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MEMORANDUM

Date: Monday, October 12, 1992

To: J. Rees

From: G. Dugan 4t.yzti 92 4740 E B 116.0940 0015

Subject: Collider Tunn/Niche temperaturerequirements

This memodiscussesthe impactof theuseof an extendedtemperaturerangerequirement
on the technicalsystemsin the Collider tunnel.

Thebaselinetemperatureenvironmentfor the technicalsystemsin theCollider tunnel is
750350 F. Theindicatedrangeis intendedto coverall temperaturevariations,both spatialand
temporal,in the tunnelandniches.This environmenthasbeenassumedfor baselineestimatesof
theelectronicswhich will be in theniches,andhasbeenusedin specifyingtherequirementsfor
manyof themajortechnicalcomponentsin thetunnel e.g.,theCDM’s andCQM’s.

Thedetaileddesignof the tunnelcooling systemhasled to theappreciationthata less
expensivesystemcanbe realizedif thebaselinetemperaturerequirementcited aboveis relaxed.
Thepurposeof this memois to provide a discussionof the impactof that relaxationon the
technicalsystemswhich haveto live in this environment.

Thedetailsof the impactson thetechnicalsystemsarepresentedin Attachment1, from
RainerMeinice; andin Attachment2, which containsinformationfrom the engineersin ASD
responsiblefor thedesignandimplementationof the nicheelectronics.Thesedetailsare
summarizedin Table 1. Thetablespellsout, for eachtunnel/nichecomponent,theprimary
considerationwhich mustbe consideredif the temperatureenvironmentis changed,andan estimate

of theconsequencesof a relaxationof thecomponenttemperatureenvironmentto 550_900F , a
rangewhich is associatedwith the less expensivetunnel cooling system.

Themajorconsequencesof thisextendedtemperaturerangeare:
a areductionin reliability ofthesystemswhich aremostcritical to the reliability of the

Collider andtheprotectionof themagnetsi.e.. thequenchprotectionsystem,thecorrector
system,andthebeamlossmonitor systems.Themitigationof this reliability losshasa costwhich
is conservativelyestimatedasin excessof $1 1M. Thesecostshavebeenestimatedusing the
informationprovidedin Attachment2. In thatAttachment,estimatesaremadeof the fractional
decreasein systemreliability resultingfrom theuseof thebaselinesystemin theextended
temperatureenvironment.Basedon theassumptionof scalingbetweenthe fractionalsystem
reliability decreaseandthe fractionofthe total numberof partswhichmustbe upgradedto mitigate
the reliability decrease,thecostofmitigating theeffectof theextendedtemperatureenvironment
hasbeenroughly estimatedastheproductof theBCE costof theelectronicsin the nichestimes the
fractionaldegradationin systemreliability. Thedetailsareshown in Table2. In the caseof the
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beaminstrumentation,asdiscussedin Attachment2, an additional$lM hasbeenaddedfor
additional calibrationefforts.This is describedasa conservativeestimatebecausethedetailed
designof thesesystemsis not sufficiently advancedto be ableto do areal tradeoffof reliability vs
temperatureenvironmentin tennsof cost. It is anticipatedto be technicallychallengingto meetthe
Collider reliability budgetfor thesesystemsevenin thebaselinetemperatureenvironment.In the
judgementof theengineersresponsiblefor thesesystems,thejob will only getsubstantiallymore
demandingwith theextendedtemperatureenvironment.

b introductionofadditional sourcesof alignmenterrorsassociatedwith largethermal
gradientsin theextendedtemperatureenvironment.Theabsolutealignmentrequirementson this
acceleratoraremoredemandingthanon any previousmachine,andit is alsomuch largerin
physicalsize.Again, theextendedtemperatureenvironmentmakesa very difficult problemeven
moredifficult. Thealignmentshifts associatedwith thermalgradientsmay be ableto be
compensatedfor if theycan be predicted:this maybe possiblein somecases,althoughdistortions
of thegeometryof the tunnel, if theyoccur,would seemto bevery difficult to predict. Becauseof
thelackof a detailedplan for alignmentat this time,it is difficult to quantify thecostof theextra
work which would be requiredby theextendedtemperatureenvironment.However,it is clear
againthat theextendedtemperatureenvironmentwill makeoneof themostdifficult partsof
building theCollider evenmoredifficult.

c additionalthermalstresseson the tunnel componentsassociatedwith largethermal
gradientsin theextendedtemperatureenvironment.Thesethermalstressesarepossiblesourcesof
leaksin theCollider cryovacuumsystem.

d a ratherinhospitableenvironmentfor repairsto nichesystems.Theless expensive
cooling schemeassociatedwith theextendedtemperaturerequirementimplies a temperatureof
88° F in theniches.This temperaturewill be aboutthesamewhetherthe machineis on or off in
this scheme.Thus, nichecomponentmaintenanceandrepairwill haveto be doneat this
temperature.This is not agoodwork environmentfor personneldebuggingandrepairingcomplex
technicalsystems.Again, this effect is hardto quantifybut will surelybe felt during operations.

In addition to the issuesnotedaboverelatedto theextendedtemperatureenvironmentitself,
thereis a concernwith oneof the featuresassociatedwith someof theversionsof the less
expensivesystemusedto realizetheextendedtemperatureenvironment.Thesesystemsutilize large
volumesof air to cool thenichesandthe tunnel; the air is subsequentlydischargedto the external
environment.Theselargeair volumescantransportradioactiveair anddust from from the tunnel to
thesurface.Suchdischargesmaypotentiallyresultin releaseof radiolsotopesinto areasoccupied
by laboratoryemployeesor thegeneralpublic in excessof laboratoryradiationguidelines.This
problemis still being studied.

In summary,the informationin this memois intendedto be usedto determinetheoptimum
tradeoffbetweentheadvantagesof a cooling systemwhichmeetsthebaselinerequirementsand
onewhichdeliverstheextendedtemperatureenvironment.Although theestimatesmadehereare
only approximate,it shouldbe appreciatedthat thecostofcopingwith theextendedtemperature
environmentfor theCollider technicalsystemsis at least$1 lM, andwhenoneaddstheadditional
impactsdiscussedabove,couldwell be substantiallymore.

