a small LN2 vessel mounted above the shield
within the main vacuum vessel shell. This entire vessel, with
protruding interface connection ports, is inserted into the SSC
Collider [HEB tunnel adit which has limited room for
maneuverability and service access. The connection ports are to
be designed for ease of assembly at the ATL, NDB, and SPRF’s
interconnect points. The surfaces of these components,
consisting of inner process piping, shield material and outer
vacuum shell, must be precisely located for a proper fit to each
mating part.
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3.1 Process Piping Requirements

Compensationfor the thermal expansion and contraction of the inner
pipe relative to the vacuum vessel shall be by a method which results
in an allowable stress in the piping, vacuum vessel and other
components The Subcontractor shall design the pipe sections between
valves and other componentsto prevent excessive lateral loading on
the valves. All valves must be able to operate freely under any
combination of design loadings.

The Subcontractor, as part of his design function, shall perform
stress analysis of the piping and other equipment and supports.
The results of the stress analysis and drawings of pipe supports,
anchors and piping layout drawings shall be submitted to the SSCL for
review and approval before fabrication of the piping system.
Examples of piping analysis that include contraction of piping due to
thermal differences are shown in Appendix tbd

The Subcontractor shall provide supports, as necessary, for all
piping and valves, provided under this specification.

All low temperature piping circuits shall be equipped with provision
for relief valves for each volume that can be isolated. Relief
valves shall be sized and provided by the Subcontractor.

The process piping and shield piping shall be constructed of
austenitic stainless steel AISI 304L or 304 as specified in below.
Seller shall identify all materials of construction in proposal.

The SSCL requires that long radius elbows R/D = 1.5 be used
wherever possible in order to reduce the pressure drop.

The following coefficients shall be used for the pressure drop
calculations except where Seller believes that values should be used
which result in a higher pressure drop.

Item Velocity
Heads

Standard Elbow r = d 0.90
Long Sweep Elbow r=1-
1/2" d

0.60

45° Elbow 0.42
Tee branch flow 1.8
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3.1.1 General specifications and references

a. P&ID drawing tbd , shall be used to develop detailed
piping design drawings.

b. All piping shall be designed, fabricated, inspected,
installed and tested per ASME Standard 831.3, "chemical Plant
and Petroleum Refinery Piping". The requirement for impact
tests at design temperature on the thin wall piping
thickness c .099" will be waived.

c. Process piping shall conform to ASTN A312 "Standard
Specification for Seamlessand Welded Austenitic Stainless
Steel Pipes" and material shall be type 304 or 304L
stainless steel. Instrument tubing shall conform to ASTN A
269 "Standard Specification for Seamlessand Welded
Austenitic Stainless Steel Tubing for General Service"

d. All piping shall be cleaned per ASTM. .A 380-88.

e. All piping shall be designed for a maximum allowable working
pressure MAWP of 300 psi 20 bar minimum at a temperature
of 4K

f. Minimum process pipe wall thickness shall be Schedule SS.

g. The design of piping supports shall be per current industry
standards and shall be based on a flexibility analysis as
required by ANSI 331.3 and the worst case operating
conditions as listed in Table 1 for each piping system.
Expansion joints are not allowed. Allowance for contraction
shall be provided through the configuration of the piping
runs including piping loops if required.

h. All joints shall be welded and leak checked with a helium
MSLD for a maximum leak rate of 10-9 mbar liter/sec per ASTM
#.E 493, 498, 499.

i. The completed piping system shall be leak checked per ASTM
#.493, 498, 499.
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3.1.2 Piping System Parameters

The design of the piping system shall be based on the following
nominal values:

Table 1:

Process Piping System 4KHeSply 4KHeRtn 20K
HeSply

20K
HeRtrt

Fluid Service supercriti
cal helium

at4K

supercriti
cal helium

at4K

gas
helium
at2OK

gas
helium
at2OK

Process Points per Dwg
tbd

from ATL
to SPRF

from SPRF
to ATL

from
ATL to

SPRF

from
SPRF to

ATL

Approx. Length, Ft. tbd tbd tbd tbd

Max. Allowable Pressure
Drop, mPa including valve
loss

tbd tbd tbd tbd

.

Design Flow per Branch, g/s 100 25 100 100

Steady State Operating
Pressure , bar

4.0 3.5 3 2

Steady State Operating
Temp., K, minimum

4 4 14-18 28
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Table 1 cont

Process Piping System GHeRtn 8OKLN2 SOKLN2 8OKGN2

Fluid Service gas
helium

4K

liquid
nitrogen
supply at

80K

liquid
nitrogen
supply at

80K

gas
nitrogen
return
at 80K

Process Points per Dwg
tbd

from
SPRF to

ATL

from ATL
to NDB

from NDB
to SPRF

from
SPRF to

ATL

Approx. Length, Ft. tbd tbd tbd tbd

Max. Allowable Pressure
Drop, mpa including
valve loss

tbd tbd tbd tbd

Design Flow per Branch,
g/s,

68 4800 1200 1200

Steady State Operating
Pressure , bar

.77 3-10 3-10 1.5

Steady State Operating
Temp., K, minimum

3.95 80-85 80-85 85
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3.2 Vacuum Vessel Requirements

3.2.1 Dimensions

The vessel and interface connection dimensions shall conform to
Drawing tbd

3.2.2 Material and Pressure Rating

The vacuum tanks shall be constructed of stainless steel type 304L or
equal for the following conditions:

External pressure Atmospheric Pressure
Internal pressure Full vacuum
Minimum Temperature 245 K
Maximum Temperature 320 K

3.2.3 Insulating Vacuum

Vacuum vessel shall be isolated by appropriate vacuum barriers and
shall not require dynamic pumping. Each SPRF spool piece interface,
Adit Transfer Line ATL interface and NDB interface shall have a
vacuum barrier or stop.

Vacuum space shall be provided with a pumpout valve arranged for
intermittent pumping. Seller shall furnish 4 inch vacuum valves,
type tbd . Seller is not required to provide a pumping station
for these lines. Gettering material in the vacuum space is
acceptable. Vacuum retention shall be guaranteed for a period of
one1 year, by appropriate testing procedures.

The vacuum vessel shall be equipped with an over pressure relief
valve. The capacity of the relief valve shall be such as to protect
the vacuum casing from over pressure when subjected to the maximum
delivery of process fluid, at system pressure, into the casing via a
ruptured process line or expansion bellows. Materials such as
multilayer insulation or other, used in the insulation system shall
be restrained from entering and causing risk of plugging the relief
vent area. Typically, a spring loaded relief valve or weighted hinged
closure is acceptable.

Provisions for vacuum sensors, 1-inch Goddard fitting for a cold
cathode gage and 1/8-inch FPT for a thermocouple gauge, shall be
provided at each of the valve boxes. The Subcontractor is not
required to furnish any vacuum instrumentation.

3.2.4 compatibility:

The Subcontractor shall submit a list of the proposed equipment, such
as pump out valves, etc. showing manufacturer and details of
construction, to the SSCL with the proposal.

13



3.2.5 Heat Shield

The TDB shall have a thermal heat shield attached to the 80K line and
having multilayer insulation MLI between it and the vacuum vessel
300K. Interior lines shall be separated by multilayer insulation.
All valves and pipes that penetrate the vessel shell to room
temperature shall be heat stationed to the heat shield and properly
insulated from ambient temperatures.

3.3 Valve Requirements

Refer to Appendix tbd for valve assembly details and size
restrictions.

Valving shall be designed for helium service at 4K and contain limit
switches for open/closed position indication. Valve
actuators.. tbd.

Selection and sizing of valve assemblies shall be subject to SSCL
review and approval.

Cold valves without LN2 heat intercept in any helium system shall
not exceed the following heat leak from ambient temperature to 4 K:

Valve Size Heat Leak
inches Watts I

1/2, 3/4, 1 < 1.5
1-1/2 < 2.5

2 < 3.0
3 <5.0
4 < 7.0

All cold valves for helium service shall incorporate a stainless-
steel sealed bellows, a double seal, and a sample port for leak-
checking the shaft spindle interspace. Instrument valves shall be
standard single seal bellows type. Within the valve trim, the plug
shall be removable and the seat shall be repairable in place if not
removable. The bellows shall have a proven lifetime of at least
20,000 cycles. In addition, cold valves shall be designed to prevent
thermal-acoustic oscillations.

All valves supplied as parts of the cryogenics system shall be
stampedwith flow arrows on the body and if relevant on the vacuum
jacket.

All valve seals and trim shall be soft seat and, together with
control plugs, shall be easily replaceable.

All valves except hand valves shall have a fail-safe position.

Sonic flow through valves is not acceptable for steady-state
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conditions.

15



3.4 Safety Devices

System shall have safety devices to meet applicable codes and
regulations and protect personnel and equipment during malfunctions
and fault conditions. The pressure-relief settings shall conform
with the requirements given elsewhere in this specification and with
the applicable standards. Unless otherwise stated, relief valve
settings shall be a minimum of 2 bar or 10% above normal operating
pressures, whichever is greater. Piping and system design shall meet
or exceed the above relief valve pressure rating.

All volumes throughout the system which can be isolated with
cryogenic fluids and / or have a potential for over pressure shall be
equipped with relief valves.

Relief valve ports of vessels and chamberswith multilayer insulation
shall be screened to prevent inlet blockages.

All relief valves shall be easily demountable for inspection and
resetting.

All pressure relief devices shall be located so that there is
unobstructed access to them with a hot-air blower.

3.5 Vacuum, Leak Rate

The TDB shall be built to high vacuum standards.

a. All componentsshall have a demonstratedhelium leak rate less
than 1. x io-9 mbar l/s, with the following exceptions:

Demountable seals <1x107 mbar 1/s.
Relief valves after repeated use 20 times <1xl02

bar 1/s

b. The helium leak rate shall be tested at 1 bar differential and
ambient temperature conditions. The integral leak rate shall be
demonstrated better than lx107 mbar 1/s.

c. Vendor shall submit leak-checking procedures before construction
begins.

d. Connections in vacuum system shall be metallic rigid tube or
flexible bellows.

e. Rubber and plastic hoses or fittings are not permitted in the
vacuum system.

f. The subcontractor shall design and construct the equipment
supplied in such a way that it can operate with total helium
losses which do not exceed tbd per day and with no
significant air leakage into vacuum over a period of six 6
months.
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3.6 Cleaning, Surface Treatment

a. Cleaning of internal surfaces of piping, valves, and devices
shall meet requirements for normal refrigeration/cryogenic
equipment not exposed to liquid air or oxygen, ASTM A 380 - 88,
Standard Practice for cleaning and Descaling Stainless Steel
Parts, Equipment, and Systems. The subcontractor shall submit
detailed cleaning procedures before construction starts.

b. All flux residue from brazed or soldered connections, all weld
spackle and slag, and all sand and other particulates shall be
removed. Systems shall be drained and purged of all solvents
and any water from pressure tests and shall be thoroughly dried.

c. Visual inspection under bright and black light shall indicate no
moisture, rust, foreign matter, film, or accumulation of oil,
grease, or paint.

d. Cleaned internal surfaces shall have sufficient protection to
maintain established cleanliness.

3.7 Instrumentation Requirements

3.7.1 Flow Meters

All flowmeters shall be the Venturi type . tbd

All flowmeters shown on P&ID drawings shall be supplied by the
Subcontractor . The flowmeters shall be mounted in areas accessable
to the manway ports. tbd. They shall be capable of resolution of
0.5% in the range of 20 g/s to 200 g/s with a differential pressure
of 20" H20 at 4.3 K and 100 g/s. The differential pressure
transducer shall be a tbd high line low differential transmitter
or approved equal with an output as specified in Appendix II.

3 7.2 Temperature Sensors

The Subcontractor shall supply all temperature sensors to be
installed in the system. They shall consist of carbon glass
elements. Each thermometry position shall have at least two sensor
elements mounted for reliability. All carbon glass elements may be
treated as normal three wire elements. Since proper sensor mounting
and heat sinking is of primary importance for accurate thermometry, a
representative of the SSCL shall be present to observe the
installation procedures described in tbd. Since each sensor is
individually calibrated, accurate information shall be logged at the
time of installation to assure the SSCL that the mounted sensor
serial number and exact location are known.

The Temperature Sensor Mount Drawing tbd illustrates the method to
be used by the Subcontractor to mount a temperature sensor.

The vacuum electrical feed-throughs shall be a hermetic feed-through
compatible with an AN connector. The total number of wires shall be
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the sum of all the necessary leads for the items shown on the
applicable P&ID drawing plus 4 spares.

All leads coming from the various temperature sensors are to be
clearly marked, color coded and shown on a Seller furnished
temperature sensor wiring diagram.

3.7.3 Pressure Taps and Sensors

All pressure taps shall be supplied by the Subcontractor per the P&ID
drawing tbd

a. All process points are measuredas static pressures. Wall
tap shall be 4 mm or smaller in diameter, with a sharp, burr-
free edge, installed normal to flow boundaries in straight tube
or pipe sections. combined pressure/temperature taps are not
acceptable.

b. Pressure sensor connections shall be made with 300 series
stainless steel tubes of 4 mm inside diameter. Wall thickness
and overall length shall be optimized for minimal heat
conduction with adequateweldablity at connection points.
Instrument tubing shall be heat-stationed to the 80K heat
shield.. Each line between process point and sensor both low
and high pressure lines in case of a differential pressure
sensor shall be equipped with a loop for vibration isolation
and thermal stabilization, and shall have an external isolation
valve. Differential pressure sensors shall also have a bypass
valve.

c. Valved test ports shall be installed on all pressure
sensors.

d. VCO style fittings shall be used on pressure sensing lines
and test ports.

e. Unless the difference of two process points is measured,
all pressure measurements shall be absolute.

f. Pressure sensors shall be capable of withstanding pressures
to 150% of the maximum rated system pressure or 2 bar over the
sensor’s relief valve setting, whichever is greater, without
requiring recauibration.

g. Pressure sensors shall not be mounted inside coldbox vacuum
vessels, dewar vacuum jackets, or pipe vacuum jackets.

h. Pressure sensor loop accuracy shall meet or exceed the
following full-scale specifications:

Accuracy ± 0.5%

Sensitivity 0.1%
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Repeatability o. 1%

Stability ± 0.1%/yr
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3.8 Performance Requirements

The drawings and appendices reflect required design elements of the
TDB. The Subcontractor can deviate from the required design only
with the written concurrence of the SSCL.

3.8.2 Heat Load Requirements

A heat load budget has been set for the TDB as follows:

10 ?? Watts into the 4K line

150 ?? Watts into the 80K line.

This includes valves, piping, supports, and any other contributors to
the heat load by conduction, convection and/or radiation.

The Subcontractor shall provide, with the proposal, calculations
supporting Sellers ability to meet these heat load budget figures.
The Subcontractor shall submit at that time a list showing the
estimated heat load of each piping run within the TDB including
cryogenic valves which contribute to the heat load.

3.8.3 Pressure Drop Requirements

The line sizes tbd within the Collider N25 model TDB result in an
acceptable pressure drop in the helium system. The Subcontractor
shall not make changes that will result in an increase in the
pressure drop of the system without written approval from the SSCL.

The allowed pressure drops are listed in Table 1.

When the design is complete, before fabrication begins, Seller shall
submit, for Buyer’s approval, a report which contains detailed
calculations showing that the design conforms to the heat load and
pressure drop requirement above.

Equipment provided must meet all of the Testing Requirements of
Section tbd

3.9 Reliability and Availability Requirements

Collider operation is suspendedwhenever any Tunnel Distribution Box
TDB fails. Failure is defined as the inability of the TDB to
properly dispense and control the cryogens flowing though its lines.
The TDB units are links within the cryogenic system that, by design,
have no backup or bypass system to take over in case of failure.
Also, the size and location of the TDB will not allow replacement of
this device during any temporary or planned shutdown periods.
Therefore reliability is of prime concern. Since there are few
moving parts, mainly in the form of valve components, it is expected
that the availability should be 100% throughout the life of the SSCL.
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Reliability, maintainability, and availability allocations for all
the collider subsystemsare given in SSCL document tbd

Failure mode analysis is required to be performed by the off eror.
Fault tree analysis is required to show tbd

The off eror shall supply a schedule for the anticipated accelerator
non-operating periodic maintenance required to produce the described
level of availability.
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4.0 Quality Assurance Requirements

tbd

5.0 Preparation for Delivery

tbd

6.0 Notes

tbd
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1.0 SCOPE

TheCryogenicsDepartmentof theAcceleratorSystemsDivision ASD of the SuperconductingSuper
Collider Laboratory SSCL is procuring Underground Distribution Box UDB for usein the High Energy
BoosterHEB andSuper Collider rings. This Statementof Work SOW definesthe work requiredby the
subcontractorto fabricateeleven11 UndergroundDistribution Box UDB for the Superconducting
SuperCollider Laboratory SSCL. Technical requirements for the UDB are containedin the Productand
Material Specifications for the Underground Distribution Box, document numbers, XXXXXXXXXX arid
XXXXXXXXXX,respectively.

1.1 BACKGROUND

UniversitiesResearchAssociationURA is the prime contractorto the U. S. Departmentof Energy
DOEfor the SuperconductingSuperColliderSSCproject. As such,URA is responsiblefor the overall
design,development,production,construction,installation,operation,andmaintenanceof the SSC. The
SSCrequirescryogeniccooling in its High EnergyBoosterHEB and SuperCollider SC rings. The HEB
is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The HEB is
divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhasa refrigeration

plant on the surfacewhich suppliesliquid helium to cool the stringsof superconductingmagnetsin the
sector.

Thereis oneUDB locatedin the cryogenicalcoveat eachof the 12 utility shafts; 2 for the FEB and 10

for the SSC. Thebasic contractcalled for the design,fabrication,and installationof a prototypeUDB at
N.15 of the SSC. The fabricationof eleyen11 productionUDB, two 2 for the HEB andnine9 for the

SSC,is includedin this SOW.

Procurementof thesesystemsis beingarrangedandcoordinatedby the CryogenicsDepartmentof

the AcceleratorSystemsDivision ASU of the SSCL.

1.2 OBJEaIVE

Theobjective of this procurementis to deliver productionUDB, with accompanyingdataandspare

parts, in accrodancewith Section F of this subcontracton the schedulerequired to support collider

operation.

13 SUMMARY OF SUBCONTRACTOR ACTIVITIES

The scopeof work to be performedby the subcontractorincludes but is not limited to the following:

a. Maintenanceof the designbaselineestablishedunderthe basiccontract.

b. Conductof a ProductionReadinessReviewPRR.

C. Fabricationof eleven11 productionUDB.

I



2.0 APPLICABLE DOCUMENTS

2.1 RESERVED

2.2 SSCL DOCUMENTS

a. SSCL StandardP40.000031ConfigurationManagementPlan

b. AHW-XXXXX.XXX DevelopmentSpecificationfor the Underground Distribution Box

c. AcceleratorSystemsDivision SafetyandHealthProgramManual

d. SSCL PracticeDl0.000003,HazardAnalysis Instructions

e. SSCL LaboratoryEnvironment,Safety,andHealth Manual,D1OM0001

f. XXXXXXXXXX, ProductSpecificationfor the UndergroundDistribution Box.

g. XXXXXXXXXX, Material Specificationfor the Underground Distribution Box.

23 OTHERDOCUMENTS

a. DOE 5481.IB,Safety AnalysisandReviewSystem

b. SubcontractorQuality AssurancePlan

c. SubcontractorProgramManagementPlan

d. SubcontractorConfigurationManagementPlan
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3.0 SUBCONTRACTOR RESPONSIBILITIES

The subcontractorshall furnish all materials, labor, facilities, equipment,supplies, tools,
documentation, management,and support servicesrequired to complete the tasks defined herein. The

work shall be performedin accordancewith this Statementof Work and the Specificationsfor the
Underground Distribution Box.

3.1 START OF WORK MEETING

Thesubcontractorshall conducta Startof Work Meetingof the UDB no later thanthe datespecified
in Section F of the Subcontract. The purposeof this meetingis to clarify the requirementswith the

subcontractor.As a minimum,the following itemsshall be addressed:

a. ProductandMaterial Specifications

b. Statementof Work

c. ContractDataRequirementsUst

d. Cost/Schedule

e. ConfigurationManagement

f. Quality Assurance

g. Producibility

h. Installation

i. SafetyProgram

CDRL No. 1 - MeetingAgendas
CDRL No.2- MeetingMinutes

3.2 PRODUCTIONREADINESS REVIEW PRR

The subcontractorshall conducta PRRno later thanthedatespecified in SectionF of the Subcontract.

The purposeof this review is to obtain URA concurrencethat any UDB designproblemsencountered

duringdevelopmenthavebeenresolved,and that adequatedocumentation of technicalreadinessand

anticipatedproductioncostsareavailablefor productionphaserelease. As a minimum, the following

itemsshall beaddressed:

a. Productdesign:

1. Producibility,

2. Reviewof designchangesduringfirst article build and install,

3. Designvalidationfor performance,reliability, andmaintainability.

b. Plantcapacity,skilled personnel,and training resources.

c. ProductionEngineeringandPlanning:

1. Compatabilityof productionschedulewith delivery requirements,
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2. Integrationof manufacturingmethodsand processeswith facilities, equipment,tooling,

andlayout.

d. Materialsandpurchasedparts:

1. Completenessof bill of materials,

2. Identification of long leaditems,

3. Adequacyof inventorycontrolsystem.

4. Sparepartrequirements.

e. Quality Assurance.

f. SafetyProgram.

CDRL No. 1 - MeetingAgendas
CDRL No.2- MeetingMinutes

3.3 FABRICATION

The subcontractorshall fabricatealt componentsof eleven11 productionUDB in accordancewith the

approvedprogrammanagementplanandthe applicablecodes,standards,URA approvedspecifications,
andthe requirementsof this Statementof Work. Delivery of the productionunits will be in accordance

with SectionF of the subcontract.

3.3.1 Schedule

The subcontractorshall maintain a fabricationschedulefor all componentsdelineatingmilestones,

witnesspoints, testing, and shippingdates, This scheduleshall be accordancewith Section F of this

subcontract.This scheduleshall be maintainedas an integral part of the programscheduledescribedin

Section3.5.3.

CDRL No. 27-ProgramSchedules

3.3.2 ShopWitness Points

Thefollowing witnesspointsshall beincludedin the subcontractor’sfabricationschedule.LJRA shall

benotified at leastfive 5 workingdaysin advanceof each witnesspoint.

a. Shopfunctionaltests.

b. Final shoppressureand temperaturetestsand vacuumleak checking.

3.3.3 Material Control

The subcontractorshall implementmaterial control proceduresin accordancewith the UDB quality

assuranceprogram,UDU systemspecifications,and the Parts QualificationPlan approvedunder the

basiccontract.
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33.4 ProcessesandMethods

As requiredby the URA approvedQuality AssurancePlan, the subcontractorshall maintainand
follow written proceduresfor all special fabricationprocessesrequiredto satisfythe provisionsof the
UDB specifications.Such processesshall include, but are not limited to: welding, brazing,heat treating,
non-destructiveexamination,chemical machining,cleaningand packaging,leak checking, and pressure
testing. Proceduresshall conform to the recommendedpracticesof the applicablecodegoverningthe
designof the componentASME, AWS, etc..

33.5 Testing

The subcontractorshall conducta fabrication testprogramduring fabricationand assemblyof the
UDB components.Testsrequiredby the UDS specificationsand the subcontractor’squality assurance
programshall be included. The fabricationtestprogram shall be conducted in accordancewith the FTP

submittedandapprovedunderthe basic contract.

For eachtest the FTPshall includethe following:

a. Descriptionof objectivesanddefinition of criteria

b. Identificationof equipmentand suppliesrequired

c. A detailedtestprocedure

d. Formsfor reportingthetest results

Test resultsshall be reportedto 1.JRA. For each test for which a witnesspoint has beenidentified in

Sections3.3.2 and3.3.4,above,the resultsshall be reportedto URA within five 5 daysof completionof

the test.

CDRL No. 18- WitnessedFabricationTestResults

Theresultsof all fabricationtests,includingwitnessedtests,shaltbe compiledby the subcontractorin

aFabricationTestReportwhich shall be submitted to URA within thirty 30 daysafter completionof the

last test for eachunit. Note that this doesnot include acceptancetests. URA reservesthe right to

witnessanytestingconductedat anysubcontractorfacility, at anyof its vendors’facilities, or in thefield.

CDRL No. 19- FabricationTestReport

33.6 Spares

Sparepartssufficient for two yearsof operationshall be identified. All spareparts shallbe listed in

the sparepartslist. URA reservesthe option to purchaseanysubsetof the sparepartslist.

CDRL No.20 - SpareParts List
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33 RESERVED

3.4 RESERVED

3.5 PROGRAM MANAGEMENT

The subcontractorshall managethe fabrication tasksdefined by this SOW in accordancewith the

UDB programmanagementplan referencedin Section 2,3, above. The subcontractorshall providea

single point of contact for all data, information, and policy communications to and from the URA

subcontractadministrator.The languageof communicationfor all activities associatedwith the UDB shall

beEnglish.
The subcontractorshall describethe structureof their organizationwhich will contributeto the

performanceof this contract,andshall identify responsiblepersonnelby positionandby name.

CDRL No. 36- ContractorOrganization

3.5.1 ContractWork BreakdownStructureCWBS

The subcontractorshall deliver a CWBS. The subcontractorshall identify within the CWBS all

significantsubcontractualelementsand tasks.The subcontractorshall not changethe CWBSor associated

definitions for anycontractualelementsor tasks at level threeor abovewithout iRA approval.Changes

at lower levels maybe madeby the subcontractoras deemednecessary.Schedulesshall be keyed to the
CWBS andthe SOW deliverables.

CDRL No. 35 - ContractWork BreakdownStructure

3.5.2 LowerTier SubcontractManagement

Thesubcontractorshallprovidemonthlyschedule,supportability,andtechnicalprogressinformation

aboutlower tier subcontractsto URA. The subcontractorshall implementprogramplanningand control

necessaryto accomplishthe lower tier subcontracteffort. The subcontractorshall inform the iRA
subcontractadministratorof, and invite URA personnel to, all Lower tier subcontracttechnical
interchangemeetings,designreviews,test reviews,andprogrammanagementreviews.

CDRL No. 37- LowerTier SubcontractData

3.5.3 ProgramSchedules

The subcontractorshalldevelopand maintaina masterscheduleof milestonesandeventsplannedto

occur throughoutthe durationof the contract.The subcontractorshallextendthe masterscheduleto the

lowestCWBS level necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be

updatedmonthlyarid reportedto URA.
CDRL No. 27-ProgramSchedules

3.5.4 ConfigurationManagementCM andControl

Configuration control shall be performed in accordancewith the CM section of the subcontractor’s

programmanagementplanas approvedby URA.

6



3.5.5 SystemSafety

3.5.5.1 SafetyAnalysis
Thesubcontractorshallensurethat safetyis aninherentpartof fabricationand installationprocesses.

The subcontractorshall identify potential risk factorsassociatedwith fabrication, installationandhuman
operationsincluding detailedhazardanalyses.The subcontractorshall perform a hazardanalysisthat
comprehensivelyaddressessafety issuesaccording to Section2.2.d, using Section2.3.a as a guide,
including but not limited to: Industrial safety,fire protection,environment,andindustrial hygiene.Risk
assessmentsshall be performedandmitigation methodsapplieduntil all identified risks arewithin the
limits definedin theUDB specifications.

CDRL No. 28- Safety Analysis

3.5.5.2 MaterialSafetyDataSheetsMSDS
The subcontractorshall prepareand deliver all currentmaterial safetydata sheetsfor any hazardous

material in the deliveredenditem. TheMSDS shall consistof the following sections:

a. Identification: The companyname,addressand emergencyphonenumberof the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their commonnames,

worker exposurelimits to the substance,andotherrecommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and chemical

characteristicsof the material,suchas: boiling point, vaporpressure,vapor density,melting

point, evaporationrate,appeaiance,odor,andcolor undernormalconditions.

d. Physicalhazards:Physicalhazardsandrecommendedmethodsfor handlingthehazards.

e. Reactivity:Stability of the material,and identificationof substancesthat whenmixed with

the materialcauseit to becomeunstable.

f. Healthhazards:Ways the material could enterand affect the body of a personwho hasbeen
exposed.

g. Precautionsfor safehandling and use:Proceduresfor safely handling the material, and

proceduresto follow in caseof a spill or leak of the material.Properstorageproceduresfor

the material shall be includedin this section.

h. Control measures:Methodsand equipmentto be usedwhen in contactwith or exposedto
the material.

CDRL No. 29- Material SafetyDataSheets

3.5.5.3 On-SiteActivities

All subcontractorpersonnelshall complywith Section2.l.e,SSC LaboratoryEnvironment,Safetyand

HealthManual requirementswhenperformingactivitieson an SSCLsite. All relatedsubcontractorplans

andproceduresshall ensurethat the subcontractor’semployeesreceive appropriatetraining prior to
performingon-siteactivities.Trainingshallbe coordinatedwith the SSCLSystemSafetyProjectOffice.
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3.6 QUALITY ASSURANCE

The subcontractorshall establishand maintaina quality assuranceprogram.Approval of the quality

assurancesection of the program managementplan constitutes URA concurrencewith the

subcontractor’sapproachto satisfyingprogramquality assurancerequirements.

3.7 SSCL NUMBERING SYSTEM

Documentidentificationwill be in accordancewith the documentnumberingsystemestablishedby

the SSCL for thosedocumentsdeliveredto the SSCL. The procedurefor useof the documentnumbering

systemwill befurnishedto the subcontractorby SSCLat the time of subcontractaward.

3.8 UNITS OF MEASURE

The subcontractorshall useeither the S.I. or English systemfor designdocumentation,drawings,

tooling, materials,and all otherapplicationswhereappropriate.However, interfacesbetweenthe UDS

and SSCL equipmentshall be in English units. piping, wiring, fasteners,etc. The systemselectedby

the subcontractorshall remain consistent throughout the proposal and for all work, with the

measurementgiven in parenthesesin the alternatesystemof notationfor all primarymeasurements.

3.9 RESERVED

3.10 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.10.1 TechnicalInterchangeMeetingsTIM

Thesubcontractorshall conducttechnicalinterchangemeetingsto coordinateprogramrequirements

andschedulesand to discussmutual interesttopics relatedto the SOW. Suchmeetingsmaybe formal or

informal in natureas dictatedby the topics to be discussedand mayor maynot require formal minutes.

Timing andlocationof meetingsshall be as requiredandagreedto by iRA and the subcontractor.

CDRL No. 1 - MeetingAgendas
CDRL No.2- MeetingMinutes

3.10.2 Resserved

311 TECHNICAL REPORTS

Thesubcontractorshall providea monthlywritten technical progressreportin subcontractorformat.

Thereportshall includethe following sectionsanddata,organizedby task:

a. Summaryof work performed,including milestonecharts, showingwork accomplished

duringthe monthandwork remainingto becompleted.

b. Discussionof problemsencounteredduring the previousmonthand proposedmethod of

solution.
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c. Planningdatafor futurework.

d. Any otherinformationdeemedappropriate.

e. Additional datarequestedby URA.

