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The APS Final Safety Assessment Document was issued in 1996 as part of the APS construction
activity.

Revision 1 wasmadein May 1998 to add the top-up operating mode and to document the conversion
to operation with electrons. The Safety Envelope was not changed in thisrevision.

This second revision added several APS improvements and many minor updates in keeping with
the effort to keep the SAD as an accurate description of the APS and its safety analysis. Therewas
no changein the APS Safety Envelope in thisrevision. Many of the changes were minor language
clarificationswhile somewere chronol ogical tense updates, such as"The APSwill measure..." was
changed to "The APS measures ..."

Revision 3 documented theremoval of thethird, hardwired interlock chain from the Access Control

Interlock System (ACIS) as reviewed and approved by the APS Radiation Safety Policy and Pro-

cedure Committeein April 2006. It also made correctionsto theacronymsrefering to APSdivisions
due to the APS reorganization of April 2006. The mission descriptions were also updated for the

three APS divisions due to the APS reorganization of 2006.
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ABSTRACT

This Safety Assessment Document (SAD) addresses commissioning and operation of the
APS injector, storage ring, and x-ray beamlines which are made up of:

* A 550-MeV electron linear accelerator (linac)

* A low-energy undulator test line (LEUTL)

* A low-energy transport (LET) line

* A 450-MeV particle accumulator ring (PAR)

* A 325-to 7000-MeV injector synchrotron

* A high-energy transport (HET) line

» A 7-GeV storage ring, including insertion devices and x-ray front ends

e Thex-ray beamlines

The purpose of this document is to identify and describe the hazards associated with com-
missioning and operation of the accelerators and beamlines listed above, and to document
the measures taken to minimize these hazards and mitigate their consegquences.

The potential hazards associated with the commissioning and operation of the APS facility
have been carefully identified and analyzed. Physical and administrative controls mitigate
identified hazards. No hazard existsin thisfacility that has not been previously encountered
and successfully mitigated in other accel erator establishments. Thisdocument haditsorigin
asthe APS Preliminary Safety Analysis Report (PSAR). During the review of the PSAR

in February 1990, the APSwas determined to be aL ow Hazard Facility. On June 14, 1993,
the Acting Director of the Office of Energy Research endorsed the designation of the APS

asalow-hazard facility, and this Safety A ssessment Document supportsthat designation.

This APS Safety Assessment Document supersedesthe APS Safety Assessment Document
dated May 1998 (ANL 1998).
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1.1 Objective of Document

1.0
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1.2

INTRODUCTION

Obj ective of Document

This APS Safety Assessment Document (SAD) covers the Advanced Photon Source
injector, storage ring, and x-ray beamlines. Its predecessor, the APS Final Safety
Assessment Document (ANL 1996) combined the Advanced Photon Source Acceler-
ator Systems Safety Assessment Document (ANL 1994a) and the APS Experimental
Beamline SAD (ANL 1995), and included the text of both SADs with only minor
modifications. The Accelerator Systems SAD was approved by the U.S. Department
of Energy (DOE) and the Laboratory Director, and permission to start storage ring
commissioning wasgranted by A. Taboas of the DOE Argonne Area Officein February
of 1995. The Experimental Beamline SAD was approved in March of 1996. In March
1998, the APS Safety Assessment Document wasrevised to include“top-up” operation
of the storage ring and the low-energy undulator test line (LEUTL). Theoriginal SAD
waspreparedinaccordancewith DOE Order 5480.25, “ Safety of Accelerator Facilities”
(DOE 1992b). In 2004, the APS Safety Assessment Document was revised to address
minor changesin operational procedures and to provide more detailed facility descrip-
tionsin an effort to keep the SAD current.

The purpose of this SAD isto demonstrate that the hazards posed by the APS facility
functioning at its safety envelope are acceptable and in compliance with existing ap-
plicable DOE Orders and guidelines, and statutes of the State of Illinois.

The document providesthe results of a systematic effort to identify hazards associated
with the operation of the APS accel erator systemsand x-ray beamlines, andit describes
the measures taken to control and/or mitigate these hazards. The document evaluates
the probability, risk, and potential consequencesposed by the APStothepublic, facility
workers, and the environment. It addresses both normal and abnormal operating con-
ditions. The SAD also defines the operating and safety envel opes for the APS accel-
erator systems and the safety envelope for the APS x-ray beamlines. The assessment
of hazardsin this document is based on the assumption that the facility is performing
at the maximum energy levels alowed by the safety envelope, thus guaranteeing that
the hazard and risk assessments of the SAD evaluate worst-case conditions.

Advanced Photon Source Facility Description

The Advanced Photon Sourcewasdesigned to beamajor national user facility providing
high-brilliance x-ray beamsfor usersfrom Argonne National Laboratory (ANL), other
national |aboratories, academicinstitutions, governmental bodies, andindustria firms.
Synchrotron radiation emitted by circulating electron beams has comeinto wide use as
apowerful, versatile source of x-raysfor probing thestructure of matter and for studying
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various physical and chemical processes. Many dedicated synchrotron radiation facil-
ities are now in routine operation throughout the world.

Figure 1.1. shows a plan view of the Advanced Photon Source. The main feature of
the APS facility is the experiment hall building, an annular structure with an exterior
radius of 191.4 meters, aninner radius of 164.6 meters and aheight of 9.8 meters. The
experiment hall building houses the experiment hall, where x-ray beamlines and exper-
imental equipment arelocated, and astoragering contained within aconcrete-shielding
enclosure. Around the periphery of the experiment hall building are laboratory and
officemodul esthat provide officeand |aboratory spacefor visiting scientistsperforming
experiments at the APS. A central laboratory and office building (CLO) islocated at
the northern periphery of the experiment hall building. The CLO houses the facility
staff, who are responsiblefor operating and maintaining the facility and supporting the
experimental program.

Adjoining the CLO is the multi-function wing, providing facilities for meetings and
conferences. Separatingthe CL Ofromtheexperiment hall buildingisthecontrol center,
which provides a central location for controlling the operation of the facility. To the
southeast of the CLO isthe utility building, which providesthe electrical power, deion-
ized water, and other utilities for the APS facility.

The storagering is contained within a concrete-shiel ding enclosure located at theinner
radius of the experiment hall building. The storage ring consists of magnets, vacuum
systems, and other equipment necessary to maintain the circular orbit and energy level
of abeam of electronsthat iscirculating within the storagering. Asthe electronsare
bent around the circular orbit, they release energy in the form of x-rays. The x-ray
production can be greatly enhanced by the inclusion of magnetic insertion devicesin
the storagering. Thetwo basic types of insertion devices that presently exist are
wigglers, which produce very intense x-ray radiation over awide range of energies,
and undulators, which yield x-ray radiation over a narrow energy range at high bril-
liance. The x-rays are transmitted from the storage ring through a front end, which
provides a means for defining and/or stopping the x-ray beam before the x-ray beam
entersthex-ray beamline. Thex-ray beamlineislocatedintheexperiment hall, between
the outside of the concrete-shielding enclosure and the outer wall of the experiment
hall building. The beamlines include shielded enclosures, vacuum systems, optical
elements and x-ray apparatus that contain the beam, modify its properties, and provide
the apparatus for conducting experiments.

The electrons within the storage ring are continually “lost” at alow rate dueto inter-

actions with gas molecules and other loss mechanisms, and need to be restocked at a
regular rate. Thesupply of electronsisprovided by the APSinjector system, consisting
of the linac system, a particle accumulator ring (PAR), a 7-GeV synchrotron, and as-
sociated beam transfer lines.
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1.2 Advanced Photon Source Facility Description

Figure 1.1. Plan View of the Advanced Photon Source
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The APS linac system consists of one or more electron guns followed by a pair of
electronlinear accel erators capabl e of operating at acombined energy of 550 MeV. The
linac is capable of accelerating a bunch of particles at a repetition rate of up to 60 Hz.

The particle accumulator ring accepts up to 24 pulses of electrons from the linac at an
energy up to 450 MeV and stores them for approximately 100 milliseconds. During
this storage period, the circulating el ectrons are collected into a bunch with length and
transverse profiles suitable for efficient capture by the injector synchrotron. The PAR
transfersits electrons to the injector synchrotron every 500 milliseconds.

The injector synchrotron accelerates (or “boosts’) the electrons from the PAR to the
operating energy of the storagering, 7 GeV. After transferring its beam to the storage
ring, the synchrotron is reset to accept another bunch of electronsfrom the PAR. The
accel eration/transfer/reset sequence takes place in 500 milliseconds, during which the
PAR has collected another bunch of electrons for injection to the synchrotron.

The APSinjector is capable of filling the storagering in lessthan one minute. Without
refilling, the storage ring will lose its stored beam over a period of time. The original
operating routine at the APS was to allow the beam to circulate and decay until about
half of theinjected current remained. Then thering wasrefilled to maximum operating
current. All x-ray experimentswereinterrupted during theinjection process, and x-ray
beamline shutterswere closed. In this operating routine theinjector was used for filling
the storage ring just a few minutes each day.

Presently, APS is mostly operated in “top-up” mode, with small quantities of beam
injected throughout the day, without closing x-ray beamline shutters. Based upon op-
erational requirements, asmall quantity of beamisperiodicaly injectedintothe storage
ring to keep the stored current nearly constant.

Thelinac, PAR, synchrotron, and storage ring are connected by transport lines with
bending and focusing magnets and an evacuated beam pipe to guide the electron beam
from onering to another. Thelinac, PAR, and synchrotron are connected by the low
energy transport line (LET). Itisnatural to subdividethe LET into that part of theline
which connects the linac to the PAR (LTP) and the remainder of the LET which takes
beam from the PAR to the “booster” synchrotron (PTB). The 7-GeV beam from the
synchrotron passes through the high energy transport line (HET) to the storage ring.
Another portion of the LET transportsthelinac beam directly to thefinal portion of the
PTB for direct injection fromthelinac to the synchrotron or for transport tothe LEUTL,,
bypassing the PAR.

The electron guns and linac are located within a concrete-shielding enclosure located
inside the linac building. The building also contains the support equipment for the

technical components within the concrete enclosure. An adjoining building, the syn-
chrotron injection building, contains the shielded enclosure for the PAR and a section
of the synchrotron. The remainder of the building is occupied by ancillary equipment.
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Theinjector synchrotron is housed in aburied tunnel known as the synchrotron enclo-
sure, or Building 415. The HET line passes from this tunnel to the storage ring tunnel
beneath the rf/extraction building, Building 420.

The 1104-m circumference, 7-GeV APS storage ring is located inside a shielded en-
closure which in turn is housed within the annular experiment hall, Building 400.

Scope of Document

This document covers the following accelerators, transport lines, beamlines, and asso-
ciated electrical and mechanical systems:

» 230-MeV upstream electron linac
*  340-MeV downstream electron linac

* low-energy transport lines (LET)
- fromlinacto PAR (LTP)
- from PAR to “booster” (PTB) and LEUTL
- from linac to booster and LEUTL (LTL)

* 450-MeV particle accumulator ring (PAR)

* low-energy undulator test line (LEUTL)

e 450- to 7000-MeV injector (“booster”) synchrotron
* high-energy transport line (HET)

» 7-GeV storagering

* insertion devices

« front ends

X-ray experiment beamlines on the experiment hall floor

It provides an assessment of the hazards associated with both commissioning and sub-
sequent operation of the accelerators and beamlineslisted above. Thisdocument com-
prehensively evaluatesall hazardsassoci ated with commissioning and operation of APS
accelerator facilities as well as those hazards in the experiment hall entailed in com-
missioning and operation of x-ray beamlines.
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The accelerator hardware mentioned above is housed in the following APS buildings
(see Figure 1.1.):

*  Building 411, thelinac wing, containsthe electron linac aswell aspart of the LTP
line.

*  Building 412, the injection wing, houses the PAR, part of the LTP, and part of the
PTB.

*  Building 413, the LEUTL wing, housesthe low-energy undulator test linefacility.

* Building 415, the synchrotron enclosure, contains the injector synchrotron, the
LTL, part of the PTB, and part of the HET.

*  Building 400, consisting of the Experiment Assembly Area and the experiment
hall, and containing the storage ring tunnel.

*  Building 420, the rf/extraction building, houses some of the power supplies, rf
systems, and controls’ electronicsfor the synchrotronand storagering. Itislocated
above that part of the synchrotron where the 7-GeV beam is extracted and enters
the HET. This building houses four rf power sources and associated equipment
for the storage ring, oneidentical rf power source, somewhat different associated
equipment dedicated to the synchrotron, and an rf test stand.

Building 450, the utility building, houses the HVAC system for the entire 400-area
complex, aswell asthe water cooling and de-ionization plant that servicesthe acceler-
ator systems’ cooling requirements. Hazards within thisbuilding are addressed in this
document only to the extent that they are directly connected with operation of the
accelerators.

Theconfiguration of thestoragering permitsatotal of 70 portsto providex-ray radiation
to beamlinesin the experiment hall. Thirty-five ports provide the x-ray radiation from
insertiondevices. Theremainder usex-ray radiation produced by thestorageringdipole
magnets. Each beamline can be unique and utilizes components that provide the best
match between the type of radiation source, the required characteristics of the x-ray
radiation, and the type of experiments to be performed on the particular beamline.

Thisdocument describes the components and hazards associated with the commission-
ing and operation of a“generic” or representative example of abeamlineusing astorage
ring dipole as the x-ray radiation source. The document explains the guidance and
requirements that are placed by the APS on the users, the process by which usersgain
access to the APS for performing experiments at the APS, and the review process by
whichthe APSfacility ensuresthat all specific hazardsfor each beamlineareidentified,
analyzed, and appropriately mitigated. The document does not attempt to discuss the
actual experimentsthat will be performed by userson the beamlines. Thediversity and
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complexity of theindividual experiments cannot be adequately analyzed and presented
in this type of document. A process and procedures already exist within ANL for
reviewing and approving experimentsthat are performed in laboratory conditions. This
SAD treatsthe APS facility and beamline as the laboratory environment consisting of
an x-ray generator and appropriate ancillary equipment and provides a saf ety assess-
ment of this laboratory environment.

The hazards associated with creating a beamline opening in the storage ring enclosure
and transporting a photon beam through the opening and down the beamline are also

addressed, as are the hazards associated with beamline equipment. Under the beamline
operating conditions, asdescribed in section 4.2.6.4, asituation cannot occur that would
exceed the Maximum Credible Incident (M CI) scenario for the storage ring and exper-
iment hall. This section discusses a beamline worst-case scenario of aloss of vacuum
incident in the storage ring and the resulting consequences in the beamline.

Site access, together with the vehicle tunnel under the experiment hall building, is
includedintheanalysesfor saf ety access. Routinehazards, whicharenormally accepted
without question, are not addressed in thisdocument. Theseinclude hazardsassociated
with vehicular traffic, nonhazardous material, machine shops, etc.

In addition to this SAD, the Advanced Photon Source Conduct of Operations Manual
(ANL 2001) implementing DOE Order 5480.19 (DOE 2001c) has been produced
specifically for APS operations. A brief outline of the APS Conduct of Operations
Manual isincluded as Chapter 6 of this SAD.

Document L ayout

Thelayout of thisdocument followsthe Guidancefor DOE Order 5480.25 and i sdefined
below:

Chapter 2 Contains a summary and conclusions of the safety analyses and safety
envelope for the APS injector, storage ring, and x-ray beamlines.

Chapter 3 Provides a detailed description of the APS site and the design criteria
and operating characteristics of the APS injector, storage ring, and x-
ray beamlines.

Chapter 4 Provides the hazard analysis for the APS injector, storage ring, and x-
ray beamlines.

Chapter 5 Provides the Safety Envelope for the APS injector, storage ring, and x-
ray beamlines.
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Chapter 6 Discusses APS Facility Operations and includes a brief outline of the
Conduct of Operations Manual.

Chapter 7 Discusses the Quality Assurance Program for the APS.
Chapter 8 Discusses the Environmental Monitoring Program for the APS.
Chapter 9 Provides a decommissioning and decontamination plan for the APS.

Chapter 10  References
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2.0 SUMMARY AND CONCLUSIONS
2.1 Hazard Analysis M ethodol ogy

The hazard analysis process began with a study of potential hazards associated with
the APSfacility and generic x-ray beamlines, including radiation, energy sources, haz-
ardous materials and natural phenomena. Credible hazards with potential on-site or
off-site consequenceswere analyzed to assess associated risk. Theanalyseswere based
on a bounding event approach. The most severe case of each category was analyzed
to identify the worst-case result. Each event analysisincluded determination of the
initiating occurrence, possi ble detection methods, safety features that could prevent or
mitigate the event, probability of occurrence, and the possible consequences.

2.2 Summary of Results

Analyses according to the hazard analysis methodol ogy described in Chapter 4 were
carried out for various categories of hazards. Table 2.1 summarizes the results of the
analyses. The probability and consequencelevelsare presented in Table 2.2 and Table
2.3, respectively. The risk determination methodology is shown in Figure 2.1.

Animportant result of this safety assessment isthe establishment of the safety envelope
for the components of the APS. In the operating range of the APS, the maximum
radiation dose rate increases as particle beam power increases in each of the injector
components. For this reason, the safety envelope for injector components has been
defined in terms of maximum beam power. The safety envelope for the storagering in
injection modeisal so defined interms of maximum beam power. In stored beam mode,
the storage ring safety envelope is related to loss of the entire beam, and is therefore
defined in terms of the maximum stored energy in the beam, measured in joules. The
maximum credible incident (MCI) for each component of the APSis discussed in
Chapter 4. The safety envelopeis discussed in detail in Chapter 5.

Other potential hazards have been analyzed and appropriate design or administrative
controls have been devel oped to mitigate them. Procedures and methodologies for
controlling these hazards have been drawn from the broad experience base gained
through the operation of similar facilities and from available, published accelerator
safety guidelines. External experience and expertise was utilized intheoriginal design
and saf ety reviewsin accordancewith DOE Order 5480.25 (DOE 1992b); and continues
in accordance with DOE Order O 420.2A (DOE 2001a) . Resulting nonradiation
hazards associated with these operations have also been addressed. Control measures
were incorporated into the facility and systems designs to mitigate or eliminate all
identified potential hazards. In some cases, administrative procedureswere established
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to ensurethat facility operations could be conducted in accordancewith DOE O 420.2A
(DOE 20014).
Table2.1 APS Risk Determination Summary
Hazard Sectionin Probability Consequence Risk
(off-Normal) SAD Level Level Level
lonizing Radiation
Accelerator Systems 4.2 Low Low Extremely Low
X-ray Beamlines 4.2 Low Medium Low
Nonionizing Radiation 4.3 Extremely low Low Extremely Low
Electrical 4.4 Low Medium Low
Fire 4.5 Medium Low Low
Vacuum and Pressure 4.6 Medium Low Low
Magnetic Fields 4.7 Low Low Extremely Low
Cryogenic 4.8 Low Low Extremely Low
Chemical 4.9 Medium Low Low
Oxygen Deficiency 4.10 Extremely low Medium Extremely Low
Noxious gases
Accelerator Systems 411 Medium Low Low
X-ray Beamlines 411 Low Medium Low
Mechanical 4.12 Medium Low Low
Environmental 4.13 Low Medium Low
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Table 2.2 Hazard Probability Rating Levels
Category Estimated Range of Description
Occurrence Probability
(per year)

High >101 Event islikely to occur several timesduring the
facility or operation lifetime.

Medium 102to 10t Event may occur during thefacility or operation
lifetime.

Low 104 t0 1072 Occurrenceisunlikely or the event isnot expect-
ed to occur, but, may occur during thelife of the
facility or operation.

Extremely Low 10%t0 104 Occurrenceis extremely unlikely or theevent is
not expected to occur during the life of the facil-
ity or operation. Events are limiting faults con-
sidered in design.

Incredible <10 Probability of occurrenceis so small that area-
sonablescenario isinconceivable. These events
arenot consideredinthedesign or SAD accident
analysis.

Table 2.3 Hazard Consequence Rating Levels

Consequence Level Maximum Consequence

High Serious impact on-site or off-site. May cause deaths or loss of the
facility/operation. Major impact on the environment.

Medium Major impact on-site or off-site. May cause deaths, severe injuries, or
severe occupational illness to personnel or major damage to afacility/
operation or minor impact on the environment. Capable of returning to
operation.

Low Minor on-site with negligible off-siteimpact. May cause minor injury
or minor occupational illness or minor impact on the environment.

Extremely Low Will not result in asignificant injury or occupation illness or provide a
significant impact on the environment.
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Figure 2.1 Risk Determination
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31 Policy and Organization

311  APSSafety Policy

It isthe policy of Argonne National Laboratory that its activities be conducted in a
manner such that all reasonable measures are taken to protect the health and safety of
employees and the public and to minimize accidental damage to property and the en-
vironment. The laboratory will comply with the health and safety policy regulations
and requirements of the Department of Energy and other applicable government agen-
ciesasdirected by DOE. All pertinent aspects of DOE Order 5480.25 (DOE 1992b)
weretaken into account in setting the APS safety policy. All designs, construction, and
operation of APSfacilities are now governed by DOE Order O 420.2A (DOE 20014)
requirements and guidance.

Safety at Argonne National Laboratory is aline responsibility extending from the di-
rector to all employeesand users. APS management isfully aware of itsresponsibility
to conduct operationsin a manner that reduces the risk of injury and potential harm to
personnel, property, the public, and the environment. Operations believed to be unsafe
or notincompliancewith established safety procedureswill not be permittedto proceed.
Itis APS policy that new or modified systems must be reviewed for safe operations by
an APS or external safety committee befor e authorization is given by the appropriate
division director or his designee to energize the system.

The Advanced Photon Source safety policy isto give priority to environment, health,

and saf ety concernsin itsoperationsand to operate within DOE requirements. The APS
facility was designed to the following criteria to minimize safety risks to employees

and visitors.

* The APS has areasoned combination of active, passive, and administrative mea-
sures appropriately designed and used to:

1. Maintain personnel exposure to prompt ionizing radiation well below radio-
logical standards and as low as reasonably achievable; and

2. Permit bypassing in whole or in part only by means that are stringently con-
trolled.

»  Thefacility shall document andimplement aplanfor control of accesstothefacility
during commissioning, during operations, and while nonoperational.

3-1



APS Safety Assessment Document Chapter 3

July 2006

3.1 Policy and Organization

APSwill provide for the protection of personnel by having the following in place:

1. Physical barriersand/or radiation detectors, interlocked with the particle beam
or other protective features as feasible, will be used to prevent exposure of
personnel in excess of the most current DOE standards for ionizing and non-
ionizing radiation and other injurious environments.

2. Escort al persons entering areas of the facility where technical systems are
present unless they have received those portions of the general safety orienta-
tion and facility-specific training necessary to ensure they can safely accom-
plish their respective missions.

3. A written statement of the shielding policy for ionizing and non-ionizing ra-
diation.

4. A documented personnel dosimetry program.

5. Characterize, post, periodically monitor, and document the hazardous envi-
ronments in and around the facility.

6. Determineand document the adequacy of the shielding and other components
of the personnel protection system prior to initial use and after significant
modifications. Thisrequirement shall include the capability of the system to
handle the effects of errant particle beams and interceptions of the beam.

A review of the provisionsfor personnel safety and health shall be conducted prior
to the energization of any new or modified equipment.

Accelerator operation shall be conducted in accordance with written procedures
that will assurethe saf ety and health of personsand the saf e operation of equipment.
Theproceduresshall bekept current and shall beapproved by thelinemanagement.
The procedures shall be critically reviewed prior to approval and at intervals not
to exceed 3 years thereafter to reaffirm their continued validity.

Routine operation of accelerators shall be executed only by trained and qualified
operators, or by trainees under the direct supervision of a qualified operator.

During commissioning of accelerator components and during development pro-
grams employing an accelerator, the particle beam shall be controlled only by
trained and qualified operators or duly designated accel erator specialistsand phys-
icists.
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*  Experimentersat thefacility shall adheretowritten and approved safety procedures
that address environmental, safety, and health concernsidentified by a safety anal-
ysis.

» Accelerator development programs that have a potential to exceed the approved
Accelerator Safety Envel ope shall be permitted only after areview conducted and
documented by the contractor hasfound the proposed saf ety and health precautions
to be taken during the development activities are adequate.

An important part of the APS safety policy isto implement an ALARA program for
radiation exposure. ALARA goalsfor APS personnel areset each year, and every effort
is made in the operation of the APS to ensure that these goals are met.

ANL and APS Organizations

Argonne National Laboratory, operated by The University of Chicago for the U.S.
Department of Energy under Contract No. W-31-109-ENG-38, isthe institution desig-
nated by DOE asresponsiblefor thedesign, construction, commissioning and operation
of the APS.

The Director of the Advanced Photon Sourceis responsible for the development and
operation of the APSasanational user facility. The Director of the APSalso provides
overall scientific and managerial leadership for the APS organization and hasline re-
sponsibility for all aspects of safety within the organization.

Theresponsibility for the implementation of the safety program has been delegated to
divisional line management, mangers, and the staff. The Director of the APS has ap-
pointed an Environment, Safety, and Health Program Manager to advise him to guide
the APS Divisions in their respective safety efforts.

The APS has three divisions:

X-ray ScienceDivision (XSD): XSD managesamultisector, multidiscipline, synchro-
tron radiation research program. The Division’s X-ray Operationsand Research (XOR)
organization operate the DOE-funded, APS-managed beamlines. XSD also provides
beamline technical services and administrative support to the APS user community as
awhole

Accelerator SystemsDivision (ASD): ASD providesfor thereliable operation of the
APS accelerator technical systems for the benefit of the user community. In addition,

ASD supports aprogram of research and devel opment in accelerator science and tech-
nology.
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APS Engineering Support Division (AES): AES provides the common support ser-
vicesfor the accel erator systems, the APS plant, and the beamlines. AES' s mechanical
groups provide the engineering and maintenance support and the Division’s computer
support groups devel op and maintain the APS computing infrastructure. The User ESH
Support Group, lead by the User Safety Officer, isaso part of AES.

The APS Safety Overview Committee (SOC) consisting of APS Division Directors
and the APS ESH/QA Program Manager monitors safety performance at the APS and
overseesthe activities of the other APS safety committees. Therole of thiscommittee
isto establish safety policies for the management of activities within the APS and to
address short-term safety problems not covered by the existing committee structure.
To this end the SOC will commission ad hoc safety committees to conduct specific
assessments as deemed necessary.

APS Users

To provide opportunities for qualified researchers who are not currently members of
one of the groupsthat manage a sector, the APS General User program provides access
to the research community on a proposal basisto use the APS. Accessis determined
by a proposal process with the ultimate judgment of the scientific merit and feasibility
of theproposals. Each beamlineprovidesbeamtimeto General Usersafter itsbeamlines
are fully commissioned and operational experience has been gained. Each beamline
allocates at least 25% of its beam time to the General Users. The research proposals
submitted by General Users are required to include sufficient information so that re-
viewers and beamline staff can thoroughly evaluate the environmental, safety, and
health aspects of the proposed work.

User Access and Safety Training

All APSusersarerequired to register with the APS User Office and receive appropriate
orientation and training before they receive an ANL/APS access badge for unescorted
access to the experiment hall. During registration, each user is provided General Em-
ployee Radiation Training (GERT) and APS site-specific orientation and, when appro-
priate, isissued apersonal dosimeter. Usersare not allowed unescorted accessinto the
accelerator buildings or the storage ring shielded tunnel enclosures. The APS works
with the ANL training section to provide program-specific training. In addition to the
ANL/APS-provided training, groups that manage the beamline will provide a sector-
specific orientation to the hazards and controls on the beamline where the researcher
will work.
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Sector Safety Plans

Each group that manages a beamline at the APS is responsible for providing a safe
workplace and for working in an environmentally sound manner. To achieve thisend,
each of these organizations manages the risksits activities pose to personnel, the envi-
ronment, and APS facilities by anticipating, identifying, and evaluating hazards and
then doing what is needed to reduce recogni zed risks to acceptablelevel s and to satisfy
applicable safety standards. These efforts are referred to as the organization’s safety
program and the document describing these effortsisreferred to as the organization’s
safety plan. The planincludesthe identification of key rolesin the safety program and
identifies the individuals assigned to the roles.

The safety plan:

1. Indicatesthat theteam shall conduct itsactivitiesin amanner that conformsto the
environment, safety, and health requirements of Argonne National Laboratory and
the Advanced Photon Source. In part, thisrequiresthat, except as provided for by
variance, the group comply with the policies and procedures made mandatory in
the ANL-E Environment, Safety and Health Manual.

2. Statesthat the group will comply with the APS User Policy and Procedures cov-
ering shielding configuration control.

3. Affirmsthat the group will carry out an experiment safety review program that
conforms to the requirements set forth in the APS User Policy and Procedure
covering the subject.

4. Commits the group to obtaining review by and written approval from the AES
Division Director before changing its operations, facilities, equipment, or proce-
duresin away that might reasonably be thought to increase the risk of significant
adverse impact on APS facilities, the environment, or any person.

User Experiment Safety Review

Using the APS web-based system, researchers are required to define the scope of all of
their beamline-related experimental activities at the APS; to prepare an experiment
safety assessment form (ESAF) and submit an experiment hazard control plan (EHCP).

The APS and the beamline management authorize an experiment to be conducted only
after the the experiment has been defined, hazards have been identified, and adequate
hazard controls have been implemented.

No experimental activitiesmay be started at the APSwithout: 1) approval of the EHCP
by the beamline management and the APS, and 2) the verification of safeguards as
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specifiedinthe EHCP. At the beginning of the experiment an experiment authorization
form must be posted at the beamline end cabinet and an EHCP must be posted at the
experiment station.

Beamline management and the APS work together as partnersin the review processto
ensure that a safe working environment is maintained at the APS.

Beamline Review Process

I ntroduction

The APS Beamline Safety Design Review Steering Committee reviews the design of
each beamline. Advisorsfrom other areas of ANL are added as issues are identified
for which adequate expertise does not exist within the review committee.

TheBeamline Commissioning ReadinessReview Team (BCRRT) wascreatedtoreview
the readiness of the beamline to begin commissioning. The BCRRT ensures that re-
quired safety components and/or systems are in place and functional. The BCRRT
reports to and advises the APS/AES Associate Division Director for Accelerator and
User Operationswho hasthefinal APS responsibility of approving the commissioning
and/or operation of the beamline.

Beamlinesarereviewed to ensurethat their components and equi pment are appropriate
for the proposed scientific program and satisfy APS, ANL, and DOE requirements for
safe operation.

The APSoversight of thebeamline operationsisprovided by Floor Coordinators. Floor
Coordinatorsarerequired to familiarize themsel veswith the operation of the beamlines
withintheir areasof responsibility and havethe authority to suspend beamlineoperation
if they feel that unsafe conditions may exist. They also provided assistance and/or
guidance to the research groups for resolving any issues that may arise regarding the
users and other ANL services, such as health physics, waste management, etc.

Floor Coordinator coverage is available during all user beam time.

Beamline Configuration Control

The BCRRT conducts reviews of a beamline when a modification requiring BCRRT
approval isrequested by the beamline management, if aFloor Coordinator has a safety
concern that he cannot resolve, or if asafety incident (such asan accident or exceeding
the beamline operation limits) occurs. Thisreview is conducted under requirements
similar to the Commissioning Readiness Review and may require a reevaluation and
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reapproval of thebeamlineoperationlimits. Thefindingsof the BCRRT review, whether
regularly scheduled or not, are reviewed and approved by the AES Associate Division
Director for Accelerator and User Operations.

3.15 Safety Training
All persons who work at APS in any capacity are required to receive safety training.
The content of the training depends on the nature of a person’swork. Training require-
ments for all employees are based on the results of an ANL Job Hazard Analysis
completed by each employee.
The overall nature of the training program is determined by DOE requirements and
Laboratory policy. The content of the more general training is determined by the ANL
Environment, Safety and Health Division (ESH). Training courses are taught by divi-
sional, ESH, or other knowledgeable ANL personnel, or by outside experts. The ef-
fectiveness of training is determined by means of written tests and/or by demonstration
of acquired skills.
Training courses required for workers in selected APS groups include, but are not
limited to, the following topics:
* Electrical Safety
*  Laser Safety
* Radiation Safety
*  Pressure Vessels and Other Mechanical Hazards
* Hoisting and Rigging
* Tornado and Fire Procedures
» Facility Specific Training
*  Cryogenic Safety

3.1.6 ANL Safety Responsibility

Asafacility within ANL, the APS is subject to the safety policies and procedures
established by ANL. The ANL EQO isresponsible for the development and imple-
mentation of these policies and for monitoring compliance.
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In addition to itsmonitoring and surveillance responsibilities, EQO provides anumber
of other safety and environmental services such as conducting site-wide training, re-
training, and hazard communication, and providing emergency management services.
It also maintains key health, safety, and environmental protection documents for oper-
ational and historical purposes. EQO supports project and programmatic activities
through anumber of formalized functionsestablished within thedivision whichinclude
health physics, industrial hygiene, fire protection, and environmental project coordina-
tion.

Since itsinception, the APS has enlisted the full-time services of aradiation scientist
to analyze potential radiologica exposures and to recommend control and shielding
specifications to protect the users, ANL personnel, the public, and the surrounding
environment.

Fire Protection

Introduction

The APSfacility complies with the DOE fire protection guidelines established in DOE
Order 5480.7A (DOE 1993c) and ANL guidelinespresentedinthe Factory Mutual Data
Sheet 5-4 (Factory Mutual 1986) and the “ Description and Status of Site-Wide Fire
Protection Systemsand Programsat ArgonneNational Laboratory” (Futrell 1992). Fire
protection systems and features have been considered for the various occupancy levels
within the APS buildings, and have been provided at alevel commensurate with the
nature and extent of the hazards. Key elements of the fire protection provided for the
APS facilities include the following:

1. All APSfacilitieshave been provided with acomplete automatic sprinkler system.
These systems are of either the wet-pipe or the pre-action type and are designed
to handle the anticipated occupancy hazard of the finished facility. Design of the
system has met worst case parameters, considering one water source or one under-
ground pipe break, to ensure operability of the systems under these conditions.

2. Thesite has been provided with a multiple-looped underground main system, fed
independently from two elevated water storage locations on the ANL-E site. The
underground piping has sufficient valving to isolate an underground failure and
maintain water service to building suppression systems except for abreak in an
individual sprinkler riser lead-in. The underground piping is also provided with
sufficient fire hydrantsto allow manual operations by the ANL-E Fire Department
without excessive hose runs.

3. Atleast two fire hydrants are provided adjacent to each building. Each hydrantis
located within 92 m (300 ft) of the exterior wall of all buildings and no closer than
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15.3 m (50 ft) to any building. Hydrants are supplied for the exterior 30 cm (12
in) underground combined domestic and fire mains, with minimum 15 cm (6 in)
diameter branch linesto each hydrant. Each hydrant is provided with agate valve
for maintenance purposes. Hydrants and piping comply with the National Fire
Protection Association (NFPA) NFPA 24 (NFPA 1992).

4. All APSfacilities have been provided with fire alarm and detection systems, con-
sisting of smoke detectors, heat detectors, manual pull stations, and audible and
visual annunciation devices as appropriate for the hazard. In addition, high-value
areasandradiological control areashave been provided with an air sampling smoke
detection system to provide early warning of potential fire emergencies. All fire
aarm signals, including supervisory conditions such as valve closures, are moni-
tored by the APS Control Center and the ANL-E Fire Department.

5. The APSsiteislocated |less than five minutes from the main ANL-E fire station.
The ANL-E Fire Department receives detailed information on the source and type
of alarm signal from the APS facility to ensure rapid response and appropriate
preparation for any necessary manual fire fighting or salvage operations.

6. Buildings have been constructed primarily of noncombustible materials having
appropriatefireresistanceratingswhere required by reference standards and DOE
Orders.

7. All APSfacilitieshave beenreviewed by thefacility designersfor compliancewith
life safety requirements of NFPA 101 (NFPA 1991).

8. Exterior exposure hazards, such as transformers, have been appropriately ad-
dressed by the use of spatial separation and equipment specification.

Site-Wide Fire Protection Systems and Support Organizations

Site Water Supply and Distribution System: The site water distribution systemisa
combined fire and domestic system. Water supply and pressure for the site water
distribution system is supplied by a 1.9-million-liter (500,000-gallon) tank located on
Water Tower Road near Kearney Road, north of the site. A second 1.1-million-liter
(300,000-gallon) tank is located on Bluff Road near Meridian Road, east of the site.

From each of the elevated storage tanks, 30-cm (12-in) feed mainsfeed the dual 30-cm
(12-in) loopsaround thesite. Thefirst 30-cm (12-in) loop encirclesthe experiment hall
and attached structures, while a second 30-cm (12-in) loop is contained in the infield
of the experiment hall building. The 30-cm (12-in) loops have cross connections with
full isolation valving to assure water supply in all of the buildingsin case of shutdown
or single-point failure.
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For additional information on the site-wide water supply and distribution system, see
the report entitled, “ Description and Status of Site-Wide Fire Protection Systems and
Programs’ (Futrell 1992).

SiteWide Fire Alarm Reporting System: The fire dlarm signals generated at the
APS facility are transmitted to the ANL-E Fire Department fire alarm center viathe
ANL-E site fire alarm reporting system.

ANL-East Fire Department: The ANL-E Fire Department isavailable to respond to
fire, medical, and other emergenciesat the APS. Thisservicefacility iscentrally located
within the Laboratory site, is manned 24 hours a day, and has the ability to respond to
any on-site location within three minutes. Aninitial emergency response consists of a
minimum of two piecesof apparatusand six firefighterg/officers. Inadditionto standard
training and certifications, Fire Department personnel receive site-specific training.
The Fire Chief or his alternate serves as the incident commander for all on-site emer-
gencies.

Waste Handling, Storage, and Disposal

APS generates waste material. Estimates of these waste volumes are within ANL-E
excess capacity. The APSisnot expected to generate unusual, nonroutine waste prod-
ucts.

Conventional Waste: Conventional solid waste, primarily waste paper and packing
material generated by the APS facility, is disposed of similarly to waste from other
laboratories and office buildingsonthe ANL-E site. Such wasteisdisposed of through
acommercia waste disposal contract.

Conventional liquid waste, i.e., sewage and effluent from cooling systems, anounts to
approximately 114,000 liters (30,000 gal) per day. Thiswasteistreated inthe ANL-E
central sewage treatment plant.

Radioactive Waste: Negligible quantities of solid radioactive waste are produced as
aresult of normal facility operations. ANL-E waste handling procedures are applied.

Small amounts of oxygen-15 (half-life 122 seconds) are produced throughout the cool -
ing water system, which is aclosed system. Any releases of oxygen-15 will have a
negligible contribution to the ambient concentration due to its short half life (2 min).

Analysis has established that other radioactive materials in the cooling water are pro-
duced, but in quantities that are significantly below threshold limits.
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HazardousWaste: Disposal of any hazardouswaste will comply with DOE and ANL
hazardous waste handling procedures in accordance with the Argonne Illinois Site
Waste Handling Procedures Manual (ANL onlineA).

Mixed Waste: Initially, localized lead shielding around the linac positron conversion
(tungsten) target and in certain beam stopswasthe only potential mixed waste expected
to be produced at the APS. With the removal of the positron converter target and its
lead shielding, and the subsequent operation of the linac in electron mode only, the
potential for production of mixed waste has been greatly reduced. Thiswasteishandled
according to the Argonne Illinois Site Waste Handling Procedures Manual (ANL on-
lineA).

Emergency M anagement

The APS participatesin the ANL-E Comprehensive Emergency Management Plan and
has devel oped local area emergency plansfor all APS buildings. The emergency man-
agement program incorporatesdocumentation, including mapswith designated tornado
shelters and fire rally points, assignment of area emergency response responsibilities,
and periodic drill requirements.

The Emergency Management Organi zation functions under the management and over-
sight of the Laboratory Director, Chief Operations Officer, and the various division
directors. The Emergency Management Organization, under the direction of the Chief
OperationsOfficer, isresponsiblefor activitiesasdefined in DOE Order DOE O 151.1A
(DOE 2000).

Additional information on the ANL-E Emergency Management Organization is con-
tained inthereport titled, “ Description and Status of Site-Wide Fire Protection Systems
and Programs’ (Futrell 1992).

APS Site

Introduction and Site Description

The following section describes the site location and the popul ation surrounding the
facility and identifies the agencies contacted to ensure that the APS does not adversely
affect theenvironment. Moredetail onthissubject areaisavailableinthe Environmental
Assessment, Proposed 7-GeV Advanced Photon Source (DOE 1990b).

ANL-E occupies a 516-ha (1275-acre) site of gently rolling land in the Des Plaines

River Valley of DuPage County, Illinois, about 35 km (22 miles) southwest of downtown
Chicago and 40 km (25 miles) west of Lake Michigan. Laboratory facilities occupy
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about 81 ha (200 acres) of the total ANL-E site area. Surrounding the ANL-E siteis
the 826-ha (2040-acre) Waterfall Glen Forest Preserve, a greenbelt forest preserve of
the DuPage County Forest Preserve District. Nearby highways are Interstate 55 to the
north and Illinois Highway 83 to the east, see Figure 3.1. About 1.6 km (1 mile) south
of ANL-E are the Des Plaines River, the Chicago Sanitary and Ship Canal, and the
[llinoisWaterway (I1linoisand Michigan Canal). Theprincipal streamonsiteisSawmill
Creek, which drains southward to the Des Plaines River. The forest preserve and the
area between the river and ANL-E are undevel oped, while urban developments pre-
dominate in other surrounding aress.

The28-ha(70-acre) APSsiteislocated in the southwest corner of the Argonne National
Laboratory-East facility (Figure 3.2).

Population Distribution

The APS siteat ANL-E iswithin the Chicago Standard M etropolitan Statistical Area.
This areacomprises six Illinois and two Indiana counties around the southwest corner
of Lake Michigan.

The estimated popul ation by annular sector and radiuswithin 80 km (50 miles) of ANL-
E at the time the APS construction began isshown in Table 3.1. Morethan 3.5 million
peoplelivewithin 32 km (20 miles) of ANL-E. About 8 million people live withinthe
80-km (50-mile) radius, whichincludesportionsof L akeand Porter countiesin Indiana;
portions of Kankakee, Grundy, LaSalle, DeKab, McHenry, and Lake countiesin Illi-
nois; and all of DuPage, Will, Cook, Kendall, and Kane countiesin Illinois.

Beyond the forest preserve at the ANL-E perimeter, the population density increases
rapidly, especially to the northeast. A high-density residential area (with several thou-
sand residents) is 610 m (2000 ft) east of the perimeter.

At thetime of theinitial construction of the APS, the closest residence was SSW of the
project site, approximately 1.5 km (0.9 mile) from the project centerline. The closest
large, populated subdivision is located northwest of the project site, west of the ANL-
E West Gate entrance, onthewest sideof Lemont Road. The center of thisdevel opment
is approximately 2.1 km (1.3 miles) from the project centerline. Lemont (population
6080) to the southwest and Darien (population 16,390) to the north are the urban pop-
ulations closest to the project site.
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Figure 3.1 ANL-E and Chicago Area
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Figure 3.2 APS Site within ANL-E
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Table 3.1 Incremental Population Data
Population Population (in thousands)

Distance, miles 0-1 1-2 2-3 34 4-5 510 10-20 20-30 3040 40-50
Distance, km 0-16 16-3.2 3248 4864 6480 816 16-32 32-48 4864 64-80
Direction

N 0 661 4199 5602 8783 447 1721  336.7 1875 2213
NNE 0 22 3684 5925 5287 38.8 302.3 4858 86.7 0
NE 0 737 2293 2431 1689 40.9 674.4 866.3 0 0
ENE 0 1117 2495 1460 1482 335 5987 1789 0 0
E 0 16 10 1 42 40.8 467.0 199.8 13.0 25.8
ESE 0 0 55 331 306 224 186.1 2820 2450 80.9
SE 0 219 425 198 19.8 103.2 114.2 28.6 12.2
SSE 0 72 401 221 1800 12.0 22.1 7.7 11.0 16.8
S 0 105 2298 921 860 3.7 234 20 35.3 35.0
SSW 0 33 3504 1229 759 14.7 89.8 10.8 17.6 7.1
SW 0 80 20 87 79 11.6 36.7 94 16.2 9.1
WSW 0 215 86 620 1646 4.8 7.6 37 8.0 7.2
W 0 779 1237 8338 9056 26.2 67.2 19.0 14.8 6.7
WNW 0 254 224 5867 4433 443  104.6 20.7 6.6 52.9
NW 0 552 2602 6979 6779 41.6 69.1 95.5 18.2 16.7
NNW 0 492 2774 4521 9390 334 188.5 2252 1306 96.5
Total 0 5137 26101 44958 52589 4332 31128 28577 8191 5884
Cumulative Total 0 5137 31238 76196 128785 5619 36747 65324 73515 7939.9

Source: Golchert, Duffy and Moos 1992.
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Environmental Features

Meteorology: Theregiona climate around the APS site is characterized as being
continental, with relatively cold winters and hot summers, and is slightly modified by
Lake Michigan.

The predominant wind direction is from the south, and wind from the southwest quad-
rant occurs amost 50% of the time (DOE 1982). The average wind speed at ANL-E

at aheight of 5.8 m (19 ft) is 3.4 m/s (7.6 mph), with calm periods occurring 3.1% of

the time.

The average annual precipitation at ANL-E is800 mm (31.5in) and is primarily asso-
ciated with thunderstorm activity in the spring and summer. The annual average accu-
mulation of snow and sleet at ANL-E is830 mm (32.7 in) (DOE 1982). Snowstorms
resulting in accumul ations greater than 150 mm (5.9 in) occur only once or twice each
year onthe average, and severeice stormsoccur only once every 4 or 5 years (Denmark
1974).

The area experiences about 40 thunderstorms annually (NOAA 1980). Occasionally
these storms are accompanied by hail, damaging winds, and/or tornadoes. From 1957
to 1969 there were 371 tornadoes in the state with more than 65% occurring during the
spring months (NOAA 1970). The theoretical probability of a 67-m/s (150-mph) tor-
nado strikeat ANL-E is3.0 x 10° each year, arecurrenceinterval of onetornado every
33,000 years (Coats and Murray 1984). The ANL-E site has been struck by milder
tornadoes, with minor damage to power lines, roofs, and trees.

Hydrology: Four drainagesthat may haveintermittently flowing water are located on
the APS site. One originates just west of the site, crosses Kearney Road, and drains
north to Freund Brook, which flowsnear the northwest corner of thesite. Freund Brook
flows to the east-northeast and enters Sawmill Creek, which flows south to the Des
Plaines River. Another drainage in the northeast part of the site also drains northward
to Freund Brook. Raw flow data for Freund Brook are not available. However, field
observations of the stream size and channel configuration suggest that the discharge
averages less than 0.08 m3/s (3 ft3/s) and peaks at less than 0.6 m%/s (21 ft3/s) during
the maximum flood stage.

The remaining drainages originate in the south half of the site and drain southeast to a
marsh alongthe DesPlainesRiver flood plain. The ANL-E siteingeneral hasanetwork
of ditches and culverts that transport surface runoff, without treatment, toward the
streams.
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Geology and Seismology

Stratigraphy: According to Soil and Material Consultants, Inc. (1986), the APS site
isunderlain by 34-37 m (113-123ft) of glacial till (Wisconsin stage of the Pleistocene
series). Lineback (1979) mapped thisunit asthe Wadsworth Till Member of theWedron
Formation and described it asaclayey to silty-clayey till with few pebblesand cobbles.
Sasmanetal. (1981) observed, however, that thebaseof thisunitislocally richingravel.
Gravel deposits are probably confined to valleys carved in the bedrock surface which
now liesburied beneath the Plei stocene sediments(alluviumand glacial till). Lithologic
logs of 12 exploratory holes are consistent with Lineback’s description. Thetill is
overlain by lessthan 0.3-0.6 m (I-2 ft) of loess and modern soil.

Strataimmediately underlying thetill areidentified asprobably bel onging to the Kanka-
kee Formation of the Alexandrian Serieslowermost Silurian System. The subcropping
weathered zone is up to 10 m (33 ft) thick. This zone shows significant evidence of
solution weathering and fracturing, below which rock is generally unfractured and
unaltered.

Silurian aquifers (including the Kankakee Formation) are separated from deeper Cam-
bro-Ordovicianaquifersby an aquitard, the M aguoketaGroup (Ordovician). Thisgroup
consists primarily of shale units. The top of the Maquoketa Group lies 75 m (246 ft)
beneath the surface, and it is about 45 m (148 ft) thick in the vicinity of the APS site
according to maps published in Suter et al. (1959).

Detailed geological and geotechnical measurements have been undertaken at the site
to identify any variationsin the physical properties of the glacial drift that might affect
the design, construction, or exact location. In particular, a geotechnical investigation
has been accomplished for the purpose of determining general subsurface soil types,
ground water conditions, and various soil characteristics. Borings, some of whichwere
to bedrock, have been made at the site. Soil profiles were determined in the field, and
soil samples were tested in the laboratory to determine moisture content, dry unit
weight, and unconfined compressive strength.

Test results have shown that the surface soils are glacial tills composed predominantly
of clay-silt mixtureswith lesser portions of sand and gravel. At the deeper elevations,
rock debrisisfrequently present. Theunderlying bedrock consistsof athin- to medium-
grained grayish-white dolomite. Thesitesoilsare preconsolidated and are usually high
in density and strength. The siteis stable and well suited to meet the low vibration and
low settlement requirements for the construction of the APS facility.

Soils. According to the USDA (ANL 1979, USDA 1979), the site consists mainly of
upland soils belonging to the Morley Series. These soilsformed in silty clay loam

glacid till. Locally, athinlayer of overlying silty material is present. Inthesitearea,
surfacesonthesesoilsgenerally rangefromnearly flat to about 15% slope. Theseupland
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soils are deep, well drained, and moderately slow to slowly permeable. Small marsh-
lands, ponds, and moderate erosional featuresare on thevicinity of the construction site.

Other soil seriesin and adjacent to the construction site are the Sawmill silty clay loam
(along atributary to Sawmill Creek) and isolated areas of Blount silt loam, Ashkum
silty clay loam, and Peotone silty clay loam. These soilsdiffer fromthe Morley Series
in that they are all poorly or very poorly drained and are in localized low-lying areas
within the upland till plain.

Seismicity: No tectonic features within 100 km (62 miles) of ANL-E are known to be
seismically active. Thelongest of these features is the Sandwich Fault. Smaller local

features are the Des Plaines disturbance, afew faultsin the Chicago area, and a fault

of apparently Cambrian age (DOE 1982).

Although afew minor earthquakes have occurred in northern Illinois, none has been

positively associated with aparticular tectonic feature. Most of therecent local seismic
activity isbelieved to be caused by isostati c adjustments of the earth’scrust in response
to glacial loading and unloading, rather than by motion along crustal plate boundaries.

Thereare several areasof considerabl e seismic activity at moderate distances (hundreds
of kilometers) from ANL-E (Hadley and Devine 1974). These areas include the New
Madrid Fault zone (southeastern Missouri), the St. Louis area, the Wabash Valley Fault
zone along the southern Illinois-1ndiana border, and the Annaregion of western Ohio.
Although high-intensity earthquakes have occurred along the New Madrid Fault zone,
their relationship to plate motions remains speculative at thistime.

According to estimates by Algermissen et al. (1982), ground motionsinduced by near
and distant seismic sources in northern Illinois are expected to be minimal. However,
peak accelerationsinthe ANL-E areamay exceed 10% of gravity (approximate thresh-
old of major damage) oncein about 600 years, with an error range of -250t0 +450 years.

Cultural Resource Compliance

A programmatic agreement was reached with the lllinois State Historical Preservation
Officer (ISHPO) to identify, evaluate, and report the findings of cultural interest in the
construction area. Field reconnaissance and data collection for the entire site is com-
plete. Six of thearcheological sitesimpacted by construction have been fully analyzed
and reported to the Illinois Historic Preservation Agency (IHPA) and the Advisory
Council on Historic Preservation (ACHP). At thistime, the APS Project isin full
compliance with the conditions of the programmatic agreement.

Eleven archaeological sites and tens of thousands of artifacts were analyzed. Six of

those sites were directly impacted by the construction of the APS facility. Two of the
remaining fivesites (ANL-29, ANL-32) are protected from construction activities, one
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site (ANL-33) wasavoided by construction activities, and thefourth site (ANL-38) still

awaitsfinal clearancefrom IHPA. Thefifth site (ANL-6/Feature 270) hasbeen cleared
by thelHPA andthe ACHP, andisnolonger eligiblefor the National Register of Historic
Places. The ANL Cultural Resource Management Program administered by Midwest

Archeological Resource Services, Inc. will continue to monitor the protection of sites
ANL-29, ANL-32, and ANL-33, aswell as perform Phase || evaluations at site ANL-
38 when required.

In accordance with the programmatic agreement, the artifactual materials and records
resulting from data recovery at the APS sites are being curated at the lllinois State
Museum’s Research and Collections Center in Springfield, lllinois. This materia is
contained in 58 boxes at the museum facility; alarge volume of noncultural and redun-
dant pieces were removed to consolidate the collection per guidance from the IHPA.

Environmental Compliance

Thefollowing federal environmental statutesand executive orders have been addressed
to ensure compliance and to meet DOE guidelines for compliance with the National
Environmental Policy Act (NEPA) in accordance with DOE Order 5440.1C (DOE
1985). Anenvironmental assessment (DOE 1990b) was submitted to DOE in October
1989. A finding of No Significant Impact notice was published in the Federal Register,
Vol. 55, No. 95 (5/16/90). In 2003 areview and update of the APS environmental
assessment was completed, with afinding of no significant impact issued in June 2003.

Clean Air Act: Theonly potential impact to air quality is from fugitive dust emitted
during construction activities. Discussionswith the lllinois EPA indicate that fugitive
dust from this site, if managed prudently, isnot aproblem violating total suspended
particulate air quality standards. Anlllinois EPA permit (standard process emissions)
application for construction was approved on November 2, 1989 for the construction
of the APS. Additionally, a Federal National Emission Standards for Hazardous Air
Pollutants (NESHAP) permit application was submitted, addressing anticipated radio-
logical air emissions upon operation of the facility. A NESHAP permit wasissued to
proceed with construction. A NESHAP operating permit was issued by the Illinois
Environmental Protection Agency on July 27, 1993.

Clean Water Act: Only normal facility dischargesare anticipated such as storm-water
runoff, cooling tower blowdown, and sanitary wastes. Cooling tower blowdown is
dischargedintotheexisting ANL-E sanitary sewer system andtreated at thelaboratory’s
wastewater treatment facility, which has a National Pollutant Discharge Elimination
(NPDES) permit. Argonne's current NPDES permit has been modified to include the
increased load on the laboratory system since current operating capacity plus APS
project usage will not exceed total approved discharge volumes. Constituents consist
of phosphate-based inhibitors, microbiocides, and chlorine compounds. All additives
are biodegradable and can be treated at the existing water treatment facility. Domestic
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water ismonitored quarterly and reported in the annual site environmental surveillance
report (Golchert 2003).

Coastal Zone Management Act: The project isnot located in a designated coastal
zone.

Fishand WildlifeCoor dination Act: ConsultationwasundertakenwiththeU.S. Fish
and Wildlife Service (FWS) pursuant to the Fish and Wildlife Coordination Act. The
FWS recommended that any small wetland losses should be mitigated (see section
3.2.7).