Attachments

cc: R. Meinke
D.Plant
T. Toohig
I. Watson

ccwfoattms: T.Bush
I. Ives
D. Johnson
T. Kozman
T. Lundin



TABLE 1:
Estimate of the impact of an extended temperature environment on Collider tunnel technical systems

Component Baseline
Temperature
requirement:
Niche and Tunnel-
750±50F

Considerations
determining the
requirement

Extended
Temperature
requirement:
Niche and Tunnel-
55°-90°F

Consequences of
extended
temperature
requirement

Corrector power
supplies

Niche Temperature: 800
p maximum

Reliability Niche Temperature: 900
F maximum

Est cost increase: $4.4M

Quench Protection
system

Niche Temperature: 800
F maximum

Reliability Niche Temperature: 900
F maximum

Est cost increase: sLIM

!nstrumentation/
Timing

Niche Temperature: 800
p maximum

Reliability and
calibration

Niche Temperature: 900
F maximum

Est cost increase: $4M

Control system
components in niches

Niche Temperature: 800
F maximum

Reliability Niche Temperature: 90°
F maximum

Est cost increase: $l.8M

Magnet alignment: local Tunnel spatial, temporal
gradient: 10 F maximum

Closed orbit control Tunnel spatial, temporal
gradient: 350 F maximum

Requirement for
additional alignment
step at operating
temperature

Magnet alignment:
global

Tunnel spatial, temporal
gradient: as small as
practical

Circumference
requirement

Tunnel spatial, temporal
gradient: 350 F maximum

Unknown

Tunnel geometry Tunnel spatial, temporal
gradient: as small as
practical

Closed orbit control and
circumference
requirement

Tunnel spatial, temporal
gradient: 350 F maximum

Unknown

Magnet cryostats
insulating vacuum

Tunnel spatial, temporal
gradient: as small as
practical

Outer cryostat vacuum
leaks to air caused by
frequent thermal
expansion and
contraction at
interconnects

Tunnel spatial, temporal
gradient: 350 F maximum

Possibility of reduction
in reliability of
insulating vacuum seals
at interconnect

Beam Scraper Tunnel temporal short-
term gradient: 100 F
maximum

Alignment relative to
closed orbit

Tunnel temporal short-
term gradient: 350 F
maximum

Requirement for
additional scraper
adjustments during
operation reduction in
time for experiments

Work environment Niches, tunnel beam
off: 800 F maximum

Safety and efficiency of
tunnel workers

Niches, tunnel beam
off: 900 F maximum

At a minimum, decreased
efficiency during niche
component repairs



TABLE 2: ESTIMATED COST TO MAINTAIN RELIABILITY IN THE EXTENDED TEMPERATURE ENVIRONMENT

Niche Electronics System BCE Cost o
electronic

Estimated
reliability
degradation
80 to 90 F

Estimated
cost to
regain
reiiabliit’

M$ % M$
Controls/Communications 6.72 27% 1.81
Beam Instrumentation 10.2 30% 3.06
Correction element power supplies 17.4 25% 4.35
Quench protection System 3.8 30% 1.14

Total 38.12 10.36
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Rainer Meinke Oct. 12,1992

Collider Tunnel and Niche Cooling

Introduction:
For reasons of radiation safety all presently existing large accelerators
have been built underground. These underground locations have the
additional merit of offering a very stable temperature environment,
because they are minimally impacted by the annual ambient
temperature variations. Since the dynamic aperture of large
accelerators is only a few millimeters, the alignment of the accelerator
magnets is a critical issue. Underground locations with their constant
temperatures minimize thermal expansions of magnets and support
structures and are therefore preferred. For the these reasons the
Collider tunnel has been planned to be at a depth from 50 to 250 ft
with a natural temperature of about 70 F.

A large fraction of control electronics and corrector power supplies for
the Collider will be located in underground tunnel niches. The large
distance between the utility shafts and the short lead requirement
prevent other solutions. The total heat load generated per niche during
operation is about 12 KW. The heat load in the tunnel is 5.8 W/ft,
mainly generated by the corrector power leads. Without removing this
energy by a cooling and ventilation system a steady increase in
temperature over several years, starting from the natural value of 70
F, would result as recently calculated by PB/MK.

Experience over many years of operation at different accelerator
laboratories has proven without any doubt that the failure rate of
electronics increases rapidly above 70 F. At FNAL the temperature of
most of the accelerator control electronics is monitored and the alarm
level is set to 80 F. At 85 F the power supplies are switched off
because serious damage has otherwise been observed. At DESY



temperatures above 80 F are rarely encountered. When the
temperature actually reaches that level during the summer, meaningful
accelerator operation was often found to be impossible. In general it
has been established in industry that the reliability of electronic
devices decreases with increasing temperature.

The following list summarizes the most important components of the
Collider which are adversely effected by increased temperature.

* Corrector power supplies
* Quench protection system
* Precision timing system
* Alignment of magnets
* Circumference of beam orbit
* Insulation vacuum system
* Alignment of scraper system
* Radiation safety
* Hostile work environment during maintenance

The adverse effects caused by increased temperature are described
in the following sections.

1 Reliability of Niche Electronics

* The corrector Power supplies, the quench protection system and the
precision timing system are located in tunnel niches, where no access
is possible during Collider operation. It is well established that the
reliability of electronic components decreases rapidly with temperature
see SSC-SR-2020. Therefore the niche temperature should be held
as low as is possible. All electronics in the tunnel niches is housed in
racks. It is difficult to avoid hot spots in electronics racks unless
complicated and expensive cooling systems are built into each
individual rack. Without these the inside rack temperatures will exceed
the ambient temperatures, emphasizing the need for low niche
temperatures.



The availability of the Collider is strongly impacted by the large
number of corrector dipole power supplies. It is presently not certain
whether the required Collider availability of 80 % see Ill A specs can
be guaranteed even at 75 F. Any temperature increase above this
value compromises the reliability of the power supplies. At a niche
temperature of 90 F the reliability of the power supplies is estimated to
decrease by 30-50 % see attachment 2. The likely effect of hot spots
in the racks has been ignored in this estimate.

* The quench protection system of the superconducting magnets
consists of quench detection electronics, quench heater firing units

and the energy extraction system. The system design guaranties
protection of the magnets under practically all circumstances. Failure
of the quench protection system could result in false energy extraction
triggers and increased maintenance time. The reliability of the
complete system has been analyzed by the Research Analysis
Corporation and concern has been expressed in their report. While the
energy extraction system is hardly influenced by the ambient
temperature, the quench detection system and the heater firing units
reliability and lifetime are adversely impacted by increased operational
temperatures see attachment 2. Again the conclusion is that the
niche temperature should be held at the lowest possible value.

* The precision timing system in the Collider is essential for
controlling data acquisition of the beam instrumentation, i.e. mainly
beam position monitors BPM and beam loss monitors BLM. Many
types of failures arising in the BLM system cause an immediate,
automatic beam abort. The reliability of this system is therefore of
extreme importance for the overall availability of the Collider. During
routine operation of the Collider not all BPM’s are required for control
of the beam in the machine. In contrast to this situation 100 %
availability of the BPM’s is required during the approximately six
month long commissioning phase of the Collider.

As described in attachment 2, it would be possible to design
electronics which is functional at 90 F. The construction of such



electronics would certainly be more costly. In case of large
temperature gradients in the tunnel and/or varying operational
temperatures in the niches extra calibration effort would be required.

2 Alignment of Magnets

* Quadrupole magnets are the most demanding components in the
Collider concerning alignment. In adjacent half cells, quads have to be
aligned relative to each other with a precision of 0.4 mm. The
alignment tolerance to the adjacent BPM and sextupoles are 0.2 mm
see Ill B Collider Spec. If the alignment of all magnets could be done
at the final operational temperature in the tunnel, temperature in this
case would hardly be of any concern. A complete survey and
smoothing of the Collider is very labor intensive six month and
expensive. Without an appropriate tunnel and niche cooling system,
the final smoothing of the Collider has to be done at a temperature
different from the operational temperature.