CDRL No. 30- Monthly Report

3.12 COSTREPORTS

The subcontractor shall provide monthly cost status reports to URA. The cost information shall

evaluatecost performanceagainstthe CWBS andcontractualdeliverables.
CDRL No. 31-CostReports

4.0 RESERVED

5.0 CUSTOMER FURNISHED PROPERTY/SERVICES
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ANNEX 1- CONTRACTDATA REQUIREMENTS LIST

CONTRACT DATA REQUIREMENTS LIST

UNDERGROUND DISTRIBUTION BOX
STATEMENT OF WORK
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CDRL TITLE SOW REF DELIVERY APPROVAL

I MeetingAgendas 3.1, .2 As Req’d No
3.10.1

2 MeetingMinutes3.1,2 As Req’d No

3.10.1

18 WitnessedFabrication 3.3.5 FT SD No
Test Fl’ Results

19 FabricationTestReport 3.3.5 As Req’d No

20 SparePartsList 3.3.6 PRR No

27 ProgramSchedules 3.5.3 Monthly No

28 SafetyAnalysis 3.5.5.1 Updates Yes

29 Material SafetyData 3.5.5.2 Updates Yes

Sheets

30 Monthly Report 3.11 Monthly No

31 CostReports 3.12 Monthly No

35 ContractWork 3.5.1 CA 30D Yes

BreakdownStructure

36 ContractorOrganization 3.5 CA 30D No

37 Lower Tier Subcontract 3.5.2 Monthly No

Data

Deliveri, Examples- CA 30D = 30 days after ContractAward, Updates= RevisionsAs Req‘d based upon changesfro;

submittedunderthe Basic Contract
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CDRL 1- MeetinAgenda

Meetingagendanotificationsshall includeas a minimum:

a. location,dates,and times,

b. namesof meetingchairpersonsor personcalling the meeting,

c. scheduleof itemsto be discussedand presenters,

b. andactionassignmentsandstatusform previousmeeting.

CDRL 2- MeetingMinutes

MeetingMinutes shall include,but arenot limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovidedby both subcontractorand URA,

d. andaction assignmentsidentified with schedulesand responsibilityfor

accomplishment.

CDRL 18- WitnessedFabricationTestResults

ReferenceSOW paragraph3.3.5

CDRL 19- FabricationTestReoort

ReferenceSOWparagraph3.3.5

CDRL 20- SpareParts List

ReferenceSOW paragraph3.3.6

CDRL 27- ProzramSchedules

ReferenceSOW paragraph3.5.3

CDRL 28-SafetyAnalysis

The purposeof this pLan is to providea basisof understandingbetweenthe subcontractorandURA to ensurethat

adequateconsiderationis given to safetyduring all phasesof the program.
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Plan details the tasks andactivities of systemsafety managementand systemsafetyengineeringrequired to

identify,evaluate,and eliminateor control hazardsthroughoutthe systemlife cycle.

CURL 29- MaterialSafetyDataSheets

ReferenceSOWparagraph3.5.5.2

CDRL 30- Monthly Report

ReferenceSOW paragraph3.11

CDRL 31- Cost Reports

ReferenceSOW paragraph3.12

CURL 35-ContractWork BreakdownStructure

ReferenceSOW paragraph3.5.1.

CURL 36- ContractorOrganization

ReferenceSOW paragraph3.5

CDRL 37- LowerTier SubcontractData

ReferenceSOW paragraph3.5.2
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LU SCOPE

TheCryogenicsDepartmentof the AcceleratorSystemsDivision ASD of theSuperconductingSuper
Collider LaboratorySSCLis procuringthe servicesrequiredto install UndergroundDistribution Boxes
UDB for usein the High Energy BoosterHEB andSuper Cotlider rings. This Statementof Work
SOW definesthe work required by the subcontractorto install eleven11 UndergroundDistribution
BoxesUDB for the SuperconductingSuperCollider LaboratorySSCL. Technicalrequirementsfor the
UDB are contained in the Product and Material Specificationsfor the Underground Distribution Box,
documentnumbers,XXXXXXXXXX andXXXXXXXXXX, respectively.

1.1 BACKGROUND

UniversitiesResearchAssociationiRA is the primecontractorto the U. S. Departmentof Energy
DOE for the SuperconductingSuperCollider SSCproject. As such,URA is responsiblefor the overall
design,development,production,construction,installation,operation,andmaintenanceof the SSC. The

SSCrequirescryogeniccooling in its High EnergyBoosterHEB andSuperCollider SC rings. The HEB

is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The HEB is
divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhasa refrigeration
plant on the surfacewhich suppliesliquid helium to cool the stringsof superconductingmagnetsin the
sector.

Thereis one UDB locatedin the cyogenicalcoveateachof the 12 utility shafts; 2 for the HEB and 10

for the SSC. The basic contractcalled for the design, fabrication,and installationof a prototypeUDB at

N-iS of the SSC. The installationof eleven11 productionUDB, two2 for the HEB andnine 9 for the

SSC, is includedin this SOW.

Procurementof theseservices is beingarrangedandcoordinatedby the CryogenicsDepartmentof

the AcceleratorSystemsDivision ASD of the SSCL.

1,2 OBJECrIvE

The objectiveof this procurementis to perform the installationsof productionUDB in accordance

with Section F of this subcontracton the schedulerequiredto supportcollider operation.

1.3 SUMMARY OF SUBCONTRACTORACTIVITIES

Thescopeof work to beperformedby the subcontractorincludesbut is not limited to thefollowing;

a. Conductof a Startof Work Meeting

b. Installationof eleven11 productionUDB.
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2.0 APPLICABLE DOCUMENTS

2.1 RESERVED

2.2 SSCL DOCUMENTS

a. AHW-XXXXX.XXX DevelopmentSpecificationfor the UndergroundDistribution Box

b. AcceleratorSystemsDivision Safetyand HealthProgramManual

c. SSCL PracticeD1O-000003,HazardAnalysis Instructions

d. SSCLLaboratoryEnvironment,Safety,andHealthManual,DiO-00001

e. XXXXXXXXXX, ProductSpecificationfor the UndergroundDistribution Box.

f. XXXXXXXXXX, Material Specificationfor the UndergroundDistribution Box.

23 OTHERDOCUMENTS

a. DOE5481.IB,SafetyAnalysisandReviewSystem

b. SubcontractorQuality AssurancePlan

c. SubcontractorProgramManagementPlan
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3.0 SUBCONTRACTOR RESPONSIBILITIES

The subcontractorshall furnish all materials, labor, facilities, equipment, supplies, tools,
documentation,management,andsupportservicesrequired to completethe tasks definedherein. The
work shall be performedin accordancewith this Statementof Work and the Specificationsfor the
UndergroundDistribution Box.

3.1 START OF WORK MEETING

Thesubcontractorshall conducta Startof Work Meetingfor the installationof the UDB no later than
the datespecified in Section F of the Subcontract. The purposeof this meeting is to clarify the
requirementswith the subcontractor.As a minimum, the following itemsshall be addressed;

a. ProductandMaterial Specificationsanddrawings

b. Statementof Work

c. ContractDataRequirementsList

d. Cost/Schedule

e. Quality Assurance

h. Installation

i. SafetyProgram

CDRL No.1.- MeetingAgendas
CDRL No.2- MeetingMinutes

3.2 INSTALLATION

The subcontractorshall install all componentsof eleven11 productionUDB in accordancewith the

approvedprogrammanagementplanand the applicablecodes,standards,URA approvedspecifications,

andthe requirementsof thisStatementof Work. Delivery of installationserviceswill be in accordance

with SectionF of thesubcontract.

3.2.1 Schedule

The subcontractorshall maintainan installationschedulefor all componentsdelineatingmilestones,

witnesspoints, testing,andshippingdates. This scheduleshall be in accordancewith Section F of this

subcontract.This scheduleshall be maintainedas an integral part of the programscheduledescribedin
Section3.5.3.

CDRL No. 27-ProgramSchedules

3.2.2 WitnessPoints

The following witness points shall be includedin the subcontractor’sinstallationschedule. URA

shall be notified at leastfive 5 working daysin advanceof eachwitnesspoint.

a. Functional tests.

b. Final pressureandtemperaturetestsand vacuumleak checking.
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3.23 Processesand Methods

As requiredby the URA approvedQuality AssurancePlan, the subcontractorshall maintainand

follow written proceduresfor all special installationprocessesrequiredto satisfy the provisionsof the

UDB specifications.Suchprocessesshall include,but are not limited to: welding, brazing,heattreating,

non-destructiveexamination,chemicalmachining,cleaningand packaging,leak checking,andpressure

testing. Proceduresshall conformto the recommendedpracticesof the applicablecodegoverningthe

designof the componentASME, AWS, etc..

3.2.4 Testing

The subcontractorshall conducta test program during installation and assemblyof the UDB

components.Testsrequiredby the UDB specificationsandthe subcontractor’squalIty assuranceprogram
shall be included. The installationtest programshall be conductedin accordancewith the FTP submitted

andapprovedunderthe basiccontract.

For eachtest the FTPshall includethe following:

a. Descriptionof objectivesanddefinition of criteria

b. Identificationof equipmentandsuppliesrequired

c. A detailedtestprocedure

d. Formsfor reportingthe test results

Testresultsshall be reportedto URA. For eachtest for which a witnesspoint hasbeenidentified in
Sections3.2.2 and3.2.3, above,the resultsshall be reportedto IJRA within five 5 days of completionof
the test.

CDRL No. 18- WitnessedInstallationTestResults

The resultsof all installationtests,including witnessedtests,shall be compiledby the subcontractor
in an InstallationTestReportwhich shall be submittedto URA within thirty 30 daysafter completionof
the last testfor eachunit. Note that this doesnot include acceptancetests. URA reservesthe right to
witnessanytestingconductedat anysubcontractorfacility, at anyof its vendors’facilities, or in the field.

CDRL No. 19- InstallationTestReport

3.3 PROGRAM MANAGEMENT

The subcontractorshall managethe installation tasks definedby this SOW in accordancewith the
UDB programmanagementplan referencedin Section 2.3, above. The subcontractorshall provide a
single point of contact for all data, information,and policy communicationsto and from the URA
subcontractadministrator.The languageof communicationfor all activitiesassociatedwith the 11DB shall
beEnglish.

The subcontractorshall describethe structureof their organizationwhich will contribute to the

performanceof thiscontract,andshall identify responsiblepersonnelby positionandby name.

CDRL No. 36-ContractorOrganization
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3.3.1 Reserved

33.2 Reserved

3.3.3 ProgramSchedules

The subcontractorshall developand maintain a master scheduleof milestonesandeventsplannedto
occurthroughoutthe durationof thecontract. The subcontractorshall extendthe masterscheduleto the
lowestlevel necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be updated
monthlyandreportedto URA.

CURL No. 27-ProgramSchedules

3.3.4 Reserved

33.5 SystemSafety

33.5.1 Safety Analysis

The subcontractorshall ensure that safety is an inherent part of installation processes. The

subcontractorshall identify potential risk factorsassociatedwith installationandhumanoperations

including detailed hazard analyses. The subcontractorshall perform a hazard analysis that

comprehensivelyaddressessafety issuesaccording to Section2.2.d, using Section2.3.a as a guide,

including but not limited to: Industrial safety,fire protection,environment,andindustrial hygiene.Risk

assessmentsshall be performedand mitigation methodsapplied until all identified risks arewithin the

limits definedin the UDB specification.

CURL No. 28- Safety Analysis

3.3.5.2 Material SafetyDataSheetsMSDS

The subcontractorshall prepareand deliver all currentmaterial safetydatasheetsfor any hazardous

material in the deliveredend item. The MSDSshall consistof the following sections:

a. Identification:The companyname,addressandemergencyphonenumberof the material

manufacturer.

b. Hazardousingredients;The material’shazardouscomponentsand their commonnames,

worker exposurelimits to the substance,andotherrecommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and chemical

characteristicsof the material,suchas: boiling point, vaporpressure,vapordensity,melting

point, evaporationrate,appearance,odor,andcolor undernormalconditions.

d. Physicalhazards:Physicalhazardsandrecommendedmethodsfor handlingthe hazards.

e. Reactivity: Stability of the material,and identificationof substancesthat when mixed with

the materialcauseit to becomeunstable.

1. Healthhazards;Ways the material could enterand affect the body of a personwho hasbeen

exposed.
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g. Precautionsfor safehandling and use: Proceduresfor safely handling the material,and

proceduresto follow in caseof a spill or leak of the material.Properstorageproceduresfor

the materialshall be includedin this section.

h. Control measures:Methodsand equipmentto be usedwhen in contactwith or exposedto

the material.

CURL No. 29- MaterialSafetyDataSheets

3.3.5.3 On-SiteActivities

Alt subcontractorpersonnelshall comply with Section2.1.e,SSC LaboratoryEnvironment,Safetyand

HealthManual requirementswhen performingactivitieson an SSCLsite. All relatedsubcontractorplans

and proceduresshall ensurethat the subcontractor’semployeesreceiveappropriatetraining prior to

performingon-siteactivities. Trainingshall be coordinatedwith theSSCL SystemSafetyProjectOffice.

3.4 QUALITY ASSURANCE

The subcontractorshallestablishand maintaina quality assuranceprogram.Approval of the quality

assurancesection of the program managementplan constitutes URA concurrencewith the

subcontractor’sapproachto satisfyingprogramquality assurancerequirements.

3.5 SSCL NUMBERINGSYSTEM

Documentidentification will be in accordancewith the documentnumberingsystemestablishedby

the SSCL for thosedocumentsdeliveredto the SSCL. Theprocedurefor useof the documentnumbering

systemwill be furnishedto the subcontractorby SSCLat the time of subcontractaward.

3.6 UNITS OF MEASURE

The subcontractorshall useeither the S.I. or English systemfor designdocumentation,drawings,
tooling, materials,and all other applicationswhereappropriate.However, interfacesbetweenthe 1DB

and SSCL equipmentshall be in English units. piping, wiring, fasteners,etc. The systemselectedby

the subcontractorshall remain consistentthroughout the proposaland for all work, with the

measurementgiven in parenthesesin the alternatesystemof notation for all primarymeasurements.

3.7 RESERVED

3.8 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.8.1 TechnicalInterchangeMeetingsTIM

The subcontractorshall conducttechnicalinterchangemeetingsto coordinateprogramrequirements

and schedulesand to discussmutualinteresttopics relatedto the SOW. Suchmeetingsmaybe format or
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informal in natureas dictatedby the topics to bediscussedandmayor maynot require formal minutes.
Tinting and locationof meetingsshall be asrequiredandagreedto by URA andthe subcontractor.

CURL No. 1 - MeetingAgendas
CDRL No. 2- MeetingMinutes

3.8.2 Resserved

3.9 TECHNICAL REPORTS

The subcontractorshall providea monthlywritten technicalprogressreport in subcontractorformat.
Thereportshall includethe following sectionsand data,organizedby task:

a. Summaryof work performed,including milestonecharts,showingwork accomplished
duringthe monthandwork remainingto be completed.

b. Discussionof problemsencounteredduringthe previousmonth andproposedmethodof
solution.

c. Planningdatafor future work.

d. Any otherinformation deemedappropriate.

e. Additional data requestedby URA.

CURL No. 30- Monthly Report

3.10 COSTREPORTS

The subcontractorshall provide monthly cost status reportsto URA. The cost information shall

evaluatecostperformanceagainstthe CWBS andcontractualdeliverables.

CURL No. 31- CostReports

4.0 RESERVED

5.0 CUSTOMER FURNISHED PROPERTY/SERVICES
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ANNEX 1- CONTRACT DATA REQUIREMENTS LIST

CONTRACT DATA REQUIREMENTS LIST

UNDERGROUND DISTRIBUTION BOX
STATEMENT OF WORK
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CURL TITLE SOW REF DELIVERY APPROVAL

MeetingAgendas 3.1 As Req’d No

3.8.1

2 MeetingMinutes 3.1 As Req’d No

3.8.1

18 WitnessedFabrication 3.2.4 FT 5D No
Test FT Results

19 FabricationTestReport 3.2.4 As Reqd No

27 ProgramSchedules 3.2.1 Monthly No

3.3.3

28 Safety Analysis 3.3.5.1 Updates Yes

29 Material Safety Data 3.3.5.2 Updates Yes

Sheets

30 MonthlyReport . 3.9 Monthly No

31 Cost Reports 3.10 Monthly No

36 ContractorOrganization 3.3 CA 30D No

Delivery Examples- CA 30D = 30 days after Contract Award, Updates = RevisionsAs Req’d basedupon changesfro,

su&mittedunder theBasic Contract

9



CURL 1- Meetine Agenda

Meetingagendanotificationsshall includeas a minimum:

a. location,dates,and times,

b. names of meetingchairpersonsor personcalling the meeting,

c. scheduleof items to be discussedand presenters,

b. and action assignmentsand status form previous meeting.

CDRL 2- MeetingMinutes

MeetingMinutes shall include,but arenot limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovided by both subcontractorand URA,

d. and actionassignmentsidentified with schedulesand responsibilityfor

accomplishment.

CDRL 18- WitnessedFabricationTest Results

ReferenceSOW paragraph3.2,4

CURL 19- Fabrication Test Report

ReferenceSOW paragraph3.2.4

CDRL 27- Program Schedules

ReferenceSOW paragraph3.2.1 and3.33

CURL 28- SafetyAnalysis

The purposeof this plan is to providea basisof understandingbetweenthe subcontractorandURA to ensurethat

adequateconsiderationis given to safetyduring all phasesof the program.

Plan details the tasks andactivities of systemsafety managementand systemsafety engineeringrequired to

identify, evaluate,andeliminateor control hazardsthroughoutthe systemlife cycle.

CURL 29- Material Safety Data Sheets

10



ReferenceSOW paragraph 3.3.5.2

CURL 30- Monthly Report

ReferenceSOW paragraph3.9

CURL 31- Cost Reports

ReferenceSOW paragraph 3.10

CURL 36- Contractor Oreanization

ReferenceSOW paragraph 3.3
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1.0 SCOPE

The Cryogenics Department of the Accelerator Systems Division ASD of the
Superconducting Super Collider Laboratory SSCL is procuring Underground
Distribution Boxes UDB for use in the High Energy Booster HEB and SuperCollider
rings. This Statementof Work SOW defines the work required by the subcontractor
to design, fabricate, test, and install one prototype Underground Distribution Box
UDB at N15 of the SuperconductingSuperCollider LaboratorySSCL.

1.1 BACKGROUNU

Universities Research Association URA is the prime contrabtor to the U. S.
Departmentof Energy DOE for the SuperconductingSuperCollider SSC project. As
such, URA is responsible for the overall design, development, production,
construction, installation, operation, and maintenanceof the SSC. The SSC requires
cryogenic cooling in its High Energy Booster HEB and Super Collider SC rings.
The HEB is approximately 80 feet undergroundwhile the SC is approximately 250 feet

underground. The HEB is divided into two 2 sectorswhile the SC is divided into ten

10 sectors. Each sector has a refrigeration plant on the surface which supplies
liquid helium to cool the strings of superconductingmagnetsin the sector.

There is oneUDB located in the cryogenic alcove at each of the 12 utility shafts; 2
for the HEB and 10 for the SSC. Technicaland functional descriptionsof the UDB are
contained in AHW-XXXXX.XXX, Development Specification for the Underground

Distribution Box.
Procurementof this prototype UDB is being arranged and coordinated by the

CryogenicsDepartmentof theAcceleratorSystemsDivision ASD of the SSCL

1.2 OBJECTIVE

The objectives of this procurement are to deliver a production design with

accompanyingdata and program managementservices, fabricate a prototype UDB,

andinstall the prototype at site N-is to support collidercooldown testing.

1.3 SUMMARY OF SUBCONTRACTORACTIVITIES

The scopeof work to be performed by the subcontractorincludesbut is not limited to
the following:

a. Equipment design. Establish the UDB design requirements baseline in the
form of aproduct fabrication specificationanddrawing package.

b. Presentthe design trade-offs, product specifications, processspecifications,
drawings and acceptance test procedures at the Critical Design Review.
Approval of the specifications and drawings will establish the design
baseline.

I



c. Fabricatethe prototype UDB.

d. Installation and acceptancetestingat the N-iS site of the SSC.

e. Maintenanceand support of the prototype UDB during cool down testing at
SSC.

2



2.0 APPLICABLE DOCUMENTS

2.1 MILITARY SPECIFICATIONS

a. DOD-Std-1000BDrawings, EngineeringandAssociatedLists
b. MIL-Std-4908 SpecificationPractices

2.2 SSCL DOCUMENTs

a. SSCL StandardP40-000031 ConfigurationManagementPlan

b. AHW-XXXXX.XXX Development Specification for the Underground
Distribution Box

c. AcceleratorSystemsDivision Safetyand Health ProgramManual

d. SSCL PracticeD10-000003,HazardAnalysis Instructions

e. SSCLLaboratoryEnvironment,Safety,and Health Manual, D1O-00001

2.3 OTHER DOCUMENTS

a. DOE 5481.1B,SafetyAnalysis andReview System

b. SubcontractorQuality AssuranceP!an to be submittedwith proposal

c. SubcontractorProgramManagementPlan to be submittedwith proposal

d. Subcontractor Configuration Management Plan to be submitted with

proposal

3



3.0 SUBCONTRACTORRESPONSIBILITIES

The subcontractor shall furnish all materials, labor, facilities, equipment,

supplies, tools, documentation, management, and support services required to

complete the tasks defined herein. The work shall be performed in accordancewith

this Statement of Work and the Development Specification for the Underground

Distribution Box.

3.1 UNDERGROUNDDISTRIBUTION BOX DESIGN

The subcontractorshall design the UDB in accordancewith the requirementsof

the Development Specification and in compliance with the genera’ requirementsof

documentsspecified in this Statementof Work under Sections 2.2 SSCL Documents

and 2.3 Other Documents,and the specific taskingof Sections3, 4 and5.

3.1.1 Equipment Design

The subcontractorshall be responsiblefor the complete design and/or selection
of all equipment comprising the UDB. The equipment design shall be fully
documentedin accordancewith the Development Specification and Section 3.1.4 of
this SOW to permit verification of conformanceto the DevelopmentSpecification.

The design of any item of equipment or any assembly shall be considered
complete upon approval by URA of all related drawings and any additional design
documentationrequiredby this SOW specifications,calculations, test results,etc.. At
that time the subcontractor shall be released to begin procurement and/or
fabrication of the item or assembly. All equipment design documentation shall be
completed by the Critical Design Review CDR. The status of in-progress designs
shall be presentedto IRA at scheduledreviewsper SeStion3.1.2 of this SOW.

3.1.2 Design Reviews

‘l’he designand planning efforts of the subcontractorshall be presentedto URA at
the reviews described herein. Reviews shall be conducted not later than the dates
specified in Section F of the Subcontract, and each review shall be included as a
milestonein the subcontractor’sschedule.

3.1.2.1 Start of Work Meeting
The subcontractorshall conducta Start of Work Meeting of the UDB not later than

the date specified in Section F of the Subcontract.The purposeof this meeting is to
clarify the requirementswith the subcontractor.As a minimum, the following items
shall be addressed:
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a. Development Specification

b. Statement of Work

c. ContractDataRequirementsLIst

d. Cost/Schedule

e. Interfaces

f. Design standardizationand maintenance

g. ProgramManagementPlan

h. Quality AssurancePlan

i. ConfigurationManagementPlan

j. Programrisk assessment

k. Problemsandconcerns

1. Test Planning

m. SSC TestSupport

n. Installation planning

CDRL No. 1 - Meeting Agendas
CDRL No. 2 - Meeting Minutes

3.1.2.2 Critical Design Review CDR

The subcontractorshall conduct a CDR of the UDB not later than the date specified

in Section F of the Subcontract. The purpose of this review is to obtain URA

concurrencethat the UDB design has beencompleted.As a minimum, the following

itemsshall be addressed:

a. Design

b. Interfaces

c. Drawings, Level 2

d. Specifications

e. Configuration Management

f. Acceptance Test Planning

g. TestSupportPlanning

h. Systemsafety

i. Fabricationplanning

j. Quality Assuranceplanning

k. Installation planning

5



1. Failure modesanalysisEMA

m. Logistics

1. Transportation,packaging,and handling

2. Standardization

3. Specialtools andequipmentrequirements

4. Sparesrequirements

n. Programandnearterm schedules.

o. Programrisk assessments

p. Problemsandconcerns.

CDRL No. 1 - MeetingAgendas CDRL No. S - Failure Modes
CDRL No. 2 - Meeting Minutes Analysis
CDRL No. 5 - Drawings, Level 2 CDRL No. 11- ProductSpecifications
CDRL No. 10- Maintainability Program CDRL No. 7 - Reliability Analysis

Plan CDRL No.23 - AcceptanceTest Plan

3.1.3 Analysis

3.1.3.1 Reliability Analysis
The subcontractor shall prepare a reliability block diagram and reliability

prediction. The block diagram shall be complete to an indenture level that reflects
the modular replacements anticipated to occur on-site and shall reflect failures
identified in the failure modesanalysisdefined in Section3.1.3.2 of this SOW.

The reliability predictions for the UDB and replacement modules shall be

consistentwith the DevelopmentSpecification.

CDRL No. 7 - Reliability Analysis

3.1.3.2 Failure Modes Analysis FMA

The subcontractorshall perform a failure modes analysis to determine the effect
of componentfailures on UDB perfdrmanceand supportability. For the purposesof

this analysis component is defined to be an item that is recommended for
replacementby the URA-approved maintenanceconcept. Subcomponent repair

activities carried out post-replacementin a different facility are beyond the scopeof

this analysis. Results of this analysis shall be presented to URA in the form of a

report. This analysis shall include: a description of the failure modes, causes of

failure, probable effects of failure, probability of occurrence,criticality of failure, a

list of any safety implications, and corrective actions or preventive measures. The

subcontractor shall provide recommendationsfor mitigating the impact of failures

through designimprovements,tests,and inspections.

CDRL No. 8 - Failure ModesAnalysis
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3.1.4 Documentation

3.1.4.1 Specifications
The subcontractorshall provide a Critical Item Fabrication Product Specification,

Type C2b per MIL-STD-49O8 for equipment produced on this contract, in sufficient
detail to allow verification of compliance with the Development Specification and to
support maintenanceand reprocurement actions. Product, process and material

specifications shall be included. For commercial equipment, commercial

specificationsshall suffice.

CDRL No. 11-ProductSpecificationC2b
CDRL No. 15-ProcessSpecifications

CDRL No. 21 - Material Specifications

3.1.4.2 Drawings

The subcontractor shall convert design requirements into practical design

layouts Level 1 and then convert design layouts into detailed drawings Level II.

The subcontractorshall produceall final drawings in a format compatiblewith DOD

STD-I000B, Level II. For commercialequipment,commercialdrawingsshall suffice.

The subcontractor shall prepare as-built drawings for any item, component,

module, etc., which deviates from design or fabrication drawing specifications, or

which is cut- or built-to-fit in the shop or field. Thesedrawings shall be submitted to

URA within fourteen 14 days after completion of the fabrication and/or installation

of the item.

CDRL No. 12 -As Built Drawings

3.1.4.3 Interface Control DocumentslCD

the subcontractor shall support URA in producing the appropriate interface

control documents.

CDRL No. 32- InterfaceControl Documents

3.2 FABRICATION AND INSTALLATION

The subcontractorshall fabricate and install all componentsof the prototype UDB in

accordancewith the approved program managementplan and the applicable codes,

standards, URA approved specifications, and the requirements of this Statement of

Work.

3.2.1 Schedule

The subcontractorshall maintain a fabrication and installation schedule for all

componentsdelineatingmilestones,witness points, testing, andshipping dates. This

scheduleshall be in accordancewith Section F of this subcontract. This schedule

shall be maintained as an integral part of the program scheduledescribed in Section

3.5.3.
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CDRL No. 27-ProgramSchedules

3.2.2 Shop/FieldWitnessPoints

The following witness points shall be included in the subcontractor’s prototype

fabrication schedule.URA shall be notified at least five 5 working days in advance

of eachwitness point.

a. Shop/Fieldfunctional tests.

b. Final shop/field pressure and temperature tests and vacuum leak

checking.

3.2.3 Material Control

The subcontractorshall implement material control procedures in accordance

with the UDB quality assurance program and UDB specifications. Material

qualification records certified material test reports, certificates of compliance, etc.

shall be collected and maintained by the subcontractor and submitted for URA

approvalat least sixty 60 days beforeacceptancetesting.

CDRL No. 14 - PartsQualification Plan

3.2.4 Processesand Methods

As required by the URA approvedQuality AssurancePlans the subcontractorshall

develop, maintain, and follow written proceduresfor all special fabrication processes
required to satisfy the provisions of the UDB specifications. Such processesshall

include, but are not limited to: welding, brazing, heat treating, non-destructive
examination, chemical machining, cleaning and packaging, leak checking, and
pressure testing. Procedures shall conform to the recommended practices of the

applicable code governing the design of the component ASME, AWS, etc.. These
proceduresshall be submittedto URA for approvalat least sixty 60 daysprior to use.

CDRL No. 15 - ProcessSpecifications

3.2.5 Testing

The subcontractorshall develop a fabrication test plan FTP defining product
quality verification testing to be performed during fabrication and assemblyof the
UDB components including all field assembly tasks. Tests required by the UDB
specificationsand the subcontractor’squality assuranceprogram shall be included.
The FTPshall besubmitted for approval by URA at least sixty 60 daysprior to use.

For eachtest the FTPshall include the following:

a. Description of objectives and definition of criteria,

b. Identification of equipmentandsuppliesrequired,

c. Detalled test procedure,

d. Forms for reporting the test results.
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Test results shall be reported to URA. For each test for which a witness point has
been identified in Section 3.2.4, above, or Section 3.2.10, below, the resultsshall be
reportedto URA within five 5 days of completionof the test.

CDRL No. 17 - FabricationTestPlan

CDRL No. 18 - WitnessedFabricationTest Results

The results of all fabrication tests, including witnessedtests, shall be compiled by
the subcontractor in a Fabrication Test Report which shall be submitted to URA
within thirty 30 days after completion of the last test. Note that this does not
include acceptance tests. URA reserves the right to witness any testing
conducted at any subcontractorfacility, at any of its vendors’ facilities, or in the

field.

CDRL No. 19 - FabricationTest Report

3.2.6 Spares

Spare parts sufficient for two years of operation shall be identified. All spare

parts shall be listed in the spare parts list. URA reservesthe option to purchaseany

subsetof thespareparts list.

CDRL No. 20 - SparePartsUst

3.2.7 Reserved

3.2.8 Installation

The prototype UDE shall be installed by the subcontractor in URA-supplied

facilities near Waxahachie,Texas. The installation shall be conducted in accordance

with the approved program managementplan and the applicable codes, standards,

andspecifications set forth in the UDB specifications and in this Statementof Work.

This SOW considers installation tasks to include fabrication tasks accomplishedin the

field.

The following witness points shall be included in the subcontractor’sinstallation

schedule. URA shall be notified at least five 5 working days in advanceof each
witnesspoint.

a. Completionof major subsystemsand/or modules.

b. Functional testsand leak checks.