Endangered Species Act: Consultation with the Endangered Species Office of the
FWS office in Rock Island, Illinois has indicated that there are no threatened and en-
dangered speciesin the APS site area. In addition, the steward for the Waterfall Glen
Forest Preserve (DuPage County, Illinois) was also contacted for information on the
presence of protected speciesin adjacent areas. Information on the presence of pro-
tected species (both federal and state) was included in section 2.2.3.3 of the Environ-
mental Assessment for Argonne National Laboratory published in August 1982 (DOE
1982). Thisremainsthe most up-to-date, published information onthe ANL-E siteand
immediate vicinity. The FWS has determined that no action by APS is necessary to
protect endangered species (Nelson 1988).

Resource Conservation and Recovery Act (RCRA)/Hazar dous Wastes. Any haz-
ardouswastes generated by the APS project are handled in accordance with established
ANL procedures. The laboratory has interim status (Part A) under the IEPA-RCRA
regulations and has applied for aRCRA Part B permit. The ANL Waste Handling
Procedures Manual isadheredto. The quantity of hazardouswastes, if any, isexpected
to be small and readily managed within the existing hazardous waste management
program. Hazardous wastes are placed into appropriate receptacles, labeled, and doc-
umented for pickup by ANL Waste Management Operations personnel. Handling,
treatment, storage, and disposal of the hazardous wastes by the Waste Management
Operations Department is in accordance with RCRA regulations.

SafeDrinking Water Act (SDWA): All APSfacility drinking water is obtained from
existing laboratory systems. There are no existing or proposed drinking water wells
within the APS site.

Corpsof Engineers Permits: Construction impacts to several small wetlands (0.73
ha[1.8 acres] total) were unavoidable. These wetlands provided somewildlife habitat,
but were of relatively low hydrological importance. TheU.S. Army Corpsof Engineers
(COE) hasissued apermit for construction in the wetlands in accord with Section 404
of the Clean Water Act. As part of this permit, DOE consulted with the COE on
implementation of a plan to mitigate wetland loss of 0.73 ha (1.8 acres) (see section
3.2.7).
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Flood Plains/Wetland Executive Order: A Flood Plain and Wetland Involvement
Notice was published in the Federal Register (54 FR 18326) on April 28, 1989. By
terms of the COE permit, engineering specificationsfor the replacement wetlandswere
reviewed with the COE beforeimplementation. With mitigation in place, no significant
impacts to the flood plains or wetlands were identified.

Wetland Mitigation Monitoring

Construction of areplacement wetland (Figure 3.3, Wetland“ R” ) wascompl eted during
the initial phase of facility construction and protected from subsequent construction
activity by fencing and erosion control measures. Another wetland (Figure3.3, Wetland
“C") was avoided by the construction and subsequently mitigated through an ANL
wetland bank.

APS Linac System Technical Facilities Description
General Overview

The APS linac system includes 1) technical components consisting of equipment nec-
essary to accelerate electrons to an energy of 700 MeV, and 2) conventional facilities,
consisting of the buildings which house the technical components and the utilities
required for the operation of the equipment. The linac system is located within the
infield of the experiment hall building. Personnel accesstothelinac systemisprovided
through the experiment hall building, and vehicular accessis provided through the
vehicular tunnel which routes traffic under the floor of the experiment hall building.

Theprocessof creating, accel erating, and transporting aparticlebeaminherently creates
asituation where hazards will exist. A hazard's consequences, but not necessarily the
risks, increase with increasing beam power (intensity times energy). The primary haz-
ardsassociated with accel erators are el ectrical hazards and ionizing radiation, although
other hazards including nonionizing radiation, magnetic fields, toxic gases and mate-
rials, fire, industrial accident, etc., frequently can and do exist. Barriers and physical
and administrative controls are put into place to ensure that the hazard risk and the
consequences of the hazard are reduced or eliminated.
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Figure 3.3 APS Site Cultural Resources
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All of thecomponentscontai ning accel erated particlebeamsarelocated within shiel ded
enclosures, usually consisting of standard concrete, but including other materials, such
as high-density concrete, lead, steel, plastic and earth, as appropriate. The shielding
and personnel accesscontrol sareadequateto maintainradiation exposurelevel soutside
the shielding well within the present exposure guidelines (DOE 1992a). The APS
Access Control Interlock System (ACIS) provides protection by ensuring that no one
may bein, or ableto enter, an areawhere prompt radiation may be present. The system
isdesigned to turn off the source of radiation and will alow the linac/PAR combination
and synchrotron to operate independently of one another under specific, predefined
conditions by partitioning the areas with beam stops and other safeguards. The ACIS
isdescribed in detail in section 3.12.1.

The associated buildings of the APS, with their numeric designations, are the linac
building (411), the synchrotron injection building (412), the low-energy undul ator test
line (LEUTL) building (413), the booster/injector synchrotron (415), the rf/extraction
building (420), the storage ring, Experiment Assembly Area, and the experiment hall
(400). The utility building (450) is not located in the infield, but is mentioned in this
document sinceit isthe source of all of the utilities for both the technical and conven-
tional facilities of the APS.

The linac system is housed in the linac building (411). The building contains the
concrete-shielding enclosure for the beam-carrying components and an adjoining
klystron gallery. Theklystron gallery contains linac components which do not haveto
be located within the shielding, but which may require observation or access during
linac operation. The concrete tunnel housing the linac is 75 m long with inner dimen-
sionsof 2.7 mx 2.7 m. Thebeam height is 1.4 m above floor level. The roof and wall
oppositetheklystron gallery are 30-cm-thick concrete covered with enough earth berm
to bethe shielding equivalent of 2 m of concrete. Thewall adjoining theklystron gallery
is2 m of concrete. Two access mazes with interlocked doors are provided from the
klystron gallery into the linac enclosure. One access door is at the electron gun, the
other islocated downstream of the linac. The low-energy (east) end of the shielding
enclosure and a section of wall next to the electron-gun access door are constructed
from 1 m of removable concrete blocksto provide larger openings, when required, than
the standard access doors. Penetrations through the shield wall for equipment inter-
connections, cables, conduit, etc., into the klystron gallery are made at the top of the
shield wall to ensure that no direct line-of-sight path exists to the beam centerline.

Additional building-specific information is provided in section 3.11. The following
text describes the technical components of the linac system.
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Electron Gun Systems

There can be anumber of different electron gun systemsin use at the APS. The avail-
ability of multiple gun systemsallowsinterleaved operation of thelinac for both filling
the storage ring, providing a high-brightness electron beam to the LEUTL, and to help
insure high availability of the APS injector system. The electron gun systems used are
two thermionic rf electron guns and the photocathode rf electron gun.

Thermionic rf Electron Gun Systems

Each of thethermionic rf electron gun systems producesal.5-A, <50-ns-long el ectron
bunch train at arepetition rate of up to 10 Hz. Each consists of athermionic cathode
mountedinthefirst cell of al-1/2 cell, side-coupled, standing-waverf structureoperated
at the 2856 MHz of the APS linac. With 8 MW of power (1.7 us pulsewidth at 10 Hz)
directed into the rf guns, they will accelerate the 1.5-A average current up to 3 MeV.
The electron beam emitted from these guns is transported by a series of quadrupoles
and compressed longitudinally during its traversal of an alpha magnet to peak mi-
crobunch currents of 150 A. Finally the beam from one of these gunsisguided into the
accel erating structure of the APSlinac. Figure 3.4 showsthethermionic rf el ectron gun
systemsinstalled in the linac.

A tungsten dispenser cathode isused in theserf guns. It hasaflat, circular surface of 6
mm diameter and is capable of producing current densities up to 140 Alcm? when
heated. The nominal cathode surface temperature for emissioniscloseto 950° C. This
requires a cathode filament power of approximately 16 watts supplied by a5-A, 16-V
DC constant voltage power supply.

During steady state operation the rf guns emit a packet of electrons every 350 ps for

the duration of the rf pulse. To limit the total charge delivered and further accelerated
by the APS linac, afast kicker system isincorporated into each of the beam transport
lines. They are used to passasmall portion of the available beam. Thiskicker consists
of crossed DC magneticand pul sed el ectricfields. Themagneticdipolefieldisgenerated
by a permanent magnet and has apeak field of < 0.01 T. The electric field is generated
by two plates each attached to its own pulse-forming network (PFN) and charged to the
samepotential. The PFNsarethen discharged through asinglefast switch. Duetolength
differences of the PFNs connected to the plates, there isamomentary imbalance in the
electric field; this provides the necessary force to overcome the magnetic force and so
allow the beam to continue. This beam gate is open for less than 50 nsand is limited

by thefixed length of these PFN cables. The PFNs can be charged up to 30 kV DC, and
the stored energy is1 J. The high-voltage power supply used to chargethe PFNsisrated
to 500 W at 30 kV DC. The stored energy at the output of the supply islessthan 1.5 J.

Trace amounts of barium and cesium in the tungsten dispenser cathode make it agood
photocathode, and so it can be triggered to release electrons by striking the surface
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with photons of sufficient energy. A pulsed laser system can be used to gate the cathode
on and off. This promises even better rf gun performance than operation in thermionic
mode. We will attempt operation of the thermionic rf gun in this photocathode mode.
Thisisvery similar to the mode of operation described below for the photocathode rf
gun operation.

Details of the other components considered part of each of the thermionic rf electron
gun systems are listed bel ow.

Seven quadrupole magnets. Each has a bore radius of 20 mm and produce a max-
imum gradient of under 5 T/m, giving a maximum pole-tip field of under 1.0 T.
The magnets are individually energized by bipolar 5-A, 20-V DC power supplies.

Five steering magnets: These are of awindow-frame design and produce fields of
under 0.01 T. Each provides steering in either the vertical or the horizontal plane.
The magnets are individually energized by bipolar 2-A, 4-V DC power supplies.

One alpha magnet and trim: This magnet is used to longitudinally compress the
beam and to redirect it on to the centerline of the linac. It produces a vertical
quadrupolar field of under 4.0 T/m and abending angle of 278.6° in the horizontal
plane. Itispowered by a330-A, 30-V DC power supply. A trimwindingisprovided
for fine adjustment and degaussing. Thiswinding is powered by a5-A, 20-V DC
bipolar DC power supply.

Threeion pumps: Thesemaintain high vacuumintherf gun and beamline. Voltages
up to 6 kV are used.

Onegatevalve: Thisisused to isolate the rf gun from thelinac. It is activated by
a pneumatic actuator that can be remotely controlled. This actuator uses 90-psi
compressed air.

One vacuum ion gauge: The gauge monitors the pressure in the rf gun beamline.
Voltages up to 75 V are used.

Two beam toroids: These are used to quantify the charge emitted from the gun as
well astheamount of charge passing throughtheal phamagnet and onintothelinac.

One combination Faraday cup/fluorescent screen: Thisis positioned in-line with
the rf gun and is used to both quantify the charge emitted from the gun and to
monitor beam shape and position when it exits the gun. A video signal camerais
used for imaging.

3-25



APS Safety Assessment Document Chapter 3

July 2006 3.3 APS Linac System Technical Facilities Description

Figure 3.4 Upstream Linac Plan View with Both rf Guns and PC Gun in Place
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3.3.22

Photocathode rf Gun System

The photocathode rf gun consists of a metallic photocathode plate (copper or magne-
sium) mounted inthefirst cell of al.6-cell, T-mode, standing-waverf structure operated
at the 2856 MHz of the APSlinac. Electrons are emitted when the cathodeis struck by
photons of sufficient energy. These are generated by a high-power pulsed laser system.
Theelectron beam emitted from the rf gunisthen focused by asolenoid magnet, further
transported along the beamline, and finally guided into the accel erating structure of the
linac. Figure 3.4 showsthe photocathode rf el ectron gun system asarranged in thelinac
tunnel.

Thisrf gun can provide asingle pulse with 300-A peak current for each incident laser
pulse, at 5 MeV with 10 MW of rf power (1.7 us pulse width at 10 Hz) into the gun.
This corresponds to a delivered charge of less than afew nC each linac cycle.

Within thelinac tunnel and alongside the photocathode rf gun systemisasmall optical
table that holds the final optics for transporting, controlling, and monitoring the laser
beam. During normal operation the optical path for this transport systemisfully en-

closed with light pipes or shieldsto prevent personnel from exposureto thelaser beam.

Details of the other components considered part of the photocathode rf el ectron gun
system are listed below.

*  One solenoid magnet: This magnet can produce an on-axis central longitudinal
field of 0.28 T. It iswater cooled and is energized by a single 250-A, 30-V DC
power supply.

*  One steering magnet: Thisis of awindow-frame design, and produces afield of
under 0.01T. It providessteering in either the vertical or the horizontal plane. The
magnet is energized by a bipolar 2-A, 4-V DC power supply.

* Twoion pumps: These maintain high vacuum in the rf gun and beamline. VVoltages
up to 6 kV are used.

* Twogatevalves: Thesevalvesare used to isolate the rf gun from the beamline and
linac accel erating structure. They are activated by pneumatic actuatorsthat can be
remotely controlled. These actuators use 90-psi compressed air.

*  Onefluorescent screen: Thisis used to monitor beam shape and position when it
exitsthe gun. The insertion actuator for this screen uses 90-psi compressed air. A
radiation-hardened camera s used for imaging.

e Anin-vacuum mirror for directing the laser beam from an off-axis viewport onto
the photocathode.
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3.3.23

3.3.3

Laser System

A high peak power light pulse in the UV part of the spectrum, < afew picoseconds
long, must be generated by the laser system used for the photocathode rf electron gun
system. A laser oscillator operating in the infrared (IR) portion of the spectrum emits
apulsetrain. A single pulseis selected from the emitted IR pulse train and is sent to
the laser amplifiers. There the single, low-power pulse is amplified, attaining peak
powersin the gigawatt range and energies of less than 30 mJ. Thisinfrared pulseis
successively passed through two harmonic generation crystals. These crystals convert
part of the IR pulse up into the UV portion of the spectrum. ThisUV pulseisthen sent
into an optical transport system to the photocathode rf gun. To insure this pulse arrives
at the photocathode at precisely the correct phase of therf, thelaser oscillator islocked
to a subharmonic of the 2856-MHz linac rf frequency.

There are various hazards associated with the laser system. The two most significant
hazards are the high-power optical pulse, which ranges from the infrared to the ultra-
violet portion of the spectrum, and the high-voltage power supplies (10 kV) used for
Pockels cellsand laser amplifier heads. Therisk of exposureto thelaser isreduced by
enclosing the optical path as much as practicable. Procedures are used for operating
and working on the high-voltage systems.

Other equipment used for the proper operation of the laser system and final opticstable
include standard optics such as lenses and mirrors (some of which may be driven re-
motely by low-voltage, low-current, stepper motors or piezoel ectric drives) and optical
diagnosticssuchas CCD cameras, photodiodes, position-sensitive detectorsand optical
spectrometers (all of which require small, low-voltage, low-current power supplies).

The laser system is housed in a separate, shielded laser room adjacent to the electron
guns (Figure 3.4). Thisroom is alaser-controlled area and is designed and equipped
accordingly as stated in section 4.3.2.2.1.

Linac rf Accelerating System

The rf power system which generates and transmits rf power to the beam is replicated
severa times. Therefore the common aspects of the system are described here, and
only particular details unique to each area are described in the other sections.

Acceleration of theelectronsin thelinacisaccomplished by aseriesof 86-cell, constant
gradient, travelling wave accel erating structures operating at afrequency of 2856 MHz.
Each structure is approximately 3 m in length and made of oxygen-free high-conduc-
tivity (OFHC) copper. Therf power is supplied to the accelerating structures through
transmi ssion waveguides made of OFHC copper and operating under vacuum condi-
tions. Included as part of the transmission waveguides are sections having special
functions, such as hybrid splitters, couplers, transitions, etc., asrequired to transfer the
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proper amount of rf energy at the correct phase to the accelerating structure. Vacuum
ion pumpsarelocated throughout thewaveguide systemto providetherequired vacuum
level in the waveguides. The pumps require 6-kV high-voltage input power, and for
safety reasons, these high voltage conductors are encased in conduits.

The rf energy source is a35-MW (45-MW) pulsed klystron located in the klystron
gallery. The klystron, together with its magnet and pulse transformer, isinstalled in a
stedl tank filled with nonflammable dielectric cooling oil. X-ray shielding isincorpo-
rated into this assembly to reduce the x-rays produced by the klystron to acceptable
levels. Therf energy from the klystron is either a) transmitted to a single accelerating
structure, or b) transmitted to a Stanford Linear Accelerator Center (SLAC) energy
doubler (SLED) cavity and then the power issplit between four accel erating structures.
A SLED cavity compresses the rf power pulse in time, thereby increasing the rf peak
power by aproportional amount. This shorter, but higher peak power rf pulseistrans-
mitted to four structures. The SLED cavitiescan potentially generate x-rays, therefore,
lead shielding has been incorporated into the support enclosure.

The pulsed DC power required to operate the klystron is provided by a high-power
(100-MW peak) pulsed modulator. Each klystron requires its own modulator power
supply. Themodulator power supply and itsassociated low level electronicsarelocated
in cabinets next to the klystron tank in the klystron gallery. All of the high voltage
cabinet access panels are bolted and interlocked to provide high-voltage protection.

Automatic crowbars are incorporated and ground sticks are provided to allow the op-
erator to physically ensure that the high voltage is grounded before any work isbegun.
The ground stick returninterlock is only satisfied when the ground stick isreturned to
its designated location.

Each klystron requires a 400-W power amplifier to provide rf drive at sufficient level
todrivetheklystron. The amplifier isinterlocked to the main personnel safety system,
and the rf drive signal to the klystron is disabled on afault condition. In addition, the
amplifier isinterlocked to the equipment protection system, with the klystron rf drive
being disabled on afault condition (e.g., waveguide arc).

Situated by each klystron tank is awater pumping and heating station. The station
providesaflow of thermally stabilized (45° + 0.05° C[113.0° + 0.1° F]) deionized water
to the accelerating structures, SLED cavities, and vacuum transmission waveguides.
The station is capable of providing 302.8 I/min (80 gpm) at 552 kPa (80 psi). The
station contains filters and water quality polishing canistersto maintain the low water
conductivity.

The generation and transmission of the substantial amount of rf energy creates a non-
ionizing radiation hazard. However, al of the rf energy is contained within the rf
components, and therisk of exposureto personnel issmall. Theanalysisof theexposure
potential is presented in section 4.3.
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3.34

3.35

Linac RF Waveguide Switching System

The linac is equipped with an rf waveguide switching system to allow klystrons to
assume backup roles in the case of failure. The transition from positron to electron
operation in the APS storage ring, together with LEUTL operating requirements,
changed the linac configuration by eliminating the L3 accelerating structure. The L3
klystron therefore became available for use as a hot spare. The rf waveguide switching
systemtopology isshowninFigure3.5. Therearetwo separate sections. Thefirst covers
the guns and lower energy sectors. In this low-energy section, the L3 klystron serves
asahot spare for the L1 and L 2 klystrons and powers either the photocathode rf gun
to support LEUTL operation or the gun test room. These waveguide switches operate
at amaximum peak power of 45 MW. Both WR-284 and WR-340 waveguide switches
are pressurized with sulfur hexafluoride (SFg) to 30 psig.

Upstream Electron Linac

The upstream electron linac has five accel erating structures to accel erate the electrons
from approximately 2.5 MeV to energies up to 250 MeV. The upstream electron linac
uses two klystrons, one feeding the first accel erating structure, the second feeding the
next four through a SLED structure. A plan view of the upstream electron linacis
shown in Figure 3.4.

Thelinac has anumber of vacuum components, including vacuum ion pumps, flanges,
bellows, etc. The base operating pressure of the electron linac is 13 mPa (107 Torr).
Vacuum ion pumpsrequire 6-kV high voltageinput power from power supplieslocated
intheklystron gallery, and for safety reasons, these high voltage conductorsare encased
in conduits. Vacuum gate valves isolate sections of the electron linac. They are inter-
locked to closeif the vacuum on either side of the valve degrades below apreset limit.
Vacuum valves are interlocked to the gun pulser to disable the electron gun whenever
avalveisclosed. The valves are opened and closed using compressed nitrogen, con-
trolled by solenoids powered by 24 VDC. The solenoids are energized to open the gate
valves. A loss of power resultsin closing of the gate valves.

A dipole spectrometer magnet is located at the end of the upstream electron linac and
isenergized to permit beam energy measurements. During normal operation, thismag-
net is off. The bend angle of the el ectronsthrough this magnet isafunction of the beam
momentum and the magnetic field strength. The magnet is powered by a10-kW power
supply at 16 VDC and acurrent of lessthan 600 A. Temperature sensors on the magnet
coil areinterlocked to the power supply. An aluminum beam stop enclosed in alead

and plastic housing absorbs the el ectron beam during energy measurements when the
dipole magnet is energized. The beam stop was designed for power levels up to 600

W, and is composed of 25 cm of aluminum, backed by 15 cm of lead. The beam stop
is not water cooled, but is equipped with athermal interlock to prevent energizing the
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Figure 3.5 Switching System Topology of the Linac rf Waveguide
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3.3.6

electron gunsintheunlikely event that the aluminum temperature exceeds 100° C. The
beam stop is read out as a Faraday cup, alowing for cross calibration with the other
beam diagnostic instruments, and optimization of beam parameters.

Bunch Compressor

The linac bunch compressor, the components of which are shown in Figure 3.6, is
located between the upstream and downstream electron linacs and is used to increase
the peak current of an electron bunch. To increase the peak current, an incoming bunch
isprepared with adefined positive energy chirp, or small energy spread, with theleading
portion of the electron bunch having alower energy than thetrailing portion. The head
of the bunch takes alonger path through the compressor magnets than the tail. Thetall
therefore catches up to the head, the bunch length is decreased, and the peak current is
increased.

The APS bunch compressor consists of four dipole magnets and two “tweaker” qua-
drupoles. The central two dipoles can be translated perpendicular to the axis of the
linac, inthe horizontal plane, to vary the dispersion from O mm to 65 mm. The possible
displacements range is from -185 cm (to the right, when looking downstream) to +9
mm. The last dipole can be trandated longitudinally along the linac axisto vary the
symmetry of the chicane from completely symmetric to a2:1 symmetry. (That is, the
final two dipoles are spaced, longitudinally, twice as far apart as the first two dipoles.)
The maximum displacement is 620 mm, and minimum displacement is 48 mm. The
tweaker quads are used when the chicane is in an asymmetric configuration, to allow
for proper dispersion correction.

There are severa diagnostics associated with the bunch compressor. Theseincludefive
dual-resolution cameras that allow low-resolution imaging of high-emittance (large)
beams and high-resolution imaging of low-emittance (small) beams, energy scrapers,
and various beam position monitors (BPMs). One dual-resolution camera, one BPM,
and the energy scrapersarelocated between the second and third dipol es of the chicane.
Onedual-resolution cameraislocated at the exit of thelast chicanedipole. Theremain-
ing three dual-resol ution cameras are arranged after the chicane but before the entrance
to the downstream linac’s first accel erating section to permit emittance measurement,
transverse wakefield correction, and Twiss parameter matching. A spectrometer dipole
islocated after the chicane. The spectrometer branch line contains one dual-resolution
cameraand one standard linac camera; these cameras are used for beam energy, energy
spread, and longitudinal wakefield tuneup to the bunch compressor.
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Figure 3.6 Linac Bunch Compressor
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3.3.7

The bunch compressor employs three types of magnets: correctors, dipoles, and qua-
drupoles. Thepower suppliesare sized to accommodate the specific requirements. The
first magnets the beam encounters are correctors L2:SC4:VL and L2:SC4:HZ. Eachis
powered by a 20-V, 5-A bipolar DC supply. Next are two bending magnets, L3:BM1
and L3:BM2. These arewired in series to have the same current in both magnets and
are powered by a60-V, 80-A unipolar DC supply. Thetrim winding of these magnets,
L3:BM2T, is powered by a 20-V, 5-A bipolar DC supply. Next are two quadrupoles,
L3:QM1and L3:QM2, that are each powered by a 10-V, 4-A bipolar DC supply. Next
arethefinal two bending magnets, L3:BM3and L3:BM4. Thesearealsowiredin series
to have the same current in both magnets and are powered by a 60-V, 80-A unipolar
DC supply. Thetrim winding of these magnets, L3:BMA4T, is powered by a 20-V, 5A-
bipolar DC supply. Next in the beam path are four more quadrupoles--L3:QM3,
L3:QM4, L3:QM5, and L 3:QM 6--each of which ispowered by a40-V, 250-A unipolar
DC supply. Next isadipole, L3:AM1, that is used as a spectrometer magnet. It is
powered by a 30-V, 65-A unipolar DC supply. Thetrim coil of thismagnet, L3:AM1T,
is powered by a 20-V, 5-A bipolar DC supply. Finally, thereisapair of corrector
magnets, L3:SC2:VL and L 3:SC2:HZ, each of whichispowered by a20-V, 5-A bipolar
DC supply.

Downstream Electron Linac

Theelectron linac downstream of the bunch compressor isresponshile for accelerating
electrons for today’s operating energy of 325 MeV. The two sectors, known as linac
four (L4) and linac five (L5), each consist of a dedicated klystron and SLED cavity
capable of producing rf power to accelerate electrons to the designed energy of 700
MeV. The plan view of the downstream electron linac is shown in Figure 3.7.

Elevenlarge-borequadrupolemagnetssurround theaccel erating structuresdownstream
of the bunch compressor. They produce a maximum gradient of 4 T/m. The power
suppliesfor each quadrupolearelocated intheklystron gallery, and are 10-kW supplies
operating at 32 VDC, with acurrent of lessthan 310 A. Small steering coilsarelocated
after most accelerating structures. These are powered by 20-V, 5-A bipolar power
supplies.

Beam diagnostic and vacuum equipment are identical to the equipment already de-

scribed under the upstream electron linac description in section 3.3.5 and their descrip-
tions will not be repeated here.
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Figure 3.7 Downstream Linac Plan View
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34

34.1

A dipole spectrometer magnet islocated in the LET line near the end of the upstream
linac and isenergized to permit beam energy measurements. During normal operation,
this magnet is off. The bend angle of the electrons through this magnet is a function of
the beam momentum and the magnetic field strength. The magnet is powered by a 20-
kW power supply at 16 V DC and a current of less than 600 A. Temperature sensors
on the magnet coil are interlocked to the power supply. Two shielded auminum beam
stops absorb the electrons and el ectron beams during energy measurements when the
dipole magnet is energized. The beam stops are not water cooled, but are equipped
with thermal interlocks to prevent energizing of the electron gun in the unlikely event
that thetemperatureexceeds100° C. Thebeam stopsfunction asFaraday cups, allowing
for cross calibration with the other beam diagnostic instruments, and optimization of
beam parameters.

Linac Operating Conditions

The linac will operate under one or more of the following nominal conditions:
* 325-MeV € injected to the PAR for eventual use by the synchrotron
* upto 700-MeV € onthelead beam stop inthe LTP line

* upto700-MeV € injected into the PAR bypass line and on into the LEUTL vault
APSL ow-Energy Undulator Test LineTechnical FacilitiesDescription

General Overview

The APS low-energy undulator test line system (collectively called the LEUTL) isa
facility for testing undulators directly with an electron beam and for performing exper-
imentsin the generation of synchrotron radiation created from the electron beam’s
passage through the magnetic fields of the undulators. The LEUTL consists of:

» ahigh-brightness electron source (a thermionic or photocathode rf electron gun
system) located at the head of the linac,

« the APSlinac,

* twobeam transport lines, similar tothe LET and HET lines, that allow the electron
beam to bypass both the PAR and booster synchrotron,

* abeam tunnel (Building 413) containing a beam transport line along which the
undulators under test are placed, and
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34.2

* anend-station building where thevisibleto VUV light generated within the undu-
latorsis brought out of the radiation environment for detailed study.

During LEUTL operation the APS linac (section 3.3) accelerates electrons to beam
energies of up to 700 MeV to be sent through the undulators undergoing tests. (Oper-
ation at 700 MeV assumes 45-MW klystrons are installed and operated at maximum
power with SLED operations enabled, the sector phasing is set for maximum energy
gain, and the bunch compressor is moved to an in-line configuration.)

By its nature, the LEUTL system—and in particular the undulator test line areain the
new tunnel, the various undulators to be tested, and electron and optical diagnostics
systems—are used in avariety of configurations. For this reason the descriptions given
here are representative of those to be used initially. This presents no problems as the
hazard assessments apply to all configurations of the equipment.

PAR and Booster Bypass Beamline Systems

After acceleration through the APS linac, the electron beam enters the linac-to-PAR
transport line. In LEUTL operation mode, rather than being directed by adipole magnet
(LTP:B1) towards the PAR, the electron beam is allowed to proceed in a new, short
transport line section, bypassing the PAR. Thislineis called the PAR bypass line and
isshownin Figure 3.8.

Installed at the upstream end of the PAR bypass line is a double beam stop. Thisis
composed of two separate 4" tungsten cubes each on their own pneumatic actuators.
These are inserted into the path of the beam to prevent radiation from entering the
booster vault if the booster tunnel isnot in Beam Permit Mode. The upstream tungsten
block is electrically isolated and monitored to determine if it is being struck by the
electron beam. These tungsten blocks are not meant to be full-power beam stops, and
consequently all operational electron gun systems are disabled if the double stop is
inserted and the upstream LTP:B1 dipole is off. Compressed air at 90 psi is used to
retract these beam stops.
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Figure 3.8 PAR Bypass Beam Transport Line
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3421

The PAR bypass line enters the booster enclosure and directs the beam into a short
section of the PAR-to-booster transport line. Ordinarily the PAR-to-booster linewould,
by means of apulsed dipole magnet (PTB:B2), direct the beam to the booster injection
septum magnet. However, during LEUTL operation the dipole magnet is off and the
beam proceeds into anew line allowing it to bypass the booster. Thislineiscalled the
booster bypass line and is shown in Figure 3.9. During its transit of the booster enclo-
sure, the booster bypass portion of the LEUTL transl ates the beam upward one meter
using apair of vertical bending magnet systems spaced approximately 40 m apart.
These two bending magnet systems also function as controlled equipment to prevent
the electron beam from reaching the LEUTL enclosure whileit is occupied. The geo-
graphical end of the booster bypass line terminates at the shield wall separating the
booster radiation enclosure from that of the LEUTL tunnel.

Installed at the downstream end of the booster bypasslineisabeam radiation stop. This
is composed of one 4" tungsten cube on its own pneumatic actuator. Thisisinserted
into the path of the beam to prevent radiation generated within the booster vault from
entering the LEUTL tunnel whilethe LEUTL tunnel isin Authorized Access Mode.
Compressed air at 90 psi is used to retract beam stop.

Just beyond the connection between the PAR-to-booster transport line and the booster
bypass line and just beyond the first set of vertically upward bending magnets lies an
intermediate beam dump. A vertical bending magnet directs the beam downward to a
heavily shielded water-cooled beam dump. Thisintermediate dump can handle the 1-
kW beam power and is used to tune up the beam prior to sending it into the LEUTL
enclosure.

PAR and Booster Bypass Beam Transport Line DC Magnets

»  Thirteen quadrupole magnets. These magnets have a bore radius of 20 mm and
produce a maximum gradient of under 23.4 T/m, giving amaximum pole-tip field
of under 0.47 T. The magnetsareindividually energized by 60-A, 10-V DC power
supplies.

»  Eight steering magnets: Thefour horizontal steering magnets have clear apertures
of 4 cm and effective lengths of 12 cm. They produce peak fields of under 0.15 T
and are energized by 12-A, 36-V bipolar DC power supplies. The four vertical
steering magnets have clear aperturesof 7 cm and effectivelengthsof 15cm. They
produce peak fields of under 0.12 T and are energized by 12-A, 36-V bipolar DC
power supplies.
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Figure 3.9 Booster Bypass Beam Transport Line Schematic
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34.22

34.2.3

34.3

Two vertical bends: Each vertical bend is composed of three vertical steering
magnets as used el sewhere along the beamlines, wired in series. Thefirst bend
pitchesthe beam upward at an angle of 1.43". After approximately 40 m thebeam
has gained 1 min altitude and is pitched -1.43" back to horizontal by the second
vertical bend. These magnets have a 70-mm gap and produce a maximum hori-
zontal field of 0.12 T. Each set iswired in series and energized by separate 20-A,
100-V DC power supplies.

Onebeam dump dipolemagnet: Thismagnet deflectsthe beam vertically to abeam
dump on thefloor of the synchrotron enclosure. It has a40-mm gap and produces
amaximum horizontal field of 0.75 T. Thevertical bend angleis11.4°. Themagnet
is powered by a200-A, 20-V DC power supply.

PAR and Booster Bypass Beam Transport Line Vacuum System

Elevenion pumps: These pumps maintain high vacuum in the PAR and booster
bypass lines. Voltages up to 6 kV are used.

Four gate valves. These valves are used to isolate the PAR and booster bypass
lines from other sections of the linac, PAR, and booster beamlines. These valves
use 90-psi compressed air.

Fivevacuumion gauges. Thegaugesmonitor the pressuresinthe PAR and booster
bypass lines and also at the booster beam dump. Voltages up to 1500 V are used.

PAR and Booster Bypass Beam Transport Line Diagnostics

Ten beam position monitors: These are nonintercepting rf beam position monitors
similar to those used in the linac.

Nine fluorescent/optical transition radiation (OTR) screens: These screensare pro-
vided to monitor beam shape and position inthe beamlines. Theinsertion actuators
for these screens use 90-psi compressed air.

LEUTL Tunnel Beam Transport Line System

After traversing the PAR and booster bypass lines, the beam travel s through avacuum
tubeintheshield wall that separatesthe LEUTL tunnel from the radiation environment
of the booster. This defines the start of the LEUTL tunnel transport line. Here the

electron beam is sent through a series of correction and focusing magnets that keep it
centered within one or more undulators. These undulators force the beam to generate
synchrotron radiation in the visible-to-VUV wavelength range. This radiation is sub-
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3431

sequently analyzed using thein-tunnel and end-station diagnostic systems. Beyond the
area of the bypass line where the undulators are tested is a beam dump region. This
beam dump is very similar to the intermediate beam dump used within the booster
enclosure; however, it uses a permanent magnet to direct the beam to the beam dump.
Thisinsures that the beam is safely directed into the beam dump and away from any
occupied area. ThisLEUTL beam transport line system is shown in Figure 3.10.

Thereisroom withinthe LEUTL tunnel for asecond parallel beam transport line. The
translation over to this secondary line occurs within the booster vault at a branch point
along the booster bypass line just beyond the second vertical bending magnet. The
components used for thisline are similar to those used in the main LEUTL beam
transport line.

LEUTL Tunnel Beam Transport Line DC M agnets

*  Twelvequadrupole magnets: Two typesof quadrupole magnetsare used. Eight are
similar to those in use in the PAR and booster bypass lines. These magnets have a
boreradius of 20 mm and produce a maximum gradient of under 23.4 T/m, giving
amaximum pole-tip field of under 0.47 T. The magnetsareindividually energized
by 60-A, 10-V DC power supplies. The other four quadrupol es have abore radius
of 3 mm and produce a maximum gradient of under 15 T/m, giving a maximum
pole-tip field of under 0.04 T. The magnets are individually energized by 12-A,
10-V DC power supplies.

*  Tensteering magnets. Two types of steering magnets are used. Eight of these, four
horizontal and four vertical, are similar to thosein usein the PAR and booster
bypass lines. These have clear apertures of 4 cm and effective lengths of 12 cm.
They produce peak fields of under 0.15 T and are energized by 12-A, 36-V bipolar
DC power supplies. Theother two steering magnetsare of awindow-framedesign
similar to those used in the thermionic rf electron gun system. Each produceseither
ahorizontal or avertical field of under 0.01 T, providing steering in either the
horizontal or the vertical plane, respectively. The magnets are individually ener-
gized by +4-A, £8-V DC power supplies.

*  One beam dump dipole magnet: This magnet deflects the beam down to a beam
dump on the floor of the synchrotron enclosure. It has a40-mm gap and produces
amaximum horizontal field of 0.75 T. The vertical bend angleis 11.4°. Thefield
is generated by permanent magnets with trim provided with additional coils pow-
ered by a12-A, 36-V DC power supply.

3-42



Chapter 3

00-98001S

LINOVA 3104NY¥avNd
LINOVIW 310dNHavND
L1INOVN 310dNyavN0:
LINOYN 310dNY¥avND:

ONIQT3HS Qv

YOYYIN NOLLYIOVY NOY¥LO¥HONAS

LYOdSNVL LHON

dANG Wv3g

(ININVAY3d) LINOVIN dWNG Wv38

dNnd NOI $/102
N3OS TVISA¥D VA
13INOVW T104NY¥avND
Nd8 A/H NOISIO3Nd HOMH
L3NV ONINIILS A/H

Nd8 A/H NOISIORNY HOH

3-43

APS Safety Assessment Document

3.4 APS Low-Energy Undulator Test Line Technical Facilities Description

July 2006

Figure 3.10 Schematic of the LEUTL Beam Transport Line System
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3432 LEUTL Tunnel Beam Transport Line Vacuum System

* Sixionpumps: These maintain high vacuum in the LEUTL transport line and
undulator vacuum chamber. Voltages up to 6 kV are used.

* Twogatevalves: Thegatevalvesareusedtoisolatetheundulator fromthetransport
line. These actuators use 90-psi compressed air.

* Twoiongauges. Thesegaugesmonitor the pressureinthe LEUTL transport line.
Voltages up to 1500 V are used.

3433 LEUTL Tunnel Beam Transport Line Diagnostics

»  Four fluorescent/optical transition radiation (OTR) screens. These screensare pro-
vided to monitor beam shape and position in the beamlines. Theinsertion actuators
for these screens use 90-psi compressed air.

»  Eight standard beam position monitors(BPMs): Thesearenonintercepting rf beam
position monitors similar to those used in the linac.

»  Four high-precision beam position monitors (BPMs): These are nonintercepting
rf beam position monitors similar to those used in the APS storage ring near the
insertion devices.

»  Three secondary emission monitors. These monitors, located within the gaps be-
tween undulators, are used to monitor beam position.

344 LEUTL Undulators

The LEUTL tunnel is designed to accommodate one or more undulator magnets for
testing. In amost al cases, the undulators are identical to the devicesinstalled in the
APS storage ring and described in section 3.7. Indeed, most undul ators tested in the
LEUTL will subsequently beinstalledinthestoragering. Duetothefact that the energy
of LEUTL electronsis 1/10 that of the electronsin the APS, the synchrotron radiation
photonsfrom the LEUTL will be lower by afactor of 100 or more. Small low-voltage
and low-current focusing and correcting magnets and beam diagnostics are placed be-
fore and after undulator sections. The diagnosticsindicate the position of the electron
beam and detect the visible and ultraviolet synchrotron radiation. The length of the
assembled undulator can vary from less than 2 meters to as much as 40 meters.
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3.4.5

3.4.6

35

351

LEUTL End Station

An end-station room is located in the building at the end of the LEUTL tunnel. This
buildingisoutsideof theradiation environment, all owing peoplefreeaccesswhilebeam
isintheLEUTL tunnel. Thisroom containsall the equipment necessary to characterize
the light being generated by the beam/undulator system. Optical properties of interest
are the spectrum, the intensity, the spacial profile, and the temporal characteristics. To
study these properties, equipment such as CCD imagers, streak cameras, photodiodes,
spectrometers, and various optical mirrors and lenses are used.

LEUTL Operating Envelope

The operating envelopeisidentical to that of the APS linac operating with electrons at
its maximum energy of 700-MeV and at atotal average beam power of 825 W. (This
is equivalent to an average beam current of 1.18 pA at 700 MeV.) This envelope en-
compasses the full length of the LEUTL system from the electron source and linac
through the PAR and booster bypass|ines, and through the LEUTL beam transport line
to the beam dump within the LEUTL tunnel.

APS Particle Accumulator Ring Technical Facilities Description

General Overview

The APS particle accumulator ring (PAR), located in Building 412, is a 450-MeV
electron storagering that accumul ates el ectronsfrom thelinear accel erator for injection
into the synchrotron. (Normally the linac and PAR are operated at 326 MeV for use
with the synchrotron.) Figure 3.11 showsaplan view of the PAR, which hasacircum-
ference of 30.6667 m, 1/12 that of the synchrotron. The magnetic “lattice” comprises
8 45-degree bending magnets, 16 quadrupole magnets, and 10 combined sextupole/
steering magnets. Injection and g ection are accomplished using asingle pul sed septum
magnet, along with three fast kicker magnets. Two rf systems are present in the PAR;
one a9.78-MHz first-harmonic system, the other a 117.3-MHz twelfth-harmonic sys-
tem.

Two beam transport lines are used to bring the beam to the PAR from the linac and to
takethe beam from the PAR to theinjector (booster) synchrotron. Theformer isknown
asthe LTP (linac-to-PAR) line, and is shown in Figure 3.12. The latter, known as the
PTB (PAR-to-booster) line, is shown in Figure 3.13. Together the LTP and PTB com-
prise 3 dipole magnets, 21 quadrupole magnets, and 15 steering magnets. Each of the
beamlinesis approximately 19 m long. Figure 3.14 shows how the lines are situated
relative to the PAR.
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Figure 3.11 Positron Accumulator Ring Plan View
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Figure 3.13 PAR-to-Booster (PTB) Beam Transport Line
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Figure 3.14 Location of Beamlines Relative to the PAR
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3521

Figure 3.15 shows the operating cycle of the PAR, which lasts 500 ms and is repeated
every time charge is injected to the booster and storage ring. At the beginning of the
cycle, thereis no stored beam, and only the first harmonic rf system is on. During the
next 400 ms, up to 24 electron pulses from the linac are injected viathe LTP into the
PAR at amaximum rate of 60 Hz. At 1/60 s (i.e., 17 ms) after the last bunch of the
train isinjected, the twelfth-harmonic rf systemis activated. During the remaining 83
ms of the cycle, the beam is damped by synchrotron radiation and compressed by the
twelfth-harmonic rf. At the end of the cycle, the beam is gjected into the PTB for
transport to the injector synchrotron.

Particle Accumulator Ring Components

The PAR is comprised of the following components, as shown in Figure 3.11.

PAR DC M agnets

»  Eight dipole magnets: The dipole magnets have a45-mm gap and produce afield
of 1.47 T, bending abeam of 450-MeV electrons through a45-degree angle. The
magnets are energized by asingle 420-A, 335-V DC power supply. In addition,
each dipole hasatrim winding, which isindividually powered by a+ 10-A, + 20-
V DC power supply.

e Sixteen quadrupole magnets: These magnets, organized into four families of four
magnets each, provide focusing of the electrons, with amaximum gradient of 4 T/
m. With a65-mm bore radius, the maximum pole-tip magnetic fieldis0.26 T (2.6
kG). Each of thefamiliesisenergized by aseparate 160-A, 60-V DC power supply.

»  Tensextupole/steering magnets. These magnetsare used both to produce sextupole
and dipolefields. The sextupolewindingsare configured to producethreefamilies
(two with four members, one with two members). The dipole windings are inde-
pendent between magnets, giving tenindependent steering elements per transverse
plane. The pole-tip magnetic field isunder 0.3 T (3 kG). The sextupole windings
are powered by three 5-A, 55-V power supplies. Each of the steering dipole ele-
mentsis powered by a separate + 20-A, + 20-V DC power supply.
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Figure 3.15 PAR Operating Cycle
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3522 PAR Pulsed Magnets

*  Pulsed septum magnet: This magnet is pulsed with a 1.5-kHz half sine-wave at a
60-Hz rate during injection and gjection. The maximum magnetic fieldis0.75 T
(7.5 kG). The peak current into the magnet is 14.2 kA. The maximum power
supply output voltageis 2 kV.
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3523

3524

» Threefast kicker magnets. These magnets are pulsed for injection and e ection at
a 60-Hz rate with a 200-ns FWHM waveform producing a maximum magnetic
fieldof 0.6 T (6 kG). There are separate suppliesfor each magnet, each providing
apeak current of 2.5 kA and a peak voltage of 50 kV.

PAR rf Systems

*  First-harmonic rf system: Thisisthe primary rf system, used to restore the energy
that el ectronsloseto synchrotron radiation and to perform most of thebunch length
compression. The cavity is a quarter-wavelength folded coaxial configuration.
The system operates at 9.78 MHz with maximum gap voltage of 40 kV, requiring
under 5-kW of rf power.

*  Twelfth-harmonic rf system: This secondary rf system is used to complete com-
pression of the bunch length. The cavity is a half-wavelength design with the
accelerating gap inthe center. Thesystem operatesat 117.3 MHz with amaximum
gap voltage of 30 kV, requiring under 2-kW of rf power.

PAR Diagnostics

»  Six fluorescent screens. These beam-intercepting diagnostic devices are used to
determine the spatial profile and position of the beam, principally during commis-
sioning. Pneumatic actuators are used to insert and remove the screens.

»  Two photon beam ports: These ports allow synchrotron radiation from two of the
dipole magnetsto be brought outside the PAR vacuum chamber, where thevisible
portion can be directed outside the PAR enclosure and used to produce images of
the beam profile.

*  Two beam scrapers: These beam-intercepting diagnostic devices can be inserted
into the beam path in order to measure the beam size and determine the acceptance
of thering. The motion is accomplished using stepper motors.

»  Sixteen beam position monitors: These non-intercepting diagnostics devices pro-
vide for measurement of the closed orbit of a circulating beam. Each consists of
four stripline pickup elements.

*  Twotunemeasurement striplines: These non-intercepting diagnosticsdevicespro-
vide for measurement of the horizontal, vertical, and longitudinal tunes. One of
the pair isdriven using asignal generator, while the response of the beam is mon-
itored on the other device.
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353

3531

*  Two current monitors. These non-intercepting diagnostics devices provide mea-
surement of the average beam current and the bunch current profile. They consist
of toroids of wire-wound ferrite material next to a ceramic break in the vacuum
chamber, and hence act as transformers with the beam providing one circuit.

PAR Vacuum System

*  Twelve vacuum ion pumps. These devices are used to pump-down and maintain
the pressure in the PAR. A voltage of 6 kV is used.

*  Four vacuum pressure gauges. These devices are used to monitor the pressurein
the PAR, and have 75 V applied to them.

*  Chamber bakeout system: Inorder to all ow al ower vacuum pressureto beachieved,
the PAR chamber is equipped with electrical heating tapes capable of bringing the
temperature of the chamber to 150° C.

Low Energy Transport Line Components

The LTP and PTB transport lines, collectively known as the low energy transport or
LET, are comprised of the following components, as shown in Figure 3.12 and Figure
3.13.

Included in this section are those components of the low-energy transport line used to
transport beam from the linac to the PAR and from the PAR to the synchrotron. Those
components used to bypassthe PAR and to transport beam fromthe LET tothe LEUTL
facility are described in section 3.4.2.

LET DC Magnets

»  Threedipole magnets: The dipole magnets have a40-mm gap and produce a max-
imum field of 1.2 T. The nominal bending angleisapproximately 12 degrees. The
magnets are individually energized by 350-A, 600-V DC dual level pulsed power
supplies.

»  Twenty-one quadrupole magnets: The quadrupole magnets have a bore radius of
32 mm and produce a maximum gradient of under 12 T/m, giving a maximum
pole-tip field of under 0.4 T. The magnets are individually energized by 23-A,
105-V DC power supplies.

»  Sixteen steering magnets. The steering magnets are of a window-frame design.
Each produces either a horizontal or a vertical field of under 0.2 T, providing
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35.3.2

3.5.3.3

354

steering in either the vertical or the horizontal plane, respectively. The magnets
areindividually energized by + 5-A, + 20-V DC power supplies.

LET Diagnostics

e  Six fluorescent screens. These beam-intercepting diagnostic devices are used to

determine the spatial profile and position of the beam, principally during commis-
sioning. Pneumatic actuators are used to insert and remove the screens.

»  Eighteen beam position monitors. These non-intercepting diagnostic devices pro-

vide for measurement of the trajectory of abeam. Each consists of two stripline
pickup elements, and measuresthe beam positionin either thehorizontal or vertical
plane.

*  Two current monitors. These non-intercepting diagnostics devices provide mea-
surement of the average beam current. They consist of toroids of wire-wound
ferrite material next to a ceramic break in the vacuum chamber, and hence act as
transformers with the beam providing one circuit.

LET Vacuum System

»  Eleven vacuum ion pumps. These devices are used to pump-down and maintain
the pressure in the LET. A voltage of 6 kV is used.

* Four gatevalves. Theseremotely-controlled valvesare used to isolate the vacuum
inthe LET from that in the linac, PAR, and synchrotron. They are inserted and
removed by pneumatic actuators.

PAR Operating Envelope

The operating envelopeis the range of beam energies and intensities within which the
ring will be operated. It isrelevant to the safety of operation in that beam energy and
the potential amount of beam loss per unit time determinethe total radiation produced.

Sincethe PAR and its associated transport lines neither create nor accel erate electrons,
their operating envelopeis limited by that of the linac.

More specifically, the stored current in the PAR isnot adirectly relevant parameter. It
isrelevant only insofar as the linac current is determined by the circulating current
desired at the end of each PAR cycle. Thecirculating current design performance goal
for the PAR is 60 mA at the end of each cycle, which is equivalent to 6.1 nC stored
charge. Thisrequiresan average current of 12 nA from the linac at 450 MeV, which
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3.6

3.6.1

defines the performance goal for the linac. The average beam power under these con-
ditionsis 5.4 W.

The PAR operating envel ope is defined as the maximum average beam power that will
intentionally be delivered to the PAR. It has been chosen to be 15 W, which is 75% of
the safety envelope defined in section 5.1.2. At 450 MeV, this corresponds to a maxi-
mum circulating current of 163 mA, equival ent to amaximum stored charge of 16.7 nC.

The design performance goal energy of the PAR is450 MeV. Thedipole power supply
is capable of providing current sufficient to bring the PAR to no more than 500 MeV.

APS Injector Synchrotron Technical Facilities Description

General Overview

The APS injector synchrotron, Building 415, is used to raise the el ectron beam energy
from325MeV to 7 GeV. A completecycleoccursin 500 mswiththeactual acceleration
lasting only 250 ms. Thetypical operating parameters of the synchrotron are shownin
Table 3.2.

The machine is 368 m in length. Its shape roughly resembles a racetrack with two
identical arcs 147.2 min length, two long straight sections of length 18.4 m, and four
sections of length 9.2 m which are distinguished by a“missing” dipole. The straight
sections are used for injection, extraction, and some diagnostics. They also contain the
rf cavities (see Figure 3.16).

A single cycle of the machine proceeds as follows:. The electron beam from the PAR
isinjected into the synchrotron by way of the PTB (PAR-to-booster) transfer line. On-
axisinjection isaccomplished by proper timing and amplitude adjustment of the injec-
tion pul sed septum and kicker magnets. Theprimary synchrotron magnetsareenergized
to levels proper for accepting the 325-MeV incoming beam.
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Table 3.2 Synchrotron Operating Performance Goals

Circumference 368.0 m
Revolution Time 1.228 us
Design Performance Goal Energy 7.0 GeV
Maximum Attainable Energy 1.7 GeV
Injection Energy >300MevV  MeV
Cycle Period 500 ms
Acceleration Time 250 ms
Average Beam Current 4.7 mA
Nominal Charge per Cycle 3 nC
Injected Beam Emittance 0.36 mm-mrad
Natural Emittance at 7 GeV 0.09 mm-mrad
Energy Loss/Turn at 7 GeV 6.33 MeV /turn

The bunch of electrons are captured by the rf in one of the 432 rf buckets. The magnet
fieldsareramped up linearly and, simultaneously, therf fieldsareincreased. Theenergy
of theelectronsisraised to 7 GeV. A typical ramp cycle of the dipole magnetsis shown
in Figure 3.17. When the beam has reached 7 GeV, the bunch is extracted from the
synchrotron, directed into the 65.09-m-long high energy transport (HET) line (see Fig-
ure 3.19), and then guided into the storage ring. Extraction from the synchrotron is
accomplished similarly to injection; the extraction kicker and septum magnets are
pulsed at the correct time and with the correct amplitudes to change the beam orbit in
such away that its new trgjectory placesit into the HET line.
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3.6.2 Injector Synchrotron Components
3.6.21 Synchrotron DC Magnets and Power Supplies

The primary magnetsin the machinearethedipol e, quadrupol e, and sextupol e magnets.
Each is of a conventional lamination design and is constructed in two halves thus
permitting the coils to be installed around each pole and also allowing the magnets to
be assembl ed around the vacuum chamber. Each magnet has one coil per pole made of
hollow copper conductor insulated with fiberglass which is vacuum impregnated with
epoxy resin. The magnets are water cooled.

Synchrotron Magnet Descriptions

There are 297 magnets in the synchrotron. Of these, 68 dipole magnets are used
to bend the beam through 360°. Eighty quadrupole magnets providethe horizontal
and vertical focusing required to keep the beam in the vacuum chamber. The 64
sextupole magnets compensate for the chromatic effects of the quadrupole mag-
nets. There are 40 horizontal and 40 vertical corrector magnets. These are used
to correct orbit errors caused primarily by variations in the strength of the dipole
magnets and by errorsin the survey of the quadrupole magnets. The five pulsed
magnets are used to inject and extract the el ectrons from the synchrotron.

Solid copper conductor is used for the magnet coils in the 40 horizontal and 40
vertical corrector magnets. Cooling isprovided by awater-cooled platewhich runs
through the coil.

The parametersfor theinjector synchrotron magnetsarelistedin Table 3.3. All the
magnets are optimized for operation at 7 GeV and are capable of 7.7-GeV opera
tion.

The magnets are supported on stands made of box beams. Except for the dipole

magnet, each magnet rests on ariser which allows complete adjustment to align
the magnet to the desired position.
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Figure 3.17 Injector Synchrotron Dipole Ramp Cycle

A

T

The injector synchrotron dipoles are rigid, welded structures with sufficient stiffness
to be supported directly on 2-ton jacks with both vertical and horizontal adjustment
capabilities. The jacks are mounted on magnet stands. Dipol es bridge the gap between
two adjacent stands. The quadrupole, sextupole, and corrector magnets are mounted
onto individual supports which in turn are mounted onto a magnet stand. A standard
cell isshown in Figure 3.18.