The top ring of the Collider is supported by steel structures about 1.5
m above the tunnel floor, It seems prudent to limit thermal expansions
in height of the magnet support stands to values considerably smaller
than the alignment tolerances given above. If we tolerate excursions
of the upper magnets in the vertical direction of 0.1 mm, the tunnel
temperature has to stay constant both spatially and temporally to
about

dT=dLJLc=0.1/1.5 1031.25105=5.3C -9.5F
c: thermal expansion coefficient of steel

3 Circumference of Beam Orbit

* The circumference of the Collider has to be adjusted relative to the
HEB circumference for the bucket to bucket beam transfer with a
tolerance of ÷/- 5 cm see the discussion "Problems Caused by
Machine Circumference Errors During the HEB to Collider Transfer"



following this memo. Furthermore the lengths of both arcs has to be
equal within about the same tolerance limit. Otherwise the interaction
points in the west and east IR’s will not be simultaneously at the
locations of the minimum beta at each point. It is difficult to estimate
how the Collider circumference changes with temperature. If we make
the extreme assumption that the chain of all magnet cryostats around
the ring behaves like a continuous steel pipe without expansion joints,
even slight temperature variations would cause large circumferencial
changes.

dL=cLdT

Taken L as the length of an arc, i.e. about 30 Km and dT = 1 C 1.8 F
one gets:

dL= 1.25 icr5 3104=0.375m

In reality bellows in the vacuum vessel of the interconnect region will
strongly mitigate this effect. At the moment the stiffness of these
bellows is unknown and the expansion is difficult to estimate.
Furthermore variations in stiffness of these bellows could cause
unpredictable movements of magnet strings, causing a loss of magnet
alignment precision. Given the large effect 0.375 m above and the
alignment tolerances of the magnets the lowest possible variation in
tunnel temperature seems prudent.

* The tunnel geometry itself might be impacted by large variations
of tunnel temperature. Since the tunnel niches are located on the
inside of the circular tunnel, the temperature on this side will be higher
than the outer tunnel wall which is somewhat shielded by the magnet
string. It would be complicated and costly to implement an air
conditioning system that would equalize this radial temperature
gradient. Changes in tunnel shape seem therefore unavoidable
unless the niches are cooled without heating the tunnel. For this
reason water cooling of the niches seem to be the preferred solution.



* The length of the tunnel would only remain constant under
temperature fluctuations, if the soil surrounding the tunnel can
withstand the resulting expansion forces. For a uniform material this
would seem likely. For the Collider site with geological formation
boundaries intersecting the tunnel this assumption seems risky and
significant variations in tunnel length might occur. Furthermore, any
difference in water content of the material surrounding the tunnel
would increase the heat conductivity and heat capacity of this
material. Such local effects could lead to changes in tunnel shape.

To summarize, it seems prudent to keep the tunnel temperature as
close to the natural value as possible at all times after the magnet
alignment.

4 Insulation Vacuum System

Tunnel temperature variations would cause movements of the outer
bellows in the interconnect region between magnets. It seems likely
that frequent movements of these bellows could cause vacuum leaks.
For a certain time these leaks would not show up, since the incoming
air would be cryo-pumped by the cold surfaces inside the cryostats.
After the pumping capacity of all surfaces and the superinsulation has
been saturated, the pressure would rise rapidly. It would be very
difficult and time consuming to find such leaks and fix them. This
situation presents a possible risk to the availibility goal. To avoid such
downtime of the collider the tunnel temperature should stay as
constant as possible during the lifetime of the Collider.

5 Alignment of Scraper System

The scraper system in the Collider is necessary to prevent beam
halo from quenching the superconducting magnets and to improve the
experimental conditions in the IR’s. The jaws of the scraper system
have to be adjusted transversely relative to the beam with a precision
of less than 0.01 mm. These adjustments will be time consuming and
will reduce the time available to the experiments. Changes in tunnel



temperature between experimental runs will certainly make these
adjustments more difficult.

6 Radiation Safety

With an air cooling and ventilation system, appreciable air velocities
will result in the tunnel. This air stream will pick up radioactive dust
and transport it to the surface through the air return ducts. Filters are
therefore necessary to prevent the release of activated dust into the
environment. This will place an additional monitoring burden on the
laboratory. Safe disposal of the filters will also require special care.
From this point of view a tunnel cooling system with the lowest
possible air velocity would be most advantageous. A water cooling
system for the tunnel niches which have the highest overall heat load
seems therefore favorable.

The effect of a worst case scenario, where the full beam intensity is
lost close to a tunnel ventilation shaft, has to be investigated. But also
in this respect water cooling of the niches instead of air cooling would
have advantages.

7 Hostile Work Environment During Maintenance

Maintenance periods of the Collider have to be kept as short as
possible in order to achieve the required availability, If the technicians
have to work in an environment of 90 - 95 F, in the already difficult
environment of the tunnel, their efficiency will certainly be reduced.
Any repair work in the tunnel or the niches will require more time
under these conditions. Lower temperatures will reduce stress and
minimize the probability of errors during maintenance.
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ProblemsCausedby MachineCircumferenceErrors During the
HEB to Colilder Transfer

1. IntroductionandStatementof theProblem

Operation of the Super Coliider requires that dense bunchesof protons be
acceleratedto 20 TeV. Sincethis cannot be donein asinglemachine,a cascadeof
particle acceleratorsaxe needed,with each individual acceleratoracceptingthe
beamfrom the prior accelerator,acceleratingthe beam,andflni fly ansferringits
beaminto thenext acbelentor. 1.1 the beamtansfersarenot donecorrectly,beam
emittancegrowthcanoccur, or in theworstcasethebeamcan be lost. Evenin the
caseswhere the beamis not lost, etnittancegrowth decreasesthe densityof the
proton bunches,andthis reducestheevent rateof the collider. Beamernittance
growth can occurin eithertheansverseor longitudinalphasespaceplanes. The
purposeof this noteis to providea first passanalysisof the problemscausedby
cfrcumferenceerrors as they relateto longitudinal emittancegrowth during the
HEB to Colllderbeamtransfer.

The wansferof the protons from the IHEB into the Coffider involves four issues
relatedto longitudinalphasespace.

1 The momentum of the protonsmust be at a level appropriatefor storagein the
coffider.

PHErPCOU.DER 1

2 Thebunchseparationmustbe thesantein theHEB asit is in theCollider sothat
eachbunchseesthecorrectphaseoftheRPvoltagewhenit recirculatesaroundthe
Collider.

2

3 Eachbunchmustbe transferredat thecorrect time so that it occupiesits correct
placewithin the Colder. This third issueof correcttiming for thecenterof the
bunchesis termed"cogging".

4 The momentumspreadand longitudinal length of the protonbunchesmust be
adjustedjust before they leave the HEB so that they match into the longitudinal
environmentof the Collider. A "bunch rotation" mustbe done that shortensthe
longitudinal length and increasesthe momentumspreadof the proton beamjust
prior to ejectionfrom theHEB.

Sinceanygivenmachineoperatespoorestat its lowestmomentum,themachinethat
ejects thebeam mustbe assignedthe responsibifityfor preparingthe appropriate
beamcharacteristicsprior to ejection. Thus,just prior to ejection from the WEB,
beammanipulationswithin the FEB must be doneso that the above four criterion



aremet simultaneously.