3.2.9 MaintenanceManual

Prior to installation of the prototype UDB, a maintenance manual shall be

provided. The maintenancemanual shall comply with the safety requirements for

useof DANGER, WARNING, CAUTION, and NOTE notations. In addition, a NOTE shall be used

to explain critical steps where human assemblyerrors could cause a failure. The

manual shall include a list of all sparesandequipmentrequired for maintenance.
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CDIII. No. 41- MaintenanceManual

3.3 RESERVED

3.4 RESERVED

3.5 PROGRAM MANAGEMENT

The subcontractor shall manage the design, development, test, fabrication, and

installation tasks defined by this SOW in accordance with the UDB Program

ManagementPlan referencedin Section 2.3, above. The subcontractorshall provide

a single point of contact for all data, information, and policy communicationsto and

from the URA subcontractadministrator. The language of communication for all

activities associatedwith the UDB shall be English.

The subcontractorshall describe the structure of their organization which will

contribute to the performance of this contract, and shall identify responsible

personnelby position andby name.

CDRL No. 36-ContractorOrganization

3.5.1 Contract Work BreakdownStructureCWBS

The subcontractorshall deliver a CWBS. The subcontractorshall identify within

the CWBS all significant subcontractualelementsand tasks. The subcontractorshall
not change the CWBS or associateddefinitions for any contractual elementsor tasks

at level three or above without URA approval. Changesat lower levels may be made

by the subcontractoras deemednecessary.Schedulesshall be keyed to the CWBS and

the SOW deliverables.

CDRL No. 35 - ContractWork BreakdownStructure

3.5.2 Lower Tier SubcontractManagement

The subcontractorshall provide monthly schedule, supportability, and technical

progressinformation about lower tier subcontractsto URA. The subcontractorshall
implement program planning and control necessaryto accomplish the lower tier
subcontract effort. The subcontractor shall inform the URA subcontract
administrator of, and invite URA personnel to, all lower tier subcontract technical

interchange meetings, design reviews, test reviews, and program management
reviews.

CDRL No. 37- Lower Tier SubcontractData
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3.5.3 ProgramSchedules

The subcontractorshall developand malntain a masterscheduleof milestonesand
eventsplannedto occur throughout the duration of the contract. The subcontractor
shall extend the masterscheduleto the lowest CWBS level necessaryfor management
control. The schedule, as a minimum to level 3, shall be updated monthly and
reportedto URA.

CDRL No. 27- ProgramSchedules

3.5.4 ConfigurationManagementCM and Control

Configuration control shall be performed in accordancewith the CM section of
the subcontractor’sprogrammanagementplan as approvedby URA.

3.5.5 SystemSafety

3.5.5.1 SafetyAnalysis
The subcontractordesign processshall ensure that safety is an inherent part of

systemdesign. The subcontractorshall identify potential risk factors associatedwith
system designs and human operations including detailed hazard analyses. The

subcontractorshall perform a hazardanalysis that comprehensivelyaddressessafety
issues according to Section 2.2.d, using Section 2.3.a as a guide, including but not

limited to: Industrial safety, fire protection, environment, and industrial hygiene.

Risk assessmentsshall be performed and mitigation methods applied until all

identified risks are within the liniits definedin the TechnicalSpecification.

CDRL No. 28- SafetyAnalysis

3.5.5.2 Material Safety Data SheetsMSDS

The subcontractor shall prepare and deliver all current material safety data

sheetsfor any hazardousmaterial in the deliveredend item. The MSDS shall consistof

the following sections:

a. Identification: The companyname, addressand emergencyphone number

of the material manufacturer.

b. Hazardous ingredients: The material’s hazardous components and their

common names, worker exposure limits to the substance,and other

recommendedlimits.

c. Physical and chemical characteristics: Listings of known physical and

chemical characteristics of the material, such as: boiling point, vapor
pressure,vapor density, melting point, evaporationrate, appearance,odor,

andcolor undernormal conditions.

ci. Physical hazards: Physical hazards and recommended methods for

handling the hazards.
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e. Reactivity: Stability of the material, and identification of substancesthat

whenmixed with the material causeit to becomeunstable.

f. Health hazards: Ways the material could enter and affect the body of a
personwho hasbeenexposed.

g. Precautionsfor safe handling and use: Proceduresfor safely handling the

material, and proceduresto follow in caseof a spill or leak of the material.

Proper storage procedures for the material shall be included in this

section.

h. Control measures:Methodsand equipment to be used when in contact with
or exposedto thematerial.

CDRL No. 29- Material SafetyDataSheets

3.5.5.3 On-SiteActivities
All subcontractor personnel shall comply with Section 2.1.e, SSC Laboratory

Environment, Safety and Health Manual requirements when performing activities

on an SSCL site. All relatedsubcontractorplans andproceduresshall ensurethat the

subcontractor’semployees receive appropriate training prior to performing on-site

activities. Training shall becoordinatedwith the SSCL SystemSafety Project Office.

3.6 QUALITY ASSURANCE

The subcontractor shall establish and maintain a quality assuranceprogram.
Approval of the quality assurancesection of the program management plan

constitutes URA concurrence with the subcontractor’s approach to satisfying
programquality assurancerequirements.

3.7 SSCL NUMBERING SYSTEM

Document identification will be in accordancewith the document numbering

system establishedby the SSCL for those documentsdelivered to the SSCL. The

procedure for use of the document numbering system will be furnished to the

subcontractorby SSCL at the time of subcontractaward.

3.8 UNITS OF MEASURE

The subcontractor shall use either the S.l. or English system for design

documentation, drawings, tooling, materials, and all other applications where
appropriate.However, interfaces between the 11DB and SSCL equipment shall be in
English units. piping, wiring, fasteners, etc. The system selected by the

subcontractor shall remain consistent throughout the proposal and for
all work, with the measurementgiven in parenthesesin the alternate system of

notation for all primary measurements.
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3.9 RESERVED

3.10 MANAGEMENT REVIEWSAND TECHNICAL MEETINGS

3.10.1 TechnicalInterchangeMeetingsTIM

The subcontractor shall conduct technical interchange meetings to coordinate
systemrequirementsand schedulesand to discussmutual interest topics relatedto the
SOW. Such meetingsmay be formal or informal in nature as dictated by the topics to
be discussedand may or may not require formal minutes. Timing and location of
meetingsshallbe as requiredand agreedto by URA and thesubcontrabtor.

CDRL No. 1 - MeetingAgendas
CDRL No. 2 - Meeting Minutes

3.10.2 Technical Reviews

Design reviews will be co-chaired by designatedpersonnel from URA and the
subcontractor. The subcontractor shall be responsible for the following:
development,preparation and submissionof agendas; engineeringdata required
for technical evaluation; presentationmaterials; maintenanceof the minutes

and action items resulting from the reviews. Engineeringdata to be discussedas

part of the scheduledreview shall be transmitted to URA in accordancewith

Section F of the subcontract. Approval of the review constitutes acceptanceof the

milestoneandauthorization to proceed.

Reviews shall be held at the subcontractor’sfacility on URA-approveddates in the

subcontractor’s master schedule. The subcontractor shall prepare and deliver

meeting minutes and action items for 1JRA approval within five 5 working days
after a review.

CDRL No. 1 - Meeting Agendas
CDRL No. 2 - Meeting Minutes

3.11 TEcHNICAL REPORTS

The subcontractorshall provide a monthly written technical progress report in

subcontractor format. The report shall include the following sections and data,
organizedby task:

a. Summary of work performed, including milestone charts, showing work
accomplishedduring the month andwork remaining to be completed.

b. Discussion of problems encountered during the previous month and
proposedmethod of solution.

c. Planning data for future work.

d. Any other information deemedappropriate.
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e. Additional data requestedby URA.

CDRL No. 30- Monthly Report

3.12 COST REPORTS

The subcontractorshall provide monthly cost status reports to URA. The cost
information shall evaluate cost performanceagainst the CWBS and contractual
deliverables.

CDRL No. 31- Cost Reports

4.0 RESERVED

5.0 CUSTOMERFURNISHED PROPERTY/SERVIcES

TBD
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CDRL TITLE SOW REF DELIVERY APPROVAL

1 Meeting Agendas 3.1.2.1,.2 As Req’d No

3. 10.1,.2

2 Meeting Minutes 3.1.2.1,.2, As Req’d Yes

3. 10.1,.2

Drawings, Level 2 3.1.2.2 30D CDR Yes

7 Reliability Analysis 3.1.2.2 CDR Yes

3.1.3.1

S Failure ModesAnalysis 3.1.2.2 CDR Yes

3.1.3.2

10 Maintainability Program 3.1.2.2 CDR Yes

Plan

11 ProductSpecifications 3.1.2.2 30D CDR Yes
3.1.4.1

12 As Built Drawings 3.1.4.2 As Req’d Yes

14 PartsQualification Plan 3.2.3 GOD AT Yes

15 ProcessSpecifications 3.1.4.1 CDR GOD Yes
3.2.4

17 Fabrication TestPlan 3.2.5 As Req’d Yes

18 WitnessedFabrication 3.2.5 H SD No
TestResults

19 fabrication TestReport 3.2.5 As Req’d No

20 SpareParts List 3.2.6 GOD Install No

21 Material Specifications 3.1.4.1 CDR 60D Yes

23 Acceptancelest Plan 3.1.2.2 CDR Yes
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27 ProgramSchedules 3.2.1 Monthly No
3.5.3

28 SafetyAnalysis 3.5.5.1 3ODCDR Yes

29 Material Safety Data 3.5.5.2 30D CDR Yes
Sheets

30 Monthly Report 3.11 Monthly No

31 Cost Reports 3.12 Monthly No

32 InterfaceControl 3.1.4.3 As Req’d Yes
Documents

35 ContractWork 3.5.1 CA 30D Yes
BreakdownStructure

36 ContractorOrganization 3.5 CA 3OD No

37 Lower Tier Subcontract 3.5.2 Monthly No

Data

41 MaintenanceManual 3.2.9 120D Install Yes

Delivery Evampks- CA 30D = 30 daysafter ContractAward, 301 DR = 30 days beforeCDR
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CDRL I - Meetin2 Menda

Meetingagendanotifications shall include as aminimum:

a. location, dates,and times,

b. names of meetingchairpersonsor personcalling the meeting,

c. scheduleof items to be discussedandpresenters,

b. andactionassignmentsandstatusform previousmeeting.

CDRL 2 - Meetin2 Minutes

Meeting Minutes shall include,but are not limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinent agendaitem,

c. recommendationsprovided by both subcontractorandURA,

d. and action assignmentsidentified with schedulesand responsibility for

accomplishment.

CDRL 5 - Drawin2s.Level 2

ReferenceDOD-STD-I000B,Drawings,EngineeringandAssociatedUsts

CDRL 7 - Reliability Analysis

Record the reliability requirements for the end item, major subsystems and critical

componentsto include, but not limited to:

a. possiblefailure modes,

b. probability of occurrenceof each failure mode,

c. timesduring operation the failure modecan occur,

d. classificationof the failure mode critical, major, minor,

e. enditem reliability when the failure occurs,

1. andend item reliability when the failure doesnot occur.

CDRL S - Failure ModesAnalysis

ReferenceSOW paragraph3.1.3.2

CDRL 10 - Maintainability ProgramPlan

18



Plan describes the subcontractor’smaintainability program, how it will be conducted and

the controls and monitoring provisions, if any, levied on suppliers and vendors. It

describesthe techniquesand tasks to be performed and their integration and development

in conjunctionwith otherrelatedactivities.

CDRL 11 - Product Specifications

ReferenceMIL-STD-490B, Specification Practices

CDRL 12 - As Built Drawings

ReferenceDOD-STD-I000B, Drawings, EngineeringandAssociatedLists

CDRL 14- PartsOualiflcation Plan

The plan shall contain,but is not limited to ,the following

a. the inspectionsandtestsnecessaryto qualify the part,

b. the justification for using generic qualification, reduced testing, or limited

usageproceduresforqualifying,

c. the mannerin which sampleswill be chosen, the period they will be chosen,

and the elapsedtime betweenqualification inspections,

d. the description of the test procedures; electrical, environmental, and

operationalusedin qualifying the part,

e. andthe data to be recorded.

CDRL 15 - ProcessSneciflcations

ReferenceMIL-STD-490B, Specification Practices

CDRL 17 - Fabrication Test Plan

ReferenceSOW paragraph3.2.5

CIDRL 18 - Witnessed Fabrication Test Results

ReferenceSOW paragraph3.2.5
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CDRL 19 - Fabrication TestReport

ReferenceSOW paragraph3.2.5

CDRL 20 - SnarePartsUst

ReferenceSOW paragraph3.2.6

CDRL 21 - Material Specifications

ReferenceMIL-STD-490B, SpecificationPractices

CDRL 23 - AccentanceTest Plan

A. Overview. Includes flow diagrams,milestones, personnel participation, and safety

requirements:

1. Flow diagrams. A functional descriptionof the acceptancetest program

using a block diagramportrayal of the functions that must be met to satisfy the

total acceptanceprogram,

2. Milestones. Identifies the startand expectedcompletion datesof eachtest to

beperformed,

3. Participation. Identifies the contractorand URA participation roles and

responsibilities,

4. Safety. Identify and stateany safety measuresor guidelines to be observed

during testing.

B. MasterTest List. List all tests to be accomplishedin the order they are to be performed.

Separatelistings for eachlocation shall be provided. Listing shall include:

1. Location wherethe test is to be performed,

2. Numberfor eachpieceof equipmentor item testwill be performed,

3. Nameandbrief descriptionof test to be performed,

4. Number of cycles the test will be performedandselectedparametersto be

observed.

C. Equipment List. The list shall include all equipment to be used in the test. The listing

shall include the following:

1. All test equipmentby description,nomenclature,serial number;

2. All support equipmentby description,nomenclatureand serialnumber;
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3. All special testequipmentrequiredto be designedor constructedfor use on

the programby description,nomenclature,anddaterequired.

D. Validation. An overviewof the proceduresthat will be usedto validatethe test results.

CDRL 27 - ProgramSchedules

ReferenceSOW paragraph3.2.1 and 3.5.3

CDRL 28 - SafetyAnalysis

The purposeof this plan is to provide a basis of understandingbetweenthe subcontractor

and URA to ensurethat adequateconsiderationis given to safety during all phasesof the

program.

Plan details the tasks and activities of system safety managementand system safety

engineeringrequired to identify, evaluate,and eliminate or control hazardsthroughout the

systemlife cycle.

CDRL 29 - Material Safety DataSheets

ReferenceSOW paragraph3.5.5.2

CDRL 30 - Monthly Renort

ReferenceSOW paragraph3.11

CDRL 31 - Cost Renorts

ReferenceSOW paragraph3.12

CDRL 32 - InterfaceControl Documents

Documents shall be prepared to control the interfaces between two or more system

segmentsand to provide a common datareferencefor the segmentswhere the control of a

single interfacerests within the design tasks delineatedwithin this SOW and the associated

specifications. Documentsshall specify in subparagraphsas appropriate, in quantitative
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terms with tolerances, the mechanical, electrical, and functional relationships of the

interfacingsystemsegments,to the level of detail necessaryto permit detail design.

CDRL 35 - ContractWork BreakdownStructure

ReferenceSOW paragraph3.5.1.

CDRL 36 - Contractor Organization

ReferenceSOW paragraph3.5

CDRL 37 - Lower Tier SubcontractData

ReferenceSOW paragraph3.5.2

CDRL 40- Training Syllabus

Training Syllabusshall includeas a minimum:

a. Classroomandpractical applicationtime,

b. Time allocatedfoi each topic of instruction,

c. Scheduledorderof presentation,

d. Separateschedulelisting for classrooms,training equipment, and laboratory

use,

e. Resourcerequirementslist,

f. and Curriculum Outline providing detailedtraining datafor each lesson.

CDRL 41 - MaintenanceManual

These manuals shall include detailed machine functions, basic diagnostic operations, basic

operational procedures,operation of maintenanceswitches and associatedtest equipment,

recommendations for preventative maintenance schedules, and suggestedmaintenance

routines. When a commercial manual is available and considered adequate, the

subcontractormay recommendthe manualandsubmit a copy for approval.
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ContractData RequirementsList March28,1994

CDRL TITLE SOWREF DELIVERY APPROVAL

1 MeetingAgendas 3.1.2.1,.2,.3,.4 As Req’d No
3.10.1,.2,.3

2 MeetingMinutes 3.1.2.1,.2,.3,.4 As Req’d No
3.10.1,.2,.3

3 DevelopmentSpecifications 3.1.2.2 30D PDR Yes
3.1.4.1

4 Reserved

S Drawings 3.1.2.2,.3 * Yes

6 Reserved

7 Reliability Analysis 3.1.2.2,.3 * Yes
3.1.3.1

S FailureModesAnalysis 3.1.2.2,.3 * Yes
3.1.3.2

10 Maintainability ProgramPlan 3.1.2.3 CDR Yes

11 ProductSpecifications 3.1.2.3 30D CDR Yes
3.1.4.1

12 Reserved

14 PartsQualification Plan 3.2.4 60D AT Yes

15 ProcessSpecifications 3.1.4.1 60D Fab Yes
3.2.5

17 FabricationTestPlan 3.2.6 60D FT Yes

18 WitnessedFabricationTestResults 3.2.6 FT5D No

19 FabricationtestReport 3.2.6 LFT 30D No

20 SparePartsList 3.2.7 60D Install No

21 Long LeadUst 3.2.8 30D P0 No
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ContractDataRequirementsList March28,1994

CDRL

22

23

25

26

27

TITLE

Calibration Database

AcceptanceTestPlanATP

Reserved

AcceptanceTestReport

ProgramSchedules

SOWREF

3.4.2

3.1.2.2,.4

3.1.5

3.2.2
3.3.3
3.5.3

3.5.5.1

3.5.5.2

3.11

3.12

3.13

3.4.3

3.5

3.5.2

3.4.5

3.4.7

DELIVERY

30D Comm

**

AT 1OD

30DPDRR
Updates
As Req’d

30D CDR

30D CDR

Monthly

Monthly

As Req’d

30D CDR

CA 60D

Monthly

120DComm

120D Comm

APPROVAL

No

Yes

No

No

Yes

Yes

No

No

Yes

Yes

No

No

Yes

Yes

28 SafetyAnalysis

29 Material Safety DataSheets

30 Monthly Report

31 CostReports

32 InterfaceControl Documents

35 OperatingManual

36 ContractorOrganization

37 Lower Tier SubcontractData

40 Training Syllabus

41 MaintenanceManual

*
- Level 1 due30D PDR andLevel 3 due30D CDR

**
- Drafts dueat PDR andfinals dueat CDR

Example-30D PDR = Thirty daysprior to PDR,

Acornyms / AbbreviationsDefined

PDR - PreliminaryDesignReview
AT - AcceptanceTest
Fab - Fabricationof first unit
Install - Installation of first unit
P0 - PurchaseOrder

CA 60D = Sixty days afterContractAward

CDR - Critical DesignReview
FT - FabricationTest
LFT - LastFabricationTest
Comm - Commissioningof first unit
CA - ContractAward
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ContractDataRequirementsList March28,1994

CDRL 1- MeetingAgenda

Meetingagendanotifications shall includeasa minimum:

a. location,dates,andtimes,

b. namesof meetingchairpersonsor personcalling the meeting,

c. scheduleof items to bediscussedandpresenters,

b. andactionassignmentsandstatusfrom previousmeeting.

CDRL 1- Meeting Minutes

MeetingMinutes shall include,but arenot limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovidedby both subcontractorand URA,

d. onesetof all presentationmaterials,

e. andactionassignmentsidentified with schedulesandresponsibilityfor

accomplishment.

CDRL 3 - DevelopmentSpecifiéations

ReferenceMIL-STD-490B, SpecificationPractices

CDRL 4- WirindConnectionDiagrams

Providewiring connectionandinterconnectiondiagrams,charts,lists that containcomplete

identifying information for all signal,power,andcontrol wiring. This datasupplementslogic

andschematicdrawingsandmust be adequateto allow rapid tracing of wiring from anyone

electronic/electricalconnectorto anyotherconnectorlocatedwithin the componentor system.

CDRL 5- ElectricalDrawings

ReferenceDOD-STD-1000B,Drawings,EngineeringandAssociatedLists

CDRL 6- MechanicalDrawings

ReferenceDOD-STD-1000B,Drawings,EngineeringandAssociatedLists
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Contract Data Requirements List March 28, 1994

CDRL 7- Reliability Analysis

Recordthereliability requirementsfor theend item, majorsubsystemsand critical components

to include,but not limited to:

a. possiblefailure modes,

b. probability of occurrenceof eachfailure mode,

c. times during operationthe failure modecanoccur,

d. classificationof thefailure modecritical, major,minor,

e. end item reliability whenthefailure occurs,

f. andend item reliability whenthefailure doesnot occur.

CDRL 8 - FailureModesAnalysis

ReferenceSOWparagraph3.1.3.2

CDRL 10-Maintainability ProgramPlan

Plandescribesthesubcontractor’smaintainabilityprogram,how it will be conductedandthe

controlsandmonitoringprovisions,if any,levied on suppliersandvendors. It describesthe

techniquesand tasksto be performedand their integrationanddevelopmentin conjunction

with otherrelatedactivities.

CDRL 11 - ProductSpecifications

ReferenceMIL-STD-490B, SpecificationPractices

CDRL 12- As Built Drawings

ReferenceDOD-STD-1000B,Drawings,EngineeringandAssociatedLists

CDRL 14 - Parts Oualification Plan

Theplanshall contain,but is not limited to ,the following

a. the inspectionsand testsnecessaryto qualify the part,
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ContractDataRequirementsList March 28, 1994

b. thejustification for usinggenericqualification, reducedtesting,or limited usage

proceduresfor qualifying,

c. the mannerin which sampleswill be chosen,theperiod they will be chosen,and
theelapsedtime betweenqualificationinspections,

d. the descriptionof the testprocedures;electrical,environmental,and

operationalusedin qualifying thepart,
e. and thedatato be recorded.

CDRL 15 - ProcessSpecifications

ReferenceMIL-STD-490B,SpecificationPractices

CDRL 17-FabricationTestPlan

ReferenceSOW paragraph3.2.6

CDRL 18 - WitnessedFabricationTestResults

ReferenceSOW paragraph3.2.6

CDRL 19 - FabricationTestReport

ReferenceSOWparagraph3.2.6

CDRL 20 - SparePartsList

ReferenceSOWparagraph3.2.7

CDRL 21- Long LeadList

Reportincludesa list of thoseitemswhich, becauseof their complexityof design,complicated

manufacturingprocessor limited productioncapacity,may causeproductionor procurement

cycles which would precludetimely andadequatedelivery, if not orderedin advanceof

normalprovisioning.

7



ContractData RequirementsList March 28, 1994

CDRL 22 - Calibration Database

The calibrationandmeasurementrequirementssummaryshalldocumentthe
measurementrequirementsof the system,subsystem,or equipment; thetest,
measurement,anddiagnosticequipment; andthe calibration standardsandequipment
requiredto assuretraceabilityof all approvednationalstandards.

CDRL 23 - AcceptanceTestPlan

A. Overview. Includesflow diagrams,milestones,personnelparticipation,andsafety

requirements:

1. Flow diagrams. A functional descriptionof theacceptancetestprogramusinga
block diagram portrayal of the functionsthatmust be met to satisfy the total

acceptanceprogram,

2. Milestones. Identifies the startandexpectedcompletiondatesof eachtestto be

performed,

3. Participation. Identifies the contractorandURA participationroles and

responsibilities,

4. Safety. Identify andstateany safetymeasuresor guidelinesto be observed

during testing.

B. MasterTestList. List all teststo beaccomplishedin theorder they areto beperformed.

Separatelistings for eachlocationshall be provided. Listing shall include:

1. Location wherethe test is to beperformed,

2. Number for eachpieceof equipmentor item test will beperformed,

3. Nameandbrief descriptionof test to beperformed,

4. Number of cyclesthe testwill be performedandselectedparametersto be

observed.
C. EquipmentList. Thelist shall include all equipmentto beusedin thetest. The listing shall

include thefollowing:

1. All testequipmentby description,nomenclature,serialnumber;

2. All supportequipmentby description,nomenclatureandserialnumber;

3. All specialtestequipmentrequiredto bedesignedor constructedfor useon the

programby description,nomenclature,anddaterequired.

D. Validation. An overview of theproceduresthat will beusedto validatethe testresults.
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CDRL 25-CommissioningAcceptanceTestPlan

ReferenceSOW paragraph3.4.2

CDRL 26 - AcceptanceTestReport

Completereport of the resultsof the AcceptanceTestperformedagainstthe approvedATP.

Reportshall include all thecollecteddataandall conclusionsresulting form tests. The test

reportmustbe certifiedby the signatureof a responsibleprojectrepresentativeof the
subcontractor.

CDRL 27-ProgramSchedules

ReferenceSOWparagraph3.5.3

CDRL 28- SafetyAnalysis

The purposeof thisplan is to provide a basisof understandingbetweenthesubcontractorand
URA to ensurethat adequateconsiderationis givento safetyduring all phasesof theprogram.

Plandetails thetasksandactivitiesof systemsafetymanagementandsystemsafety

engineeringrequiredto identify, evaluate,andeliminateor controlhazardsthroughoutthe

systemlife cycle.

CDRL 29 - Material SafetyData Sheets

ReferenceSOWparagraph3.5.5.2

CDRL 30 - Monthly Report

ReferenceSOWparagraph3.11

CDRL 31 - CostRenorts

ReferenceSOWparagraph3.12
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ContractDataRequirementsList March28,1994

CDRL 32 - Interface Control Documents

Documentsshallbepreparedto controlthe interfacesbetweentwo or moresystemsegments

andto provide a commondatareferencefor thesegmentswherethe controlof a single

interfacerestswithin the designtasksdelineatedwithin this SOW andthe associated

specifications.Documentsshall specifyin subparagraphsas appropriate,in quantitativeterms

with tolerances,themechanical,electrical,andfunctional relationshipsof the interfacing

systemsegments,to the level of detail necessaryto permitdetaildesign.

CDRL 35-OperatingManual

Manualshall includea descriptionof theequipmentwith instructionsfor effectiveuse,

including oneor moreof thefollowing sectionsasrequired:

a. instructionscoveringinitial preparationfor use,

b. operationalinstructions,

c. partslist,

d. andany relatedtechnicalinformation.

CDRL 36 - ContractorOrganization

ReferenceSOWparagraph3.5

CDRL 37 - Lower Tier SubcontractData

ReferenceSOW paragraph3.5.2

CDRL 40-Training Syllabus

TrainingSyllabusshall includeasa minimum:

a. Classroomandpracticalapplicationtime,

b. Time allocatedfor eachtopic of instruction,

c. Scheduledorderof presentation,

d. Separateschedulelisting for classrooms,training equipment,andlaboratory

use,

10
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e. Resourcerequirementslist,

f. andCurriculum Outline providingdetailedtrainingdatafor eachlesson.

CDRL 41 - MaintenanceManual

Thesemanualsshall include detailedmachinefunctions,basicdiagnosticoperations,basic
operationalprocedures,operationof maintenanceswitchesandassociatedtestequipment,
recommendationsfor preventativemaintenanceschedules,andsuggestedmaintenance

routines. Whena commercialmanualis availableandconsideredadequate,the subcontractor

may recommendthe manualandsubmita copy for approval.
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1.0 SCOPE

The CryogenicsDepartmentof the AcceleratorSystemsDivision ASD of the SuperconductingSuper

Collider LaboratorySSCL is procuring Nitrogen SubcoolerBox NSB for usein the High Energy

BoosterHEB andSuperCollider rings. This Statementof Work SOW definesthe work requiredby the

subcontractorto fabricateeleven11 Nitrogen SubcoolerBox NSB for the SuperconductingSuper

Collider LaboratorySSCL. Technical requirementsfor the NSB are containedin the Productand

Material Specificationsfor the Nitrogen SubcoolerBox, documentnumbers,XXXXXXXXXX and

XXXXXXXXXX, respectively.

1.1 BACKGROUND

UniversitiesResearchAssociationURA is the prime contractorto the U. S. Departmentof Energy

DOE for the SuperconductingSuperCollider SSCproject. As such,URA is responsiblefor the overall

design,development,production,construction,installation,operation,andmaintenanceof the SSC. The

SSCrequirescryogeniccooling in its High EnergyBoosterHEB andSuperCollider SC rings. The HEB

is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The HEB is

divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhasa refrigeration

plant on the surfacewhich suppliesliquid helium to cool the strings of superconductingmagnetsin the

sector.
There is oneNSB locatedin the cryogenicalcoveateachof the 12 utility shafts; 2 for the HEB and 10

for the SSC. The basiccontractcalled for the design,fabrication,and installationof a prototypeNSB at N-
15 of the SSC. Thefabricationof eleven.11 productionNSB, two 2 for the HEB and nine9 for the SSC,

is includedin this contract.
Procurementof thesesystemsis being arrangedand coordinatedby the CryogenicsDepartmentof

theAcceleratorSystemsDivision ASD of theSSCL..

1.2 OBJECTivE

The objectiveof this procurementis to deliver productionNSB, with accompanyingdataandspare

parts, in accrodancewith Section F of this subcontracton the schedulerequired to supportcollider
operation.

1.3 SUMMARY OF SUBCONTRACTORACTIVITIES

Thescopeof work to be performedby the subcontractorincludesbut is not limited to the following:

a. Maintenanceof the designbaselineestablishedunderthe basiccontract.

b. Conductof a ProductionReadinessReviewPRR.

c. Fabricationof eleven11 productionNSB.
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2.0 APPLICABLE DOCUMENTS

2.1 RESERVED

2.2 SSCL DOCUMENTS

a. SSCLStandardP40-000031ConfigurationManagementPlan

b. Al-I W-XXXXX.XXX DevelopmentSpecificationfor the Nitrogen SubcoolerBox

c. AcceleratorSystemsDivision Safetyand HealthProgramManual

d. SSCLPracticeD10-000003,HazardAnalysis Instructions

e. SSCLLaboratoryEnvironment,Safety,andHealthManual,D10-0000].

f. XXXXXXXXXX, ProductSpecificationfor the NitrogenSubcoolerBox.

g. XXXXXXXXXX, Material Specificationfor the NitrogenSubcoolerBox.

2.3 OTHERDOCUMENTS

a. DOE 5481.18,SafetyAnalysisandReviewSystem

b. SubcontractorQuality AssurancePlan

c. SubcontractorProgramManagementPlan

d. SubcontractorConfigurationManagementPlan

2



3.0 SUBCONTRACTORRESPONSIBILITIES

The subcontractorshall furnish all materials, labor, facilities, equipment, supplies, tools,
documentation,management,and supportservicesrequiredto completethe tasks defined herein.The

work shall be performedin accordancewith this Statementof Work and the Specificationsfor the
NitrogenSubcoolerBox.