*  Synchrotron Magnet Power Supplies

Various power supplies are used to energize the ramping synchrotron magnets. Two
identical suppliesareused for the chain of 68 dipole magnets. Theseareruninamaster/
slave mode and feed from two points located 180° apart. There are also two identical
guadrupol e power supplies. Each supply provides current for 40 quadrupoles and both
operate independently. The sextupole power supplies are arranged similar to the qua-
drupole supplies; each controls 32 sextupoles and both run independently of one an-
other. Each of the 80 corrector magnets has its own independent supply. Independent
arbitrary function generators (AFGs) are used to control al magnet power supplies.
The AFG FIFO memories are loaded so that each family of magnets has the desired
fields during the course of the ramp. Table 3.4 lists the characteristics of the supplies.
All supplies are located outside the synchrotron tunnel.
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Table 3.3 Injector Synchrotron Magnet Parameters at 7-GeV Operation

Dipole  Quadrupole Sextupole H Corrector V Corrector
Number Required | 68 80 64 40 40
Strengthat 7GeV | 0.701T 16,6 T/m 248 T/m? 0.12T 0.14T
Effective Length 3.077 0.5 0.1 0.12 0.15 m
Gap Height or 40 56.56 70.0 40 70 mm
Diameter
Supply Current
max 1044 659 155 20 10 A
min 61 38 9.1 -- -- A
rms 548 357 84 19 15 A
Voltage Drop/ 49 14.2 4.2 +26 +36 \%
magnet
Power Losy/ 54 23 0.2 0.5 0.5 kw
magnet
Total Water Flow | 7.2 4.9 0.8 0.8 0.8 L /min
Water Temp. Rise | 13 7 5 10 10 °C
Stored Energy 302 kJ 12.59 kJ 202J 1453 25.6J
per family per family per family  per magnet per magnet

3-60



APS Safety Assessment Document Chapter 3

July 2006 3.6 APS Injector Synchrotron Technical Facilities Description

Figure 3.18 Injector Synchrotron Standard Cell
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Table 3.4 Injector Synchrotron Magnet Power Supply Parameters
AN o
Ref.
Number  lpnax  Vmax  Pmax  Prateg Repro-  Current Tracking Resol.
M agnet of Units  (A) (V) (kw) (kw) ducibility Ripple Error (bits)
Dipoles 2 1044 +1822 1902 700 +1x10% +2x10% +5x10% 15
-1055
Quadrupoles 2 659 +681 449 223  +1x10% +2x10% +5x10% 15
-54
Sextupoles 2 155 +144 23 11 +2x10% +3x10% +5x10% 14
H Corr. Mag. 40 +20 +29 055 +05
+1x10°%  +1x10° +4x10° 12
V Corr. Mag. 40 +20 +40 050 05

3.6.2.2 Synchrotron Pulsed Magnets and Power Supplies

Synchrotron Pulsed Magnets

Of the five pulsed magnetsin the machine, two are used for injection and three for
extraction. For injection, one septum magnet and one kicker magnet are used; for
extraction, one kicker and two septum magnets are used.

Thekicker magnetsare of similar design, the primary differenceisthelengthsand
the required field. The injection kicker is 25 cm long while the extraction kicker
iIs80 cm. Thepeak fieldsdesired are 0.023 T (230 G) and 0.061 T (610 G), respec-
tively. They are single-turn (two half turns of copper plate) ferrite core magnets
with a picture-frame design. The kickers are enclosed in grounded conducting
boxesin order to eliminate any possible disruption to nearby sensitive electronics
when the kicker is pulsed. Table 3.5 lists the properties of these magnets.

There are two distinctly different septum magnet designs used. The injection and
thefirst extraction septum magnetsare thin transformer-type magnetswith asingle
secondary and asingle-turn, hollow conductor, water-cooled primary winding. The
thickness of the septum wall is 2 mm. These magnets are typically referred to as
the thin septum magnets. The second extraction septum is of amore conventional
direct-drive design. The actual septum wall of this magnet is 30 mm thick. It is
usually referred to as the thick septum magnet. Table 3.6 lists the properties of
these three magnets.
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Table 3.5 Kicker Magnet and Supply Parameters

Injection Kicker  Extraction Kicker

Rise Time 500 500 ns
Flat Top 29 29 ns
Fall Time 500 500 ns
Peak Voltage 2.9 19.0 kV
Peak Current 980 1970 A
Peak Field 0.031 0.062 T
Magnet Dimensions

Gap Height 40 40 mm

Gap Width 57.5 57.5 mm

Effective Length 250 800 mm

Synchrotron Pulsed Magnet Power Supplies:

Each pulsed magnet hasits own independent supply. These are located very close
to the magnet itself but are outside the tunnel enclosure.

The short current pulsefor the kickersis generated using a pul se forming network
(PFN). Thisischarged up to the desired voltage and discharged through the magnet
coils into terminating loads when the thyratron switch istriggered. Six parallel
cables from the PFN, connected to a terminating load, make up the load.

For the pulsed transformer septum magnets, the primary pulseis provided by a
capacitor discharge power supply. These supplies produce a pulse that is approx-
imately half-sine-waveinthe case of thethin septum and full-sine-wavein the case
of the thick septum. Relevant specifications for these supplies are shown in Table
3.6.
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Table 3.6 Septum Magnet and Supply Parameters
Inj. Thin Ext. Thin Ext. Thick
Min. Septum Thickness 2 2 30 mm
Peak Field 0.49 0.73 0.979 T
Effective Length 850 1050 1750 mm
Gap Height 30 20 30 mm
Gap Width 40 34 40 mm
Number of Turns 1 1 36
Total Inductance 0.002 0.003 551 mH
Peak Supply Current 11.816 11.740 0.656 KA
Peak Supply Voltage 185 299 1258 \%
Pulse Frequency 1500 (1/2 1500 (1/2 50 (full Hz
sinewave) sinewave) sinewave)
Pulse Repetition Rate 2 2 2 Hz
Peak Power 30 62 80 kW
Average Power 0.020 0.042 0.797 kW
3.6.2.3 Synchrotron rf System

Four 5-cdll rf cavities provide the accel erating voltage and longitudinal focusing to the
beam. They also replenish the energy lost due to synchrotron radiation. These cavities
are tuned to 351.929 MHz, the 432" harmonic of the revolution frequency, and are
essentially copiesof theLEP/PEP5-cell A/2 resonant cavity. Thefour cavitiesaredriven
by asingle 1-MW klystron identical to those used for the storage ring. Power istrans-
mitted through waveguides from the klystron in the rf building to the rf cavitiesin the
synchrotron tunnel. Injection isinto a stationary bucket with a peak rf voltage of 400
kV (100 kV per cavity). The rf voltage isincreased during the energy ramp cycleto
match the increasing synchrotron radiation losses. At 7 GeV extraction, the rf voltage
i1$9.4 MV, and the synchrotron radiation loss is 6.38 MeV per turn. The energy gain
per turn, over most of the cycle, is negligible compared to the synchrotron radiation
losses. Table 3.7 lists the machine and beam properties relevant to the rf system.
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Two waveguide switches are provided to allow one of the storage ring klystron systems
to be used in place of the synchrotron klystron system. A redundant pair of waveguide
shuttersareusedtoisol atethestoragering klystron systemfromthesynchrotron cavities
when the synchrotron’s klystron isnot in use. These shutters are monitored both by a
dedicated control system and by the two interlock chains of the access control interlock
system (ACIYS) that provide personnel safety related to the tunnel enclosures.

Table 3.7 Therf System Parameters

rf Parameters
Frequency, f
Harmonic Number

Voltage, V, at 7 GeV

Synchrotron Frequency, f, at 7 GeV

Machine Parameters
Circumference
Revolution Time
Injection Energy
Nominal Energy
Maximum Energy
Repetition Time
Acceleration Time
Energy Loss Per Turn at 7 GeV
Average Beam Current

Energy Gain per Turn

351.930

432

9.5

21.1

368.0
1.228
0.45
7.0
1.7
0.5
0.25
6.38
4.7

32.0

MHz

MV

kHz

us
GeV

GeV

GeV

S

s
MeV/turn
mA

keV
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3.6.24

Synchrotron Diagnostics

Beam diagnostics systems are located about the entire ring. These are used to monitor
thebeam at all times. Thetypesand quantitiesof thediagnosticinstrumentationislisted
in Table 3.8. The location of the diagnosticsis noted in Figure 3.16.

Table 3.8 Injector Synchrotron Beam Diagnostic Systems

Quantity Component
1 Current monitor 10 mA (max image)
80 Beam position monitors (+ 0.1 mm accuracy on
closed orbit)
2 Striplines for the tune measurement system
5 Fluorescent screen monitors for injection
3 Window-frame scrapers. 2 horizontal, 1 vertical
3 Synchrotron light ports for 1 photon beam monitor station

*  Beam Position Monitor: Beam position in the synchrotron is measured using the
80 beam position monitors (BPMs) located around the machine. Each BPM con-
sists of four button-type electrodes extending into the vacuum system. Silicon
dioxide cables connect these electrodes to the processing electronics. The elec-
trodes and electronics are similar to those found in the storage ring. The monitors
can measure beam position to an accuracy of better than 0.1 mm, with atotal
circulating current in the synchrotron of 5 mA.

e Scrapers. Threesetsof movable beam intercepting scrapersare provided to define
the horizontal and vertical machine aperture. One of the horizontal scrapersisalso
used to define alocalized controlled beam dump point in the arc. Stepper motor
controlled drivers are used to accurately position the scraper. An LVDT isused to
measuretheactual position of the scrapersdown to better than 10 um. Limit switch-
es areinstalled on the scraper to protect the device from exceeding travel limits.

*  Current Monitor: A single DC parametric current transformer (DCCT) isused for
measurement of the circulating beam current. Thissystemis similar to that found
in the storage ring except for alower current detection requirement.

o Stripline: Striplinesareused to measurethetunesof thebeam. Two setsof striplines
areinstalled in the synchrotron. One set is used for very sensitive beam position
detection. The other stripline is used to drive the beam over a broad range of
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3.6.25

frequencies. A small rf amplifier (21 W) is used to generate the power needed to
excite the beam using the striplines. This tune measurement system is similar to
that used for the PAR and storage ring.

*  Fluorescent Screens: A total of five pneumatically actuated fluorescent screen
monitors are used for initial injection steering and tune-up of injection perfor-
mance. These beam intercepting monitors are similar to those found around the
rest of the facility.

»  Synchrotron Light Monitor: Three special vacuum chambers are located in the
northeast (quadrant 3) area of the machine. These allow the synchrotron radiation,
whichisgenerated in abending magnet, to travel out of the vacuum chamber. The
visible to UV portion of thislight isthen guided by mirrors through two holesin
the synchrotron tunnel ceiling and on to an optical station outside the synchrotron
tunnel and inside the rf/extraction building. Thislight isused to directly view and
characterize the beam in a noninvasive manne.

Synchrotron Vacuum System

The beam circulates within avacuum chamber which extends around the entire length
of the machine. The normal vacuum chamber is constructed from 1-mm-thick 316L
stainless steel tubes formed to an elliptical cross-section with horizontal and vertical
inner dimensions of 6 and 3.7 cm, respectively. This resultsin athin metallic chamber
without corrugations, which is smooth inside, allows maximum beam space in the
magnets, and withstands atmospheric pressure.

Special ceramic chambers are used in the region of the kicker magnets. Thisisdoneto
prevent the normal vacuum chamber from shielding, by eddy currents, the rapidly
changing magnetic fields of these magnets. These ceramics are =5-mm-thick vacuum
chambers with interior cross sections similar to the standard vacuum chamber. The
insides of these chambers are coated with a partially conductive coating to reduce the
impedance seen by the beam and to prevent static charge buildup on the ceramics.

To pump down from atmospheric pressure, portable oil-free mechanical pumps evac-
uate the vacuum system to ~6.7 kPa (~50 Torr) after which sorption pumps reduce the
pressure to the turbomolecular pump starting pressure. Mobile turbomolecular pumps
are then used to reduce the pressure to the ion pump starting pressure. lon pumps are
used as the primary pumping source to maintain an average pressure of 1.33 pPa (10
nTorr). These are spaced by ~4.6 m. The ion pumps require 6-kV power supplies for
operation and are equipped with heaters for back-out.

Sinceion pumps are uniformly distributed around the machine, monitoring their cur-

rents provides adequate pressure measurement. As a supplemental measurement of the
vacuum quality, ionization gauges are al so distributed uniformly around thering. Pneu-
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matically actuated ring isolation gate valves periodically spaced along the vacuum
chamber eliminate the need for venting the entire ring to the atmosphere should repair
in any one quadrant or rf station be necessary. Small isolation valves within each
guadrant permit the mounting of gas analyzers or other monitoring equipment.

3.6.3 High Energy Transport Line Components

3.6.3.1 HET Magnets

There are 28 magnets in the HET line. The breakdown of specific typesis asfollows
(see Figure 3.19):

*  Four dipole magnets plus one extraare located along the line. Thefour are used to
bend the beam into the direction of the storage ring. The extra magnet is used to
bend the beam out of the primary HET line and into an auxiliary line leading to a
beam dump up against the synchrotron tunnel wall.

»  Twelve quadrupoles are used to focus the beam and match the machine functions
between the synchrotron and storage ring.

»  Eleven corrector magnets, identical indesign to the synchrotron vertical correctors.

The dipole and quadrupole magnets are of conventional design. Both are constructed
astwo half cores thus permitting the coilsto be simply installed around each pole and
also allowing the magnets to be assembled around the vacuum chamber. Each magnet
has one coail per pole made of hollow copper conductor insul ated with fiberglasswhich
is vacuum impregnated with epoxy resin. They are water cooled. These magnets were
designed to operate in a DC mode; however, the extra dipole magnet may be ramped
up and down morefrequently in order tofacilitate tune-up of theinjection chainwithout
the need to inject the beam into the storage ring. The parameters and power supply
requirements of these magnets are listed in Table 3.9.

3-68



APS Safety Assessment Document

3.6 APS Injector Synchrotron Technical Facilities Description

July 2006

Chapter 3

HIGH ENERGY TRANSFER

Figure 3.19 Layout of the HET Line

z
e
£
g
&
a
@

,,\‘
is04)
7/

3
Y

7N
{169)

3-69




APS Safety Assessment Document

Chapter 3

July 2006 3.6 APS Injector Synchrotron Technical Facilities Description

Table 3.9 HET Line Magnet Parameters

Dipole Quadrupole H Corrector V Corrector
Number Required 5 12
Strength at 7 GeV 0.899T 17.73T/m 014T
Effective Length 2.0 0.6 0.15 m
Gap Height or Diameter 33.34 33.34 mm
Supply Current Max 450 65 +15 A
Peak Voltage 20 30 + 26 \%
Power 9.0 1.95 kW

3.6.3.2 HET Diagnostics

Beam diagnosticssystemsarelocated all alongthe HET line. Theseare used to monitor
the beam at all times. The types and quantities of the diagnostic instrumentation are

listed in Table 3.10.

Beam Position Monitor: Beam position in the HET line is measured using 15
single-plane stripline beam position monitors (BPMs) located along theline. Eight
of thesearededicated to horizontal measurement and seventovertical. TheseBPMs
and their associated el ectronicsareidentical to thosefoundinthe PTB transfer line
and have similar accuracy and resolution.

Scrapers. Two sets of movable beam scrapers are provided to define the vertical
aperture seen by the beam. They are used to define loss points of the outlying
particlesbeforeinjectioninto the storagering. Each set of scrapersisindependently
controllable top and bottom. Stepper-motor-controlled drivers are used to accu-
rately position the scrapers. An LVDT isused to measure the actual position of the
scrapers down to better than 10 um. Limit switches are installed on the scraper to
protect the device from exceeding travel limits.

Current Monitor: A single DC current transformer (DCCT) is used for measure-
ment of the transferred beam current. This system is similar to that found in the
PTB line.

Fluorescent Screens: A total of six pneumatically actuated fluorescent screen mon-
itorsisused for initial steering and tune-up of synchrotron extraction and storage
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ring injection. These beam intercepting monitorsare similar to those found around
the rest of the facility.

Table 3.10 HET Line Beam Diagnostics Systems

Quantity Component

1 Current monitor
8H x 7V Beam position monitors: Single plane, stripline type
7 Fluorescent screen monitors for extraction/injection tune up

4 Independent jaw scrapers: 2 x vertical top and bottom

3.6.3.3

HET Vacuum System

The HET line vacuum chamber is made up primarily of 5.1-cm (2-in) O.D. 316L stain-
lesssteel pipeidentical tothat used inthe PTB line. Within magnets, vacuum chambers
of slightly smaller apertures are used. In the quadrupol es this consists of 4.9-cm (1-15/
16-in) O.D. SSpipe, and in the dipoles atube with 3.3-cm (1-5/16-in) vertical and 5.1-
cm (2-in) horizontal clearance is used.

To pump down from atmospheric pressure, portabl e oil-free mechanica pumpsareused
to evacuatethe vacuum system down to ~6.7 kPa(~50 Torr) after which sorption pumps
reduce the pressure to the turbomol ecular pump starting pressure. Mobile turbomol ec-
ular pumps are then used to reduce the pressure to the ion pump starting pressure. lon
pumps are used as the primary pumping source to maintain an average pressure of
1.33 pPa (10 nTorr). Theion pumps require 6 kV for operation and are equipped with
heaters for bake-out.

Since ion pumps are approximately uniformly distributed along the line, monitoring
their currents provides adequate pressure measurement. As a supplemental measure-
ment of the vacuum quality, ionization gauges are al so distributed uniformly along the
line. Pneumatically actuated isolation gate valves are installed at each end in order to
facilitate repair and maintenance without contamination of the synchrotron or storage
ring vacuum. Small isolation valves within each section permit the mounting of gas
analyzers or other monitoring equipment.
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3.6.4 Synchrotron Operating Envelope
The operating envelope for the synchrotron is 154 W at an energy of 7.7 GeV. This
allows operations above the design performance goal of 84 W at 7 GeV without addi-
tional internal review, and is afactor of two below the safety envelope.

3.7 APS Storage Ring Technical Facilities Description

3.7.1 General Overview

The APS storage ring (SR) accelerator technical components can be broken down into
eight major subsystems: magnets, power supplies, vacuum, radio frequency systems
(rf), diagnostics, controls, insertion devices, and front ends. The accelerator itself is
constructed from 40 sectors, each including five girders upon which magnets and vac-
uum chambers are supported, and terminated by long straight sections (approx. 5
meters). Thirty-five of these straight sectionsare configured for undulators or wigglers
(insertion devices), which produce the high brightness x-ray beams. Additionally, 35
of the 80 dipole magnets are configured for extraction of synchrotron radiation. The
ring circumference is 1104 meters.

Four rf stations are located along the ring circumference, each of which is composed
of four rf cavitieslocated in the long straight sections. Diagnostics are located period-
ically, most notably at 360 beam position monitor stations (nine per sector) mounted
on the vacuum chambers. An additional straight section isreserved for injection hard-
ware including pulsed magnets and special vacuum chambers. Inside the accelerator,
but radially outboard of the accelerator proper are the x-ray front ends. These provide
aperturing and shuttering of the high intensity x-rays and bremsstrahlung prior to their
exit out onto the experiment hall floor.

Theaccelerator islocated withinaconcrete shiel ded enclosure. Power supplies, vacuum
diagnostics, beam diagnostics el ectronics, controlshardware, insertion deviceand front
end controls, in addition to other instrumentation, are positioned outside, on top of the
tunnel in electronics racks. Electrical connections to the accelerator are facilitated by
S-shaped conduit penetrations through the enclosure roof, which prevent line of sight
to the accelerator. The rf high power systems located in the rf/extraction building are
connected to the cavitiesinside the tunnel with waveguides through specially shielded
straight vertical penetrationsin the tunnel roof. Shown in Figure 3.20 is the sector
layout of typical storage ring in-tunnel components, including the girder/magnet/vac-
uum chamber assemblies and front-end components. Although no insertion devices
are shown, the source points for both insertion device and bending magnet radiation
areindicated. Alsoshownisthe configuration of thetunnel shield wall and experiment
hall floor outside of the tunnel. Parameters of interest for the storagering are givenin
Table 3.11.
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Figure 3.20 Sector Layout of Storage Ring In-Tunnel Components
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Table 3.11 Nomina Storage Ring Accelerator Operating Parameters

Nominal Energy 7.0 GeV
Operating Current 100 mA
Filling Time (to 100 mA) <2 min
Max. Bunch Current 8 mA
Ring Circumference 1104 m
Revolution Period 3.683 us
Bending Radius 38.96 m
Mean Radius 175.1 m
Number of Sectors 40

Effective Emittance 31 nm-rad

Beam Size at Insertion

Straight Symmetry Point
Horizontal 275 Hm rms
Vertical (10% coupling) 12 pumrms
Natural Bunch Length 53 mm rms
Average Ring Vacuum <1 nTorr
(@100 mA)
Beam Lifetime 24 hours
Momentum Compaction 277 x 1074
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3.7.2

3.7.21

3.7.2.2

The source of electronsisthe APS injector system, namely the linac, particle accumu-
lator ring (PAR), low energy transport lines, injector synchrotron, and high energy
transport line. These systems supply a design performance goal of 6 nC of 7-GeV
electrons in a sub-nanosecond pulse at arepetition rate of 2 Hz to the storage ring.
These pulses are injected into various storage ring rf buckets, forming different bunch
patterns around the circumference. During normal operations, as much as 18.5 nC of
chargeis stored in asingle bunch, with approximately 20 bunchesfilled, for atotal of
370 nC, equivalent to 100 mA of stored beam current. This beam charge is stored with
abeam lifetimetypically designed to exceed 10 hours, and is periodically replenished
from the injector.

Storage Ring Components

Storage Ring DC M agnets and Power Supplies

Each of the 40 sectors of the storage ring contains ten quadrupol e magnets, seven
sextupole magnets, two dipole magnets, and up to eight combined function horizontal/
vertical correction dipole magnets. All magnets except for the dipoles are powered
individually by DC-to-DC converters (“choppers’), which in turn are powered by two
raw DC power supplies per sector. The dipole magnet main windings are all powered
in series by a single power supply. Each dipole also has atrim winding with its own
chopper supply. The coilsfor al of the above magnets are water cooled, with thermal
sensorsinterlocked to the appropriate power supply. Oneother dipole magnetislocated
in the dipole power supply room and is powered in serieswith al of the ring dipoles.
Thismagnet hasafield probeinstalled and isused to calibrate thering energy. Twenty
small skew quadrupole magnets with chopper supplies are distributed around the ring
for correction of beam vertical/horizontal coupling. Thesesmall magnetsdo not require
water cooling. ShowninTable3.12 aretypical parametersfor storagering DC magnets
and power supplies.

Storage Ring Pulsed M agnets and Power Supplies

Injection into the storage ring requires the use of atotal of six pulsed magnets: two
septum magnets (thick and thin) and four bumpers. Each septum magnet is designed
to momentarily subject the beam extracted from the synchrotron to avertical magnetic
field while leaving the nearby stored beam unaffected. At the point of injection, the
two beams are separated by athin metal partition (the thin septum) carrying alarge
pulsed current, which producesalargemagneticfield ononeside only. Thethinseptum
carries apeak current of 3854 A with a pulse width of 333 ms and a voltage of 2 kV,
whilethethick septumvaluesare 720 A, 10 ms, and 1.4 kV, respectively. Theinjection
thin and thick septa are very similar in design to those used for injector synchrotron
extraction.

3-75



APS Safety Assessment Document Chapter 3

July 2006 3.7 APS Storage Ring Technical Facilities Description

Table 3.12 Storage Ring Magnet and Power Supply Parameters
for 7.0-GeV Operation

Typical Max.
Typical Stored Total Voltage  Max.

Number Number Magnet Typical Energy/ Stored Drop/ Total
M agnet of Power of Currentl Magnet Magnet Energy Magnet Power
Circuit Supplies Magnets (Amps) Strength (kJ) (kJ) V) (kW)
Main 1 80+1 454 0599 T 53 426 20.5 826
Dipole
Dipole 80 80 +54 14.0 60
Trim
05m 240 240 392 189 T/m 13 158 15.0 1661
Quadrupoles
0.6m 80 80 370 18.2T/m 14 110 18.0 646
Quadrupoles
0.8m 80 80 307 149 T/m 13 102 22.0 812
Quadrupoles
Sextupoles 280 280 147 386.2T/m 0.3 52 25.0 1400
H/V Corr. 318 (H) 318 +140 +£0.146T 20.0 890
Dipoles 318 (V) +136 +£0.168T 35.0 1526
Skew 20 20 +7.7 3.0T/m 24 3.8
Quadrupoles

During the injection process, the beam already circulating in the storage ring must be
quickly moved near the thin septum for a single turn to minimize the amplitude of the
injected beam betatron oscillation. The oscillation amplitude is proportional to the
distance between the stored and injected beams at the point of injection. To accomplish
this beam motion, four specially designed fast bumper magnets are used. They are
much faster than the septa, with a pulse width of 5 ms. Although the bumpers may
require currents as large as 4000 A and have voltages ashigh as 15 kV, they have less
stored energy than the septa due to their required speed. All of the pulsed magnets
operate at the same repetition rate as the injector, namely 2 Hz nominal.
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3.7.2.3

Storage Ring rf Systems

For stored beam operation in the storage ring, decreases in beam energy resulting from
the emission of synchrotron radiation are compensated by rf cavity fields. A total of
four setsof four cavitiesareinstalledintheringin Sectors 36, 37, 38, and 40. Associated
with the four sets of cavities are four klystron/modulator high power systems capable
of generating 1 MW of rf power. These systemsarelocated in Building 420 (rf/extrac-
tion) together with theinjector synchrotron klystron and modulator system. Thetrans-
mission of rf power from the klystrons to the cavities is accomplished using rf
waveguideswhich penetratethe storagering tunnel roof, with onewaveguide per cavity.
Parameters of the storagering rf system aregiven in Table 3.13, and Figure 3.21 shows
the layout of the rf power system and waveguides.

Three motorized waveguide switches and a group of motorized phase shifters are pro-
vided to alow flexible application of rf power from the klystron systemsto the storage
ring cavities. The four groups of cavities are organized into two groups of eight and
one or the other of two klystrons can be connected to these 8-cavity groups. Addition-
ally, the two associated klystron systems can be combined to allow them to jointly
power an 8-cavity group.

Two of the waveguide switches allow one of the storage ring klystron systemsto be
used in place of the synchrotron klystron system to power the synchrotron cavities.
One waveguide switch can be used to switch one of the storage ring klystron systems
into a cavity test stand.

Figure 3.22 is aschematic drawing showing the logical relationship of these rf compo-
nents and their approximate physical locations with respect to Figure 3.21.

All waveguide switches and motorized phase shifters are monitored by a dedicated
control system. The access control interlock system (ACIS), which provides personnel
safety for the accel erator tunnelsand therf test stand, monitorsdual waveguide shutters
used for isolation of the rf test stand and the interconnection between the storage ring
and synchrotron rf waveguide systems.
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Table 3.13 Parameters of the Storage Ring rf System

Harmonic Number 1296 = 24x 34

rf Frequency 351.93 MHz

Peak Voltage per Turn 9.50 MV

Synchrotron Radiation Loss per Turn 5.45 MV
(no insertion devices)

Loss per Turn for One Undulator A 38.0 kV

Loss per Turn for One Wiggler A 213.0 kV

Number of Cavities 16

Max. Voltage/Cavity 1.0 MV

Typical Voltage/Cavity 594 kV

Number of rf Power Sources 4

Max. Power/rf Power Source 1.0 MW
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Figure 3.21 Storage Ring rf Power System and Waveguide Layout
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3.7.24

Stor age Ring Diagnostics

Storage ring beam diagnostics supply the control system with theinformation required
to provide the necessary beam stability, emittance, and intensity for the x-ray users.
The types and quantities are listed in Table 3.14.

Examples of locations for beam position monitors and fluorescent screensin Sector 40
and Sector 1 are given in Figure 3.23.

Table 3.14 Storage Ring Beam Diagnostic Systems

Quantity Component
1 Average current monitor
1 Integrating current monitor
2 Top-up current monitors
360 Beam position monitors (+ 0.01-mm accuracy on
closed orbit)
5 Striplines for tune measurement and damping
10 Fluorescent screen monitors for injection
5 Scrapers: 3 horizontal, 2 vertical
2 Synchrotron radiation beamlines: one bending magnet;
one diagnostics undul ator

*  Beam Position Monitor: Beam position in the storage ring is measured using the
360 beam position monitors (BPMs) located around the machine. Each BPM con-
sists of four button-type electrodes extending into the vacuum system. Silicon
dioxide cables connect these electrodes to the processing electronics. The elec-
trodes and electronics are identical with those found in the injector synchrotron.
The monitors can measure beam position to a precision of better than 0.01 mm,
with atotal circulating current in the storage ring of 5mA in asingle bunch at 100
Hz bandwidth. Thisinformationisused for both DC and AC closed orbit feedback.
Thefeedback system reducestheeffectsof equipment vibration and €l ectrical noise
on the beam position.

3-81



28-€

I> S40IK3

S40AFL

Septum S40AP1
AP2

Dipole

ipole

O

o

AP3 AP4 BP5 BP4

Sector 40

BP3

S40BFL

BP2

BP1

S401K4

S1AFL

[]]

Dipole

©) ©)

i (LD ipole

O

Sector 1

Legend: ’>

S40IK3

Fluorescent
Screen

Beam Position
Monitor

Injection Kicker

uolfiey uonoslu|ayy ul Bury abelols SdV aul Jo sonsoufelq weag £2°¢ ainbi4

900z AInc

uonduosaq sanijioe [eaiuysa] bury abeiols Sdv '€

Juswind0 JUsWSSIaSSYy I(IGJBS SdVv

e Jaydeyd



APS Safety Assessment Document Chapter 3

July 2006

3.7 APS Storage Ring Technical Facilities Description

Scrapers: Five setsof movable, beam-intercepting scrapersare provided to define
the horizontal and vertical machine aperture. Two of the horizontal scrapers are
also used to define localized controlled beam dump pointsin the arc. Stepper-
motor-controlled drivers are used to accurately position the scraper. AnLVDT is
used to measuretheactual position of the scrapersdown to better than 10 um. Limit
switches are installed on the scraper to protect the device from exceeding travel
limits.

Current Monitor: A single DC parametric current transformer (DCCT) isused to
measurethe average circulating beam current. Two simplerf current monitorsare
also installed in the ring. They are designed to detect the presence or absence of
circulating beam, rather than for use in a precise measurement of current. The rf
current monitors are connected to the storage ring Access Control and Interlock
System (ACIS). They must both indicate the presence of stored beam before top-
up injection can begin. Additionally, an integrating current transformer (ICT) is
used for single-bunch measurements.

Stripline: Stripline pickups and kickers are used to measure the tunes of the beam
and to damp fast beam instabilities. For tune measurement, one stripline is used
for very sensitive beam position detection whilethe other isused to drivethe beam.
This tune measurement system is similar to that used for the PAR and injector
synchrotron. A total of five striplines are installed for commissioning.

Fluorescent Screens: A total of ten pneumatically actuated fluorescent screen mon-
itors are used for initial injection steering, beam size measurements, and tune-up
of injection performance. These beam-intercepting monitors are similar to those
found around the rest of the facility. A video camera sensesthe 2-D information,
and the video is sent to the control room.

Synchrotron Radiation Monitors. The scope of this document includes transport
of synchrotron radiation x-raysinto theexperiment hall floor inthebeam diagnostic
beamlines. Two beamlines, comprised of the bending magnet line 35-BM and the
insertion device line 35-1D, both located in Sector 35, are used for the purpose of
characterizing the stored electron beam. The bending magnet line makes use of
both ultraviolet and x-ray wavelength radiation, whiletheinsertion devicelineuses
only x-rays. Thehazardsassociated with thecommissioning and operation of other
beamlines are fully treated in Chapter 4.
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Shownin Figure 3.24 isthefloor plan for the 35-BM and 35-1D diagnostics beamlines.
The front end of the ID lineisidentical to the design which is described section 3.9.
TheBM front endisdesigned to meet therequirementsof the photon diagnosticsoptics.
The components of the BM front end are:

1. All-metal ring isolation valve
Bremsstrahlung shield
Fixed mask 1

2.

3

4. Photon shutter 1
5. All-metal dow valve
6

MO mirror
7. Fixed mask 2
8. X-ray pinhole
9. All-metal fast valve
10. Photon shutter 2
11. Integral safety shutter/collimator
12. Ratchet wall penetration

13. Window

The operational philosophy of the BM front end isthe same asthe ID front end. The
power and power density that are handled by various componentsin the BM front end
are significantly smaller.

Thebending magnet lineincludesthreex-ray experimental stations(35-BM-A, -C, and
-D) inadditiontothe UV experimental station 35-BM-B. Ultravioletlightistransported
out of the accelerator enclosure via ashielded penetration and a system of mirrors and
pipes, arriving in 35-BM-B without line of sight to the accelerator. While no x-ray
measurementsareperformedin 35-BM-B, thewell-collimated hard photon beam (white
x-rays and bremsstrahlung) will pass through, confined within an evacuated, shielded
pipe. Theray-tracing analysis (Figure 3.25) shows how bremsstrahlung photons are
vertically collimated and confined within the transport pipe, finaly arriving at a
bremsstrahlung stop. The shielding and collimators have been similarly designed to
confinebremsstrahlung radiation horizontally sothat it cannot strike the beampipeinner
wall. Theinsertion device line 35-I1D includestwo x-ray stations, 35-1D-A and 35-1D-
B, with an x-ray transport pipe connecting them, and a bremsstrahlung beam stop at
the end of the beamline.
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Oom

3.7.25

Figure 3.25 Diagnostics Sector BM Beamline Bremsstrahlung
Ray-Tracing Analysis (elevation view). The heavy lines
indicate lead shielding.

35-BM-A 35-BM-B 35-BM-C 35-BM-D

25.4 mm /

lead-shielded
transport pipe

Bremsstrahlung
stop

25 cm lead
collimator

7.9m 15m 21m 26.5m 32m 41m 46m 65m  70m

The x-ray experimental stations on 35-I1D are shielded using 25 mm (1 in) of lead on
thesidewalls, at least 50 mm (2 in) ontheback wall, and 12.7 mm (0.5 in) for theroof.

The x-ray experimental stations on 35-BM are shielded using 12.7 mm (0.5in) on the
sidewalls, at least 50 mm (2 in) on the back wall, and 9.5 mm (0.375 in) for the roof.

Storage Ring Vacuum Systems

The storage ring vacuum system consists of the 200 vacuum chambers mounted on
girders together with 35 stand-alone chambers located at insertion device straight sec-
tions, and various special chambers such as those required for injection. To maintain
theultra-high vacuumsneeded toyield good beam lifetime, alarge number of ion pumps
areused together with both distributed and lumped nonevaporabl egetter (NEG) pumps.
A total of 80 gate valves allows maintenance on individual sectors or insertion device
straight sections to take place with minimal effect on nearby vacuum components.
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3.7.3

3.8

381

Vacuum ion gauges, residual gas analyzers, and the ion pumps themselves are used to
monitor vacuum quality. The gate valves, which are actuated with compressed air, are
interlocked to close if the nearby vacuum degrades beyond a preset threshold.

The vacuum chambers must be baked periodically at 150° C after maintenance to
accel erateoutgassing and providean adequately |ow base pressureat room temperature.
Thisis accomplished by use of a high temperature water circulation system with a
pump/heater station installed in every other sector.

Storage Ring Oper ating Envelope

The operating envelope for the storage ring in injection mode is the same as that for
the synchrotron: 154 W at an energy of 7.7 GeV. Thispower isafactor of 2 below the
safety envelope. In stored beam mode, the operating envelopeis stated in terms of the
total stored energy in the beam, equal to the product of beam energy and charge. The
operating envelope correspondsto a 7-GeV beam with 300 mA of current, equivalent
to 7733 J of stored beam energy.

APS Insertion Device Technical Facilities Description

I ntroduction

The Advanced Photon Source (APS) isanew generation synchrotron radiation source
that providesalarge number of insertion device (1D) radiation sources and high quality
bending magnet (BM) radiation sources. Of the 40 straight sectionsinthe APS storage
ring, 35 are configured for IDs. The remaining five sections are reserved for storage

ring hardware. Although the ring incorporates 80 bending magnets (BMs), only 40 of
the ones designated as BMs can be used to extract radiation. The accelerator compo-
nents occlude five of the 40 bending magnet sources, so the maximum number of BM
sources on the lattice is 35.

I nsertion devices—wigglers and undul ators—are devices placed in the straight section
of the storage ring that produce intense beams of x-ray radiation. Whenever acharged
particleis accelerated, asit iswhen its direction of travel changes, it emits radiation.
Inaninsertion device, alternating magneticfiel dsaregenerated which causetheel ectron
beam to undulate/wiggle back and forth a number of times. Radiation is emitted at
each wiggle, and since the emitted radiation isdirected al ong the el ectron beam, all the
radiationfrom all thewigglesaddsup to produce avery intense beam of x-rays. Typical
insertiondevicesare 2.4 m(8.2ft) inlength, but one or more may utilize available space
along the storage ring straight section. Inatypical insertion device, the magnetic field
isvertical and alternatespolarity alongthedevice. Sinceamagneticfield makescharged
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3.8.2

particles bend in adirection perpendicular to both the magnetic field direction and the
trajectory of the particles, the beam wiggles back and forth horizontally (Figure 3.26).

As the magnetic field increases, the amplitude of the electron beam excursions also
increases as does the amount of x-ray power. The spectrum of the x-ray radiation—
the relative amounts of radiation at each wavelength—also changes. Experimenters
are able to change the strength of the magnetic field in their own insertion device to
select the spectrum of x-ray wavelengths that they want, while still keeping the total
amount of power in their beamlines within manageable limits. In atypical insertion
device, the magnetic field is produced by permanent magnets, so that the strength of
the magnetic field is changed by changing the vertical separation between the magnet
arrays. The closer together the upper and lower arrays get, the higher the magnetic
field between them. Futuredeviceswill replacethe permanent magnets, either partially
or completely, with electromagnets or superconducting magnets. Inthose devices, the
strength of the magnetic field is adjusted by changing the current in the magnet coils.

Figure 3.26 Electron Traectory through Insertion Device

EIEnEnEnED

Insertion Device Assembly

The magnetic field of the permanent magnets used in insertion devicesis extremely
strong. The force between the upper and lower magnetic arraysin some wigglers may
approach 7000 kg. Therelative position of thetwo magnetic arrays must be maintained
to ahigh degree of accuracy to ensure the spectral purity of the x-ray radiation and
elimination of any adverse effects on the circulating electron beam. Simultaneously,
the arrays must be moveable, with high precision, to alow tunability of the x-ray spec-
trum. Therefore, the support system of the insertion device is massive and the drive
systemispowerful. Limit switchesare provided on the insertion devicesthat will stop
the motors before damageisdone. Hard stops are also provided in theinsertion device
drive system that will stop the motion. An Emergency Stop button, which will imme-
diately stop the movement of the magnet arrays, is provided on the insertion device
(ID) itself and at the location of the electronics controls.
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3.8.3

The insertion device support structure is separate from that of the insertion device
vacuum chamber. The structure is open along one side to permit the insertion device
assembly to bemoved into placearound thevacuum chamber without theneed to disturb
thevacuum. The support system for an insertion device includesits own set of wheels,
so the device can be pushed by two or three people, or pulled along by a small tow
tractor. TheID can berolled along the inside aisle of the storage ring tunnel from the
nearest superdoor to the spot whereit isto beinstalled. A separate mounting baseis
bolted to the floor using the bolt holesthat have already been drilled in the tunnel floor.
The ID isrolled over the mounting base, then the wheels are raised and the device is
lowered onto the base. The use of a separate mounting base simplifies alignment
requirements. The ID needsto be surveyed into place using the position adjustment
on the support only during initial installation. If it isbeing reinstalled, no further
position adjustment should be required as long as the position adjustments on the sup-
port structure have been left undisturbed. Figure 3.27 shows an ID installed in the
storagering. Most of the electronics that are needed to control the IDs are located in
electronicsracks on top of the storage ring tunnel. Cablesto connect to the ID are run
through the penetrations in the tunnel roof.

I nsertion Device Vacuum Chamber

The magnetic arrays of the insertion device surround a specially-designed storage ring
vacuum chamber. Thereissomesimilarity between theinsertion device vacuum cham-
ber and the primary storage ring vacuum chamber. Both incorporate two chambers
connected with a slot; one for vacuum pumping, the other for the circulating electron
beam. Theoutside vertical size of the beam chamber has been kept assmall aspossible
to allow the separation between the magnet arraysto be made small so that the magnetic
field can be aslarge as possible. The wall thickness of the vacuum chamber has also
been kept as small as possible; it isonly 1 mm (0.04 in) thick in some places, so it is
somewhat fragile. Vacuum chambers with vertical beam chamber apertures of 5 mm
(0.20), 7.5 mm (0.29 in), 8 mm (0.31 in), and 12 mm (0.47 in) have been designed,;
chambers with smaller apertures are under development.

The chambers are extruded from 6063-T5 aluminum. The outside surfaceis machined
flat to allow the ID jawsto close to within less than 1 mm (0.04 in) of the chamber.
Two nonevaporable getter (NEG) strips run the length of the pumping chamber and
providedistributed vacuum pumping. Thechamber containsfour pairsof beam position
monitors (BPMs), apair above and a pair below the beam, at each end of the chamber.
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Figure 3.27 Typical Insertion Device Assembly and Vacuum Chamber
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Channels run the length of the ID chamber for deionized cooling water. The cooling
water is used to minimize temperature gradients over the length of the chamber. Using
adifferent valve arrangement, the same cooling water connections can be used to bake
out the chamber with 150° C deionized water although most bakeouts are performed
with resistive heaters.

The existing vacuum chambersare 2.5 m (8.2 ft) and 5 m (16.4 ft) in length with beam
apertures of either 12 mm (0.47 in), 8 mm (0.31in), or 7.5 mm (0.29 in). In addition,
two 5-m-long chambers with apertures of 5 mm (0.20 in) have beeninstalled. Specid
type deviceslike the EMW require adifferent type of vacuum chamber. Devel opment
of smaller aperturevacuum chamberswill continue, and thesechamberswill beinstalled
as requirements change. Future devices may incorporate the vacuum chamber as part
of the insertion device.

Several sectors (canted undulator beamlines) contain a special vacuum chamber and
insertion device arrangement that allow x-ray beam from two noncolinear insertion
devicesin the same section to be steered to two different beamlines through the same
front end.

Each standard ID chamber has an upstream and a downstream box welded to the ends.

The boxes provide a smooth rf transition, in the form of a copper cone, from the large
aperture of the standard storage ring chamber to the smaller ID aperture. Each box also
contains a photon absorber, ports for vacuum diagnostics, and pumping ports. In the
upstream box the rf transition doubles as the photon absorber. The photon absorbers
in both boxes are cooled by deionized water.

The ID chamber is pumped by ion pumps and lumped NEG pumps. The pumps are
mounted at each end of the chamber on the end boxes. Two NEG stripsinside the
chamber provide further pumping. Anion gauge and aresidual gas analyzer (RGA)
areused tomonitor the pressure. ThelD vacuum chambers must meet the samevacuum
criteria as the standard storage ring chambers. After the chamber has been baked out
and leak tested, the working vacuum is below 2 x 10719 Torr. During beam operations,
photon-induced gas desorption is expected to raise the pressure by one decade.

The ID vacuum chamber, pumps, and end boxes are supported by steel pedestals (see
Figure 3.28). The pedestals also provide adjustment capabilities for aligning the vac-
uum chamber. There are three pedestals supporting the ID chamber, regardless of the
chamber length.
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Figure 3.28 Insertion Device Vacuum Chamber with Supports
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3.9 APS Front-End Technical Facilities Description

3.9.1 I ntroduction

A photon beamline consists of four functional sections. The first section isthe ID or
the BM, the radiation source. The second section, which isimmediately outside the
storage ring but inside a concrete shielding tunnel, is the front end (FE), whichis
designedto control, define, and/or confinethex-ray beam. Thethird section, just outside
the concrete shielding tunnel and on the experiment floor, contains hard x-ray optical
elements, and the fourth section is the experimental station.

The APSfront ends, typical design detailed el sewhere (Kuzay 1993), are housed within
the storage ring tunnel. The outer shielding tunnel walls are made of heavy concrete
and fashioned as a“dogleg” ratchet wall to provide the maximum aisle accessto the
front end inside the tunnel. The usable length of the front-end area of the tunnel is
about 7.5 m (24.6 ft) for both the IDs and the BMs. The access to the tunnel for all
front ends are via gliding doors in the tunnel wall (ratchet wall doors).

Several types of APSfront ends have been developed at APSfor particular ID and BM
beamlines but all share common properties. The photon beam is either transmitted
through the front end or stopped on one of two cooled movable photon shutters. Mis-
steered photon beams are intercepted by cooled apertures (masks). Bremsstrahlung
produced by the electron beam interaction with the residual gas or accidental beam
dumps is shielded by the combination of the copper masks, photon shutters, and |ead
and tungsten collimators and tungsten movable stops. Although the operational phi-
losophy of the BM front end is the same as the ID front end, the power and the power
density that are handled by various components in the BM front end are significantly
lower.

Figure 3.29 isthe plan and el evation views of astandard ID front end at the APS. The
components on the ID front end are:

1. All-metal ring isolation valve (storage ring exit valve, SEV)
2. Photon beam position monitor 1

3. Fixedmask 1

4. Photon shutter 1

5. Collimator

6. All-metal dow valve
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7. All-metal fast valve

8. Photon beam position monitor 2
9. Fixed mask 2

10. Photon shutter 2

11. Filter assembly

12. Integral safety shutter/collimator
13. Ratchet wall penetration

14. Window

The next sections describe front-end components, common to both ID and BM front
ends.

Fixed Mask Assembly (Fixed Aperture)

The fixed mask assembly is the first front-end element to directly interact with the x-
ray radiation. It consists of one or more fixed masks that define the limits of the beam
missteering for the components downstream. Under normal operating conditions the
x-ray beam is constrained by the electron Beam Position Limit Detector (BPLD) to
trajectorieswell within the aperture of the fixed masks. The fixed mask is shadowed by
absorberswithinthe storagering such that thebeam can only fall on surfacesat glancing
incidence in order to distribute the power load over alarge area. It can be exposed to
the full or partial radiation pattern coming from the source.
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Figure 3.29 Typical Front-End Layout
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Photon Shutter (M ovable M ask)

When closed, aphoton shutter stops the synchrotron radiation from propagating down
a beamline; when open it passes the beam. To manage the thermal |oad, the beam is
interupted in a glancing incidence absorber blade. Several different designsof photon
shutters exist for different beamlines. The front end includes two photon shutters. The
shutters incorporate an actuator which can move the absorber blade out of the beam
path when a beamlineisready to accept the photon beam. The actuator isdesigned to
insert the shutter blade when the photon beam needs to be stopped from exiting the
front end. The photon shutter also acts to protect the safety shutter from direct beam
impingement and to partially shield the bremsstrahlung radiation by developing the
el ectromagnetic shower that is contained within the safety shutter. Therefore, it isin-
terlocked to close before the closing of the safety shutters. The photon shutters are
redundant in that if the second shutter (normally used to stop the beam) failsto close
when commanded, the first shutter is closed.

Safety Shutter

The safety shutter isdesigned to absorb bremsstrahl ung radiation which may propagate
downthefront end. Thesafety shutter designintegratesacollimation function together
with atotal “shuttering” of any radiation. The shutter block is made of special UHV-
compatible tungsten alloy and consists of two parts. The smaller, upper part is raised
and lowered into the fixed and heavy lower part to provide collimation in the raised
position and compl ete shuttering in the lowered position. Each front end containstwo
redundant safety shutters. The position of each shutter is monitored independently by
both the ACIS and the beamline personnel safety system. Thereistobeno line of sight
from the experiment station to the accelerator vacuum chamber when the shutter is
closed.

Front-End Vacuum System

All of thefront endsaredirectly coupled to the storage ring vacuum system. Therefore,
the upstream front-end vacuum requirementsequal those of thestoragering. Achieving
UHV vacuum conditions requires that hydrocarbons and contaminants be kept to a
minimum. The pumping system consists of portable, dry (oil-free) mechanical pumps
backing turbomolecular pumpsfor roughing the system down and permanently mount-
ed ion pumpswith nonevaporabl e getter capabilitiesproviding thefinal UHV pumping.
The pressureismonitored through the use of nude UHV ion gauges|ocated at upstream
and downstream front-end locations. A fast-closing vacuum valve (fast valve) is used
to protect the storage ring vacuum from afast moving pressure front associated with a
significant vacuum breach in the downstream front end or in the downstream beamline.
Thisvalveis preceded by an all-metal gate valve (slow valve), which startsto close at
thesametimethefast valveistriggered. Thesower gatevavewill isolatethe upstream
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front end and the storage ring vacuum from any further pressure increase caused by
downstream vacuum breaches.

Front-End Supports

The front-end components are supported by the steel table assemblies. The design
criteriafor the support assemblies were based on desired deflection characteristics,
resulting in low stresses with applied dynamic loads during operation of the front end
components. Dynamic response to vibration tests of the support tables showed accept-
able results, indicating a safe capacity for the static loads. Positioning stage designs
using 3-point kinematic mounts were devel oped to operate in the confined space of the
storagering tunnel. High-precision stagesand athermally stable support columnwere
also devel oped to meet the photon beam position monitor (PBPM) submicrometer sen-
sitivity requirements. Performance measurementsshow that the stages satisfy thefront-
end support requirements. Single column supports were designed for miscellaneous
components not requiring precision or kinematic motion.

Experimental Beamline Technical Description

I ntroduction

As mentioned in section 3.9.1, an experimental beamline consists of four functional
sections. Thefirst section isthe source of the x-rays, where x-rays are produced from
the circulating electron beam inside the storage ring. The APS provides the x-ray
radiation from two types of sources. onetypefrom insertion devicesand the other type
from the dipole bending magnets of the storagering. Theinsertion device (see section
3.8), located in the storage ring straight section, can be further tailored to provide
radiation with specific characteristics required by each beamline user. The radiation
from the bending magnet source, whose primary function isto bend the electron beam
into acircle, cannot be individually tailored.

The second section, immediately outside the technical components of the storage ring
but still insidethe concretestoragering shielding tunnel, isthefront-end section (section
3.9). Thissection contains safety shutters, photon beam stops, and other components
to coarsely define the emerging x-ray beam and, when required, to stop the x-ray beam
and provideadequate radiation protection to areasoutsi dethe concrete shielding tunnel.
Each x-ray source requires afront end, although there are minor differences between
the front ends used with an insertion device and those used with a bending-magnet
source.

The third and fourth sections of the beamline are located on the experiment hall floor,
outside the storage ring tunnel. The third section, typically located just outside the
concrete shielding tunnel, contains x-ray optical elements such as crystal monochro-
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mators, filters, and/or mirrors, which are designed to handle the power loads and tail or
the characteristics of the photon beam to satisfy the user requirements. The beam
transports, which define and shield the beam path between the optical elementsand the
fourth section, are also included here. The fourth section is the experiment station.
This station contains the sample under investigation; additional optics that may be
needed to analyze and characterize the scattering, absorption, or imaging process; and
the detectors. Each photon beam can be split into several, so that each beamline can
have multiple transports and experimental stations.

The APS hasdefined apair of beam portsasasector. The sector includesabeamline(s)
based on an insertion device and an adjacent bending-magnet-based beamline(s).

Beamline Elements

Each beamline can be unique and each may be used for different types of research.
Similar components may be used in more than one beamline, but these components
will frequently have different mechanical, operational, or scientific characteristics ap-
propriate for the research being conducted on that particular beamline. Even identical
components will be used at different positions along a beamline. In the following
description of the various components, only the common elements of the components
will be discussed.

The x-ray beam produced by an insertion device or a storage ring bending magnet and
transported through the beamline front end requires some modification beforeit can be
used as atool to study the structure of materials. The beam istailored by optical
elements, located at various positionsin the beamline, which allow the x-ray beam to
be stripped of unwanted energies, or split, or concentrated in a specific plane to better
suit the research requirements. Because an interaction of the full energy x-ray beam
with any material, even air, will result in scattered radiation, the optical elements are
generally located within shielded enclosures to prevent access by personnel when the
x-ray beamison. A shielded enclosureisalso used to surround the experimental sample
location. To ensure that radiation on the experiment hall floor is minimal, the vacuum
beampi pe through which the x-ray beam istransported is shielded to provide radiation
protection.

A typical insertion device beamline is shown in Figure 3.30.

First Optics Enclosure (FOE)

Thefirst optics enclosure islocated just outside the storage ring shielding and contains
the optical elementsthat providetheinitial definition of thex-ray beam. Theenclosures
are shielded structures (see Figure 3.31). Their size variesfrom beamlineto beamline,
depending on thetype and number of optical elementsthat will be contained within the
enclosure. Dueto the relatively high radiation levels within these enclosures during
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beamline operation, personnel accessto this areais restricted and controlled by the

beamline Personnel Safety System (PSS). The radiation shielding integrity of the en-
closureisextremely important to ensure that acceptable radiation levelsare maintained
outsidetheenclosure. All openings, for utilities, cabling, and ventilation, are construct-
ed to minimize scattered radiation and prevent adirect line-of-sight into the enclosure.

Experiment Station

The experiment station in its construction is similar to the first optics enclosure. Its
size and complexity variesfrom beamline to beamline, depending on the types of com-
ponentsthat will becontainedinside (Figure3.32). It may also contain optical elements,
but its primary function isto contain the experiment being performed on the beamline.
If the x-ray beams are split, the station may contain a beampipe transport for the beam
to another experimental station, located further downstream. An experimental station
may contain beamstops or shutters similar to those found in the front end to stop the x-
ray beam within the station and allow personnel access into a downstream station.

Shielded Enclosures

Shielded enclosures are located at multiple positions along the beamlines to provide
radiation shielding for beamline componentsthat intercept the x-ray beam and thereby
produce radiation. These enclosures are secured and inaccessible during beamline
operation.

Optical Elements

The optical elements are used to tailor the x-ray beam for the precise requirements of

each experiment performed on abeamline. Typical optical elements are 1) monochro-
mators, which select precise energies out of the beam and reject the others, 2) mirrors,

which perform some energy selection and focusing or redirecting of the beam, and 3)

pinholes and dlits, which define and control the boundaries of the x-ray beam. All of

thesedevicesinteract with thebeam and thereforeare contai ned within shielded vacuum
enclosures. Most optical elementsrequire someform of cooling to dissipatethe energy
deposited by the x-ray beam. In addition, the optical elementsrequire precise position

control to within afew microns with respect to the x-ray beam. The position of some
the optical elements will need to be precisely atered during or between beamline ex-

perimentsrequiring precision motion mountsand readouts. All of these optical element
ancillary systemsareintegrated into the vacuum enclosure and the mechanical support
structures.
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Figure 3.30 Layout of a Typical Insertion Device Beamline
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Figure 3.31 Typical First Optics Enclosure
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Figure 3.32 Typical Experimental Station

Beamline Interlock and Safety Systems

The beamlines have sophisticated interlock systems incorporated in their designs to
guard against incidentsthat could damage or incapacitate equipment (Front-End Equip-
ment Protection System, FEEPS) and also to protect personnel (Personnel Safety Sys-
tem, PSS) from radiationinthebeamline. The Beamline Equipment Protection System
(BLEPS) system isdesigned to ensure that adequate protection is provided to the front-
end and storage-ring componentsfrom equi pment failures or accidents (such asvacuum
breaks). The PSSisdesigned by the APS to meet beamline programmatic operational
requirements. This safety system is also installed and maintained by the APS. The
PSS is described in section 3.12.2.

Beamline Vacuum System

The beamline vacuum is designed to be a combination of both a UHV system in the
same vacuum range as that of the storagering (1 x 1010 Torr) and aHV systeminthe
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rangeof 1 x 10°® Torr. Thebeamlinevacuumismonitored by theBLEPS. All beamline
vacuum system designs must conform to the APS Vacuum Policy (ANL 1994b).

Beamline Utilities

Utilities associated with a beamline include deionized (DI) and chilled water, pressur-
ized air, and electric power. Theseutilitiesaredistributed along the beamline by header
systems. Power utilitiesin the beamline include the utility power and clean power
provided viatwo power strip lines. A cabletray system is provided for distribution of
control, interlock, and instrumentation cabling.

Provisions for ventilation of the FOE or experimental stations are provided within the
experiment hall (Davey 1993).

Conventional Facilities

I ntroduction

Since the purpose of this document is to address the accelerator system, only a brief
description of the conventional facilities housing other accelerator componentsisin-
cluded. APSaccelerator and experiment beamlinesare housedin conventional facilities
of standard structural steel framing, poured concrete floor slabs, and an architectural
metal exterior curtainwall. Theinjector facility and storagering arelocated inradiation
shielded enclosures.