In eachring theprotonswill takea certainamountof time to make onerevolution around
the machine,and the inverseof this time is the revolution frequencyof that machine. In
orderto keepthephaseoftherf voltageconstantwith respectto thecenterof thecirculating
bunches,the d voltage must be an integral multiple of the revolution frequency. The
particular integer multiplier for each machine is called the harmonic number. The
harmonicnumberalsocorrespondsto thenumberof protonbunchesthat canfit into each
machine,sinceeveryrf cycle maybeoccupiedby a singlebunch. The bunch separationis
thusequalto thecircumferencedividedby theharmonicnumber.

AswEB-C3Tht ; àscoismnaCcou.mn/hcou.a 3

Errors in machine circumferencedirectly affect the bunch separation. There are two
possibleways to deal with the problemof machinecircumferenceerrors. 1 The error in
bunch separationcan be acceptedas a bunch to bunchvariable longitudinalemittance
dilution; or 2 The circumferenceof theprotonorbitscan bechangedby moving theorbit
away from thedesignorbit. Eachof theseoptionswill now be discussed.

2. Acceptingthe CircumferenceError WithoutCorrection.

At thetime of writing of this note, it is assumedthatthesurveyaccuracyof the lEE and
Collider will result in circumferenceconstruction errors of AC - 1.25 cm and

a 10 cm,respectively.Thecolderdesigncircumferenceis - 87.12
andthedesigncircumferenceof theIEB is C - 10.8 1cm. It will be assumedhere

that during thetransferthecenterbunchof theprotonsto be transferredcan be transferred
exactly as desired. But even with this perfecttransferof the central bunch, the proton
bunchesat the extremeedgeof the transferredbatch wifi havea transfererror due to the
circumferenceerrorin the lEE ofAC/2 - 0.625cm. The protonbunchesat theexteme
edgeofthetransferredbatchwill havean additionaltransfererrordueto thecircumference
errorin theColderof AC.I.mER/l6 a 0.625 cm. Only 118thof theColderis involved
in anygiven transferfrom the HEB. The worstcasetransfererrordueto circumference
constructionerrors is thus 1.25cmfor thoseaadrotonbunchesat theextremeedgeofthe
transferredbatch. The transfererror decreaseslinearly to zero with the distanceof the
bunchfrom thebatchcenter.

At the time of transferthe bunchone-sigmahalf-width is designedto be 5.4 cm, andthe
bunchis assumedto havea gaussianlongitudinalprofile. The constructioncircumference
errorswill have the effectof offsetting theentire distributionof thosebunchesat theedge
of the batch by 1.25 cm. The distribution will begin to do a collectiveoscillation around
the design point, and over time fliamentation of the phase spacewill cause a new
distributionto be reachedthat is centeredon thedesignpoint Calculationof theeventual
distributionis a complexproblem thatwill not be addressedhere. One can estimatethat
theone-sigmahalf-width of theeventualdistributionwill be closeto thesumof theoriginal
valueajid theoffset, 6.65 cm. Thus, thedilution of the longitudinalphasespacedue to the
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circumferenceerrorshasa contributionof about23%from the increasedtime width ofthe
pulse. Eventhough the momentumwidth of thebunchis notaffectedby the timing error,
thephasespaceellipsethatthe bunchoccupieshasa largermomentumexcursionthan the
designvalue. In thesmall amplitudelimit the phasespacetrajectoriescan be treatedas
circular,andthe dilution of thephasespacedue to the largermomentumexcursionsis thus
also23%. Thereforethe total phasespacedilution causedby circumferenceconstruction
errorsfor thosebunchesat the extremeedgeof the transferredprotonbatchis 52%. The
phasespacedilution for thoseproton bunchesnot at the extremeedgeof the transferred
batchis proportionalto the squareof thedistancethebunchis front thebatchcenter.

In this discussionit is assumedthatthecentralbunchof protonscanbe transferredexactly
asdesired. Txansferofthecenn2lbunch is made much moredifficultifthe bunch
separationin the HEB differs from that of the Colder. The easiestway to transferthe
centerbunchis if the if frequencyof theHEB is phaselockedto thatof theColder,and
the requiredphasedifference neededfor proper timing of the transferis determined
experimentally. This phaselocking of the if cavitieswill assurethat thebunch centers
remain fixed relativeto eachother. Phaselocking of the if cavitiesmay not bepossibleif
thebunch separationin thelEE is different thanthat ofthe Colder. The if frequencyof
the HEB is equal to the velocity of the protons essentiallyc divided by the bunch
separationin thelEE, andthe if frequencyof theColderis equal to six times theproton
velocity divided by thebunchseparationin theColder,

f, - v/Me cou.m - 6v/As. 4

Thus,only if iss - will theratioof the two rffrequenciesbe an integer. Thus,
if the bunchseparationsare unequal,thephaseof thetwo d’s cannotbe simply locked. It
maybe possibleto combineaportionof eachif signalandobservethebeats,butthis would
greatlyincreasethecomplexityof the coggingproblem.

Thereare threeproblemspresentedby circumferenceconstructionerrors if they are not
corrected. A longitudinal phasespacedilution of up to 52% results, the phasespace
dilution variesfrom bunchto bunch,and thecomplexityof thecoggingproblemis greatly
increased.

3. CorrectingCircumferenceConstructionErrorsby OffsettingtheDesignOrbit

Although thephysical circumferencemaybe C + 6C, whereC is thedesignvalueand5C
is the constructionerror, the orbit that the protons follow can be different than this by
adjustingthe magneticfield. For instance,if the machineis built too large. the magnetic
field can beincreasedslightly. This will resultin theprotonshavingaslightly smallerbend
radiusthan thephysicalradiusresultingin a smallercircumference.The problemwith this
approachis that thebeamwill no longerbe centeredin the magnetchamber,with ominous
possibleresults. Therequireddisplacementfrom thedesignorbit andtime requiredfor the
beam to remain displacedwill now becalculated.
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As discussedabove,the total circumferentialconstructionerror that must be madeup for
in theHEB is 6C3 - + ACrocjrn/S - 2.3 cm.. The HEB circumferenceis related
to the averageHEB radiusby the relation

Ce - 2itr. 5

Differentiatingeach side leadsto theexpression

8C/C - öre/re , or öre - SCere/Ce. 6

Thus, with SCe -2.5 cm,Ce- 10.8 km andre- L72 km the amountof radial
displacementneededtomarch the IIEB circumferenceto the Col]ider circumferencein the
presenceof presentlyestimatedconstructionerrorsis öre - 4.0 mm.

If thebeamis displacedfrom its designorbit particlesmaygetlost overtime. Thusanother
relevantparameteris the length of time that theprotonsmust spendin thedisplacedorbit.

The amountof time the protons spendin the displacedorbit dependson the cogging
scenarioemployed. Prior to ejection,the protons must havethe correctmomentumfor
injection into the colder, have the correct momentumspreadand longitudinal length
accomplishedby bunch rotation,andhavethecorrecttiming for theejection. The bunch
rotationmustbe done last, asthebunch rotationresultsin abeammatchedinto the Colder
longitudinalenvironment;afterbunchrotation thebeamis no longer matchedto the HEB
longitudinalenvironment.Thus preparationfor ejection canoccurin oneoftwo ways. The
beamcanreachits propermomentumfirst, andthe coggingsettingthe riming can bedone
second,or the cogging can be done first and the beamcan reach its propermomentum
second.