3.2 STARTOF WORK MEETING

Thesubcontractorshallconducta Startof Work Meetingof the NSB no later than thedatespecified in
Section F of the Subcontract. The purposeof this meetingis to clarify the requirementswith the
subcontractor.As a minimum,the following items shall beaddressed:

a. Productand MaterialSpecifications

b. Statementof Work

c. ContractDataRequirementsList

d. Cost/Schedule

e. ConfigurationManagement

f. Quality Assurance

g. Producibility

ft Installation

i. SafetyProgram

CDRL No.1-MeetingAgendas
CDRL No.2- MeetingMinutes

3.2 PRODUCTIONREADINESS REVIEW PRR

The subcontractorshallconducta PRRno later thanthe datespecifiedin Section F of the Subcontract.
The purposeof this review is to obtain URA concurrencethat any TL system design problems
encounteredduring developmenthavebeenresolved,and that adequatedocumentationof technical
readinessandanticipatedproductioncosts areavailablefor productionphaserelease. As a minimum,
the following itemsshall be addressed:

a. Productdesign:

1. Producibility,

2. Reviewof designchangesduringfirst articlebuild and install,

3. Designvalidation for performance,reliability, and maintainability.

b. Plantcapacity,skilled personnel,and training resources.

c. ProductionEngineeringand Planning:

1. Compatabilityof productionschedulewith deliveryrequirements,
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2. Integrationof manufacturingmethodsand processeswith facilities, equipment,tooling,
and layout.

d. Materials andpurchasedparts:

1. Completenessof bill ofmaterials,

2. Identificationof long lead items,

3. Adequacyof inventorycontrol system.

4. Sparepartrequirements.

e. Quality Assurance.

f. SafetyProgram.

CDRL No. 1 - MeetingAgendas
CDRL No. 2 - MeetingMinutes

3.3 FABRICATION

The subcontractorshall fabricateall componentsof eleven11 productionNSB in accordancewith the
approvedprogrammanagementplan and the applicablecodes,standards,URA approvedspecifications,
andthe requirementsof this Statementof Work. Delivery of the productionunits will be in accordance
with SectionF of the subcontract.

3.3.1 Schedule

The subcontractorshall maintain a fabricationschedulefor all componentsdelineatingmilestones,
witness points, testing, and shippingdates. This scheduleshall be accordancewith Section F of this

subcontract.This scheduleshall be maintainedas an integralpart of the programscheduledescribedin
Section3.52.

CDRL No. 27-ProgramSchedules

33.2 ShopWitnessPoints

The following witnesspointsshall be includedin the subcontractor’sfabricationschedule.URA shall

benotified at least five 5 working daysin advanceof each witnesspoint.

a. Shopfunctional tests.

b. Final shoppressureand temperaturetestsand vacuumleakchecking.

3.33 Material Control

The subcontractorshall implementmaterialcontrol proceduresin accordancewith the NSB quality
assuranceprogram,NSB systemspecifications,and the PartsQualification Planapprovedunder thebasic
contract.
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33.4 ProcessesandMethods

As requiredby the URA approvedQuality AssurancePlan, the subcontractorshall maintain and

follow written proceduresfor all special fabricationprocessesrequiredto satisfy the provisionsof the

NSB specifications.Suchprocessesshall include, butarenot limited to: welding,brazing,heattreating,

non-destructiveexamination,chemicalmachining,cleaningand packaging,leakchecking,andpressure

testing. Proceduresshall conform to the recommendedpracticesof the applicablecodegoverningthe

designof thecomponentASME, AWS, etc..

333 Testing

The subcontractorshall conducta fabricationtestprogramduring fabricationand assemblyof the

NSB components.Testsrequiredby the NSB specificationsand the subcontractor’squality assurance

programshall beincluded. The fabricationtestprogramshall be conductedin accordancewith the FTP

submittedandapprovedunderthebasiccontract.
ForeachtesttheFTP shall includethe following:

a. Descriptionof objectivesanddefinition of criteria

b. Identificationof equipmentandsuppliesrequired

c. A detailedtestprocedure

d. Formsfor reportingthe testresults
Testresultsshall be reportedto URA. For eachtestfor which a witnesspoint hasbeenidentified in

Sections3.3.2 and33.4, above,the resultsshall be reportedto URA within five 5 daysof completionof
the test.

CDRL No. 18-WitnessedFabricationTestResults

Theresultsof all fabricationtests,includingwitnessedtests,shall becompiledby thesubcontractorin
a FabricationTestReportwhich shall besubmittedto URA within thirty 30 daysaftercompletionof the
last test for eachunit. Note that this doesnot include acceptancetests.URA reservesthe right to
witnessanytestingconductedat anysubcontractorfacility, at anyof its vendors’facilities,or in the field.

CDRL No. 19-FabricationTestReport

33.6 Spares

Sparepartssufficient for two yearsof operationshall be identified. All spareparts shall be listed in
the sparepartslist URA reservestheoption to purchaseany subsetof the sparepartslist.

CDRL No.20 - SparePartsList
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3.3 RESERvED

3.4 RESERVED

3.5 PROGRAM MANAGEMENT

The subcontractorshall managethe fabricationtasksdefined by this SOW in accordancewith the
NSB programmanagementplan referencedin Section 2.3, above. The subcontractorshall provide a
single point of contact for all data, information, and policy communicationsto and from the URA
subcontractadministrator.The languageof communicationfor all activities associatedwith the NSB shall
beEnglish.

The subcontractorshall describethe structureof their organizationwhich will contribute to the
performanceof thiscontract,andshall identify responsiblepersonnelby positionandby name.

CDRL No. 36-ContractorOrganization

3.5.1 ContractWork BreakdownStructureCWBS

The subcontractorshall deliver a CWBS. The subcontractorshall identify within the CWBS all
significantsubcontractualelementsand tasks.The subcontractorshall not changethe CWBS or associated
definitions for any contractualelementsor tasksat level threeor abovewithout URA approval.Changes
at lower levels may be madeby the subcontractorasdeemednecessary.Schedulesshall be keyed to the
CWBS andthe SOW deliverables.

CDRL No. 35 - ContractWork BreakdownStructure

3.5.2 Lower Tier SubcontractManagement

Thesubcontractorshall providemonthly schedule,supportability,and technicalprogressinformation
aboutlower tier subcontractsto URA. The subcontractorshall implementprogramplanningandcontrol
necessaryto accomplishthe lower tier subcontracteffort. The subcontractorshall inform the URA
subcontractadministratorof, and invite URA personnel to, all tower tier subcontracttechnical
interchangemeetings,designreviews,testreviews,and programmanagementreviews.

CDRL No. 37- Lower Tier SubcontractData

3.5.3 ProgramSchedules

Thesubcontractorshall developand maintaina masterscheduleof milestonesandeventsplannedto
occur throughoutthe durationof the contract.The subcontractorshall extendthe masterscheduleto the
lowestCWBS level necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be
updatedmonthlyandreportedto URA.

CDRL No. 27- ProgramSchedules

3.5.4 ConfigurationManagementCM andControl

Configurationcontrolshall be performedin accordancewith the CM sectionof the subcontractor’s
programmanagementplanasapprovedby URA.
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3.5.5 SystemSafety

3.5.5.1 SafetyAnalysis

The subcontractorshallensurethat safetyis an inherentpart of fabricationandinstallationprocesses.

The subcontractorshall identify potentialrisk factorsassociatedwith fabrication,installation and human

operationsincluding detailedhazardanalyses.The subcontractorshall perform a hazardanalysisthat

comprehensivelyaddressessafety issuesaccording to Section 2.2.d, using Section2.3.a as a guide,

including but not limited to: Industrial safety,fire protection,environment,andindustrialhygiene.Risk

assessmentsshallbe performedand mitigation methodsapplieduntil all identified risks arewithin the

limits definedin the NSB specificationd.
CDRL No. 28-SafetyAnalysis

3.5.3.2 Material SafetyDataSheetsMSDS

The subcontractorshall prepareanddeliver all currentmaterialsafetydatasheetsfor anyhazardous

material in the deliveredend item. TheMSDS shall consistof the following sections:

a. Identification: The companyname,addressand emergencyphonenumberof the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their commonnames,

workerexposurelimits to the substance,and otherrecommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and chemical

characteristicsof the material,suchas: boiling point,vapor pressure,vapordensity,melting

point, evaporationrate,appearance,odor,andcolor undernormalconditions.

d. Physicalhazards:Physicalhazardsand recommendedmethodsfor handlingthe hazards.

e. Reactivity: Stability of the material,andidentificationof substancesthat when mixed with

the materialcauseit to becomeunstabte.

f. Healthhazards:Ways the materialcouldenterandaffect the body of a personwho hasbeen

exposed.

g. Precautionsfor safe handlingand use: Proceduresfor safely handling the material, and

proceduresto follow in caseof a spill or leak of the material.Properstorageproceduresfor

the material shallbe includedin this section.

h. Control measures:Methodsand equipmentto be usedwhen in contactwith or exposedto
the material.

CDRL No. 29- Material SafetyDataSheets

3.5.5.3 On-SiteActivities

All subcontractorpersonnelshall com’ptywith Section2.1.e,SSCLaboratoryEnvironment,Safetyand
HealthManualrequirementswhenperformingactivities on anSSCLsite. All relatedsubcontractorplans
andproceduresshall ensurethat the subcontractor’semployeesreceiveappropriatetraining prior to
performingon-siteactivities.Trainingshallbe coordinatedwith the SSCLSystemSafetyProjectOffice.

7



3.6 QUALITY ASSURANCE

The subcontractorshallestablishand maintaina quality assuranceprogram.Approval of the quality
assurancesection of the program managementplan constitutes URA concurrencewith the
subcontractor’sapproachto satistingprogramquality assurancerequirements.

3.7 SSCL NUMBERING SYSTEM

Documentidentificationwill be in accordancewith the documentnumberingsystemestablishedby
the SSCL for thosedocumentsdeliveredto theSSCL. The procedurefor useof the documentnumbering
systemwill be furnishedto the subcontractorby SSCL at the timeof subcontractaward.

3.8 UNITS OF MEASURE

The subcontractorshall useeither the S.!. or English systemfor designdocumentation,drawings,
tooling, materials,andall otherapplicationswhereappropriate.However, interfacesbetweenthe NSB
andSSCL equipmentshall be in English units. piping, wiring, fasteners,etc. The systemselectedby
the subcontractorshall remain consistentthroughout the proposaland for all work, with the
measurementgivenin parenthesesin the alternatesystemof notationfor all primarymeasurements.

3.9 RESERVED

3.10 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.10.1 TechnicalInterchangeMeetingsTIM

The subcontractorshall conducttechnicalinterchangemeetingsto coordinateprogramrequirements

andschedulesand to discussmutual interesttopics relatedto the SOW. Such meetingsmaybe formal or

informal in natureas dictatedby the topics to be discussedand mayor may not requireformal minutes.
Timing andlocationof meetingsshall be asrequiredandagreedto by URA andthe subcontractor.

CDRL No. 1 - MeetingAgendas
CDRL No. 2- MeetingMinutes

3.10.2 Resserved

3.11 TECHNICAL REPORTS

The subcontractorshallprovidea monthlywritten technicalprogressreport in subcontractorformat.

Thereportshall includethe following sectionsanddata, organizedby task:

a. Summaryof work performed,including milestonecharts, showingwork accomplished
during the monthandwork remainingto be completed.

b. Discussionof problemsencounteredduring the previousmonth andproposedmethodof

solution.

8



c. Planningdatafor futurework.

d. Any otherinformationdeemedappropriate.

e. Additional datarequestedby URA.

CDRL No. 30-Monthly Report

3.12 COST REPORTS

The subcontractorshall provide monthly cost status reportsto URA. The cost information shall

evaluatecostperformanceagainsttheCWBS and contractualdeliverables.

CDRL No. 31- CostReports

4.0 RESERVED

5.0 CUSTOMERFURNISHEDPROPERTY/SERVICES
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ANNEX 1- CONTRACTDATA REQUIREMENTSLIST

CONTRACT DATA REQUIREMENTS LIST

NITROGEN SUBCOOLER BOX
STATEMENT OF WORK
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CDRL TITLE SOW REF DELIVERY APPROVAL

1 MeetingAgendas 3.1, .2 As Req’d No
3.10.1

2 MeetingMinutes3.1, .2 As Req’d No

3.10.1

18 WitnessedFabrication 3.35 FT 50 No
Test FT Results

19 FabricationTestReport 3.35 As Reqd No

20 SparePartsList 3.3.6 PRR No

27 ProgramSchedules 3.5.3 Monthly No

28 SafetyAnalysis 3.5.5.1 Updates Yes

29 MaterialSafetyData 3.5.5.2 Updates Yes

Sheets

30 MonthlyReport 3.11 Monthly No

31 Cost Reports 3.12 Monthly No

35 ContractWork 3.5.1 CA 300 Yes

BreakdownStructure

36 ContractorOrganization 3.5 CA 300 No

37 Lower Tier Subcontract 3.5.2 Monthly No

Data

Delivery Examples- CA 30D = 30 daysafter Contract Award, Updates= RevisionsAs Req’d basedupon changesfros
submittedunder theBasic Contract
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CDRL 1- MeetIng Agenda

Meetingagendanotificationsshall includeas a minimum:

a. location,dates,andtimes,

b. namesof meetingchairpersonsor personcalling the meeting,

c. scheduleof itemsto be discussedandpresenters,

b. and actionassignmentsandstatusform previousmeeting.

CORL 2-MeetingMinutes

MeetingMinutes shallinclude, butarenot Limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovidedby bothsubcontractorand IdEA,

d. andactionassignmentsidentifiedwith schedulesandresponsibilityfor

accomplishment.

CDRL 18- WitnessedFabricationTest Results

ReferenceSOWparagraph3.3.5

CDRL 19- FabricationTestReport

ReferenceSOW paragraph3.3.5

CDRL 20- SpateParts List

ReferenceSOWparagraph33.6

CDRL 27- ProgramSchedules

ReferenceSOW paragraph3.5.3

CDRL 28 - SafetyAnalysis

Thepurposeof this planis to providea basisof understandingbetweenthe subcontractorand URA to ensurethat

adequateconsiderationis given to safetyduringall phasesof the program.

12



Plandetails the tasks andactivities of systemsafety managementandsystemsafety engineeringrequiredto

identi’, evaluate,andeliminateor control hazardsthroughoutthe systemlife cycle.

CDRL 29- Material SafetyData Sheets

ReferenceSOW paragraph3.5.5.2

CDRL 30- MonthlyReport

ReferenceSOW paragraph3.11

CDRL 31- CostReports

ReferenceSOW paragraph3.12

CDRL 35-ContnctWork BreakdownStructure

ReferenceSOWparagraph3.5.1.

CDRL 36 - ContractorOrganization

ReferenceSOW paragraph3.5

CDRL 37- LowerTier SubcontractData

ReferenceSOW paragraph35.2
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1.0 SCOPE

TheCryogenicsDepartmentof the AcceleratorSystemsDivision ASD of the SuperconductingSuper
Collider LaboratorySSCL is procuringthe servicesrequiredto install Nitrogen SubcoolerBoxesNSB
for usein the High EnergyBoosterHEB and SuperCollider rings. This Statementof Work SOW
definesthe work requiredby the subcontractorto install eleven11 NitrogenSubcoolerBoxesNSB for
the SuperconductingSuperCollider LaboratorySSCL. Technical requirementsfor the NSB are
containedin the ProductandMaterialSpecificationsfor theNitrogenSubcoolerBox, documentnumbers,
XXXXXXXXXX andXXXXXXXXXX,respectively.

1.1 BACKGROUND

UniversitiesResearchAssociationLJRA is the prime contractorto the U. S. Departmentof Energy
DOEfor the SuperconductingSuperCollider SSCproject. As such,URA is responsiblefor the overall
design,development,production,construction,installation,operation,andmaintenanceof the SSC. The

SSC requirescryogeniccooling in its High EnergyBoosterHEB andSuperColhderSC rings. The HEB
is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The HEB is

divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhasa refrigeration

plant on the surfacewhichsuppliesliquid helium to cool the stringsof superconductingmagnetsin the

sector.

Thereis oneNSB locatedin the cryogenicalcoveat eachof the 12 utility shaftè; 2 for the HEB and 10

for the SSC. The basiccontractcalledfor the design,fabrication,andinstallationof a prototypeNSB at N-
15 of the SSC. The installationof eleven11 productionNSB, two 2 for the HEB and nine 9 for the

SSC,is includedin this SOW.

Procurementof theseservicesis beingarrangedandcoordinatedby the CryogenicsDepartmentof

the AcceleratorSystemsDivision ASD of the SSCL.

1.2 OBJECrIVE

The objective of this procurementis to perform the installationsof productionNSB in accordance

with SectionF of this subcontracton the schedulerequiredto supportcollider operation.

13 SUMMARY OF SUBCONTRACTORACTIVITIES

Thescopeof work to be performedby the subcontractorincludesbut is not limited to the following:

a. Conductof a Startof Work Meeting

b. Installationof eleven11 productionNSB.

I



2.0 APPLICABI.E DOCUMENTS

2.1 RESERVED

2.2 SSCL DOCUMENTS

a. AHW-XXXXX.XXX DevelopmentSpecificationfor theNitrogen SubcoolerBox

b. AcceleratorSystemsDivision SafetyandHealthProgramManual

c. SSCLPracticeD10-OOOD3,HazardAnalysisInstructions

d. SSCLLaboratoryEnvironment,Safety,andHealthManual,D10-00001

e. XXXXXXXXXX, ProductSpecificationfor the NitrogenSubcoolerBox.

f. XXXXXXXXXX, MaterialSpecificationfor the Nitrogen SubcoolerBox.

2.3 OTHER DOCUMENTS

a. DOE 5481.1B,SafetyAnalysisandReviewSystem

b. Subcontractor Quality AssurancePlan

c. SubcontractorProgramManagementPlan

2



3.0 SUBCONTRACToR RESPONSIBILITIES

The subcontractorshall furnish all materials, labor, facilities, equipment, supplies, tools,
documentation,management,and supportservicesrequired to completethe tasks definedherein. The
work shau be performed in accordancewith this Statementof Work and the Specificationsfor the
Nitrogen SubcoolerBox.

3.1 START OF WORK MEETING

The subcontractorshall conducta Startof Work Meetingfor the installationof the NSB no later than
the datespecified in Section F of the Subcontract. The purposeof this meeting is to clarify the
requirementswith the subcontractor.As aminimum, the following itemsshallbeaddressed:

a. ProductandMaterial Specificationsanddrawings

b. Statementof Work

c. ContractDataRequirementsList

d. Cost/Schedule

e. Quality Assurance

h. Installation

i. SafetyProgram

CDRL No. 1 - MeetingAgendas
CDRL No.2 - MeetingMinutes

3.2 INSTALLATION

The subcontractorshall install all componentsof eleven11 productionNSB in accordancewith the

approvedprogrammanagementplanandthe applicablecodes,standards,URA approvedspecifications,

and the requirementsof this Statementof Work. Delivery of installationserviceswill be in accordance

with SectionF of the subcontract.

3.2.1 Schedule

The subcontractorshallmaintainan installationschedulefor all componentsdelineatingmilestones,

witnesspoints, testing, andshippingdates. This scheduleshall be in accordancewith Section F of this

subcontract.This scheduleshall be maintainedas an integral partof the programscheduledescribedin

Section3.5.3,
CDRL No. 27-ProgramSchedules

3.2.2 WitnessPoints

The following witness points shall be included in the subcontractor’sinstallation schedule. URA

shall benotified at leastfive 5 workingdays in advanceof eachwitnesspoint.

a. Functional tests.

b. Final pressureandtemperaturetestsandvacuumleakchecking.

3



3.2.3 ProcessesandMethods

As requiredby the URA approvedQuality AssurancePlan, the subcontractorshallmaintain and

follow written proceduresfor all special installationprocessesrequiredto satisfythe provisionsof the

NSB specifications.Suchprocessesshall include,but arenot limited to: welding,brazing,heattreating,

non-destructiveexamination,chemicalmachining,cleaningand packaging,leak checking,andpressure

testing. Proceduresshall conform to the recommendedpracticesof the applicablecodegoverningthe

designof the component ASME, AWS, etc..

3.2.4 Testing

The subcontractorshall conducta test program during installation and assemblyof the NSB

components.Testsrequiredby the NSB specificationsand the subcontractor’squality assuranceprogram

shallbe included. The installationtest programshall be conductedin accordancewith the FTP submitted

andapprovedunder the basiccontract.

For eachtestthe FTP shall includethe following:

a. Descriptionof objectivesanddefinition of criteria

b. Identificationof equipmentandsuppliesrequired

c. A detailedtest procedure

d. Formsfor reportingthe testresults

Testresultsshall be reportedto IJRA. For each testfor which a witnesspoint hasbeenidentified in

Sections3.2.2 and3.2.3,above,the resultsshall be reportedto URA within five 5 daysof completionof

the test.

CDRL No.18- WitnessedInstaliationTestResults

The resultsof all installationtests,including witnessedtests,shall be compiledby the subcontractor

in an installationTestReportwhich shall be submittedto URA within thirty 30 daysaftercompletionof

the last test for eachunit. Note that this doesnot include acceptancetests.URA reservesthe right to

witnessanytestingconductedatany subcontractorfacility, at anyof its vendors’facilities, or in the field.

CDRL No. 19 - InstallationTestReport

33 PROGRAMMANAGEMENT

The subcontractorshall managethe installationtasks definedby this SOW in accordancewith the
NSB programmanagementplan referencedin Section 2.3, above. The subcontractorshall provide a

single point of contactfor all data, information,and policy communicationsto and from the URA

subcontractadministrator.The languageof communicationfor all activities associatedwith the NSB shall

beEnglish.

The subcontractorshall describethe structureof their organizationwhich will contribute to the

performanceof this contract,and shall identify responsiblepersonnelby positionandby name.
CDRL No. 36- ContractorOrganization
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33.1 Reserved

33.2 Reserved

333 ProgramSchedules

The subcontractorshalldevelopandmaintaina masterscheduleof milestonesandeventsplannedto
occur throughoutthe durationof the contract. The subcontractorshall extendthe masterscheduleto the
lowestlevel necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be updated
monthlyand reportedto URA.

CDRL No. 27- Program Schedules

3.3.4 Reserved

3.3.5 SystemSafety

3.3.5.1 SafetyAnalysis.

The subcontractorshall ensure that safety is an inherent part of installation processes. The

subcontractorshall identify potential risk factorsassociatedwith installation andhumanoperations

including detailed hazard analyses. The subcontractor shall perform a hazard analysis that

comprehensivelyaddressessafety issues according to Section 2.2.d, using Section 2.3.a as a guide,

includingbut not limited to: Industrial safety,fire protection,environment,andindustrialhygiene.Risk

assessmentsshall be performedandmitigation methodsapplieduntil all identified risks are within the
limits definedin theNSB specifications..

CDRL No. 28-Safety Analysis

33.3.2 Material SafetyDataSheetsMSDS

The subcontractorshallprepareanddeliver all currentmaterialsafetydatasheetsfor any hazardous

material in the deliveredend item. TheMSDS shall consistof the following sections:

a. Identification: The companyname,addressandemergencyphonenumberof the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their commonnames,

worker exposurelimits to the substance,andotherrecommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and chemical

characteristicsof the material,such as: boiling point, vaporpressure,vapordensity,melting

point,evaporationrate,appearance,odor,andcolor undernormalconditions.

d. Physicalhazards:Physicalhazardsand recommendedmethodsfor handlingthehazards.

e. Reactivity:Stability of the material,and identificationof substancesthat when mixed with

the materialcauseit to becomeunstable.

f. Healthhazards:Ways the materialcould enterandaffect the body of a personwho hasbeen
exposed.
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g. Precautions for safe handling and use: Procedures for safely handling the material, and

proceduresto follow in caseof a spill or leak of the material.Properstorageproceduresfor

thematerial shall be includedin thissection.

h. Control measures:Methodsand equipmentto be usedwhen in contactwith or exposedto

the material.

CDRL No. 29- MaterialSafetyData Sheets

33.5.3 On-SiteActivities

All subcontractorpersonnelshall comply with Section2.1.e,SSCLaboratoryEnvironment,Safetyand

HealthManual requirementswhenperformingactivitieson anSSCL site. All relatedsubcontractorplans
andproceduresshall ensurethat the subcontractor’semployeesreceiveappropriatetraining prior to

performingon-siteactivities. Trainingshall becoordinatedwith the SSCLSystemSafetyProjectOffice.

3.4 QUALITY ASSURANCE

The subcontractorshallestablishandmaintaina quality assuranceprogram.Approval of the quality
assurancesection of the program managementplan constitutes URA concurrencewith the

subcontractor’sapproachto satisfyingprogramqualityassurancerequirements.

3.5 SSCL NUMBERING SYSTEM

Documentidentificationwill be in accordancewith the documentnumberingsystemestablishedby
the SSCL for thosedocumentsdeliveredto the SSCL. The procedurefor useof the documentnumbering

systemwill befurnishedto the subcontractorby SSCLat the time of subcontractaward.

3.6 UNITs OF MEASURE

The subcontractorshall useeither the S.I. or Englishsystemfor design documentation,drawings,

tooling, materials,and all otherapplicationswhereappropriate.However, interfacesbetweenthe NSB

and SSCL equipmentshall be in Englishunits. piping, wiring, fasteners,etc. The systemselectedby
the subcontractorshall remain consistentthroughout the proposal and for all work, with the
measurementgivenin parenthesesin the alternatesystemof notationfor all primarymeasurements.

3.7 RESERVED

3.8 MANAGEMENT REVIEWS AND ThCHNICAL MEETINGS

3.8.1 Technical Interchange Meetings TIM

The subcontractor shall conduct technical interchange meetingsto coordinate program requirements

andschedulesand to discussmutual interest topics related to the SOW. Such meetingsmaybe formal or
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informal in natureas dictatedby the topics to be discussedandmayor maynot requireformal minutes.
Timing andlocationof meetingsshall beasrequiredandagreed to by URA and the subcontractor.

CDRL No.1- MeetingAgendas
CDRL No.2- MeetingMinutes

3.8.2 Resserved

3.9 TECHNICAL REPORTS

The subcontractorshall providea monthlywritten technicalprogressreport in subcontractorformat.
Thereportshall includethe following sectionsanddata, organizedby task:

a. Summary of work performed, including milestonecharts, showing work accomplished

during the month andwork remainingto be completed.

b. Discussionof problems encounteredduring the previous month and proposed method of

solution.

c. Planningdatafor future work.

d. Any other information deemedappropriate.

e. Additional datarequestedby URA.

CDRL No. 30- Monthly Report

3.10 COST REPORTS

The subcontractorshall provide monthly cost status reports to IRA. The cost informationshall

evaluatecost performanceagainsttheCWBS andcontractualdeliverables.

CDRL No. 31- Cost Reports

4.0 RESERVED

5.0 CUSTOMER FURNISHED PROPERTY/SERVICES
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ANNEX 1- CONTRACT DATA REQUIREMENTS LIST

CONTRACT DATA REQUIREMENTS LIST
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CDRL TITLE SOW REF DELIVERY APPROVAL

I MeetingAgendas 3.1 As Req’d No
3.8.1

2 MeetingMinutes 3.1 As Req’d No

3.8.1

18 WitnessedFabrication 3.2.4 FT 5D No
Test FT Results

19 FabricationTestReport 3.2.4 As Reqd No

27 ProgramSchedules 3.2.1 Monthly No
3.3.3

28 SafetyAnalysis 3.35.1 Updates Yes

29 Material SafetyData 3.3.5.2 Updates Yes
Sheets

30 Monthly Report 3.9 Monthly No

31 CostReports 3.10 Monthly No

36 Contractor Organization 3.3 CA 30D No

Delivery Examples- CA 30D = 30 daysafter Contract Award, Updates= RevisionsAs Req’dbased upon changesfroi

submittedunder theBasic Contract
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CURL 1-MeetingAgenda

Meetingagendanotificationsshall includeas aminimum:

a. location,dates,andtimes,

b. namesof meetingchairpersonsor personcalling the meeting,

c. scheduleof itemsto bediscussedandpresenters,

b. andactionassignmentsand statusform previousmeeting.

CDRL 2-MeetingMinutes

MeetingMinutes shall include,but arenot limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovidedby bothsubcontractorand !JRA,

d. and action assignmentsidentified with schedulesand responsibility for

accomplishment.

CURL 18 - WitnessedFabricationTestResults

ReferenceSOW paragraph3.2,4

CURL 19- FabricationTestReport

ReferenceSOW paragraph3.2.4

CURL 27- ProtramSchedules

ReferenceSOW paragraph3.2.1 and3.3.3

CURL 28- SafetyAnalysis

The purposeof this plan is to providea basisof understandingbetweenthe subcontractorand URA to ensurethat

adequateconsiderationis given to safetyduring all phasesof the program.

Plan details the tasks and activities of systemsafety managementand system safety engineering required to

identify, evaluate,andeliminateor control hazardsthroughoutthe systemlife cycle.

CURL 29- Material SafetyDataSheets
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ReferenceSOW paragraph3.3.5.2

CURL 30- Monthly Report

ReferenceSOW paragraph3.9

CURL 31 - CostRevorts

ReferenceSOW paragraph3.10

CURL 36- ContractorOttanizafion

ReferenceSOW paragraph33
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tO SCOPE

TheCryogenicsDepartmentof theAcceleratorSystemsDivision ASD of the SuperconductingSuper
Collider LaboratorySSCL is procuringNitrogen SubcoolerBoxesNSB for use in the High Energy
BoosterHEB and SuperCotlider rings. This Statementof Work SOW definesthe work requiredby the
subcontractorto design,fabricate,test, and install oneprototypeNitrogen SubcoolerBox NSB at N15 of
theSuperconductingSuperCollider LaboratorySSCL.

1.1 BACKGROUND

UniversitiesResearchAssociationURA is the prime contractorto the U. S. Departmentof Energy
DOE for the SuperconductingSuperCollider SSCproject.As such,URA is responsiblefor theoverall

design,development,production,construction,installation,operation,and maintenanceof the SSC. The

SSCrequirescryogeniccooling in its High EnergyBoosterHEB and SuperCollider SC rings. The HEB

is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The HEB is

divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhasa refrigeration

plant on the surfacewhich suppliesliquid helium to cool the strings of superconductingmagnetsin the

sector.

Thereis oneNSB locatedin the cryogenicalcoveat eachof the 12 utility shafts; 2 for the HEB and10

for the SSC. Technical and functional descriptionsof the NSB arecontainedin AHWXXXXX.XXX,

DevelopmentSpecificationfor the NitrogenSubcoolerBox.

Procurementof this prototypeNSB is beingarrangedandcoordinatedby the CryogenicsDepartment

of theAcceleratorSystemsDivision ASD of the SSCL.

1.2 OBJEalvE

The objectivesof this procurementare to deliver a productiondesignwith accompanyingdataand

programmanagementservices,fabricatea prototype NSB, and install the prototype at site N-IS to

supportcollidercooldown testing.

1.3 SUMMARY OF SuBCONTKACr0R ACTIVITIES

The scopeof work to be performedby the subcontractorincludesbut is not limited to the following:

a. Equipmentdesign. Establish the NSB designrequirementsbaselinein the form of a product

fabricationspecificationanddrawingpackage.

b. Presentthe designtrade-offs,productspecifications,processspecifications,drawings and

acceptancetestproceduresat the Critical Design Review. Approval of the specificationsand
drawingswill establishthe designbaseLine.

c. Fabricatethe prototypeNSB.

d. Installationandacceptancetestingat the N-15site of the SSC.

e. Maintenanceandsupportof the prototypeNSB duringcool downtestingat SSC.