The conventional facilities comprise multiple buildings. The predominant structureis
the experiment hall building, which houses the storage ring enclosure and provides
spacefor the experiment beamlines and rel ated equi pment. Laboratories and officesfor
experimenters’ use are located adjacent to and along the outer perimeter of the exper-
iment hall. The accelerator system consists of the linac, particle accumulator ring,
injector synchrotron, and storagering. Thelinac building islocated in the storagering
infield, separatefrom, but connected to, theother conventional facilities. Administrative
support for the entire facility is housed in an adjacent multi purpose office/laboratory
building, the CLO.

Conventional Facility Design Considerations

Design criteriafor the facilities took into account the following:

»  Technical components dictate the scale, geometry, and relationship of the conven-
tional facilities, with the 1104-m-circumference (3621-ft) storagering the primary
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element in organizing the conventional facilities. Optimum use of the stored beam
by researchers requires the flexibility for photon beams to exit at tangents to the

storage ring enclosure approximately every 4.5 degrees. These beamlines range
upto 73 m(239ft) long. Thisneedfor flexibility inthe placement of photon beams
also dictated the location of the linac in theinfield of the storage ring.

o  Safety of personnel during facility operations requires that the storage ring, PAR,
synchrotron, and linear accel erator be shielded to comply with ALARA (aslow as
reasonably achievable) guidelines as specified by DOE and ANL.

* Reliableoperation of thetechnical componentsrequiresinstallationson astructure
which provides vibration control and containment in a controlled, stable environ-
ment. Seismic and wind load parameters specified by DOE Order 6430.1A (DOE
1989) and the Uniform Building Code were applied in the design of the facility.

Conventional Facility Description

SiteWork: Thesitework wasdesigned to provideintegral support to the devel opment
and operation of the APS. The site work included underground utility installation and
topographic grading to accommodate surface storm water management, access roads,
and parking lots. Additionally, landscaping was designed to provide minimum-main-
tenance ground cover in conjunction with shrubs and trees throughout the project site
to enhance the visual panorama. The underground utilities are extensions of existing
systems. The site grading necessary for storm water management included modifying
the existing ground contours and construction of storm water detention basins.

Injector Facilities (Buildings 411, 412, 413, 415): Theinjector facilitiesare aseries
of buildingslocatedintheinfield region of theexperiment hall building. Thesebuildings
are the linac wing, including the concrete tunnel for the linac itself and the associated
klystron gallery; the injection wing, including the particle accumulator ring (PAR)
enclosure; the low-energy undulator test line (LEUTL) enclosure; the synchrotron en-
closure; and the rf/extraction building. The basic structures are defined by the dimen-
sional and functional requirementsof the accelerators. Thefinal dimensionshave been
determined by actual equipment size and placement. The building designs are purely
functional, and amenitiesareminimal. Air conditioningisprovided only inareaswhere
temperature control is essential, such asthe LEUTL enclosure, a small electronics
interfacing and control room, and in the few laboratory workroomsin the injection
wing. A covered walkway running above the synchrotron enclosure connects the in-
jection wing to the rf/extraction building. Thiswalkway carries computer network and
control signal's, communicationwiring, and personnel traffic betweenthetwo buildings.
The same walkway is used to house waveguides carrying rf power to the cavities of the
synchrotron enclosure from the rf/extraction building.
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rf/Extraction Building (Building 420): The rf/extraction building islocated in the
infield and is connected to the experiment hall building. The building houses the four
rf klystrons for the storage ring and the klystron for the synchrotron. The building
contains severa related functional rooms, such as electronics, magnets, and toilet fa-
cilities. Thereisalsoatruck air lock to receive and ship material and equipment to and
from the area. The building has conditioned air where it is required to support the
functions of the building.

The rf/extraction building is astructural steel framed building with an insulated metal
siding skin attached to the steel frame. Theroof iscomposed of astructural steel frame
with ametal roof deck attached. A single-ply membraneroofing isapplied over alayer
of rigid roofing insulation. Thefloor is cast-in-place reinforced concrete over compact-
ed earthfill. Theroof of the synchrotron and storage ring that is exposed asafloor slab
in the rf/extraction building is composed of 1 m (39 in) of cast-in-place reinforced
concrete.

Thewalls, roof, and floor of the synchrotron are cast-in-place reinforced concrete that
vary from 30 cm (12 in) to 1 m (39 in) with earth berms over the walls and roof for
radiation shielding.

Experiment Hall/Storage Ring (Building 400): The experiment hall housing the
electron beam storage ring also includes a 13-bay sector designated as the Experiment
Assembly Area (EAA). The EAA was used for assembly and testing of storage ring
accelerator components and is now used to house technical system support functions.
Thehall also housesair conditioning and process water distribution equipment located
on enclosed mezzanines over the perimeter aisle of the hall and at the two ends of the
EAA. Conditioned air is supplied to all areas of the hall and storagering. Air distri-
bution ducts, mixing boxes, and diffusersalong with hot, chilled, process, and domestic
water piping systems are suspended from the roof beams of the experiment hall and
EAA.

The experiment hall building is a steel-framed building, annular in shape, with an
insulated metal siding skin attached to the steel frame. Therearefivetruck accessdoors
spaced around the infield of the building and nine truck air locks associated with the
|aboratory-office modules (LOMSs) and control center that surround the building. The
roof of the building consists of aperforated metal deck covered with sound-absorbing
fiber bats, asingle-ply rubber membrane and mortar-faced rigid insulation boards. The
floor of the hall isamonoalithic cast-in-place reinforced concrete slab on grade tied to
the storage ring slab on grade by shear- and moment-resisting steel dowels. The hall
and storage ring slab on grade are isolated from the perimeter aisle and the EAA dab
on grade by expansion joints that limit transmission of vibrations to the storage ring
and photon beamlines.

Thestorageringisareinforced concrete box structurewith expansionjointsinthewalls
and roof approximately 109.7 m (360 ft) apart. For radiation protection, the outer
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(ratchet) wall of the box isformed with high-density concrete 0.56 m (22 in) thick, and
theinfield wall of the box isformed with standard weight concrete 0.8 m (32 in) thick.
The roof of the box is formed with standard weight concrete 1 m (39 in) thick. The
ratchet wall has access door openings adjacent to each beamline penetration of the
ratchet wall. Ratchet wall accessdoorsarelead-filled, steel-faced panel s suspended on
rollers carried by stedl rails bolted to the concrete door opening. Doors are opened by
manually operated winches.

Power supplies, switchgear, and control cabinets are bolted to the top of the storage
ring box structure for ease of access and maintenance. Cables between this equipment
and thetechnical componentsinsidethestoragering enter thering through multi-curved
conduits embedded in the roof. Penetrationsin the wall of the ring below the ceiling
level ontheinfield side of thering are used for supply and return process cooling water
piping and conditioned air ductwork. They are also used for entry of smoke detector
sampling pipes, fire sprinkler piping, and conduit for telephones, public address, 480-,
240-, and 120-volt power outlets, and lighting circuits. Signsinside the storage ring
and experiment hall direct occupantstoall exitsandtowall-mounted tel ephonessituated
on the inside wall of the storage ring, and periodically on those building columns
forming the perimeter aisle of the hall. Fire extinguishers are also found at these
locations in the hall.

Utility Building (Building 450): The utility building is a one-floor, high-bay, rectan-
gular building located northeast of the experiment hall building and is the principal
source of utilitiesfor thefacility. The structureislocated a sufficient distance from the
main facility to minimizevibration transfer. Utility linesrun underground between the
utility building and the control center. The utility building provides the following to
the APS:

Chilled water

Deionized water for cooling technical equipment
Hot water for heating

Compressed air for general services

Electric power

Emergency Power Systems: Thepower for emergency useisderived fromthreediesel
generators. Emergency power provides energy for emergency lighting, alarms and
communications, sump pumps, elevators, and designated technical equipment. This
emergency power equipment, located in the utility building and at two locationswithin
theinfield of theexperiment hall, ismaintained, operated, and tested in accordancewith
therequirementsof NFPA 110 (NFPA 1993) by the ANL -E Plant Facilitiesand Services
Division, which is also responsible for the electrical engineering load analysis of any
additions to the emergency power system.

Normal power for each of the three generatorsis supplied from individual 480-volt
substations. Upon failure of normal service, the emergency load isautomatically trans-

3-106



APS Safety Assessment Document Chapter 3

July 2006

3.11 Conventional Facilities

3114

ferred to the emergency generators. The electric service is considered to have failed
when any phase drops below 70% of normal voltage for one second or longer. A delay
of up to 10 seconds may occur before the generator picks up full emergency load.
Serviceis considered back to normal when voltage on each phase reaches 90% of its
rating. When normal power isrestored, the load is manually transferred to its normal
source. For cool-down purposes, the generators will continue to operate for a period
of time after being unloaded.

A centralized UPS system, consisting of five 40-kW, 3 phase, 208/120-V UPSsisdis-
tributed on top of the storage ring to provide uninterruptible power to critical technical
equipment. Each UPSis capable of riding through a 15-minute power outage without
disrupting power to the loads. Each UPS is fed from the emergency power system,
which requiresthemto only ride through a10-second loss of power, the amount of time
it takes the emergency generator to start and come on-line.

Building Access and Egress

Access to the linac is viathe vehicle tunnel under the storage ring, or from the CLO
viathe Experiment Assembly Area (EAA) and the connecting corridor.

AccesstotheLEUTL enclosure, Building 413, isviathevehicletunnel under thestorage
ring. This building has two entry points, one at each end of the enclosure, but is not
accessible from any other infield building.

Thesynchrotron enclosure, Building 415, isthering-shaped tunnel connecting thelinac
injection building to the storage ring of the experiment hall. Access and egressto and
from the synchrotron isthrough theinjection room or the storagering in the experiment
hall.

The rf/extraction building is accessible from the infield through the truck air lock and
also through the injection wing into the connecting corridor, which exits directly into
therf/extraction building. It isalso accessiblefrom the experiment hall into the storage
ring, up aflight of stairs, to the top of the storage ring, through several doorsat various
locations into the rf/extraction building.

The storagering is accessible from the synchrotron, the experiment hall, and the EAA
viatheratchet door, and from theinner circle through the super doors. The experiment
hall and EAA are accessible from the LOMSs, the CLO, the rf/extraction building, the
connecting corridor, the inner circle by way of the super doors and over the storage
ring, and from the outer wall doors.

The APS occupancy typefor the linac areais classified as* Special Purpose Industrial

Occupancy” per Chapter 28 of NFPA 101 and complieswith the NFPA 101 Life Safety
Code (NFPA 1991). Thedesign satisfiesall requirements of the standards to make the
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facility accessibleto and usable by the physically disabled. All accessibleroutesinthe
facility which serve as a means of egress are accessible to and usable by physically
disabled individuals. The number of exits from the facility exceeds the required min-
imum, based on calculated occupant |oad.

Security Protection

Security for the APSis provided by the same security force providing protection to
Argonne National Laboratory-East. Accessto the ANL-E siteisthrough controlled
entry at manned gates and viaavisitors' reception center where visitors signin and
obtain gate passes. The site-wide alarm communications and appraisal system links
the APSto the central alarm station. Security of the physical plant isprovided by patrol
and observation 24 hours per day, 7 days per week.

To provide additional local security and to prevent unauthorized personnel from enter-
ing the experiment hall, the LOMs, the injector buildings in the infield, or the central
officebuilding (during eveningsand weekends), acard-based accesssystemisprovided.
Thissystem has been programmed to allow open entry during the day and programmed
to open on anindividual basis after hours. All doors not so equipped arelocked during
evenings and on weekends and holidays.

Engineered Safety Systems

Access Control and Interlock System

In thissection all referencesto the low-energy undulator test line (LEUTL) refer to the
LEUTL s enclosure, and the terms “synchrotron” and “booster” are used interchange-
ably.

I ntroduction

The APS Access Control and Interlock System (ACIS) isthe engineered saf ety system
for integrating access control and monitoring devicesfor the accelerator systems. The
ACIS provides protection by ensuring that no one may occupy or enter an areawhere
prompt radiation may be present. The system also inhibits beam generation when
established radiation limitsare exceeded or improper accessisgained. Anindependent
design review of the interlock system was held in November, 1992 (ANL 1992a). A
detailed review of the actual interim linac version of the ACIS was conducted in June,
1993. A detailed review of the actual linac/PAR version of the ACIS was conducted
in February, 1994. A detailed review of the actual synchrotron version of the ACIS
was conducted in March, 1994. The policy and design concepts and operating charac-
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teristics for the ACIS as it pertains to the operation of the linac, PAR, synchrotron,
LEUTL, and storage ring are presented in this section.

Fiveimplementationsof the ACI S are described in thisdocument, onefor the combined
linac/PAR system, contained in acommon controlled area, onefor the synchrotron, one
for the LEUTL, onefor the rf area of the storage ring (called zone-F), and one for the
remainder of the storagering. Design attributes of theseimplementationsare described
inthe sectionsbelow, followed by Table 3.15 summarizing the device counts and equi p-
ment locations for all ACISs.

Area Classification

Two general area classifications have been identified: (A) Controlled Areas and (B)
Noncontrolled Areas. A Controlled Areaisany areato which accessis controlled in
order to protect individualsfrom exposure to radiation and radioactive material . Build-
ings411,412,413, 415, and 420 (linac building, synchrotroninjection building, LEUTL
enclosure, synchrotron enclosure, and rf/extraction building, respectively) are consid-
ered Controlled Areas.

Within Controlled Areas, there may exist Radiation Areas, which are areas where an

individual can receive a dose equivalent greater than 50 uSv (5 mrem) in one hour at

30 cmfrom theradiation source or any surface through which radiation penetrates. The
current DOE guidelines (DOE 1994a) define three categories of radiation areas. very
high radiation areas, high radiation areas, and radiation areas. The APS facility cate-
gorizes these radiation areas into three classes:

Class| - Very High Radiation Areas (> 5 Gy/h): Areaswhereaperson, if ableto enter,
isliableto receive 5 Gy (500 rad) or greater in 1 hour at 100 cm from aradiation
source or from any surface through which radiation penetrates.

Class |l - High Radiation Areas (> 1 mSv/h and <5 Gy/h): Areas within a controlled
areawhere an individual can receive a dose equivaent greater than 1 mSv (100
mrem) in 1 hour at 30 cm but less than 5 Gy (500 rad) in 1 hour at 100 cm from
the radiation source or from any surface through which radiation penetrates.

ClassllI - Radiation Areas (> 50 uSv/h and <1 mSv/h): Areaswithin acontrolled area
where an individual can receive a dose equivalent greater than 50 pSv (5 mrem)
but less than 1 mSv (100 mrem) in 1 hour at 30 cm from the radiation source or
from any surface through which radiation penetrates.

The areas within the linac, PAR, LEUTL, synchrotron, and storage ring shielded en-
closures(sometimesreferred to astunnel sinthisdocument) are, during operation, Class
| (very high radiation areas), and are posted in compliance with DOE/EH 0256 T (DOE
1992a). Under normal operating conditions, the highest calculated radiation level in
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the areas outside of the shielded enclosuresis below that of aClass|11 Area(Radiation
Ared). Therefore, theseareasare classified as Controlled Areas. Accesstotheklystron
galery areaof the linac building will also be controlled for administrative reasons.

The areas within the shielded enclosures are provided with the engineered safety sys-
tems described in the following sections. When thelinac, PAR, LEUTL, synchrotron,
or storagering are not operating, and after any needed radiation surveys are performed,
these areas revert to controlled areas. Access to the klystron gallery is not controlled
by the engineered safety system.

Access Control and Interlock System (ACIS) Description

The APS ACI S provides protection by ensuring that no one can occupy or enter ahigh
radiation area where prompt radiation is present or potentially present. The systemis
designed to turn off the source of radiation when thereisapossibility of someonebeing
exposed.

The APS facility is designed to allow the major systems, i.e., linac/PAR, injector syn-
chrotron, LEUTL, and storage ring, to run independently of one another under specific
conditions. Thisisaccomplished by the partitioning of areas with concrete shielding,
beam stops and other safeguards. Five complete and independent ACIS implementa-
tions, one for the linac-PAR tunnel area, one for the synchrotron tunnel area, one for
the LEUTL tunnel area, onefor the rf areaof the storagering (zone-F), and onefor the
remainder of the storage ring (zones A through E) are provided. Except for the equip-
ment controlled by the ACI S to disable the production of prompt radiation, the number
of maze-entry doors, and the number of beam shutdown stations provided for each
implementation, the designs are nearly identical. Any differences are described in the
following sections.

Design Conformanceto Available Documents

The ACISis designed to comply with the following:

DOE Order O 420.2A, “ Safety of Accelerator Facilities’” (DOE 2001a).
* “APSPreiminary Safety Anaysis Report” (ANL 1990).

» SLAC 327, “Health Physics Manual of Good Practicesfor Accelerator Facilities’
(SLAC 1988).

» NBSHandbook 107, “ Radiological Safety inthe Design and Operation of Particle
Accelerators,” ANSI N43.1 (NBS 1979).
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3.12.1.3.2

* NCRP Report No. 88, “Radiation Alarms and Access Control Systems” (NCRP
1986).

“ACISDesign Compliancewith Principal Accelerator Safety Interlock Design Require-
ments,” ANL/APS/LS-308, listsall pertinent sections of the DOE order, SLAC 327,
and NBSHandbook 107, and describesthe ACI Sfeatureswhi ch sati sfied those sections,
when it was originally built. Since that time, changes on the DOE order and operation-
ally prompted changes have resulted in many minor changes to the ACIS. All such
changesarereviewed and approved by the APS Radiation Safety Policy and Procedures
Committee and are reflected in the latest revision of this SAD.

Among the more important aspects of conformance, the ACI S satisfies the following
reguirements:

1. Fail-safe design, so common failuresleave the linac, PAR, synchrotron, LEUTL,
and storage ring in a safe, beam-inhibited state.

2. Redundant protection, so no single component or subsystem failure renders the
accelerator or storage ring systems unsafe, that is, in a beam-permissive state in
violation of the ACISlogic.

3. Provisionsfor testing, so that proper component and system functions may peri-
odically be completely verified.

4. Lockout, preventing accessto the tunnel areawhen prompt radiation is potentially
present.

Detailed ACI S Description

The APS Access Control Interlock System (ACIS) employs two electrically indepen-
dent interlock chainsin each implementation, referred to below as Chain A and Chain
B, providing system-wide redundancy. Well-defined status indicators provide system
information to operating staff. 1n no case is the independence of the two interlock
chains compromised.

The ACISimplementations are designed to alow linac, PAR, synchrotron, LEUTL, or
storagering operationonly after specific conditionsaresatisfied; i.e., theinvol ved tunnel
areais searched, access doors are closed and locked, all controlled access keysarein
place, any required beam stops are in place, all radiation monitors are reading below
shutdown levels, and the proper control keys are used to select an operating mode.
Conversely, operationistripped and/or inhibited by the opening of any accessdoor, the
actuation of any beam shutdown button, the improper position of a needed beam stop,
any radiation monitor reading above a shutdown level, or a control key removed from
its control panel. The removal of acontrolled access key after a beam permit stateis
reached will sound an alarm in the APS control room.
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The ACIS design methodol ogy, general system design, component choices, and the
proposed operational and testing procedures, were reviewed by atechnical design re-
view panel in 1992 (ANL 1992a). All of thematerial in section 3.12.1 of thisdocument
was presented asadesign concept to thereview panel. A summary of the panel’sreport
follows:

“It isthe opinion of the review committee that the design meets the needs of the

APSProject, given the safeguards and redundancy that have been incorporated into
the design. Based on the presentations made by the APS staff, the committee has
confidence that the general approach using dual Programmable Logic Controllers
(PLC) isappropriate and that the devel opment work as presented, isthorough and
competent.”

A detailed technical review washeldin June, 1993 to eval uate an actual implementation
of the interim linac ACIS system prior to the start of linac commissioning. Several
improvements, including the recommendationsof thisreview panel, were subsequently
implemented in the interim linac ACIS and further promulgated in the linac/PAR, syn-
chrotron, LEUTL, rf area, and storageringimplementations. A summary of thissecond
review panel’s report follows:

“In summary, the committee concludesthat design and implementation of the APS
AccessControl Interlock System using Programmabl eL ogic Controllersisentirely
appropriate for this application. We believe that the linac interlock system as
demonstrated, will provide a safe and reliable means for control of radiation haz-
ardsand for permitting safe access. We further conclude that the system meets or
exceeds accepted standards which have been established by years of experience
with relay-based and other traditional protection systems.”

The ACI S incorporates the following equipment:

*  Programmable Logic Controllers (PLCs) installed in each chain to perform the
system’s decision logic.

*  PLCinput/output (I/0O) moduleswhichinterfacethe PL Cswiththeswitches, lights,
locks, relays, and other devices used by the ACIS.

*  Uninterruptible power supplies (UPSs), some centralized and some dedicated to
ACIS equipment, to protect against short-term AC power |0ss.

» Control panels and status displays.

* Mazedoor hardware (status switches, magnetic locks, emergency exit crash bars,
emergency entry buttons, and status message displays).

* Ratchet and super door hardware (status switches and locks).
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Controlled access key banks.

Beam shutdown stations(BSSs) installed inthelinac/PAR, synchrotron and storage
ring tunnels and outside the maze doors of these tunnel areas.

Beam stop mechanismsinstalled in the low energy transport (LET) beamlines
between the linac and the PAR bypass beamline, and between the PAR and the
synchrotron.

Radiation stop mechanisms installed in the booster bypass beamline between the
synchrotron tunnel and the LEUTL tunnel.

Radiation stop mechanismsinstalled in the high energy transport (HET) beamline
between the synchrotron and storage ring.

Interlocked beam current transformer systems which measure linac-accel erated
beams.

Interlocked beam current detectors which monitor stored beam current.

Visible and audible warning indicators.

Radiation monitors to sense gamma and neutron radiation levels located in the
klystrongallery and outsidethe PAR, synchrotron, LEUTL, and storagering tunnel

areas,

Interfaces to the linac’s electron gun and klystron systems and to the PAR, syn-
chrotron, and storage ring main dipole and other multipole power supplies and rf
systems.

Interfaces to the rf waveguide shutters in the rf/extraction building.

Interfaces to the booster bypass beamline vertical-bend magnets and horizontal
switch magnet.

Equipment racks, conduit, cabletrays, and cables (multiconductor and fiber optic).

The theory and operation of the PLC methodology and its application to the ACISis
described in this section under PLC Methodology and ACIS Application.

All ACIScircuits and subsystems are designed to befail-safe. That is, failures dueto
loss of a power supply, loss of a UPS, disconnected interface connectors, open field
component wiring, field wiring shorted to ground, open relay coils or contacts (either
in the ACIS or the affected controlled-equi pment), open communication wiring, miss-
ing controlled-equipment connectors, missing I/0O modules, or halted PLC program
execution, will cause the controlled linac/PAR, synchrotron or storage ring systemsto
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be disabled and abeam shutdown to occur. The ACISisnot fault-tolerant inthat it will
not continue to enable equipment operation in the presence of faults.

3.12.1.321  ACISEquipment Description

Maze Door Equipment Racks: The location of the ACIS equipment for the linac/
PAR implementation isshown in Figure 3.33. The equipment racksareinstalled at the
electron gun maze door, called the Gun Door, at the positron linac maze door, called
the linac Door, and at the PAR area maze door, called the PAR Door. The location of
the ACIS equipment for the LEUTL implementation is shown in Figure 3.34. The
equipment isinstalled at the LEUTL end-station maze door, called the LEUTL Daoor.
The location of the ACIS equipment for the synchrotron implementation is shown in
Figure3.35. Theequipment racksareinstalled at the synchrotron’sinjection-sidemaze
door and in the extraction-side electronics room in the rf/extraction building. The
location of the ACIS equipment for the storage ring zone-F implementation is also
shownin Figure3.35. Theequipment rack isinstalled inthe extraction-side electronics
room in the rf/extraction building. Thelocation of the ACIS equipment for the storage
ring implementation isshown in Figure 3.36. The equipment racks areinstalled at the
five super door locations, one for each of zones A through E. These racks house PLC
I/O modulesand other hardware, system statusindicators, power supplies(onefor each
chain), UPSs, and control panels. Internal accessto all ACISracksis restricted to the
ACIS system engineer or designee and the racks are locked and tamper-alarmed.

Controlled AccessKey Banks:. Controlled Accesskey banksarelocated at each maze
door. Contactsfromthesecontrolled accesskey switchesareprovided to affect interlock
Chains A and B. Personnel entering the tunnel in the Controlled Access Mode must
remove akey and keep it in their possession while they arein the tunnel. Controlled
equipment is disabled until all keys arein their respective key banks. Once a beam
permit state is achieved, removal of acontrolled access key will sound an alarmin the
APS control room.

PL C Processor Equipment Racks: Thetwo PLC processor racks (onefor each ACIS
implementation, linac/PAR, synchrotron, LEUTL, zone-F, and storagering) arelocated
in the APS control room. Each rack contains two PLC processors (one for each PLC
chain), and their 1/0 modules. Each rack also houses two system control panels. One
isfor routine operation of the ACIS by control room operators and the second is for
testing and maintenance purposes. Alpha-numeric display panel sprovide control room
staff with ACIS mode status. Internal access to the PL.C equipment isrestricted to the
ACIS system engineer or designee and the racks are locked and tamper-alarmed.
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Figure 3.34 Initial Location of LEUTL ACIS Equipment
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Figure 3.36 Entire APS Showing the Storage Ring ACIS Zones
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ACIS Status Display: At each maze door, a status display is provided to indicate the
ACIS status. This status will indicate to trained personnel the proper procedures re-
quired. The messages displayed are:

AUTHORIZED ACCESS MODE - Indicates that the ACIS is not controlling or mon-
itoring entry. All equipment controlled by the ACISis disabled and beam produc-
tionisnot possible. Anadditional display line indicates whether or not the access
doors are locked for administrative reasons.

SEARCH IN PROGRESS - Indicates that atunnel search isin progressin preparation
for controlled access or beam permit operations.

CONTROLLED ACCESS MODE - Indicatesthat, although the tunnel is secured, lim-
ited accessisallowed after proper communication with the control room operator.
Except for equipment ableto operatein test mode, all equipment controlled by the
ACISisdisabled. Inany case, beam productionisnot possible. Inthestoragering,
stored beam is also prevented by the requirement that a beam-interrupting screen
beinserted if themaindipoleisallowed to operate. | njected beam or backstreaming
radiation is prevented by closed beam stops and/or interlocked bending magnets
whenever the adjacent synchrotron ACIS isin Beam Permit.

CONTROLLED ACCESS/ MAGNETSON - Indicates that equipment normally dis-
abled is being operated. (Inthelinac/PAR only the linac gun pulser and rf gun
kicker, and either the PAR dipole, or rf systems are allowed to so operate. In the
LEUTL beamline only the vertical bending magnets are allowed to so operate. In
the synchrotron the dipole is allowed to so operate. In the storage ring only the
main dipole system is allowed to so operate.) In each case, accelerated or stored
beam isprevented since at | east one of the required controlled devicesis prevented
from operating. When equipment is allowed to so operate, an additional text line
isdisplayed as the above title shows.

BEAM PERMIT PENDING - Indicatesthat the tunnel has been secured and that afinal
control action in the control room will transition the ACIS to Beam Permit Mode.

BEAM PERMIT MODE - Indicatesthat thetunnel hasbeen secured and that equipment
controlled by the ACIS is enabled.

NO SHUTDOWN VERIFICATION - Indicates that one of the controlled systems has
not indicated that it has been disabled (or that its ACIS connector has been re-
moved).

M aze Door Hardware and Features: All maze doors are located at the “radiation-

free” end of their respective mazes and are provided with the following equipment
features:
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* A magnetic door lock to hold the door locked without moving parts or plungers.

o Statusswitches are provided for each of the three interlock chains. Two or more
different types are provided to minimize common-cause failures.

* A*“crashbar” for emergency egresswhich compliesto fire-code requirements for
“common appearance.” Itincorporatesdual, series-wired switcheswhichinterrupt
current to the magnetic lock and an additional switch to trip the controlled equip-
ment if the bar is used.

*  Anemergency entrance switch wired in series with the magnetic lock for use by
emergency personnel and incorporating an additional pair of contactsto trip the
controlled equipment if the switch is used.

* A clear window to provide visibility.

*  Nobolt mechanismor hasp isprovided, thuspreventing thedoor from beinglocked
by other means.

Thecrash bar and emergency entrance switchesdirectly affect the magneticlock circuit
and do not depend on operation of the ACIS'sPLCs. The dual chains of the ACIS
utilize both the emergency entrance and crash bar switchesand the door status switches
todisableall controlled equipment and unlock all doorsinthe caseof any tunnel security
breach or other access-related beam trip conditions. Thus, actuation of either of the
emergency switches or the door status switches will disable all controlled equipment.

At the LEUTL emergency exit maze door, only the three door status switches are
provided to shut down beam operationsif the door isopened. It isnot equipped with a
remote-controlled lock, CCTV, or intercom provided for controlled access since this
door isprovided and intended for emergency egressonly. Thisdoor isnormally locked
from external entry, but provided with a mechanical crash bar for emergency egress.

Ratchet Door Hardwar e and Features. The storage ring enclosure is penetrated by
adliding shield door at each synchrotron radiation port to provide access to the beam-
line's front-end equipment. These doors are called “ratchet doors’ and are used for
installation and removal of front-end equipment. A shutdown buttonisprovidedinside
near the ratchet door.

Each ratchet door is equipped with a captured-key lock. The keysfor these locks are
administratively controlled and cannot be removed from its lock unless the door is
closed and locked. The door mechanism is equipped with two limit switches, for the
ACIS's Chain-A and Chain-B systems.

Super Door Hardware and Features. The storage ring enclosure is penetrated by a
sliding shield door at five outside access points. These doorsare large enough to admit
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aninsertion device and are called super doors. The door mechanism is equipped with
two limit switches for the ACIS's Chain-A and Chain-B systems and a captured-key
lock. The keysfor these locks are administratively controlled and a key cannot be
removed from its lock unless the door is closed and locked.

Beam Shutdown Stations(BSS): BSSsareinstalled in each of the various maze door
equipment racks. Fifteen BSSsareinstalled in the linac/PAR tunnel, 6 inthe LEUTL
tunnel, and 21 in the synchrotron tunnel. Nine BSSs are installed in zone-F of the
storagering and 34 intheremaining zones. Each BSShasalarge, maintained-position,
mushroom-style, push button for shutting down the controlled equipment, a Search/
Verification push button, status indicators, a red strobe warning beacon, and two Son-
alert-type audible alarms. The beam shutdown button islabeled “BEAM SHUT-
DOWN” and contacts are provided to affect all three ACIS interlock chains. All con-
trolled equipment of the accelerator to which the BSSisrelated is disabled unless all
beam shutdown buttons in that related accelerator are in the non-activated position
(pulled out). The BSS status readouts are:

SAFE - Indicatesthat the ACISisactive and in either the Authorized Access or
Controlled Access Mode.

TEST - Indicates that acontrolled subsystem normally disabled by the ACISis
operating in Equipment Test Mode.

SEARCH - Indicatesthe ACISisin the Search/Verification Mode and thetunnel is
being searched.

Beam Stops: These stops are designed in afail-safe manner. Loss of electrical con-
nections or control power, or loss of actuation air pressure will cause the stopsto insert
by both atmospheric pressure and, in most cases, gravity.

These stops are operated by the ACISsin response to manual operation of a control
panel located in the MCR. However, ACIS permission isa prerequisite for opening a
stop, and if ACIS rescinds permission, the stop will close. The ACIS does not insert
themto providethe solemeansof protection, e.g., inthecaseof atunnel security breach.
In such a case, the equipment shutdown commands are propagated to the upstream
ACIS until aclosed partition is reached. However, the ACIS will remove permissive
control and thereby cause insertion of the stops. In the case of the two linac/PAR-to-
synchrotron partitions, assuming that the synchrotron tunnel security has been lost, the
linac’selectrongunsaredisabled (by redundant means), but thestopisgiven 2.5 seconds
to insert before all remaining linac and PAR systems are disabled. If the stop inserts
intime, these systems are allowed to continue operating. The stop will normally insert
within 1.7 seconds.
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For the PAR-to-synchrotron (PTB) partition, three beam stops are provided, each with
itsown actuator and dual-chain limit switches. Any one of these three stopsis capable
of completely stopping the beam. In addition, a personnel exclusion zoneis provided
in the synchrotron tunnel in the vicinity of the partition. All three beam stops must be
fully in the inserted position to indicate a closed partition. The exclusion zone fence
has an access gate equipped with key-released magnetic lock, the key for which is
attached to a PAR Door Controlled Access key. The exclusion zone is small enough
to see the entire interior while locking the gate. The inserted position of these beam
stops is monitored and enabled by Chain-A and Chain-B of both the linac/PAR and
synchrotron ACISs. If either ACIS detects an improper status on the other side of the
partition, both sets of permissive contacts are opened and the beam stop isinserted and/
or not allowed to be withdrawn.

For the linac-to-LEUTL (LTL) beamline partition (in the PAR bypass beamline), two
beam stops are provided, each with its own actuator and dual-chain limit switches.
These stops are not designed to be able to stop the beam or to be totally immune to
destruction. For this reason the linac/PAR ACIS monitors the status of the switching
bending magnet immediately upstream of this partition and will inhibit the electron
gunsif this magnet’s current is not above one-half of its normal operating level while
either of the two stopsis not fully open. The magnet current and in-gap magnetic
switchesaremonitored by ChainsA and B. Both beam stopsmust befully intheinserted
position to indicate a closed partition. The inserted position of these beam stopsis
monitored by Chain-A and Chain-B of both the linac/PAR and synchrotron ACISs. If
either ACIS detects an improper status on the other side of the partition, both sets of
permissive contacts are opened and the beam stop is inserted and/or not allowed to be
withdrawn.

For the booster bypass beamline, a single radiation stop is provided just downstream
of the second vertical bend (pitch-level) magnet. This stop is provided to shield the
LEUTL tunnel from radiation created by anearby beam impact in casethefirst vertical
bend (pitch-up) magnet failsto be disabled by the ACIS. Thusif oneof thetwo critical
devices (the two vertical bend magnets) fails to be disabled, the stop will still provide
protectionintheLEUTL tunnel. Thisstopisnotintended, designed, or abletowithstand
continuous beam impacts and so is called aradiation stop. Protection for the stop is
provided by disabling the linac’s electron gunsiif the stop is closed during beam oper-
ationsin this beamline.

For the synchrotron-to-storagering partition, apair of series-connected and interl ocked-
off bending magnetsfollowed by two radiation stops, each withitsown dual-chain limit
switches, isprovided. Aninterlocked-on bending magnet isused to direct the beam to
the dump and away from the above devices. In addition, zone-F of the storage ring

tunnel, in the vicinity of the partition, must be in aBeam Permit Mode to allow beam
operationsinthesynchrotron. Multiple methodsare used toinsurethat thefirst bending
magnet is on, that the second bending magnet (pair) is off, and that both radiation stops
arein the fully inserted position to indicate a closed partition. The pair of radiation
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stops have the function of shielding occupants of the synchrotron tunnel from radiation
related to stored beam in the storagering. Either of theseis adequate for this purpose.
Theinserted-position of these radiation stopsis monitored by Chain-A and Chain-B of
both the synchrotron and zone-F ACISs. These stops are not intended, designed, or
able to withstand continuous beam impacts and so are called radiation stops. If either
of these stops are closed, beam operations are prevented in the synchrotron unless the
extracted beam is directed to the beam dump.

For the storage ring-to-experiment beamline partition, a set of four beam stopsis em-
ployed. A pair of safety shutters, SS-1 and SS-2, must be inserted to protect the occu-
pants of an experiment station from bremsstrahlung radiation. Either of these safety
shuttersisadequate to stop the bremsstrahlung radiation. Preceding the safety shutters
isapair of photon shutters, PS-1 and PS-2, one of which must be inserted to protect
the safety shutters from the heat |oad of the synchrotron radiation beam. All four
shuttersare designed to insert with loss of electrical input to their control valvesor loss
of compressed air. Beforenormal filling can begin (initia filling or filling thering with
less than a specific minimum current circulating), a permissive is removed which will
result in the closure of all beamline shutters and a closed status must be seen for all
safety shutters and for all PS-2s before the HET beam stop can be opened. At the
conclusion of filling, the permissiveisrestored and the beamline shuttersand PS-2sare
opened at the discretion the individual experimenters. The inserted-position of these
beam stops is monitored by Chain-A and Chain-B of both the storage ring ACIS and
the individual beamline PSS. For top-up modefilling (with the ring circulating greater
than a specific minimum current and the storage ring operating above 6 GeV), the
beamline shutters are allowed to remain open.

Area Radiation Monitors. Arearadiation monitors, located outside the radiation
shield wall in occupied areas, provide local and remote indication of the gamma or
neutron and gammaradiation levels at their location. The gammaand neutron sensors
will generally be mounted outside the radiation shielding and the processor/readout
unitsare placed in anearby location convenient to personnel. Additional monitorsare
initially located in occupied areas above the PAR, synchrotron, and storage ring tunnel
areas where personnel are allowed. Each monitor has local visual and audible alarm
indicators and two relay contacts which deactivate when an internally adjustable high-
level limit is exceeded. Local audible and visual alarms are provided for failure con-
ditions, warning alarms, and high-level limit alarms.

The high-level limit relay contacts are provided to affect both ACIS PLC interlock
chains to ensure a beam shutdown when this preset limit is exceeded. This beam
shutdownisnot a“trip,” which would require atrip reset procedure, but it doesremove
the beam permit condition from both electron guns during linac, PAR, LEUTL, and
synchrotron operation, and thus preventsadditional radiation. Inthe case of the storage
ring, the guns are disabled during thefilling process, and in any case, the low-level rf
systems are disabled, resulting in the dumping of the stored beam. The monitors
radiation readings are available on their local control panels. The units can operate
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fromthe APS-UPSand ACIS-UPS. With completelossof power, the beam shutdown
contacts will open and shut down the controlled equipment and disable beam produc-
tion.

Five radiation monitors are currently provided for the linac: onein the Linac Laser
Room, one in the RF Gun Test Area, one along the linac wall, one at the linac down-
stream maze door and one within the LEUTL tunnel asshown in Figure 3.33 with the
symbol M.

The PAR areahasthree radiation monitors, one outside the PAR shield wall, oneinthe
personnel areaabovethe PAR inthevicinity abovethe LET beam stops, and onewithin
the synchrotron tunnel at the end of the LET. Theseinitial radiation monitor locations
areindicated on Figure 3.33 with the symbol M.

Oneradiation monitor iscurrently provided for the LEUTL inthe LEUTL End Station
with the probes initially located against the tunnel’send wall. The location of this
monitor isindicated on Figure 3.34 with the symbol M.

Thesynchrotron areahas threeradiation monitorsinitially locatedintheinjection area:
one above the maze door, one above and one aside the injection septum. Therearetwo
radiation monitors on the extraction side and two on the operating floor area above the
synchrotron tunnel. These radiation monitors are indicated on Figure 3.35 with the
symbol M.

The zone-F area of the storage ring has eight radiation monitors. one at the zone-F
maze door, four on the operating floor along the outer shield wall of the storage ring,
one above the injection septum area, onein the tunnel at the upstream gate, and onein
the tunnel at the downstream gate. These radiation monitors are indicated on Figure
3.35 with the symbol M.

The remaining zones of the storage ring (zones A through E) have aradiation monitor
onthe operating floor at each sector near the upstream end of theinsertion device. Each
sector utilized by abeamlinewill have adedicated monitor at thewall near theinsertion
devicefor the upstream sector if aninsertion deviceisinstalled at that location. These
radiation monitors are indicated on Figure 3.37, an example zone, with the symbol M.

The monitors now provided are summarized in Table 3.15. AsAPS operations evolve
and higher and lower radiation areasareidentified, monitorsare reconfigured to provide
enhanced coverage of the highest external radiation fields.

The gammasensors provide a*“ heartbeat,” supplied by asmall gammasourcewhichis
placed withintheprobenear theion chamber detector, indicating an operating condition.
Theneutron sensorsalso havea* heartbeat” capability, supplied by asmall spontaneous
fission source placed by the detector in the moderator. Both the neutron and gamma

sensorsareincludedinaregular testing and calibration program conducted by the EQO
I nstrument Group.
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Figure 3.37 Location of Storage
Ring Zone-C ACI'S Equipment
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Table 3.15 Summary of ACIS Components

Linac/PAR Synchrotron Storage Ring in- LEUTL
cluding Zone-F
No. of maze doors: 3 2 6 2
No. of exclusion fences/ 1 (in synch. none 6 (to isolate none
gates: tunnel) all zones)
No. of BSSs: 15 21 43 6
No. of radiation 8 5 8+ 1foreachID- |1
monitors: equipped sector
Equipment Linac: rf systems: rf systems: pitch-up, pitch-
disabled: 6 modulators, modulator, 4 modulators, | level magnets
6 rf drives, rf drive 4 rf drives
3eectronguns | Magnets: Magnets:
PAR: main dipole main dipole
rf system, &
main dipole
Equipment Linac: main dipole main dipole pitch-up and
operable in Equipment rf gun kicker pitch-level mag-
Test Mode: & PC gun laser nets
PAR:
rf system &
main dipole
Number of 24 16 58 8
controlled access keys:
Interlocked beam 3 none 2 none
current monitors:
Beam stops: 3 for beam from 2 3/beamline 1
PAR
2 for beamto
LEUTL
Interlocked bend 1 2 none 2 (as controlled
magnets: equipment)
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Interlocked Beam Current Transformers: There are three beam current transform-
ers, whose el ectronics are connected to the linac/PAR ACI S for beam intensity-rel ated
shutdowns of thelinac. Oneislocated at the end of the linac; a second islocated in the
low energy transport (LET) beamlineto the PAR; and athird islocated inthe LET just
prior to injection to the synchrotron. These three transformer and electronics systems
are independent of each other and only a buffered monitoring signal is provided from
each for operational use. They will disable the electron guns viathe ACIS to enforce
the safety envelope power levels. Such current transformersare used at Stanford Linear
Accelerator Center, and the APS design has been patterned after the SLAC device.

All three systems empl oy acontinuous self-test function, which usesatest winding and
signal comparators to perform a complete system check after each “real” linac beam
pulse. The“rea” linac pulseis compared to both alower limit and an upper limit and
the test pulse is compared to closely-set high and low limits. If any of these limitsare
exceeded during their test periods, relays are opened and the ACIS will disable the
electron guns via both PLC interlock chains. The beam transformer systems are fail-
safe (that is, they produce a shutdown) for: loss of power, loss of linac trigger, service
cover removal (required for accessto the limit adjustments), open or shorted test pulse
wiring, open or shorted transformer wiring or coils, open ACIS wiring, or removed
ACISsignal connector. All of the beam transformer system functions aretested as part
of the ACIS validation test procedure and the systems are included under ACIS con-
figuration control.

The current transformer system at the end of the linac are set to limit the accelerated
electron beam power to 1 kW.

The LET current transformer system is set to limit beam power injected to the PAR
below 20 W.

If the PAR is bypassed in favor of other means of establishing bunch purity, the new
injector configuration will be capable of higher intensity than either required or desired
for safety envel ope purposes. For this reason, an additional interlocked current moni-
toring systemwasinstalled in the LET beamline just upstream of the booster injection
point to enforce the existing saf ety envelopein the sameway and using the ACISin the
same manner asthoseinthe LET beamlines. Thisnew LET current transformer system
is set to limit beam power injected to the storage ring to 20 W.

Interlocked Stored Beam Current Detectors. There are two stored beam current
detectors, whose el ectronicsare connected to therf area ACI Sto ensure that aminimum
level of stored beam is circulating during top-off injection. If both detectors are indi-
cating sufficient circulating beam, injectionisallowed to continuewith photonbeamline
shutters open. If the circulating beam drops bel ow the minimum current setting, injec-
tion isinhibited by disabling the electron guns and closure of the linac/PAR-to-syn-
chrotron partition. All of the beam current detectors' functions are tested as part of the
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ACISvalidation test procedure and the systems are included under ACI'S configuration
control.

Communication and I nterconnection Wiring: Inter-rack communicationisviafiber
optic cables for immunity to electrical interference. These fiber cables are not routed
in the accelerator tunnels due to the potential for radiation-induced darkening, but are
routed in tray systems set aside for fiber-optic cable use or in trays dedicated to ACIS
use. Multiconductor copper cables are used to interface the BSSs, door hardware,
radiation monitors, and controlled equipment since these are all hard-contact and, in
some cases, relay-based connections.

As per the guidance document for DOE 5480.25 Guidance (DOE 1993b), al ACIS
cablesare protected with rigid or flexible conduit whenever outside of ACIScabletrays
or racks.

Table 3.15 summarizes the components and other details of the four ACIS implemen-
tations.

31213222  Operation Interruption Methods

Linac Operation Interruption Methods: To disable the production of prompt radi-
ation by thelinac, the following separate linac systems are disabled by the ACISinter-
lock chains:

» the high voltage power supplies (HVPSs) in all six modulators (five operational
modulators and one spare),

o therf drivesfor al six klystrons,

* thethermionic rf guns beamline kickers, and

the photocathode rf gun’s laser.

*Note: All electron guns are disabled in response to radiation monitor limit alarms,
regardless of operating mode. Two methods are used to disable al guns, although the
methods used are necessarily different. The methods used for the three guns are as
follows:

Thermionic rf guns:

» rf drive to klystrons able to be switched to the guns and

»  beam kicker required to kick beam past an obstruction.

Photocathode rf gun:
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» rf driveto klystrons able to be switched to the guns and

»  tunnel shutter gate valve (also laser trigger if gate valve does not close within 2
seconds).

In the case of all three guns, either of the two disable methods are sufficent to prevent
either beam generation or injection into the linac structure.

PAR Operation I nterruption M ethods: Withthelinac disabled, no source of particles
isavailabletothe PAR for injection. However, to prevent retention of an already stored
beam and to prevent the propagation of beam to a downstream area, the PAR is also
disabled. Thefollowing PAR systems are disabled by the ACIS interlock chains:

» the PAR main dipole power supply, and

* the PAR rf systems, both fundamental and 12th harmonic.

Disabling either of these systems will assure the interruption of beam.

Synchrotron Operation Interruption Methods: To disablethe production of prompt
radiation by the synchrotron, the following synchrotron systems are disabled by the
ACIS interlock chains:

»  the synchrotron main dipole power supply, and

» the synchrotron rf system.

Disabling either of these systems will assure the interruption of beam.

LEUTL Operation Interruption Methods: To disable the introduction of prompt
radiation by an electron beam from the linac, the following systems are disabled by
the LEUTL ACIS interlock chains:

» the power supply for the bending magnet which bends the linac el ectron beam
upward within the synchrotron tunnel, and

»  thepower supply for the bending magnet which bendsthelinac electron beam level
again within the synchrotron tunnel.

With either of these two power supplies disabled, the electron beam cannot be sent to
the LEUTL enclosure due to collimation provided by the two concrete walls which
follow these magnets. Due to this same collimation, the beam injected and accel erated
in the synchrotron cannot reach the LEUTL enclosure.
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Either of the above two magnet systems being disabled will prevent the direct intro-
duction of beam into the LEUTL enclosure. However, in the event that the upstream
magnet failsto turn off, beam sent to the downstream magnet will impact in the magnet
and beamline components in proximity to this downstream magnet. The resulting ra-
diation (estimated to be 131 mrem/h in the worst case) will be ableto reachthe LEUTL
tunnel interior in spite of the collimation provided by the two concrete walls. For this
reason, a beam stop is provided downstream of the downstream magnet to stop this
secondary radiation. The permissive signals from the LEUTL ACIS are removed for
this stop whenever the two controlled magnets are disabled to insure the safety of the
LEUTL tunnel interior. Since this beam stop is not capable of absorbing or stopping
the direct electron beam, it must be opened prior to the introduction of beam into the
LEUTL tunnel interior.

If asecondary beamlineisprovided for the LEUTL facility, the switch magnetinstalled
to send beam to thisbeamlinewill also bedisabled. Thiswill prevent beam from being
sent to this area by the failure to disable the upstream bending magnet.

StorageRing Operation I nterruption M ethods: To disablethe production of prompt
radiation by the storage ring, the following storage ring systems are disabled by the
ACIS interlock chains:

» thestorage ring main dipole power supply, and
» thestoragering rf system.

Disabling either system will assure the interruption of beam.

3.12.1.3.2.3 Tunnel Occupant Protection Methods

Linac/PAR Tunnel Occupant Protection M ethods: Assuming beam could be stored
in the synchrotron, occupants of the linac/PAR tunnel are protected from radiation
entering the tunnel by the two beam stop systems, PTB and LTL. Both stop systems
must be fully closed for the synchrotron ACISto remain in beam permit with the linac/
PAR ACIS in atunnel-occupied mode. Both interlock chains of both the synchrotron
and linac/PAR ACISs enforce this protection.

Synchrotron Tunnel Occupant Protection M ethods. Occupants of the synchrotron
tunnel are protected from beam entering the tunnel from the linac or PAR by the two
beam stop systems, PTB and LTL, respectively. Both stop systems must befully closed
for thelinac/PAR ACI Sto remainin beam permit with the synchrotron ACISin atunnel-
occupied mode. Both interlock chains of both the synchrotron and linac/PAR ACISs
enforce this protection. Occupants of the synchrotron tunnel are protected from back-
streaming radiation entering the tunnel from the storage ring by the BTS beam stop
system, located in the high energy beam transport line. This stop system must be fully
closed for the storage ring ACISto remain in beam permit with the synchrotron ACIS
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3121324

in atunnel-occupied mode. Both PLC interlock chains of both the synchrotron and
storage ring ACI Ss enforce this protection.

LEUTL Tunnel Occupant Protection M ethods: Occupantsof the LEUTL tunnel are
protected from radiation entering the tunnel from synchrotron operation by the colli-
mating effect of the shield wallsthrough whichthelinac-to-LEUTL electron beam must
pass. In addition, the radiation stop in this beam transfer line must be fully closed for
the synchrotron ACIS to remain in beam permit with the LEUTL ACISin atunnel-
occupied mode. Thethreeinterlock chainsof theLEUTL ACISenforcethisprotection.
Occupants of the LEUTL tunnel are protected from beam entering the tunnel viathe
linac-to-LEUTL electron beam transfer line by this same beam stop and by the two
controlled equipment systems of the LEUTL ACIS. These systems are the two vertical
bending magnets required to translate the beam up and align it with the synchrotron
and LEUTL tunnel wall penetrations. Inaddition, if asecondary beamlineis provided
for the LEUTL facility, the switch magnet installed to send beam to this beamline will
also be disabled. Thiswill prevent beam from being sent to this area by the failure to
disable the upstream bending magnet.

Storage Ring Occupant Protection M ethods (Zone-F): Occupation of Zone-F of the
storage ring is not permitted during beam operations in the synchrotron.

Storage Ring Occupant Protection M ethods (Zones A-E): Occupation of storage
ring zones A-E is allowed during beam operations in the synchrotron only if the high-
energy beam transfer line partition is closed. This partition consists of a double beam
stop system and two bending magnet systems, the first of which must be on (to direct
beam to alead beam dump) and the second of which must be off (to redundantly direct
beam to another lead beam dump). Both of these magnet systems are monitored for
proper current and by in-gap magnetic switches, and both interlock chains of the zone-
F ACIS enforce this protection. This double beam stop must also be fully closed and
ismonitored by both the synchrotron and zone-F ACI Ss to enforce this protection.

ACIS Implementation M ethodology

PLC Methodology and ACIS Application: The Programmable Logic Controller
(PLC) is aspecial-purpose microprocessor which executes a“program” consisting of
relay ladder logic relationships to carry out logical control functions. The PLC tech-
nology ismature (inusefor over 30 years). The ACISemploysthe Allen-Bradley Series
5 PLC which, with its 1/0O modules, has been in use for 19 years. PLCs are designed
for usein environmentally harsh and el ectrically noisy conditionsand have been widely
used inindustry for both operational and personnel safety applications. Thelnstrument
Society of America(ISA) hasrated implementations with dual-redundant PL Cs, exter-
nal watchdog timers, dual sensors, and control elements wired in series (the method-
ologies employed for the ACIS) to be suitable for both environmental and employee
safety applications.

3-131



APS Safety Assessment Document Chapter 3

July 2006 3.12 Engineered Safety Systems

The PLC methodology was chosen for the ACIS implementations for the following
reasons.

* Highflexibility, allowing adaptation to partial accelerator operation (such asthe
initial 2-sector storage ring implementation) and other APS variations, both
planned and under consideration.

» High system reliability, as compared to relay-based implementations, for large
signal-count applications.

* Reliability and availability enhancement opportunities, such asthe addition of self
tests and operation verification tests.

*  Faulty component diagnosis features, allowing the identification of intermittent
field components.

»  Sdf documentation with ladder logic input technigues and ladder logic system
documentation produced from the actual PLC code instead of the designer’s ob-
jective and opinion of the logical implementation.

*  Completely modular design, allowing partial or complete replacement of ACIS
subsystems and modules.

»  Superior testability, with all functional reactions testable without resort to field
communication, before final or subsequent implementations.

The PLC ladder logic program is devel oped with apersonal computer connected to the
PLC for this purpose. During actual operation of the ACIS, the PC may be connected
to the PLC for data monitoring purposes. After the program is developed and tested,
itis“burned” into an electrically erasable, programmable, read-only memory (EE-
PROM) andinstalledinthe PLC. At PLC startup, thisEEPROM programistransferred
to the PL C’'srandom-accessmemory (RAM), and achecksum isdisplayed on areadout
and checked by the system engineer against alogbook copy of the checksum.

During execution of the program, the checksum is recomputed periodically to self-
check for noise-induced program changes.

A programming key is required to program the PLC or to operate the PLC in a non-

normal mode and once this key is removed, the PLC program cannot be modified by
any external means. In addition, once the PLC is operating from its “burned in” EE-

PROM memory, no program modification is possible.

Continuity of PLC Operation: One PLC malfunction mode given special attention

is cessation of operation. The PLC manufacturer provides two meansto detect such a
failure:
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* A software“watchdog timer” utility with a program-settable timeinterval. If this

timer “times-out” without specific program action, all PLC I/O modulesareturned
off. Communication with all remote I/O modulesis aso stopped and this action
results in those modules being turned off as well.

* Anon-board hardware verification, which checks the integrity of the data and
address busses, is executed every 10 ms. A detected fault causes all local and
remote outputs to be de-energized.

In the ACIS implementations, either of the above output terminations will disable all
controlled equipment related to that implementation.

In addition, the ACIS implementations have been provided with watchdog circuits
external to the PLCswhich also require periodic program stimulation. If thistimer is
not triggered periodically by the PLC, the controlled equipment relayswill be disabled
and all beam productionwill bedisabled. Seesection 3.12.1.3.2.5and theabove sections
onlinac, PAR, LEUTL, synchrotron, and storage ring operation interruption methods
for additional details. The status of each chain’s external watchdog timer is routed to
the opposite chain’s PLC, insuring that both sets of equipment are disabled.

The communication link with the remote 1/O crates is also monitored by the PLC
processor and the equipment at the remote /O crates. Loss of communication or data
corruption causes al output to be de-energized, resulting in the disabling of any equip-
ment controlled from these locations.

ACI S Softwar e Development Procedures: The software utilized by the ACISPLCs
isdevel oped and controlled with stringent review, testing, security, and QA procedures.