If the beam reachesits proper momentumprior to cogging, and the magneticfield is
maintainedat a level appropriateto the designvalue, the length of time the protonswill be
in thedisplacedorbit is the full coggingandbunchrotationtime, about6 seconds.The time
it takesfor theprotonsto makeonerevolutionaroundtheHEB is Ce/c - 36j.zs.Therefore
the 6 $ coggingandbunchrotationtime correspondsto 167,000turns.

If the cogging is done prior to the beamreachingits propermomentumbut still at the
magneticflat-top andthe beamis acceleratedor deceleratedto thepropermomentumafter
cogging, the beam positiondisplacementwill Linearly increaseover time during the final
acceleration or deceleration. The amount of time needed for the accelerationor
decelerationcan be calculatedby noting that thefractionalchangein orbit circumference
is relatedto thefractionalchangein protonmomentumby the following expression.

- 26pep 6

In the above expressionm is the transitionenergyof theHEB divided by the restmass
energyof theproton,‘t - 35. Thus, with SCe - 2.5 cm, C - 10.8 km andp -
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2 TeV the amountof momentum offset requiredto correct the circumferenceconstruction
error is 5.73eV. Duringthe accelerationrampof the BTh the rate of momentumchange
is 1.8 TeV/c divided by 100 s, or 186ev/c/s.Thus, it will take0.32secondsto changethe
momentumby the requiredamountto correctfor circumferenceconsmzcflonezu. The
time it takesfor the protons to make one revolution aroundthe HER is Ce/c - 34xs.
Thereforeit will take 0.32s/36ps- 8800 turns to changethe momentumby an amount
necessaryto correctfor circumferenceconstructionerrors. Bunchrotationwill requitethat
the beamremainatfull displacementfor an additionalonesecond,or27,800wins.

If circumferenceconsmictionaitxs axeto be correctedby displacingthe equilibriumorbit
away from the physical orbit, the maximum requireddisplacementis 4 mm. If the
displacedorbit is reachedor to cogging,the orbit mustremain in the displacedposition
for 161,000turns. If coggingis doneprior to displacingthe orbit, the orbitwill be linearly
displacedfrom the physical orbit overa periodof 8800 turns, andthen remain at the full
displacementfor anadditional27,800turnsduring the bunch rotationjustprior to ejection.
Attempting to cog at an orbit other than the designorbit will also intvduceadditional
difficulties in thecoggingprocess.

page 5
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Superconducting Super Collider Laboratory

DuanePlant

2550BeckleymeadeAvenue
Dallas, TX 75237-3946

214 708-9000

From: Tim Savord

September30, 1992

Subject: Effect of Collider Niche Temperatureon QuenchProtectionSystem

As peryourrequest,I am providing informationconcerningthe impactof Collider nichetemper
ature on the failure rateof electroniccomponentswithin the QuenchProtectionSystemQPS.
This information is providedas anindicatorof a trendin componentfailure ratesastemperatureis
increasedand is not intendedto be a studyof theoverall QuenchProtectionSystemreliability.

Using valuesfor integratedcircuit junction temperaturesof ii degreescentigradeaboveniche
ambient,aspertheResearchAnalysis Corporationreport tided "Reliability AnalysisoftheQuench
ProtectionSystemfor the SuperconductingSuperCollider Laboratory" May 13, 1991, the
temperatureaccelerationfactors for failure rateshavebeendeterminedfor various typesof inte
gratedcircuits and semiconductorstypical of thoseusedin the QuenchProtectionSystemfor
nicheambienttemperaturesof 80 degreesFahrenheitand90 degreesFahrenheit.Thetemperature
accelerationfactorspresentedin Table 1, arefor nonhermeticcomponentsas detailedin military
handbookMIL-HDBK-217E 27 October1986 with Notice 1 2 January1990. Sincea device
failurerateis theproductof thetemperatureaccelerationfactor andseveralotherimportantfactors,
thepercentincreasein a device’s failure rate resultingfrom an increasein temperatureis propor
tional to theincreasein its temperatureaccelerationfactor.

Table1: ElectronicComponentTemperatureAccelerationFactors

Niche
Temp.

Junction
Temp.

ALS1TL
.

Logic
HCMOS

.Logic
OPTO

Coupler
.Linear SCR

SOF
26.7C

99.9F
37.7C 0.20 0.33 1.4 0.39 1.4

90F
32.2C

109.8 F
43.2C 0.27 0.59 1.9 0.73 1.8

HDBK
217E

TableNo.
- 5.1.2.7-6 5.1.2.7-12 5.13.10.1-

4
5.1.2.7-13 5.1.3.10.1-

Increasein
failure
rate.

- 35% 78.8% 35.7% 37.2% 28.6%

AcceleratorSystemsDivision

Memorandum

To:

Date:
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Aluminum electrolytic capacitors,rated at 450 volts, areusedextensivelyin the HeaterFiring
Units HFTJs of theQuenchProtectionSystemQPS. This type of capacitorwith a 450 WVDC
ratingis notcoveredin MIL-HDBK-2 17Ebutlife expectancyinformationis availablefrom Philips
Components,the manufacturerof HFU capacitorsusedin theAcceleratorSystemString Test
ASST. The capacitorsusedin the ASSTare Philips type 3186, operatedat their designvoltage
of 450 WVDC. In thepresentHFTJdesign,theripple currentthroughthesecapacitorsis approxi
mately 45 mA, a level thatcontributesnegligibly to the temperaturerise of thecapacitor’score.
Sinceripple currentcontributesan insignificant amount, the capacitor’score temperatureis
assumedto be equal to the ambienttemperatureof the enclosurein which it is installed. As per
Table3-3 of the previouslymentionedstudy from ResearchAnalysis Corporation,the average
temperaturerise aboveroom ambientwithin a typical QPSelectronicenclosureis approximately
5 degreesFahrenheit.Thereductionin life expectancyofa typical 1-IFU capacitorasnicheambient
temperatureis increasedfrom 80 degreesFahrenheitto 90 degreesFahrenheitis detailedin Table
2. Informationin this tablehasbeenderivedfrom Philips Components1990-91Resistor/Capacitor
DataBook, pages92 and93.

Table2: HFU CapacitorLife Expectancy

Niche
Temp.

Core
Temp.

Life
K Hours

80F
26.7C

8SF
29.4C 90.5 K hrs

90F
32.2C

9SF
35.0C 64.0K hrs

Reduction
inlife

expectancy.
- 29.3%

.

As is evidentfrom Tables1 and2, an increasein nichetemperature.from 80 degreesFahrenheit
to 90 degreesFahrenheit,resultsin an increasedfailure ratefor electroniccomponents. Estima
tions of theimpact of this temperatureincreaseon thereliability of largeelectronicsystemswill
requireextensivestudiesof completeddesigns,but thegeneraltendcanbe determinedfrom indi
vidual componentfailure rates. For improvedelectronicsystemreliability and availability, the
temperaturein Collider nichesshouldbe held at the lowestpracticalvalue.

cc: B. Abel
C. Rostamzadeh
J. Saarivirta
R. Winje

Memorandum - Page2 of 2



SuperconductingSuper Collider Laboratory
BeamInstrumentationDepartment-Mail Stop 4005

2550BeckleymeadeAvenue
Dallas.Texas75237-3946

214 708-3451

MEMO: September29. 1992 / #7
TO: GenyDugan,JerryWatson,ReinerMeinke, DuanePlant,Jeff Western/ ‘‘

FROM: Bob Webber,ASD Beam lusmimentarion DepartmentHead

RE: 90°F vs. 80°F CouiderNiche Temperature

The BeamInstrumentationDepartmentis responsible for the PrecisionTiming
system,and theBeamPositionandBeamLoss Monitoring systemsin the Collider Arcs
BPMs andBIMs. Electronicsfor thesesystemsarehousedin the niches.The Tinting
systemis essentialfor controlling beam instrumentation data acquisitionandother control
functionsin the niches.The BPM systemis crucial for Collidercommissioningand for
adjusnuentsnecessaryto optimize colliding beam luminosity during operation.TheELM
systemis a crucialequipment protection from potentialbeaminduced damageand
magnetquench prevention system.