1



2.0 APPLICABLE DOCUMENTS

2.1 MILITARY SPECIFICATIONS

a. DOD-Std-1000BDrawings.Engineeringand AssociatedLists

b. MIL-Std-4908 SpecificationPractices

2.2 SSCL DOCUMENTS

a. SSCLStandardP40-000031ConfigurationManagementPlan

b. AHW-XXXXX.XXX DevelopmentSpecificationfor the Nitrogen SubcooterBox

c. AcceleratorSystemsDivision SafetyandHealthProgramManual

d. SSCLPracticeD10-000003,HazardAnalysis Instructions

e. SSCLLaboratoryEnvironment,Safety,andHealthManual,D1O-00001

23 OTHER DOCUMENTS

a. DOE 5481.1B,SafetyAnalysisandReviewSystem

b. SubcontractorQuality AssurancePlanto be submittedwith proposal

c. SubcontractorProgramManagementPlanto be submittedwith proposal

d. SubcontractorConfigurationManagementPlanto be submittedwith proposal
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3.0 SUBCONTRACTOR RESPONSIBILITIES

The subcontractorshall furnish all materials, labor, facilities, equipment,supplies, tools,
documentation,management,and supportservicesrequiredto completethe tasks definedherein.The
work shall be performedin accordancewith this Statementof Work andthe DevelopmentSpecification
for the Nitrogen SubcoolerBox.

3.1 NITROGEN SUBCOOLERBOX DESIGN

The subcontractorshall designthe NSB in accordancewith the requirementsof the Development
Specificationand in compliancewith the generalrequirementsof documentsspecifiedin this Statement
of Work underSections22 SSCL Documentsand 2.3 OtherDocuments,and the specific taskingof
Sections3,4 and 5.

3.1.1 EquipmentDesign

The subcontractorshall be responsiblefor the completedesignand/or selectionof all equipment
comprising the NSB. The equipmentdesign shall be fully documentedin accordancewith the
DevelopmentSpecificationandSection3.1.4 of this SOW to permit verification of conformanceto the
DevelopmentSpecification.

The designof anyitem of equipmentor anyassemblyshall be consideredcompleteupon approvalby
URA of all related drawings and any additional design documentationrequired by this SOW
specifications,calculations,test results,etc.. At that time the subcontractorshallbe releasedto begin

procurementand/orfabricationof the item or assembly. All equipmentdesigndocumentationshall be

completedby the Critical Design ReviewCDR. The statusof in-progressdesignsshall be presentedto
IJRA at scheduledreviewsperSection3.1.2of thisSOW.

3.1.2 DesignReviews

The designand planningefforts of the subcontractorshall be presentedto URA at the reviews

describedherein. Reviewsshall be conductednot later than the datesspecified in Section F of the

Subcontract,andeachreviewshall be includedasa milestonein the subcontractor’sschedule.

3.1.2.1 Startof Work Meeting

The subcontractorshall conducta Startof Work Meetingof the NSB not later than the datespecified
in Section F of the Subcontract.The purposeof this meeting is to clarify the requirementswith the
subcontractor.As a minimum, the following itemsshall be addressed:

a. DevelopmentSpecification

b. Statementof Work

c. ContractDataRequirementsList

d. Cost/Schedule

e. Interfaces

f. Designstandardizationandmaintenance
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g. Program Management Plan

h. Quality AssurancePlan

i. ConfigurationManagementPlan

j. Programrisk assessment

k. Problemsandconcerns

I. TestPlanning

m. SSCTest Support

n. Installationplanning

CDRL No.1- MeetingAgendas
CDRL No. 2- MeetingMinutes

3.1.2.2 Critical DesignReview CDR

The subcontractorshall conductaCDR of the NSB not later thanthe date specifiedin SectionF of the

Subcontract.The purposeof this review is to obtain URA concurrencethat the NSB designhas been

completed.As a minimum, the following itemsshall beaddressed:

a. Design

b. Interfaces

c. Drawings,Level 2

d. Specifications

e. ConfigurationManagement

f. AcceptanceTestPlanning

g. TestSupportPlanning

h. Systemsafety

i. Fabricationplanning

j. Quality Assuranceplanning

k. Installationplanning

I. FailuremodesanalysisFMA

m. Logistics

1. Transportation,packaging,and handling

2. Standardization

3. Specialtools andequipmentrequirements

4. Sparesrequirements

n. Programandnearterm schedules.

4



o. Programrisk assessments

p. Problemsandconcerns.

CDRL No. 1 - MeetingAgendas CDRL No. 8 - FailureModesAnalysis
CDRL No. 2- Meeting Minutes CDRL No. 11- Product Specifications
CDRL No. S - Drawings,Level 2 CDRL No. 7 - Reliability Analysis
CDRL No. 10- MaintainabilityProgram CDRL No.23 - AcceptanceTestPlan

Plan

3.1.3 Analysis

3.1.3.1 Reliability Analysis

The subcontractorshall preparea reliability block diagramandreliability prediction. The block
diagramshall be completeto an indenturelevel that reflects the modular replacementsanticipatedto
occuron-siteandshall reflectfailuresidentified in the failure modesanalysisdefinedin Section3.1.3.2of
this SOW.

The reliability predictions for the NSB and replacementmodulesshall be consistentwith the

DevelopmentSpecification.

CDRL No. 7 - Reliability Analysis

3.1.3.2 Failure Modes Analysis FMA

The subcontractorshall perform a failure modesanalysisto determinethe effect of component

failureson NSB performanceand supportability. For the purposesof this analysiscomponentis defined

to be an item that is recommendedfor replacementby the URA-approvedmaintenanceconcept.
Subcomponentrepairactivities carriedout post-replacementin a different facility arebeyondthe scope
of thisanalysis.Resultsof this analysisshall be presentedto URA in the form of a report. This analysis

shall include:a descriptionof the failure modes,causesof failure, probableeffects of failure, probability
of occurrence,criticality of failure, a list of anysafety implications,and correctiveactionsor preventive

measures. The subcontractorshall provide recommendationsfor mitigating the impact of failures

throughdesignimprovements,tests,and inspections.
CDRL No. 8 - Failure Modes Analysis

3.1.4 Documentation

3.1.4.1 Specifications

Thesubcontractorshallprovidea Critical Item FabricationProductSpecification,TypeC2b per MIL-
STD-490B for equipmentproducedon this contract, in sufficient detail to allow verification of
compliancewith the DevelopmentSpecificationand to supportmaintenanceandreprocurementactions.

Product,processand material specificationsshall be included. For commercial equipment, commercial

specificationsshall suffice.

CDRL No. 11-ProductSpecificationC2b
CDRL No. 15-ProcessSpecifications

CDRL No. 21 - Material Specifications
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3.1.4.2 Drawings

The subcontractorshall convertdesignrequirementsinto practicaldesignlayoutsLevel 1 andthen

convertdesign layouts into detaileddrawings Level Ifl. The subcontractorshall produceall final

drawings in a format compatible with DOD-STD--I000B, Level II. For commercial equipment,

commercialdrawingsshall suffice.

The subcontractorshall prepareas-built drawingsfor any item, component,module,etc., which
deviatesfrom designor fabricationdrawingspecifications,or which is cut- or built-to-fit in the shopor

field. These drawingsshall be submitted to URA within fourteen14 days after completionof the
fabricationand/orinstallationof the item.

CDRL No. 12-AsBuilt Drawings

3.1.4.3 InterfaceControlDocumentslCD
ThesubcontractorshallsupportURA in producingthe appropriateinterfacecontrol documents.
CDRL No. 32- InterfaceControl Documents

3.2 FABRICATION AND INSTALLATION

The subcontractorshall fabricateand install all componentsof the prototypeNSB in accordancewith the
approvedprogrammanagementplanand the applicablecodes,standards,URA approvedspecifications,
andthe requirementsof this Statementof Work.

3.2.1 Schedule

The subcontractorshall maintaip a fabrication and installation schedulefor all components
delineatingmilestones,witnesspoints,testing,and shippingdates. This scheduleshall be in accordance

with SectionF of this subcontract.This scheduleshall be maintainedas an integral part of the program
scheduledescribedin Section3.5.3.

CDRL No. 27-ProgramSchedules

3.2.2 Shop/FieldWitnessPoints

The following witnesspointsshall be includedin the subcontractor’sprototypefabrication schedule.
URA shall benotified at leastfive 5 working daysin advanceof eachwitnesspoint.

a. Shop/Fieldfunctional tests.

b. Final shop/fieldpressureand temperaturetestsand vacuumleak checking.

3.23 Material Control

The subcontractorshall implementmaterial control proceduresin accordancewith the NSB quality

assuranceprogramandNSB specifications.Material qualificationrecordscertifiedmaterial test reports,

certificatesof compliance.etc. shall be collectedand maintainedby the subcontractorandsubmittedfor

URA approvalat leastsixty 60 daysbeforeacceptancetesting.
CDRL No. 14-Parts QualificationPlan
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3.2.4 Processesand Methods

As required by the URA approvedQuality AssurancePlans the subcontractorshall develop,
maintain,and follow written proceduresfor all special fabrication processesrequired to satisfy the

provisions of the NSB specifications.Such processesshall include, but are not limited to: welding,
brazing,heat treating,non-destructiveexamination,chemicalmachining,cleaningand packaging,leak

checking,andpressuretesting.Proceduresshall conformto the recommendedpracticesof the applicable
codegoverningthedesignof the componentASME, AWS, etc.. Theseproceduresshall be submittedto
URA for approval at least sixty 60 days prior to use.

CDRL No. 15-ProcessSpecifications

3.23 Testing

The subcontractorshalldevelop a fabrication test planFTP defining productquality verification

testing to be performedduring fabrication andassemblyof the NSB componentsincluding all field

assemblytasks. Testsrequiredby the NSB specificationsand the subcontractor’squality assurance

programshallbeincluded. TheFTP shall be submittedfor approvalby URA at least sixty 60 days prior

to use.

For eachtest the F1’P shall includethe following:

a. Descriptionof objectivesanddefinition of criteria,

b. Identification of equipmentand suppliesrequired,

c. Detailedtestprocedure,

d. Formsfor reportingthe test results.

Testresultsshallbe reportedto URA. For each test for which awitnesspoint hasbeenidentified in

Section3.2.4,above,or Section3.2.10, below, the resultsshall be reportedto URA within five 5 days of

completionof the test

CDRL No. 17-FabricationTestPlan

CDRL No. 18 - WitnessedFabricationTestResults

Theresultsof all fabricationtests, includingwitnessedtests,shall be compiledby thesubcontractorin

a FabricationTestReportwhichshall be submittedto URA within thirty 30 daysafter completionof the

last test. Note that this doesnot include acceptancetests.URA reservesthe right to witnessany testing
conductedat anysubcontractorfacility, at anyof its vendors’ facilities, or in the field.

CDRL No.19 - FabricationTestReport

3.2.6 Spares

Spareparts sufficient for two yearsof operationshall be identified. All sparepartsshall be listed in

the sparepartslist. IJRA reservestheoption to purchaseanysubsetof the spareparts list.

CDRL No. 20 - SpareParts List
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3.2.7 Reserved

3.2.8 Installation

The prototype NSB shall be installed by the subcontractorin URA-supplied facilities near
Waxahachie, Texas. The installation shall be conducted in accordancewith the approved program

managementplan and the applicablecodes, standards,and specificationsset forth in the NSB
specificationsand in this Statementof Work. This SOW considersinstallation tasks to includefabrication
tasksaccomplishedin the field.

The following witnesspointsshall be included in the subcontractor’sinstallation schedule. URA
shall be notified atleast five 5 workingdaysin advanceof eachwitnesspoint.

a. Completionof major subsystemsand/ormodules.

b. Functionaltestsand leakchecks.

3.2.9 Maintenance Manual

Prior to installationof theprototypeNSB, a maintenancemanualshallbe provided.The maintenance

manualshall comply with the safetyrequirementsfor useof DANGER, WARNING, CAUTION, andNOTE

notations.In addition,a NOTE shall be used to explain critical stepswherehumanassemblyerrorscould

causea failure. Themanualshall includea list of alt sparesandequipmentrequiredfor maintenance.

CDRL No. 41- MaintenanceManual

33 RESERVED

3.4 RESERVED

3.5 PROGRAM MANAGEMENT

The subcontractorshall managethe design,development,test, fabrication,and installationtasks

definedby this SOW in accordancewith the NSB ProgramManagementPlan referencedin Section2.3,
above. The subcontractorshall provide a singlepoint of contactfor all data, information,and policy

communicationsto andfrom the URA subcontractadministrator.The languageof communicationfor all
activitiesassociatedwith the NSB shall be English.

The subcontractorshall describethe structureof their organizationwhich will contributeto the

performanceof thiscontract,and shall identify responsiblepersonnelby positionand by name.

CDRL No. 36- ContractorOrganization

33.1 Contract Work Breakdown StructureCWBS

The subcontractorshall deliver a CWBS. The subcontractorshall identify within the CWBS all
significantsubcontractualelementsand tasks.The subcontractorshall not changetheCWBS or associated

definitions for any contractualelementsor tasksat level threeor abovewithout URA approval. Changes
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at lower levels may be madeby the subcontractor as deemednecessary.Schedulesshall be keyed to the

CWBSandthe SOW deliverables.

CDRL No. 35 - ContractWork BreakdownStructure

33.2 LowerTier SubcontractManagement

Thesubcontractorshall providemonthlyschedule,supportability,and technicalprogressinformation

about lower tier subcontractsto URA. The subcontractorshall implementprogramplanningandcontrol
necessaryto accomplishthe lower tier subcontracteffort. The subcontractorshall inform the URA
subcontract administrator of, and invite URA personnel to, all lower tier subcontracttechnical
interchangemeetings,designreviews,testreviews,and programmanagementreviews.

CDRL No. 37- LowerTier SubcontractData

3.5.3 ProgramSchedules

The subcontractorshall developand maintaina masterscheduleof milestonesandeventsplannedto

occur throughoutthe durationof the contract.The subcontractorshallextendthe masterscheduleto the

lowest CWBS level necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be

updatedmonthlyandreportedto IJRA.

CDRL No. 27-ProgramSchedules

3.5.4 ConfigurationManagementCM andControl

Configurationcontrol shall be performedin accordancewith the CM sectionof the subcontractor’s

programmanagementplanas approvedby URA.

3.5.5 SystemSafety

3.5.5.1 Safety Analysis

The subcontractordesignprocessshallensurethat safety is an inherentpart of systemdesign.The

subcontractorshall identify potentialrisk factorsassociatedwith systemdesignsand humanoperations

including detailed hazard analyses. The subcontractorshall perform a hazard analysis that
comprehensivelyaddressessafety issuesaccording to Section 2.2.d, using Section2.3.a as a guide,

including but not limited to: Industrial safety,fire protection,environment,andindustrialhygiene.Risk

assessmentsshall be performedand mitigation methodsapplieduntil all identified risks arewithin the

limits definedin the TechnicalSpecification.

CDRL No. 28-SafetyAnalysis

3.5.5.2 Material SafetyData SheetsMSDS

The subcontractorshallprepareanddeliver all currentmaterial safetydatasheetsfor anyhazardous

material in the deliveredend item. The MSDSshall consistof the following sections:

a. Identification: The companyname,addressandemergencyphonenumberof the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their commonnames,

worker exposurelimits to the substance,andother recommendedlimits.
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c. Physical and chemical characteristics:Listings of known physical and chemical

characteristicsof the material,suchas: boiling point, vaporpressure,vapordensity,melting

point, evaporation rate, appearance,odor, and color under normal conditions.

d. Physicalhazards:Physicalhazardsandrecommendedmethodsfor handlingthe hazards.

e. Reactivity: Stability of the material, and identificationof substancesthat whenmixed with

the materialcauseit to becomeunstable.

f. Health hazards: Ways the material could enter and affect the body of a person who has been

- exposed.

g. Precautions for safe handling and use: Procedures for safely handling the material, and

proceduresto follow in caseof a spill or leak of the material. Properstorageproceduresfor

the material shall be included in this section.

h. Control measures:Methods and equipment to be used whenin contact with or exposedto

the material.

CDRL No. 29- Material Safety Data Sheets

3.5.5.3 On-Site Activities

All subcontractor personnelshall comply with Section 2.i.e,SSC Laboratory Environment, Safety and

Health Manual requirements when performing activitieson an SSCL site. All related subcontractorplans

and procedures shall ensure that the subcontractor’s employeesreceive appropriate training prior to

performingon-siteactivities. Training shall be coordinated with the SSCL SystemSafety Project Office.

3.6 QUALm ASSURANCE

The subcontractorshallestablishandmaintain a quality assuranceprogram.Approval of the quality

assurancesection of the program managementplan constitutes URA concurrencewith the

subcontractor’sapproachto satisfyingprogramquality assurancerequirements.

3.7 SSCL NUMBERING SYSTEM

Documentidentificationwill be in accordancewith the documentnumberingsystemestablishedby

the SSCL for thosedocumentsdeliveredto the SSCL. The procedurefor useof the documentnumbering
systemwill befurnishedto the subcontractorby SSCL at the timeof subcontractaward.

3.8 UNITS OFMEASURE

The subcontractorshalt use either the 5.1. or English systemfor designdocumentation,drawings,

tooling, materials,and all other applicationswhereappropriate.However, interfacesbetweenthe NSB

and SSCL equipmentshall be in English units. piping, wiring, fasteners,etc. The systemselectedby

the subcontractor shall remain consistent throughout the proposal and for all work, with the

measurementgivenin parenthesesin the alternatesystemof notationfor all primarymeasurements.
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3.9 RESERVED

3.10 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.10.1 Technical !nterchangeMeetingsTIM

The subcontractorshall conducttechnical interchangemeetingsto coordinate systemrequirements

and schedulesand to discussmutual interest topicsrelated to the SOW. Such meetingsmay be formal or

informal in natureas dictated by the topics to be discussedand may or may not require formal minutes.

Timing and location of meetingsshall be as required and agreedto by URA and the subcontractor.

CURL No. 1 - MeetingAgendas
CURL No.2- MeetingMinutes

3.10.2 TechnicalReviews

Designreviewswill beco-chairedby designatedpersonnelfrom URA andthe subcontractor.The

subcontractorshallbe responsiblefor the following: development,preparationand submissionof

agendas;engineeringdatarequiredfor technicalevaluation; presentationmaterials; maintenanceof

the minutesandactionitems resultingfrom the reviews. Engineeringdatato be discussedas partof

the scheduledreview shall be transmittedto JJRAin accordancewith SectionF of the subcontract.

Approval of the reviewconstitutesacceptanceof the milestoneandauthorizationto proceed.

Reviewsshall be held at the subcontractor’sfacility on URA-approveddatesin the subcontractor’s

masterschedule.The subcontractorshall prepareand deliver meetingminutesand action itemsfor URA

approvalwithin fiveS working daysafter a review.

CURL No. 1 - MeetingAgendas
CURL No. 2- Meeting Minutes

3.11 TECHNICAL REPORTS

The subcontractorshallprovidea monthlywritten technicalprogressreport in subcontractorformat.
Thereportshallincludethe following sectionsanddata,organizedby task:

a. Summaryof work performed,including milestonecharts, showingwork accomplished

during the monthandwork remaining to be completed.

b. Discussionof problemsencounteredduring the previousmonth andproposedmethodof

solution.

c. Planningdatafor future work.

d. Any other information deemedappropriate.

e. Additional data requestedby URA.

CURL No. 30- Monthly Report
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3.12 COST REPORTS

The subcontractorshall provide monthly cost statusreports to URA. The cost information shall

evaluatecost performanceagainstthe CWBSandcontractualdeliverables.

CURL No. 31-CostReports

4.0 RESERVED

5.0 CUSTOMERFURNISHEDPROPERTY/SERVICES

TBD
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ANNEX 1- CONTRACT DATA REQUIREMENTS LIST

ANNEX 1 TO ATTACHMENT J-1

CONTRACT DATA REQUIREMENTS LIST

NITROGEN SUBCOOLER BOX
STATEMENT OF WORK
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CURL TITLE SOWREF DELIVERY APPROVAL

1 MeetingAgendas 3.1.2.1,.2 As Req’d No

3.10.1,.2

2 MeetingMinutes3.1.2.1,.2, As Req’d Yes

3.1o.1,.2

5 Drawings,Level 23.1.2.2 301CUR Yes

7 Reliability Analysis 3.1.2.2 CUR Yes

3.13.1

8 FailureModesAnalysis 3.1.2.2 CDR Yes

3.13.2

10 MaintainabilityProgram 3.1.2.2 CDR Yes

Plan

11 ProductSpecifications 3.1.2.2 30U CUR Yes

3.1.4.1

12 As Built Urawings3.1.4.2 As Req’d Yes

14 PartsQualificationPlan 3.2.3 60U AT Yes

15 ProcessSpecifications 3.1.4.1 CUR 60U Yes

3.2.4

17 FabricationTestPlan 3.2.5 As Reqd Yes

18 WilnessedFabrication 3.2.5 FT 51 No

Test Results

19 Fabrication Test Report 3.25 As Reqd No

20 SpareParts List 3.2.6 ÔOU Install No

21 Material Specifications 3.1.4.1 CUR 60U Yes

23 AcceptanceTestPlan 3.1.2.2 CUR Yes
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27 ProgramSchedules 3.2.1 Monthly No

3.5.3

28 SafetyAnalysis 3.55.1 30U CUR Yes

29 Material SafetyData 3.5.5.2 30U CUR Yes

Sheets

30 Monthly Report 3.11 Monthly No

31 CostReports 3.12 Monthly No

32 InterfaceControl 3.1.4.3 As Req’d Yes

Documents

35 ContractWork 3.5.1 CA 30U Yes

BreakdownStructure

36 ContractorOrganization 3.5 CA 30D No

37 LowerTier Subcontract 3.5.2 Monthly No

Data

41 MaintenanceManual 3.2.9 120U Install Yes

Deliveri, Examples-CA 300 = 30 daysafter ContractAward, 300CDR = 30 daysbefore COR
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CDRL 1- Meeting A2enda

Meetingagendanotifications shall include asa minimum:

a. location,dates,andtimes,

b. namesof meetingchairpersonsor personcalling the meeting,

c. scheduleof itemsto be discussedand presenters,

b. andactionassignmentsand statusform previousmeeting.

CDRL 2- MeetingMinutes

MeetingMinutesshallinclude,butarenot limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovidedby bothsubcontractorand URA,

d. andaction assignmentsidentified with schedulesand responsibilityfor

accomplishment.

CDRL $ - Drawin2s,Level 2

ReferenceDOU-STU-1000B,Drawings,Engineeringand AssociatedLists

CDRL 7- Reliability Analysis

Recordthe reliability requirementsfor the enditem, majorsubsystemsandcritical componentsto include,butnot

limited to:

a. possiblefailure modes,

b. probability of occurrenceof eachfailure mode,

c. timesduringoperationthe failure modecan occur,

d. classificationof thefailure modecritical, major,minor,

e. enditem reliability whenthe failure occurs,

I. andend item reliability when the failure doesnotoccur.

CURLS - Failure Modes Analysis

ReferenceSOW paragraph3.1.3.2

CDRL 10- Maintainability ProgramPlan
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Plan describesthe subcontractor’smaintainability program, how it will be conductedand the controls and

monitoring provisions, if any, levied on suppliers and vendors. It describesthe techniquesand tasks to be

performedand their integrationanddevelopmentin conjunctionwith otherrelatedactivities.

CDRL ii - ProductSpecifications

ReferenceMIL-STU-490B,SpecificationPractices

CURL 12- As Built Drawings

ReferenceDOU-STD-1000B,Urawings,Engineeringand AssociatedLists

CDRL 14- PartsOuplification Plan

The plan shall contain,but is not limited to ,the following

a. the inspectionsandtestsnecessaryto qualify the part,

b. the justification for usinggenericqualification, reducedtesting,or limited usage

proceduresfor qualifying,

c. the mannerin which sampleswill be chosen,the period they will be chosen, andthe elapsed

timebetweenqualificationinspections,

d. the descriptionof the testprocedures;electrical,environmental,and operational

usedin qualifying the part,

e. and the datato berecorded.

CDRL 15- ProcessSDecifications

ReferenceMIL-STU-490B, SpecificationPractices

CURL 17- FabricationTestPlan

ReferenceSOW paragraph3.2.5

CDRL 18- WitnessedFabricationTestResults

ReferenceSOW paragraph 3.2.5
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CURL 19- FabricationTestReport

ReferenceSOW paragraph3.2.5

CDRL 20- Spare Parts List

ReferenceSOW paragraph 3.2.6

CDRL 21- Material Specifications

ReferenceMIL-STD-490B,SpecificationPractices

CURL 23- AcceptanceTest Plan

A. Overview. Includesflow diagrams,milestones,personnelparticipation,andsafetyrequirements:

1. Flow diagrams. A functional description of the acceptancetest qriiaan block

diagramportrayalof the functionsthatmustbe met to satisfythe totalacceptanceprogram,

2. Milestones. Identifiesthe startandexpectedcompletiondatesof eachtest to be performed,

3. Participation. Identifiesthe contractorand URA participationrolesand responsibilities,

4. Safety. Identify andstateanysafetymeasuresor guidelinesto beobserved during testing.

B. MasterTestList. List all teststo be accomplishedin the order theyareto be performed. Separatelistingsfor

eachlocationshall beprovided. Listing shall include:

1. Locationwherethe testis to be performed,

2. Number for eachpieceof equipmentor item testwill be performed,

3. Nameand brief descriptionof test to be performed,

4. Numberof cyclesthe testwill be performedandselectedparametersto be observed.

C. EquipmentList. The list shall include all equipmentto be used in the test. The listing shall include the

following:

1. All testequipmentby description,nomenclature,serialnumber;

2. All supportequipmentby description,nomenclatureandserialnumber;

3. All specialtest equipmentrequired to be designedor constructedfor use on the programby

description,nomenclature,anddaterequired.

U. Validation. An overview of the proceduresthatwill be used to validatethe test results.

CDRL 27- ProgramSchedules

ReferenceSOW paragraph3.2.1and3.5.3

18



CURL 28-SafetyAnalysis

The purposeof this planis to providea basisof understandingbetweenthe subcontractorandURA to ensurethat

adequateconsiderationis given to safetyduring all phasesof the program.

Plan details the tasksand activities of systemsafetymanagementand systemsafetyengineeringrequired to

identify,evaluate,andeliminateor controlhazardsthroughoutthe systemlife cycle.

CURL 29- MaterialSafetyData Sheets

ReferenceSOW paragraph3.5.5.2

CDRL 30- Monthly Rerort

ReferenceSOW paragraph3.11

CURL 31- Cost Reports

ReferenceSOWparagraph3.12

CURL 32- InterfaceControl Documents

Documentsshall be preparedto control the interfacesbetweentwo or more systemsegmentsand to providea

common data referencefor the segmentswhere the control of a single interface restswithin the design tasks

delineatedwithin this SOW and the associatedspecifications. Uocumentsshall specify in subparagraphsas

appropriate,in quantitativetermswith tolerances,the mechanical,electrical, and functional relationshipsof the

interfacingsystemsegments,to the level of detail necessaryto permitdetail design.

CURL 35- Contract Work Breakdown Structure

ReferenceSOW paragraph3.5.1.

CURL 36- Contractor Oranizatjpn

ReferenceSOWparagraph3.5
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CURL 37- Lower Tier Subcontract Data

ReferenceSOW paragraph35.2

CURL 40- Training Syllabus

TrainingSyllabusshall includeas a minimum:

a. aassroomandpracticalapplication time,

b. Time allocatedfor eachtopic of instruction,

c. Scheduledorder of presentation,

d. Separateschedulelisting for classrooms,trainingequipment,and laboratory use,

e. Resourcerequirementslist,

t andCurriculumOutline providingdetailedtrainingdatafor each lesson.

CURL 41 - Maintenance Manual

These manuals shall include detailed machine functions, basic diagnosticoperations,basic operational

procedures,operationof maintenanceswitchesand associatedtestequipment,recommendationsfor preventative

maintenanceschedules,and suggestedmaintenanceroutines. When a commercialmanualis availableand

consideredadequate,the subcontractormayrecommendthe manualandsubmita copy for approval.
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1.0 SCOPE

TheCryogenicsDepartmentof the AcceleratorSystemsDivision ASD of the SuperconductingSuper

Collider LaboratorySSCL is procuringNitrogenDump TanksNDT for usein the High EnergyBooster

HEB and SuperCollider rings. This Statementof Work SOW defines the work required by the

subcontractorto fabricateeleven11 setsof two NitrogenDump TanksNDT for the Superconducting

SuperColliderLaboratorySSCL. Technicalrequirementsfor the NOT arecontainedin the Productand

Material Specificationsfor the Nitrogen Dump Tanks, documentnumbers,XXXXXXXXXX and

XXXXXXXXXX, respectively.

1.1 BACKGROUND

UniversitiesResearchAssociationURA is the prime contractorto the U. S. Departmentof Energy

DOE for theSuperconductingSuperCollider SSCproject. As such,URA is responsiblefor the overall

design,development,production,construction,installation,operation,andmaintenanceof the SSC. The

SSCrequirescryogeniccooling in its High EnergyBoosterHEB and SuperCollider SC rings. The HEB

is approximately80 feet undergroundwhile the SC is approximately250 feet underground.The HEB is

divided into two 2 sectorswhile the SC is divided into ten 10 sectors. Eachsectorhasa refrigeration

plant on the surfacewhich suppliesliquid helium to cool the stringsof superconductingmagnetsin the

sector.

There is oneset of two NOT located in the cryogenicalcoveat eachof the 12 utility shafts; 2 for the

HEB and 10 for the SSC. The basiccontract called for the design, fabrication, and installation of a

prototypeset of two NOT at N-is of the SSC. The fabricationof eleven11 sets of productionNDT, two

2 for the HEB andnine 9 for the SSC,is includedin this SOW.

Procurementof thesesystemsis being arrangedandcoordinatedby the CryogenicsDepartmentof

theAcceleratorSystemsDivision ASD of the SSCL.

1.2 OBJECTIvE

The objectiveof this procurementis to deliver productionNDT, with accompanyingdataand spare

parts, in accrodancewith Section F of this subcontracton the schedulerequired to support collider

operation.

12 SUMMARY OF SUBCONTRACTORACTIVITIES

The scopeof work to be performedby the subcontractorincludesbut is not limited to the following:

a. Maintenanceof the designbaselineestablishedunderthe basic contract.

b. Conductof a ProductionReadinessReviewPRR.

c. Fabricationof eleven11 productionsetsof NDT. -
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2.0 APPLICABLE DOCUMENTS

2.1 RESERVED

2.2 SSCL DOCUMENTS

a. SSCLStandardP40-000031ConfigurationManagementPlan

b. A1-IW-XXXXX.XXX DevelopmentSpecificationfor the NitrogenDump Tanks

c. AcceleratorSystemsDivision Safetyand HealthProgramManual

d. SSCLPracticeD10-000003,HazardAnalysis Instructions

e. SSCLLaboratoryEnvironment,Safety,andHealthManual,D10-00001

f. XXXXXXXXXX, ProductSpecificationfor the NitrogenDump Tanks.

g. XXXXXXXXXX, Material Specificationfor the NitrogenDump Tanks.