The following sections describe the procedural steps required for initial software de-

velopment and all subsequent modifications:

1- RequirementsDocument: Therequirementsdocument isasimpleunambiguous
statement of the problemto besolved. Itisadocument which containsthefunctions
required to be realized, performance requirements, the software environment in
which the function is needed, operational scenario, date required, and any inter-
mediate deliveries that would be useful.

2 - Software Functional Specification: Before detailed design and implementation
of any ACIS software component begins, a software functional specification is
written. This document ties the protection requirements from the various DOE,
ANL, and APS poalicies to the software which enables the ACIS PLC system to
implement these requirements. This document contains an accurate statement of
the ACI Srequirementsand adetailed description of thefunctional operation being
provided. It enumerates devicesto be disabled, types and quantities of inputs and
outputs, and spells out any timing requirements.
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The software functional specification isreviewed by the ACIS system engineer’s
group leader and that group’s Associate Division Director to verify that thefunction
complies with the requirements document.

Thedevelopment scheduleis presented to the ACI S system engineer’ sgroup | eader
to verify that it meets the project schedule requirements.

I mplementation: The ACIS softwareisdevel oped using PL C programming prac-
tices. Theladder |ogicdiagramsareintelligibleand availableto all interested parties
and reviewers. Two independent PL C programmers are utilized, one for each of
the two redundant PL C implementations (Chain-A and Chain-B). Once the soft-
wareisreleased for operation it is placed under software configuration control.

Acceptance, Integration, and Test Plan: This step in the software devel opment
processisdesigned to assure that the functionality of the softwareis complete and
correctly implements the requirements. The program is tested using atest proce-
dureto verify compliance to the Requirements and Functional Specifications doc-
uments. The test procedure, generated by a separate administrative department,
contains tests that can be run by other individuals and includes sign-offs for the
various elements that appear in the test plan. The test plan isindependently re-
viewed to insure that all ACIS functions and components are adequately and in-
dependently tested. Thetestisperformed and signed off aseach functionisproven.
Test resultsare kept in Document Control and are available for review by APSand
Argonne safety committees.

Media Control and Security: All papersrequiring asignature arefiled with the
ACIS system engineer’sgroup secretary and entered into the APS Document Con-
trol Center. All PLC code is stored electronically. The electronic storage meets
the requirements of the ANL Computer Protection Policy, which has provisions
for backups and disaster recovery (completeloss of computersand filesin any one
site).

ACI S Softwarel nstallation for Operation: At installation timefor anew version of
the PLC software, the revised version of the software in its magnetic mediaformis
installed inthe PL C development computer. Thisnew softwareisthen downloaded into
the PLC’s memory and "burned” into the on-board EEPROM. At this point, the com-
plete ACIS validation test procedure must be executed which corresponds to the new
software version just installed. The checksum is also recorded for use in future checks
to insure that the downloaded software has not been modified.
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Figure 3.38 Typical PLC-Controlled Equipment Interface - Chain A and HW Circuits
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Figure 3.39 Typical PLC-Controlled Equipment Interface - Chain B and HW Circuits
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3.12.1.3.25  Synchrotron Radiation Diagnostic Beamline Per sonnel Safety System

There are two synchrotron radiation diagnostic beamlines located in Sector 35 of the

storagering, 35-BM and 35-ID. Each of these beamlinesis provided with an indepen-

dent personnel safety system (PSS). Each PSSis based on a dual-chain PLC imple-

mentation similar in capabilities and function to the ACIS. Details of the PSS imple-

mentations can be found in section 3.12.2. These characteristics include:

» All critical functionsimplemented by both interlock chains,

» Fail-safe design with no single point of failure,

* Monitored search and secure of the x-ray experimental stations,

* Audible and visual warning devices,

»  Shut down buttons inside the experimental station,

o Statusdisplaysfor all x-ray experimental stations,

»  Operation-prevention lock-out keys (optional),

* A method of dumping the stored beam under personnel-in-danger conditions,

»  Well-defined software development and revision process,

*  Well-defined component replacement procedures, and

* Rigorous validation testing procedure with a mandatory 12-month re-test cycle.
3121326  ACISPSSInterface

All experiment beamlines have an on-line/off-line keyswitch located in ajunction box
associated with each storage ring sector and located atop the shield. Thisbox contains
the ACIS/PSS interface circuits, but is maintained by the ACIS staff, and is accessible
by both ACIS and Operations staff. When the keyswitch for abeamlineis set to off-
ling, itsshutters (PS-2, SS-1, and SS-2) are prevented from opening and the PSS beam-
dump signal isignored. When the keyswitch is set to on-line, the shutters are allowed
to open (during stored beam conditions and PSS permission) and the beam-dump signal
isoperative. The PSS beam-dump signal isalsoignored if al monitored photon beam
stops are closed.
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31214

312141

ACI S Operational Procedures

Strict adherence to the various operational proceduresis required to enable operation
of thelinac/PAR, LEUTL, synchrotron, and storage ring under the control of their
respective ACISimplementations. Proper execution of other proceduresisrequired on
the part of operatorsinthose (essentially human) aspectswhich the ACI S cannot control
or guarantee, such asthe tunnel searching process and the use of the controlled access
keys. Such procedures are the subject of required training for al staff authorized to
operate the linac, PAR, LEUTL, synchrotron, or storage ring or enter their respective
tunnel areas.

Conditionsfor Linac/PAR Operation

Linac/PAR Beam Operation Enabled: For the ACISto reach “Beam Permit Mode”
and for the linac and PAR to be energized, the following conditions must be met:

* linac/PAR area search has been completed,
» al three doorsto linac/PAR tunnel are closed,
» al controlled access keys are in their keybanks.

e dl beam Shutdown Stations are armed,

AND

*  PAR-to-booster (PTB) and linac-to-LEUTL (LTL) beamline beam stops arein
place (beam is to be stopped in the PAR enclosure), OR

» gynchrotron ACISisin abeam permit condition (beam isto be sent to the synchro-
tron).

Area Access (ACI Sauthorized accessor controlled access): To gain accessto the
linac/PAR area, the beam permit isremoved. If not already off, the linac systems and
PAR systems listed in the previous section are disabled by thisaction. Note: Normal

operating procedureswill dictatethat these systemsbeturned off by non-ACI S controls.

Operation Termination: If any of the three access doorsto the linac/PAR tunnel
enclosure are breached, a beam shutdown button is pressed, or either LET beam stop
iswithdrawn with the synchrotron ACI S not in abeam permit condition, the redundant
protection terminatesthe operation in the areaby disabling thelinac and PAR systems.
If aradiation monitor indicatesahigh alarm or either interlocked beam toroid indicates
an out-of-limit beam condition during operation, all electron guns are disabled and
permissives removed for both LET beam stops, causing them to close.
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3.12.14.2

A test modeis provided to allow the rf guns’ beamline kickers and the photocathode
gun’s laser to operate while the ACIS isin Controlled Access Mode (the tunnel may
be occupied under controlled conditions). Inthismode, the high voltage power supplies
(HVPSs) inthefive modul atorsremain deactivated and therf drivesto thefiveklystrons
are removed. The modulator high voltage and the rf amplifiers are never alowed to
operate unless the linac/PAR tunnel has been searched and secured, i.e., personnel
accessisnot alowed. In addition to the electron guns, either the PAR main dipole, or
rf system is also allowed to operate in this same test mode, but never more than one
PAR system at the same time.

Conditionsfor Controlled Access: The linac/PAR ACIS can be operated in amode
which allows access to be monitored and controlled from the Main Control Room
(MCR), followed by areturn to beam operations without a tunnel search. This mode
can bereached by atransition down from beam permit mode or by atransition up from
authorized access mode (which requires atunnel search). This process is described
below in section 3.12.1.4.6.

Conditionsfor LEUTL Operation

LEUTL Beam Operations Enabled: For the ACIS to reach “Beam Permit Mode”
and allow beam to be introduced to the LEUTL tunnel, the following conditions must
be met:

 LEUTL areasearch has been completed,

*  both maze doorsto the LEUTL tunnel are closed,
o al controlled access keys are in their keybank,

» al beam shutdown stations are armed.

At this point the two controlled bending magnets can be energized and the beam stops
withdrawn (the single stop of the LEUTL beamline in the synchrotron tunnel and the
double stop in the linac-to-LEUTL beamline). Of course, both the linac/PAR and
synchrotron ACISs must also be in Beam Permit Mode for the intersystem partitions
to be opened and beam to be introduced to the LEUTL tunnel.

Area Access (ACI Sauthorized access or controlled access): To gain access to the

LEUTL tunnel, thebeam permitisremoved. If not already off, the two bending magnets
used to transport bean to the LEUTL are disabled and the LEUTL beamline beam stop
isinserted by theremoval of itspermissive signals. Note: Normal operating procedures
will dictatethat these magnetsbeturned off and beam stop closed by non-ACI Scontrols.

Operation Termination: If either of the two access doorsto the LEUTL tunnel are
breached, or a beam shutdown button is pressed, the two controlled bending magnets
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3.12.1.4.3

will be disabled and the LEUTL beamline radiation stop inserted by the removal of its
permissive signals. In addition, if a secondary beamline is provided for the LEUTL
facility, the switch magnet installed to send beam to thisbeamlinewill also be disabled.
When the LEUTL isseen by thelinac/PAR ACIS not to bein abeam permit condition,
thelinac/PAR ACISwill closethelinac-to-LEUTL beamline stop and disable all of its
controlled equipment. If the LEUTL end-station radiation monitor indicates ahigh
alarm, the linac/PAR ACIS will disable all electron guns and the beam stops under
linac/PAR ACIS control will be closed.

A test modeisprovided to allow operation of one of thetwo controlled bending magnets
whilethe LEUTL ACISisin Controlled Access Mode (the tunnel may be occupied

under controlled conditions). Only one magnet is allowed to operate and the LEUTL
beamline stop must be inserted.

Conditionsfor Synchrotron Operations

Synchrotron Beam Oper ation Enabled: Forthe ACIStoreach® Beam Permit Mode’
and for the synchrotron to be energized, the following conditions must be met:

» synchrotron area search has been completed,

» storagering zone-F area search has been completed and the zone-F ACISisin
Beam Permit Mode,

*  both doorsto synchrotron tunnel are closed,
» al controlled access keys are in their keybanks,
» al beam shutdown stations are armed,

« dl radiation monitorsindicate normal levels,

AND

* HET first bending magnet on, second bending magnet (pair) off, and thetwo HET
beam stops are inserted (beam is to be sent to the beam dump),

OR
* HET first bending magnet off, second bending magnet (pair) on, and thetwo HET

beam stops are withdrawn (beam isto be routed to the storage ring injection area)
and storage ring ACIS isin aBeam Permit condition.
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3.12.1.44

Area Access (ACIS authorized access or controlled access): To gain accessto the
synchrotron tunnel enclosure, the synchrotron Beam Permit isremoved. If not already
off, thefivesynchrotron systemslistedintheprevioussection aredisabled by thisaction.
Note: Normal operating procedures will dictate that these systems be turned off by
non-ACI S controls.

Operation Termination: If either access door to the synchrotron tunnel enclosureis
breached, thezone-F ACI Sdropsout of Beam Permit M ode, or abeam shutdown button
is pressed, the redundant protection terminates the operation in the area by disabling
the synchrotron controlled equipment. If either of the two the LET beam stops are
open, this termination action will propagate to the linac/PAR ACIS and all linac- and
PAR-controlled equipment will be disabled and both beam stops closed. If aradiation
monitor indicatesahigh alarm during operation, only the electron gunswill bedisabled
and the two beam stops closed.

A test modeisprovided to allow the synchrotron main dipoleto operatewhilethe ACIS
isin Controlled Access M ode (thetunnel may be occupied under controlled conditions).

Conditionsfor Storage Ring Operations

StorageRing Beam Oper ation Enabled: Forthe ACIStoreach*Beam Permit Mode”
and for the storage ring to be energized, the following conditions must be met:

» al five maze doors to the storage ring tunnel (for zones A-E) are closed,
» al 70 ratchet doors to the storage ring tunnel front ends are closed,

» al five super doors to the storage ring are closed,

» al controlled access keys are in their keybanks,

»  al beam shutdown stations are armed,

» storagering area search has been completed for zones A-E,

» storagering zone-F area search has been completed and the zone-F ACISisin
Beam Permit Mode,

e dl radiation monitorsindicate normal levels,

AND

» HET first bending magnet on, second bending magnet (pair) off, and thetwo HET
beam stops are inserted (beam is to be sent to the beam dump),
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OR

*  HET first bending magnet off, second bending magnet (pair) on, and thetwo HET
beam stops are withdrawn (beam isto be routed to the storage ring injection area).

There are two allowed modes of injecting into the storage ring: normal and top-up. In
normal mode, both safety shuttersand photon shutter PS-2 must be closed for al beam-
line front ends. In top-up mode (allowed by the activation of an administrative key-
switch), injection is alowed with beamline shutters open only if a minimum level of
circulating current is present in the storage ring and the storage ring main dipoleis
operating at acurrent corresponding to at least 6-GeV beam energy. Both PLC chains
enforcethislogic, with complete redundancy of all device sensing and injection inhibit
methods, including the use of redundant circulating current sensing and dipole current
sensing systems. If top-up conditions are removed, by the circulating current or dipole
current dropping below the minimum level, the linac’s electron guns are disabled and
the triple beam stop following the PAR is closed, halting further injection. The storage
ring remainsin “Beam Permit” mode; all systems necessary to store beam are | eft
energized.

Of course, personnel are never allowed inside an x-ray beam hutch when stored beam
is present and shutters are open. All hutches must be searched and secured before
shutters may be opened. The x-ray beamline personnel protection systems (PSS) en-
force this requirement by commanding de-energization of the storage ring when beam
ispresent and shutters are open and, additionally, by disabling theinjector if normal or
top-up injection isin progress.

ACIS will allow the APS storage ring to be operated in “top-up mode” (wherein any
of the monitored shutters can be open) for any beamlineif the following conditionsare
met:

»  Thefilling mode keyswitch (which alows administrative control) is set to Top-Up
Mode.

*  Thetwo stored current monitors both indicate that the stored beam current isabove
a specific minimum current.

» Thestoragering main dipole current is monitored using two different methods to
insure that the stored beam is at an energy greater than 6 GeV.

If while in this mode the stored beam drops below the specific minimum current, the
ACISwill revert back to normal filling rulesand further injection will beinhibited until
al beamline front end shutters are again closed.

Area Access (ACI S authorized access or controlled access): To gain accessto the
storage ring tunnel enclosure, the storage ring Beam Permit isremoved. If not already
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off, the storage ring main dipole and multipole power supplies and rf systems are
disabled by this action. Note: Normal operating procedures will dictate that these
systems be turned off by non-ACIS controls.

Operation Termination: If any maze access door, ratchet door, or super door to the
storage ring tunnel enclosure is breached, or a beam shutdown button is pressed, the

redundant protection terminates the operation in the area by disabling all storage ring
systems. |If aradiation monitor indicates a high alarm during filling, the electron guns
and the storage ring rf will be disabled. If aradiation monitor indicates a high alarm

during stored beam operation, the storage ring rf systems will be disabled.

A test modeis provided to allow the storage ring main dipole power supply to operate
whilethe ACISisin Controlled Access Mode (the tunnel may be occupied under
controlled conditions). The storage ring rf system is never allowed to operate unless
the storage ring zone-F area has been searched and secured, i.e., personnel accessis
not allowed.

Securing the Linac/PAR, LEUTL, Synchrotron, and Storage Ring Areas

Before beam or rf power can be introduced into any accelerator tunnel enclosure, the
following conditions must be met:

* asuccessful search procedure of the area has been completed,

AND

» audible and visual warnings have been given, indicating that turn-on of the ACIS-
controlled equipment is about to be enabled and that subsequently beam can be
introduced into the area.

The search procedure is asweep of the area, during which the search team verifiesthat
no one remainsinside. The search team actuates search/verification buttons on the
BSSsin a specified sequence as the search proceeds. These buttons are used to ensure
that a systematic sequence is observed and that all areas have been inspected. Inthis
way, personnel in the searched area may leave through any door ahead of the search
team, but if a secured door behind the search team is opened, the search must begin
again. During the search, asearchindicator isdisplayed at each BSS stationinthearea
to notify occupants that the search is underway.

The search processis aborted by the ACIS if one of the search/verification buttonsis
pressed out of order (indicating that a BSS was missed or repeated), or if the process
takes too long (indicating that there has been a deviation from the search procedure).
The search will aso be aborted if a (locked) maze entry door behind the search team
isopened, or if abeam shutdown button is pressed at any BSS.
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At the completion of the search, the search team |leaves the area and secures the |ast
door. The control room operator now activates the warning interval which consists of
an obtrusiveaudiblewarning lasting for one minute; at the sametime, aseriesof flashing
beacons inside the tunnel area beginsto operate. These beacons indicate that a beam
permit conditionispending or isactive and al so serveto indicate wherethe BSS buttons
are located inside the tunnel enclosure. The beam shutdown buttons can terminate
operation and are located every 30 meters or less within the tunnel areas so that they
can be reached quickly. At the end of the warning interval, and when al controlled
access keys are in place, equipment operation is possible with the final transition to a
beam permit condition executed by the control room operator.

The storage ring is divided into six zones for the purpose of searching to a Controlled
Access state. As stated above, zone-F is a stand-alone ACIS and can be secured and
operated separately from the other five zones. In the case of the five-zone storage ring
ACIS, each zone can be searched to a Controlled Access state individually, and if a
perimeter violationoccurs, only theaffected zonewill dropto Authorized AccessMode.
In this way the entire storage ring tunnel need not be searched, only the affected zone.

Controlled Access Mode

The ACISimplementations provide amode of operation which will allow accessto the
accel erator tunnel sin asafe manner while maintaining control over thetunnel security.
Thismodeiscalled Controlled Access Mode and, asthe nameimplies, provides means
to control accessto a secured controlled areawith acombination of administrative and
remote control procedures. In Controlled Access Mode al controlled equipment are
disabled except those operating in test mode. A person requiring access to the tunnel
will communicate with the control room operator from the maze entry door, requesting
access permission. The control room operator will record the person’s name, door
location, the time, Controlled Access key number, and may also check to insure that
the personison an*“allowed access” list whichimpliesthe proper level of training. The
door will then beunlocked remotely by the control room operator. All actionsdescribed
here are monitored in the control room by closed circuit TV to verify proper adherence
to procedure.

As described above, abeam permit condition cannot be achieved unless all the con-
trolled access keys are present in their proper keybanks. Asthe personnel allowed
accessinto the tunnel in Controlled Access Mode prepare to exit from the tunnel, they
again communicate with the control room operator, are logged out with the time re-
corded, and the door again unlocked remotely. The controlled access key(s) obtained
on entry arethen returned to their proper key bank, and when all personnel havelogged
out of the tunnel, atransition to abeam permit condition is possible. Thistransition
will include the one-minute warning interval prior to the final transition.
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Equipment Test Mode

The ACIS implementation provides a means to operate selected systems, normally
disabled to prevent the generation of prompt radiation, in atest mode while in a Con-
trolled Access configuration. The reason for this provisionisto allow accessto thein-
tunnel system components under powered-up conditions. In the event that actual work
isto be performed in thevicinity of apowered-up component, the appropriate working
hot procedures must be followed. Warning lights or beacons related to the particular
systems are provided to indicate to tunnel occupants that systems are being operated
in test mode. In addition, the message portion of the BSS stations display “TEST” to
indicate that this condition is being allowed and the maze door ACIS status displays
indicate that a controlled systemison.

In each case, the systems allowed to operate in test mode constitute a subset of those
needed to generate, retain, or accelerate beam. Some ACI S-controlled systems are not
provided with this functionality and can only be operated in Beam Permit Mode. Ex-
amples are the linac, synchrotron, and storage ring rf systems. Test mode keys are
required to operate the systems of each accelerator, one each for the linac, PAR, syn-
chrotron, and storagering. Each test mode system has akeyswitch provided, such that
with asingle test mode key, only one system can be operated in test mode at atime.
Thesekeyswitchesarelocated at sel ected maze doors of each accel erator, with readouts
provided at al applicable maze doors and at the control room location. Table 3.15 lists
the equipment operable in test mode for each accelerator.

If a Beam Shutdown button is depressed whilein Controlled Access Mode, any equip-
ment operating in Equipment Test Mode is disabled and the system (or storage ring
zone) brought down to Authorized Access Mode.

ACIS Operational Key Control

Several keysareinvolved in the operation of the ACIS. The procurement, storage, and
replacement of these keys s strictly controlled by an administrative procedure (APS
Procedure # 210603-00028, “ACIS Key Replacement Procedure”). Whenever akey is
lost or broken, the keyswitch mechanismwill be replaced and the removed unit retired.
Table 3.16 providesasummary of these keys, their purpose, and their custodial respon-
sibility. A log book ismaintained by the ACIS system engineer indicating the location
and possession of all operational ACIS keys.
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Type of Key

Purpose

Table 3.16 Summary of ACIS Keys

Custodial Responsibility

PL C programming key

Controlled access keys
all are unique

M ode selection key
unique key--must be in
either keyswitch location

Equipment test mode keys
unigue key

UPS control keys

ACIStest keys
unique key

ACISreset keys
unique key

Required to enable PLC
reprogramming.

Prevent transition to beam per-
mit.

Selects ACIS operating
modes.

Required to enter
equi pment test modes.

Required to operate any
ACIS uninterruptible
power supply.

Used as part of the periodic
test and verification
procedure.

Required to reset all
ACIStrips.

Secured by ACIS system
engineer.

Replacement keys and
corresponding switches are
provided by the ACIS
system engineer.

Replacement key and
corresponding switch is
provided by the ACIS
system engineer.

Replacement keys and
corresponding switch is
provided by the ACIS
System engineer.

Secured by the ACIS
System engineer.

Secured by the ACIS
System engineer.

Secured by Operations
personnel.
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Laser and rf Gun Test Room Security

Two special-purpose rooms are located in the electron gun area of the linac/PAR en-
closureinBuilding411: anrf guntest room for testing thethermionic and photocathode
rf electron guns and other rf systems, and alaser room to house the laser system used
to operate or test aphotocathode rf gun. Therf test room and laser room areinterlocked
using the same interlock system commonly found throughout the APS and with all
functions performed by two independent PL C chains. Both theserooms haveinterlock
requirements independent but related to the linac/PAR ACIS. Theinterlock logicis
implemented inthesame PL Csasthelinac/PAR ACISathough aseparate control panel
and dedicated procedures are used. The following subsections describe the character-
istics of the interlock systems for these rooms and their relationship to the ACIS.

rf Gun Test Room Interlocks

Since the rf gun test room has linac rf waveguide plumbed to it, this room cannot be
occupied when rf power is applied to agun under test. Dual redundant meansin the
form of two waveguide switches are provided to disable or disconnect the rf energy to
this areafor the room to be occupied during linac operation. If the room security is
breached during rf operation, the linac klystron systems involved will be disabled. A
simple search, i.e., traveling the extent of the room, is required to transition this area
to asecure state. The door connecting this room and the laser room is equipped with
amagnetic lock and dual redundant door monitoring. Two radiation monitors, one
inside the rf gun test room (ignored if the roomisin beam permit) and onein the laser
room, warn occupants of radiation hazardsfrom the rf gun test room andthelinac. The
warning period preceding the rf permit and following aroom search is 20 secondsin
duration due to the smaller area.

Laser Room Interlocks

The laser room itself is classified as alaser-controlled area (LCA), and its interlock
system conformsto Argonne standards corresponding to such areas. A shutter prevents
the laser beam from entering the linac/PAR enclosure when it is not required for pho-
tocathode triggering or when the linac/PAR enclosure is not in an appropriate level of
security. Thelinac/PAR ACIS must bein alevel of security of Controlled Access (for
laser alignment with shields off) or Beam Permit for the light shutter to be allowed to
open.

The laser room’s only entrance is an interlocked set of two doors. The outer door is
unlocked by aCardK ey system that limits entry to those personnel who are current with
laser training. A warning light on the outside of this door indicates when the laser is
in operation. To maintain laser operation, the outer door must be closed before the
inner door isopened. Theinner door must not be open more than 15 secondsto ensure
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continued operation. Warning devicesare provided to warn thosein thelaser room that
the doors are being opened.

RF Test Stand Security

A special-purpose shielded room is provided for the testing of rf cavities and cavity-
related components for the synchrotron and storage ring systems. Thisroom islocated
in proximity to rf system #1 in Building 420, the rf/extraction building. Rf from the
nearby klystron system (rf-1) passes through two waveguide switches (one servesthe
storage ring and the other atest load) on itsway to the test stand room. Protection for
occupants in the teststand room whilerf-1isin usefor other reasonsis provided by a
redundant pair of full-closure waveguide shutters. These shutters are monitored by the
two PLC interlock chains.

Therf test stand ACISisimplemented in the same PLCs used for the storage ring’s rf
area ACIS, and the two implementations share control over the rf-1 klystron system.
All other features of the rf test stand ACIS are the same as with all other ACIS imple-
mentations. These include magnetic door locks, rf shutdown and search verification
stations, warning lights and alarms, and alocal control panel. The third hardwired
interlock chain monitorsthedoor, the rf shutdown stations, and the control panel’ sfinal
rf-permit keyswitch. Two radiation monitors and one rf leakage monitor are included.
The warning period preceeding the permits given to rf-1 and following aroom search
is 20 secondsin duration due to the smaller area.

ACIS Testing

System testing providesthe single most important contribution to safe operation. Since
few failures arise spontaneously during operation, arigorous testing program must be
developed that includes all the protective elements of the system and verifies their
functionfollowing any maintenance, addition of new components, or software changes.
Thetest verifiesthat the system worksas expected and ensuresthat improperly executed
operations do not lead to unsafe conditions. Testing of the system is performed before
the system is placed in service, after any work is done on the system, after any fault is
reported, and at periodic intervals of at |east once every twelve months consistent with
DOE Order O 420.2A (DOE 2001a). A grace period of one month isallowed if made
necessary by APS scheduling. The ACIStest proceduresfor all ACIS systemsareunder
Document Control.

ACI S Configuration Control

In accordance with DOE O 420.2A (DOE 2001a) Section 13, any changeinthe ACIS
operational or functional configuration or any related procedure must be approved by
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an APS-level committee, independent of the group within AES responsible for the
ACIS, although it may include members of that group. The ACIS functional configu-
ration extends to the ACIS-related linac, PAR, LEUTL, synchrotron, and storage ring
equipment interlock implementation. The base level ACIS configuration, from which
changes are considered, is that design reviewed by the 1992 technical review panel
(ANL 1992a).

All but minor equipment changes and all functional changes must be presented and
justified before any implementation effort isundertaken. Testing procedures must also
bereviewed, approved, and demonstrated beforethe new configuration can be approved
for operation. Any such changeto the PLC software will, of course, trigger acompl ete
system verification test process.

In the case of aninterlock bypass, the DOE-mandated procedureisfollowed, inwhich
an equivalent or safer procedure or alternate equipment is put in place. The proposed
bypassing requires both ASD and AES review and approval, and the interlock system
istested with the bypassin place and again after it has been removed.

Per sonnel Access Policy

If accessisto be alowed into any of the accelerator enclosures after operation with
beam, precautions must be taken to ensure ALARA exposures to radiation and, if
necessary, restrict accessto any areasof significant residual radioactivity. Additionaly,
electrical hazards are addressed using LOTO or working-hot procedures. The opera
tional procedures depend on the type of access established using the ACIS.

Authorized Access Mode

Thisis an access mode used when the tunnel is open for work, although locked doors
can be provided under administrative control. The Accelerator Systems Administrative
Safety Envel ope requires the existence and adherence to written radiation survey pro-
cedures. These procedures dictate that after the conclusion of any operations with ra-
diation, and before the establishment of an Authorized Mode of access, HP technicians
will survey thetunnel to verify that the very high radiation fields have been terminated.

All personnel performing work in the tunnelsin this mode are required to be protected
using LOTO. These procedures and equipment allow each separate tunnel— linac/
PAR, synchrotron, LEUTL, and each of the six storage ring zones— to be LOTO'd
individually and, in the case of the storage ring, Zones A through E, collectively.
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A controlled accesswill normally bemadeby only afew individual stoinspect particular
pieces of hardware, investigate abnormal events, or perform routine walkthroughs. If
beam operations have been underway in the area to be entered, those entering are
preceded by an HP technician who will carry survey devices and monitor for radiation
fieldsinthevicinity of interest. LOTO-lessaccessisallowed using proscriptivewritten
procedures devel oped for specific purposes. With the exception of the PAR rf systems,
al rf systems must always be LOTO'd.

Per sonnel Safety System

Introduction

The APShasthe potential of operatingwithupto 70 beamlines. Each beamlineincludes
multiple shiel ded enclosures contai ning optics and experimental equipment. Personnel
access into these enclosures will be controlled during beamline operation. The APS
Personnel Safety System (PSS) is the engineered safety system for each beamline for
controlling access into the enclosures, ensuring that accessis allowed only under safe
conditions (i.e., beam is off in the enclosure), and to disable storage ring operation if
improper accessis gained or a PSS system fault is detected that could potentially en-
danger personnel.

The PSS for each beamline interfaces directly with the Accelerator Systems Access
Control and Interlock System (ACIS) for disabling storage-ring operation. Each PSS
istotally isolated from the PSS of any other beamline to prevent a fault from one
beamline affecting the PSS system of other beamlines.

Each PSSisdesigned by APS/AES staff to meet the requirements of the beamline after
review and concurrence by the Beamline Safety Design Review Steering Committee.
The APS/AES staff is also responsible for the installation, verification and regular
testing, and any required maintenance of the system. Although beamline designsre-
quiresomeflexibility in possible modes of operation, typesof devicesto beinterlocked,
and other operational requirements, the basic configuration and control aspects will
remain the same. Specialized control panels are designed to incorporate any special
features. The system documentation, test procedures, and training include all basic as
well as specialized equipment and operating modes.

The PSS is designed to comply with the following:
* DOE Order O 420.2A, “ Safety of Accelerator Facilities’ (DOE 2001a).

* “APSPreiminary Safety Anaysis Report” (ANL 1990).
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SLAC 327, “Health Physics Manual of Good Practicesfor Accelerator Facilities”
(SLAC 1988).

NBS Handbook 107, “ Radiological Safety inthe Design and Operation of Particle
Accelerators,” ANSI N43.1 (NBS 1979).

NCRP Report No. 88, “Radiation Alarms and Access Control Systems’ (NCRP
1986)

Among the more important aspects of conformance, the PSS satisfies the following
requirements:

The system is designed to be fail safe, so common failures (e.g., shorts to ground
or open wires) leave the system in a safe, beam-off state.

The designs incorporate redundant protection, ensuring that no single compo-
nent or subsystem failure leaves the system in an unsafe, beam-on condition.

Provisionsfor testing areincluded, so the proper component and system functions
may be completely verified.

Access and egress controls are incorporated so that personnel are not exposed to
x-ray radiation. These include emergency shut-off devices, status signs, search
and secure procedures, and emergency exit mechanisms.

A document control and review system isincorporated for keeping documentation
complete, accurate, and current.

A strict configuration control system protects the circuits and software against
unauthorized and inadvertent modification. Critical devicesareclearly labeled to
note that tampering is strictly forbidden.

User training for proper system operationisincorporated and usersare made aware
of the consequences of tampering or improper use of the PSS.

Beamline Personnel Safety System (PSS) Description

Overview

Each beamline PSS employs two independent interlock chains, referred to below as
Chain A and Chain B, providing system-wide redundancy. The PSS incorporates the
following equipment:
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*  Programmable Logic Controllers (PLCs) installed in each chain to perform the
system's decision logic.

*  PLCinput/output (1/0) moduleswhichinterfacethe PL Cswiththeswitches, lights,
locks, relays, and other devices used by the PSS.

*  Uninterruptible power supplies (UPSs), some centralized and some dedicated to
ACIS equipment, to protect against short-term AC power |0ss.

» Control panels and status displays.
»  Station door hardware (status switches, locking mechanisms).

e  Station search-and-secure hardware (search buttons, visible and audible warning
indicators, emergency shutdown buttons).

* Interfacesto beam shutdown safety devices, such asfront-end or beamline safety
shuttersand photon shutters(position-indicating switchesand position-controlling
solenoids).

* Interfacesto the ACIS (for storage ring shutdown), the Front-End Equipment Pro-
tection System (FEEPS), the Beamline Equipment Protection System (BLEPS)
(for monitoring and control), and the EPICS control system (for status display and
diagnostics).

*  Equipment racks, conduit, cable trays, and cables.

The probability of acommon cause failure isreduced by using different programmers
to devel op the software for each chain.

A programming key is required to program the PLC or to operate the PLC in a non-
normal mode and oncethiskey isremoved fromthe PL C crate, the PSS program cannot
be modified by any external means.

Each PL C cratehasauniquehardwired address. Thisassociatesacratewithaparticular
beamline. During software execution, one of itsregular tasksisto verify, viathe crate
ID number, that it isoperating intheintended crate (and thereforethe proper beamline).
The crate addressinsuresthat the software written for another beamlineisnot installed
in acrate for which it was not intended.

A watchdog timer on each PL C allows monitoring of cessation of operation. This

software settable timer provides two meansto detect such afailure. Thefirstisatimer
utility: if it timesout, all PLC outputs are turned off. Communication with all remote
I/0 modules is also stopped, and this action results in those modul es being turned off
aswell. Second, an on-board hardware verification, which checks the integrity of the
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data and address busses, is executed periodically. A detected fault causesall local and
remote outputs to be de-energized. These outputs control critical devices and the per-
mitsto the ACIS. The fault will abort the stored beam and insert all safety shutters.

In addition, the PSS implementations have been provided with watchdog circuits ex-
ternal to the PLC, which also require periodic stimulation. If these timers are not
triggered periodically by the PLC, the critical devicerelayswill be turned off and the
stored beam will be aborted.

The PLCs, UPS, and interface modules for the ACIS, FEEPS, BLEPS, and front-end
components for both chains are located in locked relay racks located on the top of the
storage ring tunnel and are inaccessible to the users.

Equipment to which the user needs access, such as door controls, shutter controls, and
mode controls, are located in equipment cabinets located on or near the experiment
stations. The equipment cabinets are locked to prevent uncontrolled access to wiring,
but the fronts are open to allow operation of the front panels of the various control
chassis. These cabinets also contain the I/O modules for the PSS equipment at the
station location.

APS experimental station control panels provide:

» alogical visual indication of the beamline status

» beamline safety shutter controls

* the means to switch shutter control between stations on a beamline

* the mechanismsto administratively take stations off-line and bring them back on-
line

Station Control Panel

A station control panel isused to open and close safety shutters, gain safe accessto the
experimental station, and providevisiblefeedback regarding thestatesof theaccel erator
permits, other experimental stations, and the shutters. Figure 3.40 showsatypical panel
for two stations with two sets of safety shutter controls. Primary panel features are
described below.

The status display consists of achain of LED indicators that are laid out in a manner

consistent with the beamline layout. Lampsaregreenif therelated devicesor systems
permit the beam to be propagated down the beamline and are red if configured to stop
the beam. The beamline safety-shutter and station-enable controls are located on the
panel next to the appropriate indicators.
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Figure 3.40 Typical Station Control Panel
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The Station APS Enablekey isused by the APSfacility to administratively put astation
on-line (enable the station for User control) or take it off-line (shutters closed and
disabled). Thisisthe key used by the Floor Coordinator to shut down a beamline or
section of a beamline due to safety, operational, or other concerns.

The Station User key(s) alows a user to lock out the shutter control for an active on-
line station and allows administrative control by the user on the operation of abeamline
or section of the beamline.

The Beam Mode indicators show the type of beam that isin the station. The mode of
thebeamlineisthehardware configuration identified by thetypeof radiation (e.g., white
beam or monochromatic beam) that will be propagated as well as where the radiation
can be propagated (e.g., down aparticular branch line or through abypass). The mode
isdetermined by the positions of instruments, such asmirrors, monochromators, shield-
ing, stops, etc.

M ore advanced versionsof the PSS may incorporate athird PL C which actsasahuman-
machine-interface (HMI). Thisthird PLC provides command/control functionality de-
pendent on the permissives of the two safety-enforcement PLC chains. ThisHMI
processor allows greater flexibility in the design of a PSS as well as better communi-
cation with the user. Control panelsfor this HMI-based PSS will incorporate " soft,"
that is, programmabl e, displayswith touch-sensitive surfacesfor user selections. Inthe
descriptions which follow, the visible indicator devices are replaced by display panel
objects, but the keyswitches will, of course, remain in place as described.

M ode Control Panel

For each ID or bending-magnet beamline that has more than one interlocked mode of
operation, amode selection panel is provided. This panel capturesthe PSS Kirk keys
for stops, shutters, etc., when they are released from matching locks located on the
devices when beamline operating modes are changed. The PSS monitors not only the
position of mode changing devices (stop or shutter position) but also the location of the
Kirk keys. The device positions and keys must match a predetermined state for the
particular modeto be enabled. When theinterlocks have been satisfied for amode, this
will beindicated on the Mode Sel ection Panel aswell as on the Station Control Panels.
The complexity and variability of beamline operation will determine the number and
location for themode control panels. Thefront panel for atypical mode sel ection panel
isshownin Figure 3.41.

Depending on the design and operating requirements of the beamline, certain mode

changes may require APS intervention/concurrence through the use of afacility-con-
trolled key.
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Figure 3.41 Typical Mode Control Panel
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3.12.2.2.4 Station Door Control Pan€l

Thispanel provides pushbuttons with visual indicatorsfor rel easing the magnetic door
locks and opening the door. The buttons are inactive if the proper access conditions
have not been established. The number of these panels at each beamlineis determined
by the position of the stations, the number of doors at each station, and other design
requirements.

3.12.2.25 System Control Panel

Each beamline requires a single system control panel. This panel isnot used by the
users. Thesystem control panel providesthemeanstoreset PSSfaults. Three categories
of faults have been determined, and each isreset by akey. Thethreelevelsare:

Major fault. A major PSS fault indicates the potential for direct, immediate personnel
radiation exposure from the beam. Magjor faults abort storage ring operation and close
all beamline shutters. A major fault is reset with akey by the PSS system engineer or
designee. Typical faultsinclude:

*  Oneof the PLC chainsfails

* A PLC magor fault (heartbeat 10ss)

e |/Orack failure
Serious fault. A serious PSS fault indicates a potential problem with critical devices
but no immediate potential for personnel exposure from the beam exists. Seriousfaults
do not abort storage ring operation but do close all beamline shutters. A serious fault
isreset with a key by the PSS system engineer or designee. A typical faultis:

» Critical device position fault
Minor fault. A minor PSS fault indicates a potential problem with anon-safety critical
component and no immediate potential for personnel exposure to the beam. Minor
faults do not abort storage ring operation but do close al beamline shutters. A minor
fault is reset with akey routinely by designated operations personnel. Typical faults
include:

*  Front-end EPS fault

»  Safety shutter air manifold pressure low
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3.12.2.2.6 Experimental Station Hardware

3.12.2.3

The experimental station doors may be operated manually or by powered means, such
aswithanair cylinder. However, the PSS hardware for the door isthe samein all cases
and consists of:

* A door lock to hold the door fixed in place.

» Door status switches, provided for each chain, indicating that the door is
closed.

*  Oneor more emergency shutdown switches (“ crash buttons”) that inhibit stor-
age-ring operation when depressed if the shutters are open. The number of
emergency shutdown switches is determined during the Beamline Safety De-
sign Review Steering Committee design review process and is based on the
design of the enclosure and the equipment it will contain to ensure easy ac-
cessibility from any location within the enclosure.

Emergency entrance and egress mechanisms are located on the inside and outside of
the station door. The PSS door hardware does not interfere with the access/egress
mechanism operation.

Theinside of the station contains one or more search buttons with visual and audible
indicators of asearch in progress. The number of search buttonsis determined during
the Beamline Safety Design Review Steering Committee design review processand is
based on the design of the enclosure and the equipment it will contain. The search
buttons must be depressed in the correct sequence, and the search must be completed
and the door closed within a predetermined interval for the search to be considered
successful by the PSSlogic. At thecompletion of asuccessful search, the safety shutter
buttons are activated if the other interlock conditions (keys, mode control, etc.) are
satisfied. The PSS logic diagram showing the conditions that need to be satisfied for
opening the safety shuttersis shown in Figure 3.42.

Storage Ring ACI S and PSS Interface

All beamlines have a Global on-line/off-line keyswitch located in ajunction box asso-
ciated with each storage-ring sector and located atop the storage ring shielding enclo-
sure. The junction box isthe interface point for the two PSS systems associated with
each sector and the ACIS system. Because the enclosure contains circuitry maintained
by the ACIS staff, accessis limited to the ACIS and APS control room operators.

Inside thejunction box arelocated the on-line/off-line keyswitches, one for each of the
two beamlines associated with the sector. When the keyswitch for abeamlineis set to
off-line, its safety shutters and the second photon shutter are prevented from opening
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ACIS GLOBAL ON-LINE PERMIT

Figure 3.42 Typical Shutter Control Logic
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3.12.24.1

and the PSS beam-dump signal isignored. When the keyswitch is set to on-line, the
shutters are allowed to be opened under PSS control and the ACIS monitors and reacts
to the beam-dump signal from the PSS. The keyswitches are under the control of the
APS control room staff, and their useisstrictly governed by administrative procedures.
The keyswitch is set off-line until the beamline has been authorized to begin commis-
sioning/operation. Thekeyswitchisalso set off-line when the PSSisundergoing main-
tenance or testing during storage-ring operation.

PSS Testing and Configuration Control

PSS Testing Overview

The PSS implementation provides a means to operate the system in atest mode with

the critical front-end safety and photon shutters disabled in the closed position. This
isreferred to asthe Global Off-Line State and allows main ring operations to continue
while the beamline is being tested.

Systemtesting providesthe single most important contribution to safe operation. Since

few failures arise during operation, arigorous testing program must be developed that
includesall the protective elementsof the system. Further, the program must also verify
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3.12.24.2

3.12.2.4.3

the systemsintegrity following any maintenance, addition of new components, or soft-
ware changes.

Thetest verifiesthat the PSS operates as designed and that abnormal or out-of-sequence
events do not result in an unsafe condition. Testing of the system is performed before
thesystemisplacedin service, after any repair and at periodicintervalsof at least every
twelve months consistent with DOE Order O 420.2A (DOE 2001a). A grace period of
one month is alowed if made necessary by APS scheduling. The PSS test procedures
are under document control.

PSS Configuration Control

Any changeinthe PSS operational or functional configuration or any related procedure
must be approved by an APS-level committee independent of the group within AES
responsible for PSS athough it may include members of that group. All proposed
changesmust be presented and j ustified bef oreany implementation effort isundertaken.
Thedetail of thereview and thelevel of approval are commensurate with the degree of
hazard involved.

A notable example of functional modification isthe bypassing of aninterlock. Thisis
permitted only if equivalent safety is provided, either by procedures or by alternate
equipment. The proposed bypassing requires review and approval by APS manage-
ment, and the interlock system istested with the bypassin place and again after it has
been removed.

Testing procedures for the modified system are reviewed, approved, and demonstrated
beforethenew configurationisapproved for operation. Any changetothePL C software
triggers a system verification process or a subsystem verification with approval of the
PSS safety committee.

In the case of an identical component replacement, aformal review is not necessary.

However, the functionality of the component must be checked and verified by the PSS
System Engineer or his designate in writing before the system can be reactivated.

PSS Documentation

Thefollowing documentation is prepared and maintained by the PSS System Engineer:

* A description of the document control and review system for keeping docu-
mentation compl ete, accurate, and current

* A written functional description of each beamline PSS

* Thephysical and electrical configuration of each PSS
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* Anauditable record of PSS test results

* Records of management review and approval of the PSS

* PSS key management and replacement records

»  Software requirements document and functional specifications

»  Software implementation, acceptance, integration, and test plans

* Mediacontrol and security records

Shielding Policy and Radiation M onitoring

Shielding incorporated into the design of the APS facility ensures that DOE ALARA
objectives are met. This section describes the APS shielding policy, the calculated
radiation dose levels attributable to accelerator system operation, and relevant moni-
toring activities.

Shielding Policy

Shielding for the APSissuch that individual worker dosewill be ALARA andlessthan
5 mSv/yr (500 mrem/yr). The APS shielding policy, which complieswith the ALARA
philosophy, is that the average work dose be below 2 mSv/yr (200 mrem/yr). Worker
dose is monitored, and health physics personnel perform area surveys. For casesin
which surveys indicate hourly dose rates higher than those allowed by the area desig-
nation and which may impact upon worker exposure, the cause of the radiation is
investigated and additional local shielding provided, as needed, to reduce the radiation
field to an acceptablelevel. Monitoring results are reviewed, and significant exposures,
an unexpected increase in an individual’s exposure, or atrend of increasing exposure
over aperiod of timetrigger an investigation into the cause of theincrease. Corrective
measures are then taken as needed. Passive monitors are used throughout the facility
to integrate dosein various areas. The results are analyzed for objectionable doses and
trends of increased doses, and shielding in these areas reevaluated and improved, as

appropriate.

The APS policy for on-site nonradiation workersin the vicinity of the APS facilities

requires that the average nonradiation worker dose be below 1 mSv/yr (100 mrem/yr).
In addition, the dose at the site boundary from all pathwaysisrequired to be below 0.1
mSv/yr (10 mrem/yr). Present estimates of the annual doses for these two categories
of exposure indicate that these requirements are being met. For future modifications of
thefacility, the doses shall be reevaluated and additional shielding provided if required
to meet the policy requirements.
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Shielding guidelinesand requirements have been devel oped and submitted to the Beam-
line Management to provide the basis for their beamline shielding designs (Ipe et al.
1993, Job et a. 1994). Theserequirementsal so formthebasisfor theionizing radiation
hazard analyses described in section 4.2. The Beamline Safety Design Review Steering
Committee will evaluate all shielding designs that do not conform to the criteria pre-
sented in the above-referenced documentation.

The APS policy goal with respect to accidental exposures, exclusive of MCI conditions
that are considered very low probability events, is to provide enough shielding to mit-
igate the dose consequence to <1 mSv (100 mrem) for any one occurrence. Potential
accident situationshave been analyzed and the dose consequenceseval uated. Additional
local shielding has been added at relevant potential |oss points to achieve the policy
goal. As stated above, when facility modifications are made, the hazard potential will
be evaluated and additional shielding supplied, as needed.

The APS policy for placement and maintenance of supplemental shielding requires
formal configuration control. APS implementation of this policy includes:

* Maintenance of controlled documentation of shielding penetrations and supple-
mental shielding configuration,

*  Independent verification of removal and replacement of shielding before operation
of the accelerators and beamlines,

* Independent review of accelerator and Beamline Management beamline supple-
mental shielding design and calculations by expertsin the APS

» Determination of efficacy of shielding by radiation measurements during normal
operation as well as during controlled simulation of abnormal particle beam loss
and worst-case photon beam |oss scenarios,

* Administrative and hardware control of the operating envel ope parameters and
beamline operating limits to prevent operation of the accelerators or beamlines
outside the verified capability of the shielding, and

*  Ongoing review of the radiation environment and implementation of challenging
but realistic ALARA goals by the APS divisions and Beamline managements.

All applicableaccel erator systems desi gn documentation and pertinent correspondence
iskept in a Shield File by the APS RS. Each supplementary shield is assigned an
identification number that is affixed to the shield upon completion of installation.

A logbook iskept for al supplemental shields contained within and/or constituting the
accelerator enclosure and is maintained by APS-UES personnel. A walkthrough is
performed as part of the documented start-up procedures by APS-UES personnel or a
designated individual to verify that the shield logbook reflects the actual supplemental
shielding configuration and that the shielding is secured as described in the shield
logbook.
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3.13.2

All applicable beamline shielding design documentation and pertinent correspondence
ismaintained as part of the Beamline Safety Design Review Steering Committee files
for each beamline. The Floor Coordinator responsible for the beamline maintains a
logbook of the beamline shielding configuration. Regular walkthroughs are performed
by APS-UES personnel or adesignated individual to verify that the beamline shield
logbook reflects the actual shielding configuration and that the required shielding se-
curity measures are in place.

The shielding guidance and requirementsincludethe shielding provided by whitebeam
stopsand/or safety shutterslocated in the beamlines. Because of the high thermal loads,
these devices require active cooling to maintain the shielding integrity. To ensure that
the photon beam is shut off upon a decrease or loss of coolant in 1D beamlines, each
channel of the PSSis used to monitor aloss-of-cooling independently. These two
channels, together with the independent monitoring (in most cases by the Equipment
Protection System), provide two levels of protection.

Shielding Design Description

Theshielding design for the APS accel erators was based on conservative assumptions.

Considerationof several typesof operationsthat invol ve normal beam |ossmechanisms
aswell as certain abnormal beam loss scenarios were included in the shielding calcu-
lations. The scenarios applied were drawn from experiences and assumptions used at

other accelerator and synchrotron radiation facilities throughout the world, aswell as
awalk-down of the APS injector components. The shielding cal cul ations were based
onwell-knownmodelingformulas(M oe1991) and accepted attenuati on characteristics.
Machine codes, such as EG$4, have been used to verify that the results from the mod-
eling are appropriately conservative (Moe 1994).

The shielding requirements are satisfied by using standard and dense concrete for bulk
shielding to ensure adequate attenuation of the bremsstrahlung, giant resonance neu-
trons, and the high-energy hadronic component produced in the particle-photon show-
ers. The concrete is supplemented by earth berms, steel, lead, dense polyethylene, and
castable shielding mixturesto reinforce the shielding at localized regions of high radi-
ation (Moe 1991).

The shielding limits radiation doses to less than the DOE guidelines for both on-site
and off-site exposure. The DOE Administrative Control Level for occupational expo-
surefor DOE contractorsis 20 mSv/yr (2 rem/yr), as stated in Article 211 of DOE/EH-
0256T (DOE 1994a). Design guidelines for new facilities, in the same document, re-
quire that the individual worker dose should be less than 5 mSv/yr (500 mrem/yr) and
ALARA. The APS shielding isdesigned to meet or exceed these guidelinesto ensure
that occupational radiation doses are ALARA.
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The present DOE Radiation Protection Standard for noncontrolled areas (i.e., for mem-
bers of the public) is1 mSv/yr (100 mrem/yr) maximum for whole body exposure; any
actual or potential individual dose equivalent exceeding 0.1 mSv/yr (10 mrem/yr) must
be reported to DOE. The calculated contribution from APS system operations (direct
and skyshine) at the nearest ANL fence lineis 30 uSv/yr (3.0 mrem/yr), whole body
dose (7.2 puSv/yr [0.72 mrem/yr] direct and 23 uSv/yr [2.3 mrem/yr] from skyshine).

Containment

The shielding design allows unrestricted access to most adjacent areas, control rooms,
and laboratories during injection operations. Accessto outdoor areasontheinfield side
of the storage ring tunnel in the injection region is restricted by achain link fence and
posted. This fence also restricts access to the berm areas on the synchrotron and the
linac. Thereis aso afence on the west side of the synchrotron that restricts access to
the synchrotron berm and LEUTL enclosure berm.

Linac: Thelinac ishoused in aconcrete tunnel 75 m long (246 ft) having inner dimen-
sonsof 2.7m x 2.7 m (9 ft x 9 ft), with the charged particle beamline located 1.4 m
(4.5ft) abovethefloor. Thisspaceis surrounded by radiation protection material equiv-
alent in shielding ability to a2-m (6.6 ft) or greater thickness of concrete. The roof is
30-cm-thick (1 ft) concrete covered with enough earth berm to be the shielding equiv-
alent of 2 m of concrete. At the low-energy (east) end, the shielding enclosureis made
up of 1 m (3.3 ft) of removable concrete blocks. Thisshielding isaugmented inthe area
of the former positron target (used during theinitial years of APS operation) near the
middle of the building with a 30-cm-thick (1 ft) steel plate in the roof and back wall
and additional local shielding. A 40-cm-thick (16 in) steel plateislocated in the wall
on the klystron gallery side extending for 1.5 m upstream and 3.5 m downstream, a
total of 5 m (16 ft). Localized shielding formerly used around the positron converter
target consists of lead, polyethylene, and/or castable shielding mixtures. Thislocalized
shielding assured that the design goal of DOE/EH-0256 T (DOE 1994a) was met. This
shielding has been removed since only electron operations are now conducted.

Radiation generated in the linac results from the impingement of the beam on acceler-
ator components and potentially from the operation of theklystronsand SLED cavities.
During injection, the calculated radiation dose equivalent rate at the klystron gallery
wall at the nearest point to the converter target is less than 4.7 uSv/h (0.47 mrem/h).
Actual measurements taken since 1995 reflect levels near background, < 0.15 puSv/hr
(15 prem/hr).

Linacrf System: Theklystrons, which generate rf power, are shielded by lead to limit

x-ray production to acceptablelevels. During operation of the klystrons or the rf drive,
the tunnel areas are interlocked to prevent entry.
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Low-Energy Undulator Test Line: TheLEUTL ishousedina2.7m x 3.7 m (9 ft x
12 ft) cross-section concrete tunnel 48.8 m (160 ft) in length. The roof is 0.3 m (1 ft)
of concrete supplemented by earth berms to give an equivalent shielding thickness of
morethan 1 m (3.3 ft) of concrete. Thewallsare 0.3 m (1 ft) of concrete supplemented
by earth bermsto give an equivalent concrete shielding thickness of 2 m (6.6 ft). At the
downstream (west) end, a concrete maze consisting of threewalls, two of cast-in-place
concrete and one built up of concrete blocks, each 0.9 m (3 ft) thick, is used to protect
occupants of the end-station building. Slots in these walls, provided to alow the syn-
chrotron radiation through to a diagnostics station, are filled with equivalent lead and/
or concrete except for the minimum-required openings. Additional |ead shielding, used
as shadow shielding, has been placed at relevant locationsalong the LEUTL beamline.
Supplementary shielding is supplied in front of theinitial concrete wall forming the
maze. Passive dosimetry results since 1998 indicate radiation levels behind the maze
walls are near background, < 0.15 puSv/hr (15 prem/hr).

The upstream (east) end wall, used to protect LEUTL tunnel occupants from radiation
produced in the synchrotron tunnel during injector operations, consists of a concrete
wall 1.2 m (4 ft) thick.

Particle Accumulator Ring: The PAR, 30.67 m (100 ft) in circumference, shielding
consistsof 1.3-m-thick (4.3-ft) concretewalls, with aceiling 2.7 m (9 ft) high to match
the linac enclosure and aconcrete roof 1 m (3.3 ft) thick. The north wall isthe same as
thelinac enclosureand ismade up of concrete and earth berm—the shielding equivalent
of 2 m (6.6 ft) of concrete. The west wall is made up of removable concrete blocks 1.5
m (4.9 ft) thick with a cast-in-place entrance maze. The linac and PAR are connected
and constitute one radiation control zone. Localized high beam-loss points identified
during commissioning are shielded with additional lead. Lead in the forward direction
from the magnets has been extended, and lead has been placed in the dipole magnet

gaps. Additional concrete blocks and lead shielding have also been placed in the ven-
tilation duct penetrations. Use of the PAR is needed during acceleration of electrons.

Radiation hazards in the PAR area are the result of particle beam losses resulting in
bremsstrahlung radiation and neutron production. Thehighest cal cul ated radiation dose
equivalent rate outside of the concrete PAR wall is 2.2 uSv/h (0.22 mrem/h), with the
addition of 20.32 cm (8 in) of localized lead shielding in the forward direction at high
loss points, for atotal dose of 37 nSv (3.7 prem) per injection. Radiation measurements
indicate adose rate of < 1 uSv/hr (< 0.1 mrem/hr).