There is generalconsensusthat the proposed 10°F increasein allowedniche
temperatureis undesirable, however wehave found it difficult to actuallyquanti’ the
impactin termsof decreasein reliability or costof maintainingreliability. Let me attempt
to addressthe impact from a slightly different perspective.

Ignoring questionsof long termreliability failureratesareexponentiallyrelatedto
temperature, there is little questionthat electronicscanbe designedto be functionalin
ambienttemperaturesabove90°F; witnessthe modemautomobile. However, questionsof
stability, calibration,andtesting mustbeaddressed.The SSC baselineequipmentcost
estimatewasmadeby acceleratorscientistsandengineersfrom the perspectivethatthe
electronicssystemswould operatein normal room temperatureenvironments. Allowances
arenot included to addresswide temperature range stability or elevatedtemperature
testingand calibration.

One solution to tunnel cooling suggesta 35°F gradientalong a halfsector.While
this doesnot require a similar differential betweenend niches in a half sector,it certainly
allowsthe possibility.This requiresthatcritical electronics in thesenicheshave
temperaturestableperformanceoverthis rangeThe Tuning,BPM, and ELM systems
certainlyqualify as critical electronics, since their businessis to measurebeamproperties
determined by the performanceof other technicalsystemsandto maintainsensitive
thresholdsto rigger beamabortson indications of impending disastrous beam loss.

Timing, 8PM. and BLM electronics systemsin the Collider Arcs arevaluedin the
BCE at approximately $10 million, including about$0.75 million for design andtesting. I
estimatethatproviding for extendedtemperaturerangetesting and calibration,design
effort, andcomponentcosts will addmore than $1 million to the price tag mostlydue to
testing.This doesnothing to addressloneterm reliability questions.
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Providing a 90°F tunnel/nichecoolingsystemwithout significant temperature
gradientsfrom niche to nichewill reducethis increaseonly a small fraction sincemostof
thecostcomesfrom elevatedtemperaturetestingas opposedto wide rangestability. A
cooling systemto provide80°F ambientwith little gradientwill savenearlyall of this
estimated increase;and it will simultaneouslysolvethe problem for nearly all other
systems,including thosethat may be overlooked if a system-by-systemsolution to
elevatedtemperatureoperationis required.

.
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Return-Path: rosk@rillonia
Received: by rillonia. ssc.gov 4. l/SMI-4.1

id AA00196; Thu, 1 Oct 92 13:05:06 CDT
Date: Thu, 1 Oct 92 13:05:06 CDT
Message-Id: <9210011805.AA00196@rillonla. ssc.gov>
From: rosk@rillonia Robert Skegg
To: hunt ros]c@rillonia
Subject: Reliability changes, 80F/90F
Cc: gurd crivellc@rillonia

Steve,

I have calculated effects on failure rate due to increase in air
temperaturefor 74LS245N Typical VIlE bus driver and Actel AlO2Olcc FPGA
devices. The calculations were performed using data from MIL-HDBK-217E,
Military Handbook, Reliability Prediction of Electronic Equipment.
Results are as follows:

BEST conditions - ambient air blown directly on device no
pre-heating @300-400 lf/m

Device increase in failure rate due to 80F - 90F increase

74LS240N 28%
AlO2Olcc 20% other factors are dominating the rate

WORST condition - ambient air pre-heated an extra 20C by other on-board
heat sources, then blown directly on device @300-400 lf/m

Device Increase in failure rate due to 80F - 90F increase
actual air change ll6F - l26F

74L5240N 27%
AlO2Olcc 27%

I also calculated the non-blown conditions for a 74LS240N, as might be found
in an un-blown, or poorly engineeredVIlE crate.

Increase in rate due to Increasein rate due to
BOF - 90F increase ll6F-126F increase 2CC pre-heating

27% 27%

I also calculated effects on tantalum capacitors and found it to be in the
range 3% to 6%. Semi-conductordevices will probably dominate over-all
failure rates.

Overall, the failure rate for a 74LS2401 increases 53% from the blown
condition at BOF to the un-blown condition with 20C pre-heat at 90F.



SuperconductingSuperColliderLaborato,y
... AccekratorSystemsDiviskn

2550

Beck1evmeAvenue,MS-4004
1 D&las, Tx 75237-3946

Electrical Engineering

MEMORANDUM

Date: October 2, 1992

To: Duane Plant

From: William Men

Subject: Impact of Temperature Changein Nicheson Collider Correctors

The impact of the proposed temperature changeis a bit difficult to assessin a real
analyticalway prior to the actualdesignof the powersystem for the correction elements.
However, somerule of thumb features on electronic componentfailure rates canbe pulled from
a couple of sources.In particular,NHL-HDBK-217C containsdetailed information on failure

rates by componenttype. A quick summaryanalysisofreliability relationships existsin the
1986 Central DesignGroup ConceptualDesignReport for the SSC, SSC-SR-2020,on pages
478-486.In the latter source,the following rule of thumbcanbe found; "It is possibleto
increasereliability an order of magnitudeby lowering the temperature40° C anda factorof
two by lowering the operating temperature 100 C’. The reliability effecton different types of
componentswill vary, but in general follow this kind exponentialdecreasewith increasing
temperature. Basedon this reasoning,I estimate that that a decreasein reliability of 30-50%
will resultif the temperature is increased10° F. This assumesall other factors affecting
reliability remainconstant. This lossof reliability canbe recoveredby derating components,or
screeningand bum-inof parts,or other methods at somecostincrease.This is hard to quantify
at this time also.Note that the CDG CDR cited above indicatesthat a switchfrom commercial
gradeparts to Mm-Specparts cancost an order of magnitudedifferentEvenif the reliability
canbe recovered with a 10%costincrease,this will amountto $2-3 M.

At the moment,meetingthe reliability allocationfor the Collider Correctorsystemwill
be oneof themajor challengesin developingthepower supplies.Increasing the niche ambient
temperaturefrom 80° F to 90° F will only exacerbatethe difficulties to be encountered.To
insuresuccessand to improve systemreliability, the niche temperatureshouldbe held aslow as
is practical.