2.3 OTHER DOCUMENTS

a. DOE 5481.1B,Safety Analysis and Review System

b. SubcontractorQuality AssurancePlan

c. SubcontractorProgramManagementPlan

d. SubcontractorConfigurationManagementPlan

2



3.0 SUBCONTRACTOR RESPONSIBILITIES

The subcontractorshall furnish all materials, labor, facilities, equipment, supplies, tools,

documentation,management,and supportservicesrequired to completethe tasksdefined herein. The

work shall be performed in accordance with this Statement of Work and the Specifications for the
NitrogenDump Tanks.

3.1 STARTOF WORK MEETING

The subcontractorshall conducta Startof Work Meeting of the NDT no later than the datespecified

in Section F of the Subcontract. The purposeof this meetingis to clarify the requirementswith the

subcontractor.As a minimum,the following items shall be addressed:

a. ProductandMaterialSpecifications

b. Statementof Work

c. ContractDataRequirementsList

d. Cost/Schedule

e. ConfigurationManagement

f. Quality Assurance

g. Producibility

h. Installation

i. SafetyProgram

CDRL No.1- Meeting Agendas
CDRL No.2- MeetingMinutes

3.2 PRODUCTION READINESS REVIEW PRR

The subcontractorshall conducta PRRno later than the date specified in SectionF of the Subcontract.

The purposeof this review is to obtain URA concurrencethat any NOT design problemsencountered

during developmenthavebeen resolved,andthat adequatedocumentationof technical readinessand

anticipatedproduction costs are available for production phaserelease. As a minimum, the following

itemsshall be addressed:

a. Productdesign:

1. Produdbility,

2. Reviewof designchangesduring first articlebuild andinstall,

3. Designvalidation for performance,reliability, andmaintainability.

b. Plantcapacity,skilled personnel,andtrainingresources.

c. ProductionEngineeringandPlanning:

1. Compatabilityof productionschedulewith deliveryrequirements,
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2. Integrationof manufacturingmethodsandprocesseswith facilities, equipment,tooling,

andlayout.

d. Materialsand purchasedparts:

i. Completenessof bill of materials,

2. Identificationof longlead items,

3. Adequacyof inventorycontrol system.

4. Sparepartrequirements.

e. Quality Assurance.

f. SafetyProgram.

CDRL No.1- MeetingAgendas
CDRL No.2- MeetingMinutes

33 FABRICATION

The subcontractorshall fabricateall componentsof eleven 11 sets of production NOT in accordance

with the approvedprogrammanagementplan and the applicablecodes,standards,URA approved

specifications,and the requirementsof thisStatementof Work. Delivery of the production units will be

in accordancewith SectionF of the subcontract.

3.3.1 Schedule

The subcontractorshall maintain a fabrication schedulefor all componentsdelineatingmilestones,

witness points, testing,andshipping dates. This scheduleshall be accordancewith Section F of this

subcontract.This scheduleshall be maintainedas an integral part of the programscheduledescribedin

Section3.5.3.

CDRL No. 27-ProgramSchedules

33.2 ShopWitnessPoints -

The following witnesspointsshallbe included in the subcontractor’sfabricationschedule.URA shall

be notified at leastfive 5 working daysin advanceof eachwitness point.

a. Shop functional tests.

b. Final shoppressureandtemperaturetestsandvacuumleak checking.

3.33 MaterialControl

The subcontractorshall implementmaterialcontrol proceduresin accordancewith the NOT quality

assuranceprogram,NDT systemspecifications,and the PartsQualification Plan approvedunder the

basiccontract.
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33.4 ProcessesandMethods

As requiredby the URA approvedQuality AssurancePlan, the subcontractorshall maintain and

follow written procedures for all special fabrication processesrequired to satisfy the provisions of the

NUT specifications. Suchprocessesshall include, but are not limited to: welding, brazing, heat treating,

non-destructiveexamination,chemicalmachining,cleaningand packaging,leakchecking,and pressure

testing. Proceduresshall conform to the recommendedpracticesof the applicablecodegoverning the

designof thecomponentASME, AWS,etc..

3.3.5 Testing

The subcontractor shall conduct a fabrication test program during fabrication and assemblyof the

NOT components. Tests required by the NUT specificationsand the subcontractor’s quality assurance

programshall be included. The fabrication testprogramshall be conductedin accordancewith the FTP

submittedandapprovedunderthe basiccontract.

For eachtestthe FTP shall include the following:

a. Descriptionof objectivesand definition of criteria

b. Identificationof equipmentand suppliesrequired

c. A detailedtestprocedure

d. Forms for reportingthe testresults

Test resultsshallbe reportedto URA. For eachtestfor which a witnesspoint has beenidentified in

Sections3.3.2 and 3.3.4,above,the resultsshall be reportedto URA within five 5 days of completionof

the test.

CURL No.18 - WitnessedFabricationTestResults

The resultsof all fabrication tests,includingwitnessedtests,shall becompiled by the subcontractorin

a FabricationTestReportwhich shall be submittedto URA within thirty 30 daysafter completionof the

last testfor eachunit. Note that this does not include acceptancetests. URA reservesthe right to

witness any testingconductedat any subcontractorfacility, at any of its vendors’ facilities, or in the field.

CDRL No.19 - FabricationTestReport

33.6 Spares

Sparepartssufficient for two yearsof operationshall be identified. All sparepartsshall be listed in

the sparepartslist. URA reservesthe optionto purchaseany subsetof the sparepartslist.

CDRL No. 20-SparePartsList
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33 RESERVED

3.4 RESERvED

3.5 PROGRAM MANAGEMENT

The subcontractorshall managethe fabrication tasksdefinedby this SOW in accordancewith the

NUT programmanagementplan referencedin Section 2.3, above. The subcontractorshall provide a

single point of contact for all data, information, and policy communicationsto and from the URA

subcontractadministrator.The languageof communicationfor all activities associatedwith the NUT shall

beEnglish.

The subcontractorshall describethe structureof their organizationwhich will contribute to the

performanceof thiscontract,andshall identify responsiblepersonnelby positionand by name.

CDRL No. 36- ContractorOrganization

3.5.1 ContractWork BreakdownStructureCWBS

The subcontractorshall deliver a CWBS. The subcontractorshall identify within the CWBS all

significantsubcontractualelementsand tasks.The subcontractorshallnotchangetheCWBS or associated

definitionsfor any contractualelementsor tasksat level threeor abovewithout URA approval.Changes

at lower levels may be madeby the subcontractorasdeemednecessary.Schedulesshall be keyedto the

CWBSandthe SOWdeliverables.

CDRL No. 35 - ContractWork BreakdownStructure

3.5.2 Lower Tier SubcontractManagement

Thesubcontractorshallprovidemonthly schedule,supportability,andtechnicalprogressinformation

aboutlower tier subcontractsto URA. The subcontractorshall implementprogramplanningand control

necessaryto accomplish the lower tier subcontracteffort. The subcontractorshall inform the URA

subcontractadministrator of, and invite URA personnelto, all lower tier subcontract technical

interchangemeetings,designreviews,testreviews,and programmanagementreviews.

CURL No. 37- Lower Tier SubcontractData

3.5.3 ProgramSchedules

Thesubcontractorshalldevelopandmaintain amasterscheduleof milestonesandeventsplannedto

occur throughoutthedurationof the contract.The subcontractorshallextendthe masterscheduleto the

lowest CWBS level necessaryfor managementcontrol. The schedule,as a minimum to level 3, shall be

updatedmonthly andreportedto URA.

CURL No.27-ProgramSchedules

3.5.4 Configuration Management CM and Control

Configurationcontrol shall be performedin accordancewith the CM sectionof the subcontractor’s

programmanagementplanasapprovedby URA.
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3.5.5 SystemSafety

3.5.5.1 SafetyAnalysis

Thesubcontractorshallensurethat safetyis an inherentpartof fabricationand installationprocesses.

The subcontractorshall identify potential risk factorsassociatedwith fabrication,installationandhuman

operationsincluding detailedhazardanalyses.The subcontractorshall perform a hazardanalysisthat

comprehensivelyaddressessafety issuesaccording to Section 2.2.d, using Section 2.3.a as a guide,

including but not limited to: Industrial safety,fire protection,environment,and industrial hygiene.Risk

assessmentsshall be performedand mitigation methodsapplied until all identified risksare within the

limits definedin the NUT specifications.

CURL No. 28- SafetyAnalysis

3.5.5.2 Material SafetyData SheetsMSDS

The subcontractorshallprepareanddeliver all currentmaterialsafetydatasheetsfor any hazardous

materialin the deliveredend item.The MSDSshall consistof the following sections:

a. Identification: The companyname,addressandemergencyphonenumberof the material

manufacturer.

b. Hazardousingredients:The material’shazardouscomponentsand their commonnames,

worker exposurelimits to the substance,andotherrecommendedlimits.

c. Physical and chemical characteristics: Listings of known physical and chemical

characteristicsof the material,suchas: boiling point, vaporpressure,vapordensity,melting

point, evaporationrate,appearance,odor,andcolor undernormalconditions.

d. Physicalhazards:Physicalhazardsand recommendedmethodsfor handling thehazards.

e. Reactivity:Stability of the material, and identification of substancesthat when mixed with

the materialcauseit to becomeunstable.

f. Healthhazards:Waysthe materialcould enterandaffect the body of a personwho hasbeen

exposed.

g. Precautionsfor safehandling and use: Proceduresfor safely handling the material, and

proceduresto follow in caseof a spill or leak of the material. Properstorageproceduresfor

the materialshallbe includedin thissection.

h. Control measures:Methodsand equipmentto be usedwhen in contactwith or exposedto

the material.

CURL No. 29- Material SafetyDataSheets

3.5.5.3 On-Site Activities

All subcontractorpersonnelshall comply with Section2.1.e,SSCLaboratoryEnvironment,Safetyand

HealthManual requirementswhenperformingactivities on anSSCLsite. All relatedsubcontractorplans

and proceduresshall ensurethat the subcontractor’semployeesreceiveappropriatetraining prior to

performingon-siteactivities.Training shall be coordinatedwith the SSCLSystemSafetyProjectOffice.
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3.6 QUALITY ASSURANCE

The subcontractorshall establishand maintain aquality assuranceprogram.Approval of the quality

assurancesection of the program managementplan constitutes URA concurrence with the

subcontractor’sapproachto satisfyingprogramquality assurancerequirements.

3.7 SSCLNUMBERING SYSTEM

Documentidentificationwill be in accordancewith the documentnumberingsystemestablishedby

the SSCLfor thosedocumentsdelivered to the SSCL. Theprocedurefor useof the documentnumbering

systemwill be furnishedto the subcontractorby SSCLat the time of subcontractaward.

3.8 UNITS OF MEASURE

The subcontractorshall useeither the SI. or Englishsystemfor design documentation,drawings,

tooling, materials,andall otherapplicationswhereappropriate.However, interfacesbetweenthe NDT

andSSCLequipmentshall be in Englishunits. piping, wiring, fasteners,etc. The systemselectedby

the subcontractorshall remain consistent throughout the proposal and for all work, with the

measurementgivenin parenthesesin the alternatesystemof notationfor all primarymeasurements.

3.9 RESERVED

3.10 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.10.1 TechnicalInterchange Meetings TIM

The subcontractorshall conducttechnicalinterchangemeetingsto coordinateprogramrequirements

andschedulesandto discussmutual interesttopics related to the SOW. Suchmeetingsmay be formal or

informal in natureasdictatedby the topicsto be discussedandmay or maynot requireformal minutes.

Timing andlocation of meetingsshall be as requiredandagreedto by URA and the subcontractor.

CURL No.1- Meeting Agendas
CURL No.2- MeetingMinutes

3.10.2 Resserved

3.11 TECHNICAL REPORTS

The subcontractorshallprovidea monthlywritten technicalprogressreportin subcontractorformat.

Thereportshall include the following sectionsanddata,organizedby task:

a. Summaryof work performed,including milestonecharts, showingwork accomplished

during the monthandwork remainingto becompleted.

b. Discussionof problemsencounteredduring the previousmonthand proposedmethod of

solution.
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c. Planningdatafor future work.

d. Any other information deemedappropriate.

e. Additionaldatarequestedby URA.

CDRL No.30- Monthly Report

3.12 COST REPORTS

The subcontractorshall provide monthly cost statusreports to URA. The cost information shall

evaluatecostperformanceagainstthe CWBS andcontractualdeliverables.

CURL No.31- Cost Reports

4.0 RESERVED

5.0 CUSTOMER FURNISHED PROPERTY/SERVICES
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ANNEX 1- CONTRACT DATA REQUIREMENTS LIST

CONTRACT DATA REQUIREMENTS LIST
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STATEMENT OF WORK

10



CDRL TITLE SOW REF DELIVERY APPROVAL

1 MeetingAgendas 3.1, .2 As Req’d No

3d0.1

2 MeetingMinutes3.1,.2 As Req’d No

3.10.1

18 WitnessedFabrication 3.3.5 FT SD No

Test FT Results

19 FabricationTestReport 3.3.5 As Req’d No

20 SparePartsList 3.3.6 PRR No

27 ProgramSchedules 353 Monthly No

28 SafetyAnalysis 3.5.5.1 Updates Yes

29 Material SafetyData 3.5.5.2 Updates Yes

Sheets

30 Monthly Report 3.11 Monthly No

31 CostReports 3.12 Monthly No

35 ContractWork 3.5.1 CA SOD Yes

BreakdownStructure

36 ContractorOrganization 3.5 CA 30D No

37 Lower Tier Subcontract 3.5.2 Monthly No

Data

Delivery Examples- CA 30D 30 daysafter Contract Award, Updates = RevisionsAs Req ‘d basedupon changesfroi

submittedunder theBasic Contract
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CDRL 1- Meeting Agenda

Meetingagendanotifications shall includeas a minimum:

a. location,dates,andtimes,

b. namesof meetingchairpersons or personcalling the meeting,

c. scheduleof items to be discussedand presenters,

b. and actionassignmentsandstatusform previousmeeting.

CDRL 2- MeetingMinutes

MeetingMinutes shall include,but arenot limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinentagendaitem,

c. recommendationsprovidedby bothsubcontractorand URA,

d. andactionassignmentsidentified with schedulesand responsibilityfor

accomplishment.

CURL 18- WitnessedFabrication Test Results

ReferenceSOW paragraph3.3.5

CURL 19- Fabrication Test Report

ReferenceSOW paragraph3.3.5

CDRL 20- ScarePartsList

ReferenceSOW paragraph3.3.6

CDRL 27- ProgramSchedules

ReferenceSOW paragraph3.5.3

CURL 28- Safety Analysis

Thepurposeof this plan is to providea basisof understandingbetweenthe subcontractorand URA to ensurethat

adequateconsiderationis given to safetyduring all phasesof the program.

12



Plan details the tasks and activities of systemsafetymanagementand systemsafety engineeringrequired to

identify, evaluate,andeliminateor controlhazardsthroughoutthe systemlife cycle.

CURL 29- Material SafetyDataSheets

ReferenceSOW paragraph3.5.5.2

CURL 30- Monthly Report

ReferenceSOW paragraph3.11

CURL 31- Cost Reports

ReferenceSOW paragraph3.12

CURL 35 - ContractWork BreakdownStructure

ReferenceSOWparagraph3.51

CURL 36- ContractorOnani.zation

ReferenceSOW paragraph3.5

CURL 37- Lower Tier Subcontract Data

ReferenceSOW paragraph3.5.2
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1.0 SCOPE

The Cryogenics Department of the Accelerator Systems Division ASD of the
SuperconductingSuper Collider Laboratory SSCL is procuring the services required
to install Nitrogen Dump Tanks NDT for use in the High Energy Booster HEB and
SuperCollider rings. This Statementof Work SOW defines the work required by the
subcontractor to install eleven 11 Nitrogen Dump Tanks NDT for the
Superconducting Super Collider Laboratory SSCL. Technical requirementsfor the
NDT are containedin the Product and Material Specificationsfor the Nitrogen Dump
Tanks,documentnumbers,XZZtXX%X and respectively.

1.1 BACKGRoUND

Universities ResearchAssociation URA is the prime contractor to the U. S.
Departmentof Energy DOE for the SuperconductingSuperCollider SSC project. As
such, URA is responsible for the overall design, development, production,
construction, installation, operation, and maintenanceof the SSC. The SSC requires
cryogenic cooling in its High Energy Booster HEB and Super Collider SC rings.
The HEB is approximately 80 feet undergroundwhile the SC is approximately250 feet
underground. The HEB is divided into two 2 sectorswhile the SC is divided into ten
10 sectors. Each sector has a refrigeration plant on the surface which supplies
liquid helium to cool the strings of superconductingmagnetsin the sector.

Thereis one set of two NDT locatedin the cryogenicalcove at eachof the 12 utility

shafts; 2 for the HEB and 10 for the SSC. The basic contract called for ihe design,

fabrication, and installation of a prototype set of two NDT at N-l5 of the SSC. The

installation of eleven 11 production setsof two NDT, two 2 setsof two for the HEB

andnine 9 setsof two for the SSC, is includedin this SOW.

Procurement of these services is being arranged and coordinated by the

CryogenicsDepartmentof the AcceleratorSystemsDivision ASD of the SSCL.

1.2 OBJECTIVE

The objective of this procurement is to perform the installations of production
NDT in accordancewith Section F of this subcontracton the schedulerequired to

support collider operation.

1.3 SUMMARY OF SUBCONTRACTORACTIVITIES

The scopeof work to be performedby the subcontractorincludesbut is not limited to
the following:

a. Conductof a Start of Work Meeting

b. Installation of eleven11 production NDT.
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2.0 APPUCABLE DOCUMENTS

2.1 RESERVED

2.2 SSCLDOCUMENTS

a. AHW-XXXXX.XXX Development Specification for theNitrogen Dump Tanks

b. AcceleratorSystemsDivision SafetyandHealth ProgramManual

c. SSCL PracticeDlO-000003, HazardAnalysis Instructions

d. SSCLLaboratoryEnvironment,Safety,and Health Manual, Dl0-00001

e. XXOOCXKYXK,ProductSpecification for the Nitrogen Dump Tanks.

f. XXXXJCtN22CXMaterial Specification for the Nitrogen Dump Tanks.

2.3 OTHER DOCUMENTS

a. DOE 5481.IB, SafetyAnalysis andReview System

b. SubcontractorQuality AssurancePlan

c. SubcontractorProgramMp.nagementPlan
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3.0 SUBCONTRACTORRESPONSIBILITIES

The subcontractor shall furnish all materials, labor, facilities, equipment,
supplies, tools, documentation,management,and support services required to
complete the tasks defined herein. The work shall be performed in accordancewith
this Statementof Work andthe Specificationsfor the Nitrogen Dump Tanks.

3.1 STARTOF WORK MEETING

The subcontractorshall conducta Start of Work Meeting for the installation of the
NDT no later than the date specified in Section F of the Subcontract. The purposeof
this meeting is to clarify the requirements with the subcontractor: As a minimum,
the following items shall be addressed:

a. ProductandMaterialSpecificationsand drawings

b. Statementof Work

c. ContractData RequirementsUn

d. Cost/Schedule

e. Quality Assurance

h. Installation

i. SafetyProgram

CDRL No. 1. - Meeting Agendas
CDRL No. 2 - Meeting Minutes

3.2 INSTALLATION

The subcontractorshall install all componentsof eleven 11 sets of two production
NDT in accordancewith the approvedprogram managementplan and the applicable

codes, standards, URA approved specifications, and the requirements of this
Statement of Work. Delivery of installation services will be in accordancewith

SectionF of the subcontract.

3.2.1 Schedule

The subcontractor shall maintain an installation schedule for all components
delineating milestones,witness points, testing, and shipping dates. This schedule
shall be in accordancewith Section F of this subcontract. This scheduleshall be
maintainedasan integral part of theprogramscheduledescribedin Section 3.5.3.

CDRL No. 27-ProgramSchedules
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3.2.2 WitnessPoints

The following witness points shall be included in the subcontractor’sinstallation

schedule. URA shall be notified at least five 5 working days in advanceof each

witness point.

a. Functional tests,

b. Final pressureand temperaturetestsandvacuumleak checking.

3.2.3 ProcessesandMethods

As required by the URA approved Quality AssurancePlan, the subcontractorshall

maintain and follow written proceduresfor all special installation processesrequired

to satisfy the provisions of the NDT specifications. Such processesshall include, but

are not limited to: welding, brazing, heat treating, non-destructive examination,

chemical machining, cleaning and packaging, leak checking, and pressure testing.

Proceduresshall conform to the recommended practices of the applicable code
governingthe designof the componentASME, AWS, etc.,

3.2.4 Testing

The subcontractorshall conduct a test program during installation and assembly

of the NDT components. Tests required by the NDT specifications and the

subcontractor’squality assuranceprogram shall be included. The installation test

program shall be conducted i accordancewith the FTP submitted and approved
under the basiccontract.

For eachtest the FTPshall include the following:

a. Descriptionof objectivesanddefinition of criteria

b. Identification of equipmentandsuppliesrequired

c. A detailedtestprocedure

d. Forms for reporting the test results
Test resultsshall be reportedto URA. For each test for which a witness point has

beenidentified in Sections3.2.2 and 3.2.3, above, the results shall be reported to URA
within five 5 daysof completionof the test.

CDRL No. 18 - WitnessedInstallationTest Results

The resultsof all installation tests, including witnessedtests,shall be compiled by
the subcontractor in an Installation Test Report which shall be submitted to URA
within thirty 30 days after completion of the last test for each unit. Note that
this does not include acceptance tests. URA reserves the right to witness any
testing conductedat any subcontractorfacility, at any of its vendors’ facilities, or in
the field.

CDRL No. 19 - installationTest Report
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3.3 PROGRAM MANAGEMENT

The subcontractorshall manage the installation tasks defined by this SOW in
accordancewith the NDT program managementplan referenced in Section 2.3,
above. The subcontractor shall provide a single point of contact for all data,
information, and policy communications to and from the URA subcontract
administrator.The languageof communication for all activities associatedwith the
NDT shallbe English.

The subcontractorshall describe the structure of their organization which will
contribute to the performance of this contract, and shall identify responsible
personnel by position andby name.

CDRL No. 36- ContractorOrganization

3.3.1 Reserved

3.3.2 Reserved

3.3.3 ProgramSchedules

The subcontractorshall developand maintain a masterscheduleof milestonesand

events plannedto occur throughout the duration of the contract. The subcontractor

shall extend the master schedule to the lowest level necessaryfor management

control. The schedule, as a minimum to level 3, shall be updated monthly and

reportedto URA.

CDRL No. 27- ProgramSchedules

3.3.4 Reserved

3.3.5 SystemSafety

3.3.5.1 SafetyAnalysis

The subcontractor shall ensure that safety is an inherent part of installation

processes. The subcontractorshall identify potential risk factors associatedwith

installation and human operations including detailed hazard analyses. The
subcontractor shall perform a hazard analysisthat comprehensivelyaddressessafety

issuesaccording to Section 2.2.d, using Section 2.3.a as a guide, including but not
limited to: Industrial safety, fire protection, environment, and industrial hygiene.

Risk assessmentsshall be performed and mitigation methods applied until all
identifiedrisks arewithin the limits definedin the NDT specifications.

CDRL No. 28-SafetyAnalysis

3.3.5.2 Material Safety DataSheetsMSDS
The subcontractorshall prepare and deliver all current material safety data

sheetsfor any hazardousmaterial in the deliveredend item. The MSDS shall consist of

the following sections:
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a. Identification: The companyname, addressand emergencyphonenumber

of thematerial manufacturer.

b. Hazardousingredients: The material’s hazardouscomponentsand their

common names, worker exposure limits to the substance,and other

recommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and
chemical characteristics of the material, such as: boiling point, vapor

pressure, vapor density, melting point, evaporationrate, appearance,odor,
andcolor undernormal conditions.

ci. Physical hazards: Physical hazards and recommended methods for

handling the hazards.

e. Reactivity: Stability of the material, and identification of substancesthat
whenmixed with the material causeit to becomeunstable.

f. Health hazards: Ways the material could enter and affect the body of a

personwho hasbeenexposed.

g. Precautionsfor safe handling and use: Proceduresfor safely handling the

material, and proceduresto follow in caseof a spill or leak of the material.
Proper storage procedures for the material shall be included in this

section.

h. Control measures:Methodsand equipment to be usedwhen in contactwith
or exposedto the material.

CDRL No. 29- Material SafetyDataSheets

3.3.5.3 On-SiteActivities
All subcontractor personnel shall comply with Section 2.l.e, SSC Laboratory

Environment, Safety and Health Manual requirements when performing activities
on an SSCL site. All related subcontractorplans andproceduresshall ensurethat the

subcontractor’semployees receive appropriate training prior to performing on-site
activities. Training shall becoordinatedwith the SSCLSystemSafety Project Office.

3.4 OJJAUTy ASSURANCE

The subcontractorshall establish and maintain a quality assuranceprogram.
Approval of the quality assurancesection of the program management plan
constitutes URA concurrence with the subcontractor’s approach to satisfying
programquality assurancerequirements.

6



3.5 SSCLNUMBERING SYSTEM

Document identification will be in accordancewith the document numbering
system establishedby the SSCL for those documents delivered to the SSCL The
procedure for use of the document numbering system will be furnished to the
subcontractor by SSCL at the time of subcontract award.

3.6 UNITs OF MEASURE

The subcontractor shall use either the 5.1. or English system for design
documentation, drawings, tooling, materials, and all other applications where
appropriate. However, interfaces between the NDT and SSCL equipment shall be in

English units. piping, wiring, fasteners, etc. The system selected by the

subcontractor shall remain consistent throughout the proposal and for

all work, with the measurement given in parentheses in the alternate system of

notation for all primary measurements.

3.7 RESERVED

3.8 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.8.1 Technical InterchangeMeetingsTIM

The subcontractorshall conduct technical interchangemeetings to coordinate
programrequirementsand schedulesand to discussmutual interest topics related to

the SOW. Suchmeetingsmay be formal or informal in natureasdictatedby the topics
to be discussedandmay or may not require formal minutes. Timing and location of
meetingsshall be as requiredandagreedto by URA andthe subcontractor.

CDRL No. 1 - MeetingAgendas
CDRL No. 2 - Meeting Minutes

3.8.2 Resserved

3.9 TECHNICAL REPORTS

The subcontractorshall provide a monthly written technical progressreport in
subcontractor format. The report shall include the following sections and data,

organizedby task:

a. Summaryof work performed, including milestone charts, showing work
accomplished during the month andwork remainingto be completed.

b. Discussion of problems encounteredduring the previous month and
proposed method of solution.
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c. Planning data for future work.

d. Any other information deemedappropriate.

e. Additional datarequestedby URA.

CDRL No. 30- Monthly Report

3.10 COSTREPORTS

The subcontractorshall provide monthly cost status reports to URA. The cost
information shall evaluate cost performance against the CWBS and contractual
deliverables.

CDRL No. 31-Cost Reports

4.0 RESERVED

5.0 CUSTOMER FURNISHED PROPERTY/SERVICES
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ANNEX 1 - CONTRACT DATA REQUIREMENTSLIST

CONTRACT DATA REQUIREMENTS LIST

NITROGEN DUMP TANKS
STATEMENT OF WORK
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CDRL TITLE SOW REF DELIVERY APPROVAL

1 MeetingAgendas 3.1 As Req’d No
3.8.1

2 Meeting Minutes 3.1 As Req’d No
3.8.1

18 WitnessedFabrication 3.2.4 FT SD No
Test El’ Results

19 FabricationTestReport 3.2.4 As Req’d No

27 ProgramSchedules 3.2.1 Monthly No

3.3.3

28 SafetyAnalysis 3.3.5.1 Updates Yes

29 Material Safety Data 3.3.5.2 Updates Yes

Sheets

30 Monthly Report . 3.9 Monthly No

31 Cost Reports 3.10 Monthly No

36 ContractorOrganization 3.3 CA 30D No

Delivery Examples- CA 30D = 30 daysafter ContractAward, Updates= RevisionsAs Req’dbased

changesfrom Data submittedunder the BasicContract
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CDRL 1 - Meetin2 ft&enda

Meeting agendanotifications shall includeas a minimum:

a. location, dates,andtimes,

b. names of meetingchairpersonsor personcalling the meeting,

c. scheduleof items to bediscussedandpresenters,

b. and actionassignmentsandstatusform previousmeeting.

CDRL 2 - Meetin2 Minutes

Meeting Minutes shall include, but arenot limited to:

a. namesof all meetingparticipants,

b. discussionof each pertinent agendaitem,

c. recommendationsprovided by both subcontractorand URA,

d. and action assignmentsidentified with schedulesand responsibility for

accomplishment.

CDRL 18 - WitnessedFabricationTestResults

ReferenceSOW paragraph3.2.4

CDRL 19 - Fabrication TestRevort

ReferenceSOW paragraph3.2.4

CDRL 27 - ProQramSchedules

ReferenceSOW paragraph3.2.1 and3.3.3

CDRL 28 - Safety Analysis

The purposeof this plan is to provide a basis of understandingbetween the subcontractor

and URA to ensure that adequateconsiderationis given to safety during all phasesof the

program.

Plan details the tasks and activities of system safety management and system safety

engineeringrequired to identify, evaluate,and eliminate or control hazardsthroughout the

systemlife cycle.
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CDRL 29 - Material Safety DataSheets

ReferenceSOW paragraph3.3.5.2

CDRL 30 - Monthly Revort

ReferenceSOW paragraph3.9

CDRL 31 - Cost Renorts

ReferenceSOW paragraph3.10

CDRL 36 - Contractor Organization

ReferenceSOW paragraph3.3
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1.0 SCOPE

The Cryogenics Department of the Accelerator Systems Division ASD of the

Superconducting Super Collider Laboratory SSCL is procuring Nitrogen Dump
Tanks NDT for use in the High Energy Booster HEB and SuperCollider rings. This

Statementof Work SOW defines the work required by the subcontractorto design,

fabricate, test, and install one prototype Nitrogen Dump Tanks NDT at NiS of the

SuperconductingSuperCollider LaboratorySSCL.

1.1 BACKGROUND

Universities ResearchAssociation URA is the prime contra&or to the U. S.
Departmentof EnergyDOE for the SuperconductingSuperCollider SSC project. As

such, URA is responsible for the overall design, development, production,

construction, installation, operation, and maintenanceof the SSC. The SSC requires

cryogenic cooling in its High Energy Booster HEB and Super Collider SC rings.
The HEB is approximately 80 feet undergroundwhile the SC is approximately 250 feet

underground. The HEB is divided into two 2 sectorswhile the SC is divided into ten

10 sectors. Each sector has a refrigeration plant on the surface which supplies

liquid helium to cool the strings of superconductingmagnetsin the sector.

There is oneset of two NDT located in the cryogenicalcoveat eachof the 12 utility

shafts; 2 for the HEB and 10 for the SSC. Technicaland functional descriptionsof the
NDT are contained in AHW-XXXXX.XXX, Development Specification for the Nitrogen

Dump Tanks.