Injector Synchrotron: Theinjector synchrotron, 368 m (1207 ft) in circumference, is
housedina2.7m x 2.7m (9 ft x 9 ft) cross-section concrete tunnel. The walls and
roof are 0. 3 m (1 ft) of concrete supplemented by earth berms equivalent in shielding
to more than 0.8 m (2.6 ft) of concrete. The walls of the tunnel in the injection and
extraction buildings are 1.5 m (4.9 ft) thick. The wall of the tunnel in the injection
building is augmented in the area of an intermediate beam dump along the LEUTL
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transport line. Anadditional 5m x 2.4 m x 0.46m (16.5ft x 8ft x 1.5ft) of concrete
isused in this area, bringing the total thicknessto nearly 2 m.

Injector rf System: The klystrons, which generate rf power, are shielded by lead
0.24 cm (3/32in) to limit x-ray production to lessthan 1.4 uSv/h (0.14 mrem/h) at a
distance of 30 cm (1 ft) from the shield. Additionally, the systems are continually
monitored to ensure rf leakage remains below the allowable limit of 3.5 mW/cm?.

Storage Ring: The storage ring is housed in a concrete tunnel whose outside wall has
the form of aratchet wheel or saw tooth. The tunnel cross-section dimensions are 2.7
m x 2.7m (9 ft x 9ft) in regions where the outside wall runs parallel to the storage
ring circumference, but wider in the regions of the ratchets to provide space for front-
end components. Theinside wall of the concrete tunnel isparallel to the particle orbit.
Bothtunnel sidewallsare concrete 0.8 m (2.6 ft) thick, or the shielding equivalent, based
onthe attenuation needsfor radiation generated from astored beam | oss. For theratchet
sections, where the shield extendsin aradial direction, the shielding consists of 0.8 m
(2.6 ft) of high-density concrete, except fora0.5m x 0.5m (1.5ft x 1.5 ft) square
opening centered on the photon beamline. Forty of these openings have been prepared
for theinstallation of beamlines, and the shielding consists of 25 cm of lead followed
by 25 cm of dense polyethylenefollowed by an additional 25 cm of lead. The shielding
in the remaining openings consists of 25 cm (10 in) of lead followed by 55 cm (22 in)
of concrete. The tunnel roof is 1 m (3.3 ft) of concrete. Additional lead and dense
polyethyleneshielding have been placed asneeded based on measurementsmadeduring
facility commissioning.

During operation of the storage ring klystrons, sections of the tunnel areas are inter-
locked near the rf cavities to prevent entry during operation. The high power levels
generated by the cavity extract electrons from the cavity vacuum chamber walls and
accelerate them to several hundred keV, which results in x-ray production when these
electrons strike the opposite chamber wall. Radiation fields of several hundred mrem/
h at 1 m are produced and are adequately shielded, either by distance to the exclusion
fence or additional local shielding.

External Radiation Levelsand Monitoring

This section addresses the estimates of the radiation levelsinduced in the soil and
releasedtotheair by the APS. It alsoidentifiesthe programsfor monitoring theradiation
from the APS facility. The results of the current monitoring program establish that
radioactive emissions from existing ANL-E facilities and the APS are low and do not
pose athreat to the health or safety of those living in the vicinity of the site.
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3.134.2

Soil and Water Activation

M easurements of radiation levels of the converter and septum magnetsindicate levels
well below those estimated through model calculations. Analysis of the filter medium

inthe water-cooling system shows no increased radioactivity inthefilters. Thisimplies
that the cooling systemwater isnot being activated. Although no soil samplesor borings
have been made under the linac, the fact that the water in direct contact with the accel-
erator systemsis not being activated would support the conclusion that there is no soil

activation as the result of accelerator operations.

Radionuclides and Off-Site Dose Estimate

The primary subsystem source of airborne radionuclides in the injector system is par-
ticle collisions with the accelerator componentsin the linac. Interactions result in
bremsstrahlung formation. The interaction of the bremsstrahlung component in air re-
sultsin the production of anumber of radioactive products, primarily through (y, n),(y,
2n) and photospal lation reactions. Several radionuclides are formed, but only three (C-
11, N-13, and O-15) areimportant. Of these three radionuclides, N-13 makes up about
90% of the radionuclide concentration in air. The activated gases are exhausted from
the linac target area at a maximum rate of 1388 m3/min (49000 cfm).

The annual release of activation products from linac operations was conservatively
calculated to be about 5.2 TBq (141 Ci) (Moe 1991). About 88% of thisreleaseisin
theformof N-13, (T, ~10min), with thebalanceasshownin Table3.17. Air sampling
in the exhaust stacks of the linac and LEUTL operations has detected no measurable
activity.

Production and release of radiogases by the other components of the APS accel erator
systems are relatively minor compared to that of the linac. Estimates by Moe (Moe
19933, 1993b, 1993c, 1994, 1998a) of the annual release of radioactive gasesfrom the
other components are 38 GB(q (1.04 Ci) fromthe LEUTL, 13 GBq (0.38 Ci) from the
PAR, 0.23 TBq (6.3 Ci) from the synchrotron, and 0.42 TBq (11.3 Ci) from storage
ring operations. Thetotal of all emissionsisonly 11% of thelinacreleases. Air sampling
in the exhaust stacks of these systems has detected no measurabl e activity.

Estimates of the equilibrium concentration immediately following shutdown for all of
the APS system components by Moe (Moe 1993, 1993a, 1993b, 1993c, 1994, 1998a)
indicatevalueslessthanthederived air concentration (DAC) for occupational exposure:
0.148 Bg/cc (4 x 106 MCi/cc) (DOE 1994b) for each of the system components.

The EPA-AIRDOSE/RADRISK atmospheric dispersion code was used to cal culate the
dose at thefence line and the dose received by the nearest individual on the 16 compass
segments according to 40 CFR Part 61, Subpart H, “National Emission Standard for

Radionuclide Emissions from Department of Energy (DOE) Facilities’ (US Congress
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1990). The computer model uses amaodified Gaussian plume equation to estimate both
horizontal and vertical dispersion of radionuclides. Theresults, based on atotal release
of 6.0 TBg/yr (163 Ci/yr) of these activation productsat thelocation of the APS, indicate
an exposure of 0.07 puSv/yr (7 x 10°3 mrem/yr) for the nearest resident, who would be
located west-southwest of the Laboratory. The highest dose received by off-site resi-
dents from source term elements currently released from the ANL-E siteis estimated
tobeabout 5.2 uSv/yr (0.52 mrem/yr). Thisexposurelevel would beto aresident north
of the site standing in hisyard throughout the entire year. The increased exposure these
same residents may receive as aresult of the APS facility is about a 1% increase over
the current ANL-E emissions.

Table 3.17 Annual Air Emissions

Current ANL-E Emissions APS Emissions (Calculated)

Radionuclide TBqlyr (Cilyr) TBqlyr (Cilyr)

Carbon-11 3.2 (86.5) 0.11 (3.0

Nitrogen-13 0.05 (1.3) 5.3 (144)

Oxygen-15 0.3 (8.0) 0.57 (15.5)

Hydrogen-3 18 (49.9) 0

Argon-41 0.1 (2.8) 56x10° (1.5x107)

Krypton-85 0.26 (7.1) 0

Radon-220 1380  (3730.0) 0

3.13.4.3

Monitoring Program

The APS conducts personnel and arearadiological monitoring within the APSfacility.
It also participatesin the ANL-E External Radiological Monitoring Program. This
program, referred to as the ANL-E Environmental Monitoring Program, has been in
operation since 1948, and monitoring results have been published in a series of annual
reports (Golchert et al. 2003). These data provide a baseline for measuring impacts of
present and future projects. The Environmental Monitoring Program is discussed in
Chapter 8.

Personnel Monitoring: In spite of the low radiation levelsthat are present at the APS

facility, there exists the potential for instantaneous higher levels under certain fault
conditions. Personnel monitoring devicesareworn by personnel at the APSasrequired
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by DOE/EH-0256T (DOE 19944a) to monitor for gamma and neutron exposure. The
radiation levelsaround the experimental beamlineshave not exceeded level sthat would
require personnel monitoring devices as required by DOE/EH-0256T (DOE 19944).
However, APS staff and resi dent beamline scientistswear personnel monitoring devices
inthe Experiment Hall aspart of the APS dosimetry monitoring program. Thesedevices
areissued, processed, and analyzed by the ANL Dosimetry and Radioprotection Group
(DRG).

When not in use, personnel monitoring devices issued at the APS are returned to des-
ignated racks. In compliancewith ANL -E procedures, assigned personnel monitorsare
exchanged quarterly for new ones, and DRG personnel read the used ones.

All visitors are escorted while in “accelerator systems” enclosures and are issued per-
sonnel dosimeters.  Groups of visitors who are guided through radiation areas where
exposure is known to be low, such as the linac and storage ring tunnel, use asingle
monitor assigned to the tour guide for that period. The dosimeter is returned to APS-
UES personnel with the names of the guide and the individuals in the tour.

Fixed Area Monitoring: Areamonitors are used to provide readings of gamma and
neutron radiation fieldsfor critical areas adjacent to shielding. These are suitably hard-
wiredto aarmlevelsand, if required, to beam-off interlock. The system uses processor
display unitswith gammaand neutron sensor probes. These unitsconsist of aprocessor,
agammaion chamber probe, and a neutron proportional counter [using a 5-cm (2-in)
active length BF3 tube in an Anderson-Braun moderator]. The gammaion chamber
probe has sufficient transient response to pulsed radiation fields to trigger shutdown in
the event of an accident situation.

Radiation Protection Program: ANL-E hasan existing radiation protection program.
Details of the control requirements and procedures can be found in the ANL-E site-

specific radiological control manual (ANL onlineB). APS complies with the require-
ment of the site-specific manual.

Electrical Safety

Electrical safety isamajor concern in accelerator operations. Electrically energized
systems present one of the greatest potentials for injury in thistype of operation. The
hazards associated with el ectrical operationsand the saf ety aspects of these hazardsare
well understood and documented in industry as well as in the accelerator community.
The APS electrical safety program sets out the requirements for:

* Design and safety reviews for major equipment.

* Ingpection of new installations or modifications.
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» Training of supervisors and personnel who operate or work with electrical equip-
ment.

All electrical installations and practices at the APS conform to applicable American
National Standards Institute (ANSI) Safety Codes, the National Electrical Code, Na-
tional Electrical Manufacturing Associ ation standards, and Building Officialsand Code
Administration; NFPA 101 (NFPA 1991), NFPA 70B (NFPA 1994), NFPA 70E (NFPA
1995), OSHA 29 CFR 1910 Subpart S (U.S.Congress 1994), and OSHA 29 CFR 1926
Subpart K (U.S.Congress 1996¢), aswell asthe ANL ES&H Manual (ANL onlineB).

Design and Safety Review of Major Equipment: Electrical safety has been given

due consideration during design and safety reviews. These reviews are performed by
independent individuals who possess the requisite expertise to eval uate apparatus and
procedures either as part of the APS Electrical Safety Committee or other independent
review committees convened specifically for the purpose of reviewing the equipment.

All electrical or electronicinstallationsor fabricationsare planned, designed, and where
applicable, approved prior to construction by personnel qualified through training and/
or experience in the construction and/or operation of electrical apparatus.

I nspection of New Installations or Modifications: For al new installations or mod-
ifications to existing apparatus, inspections are performed by persons possessing the
requisite expertiseto evaluate apparatusfor electrical safety compliance. Theseinspec-
tions contain but are not limited to:

» Verificationthat al electrical equipment iswired, insulated, and grounded properly
» Location of applicable safety signage.

* Verification that the apparatus is equipped with the applicable safety equipment
such as emergency shutoffs, fuses, circuit breakers, crowbars, etc.

Training: All personnel who operate or work with electrical equipment are required
to be CPR certified. These employees and their supervisors are required to take appli-
cable electrical safety training, which includes lockout/tagout. Working-hot safety
training isrequired for those individual s authorized to work in these conditions. Train-
ing istracked and documented through the ANL -E Training Management System. The
responsibility for complying with electrical standards, practices, and procedures ad-
dressed in the classroom and on-the-job training lies with each employee.

Theresponsibility of each supervisor within APSisto ensurethat every employeeunder

his purview is properly trained, is aware of the APS Electrical Safety Policy (Section
[11 of the APS ES&H Manual), and follows established procedures.
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4.1

HAZARD ANALYSIS

The following sections of this chapter identify potential hazards that may occur in the
courseof operation of theaccel erator system and beamlines. It addressestheprocedures
and equipment used to control the hazard and reduce the risk levels to ensure safe
operation.

The potential hazards are: (1) ionizing radiation, (2) non-ionizing radiation, (3) elec-
trical, (4) fire, (5) vacuumand pressure, (6) magneticfields, (7) cryogenic, (8) chemical,
(9) oxygen deficiency, (10) noxious gases, (11) mechanical, and (12) environmental.

Hazard Analysis M ethodol ogy

The design and development of the APS and its technical components have been the
result of an iterative review process established during the conceptual stages of the
project. During the conceptual development of the APS, regular meetings were held
to address the safety of the design and the effects of the operation of the technical
components. This process began with the identification of hazards, their evaluation,
development of control or alternative mechanismsto addresstheidentified hazardsand,
where necessary, arevision of the design to assure that the hazards were eliminated or
appropriately mitigated. As designs progressed and became more detailed, the safety
review and revision process continued. This self assessment exercise has been supple-
mented by several independent evaluations by reviews called by both DOE and APS
itself. Theresultisadesigninwhich all safety concerns have been addressed.

Theiterative process of hazard eval uation began in 1984 with the formation of a safety
committeeto study safety issuesfor the6-GeV Conceptual Design Report (ANL 1986).
From the onset, the safety of components was evaluated as the components were de-
signed. When assembled, the components were inspected by an independent APS
Safety Review Committee that al so reviewed the system safety documentation and the
equi pment before the systems were energized. Comments and guidance from each of
these reviews provided input to the iterative process of safety design and procedures
improvement.

In addition, the DOE Office of Energy Research has conducted two extensive, indepen-
dent reviews (February 13-14, 1990 and October 26-27, 1992) of the APS safety pro-
gram. Both of these reviews included radiation safety, interlock systems, fire safety,
electrical safety, and environmental protection.

Progressively, amoregeneral list of potential hazardsassociated with radiation sources,
energy sources, and hazardous materials, as well asthose hazards arising from natural
phenomenathat could occur during commissioning and during normal operations, has
evolved. These hazards are evaluated in terms of their potential on- or off-site conse-
guences and associated risk.
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Thex-ray beamlinereview processiscurrently managed by the Beamline Safety Design
Review Steering Committee. From the onset, the safety of the beamline components
have been evaluated as the components are designed. When assembled, the beamline
components are inspected by the Beamline Commissioning Readiness Review Team
and the appropriate APS Safety Committees. Comments and guidance from each of
these reviews provide input to the iterative process of safety design and procedures
improvement.

The Beamline Safety Design Review Steering Committee conductsits evaluationin a
systematic manner using the expertise of the committee members as well as the com-
mittee advisors. Theinitial safety analysisfor each beamlineis prepared by the group
managing the beamline. The estimated effect of each hazard is evaluated by the Beam-
line Safety Design Review Steering Committee with regard to its potential impact on
personnel and on the operation of the facility.

All accelerator system and experimental beamlinerisk analyseswere based on abound-
ing event approach, where the most severe of each particular category of credible ac-
cident was analyzed to obtain worst-case results. Each event analysis included deter-
mination of the initiating occurrence, possible detection methods, the safety features
that would prevent or mitigate the event, the probability of the event occurring, and the
possible consequences.

The probability and consequence estimates of each hazard were made on the basis of
best professional judgment and guidance provided by ANL ESH/QA. The probability
and consequence level swere categorized using criteria presented in the DOE 5480.25
Guidancefor an Accelerator Facility Safety Program Draft #6 dated November 7,1992.
The probability rating levelsare shownin Table4.1. The consequencerating levelsare
shownin Table 4.2. The hazard risk was determined using the matrix shownin Figure
4.1. Theanaysiswasusedto determinethe adequacy of thefacility and systemsdesigns
and formed the basis for the development of needed administrative controls. The fol-
lowing text provides a narrative description of the hazards.

The consequences of APS operations, including conceivable accidents, present barely
detectabl e off-site or environmental impacts. Asaresult, the APS has been designated
asalow-hazard facility by Dr. JamesF. Decker, Acting Director of the Office of Energy
Research, on June 14, 1993.
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Table 4.1 Hazard Probability Rating Levels
Category Estimated Range of Description
Occurrence Probability
(per year)

High >101 Eventislikely to occur several timesduring the
facility or operation lifetime.

Medium 102t0 1071 Event may occur during thefacility or operation
lifetime.

Low 104 t0 1072 Occurrenceisunlikely or theevent isnot expect-
ed to occur, but, may occur during thelife of the
facility or operation.

Extremely Low 10%t0 104 Occurrenceisextremely unlikely or theeventis
not expected to occur during the life of the fa-
cility or operation. Events are limiting faults
considered in design.

Incredible <106 Probability of occurrenceis so small that area-
sonablescenarioisinconceivable. Theseevents
arenot consideredinthedesign or SAD accident
analysis.

Table 4.2 Hazard Consequence Rating Levels
Consequence Maximum Consequence
Level

High Serious impact on-site or off-site. May cause deaths or loss of the
facility/operation. Major impact on the environment.

Medium Magjor impact on-site or off-site. May cause deaths, severeinjuries, or
severe occupational illness to personnel or major damage to afacility/
operation or minor impact on the environment. Capable of returning to
operation.

Low Minor on-site with negligible off-site impact. May cause minor injury
or minor occupational illness or minor impact on the environment.

Extremely Low Will not result in a significant injury or occupation illness or provide a

significant impact on the environment.
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Figure 4.1 Risk Determination
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421

4211

42111

lonizing Radiation Hazards

This section details the ionizing radiation hazards which could result in external expo-
sure of personnel. Prompt radiation hazards arising from the loss of beam in targets,
beam stops, septum magnets, and accelerator components lead to the production of
radiation fields during injector operations. These radiation fields consist mainly of
bremsstrahlung (x-rays), gammarays, and neutrons. I nteraction of theseradiationslead
to activation of accelerator components which could also represent potential external
exposure hazards. As the stored beam circulates, a small fraction of the beam islost
due to collisions with gas molecules, interactions among beam particles, and orbital
excursions which produce radiation al so.

The section also includes discussion of the maximum credible incident (MCI) for each
of the injector system components and the storagering. The dose consequences of the
MCI are presented, as well as general hazard summaries for the injector system com-
ponents and the storagering. Asstated inthe former Guidanceto DOE Order 5480.25
(DOE 1993d), the dose consequences are given interms of doserate (LSv/h[mrem/h]),
indicating the maximum dose for a1-hour exposure. The APS doesnot expect any loss
scenario to last longer than 20 minutes. The general conclusion is that hazard proba-
bility islow and the dose consequencesarelow, so that the hazard risk level isextremely
low.

Linac

Linac Prompt Radiation Hazards

Normal Linac Operationsfor Electrons

Electrons are produced at low energy (2-5MeV) in one of three electron guns, and are
introduced into the accel erating structures upstream of the bunch compression chicane.
The nominal beam energy at the bunch compressor is 150 MeV. Downstream of the
bunch compressor, the electrons are accelerated further, with a maximum total beam
energy of 470 MeV. Electrons may be injected into the Particle Accumulator Ring
(PAR), the Booster Synchrotron, or the Low-Energy Undulator Test Line (LEUTL).
The nominal operating energy for PAR injection is 325 MeV, with amaximum energy
of 450 MeV; the nominal operating energy for the booster injection is 325 MeV, with
amaximum energy of 450 MeV; and the nominal operating energy range for LEUTL
injection is 217-650 MeV.

The linac uses two types of electron gunsto produce theinitial electron beam: thermi-

onic-cathode rf guns and photocathode rf guns. Presently, three electron guns are in-
stalled in the linac. Two thermionic-cathode rf guns serve as the primary injectors for
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storage ring operations (PAR or Booster injection); the single photocathode rf gunis
the primary injector for LEUTL. Any gun can provide beam to any destination; only
one gun can, at a given time, provide beam to the linac.

Since the output of the gunsislessthan that of the DC gun, the maximum power inthe
upstream linac isnow lower than before. Cal cul ations, based upon apower level of 825
W (275 MeV,3A), yielded a maximum dose rate in the klystron gallery aisleway, 2.3
m from the shield wall, of 268 Sv/h (26.8 mrem/h) for a point loss of the entire beam
ontheaccelerating structure. Doserates, using thepresent guns, will becorrespondingly
lower since the dose rates will scale with the beam power.

In addition to atotal beam loss in an accident, some of the beam will be lost along the
length of the linac. Thisloss should be relatively small, but would |ead to a dose rate
intheklystron gallery. It isassumed for purposes of calculation that the entire electron
beam is accelerated to 700 MeV and that 10% of the beam is lost along the length of
the linac. The loss would result in a maximum radiation dose rate of 1.8 Sv/h (0.18
mrem/h) in the klystron gallery at 2.3 m from the shield wall. A summary of relevant
radiation dose rates for several scenariosis shown in Table 4.3.

The safety envelope for electron operation has been defined as 1.0 kW of electrons
accelerated by the entire linac. The safety envel ope has been defined in terms of beam
power to allow flexibility in the choice of operating beam energy and current.This
amount of beam power was calculated to produce a maximum radiation dose rate of
325Sv/h(32.5mrem/h) intheklystrongallery at 2.3mfromtheshieldwall. Asindicated
above, if 10% of this power islost along the linac during normal operation, the dose
rate would be below 2.5 Sv/h (0.25 mrem/h). This indicates the shielding is adequate
to mitigate the dose rate to acceptable levels.

The electrons produced from the gun are accelerated into the downstream linac to a
maximum of 550 MeV.

Linac equipment failure and/or interlock system failure could potentially lead to the

production of increased radiation in the linac araea. Thisis extremely unlikely, since
the linac equipment and several of the interlocks would have to fail simultaneously.
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Table4.3  Summary of Radiation Dose Rate Calculations
Particle Type e e e
Power 0.84 kW 0.825kw  1.0kw
Beam Energy 700 MevV 700 MeV 700 MeV
Mode** MCI operating safety
envelope envelope
Dose Rate (uSv/h)* 273 1.5 1.8
Position klystron klystron klystron
gallery gallery gallery
* multiply uSv/h by 0.1 for mrem/h
** except for the MCI case, loss of 10% of beam is assumed
4.2.1.1.2 Linac Maximum Credible I ncident

The maximum credible incident has been defined for purposes of calculation as occur-
ring when the linac is set up to run under maximum conditions. The full current of
electronsin the downstream linac is accelerated to 700 MeV, and is subject to a point
loss after the last accelerating structure.

The nominal operating parameters taken for the purposes of this MCI calculation are:
* 40 nsper pulse

 30Hz

e 40 nC of charge per pulse

*  beam energy 700 MeV

In thisincident, the resulting 840 W of beam power would produce a maximum dose
rate of 273 uSv/h (27 mrem/h) in the klystron gallery aisleway, 2.3 m from the shield
wall, for the duration of theincident. Current monitorsinthelinac aresettotrip at low
thresholdsand would stop thelinac after asuitabl e (Ilessthan 1 minute) integrationtime.
Thereisno known failure mechanism which could lead to such aloss, but it isassumed
for the purposes of the failure analysis to be a point loss which also simplifies the
radiation loss calculations.

4-7



APS Safety Assessment Document Chapter 4

July 2006

4.2 lonizing Radiation Hazards

4.2.1.1.3 Linac X-rays

4212

Pulsed Klystrons. The pulsed klystrons are Thomson-CSF type TH 2128 2856-MHz
units with peak power of 38 MW. Operation of the klystron generates a high level of

x-rays, therefore, a shielding requirement wasincorporated into the klystron specifica-
tions. A lead housing, madeto APS shielding specifications, was delivered along with
theklystron. Itisanintegral part of the klystron assembly, whichincludestheklystron,
magnet, pulse transformer, and oil tank. This shielding will reduce the theoretical re-

sidual x-ray flux to an acceptable level.

Additional shielding hasbeen added asrequired at |ocalized hot spots. Periodic surveys
are performed, and APS-UES is notified whenever any changes are made to the setup.

SLED Cavities: TheSLED cavitiesarebased onthe SLAC design (Farkaset al. 1974).
Operation of the SLEDs can potentially generate x-rays; therefore, 0.64 cm (1/4 in) of
lead shieldingisincorporated into thesupport. Experienceat SL AC indicated that some
SLEDs produced virtually no radiation, while othersrequired lead shielding of 0.3cm
(/8 in) or 0.64 cm (1/4 in). We have chosen the more conservative value, and the
enclosures are normally locked during running. Periodic surveys are performed, and
APS-UESwill aso be notified whenever any changesare madeto the setup. Additional
shielding has been added as required.

Linac Activation and Residual Radiation Hazards

Deionized water isused for thermal regulation of the prebuncher, buncher, accel erating
structures, transmission waveguides, klystrons, SLEDS, rf reference and drive lines,
and magnets. Significant water activation is not anticipated (Moe 1992).

Standing water inthefire protection sprinkler pipes could potentially become activated;
however, the production of relatively long-lived radionuclides (Be-7, H-3) in water
requires neutrons with energy greater than 25 MeV. Production of neutrons above 25
MeV will occur when accel erated beamshit accel erator componentsor thedownstream
beam stops. Thewater sprinkler pipesarelocated onthetunnel wall, morethan ameter
away from the beam. The radiation fields at this|ocation are about four orders of
magnitude lower than thoseirradiating the cooling water and thus negligible activation
isexpected. Accumulation of radiation in the mixed bed polishing canisters and filter
elementsis monitored. Samples of the mixed bed, cation bed, anion bed, and carbon
bed resins have been provided by the respective vendors prior to operation and have
been analyzed to determine initial radioactive content. Spectra of used materialsis
comparedtotheinitial spectrato ensurethat there hasbeen no added radioactivity. Any
activated material will bedisposed of asdefined inthe ANL WasteHandling Procedures
Manual (ANL onlineA).
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4.2.2

4221

42211

Some beamline elements will become activated as aresult of operation. Periodic sur-
veysof accelerator componentswill be made, especially prior to modificationsor main-
tenance operations. Components with a potential of becoming activated have been
designed to facilitate ssmple and fast disassembly and removal.

Activation of loose particulate matter is not anticipated, as all beam stops are made of
solid metal (aluminum, lead, or tungsten).

Linac lonizing Radiation Hazard Summary

A significant amount of both personnel and equipment protection interlocks have been
designed into the linac system to prevent an ionizing radiation hazard from existing
outsideof thelinac shielded enclosurefor an extensivelength of time. Operator training
and operating procedures are in place. Therefore, the probability of occurrence of an
ionizing radiation hazard has been determined to be low. Adequate shielding has been
provided to maintain acceptable radiation |evels outside the linac shielded enclosure.
Theionizing radiation hazard consequence has been determined to be low. Therefore,
therisk is extremely low.

LEUTL

LEUTL Prompt Radiation Hazards

Electrons which are accelerated in the linac may be sent on through the PAR and a
portion of the synchrotron into the LEUTL tunnel. For operation of the LEUTL at the
design performance goal, 30 nC/pulse of 400 MeV electrons at 10 pulses/s are sent to
the LEUTL tunnel to produce light in atest undulator system. The particle beamis
deflected into a beam stop and the synchrotron light is sent on to an end station for
analysis. Losses of beam in the LEUTL line result in the production of radiations
described in section 4.2.5.1 for the storage ring: bremsstrahlung, x-rays, giant-reso-
nance neutrons, medium-energy neutrons (25-100 MeV), and high-energy neutrons
(>100 MeV). Muon radiation is not a problem for the LEUTL system. Synchrotron
radiation from the undul ator system, gas bremsstrahlung originating in theresidual gas
of the vacuum chamber, and x-rays from the rf cavities are also produced; the hazards
from each of these are discussed by Moe (Moe 1998).

Normal LEUTL Operationswith Electrons

For LEUTL operation at the design performance goal, ten linac pulses are accel erated
each second, giving an electron current of 300 nA and abeam power of 120 W which
issent ontothe LEUTL. This particle beam passes through the PAR and into a portion
of the synchrotron whereit is bent upward for about 40 m at a 25 mradian angle, then
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42212

bent parallel totheoriginal direction and sent into the LEUTL tunnel. The beam passes
through atest undulator system, which may be up to 30 m long, producing synchrotron
radiation that is sent on to the end station. The particle beam is absorbed in abeam
dump near the end of the LEUTL tunnel. An additional beam stop, located in the
synchrotron portion of theline, allowsthe beam to be transported through thelinac and
PAR but not on to the LEUTL tunnel.

The major potential loss points during the process include the two bending magnetsin
the synchrotron portion of theline and the transition piece of the test undul ator system.
The unshielded radiation dose rates at 1 m from the steel vacuum chamber for 100%
lossduring 120-W operation are shownin Table4.4. Sincethe entire beam isassumed
to be lost, the dose rates represent the highest for this mode of operation. Under these
conditions, the maximum radiation dose rate at occupied positions along the LEUTL
line (klystron gallery in the linac, building 412 for the PAR and synchrotron, outside
of the LEUTL tunnel berm and in the end station) is 3.7 uSv/h (0.37 mrem/h) (Moe
1998). The highest dose rate, 6.2 uSv/h (0.62 mrem/h), occurs on the synchrotron
mezzanine near the rf waveguides, normally not an occupied area.

The safety envelopefor LEUTL operation is 1000 W of power deliveredtothe LEUTL
tunnel. Shielding computations (Moe 1998) indicate that slight modifications of the
local shielding may be required for operation at the safety envelope.

Several types of equipment failure or accident conditions could lead to the production
of higher radiation levelsin the areas outside of the LEUTL system. It isunlikely that
these conditions would persist for any significant duration since the interlock system
would also haveto fail ssmultaneously, aswell asthe radiation monitorsin the vicinity
of theloss.

LEUTL System Maximum Credible Incident

For normal operating conditions, one would expect the lossesinthe LEUTL systemto
be localized primarily at the beam stops and at the transition piece at the beginning of
the insertion device (ID) system. However, in the event that the beam becomes mis—
steered, the loss pattern is not predictable and one could find localized |osses almost
anywhere along the system. A portion of the beam will be lost continuously along the
beamline which leads to electrons striking the vacuum chamber. Thiswill be a small
lossand thelosseswill be somewhat distributed. Inthe event of anrf failure or ashorted
magnet, the entire beam will be lost from the orbit and hit the vacuum chamber.
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Table 4.4 Unshielded Radiation Dose Rates from the Steel Vacuum Chamber
for 100% L oss at the Design Performance Goal (uSv/h at 1 meter)*

Energy, MeV 400

Vacuum Chamber Stee

Rep. Rate/Charge 10pps/30 nC/p

X-ray

Bremsstrahlung:
Forward 3.25 x 1010
90° 1.66 x 10/
180° 2.49 x 10°

Neutrons.

GRN (isotropic) 1.43 x 108

Medium Energy

25<E<100 MeV

Forward 4.58 x 105
90° 1.14 x 10°
180° 6.53 x 10*

High Energy

E > 100 MeV

Forward 1.37 x 10°
90° 1.07 x 10*
180° 3.62x 103

*multiply puSv/h by 0.1 for mrem/h
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4.2.2.1.3

42214

For theMaximum Crediblelncident (M Cl), the conservative assumption hasbeen made
that the lossislocalized in a4-m-long spill along the elevated portion of the LEUTL
line in the synchrotron. The operating parameters used in the evaluation of the dose
rate consequence of the MCI are the following:

e beam energy 700 MeV,
« 1000 W of beam power, 8.92 x 10 &'/sin the beam,

» thetotal beam dumps along the length of the region (4m), which resultsin the
highest dose rate on the synchrotron mezzanine near the rf waveguides,

*  shutdown system failsto shut down beam within afew pulses,

e dosepointis2.443 m perpendicular distance from the loss region and is shielded
by 0.16 cm of iron (Fe) and 100 cm of concrete,

* anindividua is standing on the mezzanine directly above the region of the spill
for the duration of the incident.

If such conditions were to occur, faults will be picked up by the personnel Access
Control and Interlock System (ACIS) viathe nearby radiation monitors. If this system
functions correctly, beam production is quickly terminated. Should this system fail to
stop beam production, the MCI can occur.

During the MCI, the beam will continue to dump at the same location at the repetition
rate of the linac. The highest total dose rate in the region is 1.31 mSv/h (13.1 rem/h).
Assuming the duration of the incident lasted as long as 20 minutes, the maximum
expected dose under the circumstances would be 43.7 mSv (4.37 rem).

Normal LEUTL Operations

TheLEUTL system has been designed to operate with electronsonly. The LEUTL can
utilize any of the three electron gunsto generate the electrons. The electrons are accel-
erated along the existing linac beamline until they reach the LET area. Inthe LET, a
separate LEUTL line has been assembled that continues through a portion of the syn-
chrotron tunnel and into the LEUTL tunnel.

X-rays

The rf cavities and SLEDs used to accelerate the electron beam to 700 MeV are the
onesaready provided for thelinac. Periodic survey measurementswere made by APS-
UES during the operation of the cavities to evaluate the need for any additional local
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4.2.2.2

4.2.2.3

shielding and appropriate remedial action in the form of increased shielding was taken
based upon survey results.

Activation and Residual Radiation Hazards

The main materials used in the LEUTL which could become activated include alumi-
num, iron (steel), copper, tungsten, and lead. Analysis of the activation potential (Moe
1998) indicated that none of these materials (except perhaps copper) is expected to be
ashort-term activation hazard. Estimates of the long—term residual radioactivity in the
LEUTL components indicated a total activity of 1.2 Ci, comprised mainly of W-181
(0.89 Ci), Na—22 (0.11 Ci), and Ta—182 (0.036 Ci). Since some activation occurs peri-
odically, APS-UES will perform surveys of LEUTL system components, especially
by the beam dumps and transition pieces.

Computations of the potential activation of cooling water (Moe 1998) indicate that no
significant water activation should occur. Additional water systemsinthe LEUTL sys-
tem tunnel (such asthe sprinkler system) arelocated over ameter away from the beam
orbit. Theradiationfieldsat thislocation are at least four orders of magnitude lessthan
those which irradiate the cooling water so that negligible activation is expected.

Activation of loose particulate radionuclidesis not anticipated, since all shielding and
other materialsare essentially solid metal (aluminum, lead, iron, tungsten, and copper).
L eakage of water from the closed systemwoul d giveatotal concentration of therelevant
radionuclides that is below the discharge limit, stated in DOE 5400.5, Chg. 2, (DOE
1993f), for any one of these radionuclides.

LEUTL System lonizing Radiation Hazard Summary

The highest estimated radiation dose rates outside of therelevant LEUTL system com-
ponent are shown in Table 4.5 for operation both at the design performance goal and
at the safety limit. The dose ratesin the table are based upon a maximum operational
time of 50% during ayear for al of the components except for the synchrotron beam
dump, which isassumed to run at an average of 50 W. The indicated dose rates are the
highest dose rates obtained in aregion near the particular location for the stated oper-
ation mode.

A significant number of both personnel and equipment protection interlocks have been
designedintothe LEUTL systemto prevent anionizing radiation hazard from occurring
outside of the LEUTL system for an extensive period of time. Personnel will betrained
to react to unusual conditions, and specific procedures for actions to be taken will be
in place. The probability of the occurrence of a serious radiation hazard has been de-
termined to be low. Adequate shielding of the LEUTL system has been provided. lon-
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izing radiation doses have a so been determined to be low, consequently therisk is
deemed to be extremely low.

Table4.5 Summary of Calculated Average Radiation Dose Ratesin

Occupied LEUTL System Areas
Mode design performance goal safety envelope
Particle Type e e
Power 120 W 1000 W
Beam Energy 400 MeV 700 MeV
Dose Rate (uSv/h)* 3.7 6.2 30.8t 51.7t
Location Connecting Synchrotron Connecting Synchrotron
corridor mezzanine corridor mezzanine

* multiply pSv/h by 0.1 for mrem/h
T additional local shielding may be needed for operation at the safety envelope

4.2.3

4231

42311

Particle Accumulator Ring

PAR Prompt Radiation Hazards

Electrons which are accelerated from the linac may be directed into the PAR system.
For normal operation of the PAR, 450-MeV electrons are accumulated during each half
second and sent on to the synchrotron or stopped by thetriple beam stop, whichisolates
the PAR from the synchrotron. Losses of beam in the system or the stop result in the
production of radiation: bremsstrahlung, x-rays, giant resonance neutrons, medium
energy neutrons (25-100 MeV), and high energy neutrons (>100 MeV). Synchrotron
radiation from the bending magnets, gas bremsstrahlung originating in theresidual gas
of the vacuum chamber, and x-rays from the rf cavity are also produced, but none of
these represents a significant hazard (Moe 1993a). At the energies considered in PAR
operations, muons are not a problem.

Normal PAR Operations

For linac operation at the design performance goal, el ectrons are accumul ated each hal
second. Thee pulsesaredirected toward the PAR by abending magnet, pass through
a septum magnet and are injected into, and accumulated in, the PAR orbit during one
half second. The accumulated beam is extracted into the low energy transport line to

the synchrotroninthe same septum. Theextracted beamisdirected into the synchrotron
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for further acceleration and injection into the storage ring or into atungsten beam stop,
if the PAR is run independently. The unshielded radiation dose rates at 1 m from the
triple beam stop for 5.4-W operation are shown in Table 4.6. Under these conditions,
the maximum radiation dose rate at occupied positions around the PAR enclosure and
in the synchrotron tunnel is 2.2 uSv/h (0.22 mrem/h) (Moe 1993a). The highest dose
rate, 10 uSv/h (1 mrem/h), occurs on the PAR roof over the septum magnet, normally
not an occupied area.

The safety envelope for the linac is 1000 W. The safety envelope for the PARis20 W
of 500 MeV electrons. Shielding computations (Moe 1993a) indicate that slight mod-
ifications of the shielding may be required for operation at the safety envelope.

Several types of equipment failure or accident conditions could lead to the production
of higher radiation levelsin theareasoutside of the PAR enclosure. 1tishighly unlikely
that these conditions would persist for any significant duration since the interlock sys-
tem, actuated by the radiation monitorsin the PAR vicinity, would also have to com-

pletely fail.

PAR Maximum Credible I ncident

For normal operating conditions, onewould expect thelossesinthe PAR to belocalized
in the high dispersion sections on the east and west sides of thering (see Figure 3.11).
However, in the event that the beam becomes missteered, the loss pattern is not so
predictable and one could find localized | osses almost anywhere around thering. APS-
UES measurements during commissioning indicated localized | ossesin the dipole mag-
nets which required supplemental lead shielding. For the maximum credible incident
(MCI), the conservative assumption has been made that the lossis highly localized as
aline source near the high dispersion region on the west side of the PAR ring.

The operating parameters used in the evaluation of the dose conseguences of the MCl
are the following:

*  beam energy 500 MeV,
« 20 W of beam power, 1.25 x 10! & in the accumulated beam,

» theaccumulated beam dumpsin aregion which givesthe highest doserate outside
of the enclosure,

e shutdown system fails to shut down beam within a short duration,

* dosepointis7.2-8.7 m from the loss region and is protected by only 1.3 m of
concrete and 5.08 cm of lead.

4-15



APS Safety Assessment Document Chapter 4

July 2006 4.2 lonizing Radiation Hazards

Table 4.6 Unshielded Radiation Dose Rates from the Triple Beam Stop for
Electron Operation at the Design Performance Goal (5.4 W) (uSv/h at 1 meter)*

Energy, MeV 450

Beam Stop Tungsten

Rep. Rate/Charge 48pps/0.25 nClp

X-ray

Bremsstrahlung:
Forward 1.63 x 10°
90° 7.49 x 10°
180° 112 x 10°

Neutrons:

GRN (isotropic) 1.22 x 10°

Medium Energy

25<E< 100 MeV

Forward 249 x 103
90° 1.56 x 10°
180° 6.86 x 10°

High Energy

E > 100 MeV

Forward 6.24 x 102
90° 1.87 x 107
180° 1.9 x 10

* multiply pSv/h by 0.1 for mrem/h

If such conditions were to occur, faults will be picked up by the personnel Access
Control and Interlock System (ACIS) viathe nearby radiation monitors. If this system
functions, beam production isterminated. Should this system fail to stop beam produc-
tion, the MCI can occur.

During the MCI, the beam will continue to dump in the same region at the rate of two

pulses per second. The forward directed beam (0°) will be attenuated by 20.32 cm of
Pb and by the steel in a dipole magnet. The highest total dose near the dose point is

4-16



APS Safety Assessment Document Chapter 4

July 2006

4.2 lonizing Radiation Hazards

4.2.3.1.3

4.2.32

4.2.3.3

0.226 pSv (0.0226 mrem) per pulse, which represents the radiation which is not atten-
uated by the Pb beam stop, or the magnet steel in the forward direction. The shielding
of this component is 5.08 cm of Pb and the 1.3-m-thick concrete wall (Moe 1993a).
The dose rate becomes 0.0226 x 2 pps x 3600 gh = 1.63 mSv/h (163 mrem/h). This
condition would haveto persist, and an individual be present at the dose point, for about
37 minutesto receive adose of 1 mSv (100 mrem).

PAR X-rays

The rf cavity used to replenish energy lost by the circulating € beam in the PAR ring
may emit low energy x-rays but these are not expected to produce aradiation field
outside of the rf enclosure. If radiation fields are produced, the magnitude should be
lessthan or equal to afew tens of mrem/h at the rf enclosure surface and will be easily
shielded by the concrete walls of the PAR enclosure.

PAR Activation and Residual Radiation Hazards

The main materials used in the PAR system which could become activated include
tungsten, lead, iron, and Inconel 625. Analysisof the activation potential by Moe (Moe
19933) indicated that none of these materialsis expected to be a short-term activation
hazard. In addition, the low power levels used in the PAR operations preclude the
buildup of any long-lived radionuclides in the system. Because some activation will
occur, APS-UES will perform surveys of PAR components, especially by the beam
stops and septum magnet areas.

Computations of the potential activation of cooling water (Moe 1993a) indicate that no
significant water activation is anticipated. Additional water systemsin the PAR enclo-
sure (such asthe sprinkler system) are located over ameter away from the beam orbit.
Theradiation fields at thislocation are at |east four orders of magnitude lessthan those
which irradiate the cooling water so that negligible activation of these water systems
is expected.

Activation of loose particul ate radionuclidesis not anticipated, sinceall beam stopsand
other materials are solid metal (Inconel 625, lead, iron, and tungsten). Any |leakage of
water from the closed water system would involvetotal concentrations of radionuclides
which are well below the discharge limits for any one of the radionuclides stated in
DOE 5400.5, Chg. 2, (DOE 1993f).

PAR lonizing Radiation Hazard Summary

Thecal culated average radiation dose rates outside of the PAR enclosure or synchrotron
exclusion area are shown in Table 4.7 for both operation at the design performance
goal and operation at the safety envelope. These average dose rates are based upon a
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maximum operational time of 10% during ayear. For operation at the safety envelope,
it isexpected that some additional local shielding may be needed and/or administrative
control (such as limiting access, exclusion zones, etc.) employed to meet the DOE
guidelines for exposure control.

Table4.7 Summary of Average Radiation Dose Rates in Occupied PAR Areas

4.2.4

4241

Particle Type e e

Power 5.4W 20W

Beam Energy 450 MeV 500 MeV

Mode design safety envelope
performance
goal

Dose Rate (uSv/h)* 0.22 0.8

Location Outside PAR Outside PAR

enclosure and/or enclosure and/or
exclusion fence exclusion fence

* multiply puSv/h by 0.1 for mrem/h

A significant number of both personnel and equipment protection interlocks have been
designed into the PAR system to prevent an ionizing radiation hazard from occurring
outside of the PAR enclosure or the synchrotron exclusion areafor an extensive period
of time. Personnel will be trained, and specific procedures will be in place to achieve
this goal. The probability of the occurrence of a serious radiation hazard has been
determined to be low. Adequate shielding of the PAR enclosure and the LET line has
been provided. lonizing radiation doses have also been determined to be low, conse-
guently therisk is deemed to also be extremely low.

Injector Synchrotron

Synchrotron Prompt Radiation Hazards

Electrons which are accumulated in the PAR will be directed into the injector synchro-
tron system. For normal operation of the PAR, electrons of 300 MeV to 450 MeV are
accumulated during each half second and sent on to the synchrotron or stopped by the
triple beam stop, which isolates the PAR from the synchrotron. Losses of beam in the
synchrotron system result in the production of theseradiations: bremsstrahlung, x-rays,
giant resonance neutrons, medium energy neutrons (25-100 MeV), high energy neu-
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4.24.1.2

trons (>100 MeV), and muons. Synchrotron radiation from the bending magnets, gas
bremsstrahlung originating in theresidual gas of the vacuum chamber, and x-raysfrom
therf cavitiesare also produced, but none of these represents a significant hazard (Moe
1993b). At the high energies considered in synchrotron operations (E >1000 MeV),

muons are produced, mainly in beam stops, but are not a significant radiation problem.

Normal Synchrotron Operations

For PAR operation at the design performance goal, linac pulses are accumulated each
half second giving an electron current of 12 nA and a beam power of 5.4 W whichis
extracted and sent on to the synchrotron through the PAR septum and a low energy
transport (LET) linefor accelerationto 7.0 GeV. Thee pul ses passthrough aninjection
septum magnet and are captured in the synchrotron orbit. The beam is accelerated to
7000 MeV during 245 msof acycle of the synchrotron, which operatesat 2 Hz. At the
end of the cycle, the 84-W beam is extracted into the high energy transport (HET) line
by the extraction septum. The extracted beam is directed into the storage ring (SR) for
use as part of the source of synchrotron radiation.

The major potential loss pointsin the synchrotron include the injection and extraction
septums, the HET beam stop, and the beam scraper. The unshielded radiation doserates
at 1 m from the HET beam stop for 84-W operation (i.e. operation at the design per-
formance goal) are shownin Table 4.8. Sincethe entire beam isdirected into the beam
stop, the dose rates represent the highest for this mode of operation. Under these con-
ditions, the maximum radiation dose rate at occupied positions in the rf/extraction
building and the Experiment Assembly Areain the storagering buildingis2 uSv/h (0.2
mrem/h) (Moe 1993b). The highest dose rate, 4 uSv/h (0.4 mrem/h), occurs on the
synchrotron roof over the beam stop, normally not an occupied area.

The safety envelope for the synchrotron is 308 W of power delivered to the HET beam
stop or sent ontothestoragering. Computations(Moe 1993b) indicatethat theshielding
is adequate for operation at the safety envelope.

Synchrotron Maximum Credible Incident

For normal operating conditions, one would expect the losses in the synchrotron to be
localized in the high dispersion sections of the ring or spread somewhat uniformly
around the ring. However, in the event that the beam becomes missteered, the loss
pattern is not predictable and one could find localized | osses amost anywhere around
the ring. For the maximum credible incident (MCI), the conservative assumption has
been made that the loss is localized along a 2-m-long region. Thisregion includes a
horizontally-focusing quadrupolein the straight section of the synchrotron ring which
passes under the rf/extraction building.
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Table 4.8 Unshielded Radiation Dose Rates from the HET Beam Stop for
Electron Operation at the Design Performance Goal (uSv/h at 1 meter)*

Energy, MeV 7000

Beam Stop Lead

Rep. Rate/Charge 2pps/6 nCip

X-ray

Bremsstrahlung:
Forward 3.56 x 101
00° 1.16 x 107
180° 1.74 x 108

Neutrons:

GRN (isotropic) 1.91 x 106

Medium Energy

25<E< 100 MeV

Forward 2.40 x 10°
90° 5.99 x 10*
180° 3.42 x 10*

High Energy

E > 100 MeV

Forward 1.92 x 10°
90° 1.51 x 10%
180° 5.09 x 10

* multiply uSv/h by 0.1 for mrem/h

The operating parameters used in the eval uation of the dose consequences of the MCI
are thefollowing:

*  beam energy is 7700 MeV,

« 308 W of beam power, 2.5 x 10! & /sin the beam,
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* theaccumulated beam dumpsin aregion which givesthe highest average doserate
outside of the tunnel,

* no ACISradiation monitor is brought to itstrip level

» thedosepoint is3.34 m abovethelosspoint and is partially shielded by 10.16 cm
of iron and 1.0 m of concrete,

* noremedial action istaken in response to continuous alarms from the beam diag-
nostics equipment,

* anindividual isstanding in the rf/extraction building, directly above the beamline
for the duration of the incident.

During the MCl, the beam will continue to dump in the same region at the rate of two
pulses per second. The average total dose at the dose point is 1.56 uSv (0.156 mrem)

per pulse. The dose rate becomes 1.56 x 2 pps x 3600 /h = 11.2 mSv/h (1.12 rem/h)

for the duration of the incident. This condition would haveto persist, and an individual

be present at thelocation directly abovethelossregion, for about 5.5 minutesto receive
adose of 1 mSv (100 mrem).

Calculations of the MCI incident using the EG$4 code indicate a dose rate about a
factor of 8 lower (Moe 1994). This difference can be attributed to the lengthening of
the shower development predicted by the code and the overly-conservative treatment
of the photon attenuation in the semi-empirical formulations.

Synchrotron X-rays

Synchrotron Radiation

Synchrotron radiation (x-rays) produced in the bending magnets is mostly absorbed
during the interaction with the vacuum chamber walls. That which does escape into
the tunnel resultsin the production of small amounts of noxious gases, mainly ozone,
nitrogen dioxide, and nitric acid (Moe 1993b). Most of the photons are of low energy
(<25keV). Thisradiationiseasily shielded by the concretewall and earth berm around
the synchrotron tunnel.

Trace amountsof x-ray fluorescencewill also be generated when synchrotron radiation
strikesthe mirror of the UV /visible synchrotron light diagnostics port. A dogleginthe
light transport will be enclosed by shielding. This shielding is designed to provide
sufficient attenuation of the fluorescent x-rays. An alternative scheme will use athick
plate of lead glass placed over the port. Thistoo will provide sufficient attenuation of
the fluorescent x-rays.
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Radio Frequency Cavities

Therf cavitiesusedtoreplenishenergy lost by thecirculating e beaminthesynchrotron
ring emit a spectrum of x-rays. Measurements of radiation levels produced by several
of the 5-cell cavitiesintherf test stand (Moe 1993b) indicated < 2 mGy/h (200 mrad/h)
at 1 mfromthecells. Thefour cavitiesusedinthe synchrotron arelocated in two groups
of two on the north and south sides of thering. The synchrotron rf system cannot be
operated unlessthe ACIS system isin Beam Permit Mode, thus preventing peoplefrom
being in the tunnel when the rf cavities are being supplied power. The synchrotron
concrete and earth berm enclosure provides sufficient protection to personnel outside
the tunnel from x-rays produced by these rf cavities.

Synchrotron Activation and Residual Radiation Hazards

The main materials used in the synchrotron system which could become activated
includeiron (steel), copper, and lead. Analysis of the activation potential by Moe (Moe
1993b) indicated that none of these materialsis expected to be a short-term activation
hazard. Previous estimates of the long-term residual radioactivity in the synchrotron
were made by Moe (Moe 1991) and indicated atotal of 2 GBq (54 mCi), comprised of
Fe-55 and Mn-54. Thisestimate did not include activation of the HET beam stop. This
stop contains lead as the major shield and only short-term radionuclides are expected.
Since some activation will occur, APS-UES will perform surveys of synchrotron com-
ponents, especially by the beam stops and septum magnet areas.

Computations of the potential activation of cooling water (Moe 1993b) indicate that no
significant water activation isanticipated. Additional water systemsin the synchrotron
tunnel (such asthe sprinkler system) arelocated over ameter away fromthebeam orbit.
Theradiation fields at thislocation are at | east four orders of magnitude less than those
which irradiate the cooling water so that negligible activation of these water systems
is expected.

Activation of loose particul ate radionuclidesis not anticipated, sinceall beam stopsand
other materials are essentially solid metal (lead, iron, and tungsten). Any leakage of
water from the closed water system would involvetotal concentrations of radionuclides
which are well below the discharge limits for any one of the radionuclides stated in
DOE 5400.5, Chg, 2 (DOE 1993f).

Synchrotron lonizing Radiation Hazard Summary

The highest calculated average radiation dose rates outside of the synchrotron tunnel,
inthe EAA, and in the rf/extraction building are shown in Table 4.9 for both operation
at the design performance goal and operation at the safety envelope. The doseratesare
based upon an average operational time of 10% during a year.
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Personnel and equipment protectioninterlocks have been designed into the synchrotron
systemto prevent anionizing radiation hazard from occurring outsi de of thesynchrotron
tunnel or intherf/extraction building for an extensive period of time. Personnel will be
trained to react to unusual conditions, and specific procedures for actions to be taken
will be in place. The probability of the occurrence of a serious radiation hazard has
been determined to be low. Adequate shielding of the synchrotron tunnel and the HET
line has been provided. lonizing radiation doses have al so been determined to be low;
consequently the risk is deemed to be extremely low.

Table4.9 Summary of Calculated Average Radiation Dose Rates in Occupied Synchrotron Areas

Mode design performance goal safety envelope

Particle Type e e

Power 84w 308 W

Beam Energy 7000 MeV 7700 MeV

Dose Rate 0.03 0.13 0.2 0.07 0.5 0.7

(HSv/h)*

Location Outside In EAA | Inrf/ext. Outside In EAA | Inrf/ext.
synch. tunnel bldg. synch. tunnel bldg.

* multiply uSv/h by 0.1 for mrem/h

4.2.5 Storage Ring

4.25.1 Storage Ring Prompt Radiation Hazards

Electronswhichareaccel erated inthesynchrotron may beextractedintothehighenergy
transport (HET) line and sent on into the storage ring (SR). For operation of the syn-
chrotron at the design performance goal electrons of 7000 MeV are extracted during
each half second and sent on to the SR or stopped in the HET beam stop, which is
located at the concrete wall which separates the synchrotron from the SR. L osses of
beam in the HET line or in the storage ring result in the production of radiations pre-
viously described for the synchrotron: bremsstrahlung, x-rays, giant resonance neu-
trons, medium energy neutrons (25-100 MeV), high energy neutrons (>100 MeV), and
muons. Synchrotron radiation from the bending magnets, gas bremsstrahlung originat-
ing in the residual gas of the vacuum chamber, and x-rays from the rf cavitiesare a'so
produced; the hazard from each of theseis discussed by Moe (Moe 1994). At the high
energies extracted from the synchrotron (E = 7000 MeV), muons are produced, mainly
in the forward direction, but are not a significant radiation problem.
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Normal Storage Ring Operationswith Electrons

For storage ring operation during injection at the design performance goal, two syn-
chrotron pulses are extracted each second giving an electron current of 12 nA and a
beam power of 84 W which is sent to the storage ring through the extraction septum
andtheHET line. Theextracted beamisinjectedinto the storagering orbit by aseptum
magnet.

Themajor potential |oss points during injection in the SR include the injection septum
and the transition piece of the first three insertion devices (IDs). The unshielded radi-
ation doseratesat 1 m from the injection septum for 100% loss during 84-W operation
are shown in Table 4.10. Since the entire beam is directed onto the septum, the dose
rates represent the highest for this mode of operation. Under these conditions, the
maximum radiation dose rate at occupied positionsin the Experiment Assembly Area
(EAA) and the experiment hall in the storage ring building is 18 puSv/h (1.8 mrem/h)
(Moe 1994). The highest dose rate, 29 uSv/h (2.9 mrem/h), occurs on the storage ring
roof over the beam stop, normally not an occupied area.