SSCL4BORATORY
ACCELERATORDIVISION

2550BeckleymeadeA ye. MS-4002
D4LL4S,TX 75237

214,708-3463
Controls Group, AcceleratorDivision
MEMORANDUM

TO: SteveHunt. Communications Group Leader

FROM: Sam Crivello

DATE: October2, 1992

SUBJECT: Effectsof Niche temperatureon FiberOpticsequipment

cc: DuanePlant.PMO

The effectsof increasingthe niche temperatureon the reliability of fiber optics equipmentwas
looked into. During this brief time, I was not able to locate datafrom studiesthat would dfrectly
showthechangein MTBF MeanTime BetweenFailurewith a changein temperature.I was able
to locate a chart which outlined the operatingtemperatureandhumidity rangerequiredto ensure
reliable operation.The following paragraphssummarizethis chart.

From the operationsmanualfrom one of our ADM’s fiber optic Add Drop Mux. the following
warningis stated,"There is a direct relationshipbetweenair temperatureandoptical transceiver
performance.Optical transceiversare more temperaturesensitivethan electricaldevices."1For
natural convection the maximuminlet air temperature/dissipationlimits are broken up into two
operating conditions: StandardOperating Conditions SOC at a range of 4 - 38 deg C and
ExtendedOperatingConditionsEOC at a rangeof 2 - 49 deg C. However,for forcedconvection
at 2 feet persecond,SOCslides to 55 deg C and EOC to 65 deg C.

It can only be statedfrom this chart that forced air will be requiredin the fiber-optic racksand
optical performancemay be compromised.Further information relating MTBF and BER to
temperaturewill be soughtfrom thevendorfor future reference.

1. Alcotel ADM 250. Operadensmanual. ALCL 355-910-102.Issue4. November1990.psOl

SC/

e



SuperconductingSuperColilder Laboratory
AcceleratorSystemsDivision

2550BecldeymeadeAvenue,MS-4004
Dallas, 71 75237-3946

214 708-9000

ElectricalEngineeringDepartment

MEMORANDUM

Date: October7, 1992

To: Gerry Dugan

From: Tim Savord

Subject: Increasein Cost Estimate of Collider Quench Protection Electronic Components

The 1990 Baseline Cost Estimate for Collider Quench Protection Systemmaterials and labor,
excluding installation, is $29,515.2K. I have reviewed the detailed work sheetsand have
determinedthat electroniccomponentsaccountfor $3,869.3K of the total estimate. This cost
estimateis for a system that fails in a safemannerbut doesnot haveredundancyto maximize
accelerator availability. The cost estimate is also based upon the use of commercial grade
electroniccomponents.

The May 13, 1991, study report from ResearchAnalysis Corporation, titled "Reliability Analysis
of the Quench Protection Systemfor the Superconducting Super Collider Laboratory," analyzed
the designof the Tevatron Quench ProtectionSystemandprojectedthereliability of anequivalent
systemfor the Collider. Section6.1 of this reportaddressreliability improvements achievableby
upgrading electronic component quality. The use of "MIL quality" components was suggested
and to quote from the report, "these partsusually costanywherefrom 2 to 10 times more."

In order to compensatefor increasedelectronic componentfailure rates at elevatedtemperatures,
commercial componentscan be replaced with "MIL quality" components. Not all components
will be availablein this grade, but those that can be replaced will be from 2 to 10 times more
costly. if 33% of electronic componentsin the Quench Protection Systemcanbe replacedwith
"MIlL quality" devices, the estimated increase in component cost will be in the range of
$2,579.4K to $12,897.0K.

cc: B. Abel
D. Plant
R. Winje



SuperconductingSuperColli.der Laboratory
AcceleratorSystemsDivision

2550BeckleyrneadeAvenue,MS-4004
Dallas Tx 752373946

ElectricalEngineering

MEMORANDUM

Date: October8, 1992

To: Gerry Dugan

From: William Men

Subject: Cost Impact of Niche Temperature Changeon Corrector Power Supplies

In an effort to prepare a better estimateof the costimpact of a 10° F temperature change
in the niche on the Collider Correctors, I have re-examinedthe baselinecostestimate.This
estimateassumedcommercial quality componentsfor the electronics. It was recognized at the
time that for a systemof severalthousand power supplies, without somemitigating actions, the
reliability requirement could not be met using typically achieved commercialreliability
performance. For this reason,a reliability allocation was included in the estimatewith no real
thought as to how to spend the money. It was assumedthat somecombination ofredundancy,
derating or higher quality componentswould be usedto reach the reliability requirement. But it
was also assumedthat the operating temperature would be around 25° C 77° F.

From the BCE work sheets,I find a total of about 18.8 M$ for the tunnelcomponentsof
the corrector system.Removingthe cableandother non applicable costs, 17.4M$ remains.
This amount doesnot include any labor for installation or testing,except that done by the
supplier in delivering the assembledsystemcomponents.If we assumeabout 20% of the costof
the delivered systemis electronic componentssubject to reliability changesdue to temperature,
we arrive at a figure of 3.5 Ms. Since all parts cannot be upgraded or need upgrading, I will
assumeabout halfof thosecostedto be subject to changeto higher reliability parts. This
amounts to upgrading of about 1.75 M$ of parts to a higher level

What doesit costto upgradetheseparts from the commercial level to somethingwith a
high enoughreliability to recover the30 to 50% lossin reliability experienceddue to the
temperature rise? Changesfrom plastic packagesfor IC’s can run from between50 to 250%
depending on the complexity of the device.Going from commercial plastic packagesto
MIL-Spec parts can costanywherefrom 2 to 10 times more, again dependenton the complexity
of the devicebut also dependentthe levelof screeningto which the deviceis subjected. The
costincreaseis due to thedecreasein production yield and to the paper trail required for
certification. Sinceit is likely that somepartswill be of the ceramic variety to begin with,
upgrades to MTh-Spec partsin someinstancescanbe expected.An optimistic approach would
be to assumethat the averageincreasewill amount to a factor of two. I would therefore guess
that the costimpact ofthe temperature changeto be about 1.75 MS. minimum, basedon what



we know at this time.
It is clear that this analysisis fuzzy, but a better answercannotbe supplied until a more

detaileddesignof thesystemis completed,It is possiblethat themitigationdonein the designof
the system,to reach thebaselinedesign reliability, can provide sufficient marginso that a
temperaturerisewill notcausethesystemto not meetthe overall specification.At the sametime,
it is also not clear that the baselinecostestimate contains enough moneyto meet the reliability
specification,evenwithout the temperature rise proposed.The conclusion is , that for this cost
tradeoff studyof cooling costfor power supply costs,we should useavalue of 1.75 MS to
15M$ for the range of possibleexpense.I believethat we will be at the lower endof this rangein
reality.

cc
D. Plant
T.Savord
R. Winje



[ Printed By: Gerry Dugan 1017/92 17:03 Page: 1

From: Stephanie Knapp 10/7/92
To: gurd@sscvxl
CC: Stephanie Knapp
GatorMail-O FWD>heat in niches
Received: by qrnaiissc.gov 2.OlIGatorMail-O; 7 Oct 92 13:58:04 Ii
Received: by cannet.local 5.57/Ultrix3.0-C
id AM 9883; Wed. 7Oct92 13:54:28 -0500
From: hunt@cannet Steve Hunt
Message-Id: <921 0071854.AA1 9883@cannet.local>
Subject: heat in niches
To: gurdQsscvxl
Date: Wed, 7 Oct 92 13:54:27 CDT
Cc: stephanie_knapp@qmaiissc.gov
X-Mailer: ELM iversion 2.3 PL1 1]

The baseline cost estimate for the Coilider Controls Communications
equipment that will be adversely affected by a rise in ambient
temperature is $8.72M.