This procurement is being arranged and coordinated by the Cryogenics
Departmentof the AcceleratorSystemsDivision ASD of the SSCL

1.2 OBJECTIVE

The objectives of this procurement are to deliver a production design with
accompanying data and program managementservices, fabricate one set of two
prototype NDT, andinstall them at site N-iS to support collider cooldown testing.

1.3 SUMMARY OF SUBCONTRACTORACTIVITIES

The scopeof work to be performedby the subcontractorincludesbut is not limited to
the following:

a. Equipment design. Establish the NDT design requirements baseline in the
form of aproduct fabricationspecificationanddrawing package.

b. Present the design trade-offs, product specifications,processspecifications,
drawings and acceptancetest procedures at the Critical Design Review.
Approval of the specifications and drawings will establish the design
baseline.

1



c. Fabricatethe prototype NDT.

d. Installationandacceptancetesting at the N-iS site of the SSC.

e. Maintenanceand supportof the prototypeNDT during cool down testing at
SSC.
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2.0 APPLICABLE DOCUMENTS

2.1 MILITARY SPECIFICATIONS

a. DOD-Std-1000BDrawings,EngineeringandAssociatedUsts
b. MIL-Std-490B SpecificationPractices

2.2 SSCL DOCUMENTS

a. SSCLStandardP40-000031ConfigurationManagementPlan

b. AHW-XXXXX.XXX DevelopmentSpecificationfor the Nitrogen Dump Tanks

c. AcceleratorSystemsDivision SafetyandHealth ProgramManual

d. SSCLPracticeD10-000003,HazardAnalysis Instructions

e. SSCL LaboratoryEnvironment,Safety,and Health Manual, D10-0000l

2.3 OTHER DOCUMENTS

a. DOE 5481.1B, SafetyAnalysis andReview System

b. SubcontractorQuality AssurancePlanto be submittedwith proposal

c. SubcontractorProgramManagementPlan to besubmittedwith proposal

d. Subcontractor Configuration Management Plan to be submitted with

proposal
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3.0 SUBCONTRACTORRESPONSIBILITIES

The subcontractor shall furnish all materials, labor, facilities, equipment,
supplies, tools, documentation, management,and support services required to
complete the tasks defined herein. The work shall be performed in accordancewith

this Statementof Work and the DevelopmentSpecification for the Nitrogen Dump
Tanks.

3.1 NITROGEN DUMP TANKS DESIGN

The subcontractorshall design the NDT in accordancewith the requirementsof

the Development Specification and in compliance with the general requirementsof

documentsspecified in this Statementof Work under Sections 2.2 SSCL Documents
and2.3 Other Documents,and the specific taskingof Sections3, 4 and 5.

3.1.1 Equipment Design

The subcontractorshall be responsiblefor the complete design and/or selection

of all equipment comprising the NDT. The equipment design shall be fully

documentedin accordancewith the Development Specification and Section 3.1.4 of

this SOW to permit verification of conformanceto the DevelopmentSpecification.

The design of any item of equipment or any assembly shall be considered

complete upon approval by URi of all related drawings and any additional design

documentationrequired by this SOW specifications, calculations, test results, etc.. At

that time the subcontractor shall be released to begin procurement and/or

fabrication of the item or assembly. All equipment design documentationshall be

completed by the Critical Design Review CDR. The status of in-progress designs

shallbe presentedto URA at scheduledreviews per Section3.1.2 of this SOW.

3.1.2 Design Reviews

The designand planning efforts of the subcontractorshall be presentedto URA at

the reviews describedherein. Reviews shall be conducted not later than the dates

specified in Section F of the Subcontract, and each review shall be included as a

milestonein thesubcontractor’sschedule.

3.1.2.1 Start of Work Meeting

The subcontractorshall conduct a Start of Work Meeting of the NDT not later than

the date specified in Section F of the Subcontract.The purposeof this meeting is to

clarify the requirementswith the subcontractor.As a minimum, the following items

shall be addressed:

4



a. DevelopmentSpecification

b. Statementof Work

c. ContractDataRequirementsLIst

d. Cost/Schedule

e. Interfaces

f. Designstandardizationand maintenance

g. ProgramManagementPlan

h. Quality AssurancePlan

i. ConfigurationManagementPlan

j. Programrisk assessment

k. Problemsandconcerns

I. TestPlanning

m. SSC TestSupport

n. Installation planning

CDRL No. 1 - MeetingAgendas
CDRL No. 2 - MeetingMinutes

3,1.2.2 Critical DesignReview CDR

The subcontractorshall conduct a CDR of the NDT not later than the datespecified

in Section F of the Subcontract. The purpose of this review is to obtain URA
concurrencethat the NDT design has been completed.As a minimum, the following
items shall be addressed:

a. Design

b. Interfaces

c. Drawings,Level 2

d. Specifications

e. ConfigurationManagement

f. AcceptanceTestPlanning

g. TestSupportPlanning

h. Systemsafety

i. Fabrication planning

j. Quality Assuranceplanning

k. Installation planning
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1. Failure modesanalysisFMA

m. Logistics

1. Transportation,packaging,andhandling

2. Standardization

3. Specialtools andequipmentrequirements

4. Sparesrequirements

n. Programandnearterm schedules.

o. Programrisk assessments

p. Problemsandconcerns.

CDRL No. 1 - MeetingAgendas CDRL No. S - Failure Modes
CDRL No. 2 - Meeting Minutes Analysis
CDRL No. 5 - Drawings,Level 2 CDRL No. 11- ProductSpecifications
CDRL No. 10- Maintainability Program CDRL No. 7 - Reliability Analysis

Plan CDRL No.23 - AcceptanceTestPlan

3.1.3 Analysis

3.1.3.1 Reliability Analysis
The subcontractor shall prepare a reliability block diagram and reliability

prediction. The block diagram,shall be complete to an indenture level that reflects

the modular replacementsanticipated to occur on-site and shall reflect failures
identified in the failure modesanalysisdefinedin Section3.1.3.2 of this SOW.

The reliability predictions for the NDT and replacement modules shall be

consistentwith the DevelopmentSpecification.

CDRL No. 7 - Reliability Analysis

3.1.3.2 Failure ModesAnalysis FMA
The subcontractorshall perform a failure modesanalysis to determine the effect

of componentfailures on NDT performanceand supportability. For the purposesof

this analysis component is defined to be an item that is recommended for

replacement by the URA-approved maintenance concept. Subcomponent repair

activities carried out post-replacementin a different facility are beyond the scopeof

this analysis. Results of this analysis shall be presented to URA in the form of a

report. This analysis shall include: a description of the failure modes, causesof
failure, probable effects of failure, probability of occurrence,criticality of failure, a

list of any safety implications, and corrective actions or preventive measures. The

subcontractorshall provide recommendationsfor mitigating the impact of failures
throughdesignimprovements,tests,and inspections.

CDRL No. S - Failure ModesAnalysis
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3.1.4 Documentation

3.1.4.1 Specifications

The subcontractorshall provide a Critical Item Fabrication Product Specification,
Type C2b per MJL-STD-490B for equipment produced on this contract, in sufficient
detail to allow verification of compliance with the DevelopmentSpecification and to
support maintenanceand reprocurement actions. Product, process and material
specifications shall be included. For commercial equipment, commercial
specificationsshall suffice.

CDRL No. 11-ProductSpecificationC2b
CDRL No. 15-ProcessSpecifications

CDRL No. 21 - Material Specifications

3.1.4.2 Drawings

The subcontractor shall convert design requirements into practical design
layouts Level 1 and then convert design layouts into detailed drawingsLevel II.
The subcontractorshall produceall final drawings in a format compatiblewith DOD
STD-1000B,Level II. For commercialequipment,commercialdrawingsshall suffice.

The subcontractor shall prepare as-built drawings for any item, component,
module, etc., which deviates from design or fabrication drawing specifications, or
which is cut- or built-to-fit in the shop or field. Thesedrawings shall be submitted to
URA within fourteen 14 days after completion of the fabrication and/or installation
of the item.

CDRL No. 12 -As Built Drawings

3.1.4.3 Interface Control DocumentslCD

The subcontractor shall support URA in producing the appropriate interface

control documents.

CDRL No. 32- InterfaceControl DocUments

3.2 FABRICATION AND INSTALIXI1ON

The subcontractorshall fabricate and install all componentsof the prototype set of
two NDT in accordancewith the approved program managementplan and the
applicable codes, standards,URA approved specifications, and the requirementsof
this Statementof Work.

3.2.1 Schedule

The subcontractorshall maintain a fabrication and installation schedule for all
componentsdelineatingmilestones,witness points, testing, and shipping dates. This
scheduleshall be in accordancewith Section F of this subcontract. This schedule
shall be maintainedas an integral part of the programscheduledescribedin Section
3.5.3.
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CDRL No. 27-ProgramSchedules

3.2.2 Shop/FieldWitnessPoints

The following witness points shall be included in the subcontractor’sprototype
fabrication schedule.URA shall be notified at least five 5 working days in advance
of eachwitnesspoint.

a. Shop/Fieldfunctional tests.

b. Final shop/field pressure and temperature tests and vacuum leak
checking.

3.2.3 Material Control

The subcontractorshall implement material control proceduresin accordance
with the NDT quality assurance program and NDT specifications. Material
qualification records certified material test reports, certificates of compliance, etc.
shall be collected and maintained by the subcontractor and submitted for URA
approvalat least sixty 60 daysbefore acceptancetesting.

CDRL No. 14 - PartsQualificationPlan

3.2.4 Processesand Methods

As required by the URA approved Quality AssurancePlan, the subcontractorshall

develop, maintain, and follow written proceduresfor all special fabrication processes
required to satisfy the provisions of the NDT specifications. Such processesshall
include, but are not limited to: welding, brazing, heat treating, non-destructive

examination, chemical machining, cleaning and packaging, leak checking, and
pressuretesting. Proceduresshall conform to the recommendedpractices of the
applicable code governing the design of the componentASME, AWS, etc.. These

proceduresshall be submittedto URA for approvalat least sixty 60 daysprior to use.
CDRL No. 15 - ProcessSpecifications

3.2.5 Testing

The subcontractorshall develop a fabrication test plan FTP defining product
quality verification testing to be performed during fabrication and assemblyof the
NDT components including all field assembly tasks. Tests required by the NDT
specificationsand the subcontractor’squality assuranceprogram shall be included.

The FTP shallbe submittedfor approvalby URA at least sixty 60 daysprior to use.
For eachtest the FTPshall include the following:

a. Descriptionof objectivesanddefinition of criteria,

b. Identification of equipmentandsuppliesrequired,

c. Detailed test procedure,

d. Forms for reporting the test results.
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Test resultsshall be reportedto URA. For eachtest for which a witness point has
beenidentified in Section 3.2.4, above, or Section 3.2.10, below, the results shall be

reportedto URA within five 5 days of completionof the test.

CDRL No. 17 - FabricationTest Plan
CDRL No. 18 - WitnessedFabricationTestResults

The results of all fabrication tests, including witnessedtests, shall be compiled by

the subcontractor in a Fabrication Test Report which shall be submitted to URA

within thirty 30 days after completion of the last test. Note that this does not

Include acceptance tests. URA reserves the right to witness any testing

conducted at any subcontractorfacility, at any of its vendors’ facilities, or in the

field.
CDRL No. 19 - FabricationTestReport

3.2.6 Spares

Spare parts sufficient for two years of operation shall be identified. All spare

parts shall be listed in the spareparts list. URA reservesthe option to purchaseany

subsetof thesparepartslist.
CDRL No. 20 - SparePartsUst

3.2.7 Reserved

3.2.8 Installation
The prototype set of two NDT shall be installed by the subcontractor in URA

suppliedfacilities near Waxahachie,Texas. The installation shall be conductedin
accordancewith the approvedprogrammanagementplan and the applicable codes,

standards,andspecificationsset forth in the NDT specificationsand in this Statement

of Work. This SOW considers installation tasks to include fabrication tasks
accomplishedin the field.

The following witness points shall be included in the subcontractor’sinstallation

schedule. URA shall be notified at least five 5 working days in advanceof each
witnesspoint.

a. Completionof major subsystemsand/ormodules.

b. Functional testsand leak checks.

3.2.9 MaIntenanceManual

Prior to installation of the prototype set of two NDT, a maintenancemanual shall

be provided.The maintenancemanualshall comply with the safety requirementsfor
useof DANGER, WARNING, CAUTION, and NOTE notations.In addition, a NOTE shall be used

to explain critical steps where human assemblyerrors could causea failure. The
manualshall include a list of all sparesandequipmentrequiredfor maintenance.

9



CDRL No. 41- MaintenanceManual

3.3 RESERVED

3.4 RESERVED

3.5 PROGRAM MANAGEMENT

The subcontractorshall managethe design, development,test, fabrication, and
installation tasks defined by this SOW in accordance with the NDT Program

ManagementPlan referencedin Section 2.3, above. The subcontractorshall provide

a single point of contact for all data, information, andpolicy communicationsto and

from the URA subcontractadministrator. The language of communication for all

activities associatedwith theNDT shall be English.
The subcontractorshall describe the structure of their organizationwhich will

contribute to the performance of this contract, and shall identify responsible

personnelby position andby name.

CDRL No. 36- ContractorOrganization

3.5.1 ContractWork BreakdownStructure CWBS

The subcontractorshall deliver a CWBS. The subcontractorshall identify within
the CWBS all significant subcontractualelementsand tasks. The subcontractorshall

not changethe CWBS or associateddefinitions for any contractualelementsor tasks

at level three or above without URA approval. Changesat lower levels may be made

by the subcontractoras deemednecessary.Schedulesshall be keyed to the CWBS and

the SOW deliverables.
CDRL No. 35 - ContractWork BreakdownStructure

3.5.2 Lower Tier SubcontractManagement

The subcontractorshall provide monthly schedule, supportability, and technical

progress information about lower tier subcontractsto URA. The subcontractorshall
implement program planning and control necessaryto accomplish the lower tier

subcontract effort. The subcontractor shall inform the URA subcontract

administrator of, and invite URA personnel to, all lower tier subcontracttechnical

interchange meetings, design reviews, test reviews, and program management
reviews.

CDRL No. 37- Lower Tier SubcontractData
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3.5.3 ProgramSchedules

The subcontractorshall developand maintain a masterscheduleof milestonesand

eventsplanned to occur throughout the duration of the contract. The subcontractor

shall extend the masterscheduleto the lowest CWBS level necessaryfor management
control. The schedule,as a minimum to level 3, shall be updated monthly and
reportedto URA.

CDRL No. 27-ProgramSchedules

3.5.4 ConfigurationManagementCM and Control

Configuration control shall be performed in accordancewith the CM section of
the subcontractor’sprogrammanagementplan asapprovedby URA.

3.5.5 SystemSafety

3.5.5.1 SafetyAnalysis
The subcontractordesignprocessshall ensurethat safety is an inherent part of

systemdesign.The subcontractorshall identify potential risk factors associatedwith
system designs and human operations including detailed hazard analyses.The
subcontractorshall perform a hazardanalysis that comprehensivelyaddressessafety
issuesaccording to Section 2.2.d, using Section 2.3.a as a guide, including but not
limited to: Industrial safety, fire protection, environment, and industrial hygiene.
Risk assessmentsshall be performed and mitigation methods applied until all
identified risks arewithin the limIts definedin the Technical Specification.

CDRL No. 28-SafetyAnalysis

3.5.5.2 Material Safety DataSheetsMSDS
The subcontractor shall prepare and deliver all current material safety data

sheetsfor any hazardousmaterial in the deliveredend item. The MSDS shall consist of
the following sections:

a. Identification: The companyname, addressand emergencyphone number

of the material manufacturer.

b. Hazardousingredients: The material’s hazardouscomponents and their
common names, worker exposure limits to the substance,and other
recommendedlimits.

c. Physical and chemical characteristics:Listings of known physical and
chemical characteristicsof the material, such as: boiling point, vapor
pressure,vapor density,melting point, evaporationrate, appearance,odor,
andcolor undernormalconditions.

d. Physical hazards: Physical hazards and recommended methods for
handlingthe hazards.
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e. Reactivity: Stability of the material, and identification of substancesthat
whenmixed with thematerial causeit to becomeunstable.

f. Health hazards:Ways the material could enterand affect the body of a
personwho hasbeenexposed.

g. Precautionsfor safe handling and use: Proceduresfor safely handling the
material, and proceduresto follow in caseof a spill or leakof the material.
Proper storage proceduresfor the material shall be included in this
section.

h. Control measures:Methods and equipmentto be usedwhen 4n contactwith
or exposedto the material.

CDRL No. 29- Material SafetyDataSheets

3.5.5.3 On-SiteActivities
All subcontractor personnel shall comply with Section 2.1.e, SSC Laboratory

Environment, Safety and Health Manual requirements when performing activities

on an SSCLsite. All relatedsubcontractorplans andproceduresshall ensurethat the
subcontractor’semployeesreceive appropriatetraining prior to performing on-site
activities. Training shall becoordinatedwith the SSCL SystemSafetyProject Office.

3.6 QUALITY ASSURANCE

The subcontractor shall establish and maintain a quality assuranceprogram.

Approval of the quality assurancesection of the program management plan

constitutes URA concurrence with the subcontractor’s approach to satisfying

programquality assurancerequirements.

3.7 SSCL NUMBERING SYSTEM

Document identification will be in accordancewith the document numbering

system establishedby the SSCL for those documentsdelivered to the SSCL. The
procedure for use of the document numbering system will be furnished to the

subcontractorby SSCL at thetime of subcontractaward.

3.8 UNITS OF MEASURE

The subcontractor shall use either the 5.1. or English system for design
documentation, drawings, tooling, materials, and all other applications where
appropriate.However, interfacesbetweenthe NDT and SSCL equipmentshall be in
English units. piping, wiring, fasteners, etc. The system selected by the

subcontractor shall remain consistent throughout the proposal and for
all work, with the measurementgiven in parenthesesin the alternate systemof
notationfor all primary measurements.
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3.9 RESERVED

3.10 MANAGEMENT REVIEWS AND TECHNICAL MEETINGS

3.10.1 TechnicalInterchangeMeetingsTIM

The subcontractorshall conduct technical interchangemeetings to coordinate
systemrequirementsand schedulesand to discussmutualinterest topics related to the
SOW. Such meetingsmay be formal or informal in natureas dictatedby the topics to
be discussedand may or may not require formal minutes. Timing and location of
meetingsshall be as requiredandagreedto by URA andthe subcontraitor.

CDRL No. 1 - Meeting Agendas
CDRL No. 2 - MeetingMinutes

3.10.2 TechnicalReviews

Design reviews will be co-chaired by designatedpersonnel from URA and the

subcontractor. The subcontractor shall be responsible for the following:
development,preparationand submissionof agendas; engineeringdata required

for technical evaluation; presentationmaterials; maintenanceof the minutes

and action items resulting from the reviews. Engineeringdata to be discussedas
part of the scheduledreview shall be transmitted to URA in accordancewith

Section F of the subcontract. Approval of the review constitutesacceptanceof the
milestoneandauthorizationto proceed.

Reviews shall be held at the subcontractor’sfacility on URA-approveddatesin the
subcontractor’s master schedule. The subcontractorshall prepare and deliver
meeting minutes and action items for URA approval within five 5 working days
aftera review,

CDRL No. 1 - Meeting Agendas
CDRL No. 2 - Meeting Minutes

3.11 TECHNICAL REPORTS

The subcontractorshall provide a monthly written technical progressreport in

subcontractorformat. The report shall include the following sectionsand data,
organizedby task:

a. Summaryof work performed, including milestonecharts, showing work
accomplishedduring themonthand work remainingto becompleted.

b. Discussion of problems encounteredduring the previous month and
proposedmethod of solution.

c. Planningdata for future work.

d. Any otherinformation deemedappropriate.
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e. Additional datarequestedby URA.

CDRL No. 30- Monthly Report

3.12 COSTREPORTS

The subcontractorshall provide monthly cost status reports to URA. The cost

information shall evaluate cost performance against the CWBS and contractual

deliverables.

CDRL No. 31-Cost Reports

4.0 RESERVED

5.0 CUSTOMERFURNISHED PROPERTY/SERVICES

TBD
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ANNEC 1 - CONTRACT DATA REQUIREMENTSLIST

ANNEX 1 TO ATTACHMENT J-1

CONTRACT DATA REQUIREMENTS LIST

NITROGEN DUMP TANKS
STATEMENT OF WORK
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CDRL TITLE SOW REF DEliVERY APPROVAL

1 MeetingAgendas 3.l.2.1,.2 As Req’d No
3.10.1,.2

2 MeetingMinutes 3.1.2.1,.2, As Req’d Yes
3. 10.1,.2

5 Drawings, Level 2 3.1.2.2 30D CDR Yes

7 Reliability Analysis 3.1.2.2 CDR Yes
3.1.3.1

& FailureModesAnalysis 3.1.2.2 CDR Yes
3.1.3.2

10 Maintainability Program 3.1.2.2 CDR Yes

Plan

11 ProductSpecifications 3.1.2.2 30D CDR Yes

3.1.4.1

12 As Built Drawings 3.1.4.2 As Req’d Yes

14 PartsQpalification Plan 3.2.3 60D AT Yes

15 ProcessSpecifications 3.1.4.1 CDR ÔOD Yes

3.2.4

17 FabricationTestPlan 3.2.5 As Req’d Yes

18 WitnessedFabrication 3.2.5 fT SD No

Test Results

19 FabricationTest Report 3.2.5 As Req’d No

20 SparePartsList 3.2.6 60D Install No

21 Material Specifications 3.1.4.1 CDR 60D Yes

23 AcceptanceTestPlan 3.1.2.2 CDR Yes
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27 ProgramSchedules 3.2.1 Monthly No

3.5.3

28 SafetyAnalysis 3.5.5.1 30D CDR Yes

29 Material SafetyData 3.5.5.2 30D CDR Yes
Sheets

30 Monthly Report 3.11 Monthly No

31 Cost Reports 3.12 Monthly No

32 InterfaceControl 3.1.4.3 As Req’d Yes
Documents

35 ContractWork 3.5.1 CA 30D Yes
BreakdownStructure

36 Contractor Organization 3.5 CA 30D No

37 Lower Tier Subcontract 3.5.2 Monthly No
Data

41 MaintenanceManual 3.2.9 120D Install Yes

Delivery Examples- CA 30D = 30 daysafter Contract Award, 30D CDR = 30 daysbefore CDR
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CDRL 1 - MeetinaA2enda

Meetingagendanotifications shall include asa minimum:

a. location, dates,andtimes,

b. names of meetingchairpersonsor personcalling the meeting,

c. scheduleof items to bediscussedandpresenters,

b. andaction assignmentsandstatusform previousmeeting.

CDRL 2 - MeetingMinutes

MeetingMinutesshall include,but are not limited to:

a. namesof all meetingparticipants,

b. discussionof eachpertinent agendaitem,

c. recommendationsprovided by both subcontractorand URA,

d. and action assignmentsidentified with schedulesand responsibility for

accomplishment.

CDRL 5- Drawings.Level 2

ReferenceDOD-STD-1000B,Drawings,EngineeringandAssociatedLists

CDRL 7 - Reliability Analysis

Record the reliability requirements for the end item, major subsystemsand critical

componentsto include, but not limited to:

a. possiblefailure modes,

b. probabilityof occurrenceof eachfailure mode,

c. timesduring operationthe failure modecanoccur,

d. classificationof the failure modecritical, major, minor,

e. enditem reliability when the failure occurs,

f. andend item reliability when the failure doesnot occur.

CDRL 8- Failure Modes Analysis

ReferenceSOW paragraph3.1.3.2

CDRL 10 - Maintainability ProgramPlan
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Plan describesthe subcontractor’smaintainability program,how it will be conductedand

the controls and monitoring provisions, if any, levied on suppliers and vendors. It

describesthe techniquesand tasks to be performedand their integration and development

in conjunctionwith otherrelatedactivities.

CDRL 11 - ProductSnedfications

ReferenceMIL-STD-490B, SpecificationPractices

CDRL 12 - As Built Drawin2s

ReferenceDOD-STD-I000B,Drawings,Engineeringand AssociatedLists

CDRL 14 - Pansqualification Plan

The planshall contain, but is not limited to ,the following

a. theinspectionsand testsnecessaryto qualify thepart,

b. the justification for using generic qualification, reducedtesting, or limited

usageproceduresfor qualifying,

c. the mannerin which sampleswill be chosen, the period they will be chosen,

and the elapsedtime betweenqualification inspections,

d. the description of the test procedures; electrical, environmental, and

operationalusedin qualifying the part,

e. and the data to be recorded.

CDRL 15 - ProcessSpecifications

ReferenceMIL-STD-490B, Specification Practices

CDRL 17 - FabricationTestPlan

ReferenceSOW paragraph3.2.5

CDRL 18 - WitnessedFabrication Test Results

ReferenceSOW paragraph3.2.5
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CDRL 19 - FabricationTestRenort

ReferenceSOW paragraph3.2.5

CDRL 20 - SparePartsList

ReferenceSOW paragraph3.2.6

CDRL 21 - Material Snecifications

ReferenceMIL-STD-4908, SpecificationPractices

CDRL 23 - AccentanceTest Plan

A. Overview. Includes flow diagrams, milestones, personnel participation, and safety

requirements:

1. Flow diagrams. A functional description of the acceptancetest program

using a block diagram portrayal of the functions that must be met to satisfy the

total acceptanceprojram,

2. Milestones. Identifies the start and expectedcompletion datesof each test to

beperformed,

3. Participation. Identifies the contractorand URA participation roles and

responsibilities,

4. Safety. Identify and state any safety measuresor guidelines to be observed

during testing.

B. MasterTest Ust. List all tests to be accomplishedin the order they are to be performed.

Separatelistings for eachlocation shall be provided. Listing shall include:

1. Locationwherethe test is to beperformed,

2. Number for eachpieceof equipmentor item testwill be performed,

3. Name andbrief descriptionof test to be performed,

4. Number of cycles the test will be performedandselectedparametersto be

observed.

C. Equipment List. The list shall include all equipment to be usedin the test. The listing

shall include the following:

1. All testequipmentby description,nomenclature,serial number;

2. All supportequipmentby description,nomenclatureandserialnumber;
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3. All special test equipmentrequired to be designedor constructedfor use on
theprogramby description,nomenclature,anddaterequired.

D. Validation. An overviewof the proceduresthat will be usedto validatethetest results.

CDRL 27 - PronamSchedules

ReferenceSOW paragraph3.2.1 and3.5.3

CDRL 28 - SafetyAnalysis

The purposeof this plan is to provide a basis of understandingbetweenthe subcontractor

and URA to ensure that adequateconsiderationis given to safety during all phasesof the

program.

Plan details the tasks and activities of system safety managementand system safety

engineeringrequired to identify, evaluate,and eliminate or control hazards throughout the

systemlife cycle.

CDRL 29 - Material SafetyDataSheets

ReferenceSOW paragraph3.5.5.2

CDRL 30- Monthly Renort

ReferenceSOW paragraph3.11

CDRL 31 - Cost Reports

ReferenceSOW paragraph3.12

CDRL 32 - InterfaceControl Documents

Documents shall be prepared to control the interfaces between two or more system

segmentsand to provide a commondatareferencefor the segmentswhere the control of a

single interfacerestswithin the design tasks delineatedwithin this SOW and the associated

specifications. Documents shall specify in subparagraphsas appropriate, in quantitative
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terms with tolerances,the mechanical, electrical, and functional relationships of the

interfacingsystemsegments,to the level of detail necessaryto permit detail design.

CDRL 35 - ContractWork BreakdownStructure

ReferenceSOW paragraph3.5.1.

CDRL 36 - ContractorOrganization

ReferenceSOW paragraph3.5

CDRL 37 - Lower Tier SubcontractData

ReferenceSOW paragraph3.5.2

CDRL 40- Training Syllabus

Training Syllabusshall include as aminimum:

a. Classroomandpracticalapplication time,

b. Time allocatedfor eachtopic of instruction,

c. Scheduledorderof presentation,

d. Separateschedulelisting for classrooms,training equipment,and laboratory

use,

e. Resourcerequirementslist,

1. and Curriculum Outline providing detailedtraining datafor eachlesson.
CDRL 41 - MaintenanceManual

Thesemanualsshall include detailed machine functions, basic diagnosticoperations,basic

operationalprocedures,operationof maintenanceswitchesand associatedtest equipment,

recommendationsfor preventative maintenanceschedules,and suggestedmaintenance

routines. When a commercial manual is available and considered adequate, the

subcontractormayrecomniencithe manualandsubmita copy for approval.
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Tunnel Warm Lines TWL

WarmupCooldownHeaderWCH
LeadCooling HeaderLCH

1.0 Scope

TheWarmupCooldownHeaderWCH andtheLead CoolingHeaderLCH arewarmgasheliumsystemsthatare
installedwithin the tunnelandshaftareas. This specificationdetailsthe design,fabrication,installation,inspectionand
testingrequirementsfor thesesystems. TheWCH andthe LCH are intregalpartsofthecollider andhigh energybooster
HEB undergroundcryogenicequipmentandwill beusedto conveyhelium gaswithin thetunnels.
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2.0 Applicable Documents

The following documentsof the exact issueshownform a partof thisspecificationdocumentto the extentspecified
herein. If a conflict arisesbetweenthe documentsreferencedbelowandthe contentsof this specification,the latter shall
prevail.

2.1 Industry and SocietyDocuments

AmericanSocietyof MechanicalEngineersASME
1. B3 1.3-1987: ChemicalPlantandPetroleumRefineryPiping

American Society for TestingandMaterialsASTM
1. A 312: StainlessSteelPipe
2. A 380-88: StandardPracticefor CleaningandDescalingStainlessSteelParts,Equipment,and

Systems
3. E 493-7380,E 498-7380,E 499-7380: StandardTestMethodsfor LeaksUsing theMass

SpectrometerLeak Detector...variousmodes
CompressedGasAssociationCGA

1. CGA P-12: SafeHandlingof CryogenicLiquids
2. CGA P-14: AccidentPreventionin Oxygen-RichandOxygen-DeficientAtmospheres
3. CGA S-1.3: PressureReliefDevice Standards-Part3: CompressedGas StorageContainers
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Instituteof ElectricalandElectronicsEngineersIEEE
Specific items to be listedby subcontractorduring designstage.

National Institute of StandardsandTechnologyMIST-formerly NationalBureauof Standards[NBSI
NIST TechnicalNote 1334: ThermophysicalPropertiesof Helium-4 from 0.8 to 1500K with Pressures

to 2000 MPa

Underwriters’Laboratories,Inc. UL
Specific itemsto be listed by subcontractorduringdesignstage.

AmericanWelding SocietyAWS
AWS Dl0.4 : RecommendedPracticesfor WeldingAustinitic Chromium - Nickel StainlessSteel Piping
andTubing.

2.2 SSCLDocuments

The following documentsform a partof thisspecificationrequirements:
Dwg Number Description
180 TBD
TBD 180

SSCL StandardP40-000175 : Preparationfor Delivery

The following documentsprovideadditional informationandbackgroundbut arenot part of the requirementsof this
specification:

1. "SSCCryogenicsSystem,"Site-SpecjJic ConceptualDesign SSC-SR-1056.Dallas,Texas: SSC
Laboratory,July, 1990.