The safety envelope for the injection phase is 308 W of power delivered to the SR
injection septum. Shielding computations (M oe 1994) indicate that slight modifications
of the shielding may be required for operation at the safety envelope.

The design performance goal for the stored beam is 7000 MeV and 100 mA of circu-
lating current (stored energy =2576 J), and the saf ety envel opeis9280 Jof stored energy.
Thiswould nominally be achieved for 7000 MeV electrons at a circulating current of
360 mA.

For the case of the stored beam, the losses can be continuous over many hours as the
stored beam circulates, dueto collisionswith gas molecul es, interactions among beam
particles, and orbital excursions which lead to electrons being lost from the beam and
striking the vacuum chamber. Thiswill constitute asmall continuous |oss whose mag-
nitudewill depend upon the beam mean lifetime, which hasadesign goal of 10h. Since
the losses are distributed around the ring, a dose rate will result from the radiation
produced by the lost electrons. Failure of the rf or a shorted dipole magnet will cause
the entire stored beam to be lost from the orbit and hit the vacuum chamber wall.

Computations have been made of the dose rate outside the tunnel for the case of con-
tinuous loss for abeam mean lifetime of 10 h (Moe 1994). The results give doserates
between 0.3 and 1.8 uSv/h (0.03-0.18 mrem/h) at the safety envelope for the stored
beam energy (9280 J), depending upon whether the loss is evenly distributed over the
ring or limited to the 40 high-dispersion sections, respectively. For adump of the stored
beam, the highest dose at any location for operation at the safety envelope would be
7.3 uSv (0.73 mrem).
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Table4.10 Unshielded Radiation Dose Rates from the Injection Septum for 100% L oss at the
Design Performance Goal (uSv/h at 1 meter)*

Energy, MeV 7000
Septum Magnet Copper and iron
Rep. Rate/Charge 2pps/6 nC/p
X-ray
Bremsstrahlung:
Forward 3.56 x 1011
90° 1.16 x 107
180° 1.74 x 10°
Neutrons:
GRN (isotropic) 9.84 x 10°
Medium Energy
25< E <100 MeV
Forward 3.99 x 10°
90° 9.98 x 10*
180° 5.70 x 10
High Energy
E > 100 MeV
Forward 3.20 x 10°
90° 2.51 x 10*
180° 8.48 x 10°

* multiply puSv/h by 0.1 for mrem/h
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Storage Ring Maximum Credible Incident

For normal operating conditions, one would expect the lossesin the SR to belocalized
primarily intheinjection septum and thetransition piece at the beginning of aninsertion
device(ID) duringinjection. Inthelatter case, thel ossesare expected to occur primarily
at thefirst three ID sections; particularly at any of these IDs having asmaller gap ID
chamber. However, in the event that the beam becomes missteered, the loss pattern is
not predictable and one could find localized losses almost anywhere along the ring.
Horizontal missteering of the beam may produce losses in the quadrupoles AQ2 and
BQ2 on girders 1 and 5, respectively, aswell as in the high dispersion regions near
sextupole AS4 on girder 3in any of the 40 sectorsof the SR. In addition, under certain
adverse conditions, the particle beam could be missteered down a bending magnet or
ID beamline. Asthe stored beam circulates, a portion of the beam will be lost contin-
uously over the mean lifetime of the beam which leadsto electrons striking the vacuum
chamber. Thiswill be asmall loss over many hours and the losses will be somewhat
distributed around the ring as discussed above. Failure of the rf or a shorted dipole
magnet will cause the entire beam to belost from the orbit and hit the vacuum chamber.

For the maximum credibleincident (MCl), the conservative assumption has been made
that the loss occurs during injection and results in the particle beam being lost in the
front end of an 1D beamline. Theregionisa4-m-long section that islocated where the
ratchet wall is only 50 cm from the beamline. The operating parameters used in the
evaluation of the dose consequences of the MClI are the following:

*  beamenergy is 7700 MeV,

« 308 W of beam power, 2.5 x 10 & /sin the beam,

» thetotal beam spillsalong thelength of theregion (4 m), whichresultsinthehighest
dose rate outside of the storage ring tunnel,

* no ACISradiation monitor is brought to itstrip level,

» thedosepointis1.52 mperpendicular distancefromthelossregion andisshielded
by 2.0 cm of Fe and 56.0 cm of high-density concrete,

* noremedial action istaken in response to continuous alarms from the beam diag-
nostics equipment,

e anindividua is standing outside the storage ring tunnel directly adjacent to the
region for the duration of the incident.

During the MCl, the beam will continue to spill at the same location at the rate of two

pulses per second. The highest total dose at the dose point is16.3 uSv (1.63 mrem) per
pulse, which is at approximately 90° to the forward direction of the beam. The dose
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rate becomes 16.3 x 2 pps x 3600 s/h = 117.4 mSv/h (11.74 rem/h) for the duration of
the incident.

For the purposes of facility hazard classification, the incident must be assumed to con-
tinue for one hour. However, the probability that these conditions could persist for as
long asone hour islow. Itisvery likely that the operators and the control system will
intervene before five minutes have passed.

Storage Ring X-rays

Synchrotron Radiation

Synchrotron radiation (x-rays) produced in an insertion device do not penetrate the
vacuum chamber wall unless scattered by gas mol eculesin the vacuum chamber, which
isnegligible at the design vacuum pressure. Synchrotron radiation produced in the
bending magnetsislargely absorbed (>90%) by the crotches and end absorbers. That
which does escapeinto the tunnel resultsin the production of small amounts of noxious
gases, mainly ozone, nitrogen dioxide, and nitricacid (Moe 1994). Most of the photons
are of low energy (<25 keV), so that the escaping radiation is easily shielded by the
high-density concrete wall of the storage ring tunnel.

Beam Diagnostics Beamlines

Thebending magnet diagnosticsbeamline 35-BM providesboth UV and x-ray imaging
of thetransverse electron beam profile, in addition to time profileinformation. Primary
components of this beamline are the x-ray front end |ocated inside the accelerator
shielded enclosure, the shielded x-ray and UV experimental stations located outside
the accelerator on the experiment hall floor, and ancillary equi pment required to operate
the beamline.

The insertion device beamline 35-1D generates x-rays with special spectral properties
allowing fine resolution transverse profile and emittance measurements to be made.
Thediagnosticsinsertion deviceislocated inside the accel erator enclosure at the Sector
35 straight section. Hazards, other than ionizing radiation, associated with theID are
covered in sections 4.4.7.9, 4.7, and 4.12.

Front-end components to be used in both 35-BM and 35-1D are described in section
3.9, and hazards associated with them are evaluated in sections 4.4.7.9 and 4.12. The
experimental stations are designed to reduce radiation levels well below the average
worker dose and accidental exposure specified by APSshielding policy (section3.13.1).
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425133

4.2.52

4.2.5.3

Radio Frequency Cavities

Therf cavities, used to replenish energy lost by the circulating € beam in the storage
ring, emit a spectrum of x-rays. Measurements of radiation levels produced by several
of the single cell cavitiesin the rf test stand (Moe 1993c) indicated < 2 mGy/h (200
mrad/h) at 1 mfromthecavities. Thesixteen cavitiesusedinthestoragering arelocated
in groups of four on the north side of thering. They are located in ACIS zone-F. The
cavitieswill beshielded by lead, asneeded, toreducetheradiation level sat theexclusion
fencesto < 2.5 uSv/h (0.25 mrem/h). Any additional leakage will be detected during
initial operation of the cavitiesin the tunnel and will be corrected with additional local
shielding. Periodic survey measurements by APS-UES during the operation of the
cavitiesto evaluate the need for any supplemental shielding are made, and appropriate
remedial actions are taken based upon survey results.

Storage Ring Activation and Residual Radiation Hazar ds

The main materials used in the SR which could become activated include aluminum,
iron (steel), copper, and lead. Analysis of the activation potential by Moe (Moe 1994)
indicated that none of these materialsis expected to be a short-term activation hazard.
Previousestimates of thelong-term residual radioactivity inthe storagering were made
by Moe (Moe 1991) and indicated atotal of 4.48 MBq (1.21 mCi), comprised of Al-
26 and Na-22. Since some activation will occur, APS-UES will perform surveys of
storage ring components, especially in the vicinity of the septum magnet, transition
pieces, and along the ID vacuum chambers.

Computations of the potential activation of cooling water (Moe 1994) indicate that no
significant water activation is anticipated. Additional water systemsin the SR tunnel
(such asthe sprinkler system) are located over a meter away from the beam orbit. The
radiation fields at this location are at least four orders of magnitude less than those
which irradiate the cooling water so that negligible activation of these water systems
IS expected.

Activation of loose particulate radionuclidesis not anticipated since al shielding and
other materials are essentially solid metal (aluminum, lead, iron, and copper). Any
leakage of water from the closed water system would involve total concentrations of
radionuclideswhicharewell bel ow the dischargelimitsfor any one of theradionuclides
stated in DOE 5400.5, Chg. 2 (DOE 1993f).

Storage Ring lonizing Radiation Hazard Summary

The highest calculated average radiation dose rates outside of the storage ring tunnel,
inthe EAA, and in the experiment hall of the storage ring building are shownin Table
4.11, for both operation at the design performance goal and operation at the safety
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envelope. Theseall occur during theinjection phase of operation. Thedoseratesduring
stored beam conditions are below the DOE guideline of 2.5 uSv/h (0.25 mrem/h). The
dose rates in the table are based upon a maximum operational time of 10% during a
year for injection and 8000 h per year for stored beam conditions. The indicated dose
rates are the highest dose rates obtained in aregion near the particular location for the
stated operation mode.

A significant amount of both personnel and equipment protection interlocks have been
designed into the storage ring system to prevent an ionizing radiation hazard from
occurring outside of the SR tunnel for an extensive period of time. Personnel will be
trained to react to unusual conditions, and specific procedures for actions to be taken
will be in place. The probability of the occurrence of a serious radiation hazard has
been determined to be low. Adequate shielding of the SR tunnel has been provided.
lonizing radiation doses have also been determined to be low, consequently therisk is
deemed to be extremely low.
Table4.11 Summary of Calculated Average Radiation Dose Ratesin
Occupied Storage Ring Areas

Mode design performance goa safety envelope

Particle Type e e

Power 84w 308 W

Beam Energy 7000 MeV 7700 MeV

Dose Rate 1.9 6.6 7.11 24.5%

(HSv/h)*

Location In EAA In exp. hall In EAA In exp. hall
*  multiply uSv/h by 0.1 for mrem/h
T additional local shielding may be needed for operation at the safety envelope

4.2.6 X-ray Beamlines

4.2.6.1 Introduction

Both bremsstrahlung and synchrotron radiation will be present in the experiment hall.

These two types of radiation have been further broken down (e.g., primary and second-
ary bremsstrahlung, white and monochromatic synchrotron radiation, etc.) for hazard
anaysis. Both bremsstrahlung and synchrotron radiation are produced behind theratch-
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4.2.6.2

et wall and reach the experiment hall floor by either coming through the ratchet wall
or through aratchet-wall penetration. Radiation coming through the ratchet wall has
aready been covered and will not be discussed further here.

The synchrotron radiation coming through the ratchet-wall penetration is used by ex-
perimenters and cannot normally be stopped behind the ratchet wall. Asrequired by
the experimenter a shutter within the ratchet wall can be opened or closed to pass or
stop thebeam. A portion of the bremsstrahlung will be coincident with the synchrotron
radiation and will make it through the ratchet-wall penetration whenever synchrotron
radiation is being used. In what follows, the hazards associated with each radiation
component will beidentified, and the mitigation of the hazard discussed for the typical
case of the Sector 1 insertion-device and bending-magnet beamlines.

The shielding requirementsfor the different types of radiation will depend on both the
current and the energy of the stored particle beam. In each case, shielding analysishas
been done for the potential operational parameters that require the greatest amount of
shielding. The bremsstrahlung cal culations have been performed for a beam current
of 300 mA and abeam energy of 7.0 GeV. This corresponds to the operating envelope
of the storage ring. But the shielding recommendations are scaled for a beam energy
of 7.7 GeV and abeam current of 327 mA, which correspondsto the accel erator safety
envelope. The synchrotron radiation calculations are for a beam current of 200 mA
and for the beam energy of 7.5 GeV. However the recommended shielding for syn-
chrotron radiation includes a tenth value layer more of the shielding material, which
adequately coversoperation at the accel erator safety envelope. Thereforefor operation
at the accel erator operating envel ope, the shielding recommendations are conservative.

Bremsstrahlung

Bremsstrahlung is produced when the particle beam scatters from storage ring compo-
nents or residual-gas molecules in the storage ring vacuum. Interactions with compo-
nents occur primarily during injection or during beam dumps. Scattering from residual
gas occurs continually during storage ring operations.

Primary bremsstrahlung (PB) isdefined asbremsstrahlung created by the particle beam
and is, for the most part, unmodified by interactions with beamline components. Sec-
ondary bremsstrahlung (SB) iscreated when PB isscattered from beamline components
resulting in achangein direction and energy distribution. Themitigation of the hazards
associated with PB and SB is somewhat different and is discussed separately.

For bremsstrahlung cal culations, a storage ring energy of 7 GeV and a storage ring
current of 300 mA have been used unless explicitly noted otherwise (Ipe et a. 1993).
This corresponds to a stored beam energy of 7728 Joules, which is defined as the
accelerator operating envelope. The accelerator safety envelope is 20% more than the
operating envelope (9280 J) and appropriate allowancein the bremsstrahlung shielding
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4.2.6.2.1

4.2.6.2.11

recommendationsisgiven. The design dose rate depends upon occupancy and will be
taken to be 2.5 uSv/h (0.25 mrem/h) where 2000 h/year is assumed. For situations of
limited occupancy, the assumed occupancy will be noted and thedesign doserategiven.

Primary Bremsstrahlung

Description

Primary bremsstrahlung (PB) consists of photonswith an energy spectrum that approx-
imately follows a 1/E form (where E is the photon energy), with the maximum energy
being equal to the storagering particleenergy. PB emergesin avery narrow cone about
the particle beam path with a characteristic emission angle of 73 prad. Hence, the PB
beamwill be, at most, afew millimetersin diameter anywhere along the beamline. The
total beam integrated gas bremsstrahlung dose rate from the insertion-device vacuum
chamber was cal culated by the semiempirical equation (Job et al. 1994):

D=fNI/ ma®X,L (L+1),

where:

O
I

total beam integrated dose rate for the gas bremsstrahlung in Sv/h,
assuming a quality factor of one, which is standard for photons

an effective flux-to-dose conversion factor for bremsstrahlung photons
3.0x10%Gy/h+¢ [¢ = photon fluencerate],

ratio of electron rest mass to its kinetic energy

0.511/7000.0= 7.3 x 10°°,

the number of electrons for the beam current 300 mA

1.8726 x 10'8 /s,

2.34 x 10%0 cm, radiation length of air at 10 Torr,

effective length of the straight section

1500 cm,

distance from the end of the straight section to the observation point
2460 cm.

The total beam-integrated gas-bremsstrahlung dose rate is calculated to be 2.2 Sv/h
(220 rem/h) in an unshielded ID beamline. The bending-magnet dose rate can be
deduced by scaling by the appropriate effective straight-section length. Thisfactor is
estimated as approximately 33. There are other semiempirical formulae available to
calculate this quantity. The calculated values have al so been compared with the mea-
surements. The measurements so far show that the semiempirical predictions are con-
servative.
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Mitigation

Personnel are protected from PB by the use of shutters, stops, collimators, enclosures,
and beam pipes.

Safety Shutters

A safety-shutter system islocated in the front end of all APS beamlines and can
beclosed by the APS or theuser. When closed, the safety shutter allowsessentially
no PB to comethrough theratchet wall penetration, making it possiblefor the user
to access areas not otherwise protected from PB or synchrotron radiation (e.g., the
inside of the FOE). Obviously, no experiments utilizing synchrotron radiation can
be carried out while the safety shutters are closed. The composition of the safety
shutters are covered in section 3.9.4.

Bremsstrahlung Stops

During experimental operations, the PB is contained by bremsstrahlung stops,
which are an integral part of all beamlines. Typically, a stop consists of a cooled
photon stop to attenuate the synchrotron beam and a block of lead or tungsten to
stop the bremsstrahlung. The PB will scatter from both components and create
SB, whose mitigation is discussed in the next section.

A recent APS technical bulletin (Job et al. 1994) details the calculations used to
design bremsstrahlung stopsat the APS. A summary of the cal cul ationsand results
isprovided here.

A characteristic of interactions of high-energy photon beams and thick targetsis
that an electromagnetic shower is produced. A Monte Carlo computer program
EGS (Nelson et al. 1985) was used to track the various products of the shower
through given targets.

Toalleviatethe statistical difficulties, thetransmission through variousthicknesses
of 20 cm by 20 cm blocks (of lead or tungsten) was estimated by using EG$4 to
calculate the transmission through a 10-cm thick block and then using asimple
exponential absorption formulato cal culate the amount of photons absorbed inthe
remaining portion of the block. It wasassumed that 10 cm would be sufficient for
the shower to fully develop and that additional material would only cause pure
attenuation. The validity of the process was checked by using afull EGS4 calcu-
lation of transmission through blocks of 15 cm and 20 cm. Theresults, which are
reproduced in Figure 4.2, show that the assumptions work very well. (In Figure
4.2, the error bars associated with the lead stop are smaller than the symbol s used
intheplot.) Theresults show that atungsten block 18 cm thick or alead block 30
cm thick is more than adequate to reduce the dose ratesto a level of 1.25 uSv/h
(0.125 mrem/h) even for operation at the accel erator safety envelope. Here, 1/2 of
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the dose-rate limit (1.25 pSv/h [0.125 mrem/h] out of 2.5 pSv/h [0.25 mrem/h])
has been left for PB-generated neutrons. The subject of generated neutrons will
be covered in the section on SB.

Collimators

Most beamlines at the APS will have monochromatic beam stations downstream
of the FOE or awhite-beam station. In these situations, a double-crystal mono-
chromator (typically inthe FOE) will usually be used to produce amonochromatic
beam parallé to, but offset from, the white beam (and hence, PB). Downstream
of the monochromator, the PB will be stopped inside the FOE, while the mono-
chromatic beam is allowed to go downstream to the monochromatic station. Ex-
perimental concerns sometimesmakeit desirableto minimizethe amount of offset
between the white and monochromatic beams.

Collimators are used to keep the PB beam from directly striking the walls of en-

closures or beam pipes. The dimensions and composition of a collimator are the
same as for a bremsstrahlung stop, with aslot to allow the beam to pass through.

A collimator is usually protected from the synchrotron beam by a cooled photon
aperture.

The scatter from a tungsten block comprising a bremsstrahlung stop and a mono-
chromatic-beam collimator was studied to determine the adequacy of shielding
(Jobetal. 1994). Figure4.3isaschematic of such astop/collimator. The pertinent
distancefor this study is not the separation of the white beam from the monochro-
matic beam but rather the separation between the farthest possible upward excur-
sion of thewhite beam and the bottom edge of the slot (assuming apositive vertical
offset).

The code EGS4 was used to study a PB beam incident on atungsten block 18 cm
thick, 15 cm high, and 20 cm wide. The dot in the block was 4 cm horizontally,
1 cm vertically, and 9 cm from the bottom edge of the block. Three cases were
studied, where the PB beam was 5 mm, 8 mm, and 10 mm below the bottom edge
of the slot. The dose from each case was calculated for three locationsin areal
beamline application (the APS 1-1D beamline). These locations are shown in
Figure4.4. Table 4.12 givestheresultsfor the three beam positions at each of the
locations. For the“1” and “2” positions (shown in Figure 4.4), the assumption of
100% occupancy istoo drastic, with 10% being a better, but still conservative
estimate. With this occupancy assumption, a10-mm offset isfully adequatein all
calculated situations. Again, as above, 1/2 of the dose-rate limit has been left for
PB-generated neutrons. For smaller offsets, the occupancy will need to be limited
to less than 10% or additional shielding will need to be added.
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Figure 4.2 Dose Rates at the Back of Thick Lead and Tungsten
Targets Due to the Incident Bremsstrahlung
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stream side of the target.
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Figure 4.3 Diagram of the Mono-Beam Aperture and Bremsstrahlung Stop

18 cm
5 cm
1 cm
|
9 cm
4 cm

15 cm 1 e

20 cm

Diagram (side view and front view) of the mono-beam aperture and bremsstrahlung stop. This
is made of tungsten and is part of the integral shutter.
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Table4.12 Summary Results for the Mono-Aperture

Dose Rates (uSv/h)
Igfefag at the at the back” inthe ™ outside WBS?
(cm) aperture wall of FOE beamline on the pipe
0.5 300.0 37.5 27.2 0.64
0.8 200.0 25.0 18.2 0.43
10 100.0 125 91 0.21

* At the back wall of the FOE, in the white-beam enclosure, close to the beam pipe. The beam
pipeisunshielded in this case.

Tt Inthe white-beam enclosure, right in the beamline.

¥ Outside the white-beam enclosure, on the beampipe. The beampipeis shielded by 8-mm lead.

Inthisstudy, there are some conservative apriori assumptionsthat should be noted.
The PB will always have to go through a photon stop (typically athick piece of
copper) prior to striking the bremsstrahlung stop. Any beneficial effect of absorp-
tion by the photon stop has not been used in thisstudy. Additionally, the PB beam
istakento beat thefarthest extent of itsrange. Theamount of timethat the electron
beam can be at the position to giveriseto thissituation is certainly well below the
100% assumed for this study.

*  Enclosures, and Beam Pipes

Enclosures or beam pipes prevent personnel from coming into contact with the PB
beam. An enclosure or beam pipeisnot used to stop PB directly but does prevent
access to the beam. The SB generated by the PB is stopped by enclosures and
beam pipes.

* Beamline Layout

Asanexamplefor thegeneral beamlinelayout, the upstream end of the X OR Sector
1 insertion-device beamline is shown in Figure 4.5 and Figure 4.6. Important
componentsfor PB protection arethe stop/collimators (P4, P5) and the collimators
(K1), aswell asthe white beam enclosures (1-1D-A, 1-1D-B). In Sector 1, the
white-beam hutches are directly attached to the FOES, aleviating the need for
white-beam transport on the open experiment hall floor.
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Figure 4.5 Layout of Equipment in 1-1D-B (Plan View)
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Figure4.6 Layout of Equipment in 1-ID-A (Side View)
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4.2.6.2.2

4.26.2.2.1

* Ray Tracing

Bremsstrahlung ray traces for the Sector 1 1D beamline are shown in Figure 4.7
and Figure 4.8. The source size used for these traces is essentially the projection
of the arc of the storage ring on the line of sight through the front ends. Thisisa
very conservative assumption.

*  Mirror asthe First Optical Device

SomeAPSID beamlines(e.g., 2-1D) will useamirror asthefirst optical component
and then pass the resultant “ pink” beam (because the high frequency components
have been removed) downstream to an experimental station. The mirror in this
situation separates the PB beam from the synchrotron beam and allows the PB to
be stopped and the synchrotron beam to be passed downstream. In this situation,
the separation between the PB beam and the synchrotron beam increases with
distance downstream from the mirror (unlike the double-crystal monochromator
setup described above where the two beams are parallel with a constant offset).

*  White-Beam Transport

The white-beam transport through the experimental floor requires collimators at
definite intervalsin the beamline to contain the PB depending on the bremsstrahl-
ung ray tracing. These collimators may also require upstream and downstream
collarsto contain the SB (Job et al. 1994).

Secondary Bremsstrahlung

Secondary bremsstrahlung is created whenever a PB beam encounters a component.
The variety of circumstances along a beamline where this can occur makes the deter-
mination and mitigation of SB somewhat complicated. In this section, several SB
situations will be described and the measures taken to eliminate the hazard discussed.

The cases studied represent the broad class of SB problemsthat will arise during beam-
line operations.

Normal Incidence Copper Targetsin FOEs

The technical bulletin ANL/APS/TB-7 (Ipe et a. 1993) gives an example of how to
calculate the shielding for a 5-cm-thick block of copper placed at the upstream end of
an ID FOE. The copper block ismeant to represent alikely beamline component, such
asadlit, shutter, or valve. Thedosefrom such atarget isstrongly peaked intheforward
direction, hence the worst-case situation is for thetarget placed asfar upstream asis
practical.
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Figure 4.7 Bremsstrahlung Ray Trace (Horizontal)
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Figure 4.8 Bremsstrahlung Ray Trace (Vertical, Monochromatic Beam)
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4.2.6.2.2.2

4.2.6.2.2.3

The dose rate from the copper block was cal culated as afunction of angle using EG4,
and then asimpl e absorption formulawas used to cal culate the required |ead thickness.
The conclusion of this study was that the downstream wall of the FOE needs 100 mm
of lead in an area 1 m? around the PB direction and 50 mm of lead for the rest of the
wall. For the lateral wall and ceiling, the lead required for SB isless than that needed
to shield for synchrotron radiation.

For bending-magnet beamlines, the results for the ID beamline were scaled by the
effectivelength of thestraight sections(i.e., 15mfor thel D and 0.234 mfor thebending
magnet). Itwasthenfoundthat the SB determinestheshieldingonly for thedownstream
wall inanareal m? around the PB direction where 24 mm of lead is required (Ipe et
al. 1993).

Bremsstrahlung Stops

The SB dose produced by a PB beam striking alead bremsstrahlung stop is shown in
Figure4.9 (Jobetal. 1994). Thescattering fromtungstenissimilar. Theonly significant
doses are from back scatter (i.e., in the upstream direction from the bremsstrahlung
stop). For stops located inside FOEs or white-beam enclosures, the combination of
distance and the shielding needed to reduce the dose from synchrotron radiation ade-
quately reduce the SB dose.

Secondary Bremsstrahlung from Mirrors

The SB generated when PB strikes amirror presents adifferent set of challenges than
the SB from a normal-incidence target. An analysis of the shielding for the specific
situation of the XOR 2-1D beamlineis given in technical bulletin ANL/APS/TB-21
(Yun et al. 1995).

The SB scatter from a glancing-incidence target, such asamirror, is significantly dif-
ferent than that from a normal-incidence target. EGS4 was used to calculate the SB
for thegeometry showninFigure4.10. Calculationsweremadefor two different mirror
substrates: siliconand copper. It wasfound that the Si substrate produced considerably
more scatter than a Cu one. In both Si and Cu, the depth that the PB beam travelsis
adequate to allow an el ectromagnetic shower to fully develop, but the absorption of the
SB scatter inthe siliconissmaller. Thisisageneral trend that should hold for other
materials, i.e., mirrors made of light materials are expected to produce more scatter
than those made of heavy materials. Because mirrors are replaceableitems, shielding
should be designed for a substrate made of alow-Z material. The calculated SB from
a S substrate hit by a PB beam at an incidence angle of 0.15°is shown in Figure 4.11
and Figure 4.12.
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Figure4.9 Dose Rates Dueto the Back Scattering of the Bremsstrahlung fromaThick Lead Target
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Dose rates due to the backscattering of the bremsstrahlung from a thick lead
target. The integrated dose over the azimuthal angle is given.
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Figure 4.10 Schematic of the Geometric Parameters of the Si Mirror
Considered for Beamline Shielding
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Schematic of the geometric parameters of the Si mirror considered for beamline shielding
and the coordinates used in thisreport. The Z axisis aong the direction of the primary BR.
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Figure 4.11 The Results of EGS4 Calculation for SB from a Si Substrate Hit
by a PB Beam at an Incidence Angle of 0.15° (Vertical View)
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Figure4.12 The Results of EGS4 Calculation for SB from a Si Substrate Hit
by a PB Beam at an Incidence Angle of 0.15° (Horizontal View)
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Asdiscussed above, the synchrotron beam separates from the PB beam at an angle that
istwicetheincident angle. Unlessthesynchrotron beamisredirected by another optical
device, some of the SB will travel with the synchrotron beam. The shielding for this
situation must betail ored for the specific beamlinesituation, invol ving tight collimation
and an additional shielding collar around the downstream beam pipe.
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4.2.6.2.2.5

4.2.6.2.2.6

4.2.6.2.2.7

Beam Pipes

For a beamline with white-beam transport on the open experiment hall floor, SB can
normally occur intwo ways, 1) by striking acomponent such asasdlit or the beam pipe
itself, or 2) by hitting gas molecules inside the beam pipe. Inthefirst case, ray traces
are used to determine where the PB beam may encounter solid objects and appropriate
local shielding (e.g., shielded cabinets) isadded. Proper collimation of the PB beam
can substantially reduce the area where SB can be generated.

Interaction of the PB beam with gasin the beam pipe produces anegligible dose on the
beampipe, even when the gas is at atmospheric pressure (Job et al. 1994).

Collimators

Secondary bremsstrahlung is generated when PB encounters a collimator on the open
experiment hall floor. The technical bulletin ANL/APS/TB-20 (Job et al. 1994) ad-
dressesthisissue. Theworst casefor thissituation isshownin Figure 4.13. The dose
from this geometry was cal cul ated with EG$4, with the results shown in Figure 4.14.
Table 4.13 gives the additional shielding needed on the downstream side of the colli-
mator to reduce the dose to acceptable levels.

Shielded Cabinets

A calculation of shielding for cabinets that are used to cover components on the open
experiment hall floor can be madefoll owing the same procedure asthat described above
for targetsin FOEs. The distances from target to walls must be scaled appropriately.

Bremsstrahlung-Generated Neutrons

When the PB interacts with high-Z materialsin the beamline, neutrons are produced.
There are three modes of neutron production by the bremsstrahlung. At low energies
(10 - 30 MeV), photons are absorbed by the dipole interaction (giant resonance), and
the compound nucleus thus formed decays emitting protons and neutrons. At higher
energies, the cross section for thisinteraction decreasesrapidly. PB of energy between
50 - 300 MeV, interacts with the nucleus, g ecting out a deuteron, which subsequently
decays producing a neutron and proton pair. At energies higher than 140 MeV, the
neutron production can al so occur through pion production and an intranuclear cascade
and subsequent evaporation of the nucleus. Except for the giant resonance process, the
cross sectionsfor other interactions at higher energies are not readily available. These
cross sections are calculated from nuclear models. However, calculations show that
the photoneutron spectra are dominated by the giant resonance component (= 70%).
These neutrons have an energy distribution between 1 to 20 MeV.
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Figure 4.13 Diagram of the Configuration Used for the EGS4 Calculation
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Diagram of the configuration used for the EGS4 calculation to estimate the dose rates on
the beam pipe due to the missteered beam hitting the downstream edge of the collimator.

The beam is incident at an angle of 4.5° and is 3 cm away from the edge. This allows the
electromagnetic shower to fully develop.
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Figure 4.14 The EGS4 Results for the Dose Rates in Tissue Due to the
Beam Hitting the Downstream Edge of the Collimator
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The EGS4 results for the dose rates in the tissue due to the beam hitting at
the downstream edge of the collimator. The tissue is in contact with the
collimator. In this plot the 90° angle is the beam direction.
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Table 4.13 Thickness of the Collar for the Collimators
Distancefrom Thicknessof
the collimator lead collar
0.0cm 49cm
10.0cm 3.4cm
15.0cm 2.6cm
20.0cm 1.8cm
25.0cm 1.8cm
47.0cm 1.3cm
*  Themissteered beam hits close to the downstream edge of the collimator. The distance
is from the downstream edge of the collimator.
t  Incaculating the thickness ‘the angle of incidence effect’ has been taken into consider-
ation.
The dose rates due to the PB-generated neutrons from the tungsten stops in the APS
beamlines are estimated by the PICA (Gabriel et al. 1991) code. Thetypical doserate
outside an ID first optical enclosure has been measured, and assuming linear scaling is
less than 0.22 uSv/h/nTorr/300 mA (22 prem/h/nTorr/300 mA).
4.2.6.3 Synchrotron Radiation

The primary purpose of the APSisto produce high quality synchrotronradiation. This
raises some radiation-hazard issues that will be addressed in this section. Synchrotron
radiation at the APS falls into two categories. insertion-device (ID) radiation and
bending-magnet radiation. For synchrotron-radiation calculations, a storage ring en-
ergy of 7.5 GeV and astorage ring current of 200 mA have been assumed in all cases.
These parameters were chosen for the simulation of the synchrotron radiation because
they proved to be aworse case than the 7.0-GeV, 300-mA case. In addition, to accom-
modate operation at the accel erator safety envel ope, the recommended shielding thick-
nesses include an additional tenth value layer of the shielding material.

The specifications for bending-magnet radiation is straightforward, asit is defined by
the storage ring energy and current. The ID radiation is harder to define, because of

the ability to use different IDs (i.e., wigglers, undulators), and to change the gap of an
ID onceinstalled. It isan APS policy to use the spectrum for the APS Wiggler A at a
gap of 21.5 mm for all 1D synchrotron-radiation shielding analyses. Wiggler A at this
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4.2.6.3.1.2

gap istaken as the worst likely operating condition. Exceptions to this policy, when
warranted, are explicitly noted.

Undoubtedly, situationswill ariseat the APSwherecreative use of x-ray opticsproduces
beams that do not fall cleanly into one of the categories described above. An example
of thiswould be the use of multilayers to produce a wide-energy bandpass beam. In
these situations, asafety analysiswill be made to ensure that the various aspects of the
beamline (i.e., stops, shutters, transport, enclosures) are adequate to mitigate the radi-
ation hazard. Thisanalysiswill be made using the same basic tools, such asPHOTON
(Chapman et al. 1988, Braeuer and Thomlinson 1988), that were used for the studies
that are discussed below.

The mitigation of synchrotron radiation hazards will be discussed in two parts: direct
synchrotron radiation and scattered synchrotron radiation.

Direct Synchrotron Radiation

White Beam

Anunmodifiedwhitebeamisawayscoincident with the primary bremsstrahlung beam.
The steps that need to be taken to handle the PB are much more than adequate

to stop the synchrotron white beams. Usually, aphoton stop will be used to protect the
bremsstrahlung stop from the heat carried in the synchrotron beam. Asinthe PB case,
personnel are prevented from placing themsel vesinto the white beam by enclosures or
beam pipes.

M onochromatic Beam

For the purposes of radiation safety analyses, a monochromatic beam is defined as a
beam with an energy bandpass (AE/E) of 0.1% and includes all the higher harmonics
of thebeam (i.e., if a111 Bragg reflection produces adiffracted beam at 8 keV, the 222
will give abeam at 16 keV, the 333 at 24 keV, etc.).

e Stops/Shutters

Atthe APS, shuttersarealwaysredundant; that is, therearetwo blocksof shielding
material that are actuated with independent mechanisms whenever a shutter is
closed or opened. The status of each block will be monitored by two or more limit
switches for additional security. Any fault read by the limit switches will cause
the PSStotrip. For astop, which by definition is not moveabl e during operations,
only one block of material isused. (A stop may have its position changed during
achange of “mode,” in which case it is controlled through use of Kirk keys or
similar lockout devices.)
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For routine operations, both blocks of a shutter system are assumed to be in place
and the dose must be limited to lessthan 2.5 uSv/h (0.25 mrem/h). Inan abnormal
situationinwhichonly oneblock isproviding protection, aconservative occupancy
factor of 10% isassumed and each block must be capable of reducing the doserate
to 25 uSv/h (2.5 mrem/h) by itself.

Transport

If amonochromatic beam hits the wall of abeam pipe, the shielding for the beam
pipeis much more than sufficient to stop the direct synchrotron beam. Thisisdue
to the large increase in effective thickness of the shielding when the beam hitsthe
shielding at a glancing angle.

Enclosures

Bragg-scattered beams will be scattered out of the beam path and hit the sides of
an enclosure on aregular basis. However, for angles greater than a few degrees,

theradiationinthesebeamsisrelatively soft (< 50keV) andwill not makeit through
the shielding present for Compton-scattered photons.

Mirror-Modified Beam (Pink Beam)

Stops/Shutters

Mirrors essentially work aslow-pass beam filters. Downstream of the mirror, the
number of photonsin the beam with energies above the mirror's energy cutoff
(typically 20 keV, rarely above 30 keV), will be reduced by several orders of mag-
nitude. Theexact amount of shielding needed depends upon the minimum possible
refection angle from the mirror and will be calculated for each case.

Transport

The same comments for the pink-beam stops/shutters apply to the transport.

Scattered Synchrotron Radiation

The direct synchrotron radiation traveling down a beamline will scatter from every
component it strikes. For the purposes of this discussion, scattering is considered to
be inelastic scattering; i.e., it does not include Bragg scattering. To determine the

necessary shielding for the scattered synchrotron radiation, the PHOTON program was

used.
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PHOTON calculates doses using the following procedure:

1.

2.
3.
4,

Calculate the photon flux as afunction of energy and vertical opening angle of the
synchrotron beam.

Attenuate the beam for any filters.

Scatter from a chosen target.

Convert the resulting photon flux to dose.

Within PHOTON, several assumptions are made.

Thescattered photonsare assumed to comefrom Compton scattering. Withregards
to shielding, only relatively high-energy photons (> 50 keV) are of much conse-
guence. For these photonsto scatter at significant angles (i.e., to hit the side of a
hutch), Compton scattering is by far the dominant process.

In PHOTON, an isotropic point scatterer isassumed and the total angle-integrated
Compton cross-section is used to calculate the scattered photon spectrum. The
isotropic-point assumption is reasonable for measurements well awvay from the
source. Thisistruefor most casesin beamlineshielding (transportisan exception).
In fact, Compton scattering is not isotropic; the scattering becomes increasingly
forward directed for higher energies. This assumption will tend to overestimate
the scattering at large angles and underestimate the scattering in the forward di-
rection.

Additionally, no polarization dependence of the incident beam isrecognized. Be-
cause the synchrotron beam is normally highly polarized in the horizontal plane,
the horizontal scattering will be overestimated and the vertical scattering underes-
timated (especially at angles approaching 90°). Because personnel are usually
located in the horizontal direction from the scattering source, the omission of po-
larization dependence becomes a conservative estimate.

The " narrow-beam” attenuation coefficient of the shielding material isused. This
will ignorebuild-upfactorsof scattered photons. For photonsupto several hundred
keV shielded by lead, the use of the narrow beam coefficient will have a small
effect on the calculation.

Finally, PHOTON calculates the flux for a bending-magnet source. This can be
used to approximate awiggler by multiplying the spectrum by the number of poles
(twice the number of periods). This overestimates the horizontally off-axis flux.
The PHOTONZ2 program is a modified version of PHOTON that calculates the
wiggler spectrum using the proper wiggler horizontal beam distribution. A com-
parison of the resultsis shown in Figure 4.15. PHOTON2 (Degjuset al. 1992), at
the time of these calculations, could not do all the shielding estimatesthat are part
of PHOTON. Therefore it was only used for comparative purposes.
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Figure 4.15 Comparison of PHOTON and PHOTON2 Spectrums
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The combination of all these factors indicates that use of PHOTON should overestimate the scat-

tering in the horizontal plane from awiggler. Experimental results confirm this (Braeuer and
Thomlinson 1988).

4.2.6.3.21  Experiment Station Enclosures

PHOTON wasrun for three targets (air, copper, and lead), with several thicknessesfor
each. Based on the results, atarget of copper 30 cm in length was chosen to be repre-
sentative. (The scattering from 3-cm and 30-cm targetswas essentially thesame.) The
model ed experimental enclosure had the scatterer 1 mfromthewalls(lateral, upstream,
and downstream) and 1.5 m from the roof. Because of the PHOTON assumptions

discussed above, the scatter in theforward direction (toward the downstream wall) may
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be underestimated. To account for this, the amount of shielding needed to reduce the
dose an order of magnitude (one tenth value layer), was cal culated and added to the
specification for shielding of the downstream wall.

Transport

PHOTON was used to calculate two scenarios for beamline-transport shielding: air
scattering due to loss of vacuum and the scatter from the beam hitting a solid object
(including the beam pipe).

The vacuum-loss cal cul ations were made with the equivalent 30 cm of air at 1 atm as
atarget. Thebeam pipewasassumedtobe10cmindiameter. Under normal conditions,
negligible scattering will result from residual air in an evacuated beam pipe. However,
because the vacuum level for beamline transport will not normally be part of the per-
sonnel safety system, the accidental venting of a beamline must be considered.

It is highly probable that a vacuum loss will be detected after a short time because of
the resulting diminished flux to the user. In any case, significant scattered radiation
will be found by periodic beamline radiation surveys. Using an estimated 10% occu-
pancy in avacuum loss situation leads to adesign limit of 25 uSv/h (2.5 mrem/h).

For beamlinetransport, if ray tracing showsthat the beam will not strike asolid object,
only the vacuum-loss shielding isnecessary. Whereasolid object may be encountered,
the experimental enclosure results (given above) can be scaled to determine the appro-
priate shielding.

Shielding Recommendations

* WhiteBeam

ANL/APS/ITB-7 (Ipeet a. 1993) gives shielding recommendations for a model
FOE. Many white-beam enclosures closely resemblethissituation and can usethe
recommendationsdirectly. For enclosuresthat differ significantly, theanaysisfor
themodel FOE can beeasily modified using different scatterer-wall distances. The
following specifications are for the model FOE.

For I D white-beam enclosures, the shielding of the downstream wall isdetermined
by bremsstrahlung. The PHOTON analysis of the synchrotron radiation shows
that alead thicknessof 16 mmand 12 mmfor thelateral wall and roof, respectively.
In ANL/APS/TB-7, an additional 3 mm of lead is added to the lateral wall for a
safety margin, leading to arecommended value of 19 mm of lead for lateral walls.
If the upstream wall of the enclosure is not the ratchet wall, the same amount of
lead must be used there asin the lateral walls.
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For bending magnet white-beam enclosures, only the area 1 m? around the direct
beam direction isdetermined by bremsstrahlung. For synchrotron radiation, PHO-
TON analysis was used to recommend lead of 9 mm for the downstream wall, 8
mm for the lateral wall (and upstream wall if required), and 6 mm for the roof.

¢ Monochromatic Beam

The ID monochromatic enclosures are recommended to have 12.5 mm of lead for
the downstream wall, 10 mm for the upstream and lateral walls, and 6 mm for the
roof. Similarly, the bending-magnet monochromatic enclosuresare recommended
toinclude 7 mm of lead for the downstream wall, 6 mm for the upstream and | ateral
walls, and 4 mm for the roof.

* Pink Beam

The comments above on pink-beam direct stops/shutters apply to the pink-beam
enclosures. Monochromatic-beam station shielding is adequate for pink-beam
enclosures.

L oss of Vacuum Incident in the Storage Ring

The primary gas bremsstrahlung produced in the ID beamlinesis afunction of the gas
pressure in the storage ring. Bremsstrahlung scattering calculations reported in
ANL/APS/TB-20 (Job et al. 1994) correspondsto an |D chamber vacuum of 10° Torr.
A lossof vacuum in the storage ring can considerably increase the bremsstrahlung dose
ratesin the beamlines. The total dose received by a person outside of an FOE, near a
bremsstrahlung stop, has been calculated in the event of a complete loss of vacuum in
the storagering. For the calculations reported here, the storage ring is assumed to be
at apressure of 760 Torr and the entire stored beam energy of 9280 Joules, the accel-
erator safety envelope, passes through one of the ID chambers.

The total beam-integrated bremsstrahlung power has been estimated as 0.13 mwatts

for the storage ring vacuum of 10" Torr and for abeam current of 300 mA at the electron
energy of 7 GeV. The beamline bremsstrahlung stops are designed in such away that
the dose rates at any given time during operation is 2.5 uSv/h (0.25 mrem/h) outside

theenclosure. Thedoserate can bescaled appropriately for the doserate corresponding
to an instantaneous energy deposition of 9280 Joules. It isconservatively assumed in
thiscalculationthat al thekinetic energy of the beamisconverted into bremsstrahlung.

Thecal cul ated instantaneous dose outsi de the encl osurein the event of aloss of vacuum
in the storage ring will not exceed 350 mrem.

Thisis assumed to be the worst-case scenario because:
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* Thecalculations are for the maximum beam energy and current at the accel erator
safety envelope.

* All thekinetic energy of the positron beam is converted into bremsstrahlung.
* All the bremsstrahlung is produced from one insertion device.

e Thelossof vacuum takes place instantaneously.

Experiment Beamline lonizing Radiation Hazard Summary

A significant amount of guidance on shielding requirements has been provided by the
APSfor shielding design. This guidance is based on the shielding criterion adopted at
the APS, which requiresthat the doseratesbe< 2.5 uSv/h (0.25 mrem/h) at 30 cmfrom
the secondary radiation sources at the accel erator safety envel ope operation. However,
for shielding the scattered synchrotron radiation, the recommended shielding thickness-
esinclude an additional tenth value layer of the shielding material. This makesthe
shielding recommendations extremely conservative.

The shielding requirements provide the basis for the criteria that must be met in the
design of the beamlines. The beamline designs are subject to the Beamline Safety
Design Review Steering Committee reviews at the preliminary and final design levels.
The APS designs the Personnel Safety System interlocks, which ensure that personnel
will not enter the interlocked areas. The APS will maintain a continuous surveillance
of the beamline operating conditions. Personnel will be trained to understand the
specific radiation hazards and specific procedures for each beamline operation. There-
fore the probability of occurrence of aserious radiation hazard has been determined to
below. The consequences of exposure to ionizing radiation are classified as medium.
Therefore the risk factor from ionizing radiation is deemed to be low.

Non-ionizing Radiation Hazards

A significant amount of equipment protection interlocks have been designed into the
APS accelerator systems to prevent a non-ionizing radiation hazard from existing for
an extensive length of time.

An appropriate number of personnel protection interlocks have been designed into the
APS/rf equipment to prevent anon-ionizing radiation hazard from existing. Therefore,
the probability of occurrence of a non-ionizing radiation hazard has been determined
to be extremely low. The non-ionizing radiation hazard consequence has been deter-
mined to be low. Therefore, the risk is extremely low.

Low power lasers for survey do not present a safety hazard.
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431 rf Radiation Hazards
4.3.1.1 Linacrf Radiation Hazards (including rf gun)

The linac rf operating frequency is 2856 MHz. At this frequency the threshold limit
value (TLV) national standard is 9.52 mW/cm? power density for eight hours of con-
tinuous exposure (ACGIH 1997).

A properly bolted waveguide system typically radiates far less than 0.1 mW/cm? even
at 250 KW of continuous wave power. An improperly bolted flange could result in an
opening or gap which could cause radiation to exceed the national standard. Copper
crush gaskets are used, ensuring good rf seals as well as good pressure/vacuum seals.
The linac transmission waveguides are either under pressure or under vacuum, both of
which require good mechanical connections. System interlocks would not normally
allow the system to run without properly connected waveguides, and this would limit
the duration of the rf radiation |eakage.

Achievement of a source level beyond the threshold limit would require an open
waveguide radiating into free space, which could only happen with the waveguide
disconnected and the rf amplifier generating full power. Thewaveguidewould arc over
before the power front could reach the opening, which would create a short circuit and
reflect back most of the power. Thisreflected power would exceed the safety trip levels
of the waveguide protection system. Therefore, this situation is highly improbable,
since it would normally be prevented by multiple klystron and modulator protection
interlocks which would immediately shut down the modulator and the rf drive to the
klystron.

Protection against rf radiation is provided by the following:

»  Properly trained personnel arerequired to tour theklystron gallery and linac tunnel
to check that all waveguides are properly connected before the first startup after
any waveguide work.

* A waveguide protection systemisin operation to ensure that all waveguides have
the correct vacuum (or pressure). Interlocks prevent operation when these condi-
tions are not fulfilled.

* Theregion around any rf equipment found to be above background is posted to
warn against continuous occupation when red warning lights are on.
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Particle Accumulator Ring rf Radiation Hazards

There are two rf systemsin the PAR: one operates at 9.8 MHz and the other at 117
MHz. At these frequencies, the radio frequency/microwave TLVs (ACGIH 1997) for
eight hours per day of continuous exposure are 10 mW/cm? and 1 mW/cm?, respec-
tively.

Four 1-kW solid-state power amplifiers (4 kW total) provide rf power to the 9.8-MHz
cavity, and four 500-W solid state power amplifiers are connected to the 117-MHz
cavity. Both systems are also configured to be driven by a hard tube amplifier. The
fundamental hard tubeamplifier can drivethe 9.8 MHz system and isset for amaximum
of 5 kW peak power. The 177 MHz system is driven by a 3 kW hard tube amplifier.
The amplifiers are mounted inside two racks with metal doors. The cavities have no
openings of significant size that radiate any significant amount of power into the sur-
rounding area. The tuners are bolted in place and have signs on each cavity warning
against removal.

Injector Synchrotron rf Radiation Hazards

The operating frequency of the rf cavities for the synchrotron is 352 MHz. At this
frequency, the TLV (ACGIH 1997) for eight hours per day of continuous exposure is
1.17 mW/cm?,

Animproperly bolted flange could result in an opening or gap that could causeradiation
to exceed the national standard. Achievement of a source level beyond the threshold
limit would require an unbolted waveguide. Protection against rf radiationis provided
by the following:

*  Properly trained personnel are required to conduct a walk-through to insure that
all waveguide sectionsare properly connected. Thisprocedure must be completed
before the first startup of the rf system after any interventions in any sections of
the waveguide system.

» A waveguide protection system, using air pressure switches, isin operation to
ensurethat all waveguides havethe correct pressure. Interlock switches shut down
the klystron power supplies and prevent operation when these conditions are not
fulfilled. The synchrotron waveguide isunder dlightly increased air pressure due
to cooling fans on the ceramic windows. This pressure would be released if a
waveguide flange were unbolted.

» Radio frequency radiation monitors, placed in several locations around the build-
ing, sound local warnings and trip the rf systems if the rf radiation level exceeds
0.1 mW/cm?. They are also monitored for alarm and trip levels by the control
system.
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Storage Ring rf Hazards

The storage ring rf cavities operate at 352 MHz. At thisfrequency, the TLV (ACGIH
1997) for eight hours per day of continuous exposure is 1.17 mW/cm?.

Animproperly bolted flange could result in an opening or gap that could causeradiation
to exceed the national standard. Achievement of a source level beyond the threshold
limit would requirean unbolted waveguide. Protectionagainst rf radiationinthestorage
ring waveguide system is provided by the following measures:

*  Properly trained personnel are required to conduct a walk-through to insure that
all waveguide sectionsare properly connected. Thisprocedure must be completed
before the first startup of the rf system after any interventions in any sections of
the waveguide system.

* A waveguide protection system, using air pressure switches, isin operation to
ensurethat all waveguides havethe correct pressure. Interlock switches shut down
the klystron power supplies and prevent operation when these conditions are not
satisfied. The storage ring waveguide system is under slightly increased air pres-
sure dueto cooling fans on the ceramic windows. This pressurewould bereleased
if awaveguide flange were unbolted.

» Radio frequency radiation monitors, placed in several locations around the build-
ing, sound local warningsif the rf radiation level exceeds 0.1 mW/cm?. They are
also monitored for alarm and trip levels by the rf personnel safety system.

Laser Hazards

L ow-Power Laser Hazards

L ow-power (Classes 1, 2, and 3a) lasers are used for alignment of accelerator, insertion
device, front end, and beamline components. These low-power devices do not present
safety hazards and will be used in compliance with the existing ANL health and safety
guidelinesand procedures Other usesfor lasersmay beincludedinthevariousbeamline
designs. These will be addressed as part of the beamline review process to ensure
compliance with the existing ANL ES&H Manual (ANL onlineB).

The users of all laserswill be required to compl ete appropriate operator training, and
operating procedures will be required to be in place. Therefore, the probability of oc-
currence of a nonionizing radiation hazard has been determined to be extremely low.
The nonionizing radiation hazard consequence has been determined to below. There-
foretherisk is extremely low.
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High-Power Laser Hazards

All work with lasers at APS shall comply with all ANL requirements as defined in
Chapter 62 of the ANL ES& H Manual (ANL onlineB) and be designed and adminis-
tered in accordance with the requirements of the American Standard for the Safe Use
of Lasers, ANSI Z136.1. The design and operation of all Class 3a, Class 3b, and Class
4 lasers will be reviewed and approved by the Division Director/Department Head
(DD/DH), considering theadvice provided by thereview of theL aboratory L aser Safety
Officer (LSO).

Laser-Controlled Areas

All laser-controlled areas (LCAS) will comply with all ANL requirements as defined

in Chapter 6-2 of the ANL ES&H Manual and be designed and administrated in accor-
dancewith the requirementsof the American Standard for the Safe Use of Lasers, ANSI
Z136.1. In general, an LCA includes the following features:

* Novisual accessinto the LCA at the wavelength of the laser light.

*  Prevention of unexpected or unauthorized entry into the LCA by engineering con-
trols or, aternatively, the accessible laser beam is automatically cut off upon such
entry. See section 3.12.1.5.2 for additional details related to the LCA interlock
system.

Normally, only work directly connected with the laser may be performed in the LCA
when the laser is operating. In extraordinary circumstances, such work may be per-
formed with permission of the LSO, provided that the persons performing such work
have received laser safety training and have had the required medical examination.

Interlocks and Automated War ning Devices

Interlocks and automated warning devices will be tested as a unit, aswell asin their
component parts; testing of interlocks for LCAs located inside of the accelerator en-
closures will be performed at least semiannually. All other interlocks and automated
warning deviceswill betested at least quarterly. All test resultswill be documented. |If
amalfunction isfound, it must be corrected immediately, or equivalent temporary
controls must be substituted.

Invisible beam Class 3 and Class 4 |aser systemswill incorporate an automatic warning
light, or other suitable device, to indicate the presence of abeam. The warning device
must be visible through laser safety eyewear and must be located so that a person
working near the beampath will seeit.
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Standard Operating Procedures

A standard operating procedures (SOP) document shall be prepared for each Class 3b
or Class 4 laser installation; one SOP may be prepared for the entire LCA, provided
that operating proceduresfor each Class 3b and Class4 |aser inthe LCA are addressed.
All SOPsshall includethefollowinginformation: alist of personsauthorized to operate
thelaser(s); alisting of specific laser—related hazardswithin the LCA and adescription
of thehazard control methodsused; adescription of saf ety devicesand safety procedures
specific to each laser system within the LCA and to the LCA itself; and a detailed
description of any unusual or unique safety procedures and/or administrative controls.
The SOP must be approved by the DD/DH after considering the advice provided from
the laser safety officer’s review.

Per sonal Protective Equipment

Class 3b and Class 4 |lasers are capable of causing eye injury to anyone who looks
directly into the beam or specular reflections. Diffuse reflections of ahigh-power laser
beam can also produce permanent eye damage. Laser safety eyewear will be worn at
al timesby al personsin an LCA, when engineering or administrative controls are
inadequate to eliminate potential exposures in excess of the applicable maximum per-
missibleexposure. Laser safety eyewear will beinspected annually for pitting, crazing,
cracking, discoloration, mechanical integrity, and light leaks. Eyewear in suspicious
condition will be discarded. Inspection of eyewear will be documented. All laser safety
eyewear shall meet ANSI Z136.1 standards and are required to have the wavelength
and corresponding optical density rating inscribed on the frames or lenses of the eye-
wear.

Posting

Posting of areaswhere lasersarein use shall be according to the requirementsof ANSI
Z136.1.