This figure is in 1990 dollars.



[Printed By: Gerry Dugac tC/72 7:O2 Page: 1

From: Bob Webber 10/7/92
To: Gerry Dugan
CC: webber
GatorMail.O Beam Instrumentation electr
Received: by qmail.ssc.gov 2.01/GatorMail-Q; 7Oct92 13:18:12 U
Received: by hickory.ssc.gov 4.1 /SMI-4. 1
id AA01204; Wed, lOct 9213:14:56 CDT

Date: Wed, 7Oct92 13:14:56 CDT
From: webber@hickory Bob Webber
Message-Id: <921007181 4.AAO1 204@hickory.ssc.gov>
To: Gerry_dugan@qmail
Subject: Beam Instrumentation electronics in tunnel
Cc: webber

For Niche temperature arguments:

The BCE value of electronics equipment in the Collider Arc niches is $10.2M.
This excludes costs for all cabling and sensor mechanics which is a part of the
beamline. Total Collider Beam Instrumentation cost is $24.5M plus $4.66M of
EDt. The diS1ererca betnesn 24.5 an 10.2 inthdes many one vA a kind *ems so
I would prorate less than $1 M of EDI toward the $1 0.2M of electronics.

Bob Webber



SuperconductingSuperCollider Laboratory

Accelerator

SystemsDivision
1. . 2550 BeckleymeadeAvenue,MS-4004

Dallas Tx 75237-3946

ElectricalEngineering

MEMORANDUM

Date: October1, 1992

To: DuanePlant

From: William Merz

Subject: Commentson theRelocationof Collider Correctorsto SurfaceBuildings

This is a bad ideafor manyreasons.If this is an effort to reduceheatloadsin thetunnel,
this is clearly thewrong approach.Anyone familiar with powerdistributionsystems
understandsthatmoving thesourcepowersupply fartheraway from the loadis exactlythe
theoppositeapproachonetakesif youwish to reducelossesin thesystem.In addition, the
systemcostincreasesfor severalreasons.Cablingcostswill ofcourseincreaseastheruns
becomelonger.Powersupplycostsincreasedueto theincreasein voltagerequirements.
Operatingcostswill increasedueto thehigherlosses.Coolingrequirementsfor thetunnelwill
increase.Additional cabletraywill be requiredto accommodatethe cable.Thelist goeson.

Somesimplecalculationresultswill illustrate the impactof this change.
1. Avengecablerunperpowersupplywill increasefrom about850feetto about14500feet
round trip, a factor of 17. Thereareabout200 powersuppliespersector.
2. Sincethecableresistancewill increaseby this samefactorof 17, thevoltagerequirement
will go from approximately25 volts to 450 volts perpowersupply.
3. The cablelosseswill increaseby the samefactor. The averagelossperlinear foot of tunnel
will go from aboutone wattper foot, for this system,to about17 wattsperfoot. The average
loss will be about68 wattsperfoot in theshaftandabout34 wattsper footat thestartofeach
half sector.The losseswill decreasein a stepwise fashionaseach load is reached.The total
heat loadperhalfsectorwill increasefrom about14.5 kW to about245 kW.
4. About8 additionalcable trays will be requiredto hold thecable for thecorrectorpower
suppliesgoingdowntheshaft. Fouradditionaltrayswill be requiredat the startof eachhalf
sector.The numberof trays will reducealong the tunnel length when sufficientnumbersof
cableshavereachedtheir loads.
5. A roughestimateof someof thecostimpactsis asfollows: Approximately$40 M in cable,
$6 M in cableinstallationand$120 M for powersupplies.Theseare incrementalcostsdueto
therelocationof thepowersupplies.



SuperconductingSuper Couider
Laboratory

2550 Nkl.In.I4a As.
MS 9Q

Diliss. tC 73237.394o
2L4 701.4551.VAX 2t4 703.4*20

ProjectMcajenolQifiaWilesnilne: Group

TO: Tim tootilg

FROM: Jeff auii4f/3

DATE; September29, 1992

SUBJECT: RadlonuclideReleasefrom the SSC Twiasi

I havebeeninvestigatingtheins & aSvlty rlmsodinto theS andthedoseequivalent
the ritnslly exposedindividual for the thrn diffent tunnel vendiadonschemes

proposedby PB/iCC. Th undlids roducdonsewnftr the SSCtuzaciwerealcuissed
by GrahamSmva%sonuSgthethn&dl codeFLUXA, while th.doeequivalentto the

wasde*udnedunn theEPA4pptvvedccmpuo4

Parthesecalculacionzthe cRowingparameterswve umzme&

UnarBeamLost: 10’ protonahnl’secpetting
Collf& OpcndngThue: 6000hourspc
CorndeS1isftDqh . 30.SmlOClft
ThanelCo. SecdslMet 10 in2
ExhausS?sft&Ighc 10 m abovegruundlevel
E4wstShflDlameter 1.22m

ThedSpgoal Is suchthat no personshouldreceiveflEIC than 0.1 m1tnhf3 effwdve dose
equivsler.tfrom thevn4a1onofairborne lonucit. Thefollowing tablesu*zmarizca
the sniaintofacthityreleasedandthe annualdoseequivalentto the snaidmafly exposed

Option A Option B Option 9if
VandladonRateat theShaft 70,000cfm 40,000ott 11000eftu
ActhizyRelessed . 300/yr 18Ci/r 5Cyr

DoseEquivalentto thefatally
Bxiond IndMdual

0.040mruWyr 0.040rn5’r 0.042‘atm/yr

T.c.4oaoftheMaxim*flyflxpczed
lndtvidual

25Dm North 200 mNsrth 20DmNonh



The breakdownof the majornuclidesreleasedis asfollows: 36% UN 26% 1’C, 11%
a 1%41M. All of theseveotilthonschemesresislthi approximatelythe Baits

annualdoseequivalent,aSall ofthemmeetthedesigngoal.

I alsolaveadgatulthe effectof thestackheightanddiameterai thedoseequivalentto the
aSfbldual. Theseresultsnetabulatedbelowuswerecalculatedfor

ExhauatShaftfleight . 3m - lOin ZOit
DoteEq*alenxto theMavin.fly

Eposfl&vidual
o.osorireWyr 0.o40na/yr 0.014un’en

ExhaustShaftDimeter 1.22 rn 4 ft Li m 5.7 It 14 in 8 fi

DoseEqdnleizto theM*X1m3117
ExposedIndividual

0.040rnremlyr 0.036rivem/yr OfflO mremfyr

As expected,ahigher hi1 decreasesthe dossequivalentby increasingthe dispersionof
the nuclt in the aflsphenbefwethey setdeback theun& Theshaftdiameter
alaohasan effecton thedoseequMlent. Whentheshaftdiammeris dccrcasthe
exhaustvelocity increases,thusexpellingthe nuclideshigherinto theair. This Intt
Inoxtaseathe heightof the exhaustisri, andthusdecreasingthemaximumdose
equivalent.

Sc Baker
Dick Brigga
lAzy Coulson
JoeCoyne
Nikolai Mokhov
GeoffStapleton
JeffWesterni