2. Than,R., S. AbramovichandV. Ganni. "The SSCL CryogenicSystemDesignandthe OperatingModes,"
SSCL Cryo Note92-12, October1992.

2.3 Sourceof Documents

Any difficulty in obtainingthe applicabledocumentsshouldbe referred to the SSCL SubcontractAdministrator.
Documentsmaybe obtainedfrom the following:

2.3.1 IndustryandSocietyDocuments
Copiescan be obtainedfrom theappropriateprofessionalorganizationreferenced.Referencecopiesof
technicalsocietyandassociationdocumentsare generallyavailablein libraries.

2.3.2 SSCL Documents
FrankRydeen
DeputyChiefEngineer
2550BeckleymeadeAvenue
Dallas,TX 75237
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3.0 Requirements

3. 1 Descriptions

The WarmupCooldownHeaderWCH andthe LeadCooling HeaderLCH are warm gashelium distributionsystems
that are installedwithin the tunnelandshaft areasof the colliderandhigh energyboosterHER andwill beusedto
conveyhelium gaswithin the tunnels. Theyconsistsof two parallelpipesthatare mountedto thetunnelwalls in sucha
position thatbranchlines canbe thenconnectedto the appropreatespoolpieceports. Both headersconsistof uninsulated
stainlesssteel pipe andfittings.

The collider will containoneWCH piping systemandoneLCH piping systemper refrigerationSectortotal often per the
collider. The HEB will containoneWCH piping systemandoneLCH piping systemper refrigerationSectortotal of
two systems.

Refer to FigureThD Flow DiagramandFigureTBD BranchIsometricdrawingsfor details of a typical N-is Sector
system.

The WCH providesa returnto the helium refrigeratorcompressorof gas resultingfrom warmupor cooldown
operationsutilitymodesperformedon the magnetrings. The WCH alsoservesas a circulation conduit duringSection
maintenanceoperationsutilitymodes. After string shutdown,the magnetswithin oneisolatedSectionof onering canbe
warmedandpreparedfor further maintenanceoperationswithoutaffecting themagnetsstandbymode in the remainderof
thestring. During utility mode, the pressureof this isolatedSectionheadercanbe raisedto allow efficient operationof
curculationdevicesblowers.The warmedgasstreamfrom theseblowerswill flow throughelectricgasheaters,circulate
through the desiredmagnetsandreturnto the isolatedSectionheader.

The LCH providesa returnto the helium refrigeratorcompressorof gasfrom thepowerleads,bypassleadsandcorrector
lead systemsat eachSPXX spoolpiecelocatedwithin the magnetrings. A reducedsizebranchconnection,with an
isolationvalve andheaderpiping, is installedat eachspool. Themain headeris maintainedata constantlow pressuefor
useby any string underoperation. If maintenanceis performedon onestring Sectionof magnets,thebranchisolation
valvesare closed to the spoolsin that Section. Therefore,the remainingstringmagnetscan continueto operatein standby
mode.

3.1.1 ColliderWarmupCooldownHeader WCH

This systemconsistsof a main headerrunningfrom aneven-numbershaftto the next even-numbershaftwithin the
collider tunnel. An isolationvalve shall be locatedin this main headerat eachSPRIrecoolerwth isolationspoolpiece
location. A branchconnectionwith disconnectsshall be locatedat eachVi cooldownvalvewhichare mountedon SPRX
recoolerspoolpieceslocatedalong the tunnel. In addition, two branches,with isolationvalves,for a portablewarmup
circulator SSCL-suppliedshallbelocatedalongeachservicesection,betweenSPRL spoolpieces. At both endsof the
main headerthereshall be a fbi! portedon/offcontrol valve that connectsto the next sectorpiping.
At the middle of the main headerthereshallbe two full portedon/off control valvesattheutility shaftlocation for
isolationof eachsectorhalf. Betweentheseon/off control valves thereshallbea teeleadingto avertical run within the
utility shaft.
The vertical shaft run shall be connectedto amodulatingcontrol valveandthento the compressorsupplyat asurface
interfacepoint. The lengthof this vertical runwill be dependenton individual shaftdimensions.
Pressureandtemperatureindicatorsandrelief valvesshall be locatedbetweenpairs of isolationandcontrol valves.
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3.1.2 Collider LeadCoolingHeader LCH

This systemconsistsof a main headerrunningfrom eacheven-numbershaft to the nexteven-numbershaftwithin the
collider tunnel. An isolationvalve shall be locatedin thismain headerat eachSPRJrecoolerwth isolation spoolpiece
location. A singlebranchconnectionshallbelocatedat eachSPxxspool piecelocation alongthe tunnel. Branchheader
connectionsshall be madeto individual V4 SPRF& SPREonly,V5, V6, andV7 valveswhich aremountedon each
SPxx spoolpiece.
At both endsof the main headerthereshall bea MI portedon/offcontrol valve thatconnectsto the next sectorpiping.
At the middleof the main headerthereshall betwo flail portedon/off control valvesat the utility shaftlocationfor
isolation of eachsectorhalf Betweenthesecontrol valvesthereshall bea tee leadingto avertical run within the utility
shaft.
The vertical shaft run shall beconnectedto a modulatingcontrol valveandthento the compressorsupply at a surface
interfacepoint. The lengthof thisverticalnanwill bedependenton individual shaftdimensions.
Pressureandtemperatureindicatorsandrelief valvesshall be locatedbetweenpairsof isolationandcontrol valves.

3.1.3 HEB WarmupCooldownHeader WCH

This systemshall consistof a mainheaderrunning from 1140 shaftto H80 shaftwithin the HER tunnel. An isolation
valve shallbe locatedin this main headerat eachSPRIrecoolerwth isolationspooi piece location. A branchconnection
with disconnectsshallbelocatedat eachVi cooldownvalvewhich are mountedon SPRxrecoolerspoolpieceslocated
along the tunnel. In addition, two branches,witii isolationvalves,for a portablewarmupcirculatorSSCL-suppiiedshall
be locatedalongeachservicesection,betweenSPRTspoolpieces. At both endsof the main headerthereshall be afull
portedon/off control valve thatconnectsto the next sectorpiping.
At the middleof the main headerthereshall betwo full portedon/offcontrol valves at theutility shaftlocationfor
isolationof eachsectorhalf. Betweentheseon/off control valves thereshallbe a teeleadingto a verticalrun within the
utility shaft.
Thevertical shaftrun shall be connectedto a modulatingcontrol valveandthento the compressorsupply at a surface
interfacepoint. The length of thisvertical run will be dependenton individual shaftdimensions.
Pressureandtemperatureindicatorsandrelief valvesshallbe locatedbetweenpairs of isolationandcontrol valves.

3.1.4 HEB LeadCooling Header LCH

This systemshall consistof a mainheaderrunning from 1140 shaft to 1180 shaft within theHEB tunnel. A single branch
connectionwith isolationvalving shall be locatedat each SPxx spoolpiece locationalongthe tunnel. Branchconnections
shallbe madeto individual V4 SPRF& SPREonly,V5, V6, andV7 leadcooling valveswhichare mountedon each
SPxxspoolpiece.
At bothendsof the main headerthereshall be a full portedon/offcontrol valve thatconnectsto the next sectorpiping.
At the middle of the mainheaderthereshallbe two full portedon/off control valvesat the utility shaftlocationfor
isolationof eachsectorhalf. Betweenthesecontrol valves thereshall bea tee leadingto a vertical run within theutility
shaft.
Thevertical shaft run shall be connectedto amodulatingcontrol valve andthento the compressorsupply ata surface
interfacepoint. The lengthofthis vertical run will bedependenton individualshaft dimensions.
Pressureand temperatureindicatorsand reliefvalvesshall be locatedbetweenpairsof isolation andcontrol valves,
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3.2 Designrequirements

3.2.1 Generalspecificationsandreferences:

* Branchspool conceptdrawings,Fig TBD, shallbe usedto developdetaileddesigndrawings.
* Piping shall bedesigned,fabricated,inspected,installedand testedperASME StandardB31.3, "Chemical

PlantandPetroleumRefineryPiping".
* Pipeshall conformto ASTM A3 12 "StandardSpecificationfor SeamlessandWeldedAustenitic Stainless

Steel Pipes"andmaterial shall betype 304 stainlesssteel.
* Piping shallbe cleanedper ASTIvI A 3 80-88.
* Piping shallbe designedfor a maximumallowableworkingpressureMAWP of 300psi 20 barata

temperatureof 300K anda minimum, short duration,temperatureof -minus45 deg F 4K during
maintenanceoperations.

* Minimum pipe wall thicknessshall be SchedulelOs.
* Thedesignof piping supportsandexpansiondevicesshall be per currentindustrystandardsand shaltbe

basedon a flexibility analysisas requiredby ANSI B3 1.3 andthe worstcaseoperatingconditionsas listedin
Table 1 for eachpiping system.

* Safety reliefdevicesshallbe ASME certified andflow sizedfor worst caseconditionsper CGA S-1.3.
* Alljoints shall be weldedandleak checkedwith a heliumMSLD for a maximumleakrateof l0"-9 mbar

liter/secper ASTM #....TBD.
* Thecompletedpiping systemshallbe leakcheckedper ASI’M # rift.
* Valving shall be designedfor 20 bar helium gasserviceat 80K andcontainlimit switchesfor open/ closed

position indication. The valve bodieswill recievecold 4K heliumgasflow for a short TBD durationduring
maintenanceoperations.Valve actuatorsshallbe suppliedfor all headervalvesandof thetype shownon the
P&ID Drawing #.TBD. Selectionandsizing of valvesandactuatorsshall besubjectto SSCL reviewand
approval.
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3.2.2 Table 1:

TunnelWarmLines
Main Headerdataonly

Collider
WCH

Collider
LCH

HEB
WCH

BEB
LCH

Nominal Line Size NPS, inches 4 4 4 4
ApproximateLengthofHeader,meters 8190 8190 5400 5400
NumberofHeadersperTunnel 10 10 2 2
Approx. NumberofBranchesperHeader 51 186 TBD TBD
DesignFlow, gls helium gasat 300K 200 36 200 36
DesignPressure,bar 20 20 20 20
Utility Mode Normal OperationPressure,bar 6 1.2 6 1.2
Utility ModeNormal OperationTemp., K ambient ambient ambient ambient
MaintenanceMode ShortDurationPressure,
bar

10 10

MaintenanceMode Short Duration,total
Temp.. K

4 4

4.0 Ouality AssuranceRequirements

5.0 Preparationfor Delivery

Pipingelementsare to be protectedduring shipmentand storageat Level C standardasper SSCLStandardP40-
000175 : Preparationfor Delivery.

6.0 Notes
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1.0 Introduction

This documenta describesthe undergroundcryogenicequipmentfor the collider andthe high energyboosterHEB
andb definestasks relatedto this equipment. Thesetasksshallbeperformedby theorganization,hereafterreferredto
as the installationsubcontractoror subcontractor,who is responsiblefor installing thetechnicalsystemsofthe SSC. Brief
descriptionsof the installationtasksarecontainedin the body of this document. More detaileddScriptionsof the
equipmentare containedin theappendices.Material containedin thisdocumentwill be updatedastheprojectproceeds
andfurther informationbecomesavailable,andmayberevisedto reflectanydesignchanges.

Originatingat the odd numberutility shaftlocations,the undergroundcryogenicequipmentconnectsto theprocesspiping
from the surfacerefrigerationsystemsSRStherebycompletingthecryogenicprocesspiping into the tunneland through
the magnetstrings. At eleven11 sitesN25, N35, 1445, N55; S15,S25, S35, $45, S55, 1-120,H60 theunderground
cryogenicequipmentwill conveythe cryogensfrom anexisting surfacedistribution box 5DB, downtheutility shaft,
through the superconductingmagnetsin the tunnelsandfinally returningto the3DB.

A specialcasewill be at a twelfth site Nl5 where, in addition to the normalundergroundcryogenicequipment,a
numberofsurfacetransferlines anda singlesurfacedistributionbox 5DB shallbe installedby the subcontractor.In this
case,the installationinterfacewill be at existing1415 refrigerationdevices. Work at the1415 sitewill be the primetunnel
installationactivity andan early completionat this siteis requiredfor a successflulLoop Test in which a preliminary
magnetsystemwill beplacedin operation. ThisLoop Testactivity requiresa specialeffort for the installationofthe
undergroundequipmentandthis work will be describedin detail in otherdocuments.
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2.0 subcontractor Responsibilities

2.1 General
Thesubcontractorshall supply all servicesrequiredfor the installationwork including all manpower,tools, resourcesand
materialhandlingequipment.

2.2 Installation Activities
The subcontractorshall perform the following installationwork:

* Preparewritten proceduresfor the installationofeachpieceofequipment.
* Prepare,assembleanderectall supportsand hangersasrequired.
* Transportequipmentfrom storage.
* Rig andlower into tunnel.
* Positionequipmentin tunnel.
* Align componentsasnecessaryandanchorin place.
* Completeall equipmentconnectionsincluding piping, instrumentationand electrical.
* Pressuretest, leaktest, insulateandfinal finish asrequired.

2.3 Engineering Services
In someinstancesthe subcontractorshallprovideengineeringandotherservicesrelatedto the installationsuchas the
following:

* Designofhardwaresuchaspiping, expansionjoints, anchors,hangers,and othersupports.
* Designofweldjoints andweld procedures.
* Developmentof specificationsfor materialsandprocesses.
* Developmentof proceduresfor installation,assembly,fabrication,examination,andtesting.
* Procurementand managementofvendoritems suchaspiping,fittings, valves,hangersandsupports.
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3.0 Summary of Subcontractor Installation Tasks

At eachsector,excepttheNi 5 site,the boundaryof the surfaceequipmentis at the surfacedistribution box 3DB. The
N15 site surfaceboundaryis at theexisting refrigerationdevices. The undergroundcryogenicequipmentinstallation
tasksconsistof the following:

3.1 shaft transfer line STL and Adit transfer line ATL
* Designandprocuresupportsand hangers
* Assemble,install supportsandhangers
* Install andalign modules
* Make field connectionspiping, MLI insulation,vacuumjacket, etc.
* Performpressureand leak tests

3.2 cold compressor box CCB, Tunnel distribution box TDB,
Nitrogen distribution box 14DB

* Install andalign boxes
* Make field connectionspiping, MLI insulation, vacuumjacket, electricalwiring, utilities, etc.
* Performpressureandleak tests
* Performfunctional test ofvalves,instruments,etc.

3.3 Nitrogen dump tanks NDT
* Designandprocurepiping
* Install and align tanks
* Make field connectionspiping, utilities, instrumentation,etc.
* Performpressureandleak tests
* Performfunctional test ofvalves,instruments,etc.

3.4 Collider Bypasses, HEB Bypasses
* Procuresupportsandhangers
* Assembleandinstall supportsandhangers
* Install andalign modules
* Make field connectionspiping, MU insulation,vacuumjacket,superconductingbus,etc.
* Performpressureand leak tests

3.5 Warmup Cooldown Header WCH, Lead Cooling Header LCH
* Designandprocurepiping
* Install piping, branchspools,and hangers
* Make field connectionsutilities: electrical,pneumatic,instrumentation,etc.
* Performpressureandleak tests
* Performfunctional test ofvalves,instruments,etc.
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4.0 Definition of Subcontractor Installation Tasks

4.1 Equipment Group A

Shafttransfer line Sit andAdit transfer line AU
Cold compressorbox CCE, Tunnel distributionbox TDB, Nitrogen distributionbox NDB
Nitrogen dump tanksNDT
Miscellaneousequipment

Referto the Appendixfor full description.

4.1.1 shaft Transfer Line STL

At eachsite, the shaft transferline shallbe connectedto the surfacedistributionbox. This line consistsof sevenstainless
steel tubesenclosedin a commonvacuumjacket 24 in, schedule10 carbonsteel pipe. Eachtransferline is to be built in
basicconstructionunits straightmoduleandelbow pieceandassembledon-site. The maximumlengthof the straight
module is 40 feet 12 m. A crosssectionof the shafttransferline is presentedin Figure TBD.

The subcontractorshall perform the following tasks:

* Procureandinstall the externalsuspensionsystemsupports,hangers,anchors,etc.Theplacementof these
deviceswill beatthe shaft surfacecollar andshaftfloor.

* Install andalign the STL modulesin the shaft by mounting to theexternalsuspensionsystem.
* Make interconnectfield connectionsbetweenmodulesandat equipmentinterfaces:

The shaft transferline constructionunitsstraightmodulesandelbowpiecesshall befield-connectedby
the subcontractor.Thecryogeniccircuits shall bejoinedby useof stainlesssteelbellowsthroughbutt-
welding andthenvacuumleak checked. The thermalshield shallbe solderedto the 80 K circuit tubes
andcoveredby two MLI insulationblankets. The vacuumjacket interconnectionis accomplishedby use
of a sectionof split shells clamshells.This interconnectioninvolvesbothfitting andwelding.

* Performpressureandleak tests

4.1.2 Cold CompressorBox CCB

The cold compressorbox is a vertical,vacuumvessel,approximately12 feet in diameterand16 feet tall. The cold
compressoris in a separatehousingthat is connectedto thecold compressorbox througha pair of cryogenic "U" tubes.
These U" tubesare vacuumjacketedpipeswith expansionjoints andbayonetconnectionsat eachend.

* The subcontractorshall performthefollowing tasks:

* Install andalign the cold compressorbox andcold compressor
* Make interconnectionbetweenthe cold compressorbox andthe cold compressor:

The cryogeniccircuits shallbe joinedby useof stainlesssteelbellowsthroughbutt-weldingandthen
vacuumleak checked. The thermal shieldshall be solderedto the SO K circuit tubesandcoveredby two
MLI insulationblankets. Thevacuumjacket interconnectionis accomplishedby useof asectionofsplit
shells clamshells.This interconnectioninvolvesbothfitting andwelding.

* Install valveactuators
* Connectutilities electrical,pneumatic,etc.
* Connectinstrumentationandcontrol devicestemperaturesensors,pressuresensors,etc.
* Performpressureandleak tests
* Perfonnfunctional tests of valves,actuators,instruments,etc.
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4.1.3 Tunnel Distribution Box TDB

The tunnel distributionbox is a horizontal,vacuum-insulated,cryogenicvalvebox, approximately6 feet in diameterand
18 feet long, which distributesthe csyogensto the four stringsin a sector.The inlet of the box is connectedto theshaft
transfer line via the cold compressorbox. The outlet of thebox consistsof four transferlinesleadingto the feedspools.

Thesubcontractorshall perform thefollowing tasks:

* Install andalign the tunneldistributionbox
* Connectthe tunnel distributionbox with the coldcompressorbox andwith the nitrogendistributionbox:

Thecryogenic circuits shall be joinedby useof stainlesssteelbellowsthroughbutt-weldingandthen
vacuumleakchecked. The thermalshield shall be solderedto the 80 K circuit tubesandcoveredby two
MU insulationblankets. The vacuumjacketinterconnectionis accomplishedby useof asectionof split
shells clam shells.This interconnectioninvolves both fitting andwelding.

* Install valve actuatorsandtheir pneumaticpowerconnection
* Connectutilities
* Connectinstrumentationandcontrol devicestemperaturesensors,pressuresensors,etc.
* Performpressureandleaktests
* PerformfUnctional testsof valves,instruments,etc.

4.1.4 Nitrogen Distribution Box NDB

The nitrogen distributionbox is a horizontal,vacuumvessel,approximately6 feet in diameterand 18 feetlong,
containingheatexchangers,pumps,andvalving for sectornitrogencontrol andmanagement.

The subcontractorshall performthefollowing tasks:

* Install andalign nitrogensubcoolerbox
* Make field connections

The cryogeniccircuits shall bejoinedby useof stainlesssteelbellows throughbutt-weldingandthen
vacuumleakchecked. The thermal shieldshall besolderedto the 80 K circuit tubesandcoveredby two
MLI insulationblankets. Thevacuumjacketinterconnectionis accomplishedby useof a sectionof split
shells clam shells.This interconnectioninvolves bothfitting andwelding.

* Install valve actuators
* Connectutilities
* Connectinstrumentationandcontrol devicestemperaturesensors,pressureseason,etc.
* Performpressureandleak tests
* Performfunctional test of valves, instruments,etc.
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4.1.5 Adit Transfer Lines ATL

The adit transferline runsfrom the coldcompressorbox through theadit to the cryogenicalcovewhereit interfaceswith
thetunnel distributionbox. This line consistsof sevenstainlesssteel tubesenclosedin a commonvacuumjacket24 in,
schedule10 carbonsteelpipe. Eachtransferline is to bebuilt in basicconstructionunits straightmoduleandelbow
pieceandassembledon-site. Themaximumlengthof thestraightmodule is 40 feet12 m. A crosssectionof the shaft
transferline is presentedin FigureTBD.

The subcontractorshall performthe following tasks:

* Install the externalsuspensionsystemsupports,hangers,anchors,etc.
* Assemble,install the Alt modulesin the tunnelwalls
* Install andalign Alt modules
* Make interconnectfield connectionsbetweenmodulesandat equipmentinterfaces:

Theadit transferline constructionunits straightmodulesandelbow piecesshall be field-connectedby
the subcontractor.Thecryogeniccircuits shallbejoined by useof stainlesssteelbellowsthroughbutt-
weldingandthenvacuumleak checked.The thermalshield shallbe solderedto the 80 K circuit tubes
andcoveredby two MLI insulationblankets. Thevacuumjacketinterconnectionis accomplishedby use
of a sectionof split shellsclam shells.This interconnectioninvolvesboth fitting andwelding.
Sufficient clearance4-6" betweenthe adit transfer line andtheutility tunnelwall shall bereserved
such thatlongitudinal cuttercan beusedfor the removalof the interconnectsectionof thevacuumjacket
for maintenanceandrepair.

* Performpressureandleak tests

-

4.1.6 Nitrogen Dump Tanks

Two horizontalnon-insulatednitrogendump tanks,approximately6 feetin diameterand 18 feetlong, shallbe installed in
the cryogenicalcoveat eachsite, under the tunneldistributionbox andthe nitrogendistributionbox. The dumptanks
shall beconnectedin parallel. The inlet of the tanks is connectedto the tunneldistributionbox by a sectionof stainless
steelpipe 4" schedule10, andtheoutlet is routed throughthe adit areaandthe utility shaft to thevent stackat surface
level. At the surfiice the warmvapor nitrogen is ventedto theatmosphere.Thedesigntemperaturerangefor thesetanks
shallbe betweenambientandliquid nitrogentemperatures.

Thesubcontractorshall performthe following tasks:

* Design,speci1andprocureinlet andoutletpiping andsupports
* Install andalign tanksandpiping
* Make piping connections
* Connectutilities electrical,pneumatic,etc.
* Connectinstrumentationandcontrol devicestemperaturesensors,pressuresensors,etc.
* Performpressureandleak tests
* Performfunctional testof valves,instruments,etc.

4.1.7 Miscellaneous Equipment TDD:
Liquid Nitrogen Recoolers
Pipingbetweenspools andN2 recoolers
Pipingbetween142 recoolersanddump tanks
Piping betweenN2 dump tank andvent stack
N2 Vent Stack
U Tubesbetweenspools
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4.2 Equipment Group B

Collider CryogenicBypass
HEB CryogenicBypass

Refer to Appendix B for full description.

4.2.1 Collider and HEB Cryogenic Bypasses

Cryogenicbypassestransferlines route thecryogensandsuperconductingbusesaroundwarm equipmentin the collider
andHEB tunnels. Thebypassesalsoservevariousisolatedsuperconductingmagnetsbetweenwarmequipmentin the
rings. Thebypassesarecomposedof standardbypasscryostats,specialbypasscryostats,connectionboxesatthe ends,and
T-Boxesto serveisolatedcryostatsbetweenvariouswarm equipmentin the rings.

The subcontractorshall perform thefollowing tasks:

* Procuresupportsandhangers
* Assembleandinstall supportsandhangers
* Install andalign modulesstandard& specialbypasscryostats,connectionboxes,tubesets,etc.
* Make interconnectfield connectionsbetweenmodulesandatequipmentinterfaces:

The cryogeniccircuits shallbejoinedby useof stainlesssteelbellows throughbutt-weldingandthen
vacuumleak checked. The thermalshield shall be solderedto the 80 K circuit tubesandcoveredby two
MIS insulationblankets.Thevacuumjacket interconnectionis accomplishedby useof a sectionof split
shellsclam shells.This interconnectioninvolves bothfitting andwelding.

* Make superconductingbusconnections
* Performpressureand leak tests

4.2.1.1 standard Bypass Cryostat
ThestandardbypasscryostatBPCR is the basicbuildingblock of the bypasses.The collider BPCRhasa slot lengthof
15.815m andanouterdiameterof 70 mm sameas the colliderdipole magnetcryostat.TheHEB BPCRhasa slot length
of 13.171 ni andan outerdiameterof 70 mm sameas the HER dipole magnetcryostat.

4.2.1.2 special Bypass Cryostats
In additionto standardbypasscryostats,a numberof shorterbypasscryostatsare to be installedto matchthe bypasstotal
or sectionlengthsdictatedby the lattice requirements.Thesespecialunits are identical to the standardbypasscryostatsin
cross-sectionandsimplydiffer in slot length.

4.2.1.3 Connection Boxes
Two typesof connectionboxesare to be installed:

aBypassEnd BoxesBPEB,locatedat the endsof a bypass,allow thecryogenic andbusconnectionsbetween
the bypassandthe magnetstrings.
b BypassT-BoxesBPTB accommodatecryogenicandbusconnectionsbetweenthe bypassandvariousisolated
superconductingmagnets.T-Boxesalso containvacuumbarriers.

4.2.1.4 Tube Sets
Tube setsare neededto maketheconnectionsbetweenthe bypassconnectionboxesandthe conesponthngspoolsin the
magnetstrings. Tubesetsmay contain7 or 10 lines dependingon the particularconnectionin acommonvacuum
jacket. Eachmodulewill containa shieldandMU.
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4.3 Equipment Group C

Tunnel WarmLines TWL: [Warmup CooldownHeaderWCH andLeadCoolingHeaderLCH]
Referto theAppendix for anequipmentspecification.

TheWarmupCooldownHeaderWCH and the LeadCooling HeaderLCH arewarm gasheliumsystemsthatare made
of uninsulated,stainlesssteelpipe installedwithin the tunnelandshaftareas.

Collider WCH shall consistsof a main headerrunning from an evennumbershaftto thenext evennumbershaftwithin
the collider tunnel. Thereshallbe a single branchconnectionlocatedateachSPRxrecoolerspoolpiece location along
the tunnel.

Collider LCH shall consistof a main headerrunningfrom an evennumbershaft to the next evennumbershaft within the
collider tunnel. Thereshall be a single branchconnectionwith isolation valving locatedateachSPxx spoolpiece location
along the tunnel.

HEB WCH shall consistof amain headerrunning from 1140 shaft to H80 shaftwithin theHEB tunnel.. Thereshallbe a
singlebranchconnectionlocatedat each SPRxrecoolerspoolpiece locationalong the tunnel.

HEB LCH shall consistof a main headerrunningfrom 1140 shaftto 1180 shaft within theEBB tunnel. Thereshall be a
singlebranchconnectionwith isolationvalving locatedat eachstringSPxx spoolpiece locationalong the tunnel.

Thesubcontractorshall performthe following tasks:

* Producea piping designbasedon the SSCL "TechnicalSpecificationof theTunnel WarmLines TWL"
Thisspecificationincludesrequirementsfor flexibility andsupportdesignanalysis.

* Produceformal piping systemdrawingsfor SSCL approval.
* PrepareSafety Hazardanalysis.
* Providedesignmanagementservicesto assurethe efficient installationof all warm heliumpiping.
* Procureandmanageall piping, fittings, branchspools,valves,expansionjoints,hangersandsupports.
* Shop-fabricateall branchspoolpieces.
* Performpressureandleak tests on branchspoolpiecesat shops.
* Install piping, branchspoolpieces,supportsand hangersas required.
* Makeelectricalandinstrumentationconnectionsas required.
* Performpressureandleaktests andfunctional testof valves,switches,etc.
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5.0 Appendix

Equipment Group A
Shaft transferline Sit andAdit transferline AT!.,
Cold compressorbox CCB, Tunnel distributionbox TDB, Nitrogen distributionbox NDB
Nitrogendump tanksNDT
Miscellaneousequipment

Equipment Group B
Coflider CryogenicBypass
EBB CryogenicBypass

Equipment Group C
TechnicalSpecification - Tunnel Warm Lines

[Warmup CooldownHeaderWCH andLeadCoolingHeaderLCH]
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SSCL IASDI CRYO
EQUIPMENTSPEC/F/CA TIONS

Date: June 1,1993, Page: 1 of 1, By: D.S. Finan

ITEM
Molecular Sieve Vessel
SSCL Drawing Number AHU 0054
Stamped: ASME Section VIII, UPVC, S/N JW 479
Vessel Material: Carbon steel
Vessel Size: 24" OD x 54" OAL
Vessel Volume: 12 cu ft
Estimated weight: 2200 # empty, 2650 # full
Pressure range: Full vacuum to 300 psig
Temperature range: -20 F to 650 F

USE
Helium gas dryer

BED DESIGN
Type adsorbent: 13X or 4A molecular sieve, 1/16" pellets
Capacity: 460#
Press. Drop © design flow: 1.5psi
Dimensions: Diam = 24"nom., I-It = 36"-diam., 44" max.

PROCESS DESIGN
Helium gas flow = 20 gls
inlet Press. = 1.2 atm
Inlet Temp. = 90 F
Water content:

Inlet = 130 ppmv
Outlet= 1 ppmv

Design Loading: 18 # water
Adsorption time: approx. 200 hours
Total system press. drop = 2.0 psi @ 90 F

REACTIVATION
Dry Nitrogen gas flow = 50 g/s
Inlet Press = 1.2 atm
inlet Temp. = 90 to 650 F
Press Drop = 2.9 psi - 90 F



Equipment Specs. Molsieve Vessel Piping System

Date: 06/1 6193 D.S. Finan

PSV Pressure Safety Valve

Requirements:
300 psig set, 100 g/s mm, Helium 300K, ASME Certification, Soft Seat

Supplier:
HALGO Inc, 214 690 8200
11884 Greenville Aye, Suite 103, Dallas TX 75243

Anderson Greenwood #83 MB 68-6, 3/4" x 1", .110 inA2 orifice, 988 #Ihr,
Brass body, $377/ea, 4wks del.

Fl Filter

Requirements:
300 psig, 2" connections, 100 g/s helium @300K, 50 micron element,
deltaP indicator.

Supplier:
KYSER / EASTLAND, 214 9376111,
104 B Industrial Dr., Waxahachie TX 75165

Balston, # Al 5/80, 2"NPT, in line tee body
$1418, stock item cartridges, $234/ box of three

TI Temperature Indicator

Requirements:
Bimetal type, 3" dial 2 1/2" stem, 1/2" male connection, 50 to 500 F
range, 5 deg div.

Supplier:
HALGO Inc, 214 690 8200
11884Greenville Aye, Suite103, Dallas TX 75243

Taylor Bitherm, Model # BB 3102 E 047, $120/ea, 2 wks del.