Training and Medical Requirements

All users of Class 3 and Class 4 |asers must have laser safety training prior to any laser
use, and refresher training must be obtained at least biannually. Users of Class3b and
Class 4 |lasers are required to have an eye medical examination prior to and following
termination of their work with these lasers. The user will make arrangements with the
Medical Department.
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FireHazards

Class 4 |lasers are capable of imparting enough energy to highly combustible materials
to create an ignition hazard. To minimize this risk, no combustibles will be stored on
the laser tables during operation. The laser room and the rf gun room will be supplied
with atype Il fire extinguisher. Both the rf and laser rooms will be monitored with a
VESDA detection system and awet pipe sprinkler-type fire suppression system.

Skin Burn Hazards

Class 4 lasers are capable of causing skin burns. Class 3b lasers may cause some skin
irritation. For this reason Class 4 laser operations will be performed in an enclosed
beam whenever practical. During periods of laser aignment or maintenance, laser op-
eratorswill minimizedirect skin exposure by keeping beam enclosuresintact whenever
possible and by covering exposed skin.

Visible/UItraviolet Radiation Hazards

The generation of visible, ultraviolet (UV), and soft x-ray radiation will occur viathe
synchrotron radiation mechanismin all dipole magnets of the APS. Vacuum chambers
in specific dipoles are modified to allow extraction of the synchrotron radiation for
purposes of particle beamimaging. There aretwo such chambersinthe PAR and three
in the synchrotron. In the storage ring, one dipole in Sector 35 will be used for UV-
visible imaging. These optical transport lines all involve a pickoff mirror that only
reflectsthe visible and ultraviolet photons, quartz viewportsthat strongly attenuate the
wavel engths below 200 nm, and for the PAR and synchrotron a series of crown glass
lenses that poorly transmit (~10% per 10 mm thickness) the UV-B (320 nm > A > 280
nm) and UV-C (280 nm > A > 160 nm) radiation. The UV-A (400 nm > A > 320 nm)
istransmitted but is not normally considered a hazard. In the storage ring case, metal
mirrors will be used for part of the transport.

The radiation source strength depends on the particle energy (to the fourth power), the
stored beam current, and the bending magnet strength. The critical wavelength, A, (the
point at which half thetotal power isradiated above and half below), dependsinversely
on field strength and the energy squared.

LEUTL Visble/UV Hazards

TheLEUTL undulatorsare sourcesof pulsed collimated ultraviolet and visual radiation
which existsmainly inside the corresponding vacuum envel opes. Sincegenerating UV-
visible radiation is one end purpose of the LEUTL, the radiation must be incompletely
blocked so that diagnostic imaging or detection can bedone. The projected wavelength
of 265 pum (in the UV-C range) and 120 nm are, respectively, poorly or not at all
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transmitted by quartz glass. In the 120-nm case, MgF, windows at the end of the

evacuated transport lines may be used to bring the radiation to the detectors. The
maximum extracted power at saturation from a 1-kW (macropul se average) electron
beam from the self-amplified spontaneous emission (SASE) mechanism isrelated to
1/N where N isthe number of periodsin the wiggler. For the nominal 3.3-cm period
device and maximum length of 30 m, N = 990, which implies an estimated efficiency

1w _ 6W

of 0.1%, or 1 W in the fundamental (a source strength of about 2).

5 =
(0.4mm) mm
Thiswould be 600 W/cm? in a30-nstime scale. At 30 Hz and with the duty factory
of only ~ 105, this means the time-averaged strength over 1 sis 600 uW/cm?. The

8 h/day threshold limit value (TLV) is 0.1 uW/cm? for UV-C. The use of enclosed
paths and UV-blocking goggles can reduce the level below the TLV for this extreme
case of the saturated amplifier output.

Protection against thelow-level diagnostic portionsof theUV attheLEUTL isprovided
by the following:

* Loca exposure around any exit windows in the tunnel is prevented by the prohi-
bition of personnel in the tunnel during operations.

» At the other end of the transport, multiple mirror reflections will reduce the flux.

* Theopticstable will be enclosed in alight-tight, lockable end-station room with
access only by authorized personnel.

»  UV-blocking glasses or goggles will be required when UV hazards are present.
The UV hazards will be posted by signage.

* Theactua radiation levels will be evaluated by ESH-AC.

An alignment laser has been installed on the linac in support of LEUTL. The laser
output is adjusted to less than 1 mW and is injected through a quartz window and
reflected by aremotely actuated mirror onto the axis of the accelerators.

The probability of occurrence of a nonionizing radiation hazard has been determined

to be extremely low, and the nonionizing radiation hazard consequences have been
determined to be low. Therefore, the risk is extremely low.

PAR Visble/lUV Hazards

For the PAR the critical wavelength is 6.2 nm and the source strength is about 4
mW/mm? at adistance of 1 m. Thisisattenuated strongly inthe UV-B and UV-C range
by the glass lenses that involve at least 60 mm of glass thickness, or (0.1)° reduction.
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Thisfactor, coupled with the vertical defocusing of the photon beam by afactor of 10
to cover a square cm, the order of magnitude drop-off in intensity with wavelengths
longer than A, and the fraction of wavelengthsin the UV-B and UV-C interval, lead to
an exposure level much below the 8 h/day threshold limit value (TLV) of 0.1 pW/cm?
(ANL onlineB).

Hazards associated with visible light might exist in the PAR diagnostics enclosures.
The TLV for occupational exposure to broadband and near-infrared radiation for the
eye applies to exposure in any 8-hour workday. Calculationsindicate that the total
power in the visible region isless than 0.6 mW at the source. Most of thiswill be
transported to the opticstables. ESH-AC will evaluate actua light intensity levels at
theenclosed opticstables. If aneedfor correctiveactionisindicated, detailed operations
procedures, protective equipment, or filters will be used to minimize the risk.

Protection against the UV radiation at the PAR is provided by the following:

*  Loca exposurearoundtheexit window isprevented by the prohibition of personnel
in the PAR vault during operations.

» Atthe other end of the enclosed photon transport line the glass lenses have dra-
matically attenuated the flux below the TLV.

* Anadditional UV-blocking (A, B, and C components) filter will be added at the
exit port of the photon transport line if ESH-AC monitoring indicates a need.

If the photon transport line has no lenses, the light will not be focused or usable, and
the port will be capped with an appropriately opaque material.

Synchrotron Visible/UV Hazards

The same basic principles apply to the injector synchrotron. At theinitial injection
energy of 450 M eV, thesynchrotron radiation total power dropsbecausethesamecharge
isnow circulating in aring having a circumference twelve times larger than the PAR
and the bending radius of the beam is~ 40 timeslarger. The critical wavelengthis205
nm (UV-C). However, after ramping the energy of the beam to 7 GeV, the radiated
power increases by the energy to the fourth power and shiftsto snorter wavelengths (A
~ 0.055 nm). The pickoff mirrorswill only reflect the UV and visible components.
Eye damage could result from extended direct viewing of the highly collimated syn-
chrotron light beam.

Hazards associated with visible light might exist in the synchrotron diagnostics enclo-
sures. The TLV for occupational exposure to broadband and near-infrared radiation

for the eye applies to exposure in any 8-hour workday. Calculations indicate that the
total power inthevisibleregionislessthan 0.2 mW at the source. Most of thiswill be
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transported to the optics tables in the lockable opticslab. LCAS (Laser Control Area
Supervisor) will evaluate actual light intensity levels at the opticstables. If aneed for
corrective actionisindicated, detailed operations procedures, protective equipment, or
filterswill be used to minimize the risk.

Protection against the UV radiation at the injector synchrotron is provided by the fol-
lowing:

*  Loca exposurearoundtheexit window inthetunnel isprevented by theprohibition
of personnel in the synchrotron tunnel during operations.

» At the other end of the enclosed photon transport line, the glass lenses will dra-
matically attenuate the flux.

*  Theopticstables above the synchrotron tunnel will be enclosed in a4.9 m (16 ft)
x 7.3 m (24 ft) light-tight, lockable room with access only by the authorized diag-
nostics personnel.

*  UV-blocking glasses or goggles will be required when UV hazards are present.
The UV hazards will be posted by signage.

If the photon transport line has no lenses, the light will not be focused or usable, and
the port will be capped with an appropriately opaque material.

Storage Ring Visible/UV Hazards

Since the UV radiation will be used for imaging in the storage ring, it cannot be com-
pletely blocked. Attheinitial injection energy of 7 GeV, the synchrotron radiation total
power dropsbecausethesamechargeisnow circulatinginaring havingacircumference
three times larger than the injector synchrotron, and the bending radius of the beamis
similar. Thecritical wavelengthissimilar to theinjector synchrotron at ramped energy
(Ac~ 0.063 nm). The pickoff mirror will only reflect the UV and visible components.
Monitoring will be done by LCAS to establish the actual levels.

Hazards associated with visible light will exist in the SR diagnostics enclosures. The
TLV for occupational exposure to broadband and near-infrared radiation for the eye
appliesto exposure in any 8-hour workday and require knowledge of the spectral radi-
ance and total irradiance of the source as measured at the position of the eyes of the
worker. Calculations indicate that the total power in the visible region islessthan 7
mW at the source. Most of thiswill be transported to the lockable optics enclosure.
ESH-AC will evaluate actual light intensity levels at the optics tables. |f aneed for
corrective action is indicated, detailed operations procedures, protective equipment,
and/or filters will be used to minimize the risk.
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Protection against the UV radiation at the storage ring is provided by the following:

*  Loca exposurearoundtheexit window inthetunnel isprevented by theprohibition
of personnel in the storage ring tunnel during operations.

* Atthe other end of the enclosed photon transport line, the multiple mirror reflec-
tions will reduce the flux.

* Theopticstableswill be enclosed in a5 m (16.4 ft) x 3.3 m (10.8 ft) light-tight,
lockable room with access only by the authorized diagnostics personnel.

»  UV-blocking glasses or goggles will be required when UV hazards are present.
The UV hazards will be posted by signage.

If the photon transport line has no optics, the light will not be focused or usable, and
the port will be capped with an appropriately opague material. Theinitial installation
will involve a cameralocated in the tunnel which will have remote control features.

Electrical Hazards

Equipment protection interlocks have been designed into the accelerator systems to
eliminate the presence of an electrical hazard to personnel. Operator training and op-
erating procedures are in place to ensure that any maintenance is performed in a safe
manner. Therefore, the probability of occurrence of an event due to electrical hazards
has been determined to be low. The consequence from an electrical hazard would be
medium, since the consequence of such an incident could result in death. The risk of
this combination is low.

Linac

Electrical Hazardsfor the LEUTL rf Gun Heater Power Supplies

Therf gun heater power suppliesare used to energize therf gun (RFG) cathode heaters.
Each RFG heater isindependently powered by an air-cooled, 100-W power supply at
16 VDC and acurrent of lessthan 5 A. The RFG coil isinterlocked with the vacuum
to the power supply.

Electrical Hazardsfor therf Gun Alpha Magnet Systems

The alpha magnets are used to steer the rf gun beams into the linac. The trim coils are
used to degaussthe magnet when switching from rf gun operationto DC gun operation.
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The magnet’smain coilsand trim coilsare independently powered. Themain coilsare
powered by an air-cooled, 10-kW power supply at 30 VDC and a current of less than
330 A. Thetrim coils are powered by an air-cooled, 100-W bipolar power supply at
+ 20 VDC and acurrent of lessthan £ 5 A. The main magnet coils are water cooled
and the trim coils are air cooled. The main coils are protected with high-temperature
sensors interlocked to the power supply.

Electrical Hazardsfor therf Gun Kicker Magnet Systems

Thekicker magnetsare used to passasmall portion of the available beam to thelinac.
The magnets are powered by a pulse-forming network (PFN) made of high-voltage
coaxia cable and capacitors. The PFN voltage isup to 30 kVDC. The stored energy
is1J. ThePFN ispowered by a separate high-voltage power supply. The rating of the
supply is500 W at 30 kVDC. The stored energy at the output is less than 1.5 J.

Electrical Hazardsfor therf Gun Quadrupole Magnet Systems

Three quadrupole magnets are used to keep the RFG beamlines focused, allowing the
beam to pass through the vacuum chamber aperture with minimal loss. Each magnet is
independently powered by an air-cooled, 8-W power supply at 4 VDC and a current of
lessthan 2 A. The magnet coils are air-cooled and protected with high-temperature
sensors interlocked to the power supplies.

Electrical Hazardsfor therf Gun Corrector Magnet Systems

Four corrector magnets are used to make minor steering adjustments to the beam po-
sition in the vertical and horizontal axes as it passes through the rf gun beamline. The
horizontal and vertical coilsareindependently powered by an air-cooled 100-W bipolar
power supply at £ 20 VDC and a current of lessthan £ 5 A. The magnet coils are air
cooled and protected with high-temperature sensors interlocked to the power supplies.

Pulsed Klystron and M odulator

All modulator and klystron enclosures with exposed high voltage have electrical and
mechanical interlocks. Contact with any live high voltage components could cause
severeinjury. Theelectrical interlock statusiscontinuously monitored by themodulator
control system. Unauthorized entry into any controlled cabinet trips the mechanical
interlock and causesall high voltage hazardsto be neutralized. High voltage contactors
are opened, and shorting bars are placed across any electrical energy storage devices.
All interlocks are latching, and a specific sequential procedure must be completed in
order to re-enable operation. A manual reset switch must be pressed to clear theinter-
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lock chainafter atrip. A groundstick for safety groundingislocated inside each cabinet.
The groundstick allows personnel to ensure complete safety of the system prior to any
intervention and must be replaced in the correct position before the interlock chain can
be satisfied to restart a modulator.

The control system monitors modulator operation. 1nthe event of aninterlock trip, the
control system places the modulator into a safe, grounded condition which protects
both personnel and property. If an unsafe status existswithin the modulator, the control
systeminstructsthe systemto shut down. Thecontrol systemisacombination of relays,
transistor-transistor logic (TTL), and other technologies, which has been designed in
accordancewith “Fail Safe” design standards. The modulator is completely shut down
within 100 ms of afault detection.

The power supply iscapableof producing 2 A at 25kV for atotal of 50 kW. The power
supply has 14 uF of capacitance at 25 kV, thereby storing 4.375 kJ of energy. Thepulse
forming network has 0.07 pF of capacitance that is charged through a22 H charging
choketo producea38kV network at 4 Ohms. Thissystem can deliver 9.5kA of current
into ashort circuit. Under normal operation into a matched load, the system generates
4.75 KA into the pulse transformer. This rating qualifies the modulator as both high
voltage and high current. The system’s output is delivered to a pulse transformer and
klystron viatwo RG-220 cables which have been made into atriaxial configuration by
the installation of an additional shield. The outer cable shield and the modulator cab-
inetsare both at ground potential. The main modulator cabinets are excluded as pul sed
power current returns by design. The cabinets and cable shielding are not elevated
above ground potential, and are thereby safe for contact by personnel.

All highvoltage and high power equi pment i scontai ned within bolted cabinetsto protect
personnel from getting struck by exploding parts or hot metal in case of an arc over or
fault. The cabinet walls are sufficiently sturdy to ensure this, since the cabinets have
been designed as NEMA Type 1 enclosures.

All cabinets, cabletrays, and other systemsaretied to ground through a4/0 copper wire
which runsthroughout the building and istied to the main ground network. Individual
cabletray segmentsare grounded together for safety, viaacopper cable which runsthe
length of the trays and has bolted attachments to each segment.

Opening the charging choke cabinet door will trip the modulator’s main contactor. A
grounding stick, whichisinterlockedtothesafety circuit, isalso providedinthiscabinet.

The 480-V power to the modulator’s high voltage is controlled by the master safety
system. A “normally open” contactor iskept “on” by the safety system. In the event
of an interlock trip, the contactor will open which switches “off” the 480-V 3-phase
power to the modulator’s high voltage. The modulator’s control power is not discon-
nected by the safety system. Thisis not necessary for safety reasons and increases the
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lifetime of sensitive components such as tetrodes, thyratrons, and control system elec-
tronics.

Linac Electric Power and M aintenance

“Working hot” operationswill be performed only when absolutely necessary. In such
cases, working hot permits are required in order to troubleshoot, test, or perform any
type of work on energized electrical equipment. All APS and ANL policiesin regard
to working hot procedures are followed, including:

*  maintenance of working hot log books,
» complete training for personnel assigned to working hot,
- CPR instruction,
- required ANL courses for afacility of thistype,
*  proper equipment, never working alone, and other relevant requirements.

Themaincircuit breakersand safety disconnect switchesfor linac equipment areclearly
labeled. Thesebreakersde-energizeall electric power when placed in the off position.
APSand ANL complex lockout/tagout policiesarestrictly adhered to. Emergency stop
buttons, located in thelinac tunnel, disconnect power to selected equipment in thelinac
when activated.

APS maintenance precautions for working on magnets must be followed. All magnet
terminalsareinsulated and protected against accidental contact. Prior to any operation
which requires access to magnet or power supply electrical connections, the magnet
and power supply aretotally de-energized. Thedisconnect switchesarelocked out and
all accessed connections are checked with ameter to verify that they are off.

Low Energy Transport (LET) Line

All magnets can be operated with personnel in the linac/PAR and synchrotron enclo-
sures. Work on or around the magnets requires three or more magnetsto betotally de-
energized and locked out, i.e., as a minimum, the magnet being worked on and its
adjacent upstream and downstream magnets. Thisnumber may beincreased depending
on the covers/guards that need to be removed. “Working hot” operations will be per-
formed only when absol utely necessary. Insuch cases, working hot permitsarerequired
in order to troubleshoot, test, or perform any type of work on energized electrical
equipment. All APS and ANL policiesin regard to working hot procedures are fol-
lowed, including:
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*  maintenance of working hot log books,
» complete training for personnel assigned to working hot,
- CPR instruction,
- required ANL courses for afacility of thistype,
*  proper equipment, never working alone, and other relevant requirements.

A significant number of equipment interlocks have been designed into the LET for
personnel electrical hazard protection. Operator training and operating procedures are
in place to ensure that maintenance is performed in a safe manner. Therefore, the
probability of occurrence of an event dueto electrical hazards has been determined to
below. The consequencefrom an electrical hazard has been determined to be medium,
since the potential for electric shock with possible death exists. Therefore, therisk is
low.

Electrical Hazardsfor LET Dipole M agnets and Power Supplies

The LET beamline has three dipole magnets. Oneis used to guide the linac beam for
transport into the PAR and two are used to guide the PAR extracted beam for transport
to the synchrotron. Each magnet isindependently powered by a power supply at max
voltage of 600 VDC and a current of lessthan 350 A. The power supplies arelocated
in Building 412 and 411-PAR mezzanine. The magnets are water cooled with high-
temperature sensors on the magnet coil interlocked to the power supply. The magnet
has a stored energy of 3.5 kJ.

Electrical Hazardsfor the LEUTL Vertical Bend Triplet M agnet
System

Six dipole magnets are used to guide the beam, first vertically up and then back level
again, to raise the beam elevation one meter for itstransport to the LEUTL enclosure.
Each triplet ispowered by an air-cooled, 2-kW power supply at 100 VDC and acurrent
of lessthan 20 A. The magnet coils are water cooled and protected with high-temper-
ature sensors interlocked to the power supplies.

Electrical Hazardsfor LET Quadrupole M agnetsand Power Supplies

Twenty-one quadrupole magnetsare used to keep the LET beamlinesfocused, allowing
the beam to pass through the vacuum chamber aperture with minimal loss. They pro-
duce a12-T/m gradient. Each magnet isindependently powered by an air-cooled, 1-
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kW power supply at 30 VDC and a current of less than 33 A. The magnets are water
cooled with high-temperature sensors on the magnet coil, interlocked to the power

supply.

Electrical Hazardsfor the LEUTL -related Quadrupole M agnet
Systems

L ow-energy beam travelsout of thelinac, bypassesthe PAR, and continuesthrough the
synchrotron enclosure. Thirteen quadrupole magnets are used to keep the LEUTL
beamline focused, allowing the beam to pass through the vacuum chamber aperture
with minimal loss. Each magnet is independently powered by an air-cooled, 600-W
power supply at 10 VDC and a current of lessthan 60 A. The magnet coils are water
cooled and protected with high-temperature sensors interlocked to the power supplies.

Electrical Hazardsfor LET Corrector Magnets and Power Supplies

Sixteen corrector magnets are used to make minor steering adjustments to the beam
position in the vertical and horizontal axes asit passes through the LET. Each magnet
isindependently powered by an air-cooled, 100-W bipolar power supply at + 20 VDC
andacurrent of lessthan+ 5A. The power suppliesarelocatedinroom B105, Building
412. The magnets are water cooled with high-temperature sensors on the magnet coil,
interlocked to the power supply.

Electrical Hazardsfor theLEUTL-related Corrector Magnet Systems

L ow-energy beam travelsout of thelinac, bypassesthe PAR, and continuesthrough the
synchrotron enclosure. Eleven corrector magnets are used to make minor steering ad-
justments to the beam position in the vertical and horizontal axes as it passes through
the RFG beamline. Each magnet is independently powered by an air-cooled 400-W
bipolar power supply at + 12 VDC and acurrent of lessthan + 36 A. The magnet coils
arewater cooled and protected with high-temperature sensorsinterlocked to the power
supplies.

Electrical Hazardsfor the LEUTL Beam Dump Magnet System

The beam dump magnet is used to guide the LEUTL beam into a beam dump located
at the floor of the synchrotron enclosure. The magnet isindependently powered by an
air-cooled, 10-kW power supply at 20 VDC and a current of lessthan 500 A. The
magnet coilsare water cooled and protected with high-temperature sensorsinterlocked
to the power supply. The power supply has a ground-fault detection circuit that trips
if the current exceeds 1/4 A. The magnet has a stored energy of 7 kJ.
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4.4.2.8

4.4.2.9

4.4.2.10

44211

442111

Electrical Hazardsfor LET Injection/Extraction Septum Magnet and
Power Supply (PAR)

A single 0.4-m AC septum magnet with amaximum field of 0.75 T and operating at a
frequency of 60 Hz isused to steer the LET beam to alocation where it can be bumped
into the PAR beam orbit by itsinjection bumper magnets. At the completion of the
PAR beam accumul ation and damping cycle, the PAR extraction bumper magnetsbump
the beam back into the same AC septum magnet, thus steering it back onthe LET beam
axis. Theseptum magnet isenergized by awater-cooled, resonant pul sed power supply
located on top of the PAR enclosure. The power supply israted at 10 kW and designed
to deliver amaximum 4.7-kA peak pulse into an impedance matching transformer’s
primary. The transformer is mounted on the magnet support and its secondary is con-
nected to the magnet’s input terminals, delivering a peak current of 14.2 kA to the
magnet. The maximum power supply output voltageis 2 kV. The power supply is
located in asingle cabinet with the doorsinterlocked. If adoor isopened, theinterlock
will disable the high voltage power supply, and shorting devices (crowbar switches)
will dischargethe stored energy. Visual indicatorsof power supply statusare provided.
The power circuit has a maximum stored energy of 18 kJ.

Electrical Hazardsfor LET Injection Septum M agnet and Power
Supply (Synchrotron)

This power system functions the same as described in section 4.4.2.4 except the LET
beam is steered to alocation where it can be bumped into the synchrotron. The power
circuit has a maximum stored energy of 18 kJ.

Electrical Hazardsfor LET Vacuum Pressure Gaugesand |on Pumps

Pressure gauges (<180 VDC) and ion pumps (6 kV) have high voltage applied to the
unit. The high voltage cable is ground-shielded and insulated at the rated voltages.
Connectors shall adequately shield the feedthrough so that personnel cannot make
contact with thehigh voltageleads. Thehigh voltage cableisrouted in conduit or cable
trays approved for high voltage cables. Theion pump controllersand all high voltage
cablesarelabeled as*High Voltage.” Proceduresarein placefor testing, maintenance,
and repair of these high voltage devices.

LET Electrical Power and Maintenance

Required to Perform Maintenance on LET Magnet Power Supplies

* AC power locked out at first AC disconnect before the power supply.
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* Ensurethat all energy storage devices are discharged.
» Ensure AC power at power supply is off using appropriate metering.
4.4.211.2 Required to Perform Maintenanceon LET Magnets
*  The power supply islocked out at the power supply breaker. The power supplies
powering the magnets on either side of the one being worked on must also be
locked out.
»  Useappropriate metering to verify no power isapplied to the magnet being worked
on.
44212 Required to Operate LET Magnet Systems
*  Magnet Power Emergency Off Buttons (MPEOBS)
None of the PAR/LET MPEOBSs can be depressed. There are ten MPEOBs in this
interlock chain: six distributed around the inside of the PAR/LET enclosures, onein
room B105 in Building 412, one outside the east wall of room B102 in Building 412,
one on the PAR mezzanine, and one in the control room. Otherswill be added if
needed. Once depressed, each button requires manual reset.
* All magnet and power supply covers/panels must be installed.
» Magnet steel or enclosure and the power supply cabinet must be grounded to the
technical equipment ground.
*  All magnet and power supply interlocks must be complete.
*  Posted signs and warning lights must be in place.
- Flashing yellow light (area light) indicates all MPEOBSs are reset and the
magnets can be turned on; high current and magnet field are possible.
- Flashing red light indicates high voltage possible (per magnet); it comeson
when the magnet is powered.
4.4.3 Low-Energy Undulator Test Line (LEUTL)

By its nature, the LEUTL facility will be used for avariety of purposes related to
analyzing the radiation produced by various configurations and types of undulators.
For this reason, the configuration of focusing and correcting magnets, vacuum equip-
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4431

4432

ment, diagnostic devices, as well as the number and characteristics of the undulators
will vary according to the test program. The numbers of these devices are therefore
not specified, and the layout figure describes only a representative configuration.

All magnets can be operated with personnel in the LEUTL enclosure. Work on or
around themagnetsrequiresthreeor more magnetsto betotally de-energized andlocked
out, i.e., asaminimum, the magnet being worked on and its adjacent upstream and
downstream magnets. This number may be increased depending on the covers/guards
that need to be removed. “Working hot” operations will be performed only when
absolutely necessary. In such cases, working hot permits are required in order to trou-
bleshoot, test, or perform any type of work on energized electrical equipment. All APS
and ANL policiesin regard to working hot procedures are followed, including:

»  maintenance of working hot log books,
» complete training for personnel assigned to working hot,

- CPR instruction,

- required ANL courses for afacility of thistype,
*  proper equipment, never working alone, and other relevant requirements.
A significant number of equipment interlocks have been designed into the LEUTL for
personnel electrical hazard protection. Operator training and operating procedures are
in place to ensure that maintenance is performed in a safe manner. Therefore, the
probability of occurrence of an event due to electrical hazards has been determined to
below. The consequencefrom an electrical hazard has been determined to be medium,

since the potential for electric shock with possible death exists. Therefore, therisk is
low.

Electrical Hazardsfor the LEUTL Quadrupole Magnets

Quadrupole magnetsare used to keep the LEUTL beamlinefocused, allowing the beam
to pass through the vacuum chamber aperture with minimal loss. Each magnet isinde-
pendently powered by an air-cooled, 50-W power supply at 10 VDC and a current of

lessthan 5 A. The magnet coils are water cooled and protected with high-temperature
sensors interlocked to the power supplies.

Electrical Hazardsfor the LEUTL Corrector Magnets Systems

Corrector magnets are used to make minor steering adjustments to the beam position
inthevertical and horizontal axesasit passesthrough the RFG beamline. Each magnet
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4.43.3

4434

44341

4.434.2

4.43.5

is independently powered by an air-cooled 20-W bipolar power supply at = 10 VDC
and acurrent of lessthan = 2 A. Themagnet coils are water cooled and protected with
high-temperature sensors interlocked to the power supplies.

Electrical Hazardsfor the LEUTL Vacuum Pressure Gaugesand lon
Pumps

Pressure gauges (1.5 kV) and ion pumps (6 kV) have high voltage applied to the unit.
The high-voltage cableis ground-shielded and insul ated at the rated voltages. Connec-
tors are shielded at the feedthrough so that personnel cannot make contact with the
high-voltageleads. Thehigh-voltage cableisrouted in conduit or cabletraysapproved
for high-voltage cables. The ion-pump controllers and al high-voltage cables are la-
beled as "High Voltage." Procedures are in place for testing, maintenance, and repair
of these high-voltage devices.

LEUTL Electrical Power and M aintenance

Required to Perform Maintenanceon LEUTL Magnet Power Supplies

» AC power locked out at first AC disconnect before the power supply.
* Ensurethat all energy storage devices are discharged.

»  Ensure AC power at power supply is off using appropriate metering.
Required to Perform Maintenanceon LEUTL Magnets

*  Thepower supply islocked out at the power supply breaker. The power supplies
powering the magnets on either side of the one being worked on must aso be
locked out.

*  Useappropriate metering to verify no power isapplied to the magnet being worked
on.

Required to Operate LEUTL Magnet Systems

*  Magnet Power Emergency Off Buttons (MPEOBS)

None of the LEUTL MPEOBSs can be depressed. There are five MPEOBs in this
interlock chain: four distributed around the inside of the LEUTL enclosures and one

4-77



APS Safety Assessment Document Chapter 4

July 2006 4.4 Electrical Hazards
near the power suppliesin Building 413. Otherswill be added if needed. Once
depressed, each button requires manual reset.

*  All magnet and power supply covers/panels must be installed.
» Magnet steel or enclosure and the power supply cabinet must be grounded to the
technical equipment ground.
* All magnet and power supply interlocks must be complete.
*  Posted signs and warning lights must be in place.
- Flashing yellow light (arealight) indicates all MPEOBSs are reset and the
magnets can be turned on; high current and magnet field are possible.
- Flashing red light indicates high voltage possible (per magnet); it comeson
when the magnet is powered.
444 Particle Accumulator Ring (PAR)

The PAR dipole and quadrupol e magnets are operated without bus covers. These mag-
netsarenormally interlocked off by the ACI S during Authorized Accessand Controlled
Access to the enclosures. The Equipment Test Mode of ACIS will allow occupation
of theenclosureunder controlled access conditions, with ONE of thefollowing systems
energized: PARrf, dipole, or quadrupoles. Working hot log procedures and approval
arerequired for entranceinto the enclosure/tunnelsduring ACIS Equipment Test Mode
operation. Group Lockout/Tagout of all power suppliesis required for maintenance
work in the enclosures. Group Lockout/Tagout is conducted by the Operations group.
They conduct an enclosure/tunnel search before releasing the Group L ockout/Tagout.
If personnel are required to perform work on the magnetsor rf system (or acomponent
nearby), they will follow normal lockout/tagout procedures as covered in ANL ESH
Manual Chapter 7-1 (ANL onlineB).

A significant number of equipment interlocks have been designed into the PAR for
personnel electrical hazard protection. Operator training and operating procedures are
in place to ensure that maintenance is performed in a safe manner. Therefore, the
probability of occurrence of an event due to electrical hazards has been determined to
below. The consequence from an electrical hazard has been determined to be medium,
since the potential for electric shock with possible death exists. Therefore, therisk is
low.
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4441

4442

4443

4444

Electrical Hazardsfor PAR Dipole M agnets and Power Supplies

The PAR’s eight main dipole magnets are used to establish afixed orbit for a450-MeV
beam during accumulation and damping of the beam. All of the magnets are powered
by awater-cooled, 141-kW DC power supply at 335 VDC and a current of less than
420 A. The power supply islocated in room B105 of Building 412. The magnets are
water-cooled with high-temperature sensors on the magnet coils interlocked to the
power supply. The power supply has aground fault detection circuit that tripsit if the
current exceeds 1/4 A. Thetotal dipole magnet stored energy is 75 kJ.

Electrical Hazardsfor PAR Quadrupole M agnetsand Power Supplies

Sixteen quadrupole magnets are used to keep the PAR beam focused, allowing a 450-
MeV beam to pass through the vacuum chamber aperture with minimal loss. They
produce a maximum 4-T/m gradient. The 16 magnets are divided into four groups of
four magnets. Threeof thefamiliesof series-connected magnetsare each independently
powered by air-cooled, 10-kW DC power suppliesat 60 VDC and acurrent of lessthan
166 A. Thefourth family is powered by an air-cooled, 400-W bipolar power supply.
The power suppliesarelocated inroom B105 of Building 412. The magnets are water-
cooled with high-temperature sensors on the magnet coil interlocked to the power sup-
ply. The power supply has aground fault detection circuit that tripsit if the current
exceeds 1/4 A. A family of magnets has a maximum stored energy of 1 kJ.

Electrical Hazardsfor PAR Sextupole M agnets and Power Supplies

Ten sextupole magnets are used to keep the PAR beam focused, allowing a450-MeV
beam to pass through the vacuum chamber aperture with minimal loss. They produce
a12-T/m? gradient. The 10 magnets are divided into three families, with four magnets
in two of the families and two magnets in the third family. Each family of magnetsis
connected in series and the family is independently powered by an air-cooled, 275-W
DC power supply at 55 VDC and a current of lessthan 5 A. The power supplies are
locatedinroom B105, Building412. Themagnetsareair-cooled with high-temperature
sensors on the magnet coil interlocked to the power supply.

Electrical Hazardsfor PAR Correction M agnets and Power Supplies

Ten correction magnets are used to make minor steering adjustments to the beam po-
gition in the vertical and horizontal planes asit passes around PAR. Each magnet is
independently powered by an air-cooled, 400-W bipolar power supply at £ 20 VDC
andacurrent of lessthan+ 20 A. The power suppliesarelocatedinroom B105, Building
412. The magnets are air-cooled with high-temperature sensors on the magnet coil
interlocked to the power supply.
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4445

4.44.6

4447

44471

Electrical Hazardsfor PAR Injection/Extraction Bumper/Kicker
Magnets and Power Supplies

Three bumper/kicker magnetsare used inthe PAR. Two are used to bump theinjection
beam into orbit at a60-Hz rate, and al three are used to bump the beam out of orbit for
extraction at a 2-Hz rate. Each magnet isindividually powered and rated at 6 kW
average, apeak power of 125 MW at 50 kV and 2500 A. The pulse forming network
(PFN) and switching circuit are located in the PAR enclosure. The magnet isenclosed
inan aluminum enclosure (NEMA Type 1) with bolted coversand no exposed el ectrical
components. The PFN isatriax cable and capacitors; the outer shield of the cableis
connected to ground and the magnet enclosure. The PFN capacitors are housed in the
magnet enclosure and thyratron enclosure with no exposed el ectrical components. The
power switching circuit, or thyratron enclosure, isametal, grounded enclosure with no
exposed electrical components. Thisenclosure contains nonflammabl e diel ectric cool -
ing oil. The high voltage DC charging power supply and control electronics are air-
cooled and located on the roof of the PAR enclosurein arelay rack (NEMA Type 1).
Therelay rack’sback door isinterlocked. If adoor isopened, theinterlock will disable
the high voltage power supply, and a shorting device (crowbar switch) will discharge
the stored energy.

Electrical Hazardsfor PAR Vacuum Pressure Gaugesand |on Pumps

Pressure gauges (<180 VDC) and ion pumps (6 kV) have high voltage applied to the
unit. The high voltage cable is ground-shielded and insulated at the rated voltages.
Connectors shall adequately shield the feedthrough so that personnel cannot make
contact with the high voltageleads. Thehigh voltage cableisrouted in conduit or cable
trays approved for high voltage cables. Theion pump controllersand all high voltage
cablesarelabeled as“High Voltage.” Proceduresarein placefor testing, maintenance,
and repair of these high voltage devices.

PAR Electrical Power and M aintenance

Required to Perform Maintenance on PAR Magnet Power Supply

* AC power locked out at first AC disconnect before the power supply.
* Ensurethat all energy storage devices are discharged.

»  Ensure AC power at power supply is off using appropriate metering.

4-80



APS Safety Assessment Document Chapter 4

July 2006 4.4 Electrical Hazards
4.4.4.7.2 Required to Perform Maintenance on PAR Magnet or rf Cavities
*  The power supply islocked out at the power supply breaker. The power supplies
powering the magnets on either side of the magnet or rf cavities being worked on
must also be locked out.
»  Useappropriate metering to verify no power is applied to the magnet or rf cavities
being worked on, or to magnets on either side of it.
4448 Required to Operate PAR Magnet Systems

*  Magnet Power Emergency Off Buttons

None of the PAR/LET MPEOBSs can be depressed. There are ten MPEOBSs in this
interlock chain, six distributed around the inside of the PAR/LET enclosures, onein
room B105 in Building 412, one outside the east wall of room B102 in Building 412,
oneonthe PAR mezzanine, and oneinthecontrol room. Otherswill beadded if needed.
Once depressed, each button requires manual reset.

« ACIS

ACIS must be complete for normal operation of the main dipoles. If test operation for
these two magnet families requires personnel in the tunnel, ACIS isrequired to be
completein the test mode and working hot procedures are to be followed. The dipole
magnets are in both ACIS chains.

* All magnet and power supply covers/panels must be installed.

* Magnet steel or enclosure and the power supply cabinet must be grounded to the
technical equipment ground.

* All magnet and power supply interlocks must be complete.
*  Posted signs and warning lights must be in place.

- Flashing yellow light (arealight) indicates al MPEOBSs are reset and the
magnets can be turned on; high current and magnet field are possible.

- Flashing red light indicates high voltage possible (per magnet); it comeson
when the magnet is powered.
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445

4451

Injector Synchrotron

The synchrotron dipole, quadrupole, and sextupole magnets are operated without bus
covers. These magnets are normally interlocked off by the ACIS during Authorized
access and Controlled Access to the enclosures. The Equipment Test Mode of ACIS
will allow occupation of the enclosure under controlled access conditions, with ONE
of the following systems energized: synchrotron dipole, quadrupole, sextupole, or
correctors. Working hot log procedures and approval arerequired for entranceinto the
enclosure/tunnels during ACIS Equipment Test Mode operation. Group Lockout/Ta-
gout of al power suppliesisrequired for maintenance work in the enclosures. Group
L ockout/Tagout will be conducted by the Operations group. They conduct an enclo-
sure/tunnel search before releasing the Group Lock/Tagout. If personnel are required
to perform work on the magnets or rf system (or acomponent nearby), they will follow
normal lockout/tagout procedures as covered in ANL ESH Manual Chapter 7-1 (ANL
onlineB).

A significant number of equipment interlocks have been designed into the synchrotron
for personnel electrical hazard protection. Operator training and operating procedures
arein placeto ensure that maintenance is performed in a safe manner. Therefore, the
probability of occurrence of an event due to electrical hazards has been determined to
below. The consequencefrom an electrical hazard has been determined to be medium,
since the potential for electric shock with possible death exists. Therefore, therisk is
low.

Electrical Hazardsfor Synchrotron rf

The synchrotron rf system consists of a klystron, klystron power supply, waveguide
system, and four rf cavities. The klystron power supply is connected through a fused
disconnect switch tothe 13.2-kV, 3-phase AC line. Thereisa2.3-MVA, dry, stepdown
transformer located on an outdoor pad. A low-voltage (1to 2 kV) SCR phase-control
voltage regulation system is located in the rf/extraction building. The output of the
phase control regulation unit is connected through underground conduit to an oil-filled
step-up transformer and DC rectifier unit. The maximum output of the DC rectifier is
95 kvDC and 20 A, the level needed to drive the klystron to full rf output. The trans-
former-rectifier islocated more than 25 feet from the building to satisfy fire safety
regulations. Thereisalsoacrowbar unit located insidethebuilding next to theklystron.
Its purpose isto short out the high voltage DC output of the power supply in the event
of aninternal vacuum arcintheklystron. Theunit isdesigned to operate within 10 ms
and without tripping the 13.2-kV line.

The voltage and power levelsin these units are extremely hazardous. They can cause
severe burns and lethal electric shocksif not properly handled. In order to protect
against injury, all electrical equipment islocated in cabinets built to NEMA 250 stan-
dards, and equipped with additional restraining latching cables on cabinet doors for
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4453

4454

electrical equipment. Also, in order to enter any cabinet, a capture key arrangement is
used which requires opening the input power breaker to remove the key that unlocks
the cabinets. In addition, each cabinet door has an interlock switch which will shut
down the high voltage output and fire the crowbar if a cabinet door is opened. This
provides redundant protection against injury. All the low-level controls are either iso-
lated by fiber optic cablesor have surge protection devicesacrosstheleadsat the cabinet
exit point to protect against a flashover surge traveling beyond the cabinet walls.

Electrical Hazardsfor Synchrotron Dipole M agnets and Power
Supplies

The synchrotron’s 68 main dipole magnets are used to establish afixed closed orbit for
a450-MeV to 7.7-GeV beam during acceleration. All of the magnets are connected in
seriesand are energized from two feed points 180° apart by two identical water-cooled,
700-kW ramped DC power supplies. These power suppliesramp at a2-Hz rate to 4
MW peak power, at 1902 VDC and a current of lessthan 1100 A. The power supplies
are connected master-slave and arelocated side-by-sidein Building 412. The magnets
are water-cooled with high-temperature sensors on the magnet coils interlocked to the
power supply. Thetotal stored energy is 302 kJ in the dipole magnets.

Electrical Hazardsfor Synchrotron Quadrupole M agnets and Power
Supplies

Eighty quadrupole magnets are used to keep the synchrotron beam focused, allowing
a450-MeV to 7.7-GeV beam to pass through the vacuum chamber aperture with min-
imal lossduring acceleration. They produce a16.6-T/m gradient. The 80 magnetsare
dividedintotwo families, with 40 magnetsin eachfamily. Eachfamily isindependently
powered by awater-cooled, 230-kW DC power supply. These power suppliesramp at
a2-Hz rate to 449 kW peak power at 681 VDC and a current of lessthan 659 A. The
power suppliesarelocated side-by-sidein Building 412. The magnetsarewater-cooled
with high-temperature sensors on the magnet coil interlocked to the power supply. The
total stored energy is 13 kJin 1/2 of the quadrupole magnets.

Electrical Hazardsfor Synchrotron Sextupole M agnets and Power
Supplies

Sixty-four sextupole magnets are used to keep the synchrotron beam focused, allowing
a450-MeV to 7.7-GeV beam to pass through the vacuum chamber aperture with min-
imal lossduring acceleration. They produce a248-T/m? gradient. The 64 magnetsare
dividedintotwo families, with 32 magnetsin eachfamily. Eachfamily isindependently
powered by awater-cooled, 11-kW DC power supply. These power supplies ramp at
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4.4.5.6

445.7

a2-Hz rate to 22 kW peak power at 144 VDC and a current of lessthan 155 A. The
power suppliesarelocated side-by-sidein Building 412. The magnetsarewater-cooled
with high-temperature sensors on the magnet coil interlocked to the power supply.

Electrical Hazardsfor Synchrotron Correction M agnets and Power
Supplies

Eighty correction magnets are used to make minor steering adjustments to the beam
position in the vertical and horizontal planesasit passes around the synchrotron. Each
magnet is independently powered by a water-cooled, 800-W bipolar power supply at
+40VDCandacurrent of lessthan+ 20A. Forty power suppliesarelocatedin Building
412 and 40 are located in Building 420. The magnets are water-cooled with high-
temperature sensors on the magnet coil interlocked to the power supply.

Electrical Hazardsfor Synchrotron Injection Kicker Magnet and
Power Supply

One bumper/kicker magnet is used to bump the 450-MeV injection beam into orbit in
the synchrotron for injection at a2-Hz rate. The magnet and switching circuit arerated
at 300 W average with a peak power of 21.3 MW at 15 kV and 1415 A. The high
voltage DC charging power supply switching and control circuit arelocated in Building
420inasinglerelay rack (NEMA Typel). Therelay rack’sback door isinterlocked.
If the door is opened, the interlock will disable the high voltage power supply, and a
shorting device (crowbar switch) will discharge the stored energy. The switching cir-
cuit, thyratron, etc., and magnet are housed in an aluminum enclosure (NEMA Type 1)
with bolted coversand no exposed el ectrical components. These enclosuresareground-
ed and connected by the outer shield of the triax used aswith the PFN. The main part
of the PFN is attached to the ceiling of the synchrotron tunnel. All componentsareair-
cooled.

Electrical Hazardsfor Synchrotron Extraction Kicker Magnet and
Power Supply

This power system functions the same as described in section 4.4.5.6 except it israted
at 1200 W average with a peak power of 64.4 MW at 30 kV and 2146 A. 1t bumpsthe
7-t0 7.7-GeV beam into the thin AC septum for extraction from the synchrotron. The
power supply islocated in Building 420.
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4.459.1

4.459.2

4.45.9.3

Electrical Hazar dsfor Synchrotron Vacuum Pressure Gaugesand | on
Pumps

Pressure gauges (<180 VDC) and ion pumps (6 kV) have high voltage applied to the
unit. The high voltage cable is ground-shielded and insulated at the rated voltages.
Connectors shall adequately shield the feedthrough so that personnel cannot make
contact with the high voltageleads. Thehigh voltage cableisrouted in conduit or cable
trays approved for high voltage cables. Theion pump controllers and al high voltage
cablesarelabeled as“High Voltage.” Proceduresarein placefor testing, maintenance,
and repair of these high voltage devices.

Synchrotron Electrical Power and Maintenance

Required to Perform Maintenance on Synchrotron Magnet Power Supply

» AC power locked out at first disconnect before the power supply.
* Ensurethat all energy storage devices are discharged.

»  Ensure AC power at power supply is off using appropriate metering.

Required to Perform Maintenance on Synchrotron Magnet or rf Accelerating
Structure

*  The power supply islocked out at the power supply breaker. The power supplies
powering themagnetson either side of themagnet or rf accel erating structurebeing
worked on must also be locked out.

*  Use appropriate metering to verify no power is applied to the magnet or rf accel-
erating structure being worked on, or to magnets on either side of it.

Required to Operate Synchrotron Magnet Systems

»  Magnet Power Emergency Off Buttons

Noneof the synchrotron/HET MPEOBSs can be depressed for operation of the magnets.
There are 27 MPEOBSsin thisinterlock chain, 20 distributed around the outside of the
synchrotron tunnel at the beginning of every odd-numbered cell, two in the northwest
corner of Building 412, one between the injection septum and kicker power supplies
on the north side of Building 412, one between the extraction septum and kicker power
supplies on the north side of Building 420, one in the control room, and two by the
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synchrotronand HET power supply racksin Building 420. Oncedepressed, each button
requires manual reset.

e ACIS
The ACIS must be complete for normal operation of the main dipole magnet. If test
operation for this magnet requires personnel in the tunnel, the ACIS isrequired to be
complete in the test mode and working hot procedures are to be followed.
* All magnet and power supply covers/panels must be installed.
»  Magnet steel or enclosureand thepower supply cabinet begroundedtothetechnical
equipment ground.
* All magnet and power supply interlocks must be complete.
*  Posted signs and warning lights must be in place.
- Flashing yellow light (arealight) indicates all MPEOBs are reset and the
magnets can be turned on; high current and magnet field are possible.
- Flashing red light indicates high voltage possible (per magnet); it comeson
when the magnet is powered.
4.4.6 High Energy Transport (HET) Line

The main dipole and quadrupole magnets cannot be operated with personnel in the
synchrotron tunnel HET enclosure without working hot procedures being followed.
All other magnets can be operated with personnel in the synchrotron tunnel HET en-
closure. Work on or around the magnets requires three or more magnets to be totally
de-energized and locked out, i.e., as a minimum, the magnet being worked on and its
adjacent upstream and downstream magnets. Thisnumber may beincreased depending
on the covers/guards that need to be removed. “Working hot” operations will be per-
formed only when absol utely necessary. Insuch cases, working hot permitsarerequired
in order to troubleshoot, test, or perform any type of work on energized electrical
equipment. All APS and ANL policiesin regard to working hot procedures are fol-
lowed, including:

*  maintenance of working hot log books,
» complete training for personnel assigned to working hot,

- CPR instruction,
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4.4.6.1

4.46.2

4.4.6.3

- required ANL courses for afacility of thistype,
*  proper equipment, never working alone, and other relevant requirements.

A significant number of equipment interlocks have been designed into HET for per-
sonnel electrical hazard protection. Operator training and operating procedures arein
place to ensure that maintenance is performed in a safe manner. Therefore, the prob-
ability of occurrence of an event due to electrical hazards has been determined to be
low. The consequence from an electrical hazard has been determined to be medium,
since the potential for electric shock with possible death exists. Therefore, therisk is
low.

Electrical Hazardsfor HET Dipole Magnets and Power Supplies

The HET beamline hasfive dipole magnets. Four of these are series connected in sets
of two magnets per power supply, and one magnet isindividually powered. The series-
connected magnets are used to bend amaximum 7.7-GeV beam onto axisfor transport
to the storage ring. The other magnet is used to bend the beam into adump. Each
power supply is an air-cooled, 18-kW power supply at 40 VDC and a current of less
than 450 A. The power supplies are located in Building 420. The magnets are water-
cooled with high-temperature sensors on the magnet coil interlocked to the power sup-
ply. The energy stored in apair of dipole magnetsis 6 kJ. The energy stored in an
individually powered magnet is 3 kJ.

Electrical Hazardsfor HET Quadrupole M agnetsand Power Supplies

Twelve quadrupole magnets are used to keep the HET beamlines focused, allowing a
7.7-GeV beam to pass through the vacuum chamber aperture with minimal loss. They
produce an 18-T/m gradient. Each magnet isindependently powered by an air-cooled,
2-kW power supply at 30 VDC and a current of less than 65 A. The power supplies
are located in Building 420. The magnets are water-cooled with high-temperature
sensors on the magnet coil interlocked to the power supply.

Electrical Hazardsfor HET Correction Magnets and Power Supplies

Eleven correction magnets are used to make minor steering adjustments to the beam
positioninthevertical and horizontal planesasit passesthroughthe HET. Each magnet
isindependently powered by an air-cooled, 800-W bipolar power supply at + 40 VDC
and acurrent of lessthan + 20 A. The power suppliesarelocated in Building 420. The
magnets arewater-cool ed with high-temperature sensors on themagnet coil interlocked
to the power supply.
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Electrical Hazardsfor HET Extraction Septum M agnets and Power
Supplies (Synchrotron)

Two AC septum magnets are used to bend the synchrotron bumped beam onto axisfor
transport to the storage ring. The thin septum is 1.05 m in effective length with a
maximum field of 0.73 T. The thick septum is 1.75 m in effective length with a max-
imum field of 1.08 T. Both operate at a frequency of 2 Hz with a pulse base width of
0.3 usfor the thin and 10 msfor the thick septum. The septum magnets are energized
by two water-cooled, resonant pulsed power supplieslocated in Building 420. The
power supply israted at 10 kW and delivers a maximum 4.7-kA peak pulse into the
thin septum impedance matching transformer’s primary. The transformer is mounted
on the magnet support, and its secondary is connected to the magnet’sinput terminals,
delivering apeak current of 14.2 kA tothemagnet. A similar power supply isconnected
to the thick septum magnet and deliversapeak current of 725 A. The maximum power
supply output voltage is 2 kV. Each power supply islocated in a single cabinet with
interlocked door switches. If adoor isopened, theinterlock will disablethehighvoltage
power supply, and shorting devices(crowbar switches) will dischargethe stored energy.
Visual indicatorsof power supply statusareprovided. Thepower circuithasamaximum
stored energy of 18 kJ.

Electrical Hazardsfor HET Injection Septum M agnets and Power
Supplies (Storage Ring)

These two power systems function the same as described in section 4.4.5.4 except the
HET beam is steered to alocation where it can be bumped into the storagering. The
power suppliesarelocated in Building 400 on top of the storagering tunnel. The power
circuit has a maximum stored energy of 18 kJ.

Electrical Hazardsfor HET Vacuum Pressure Gaugesand |on Pumps

Pressure gauges (<180 VDC) and ion pumps (6 kV) have high voltage applied to the
unit. The high voltage cable is ground-shielded and insulated at the rated voltages.
Connectors shall adequately shield the feedthrough so that personnel cannot make
contact with the high voltageleads. Thehigh voltage cableisrouted in conduit or cable
trays approved for high voltage cables. Theion pump controllersand all high voltage
cablesarelabeled as“High Voltage.” Proceduresarein placefor testing, maintenance,
and repair of these high voltage devices.
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446.7 HET Electrical Power and Maintenance

4.46.7.1 Required to Perform Maintenance on HET Magnet Power Supply

*  AC power must be locked out at first disconnect before the power supply.
* Ensurethat all energy storage devices are discharged.

»  Ensure AC power at power supply is off using appropriate metering.
4.4.6.7.2 Required to Perform Maintenance on HET Magnet

»  Thepower supply islocked out at the power supply breaker. The power supplies
powering the magnets on either side of the one being worked on must also be
locked out.

*  Useappropriate metering to verify no power isapplied to the magnet being worked
on.

4.46.7.3 RequiredtoOperate HET Magnet Systems

* Magnet Power Emergency Off Buttons

None of the synchrotron/HET MPEOBSs can be depressed. There are 26 MPEOBs in
thisinterlock chain: 20 distributed around the outside of the synchrotron tunnel at the
beginning of every odd-numbered cell, two in the northwest corner of Building 412,
one between the injection septum and kicker power supplies on the north side of Build-
ing 412, one between the extraction septum and kicker power supplieson the north side
of Building 420, and two by the synchrotron and HET power supply racksin Building
420. Once depressed, each button requires manual reset.

* All magnet and power supply covers/panels must be installed.

* Magnet steel or enclosure and the power supply cabinet must be grounded to the
technical equipment ground.

* All magnet and power supply interlocks must be complete.
*  Posted signs and warning lights must be in place.

- Flashing yellow light (arealight) indicates all MPEOBSs are reset and the
magnets can be turned on; high current and magnet field are possible.
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- Flashing red light indicates high voltage possible (per magnet); it comeson
when the magnet is powered.

Storage Ring

All magnets can be operated with personnel in the storage ring tunnel enclosure. Work
on or around the magnets require three or more magnetsto be totally de-energized and
locked out, i.e., asaminimum, the magnet being worked on and its adjacent upstream
and downstream magnets. This number may be increased depending on the cov-
ers/guards that need to be removed. “Working hot” operationswill be performed only
when absolutely necessary. I1n such cases, working hot permitsarerequired in order to
troubleshoot, test, or perform any type of work on energized electrical equipment. All
APS and ANL policiesin regard to working hot procedures are followed, including:

*  maintenance of working hot log books,
» complete training for personnel assigned to working hot,
- CPR instruction,
- required ANL courses for afacility of thistype,
*  proper equipment, never working alone, and other relevant requirements.

A significant number of equipment interlocks have been designed into the storagering
for personnel electrical hazard protection. Operator training and operating procedures
arein placeto ensure that maintenance is performed in a safe manner. Therefore, the
probability of occurrence of an event due to electrical hazards has been determined to
below. The consequence from an electrical hazard has been determined to be medium,
since the potential for electric shock with possible death exists. Therefore, therisk is
low.

Electrical Hazardsfor Storage Ring rf

The storage ring rf system consists of four rf stations. Each rf station consists of a
klystron, klystron power supply, waveguide system, and four single-cell rf cavities. The
klystron power supply is connected through afused disconnect switch to the 13.2-kV,
3-phase ACline. Thereisa2.3MVA, dry, stepdown transformer |ocated on an outdoor
pad. A low-voltage (1to 2 kV) SCR phase-control voltage regul ation systemislocated
intherf/extraction building. Theoutput of the phase control regulation unitisconnected
through underground conduit to an oil-filled step-up transformer and DC rectifier unit.
The maximum output of the DC rectifier is 95 kVDC and 20 A, the level needed to
drive the klystron to full rf output. The transformer-rectifier is located more than 25
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feet from the building to satisfy fire safety regulations. There is also a crowbar unit
located inside the building next to the klystron. Its purpose is to short out the high
voltage DC output of the power supply in the event of an internal vacuum arc in the
klystron. The unit is designed to operate within 10 ps and without tripping the 13.2-
kV line.

The voltage and power levelsin these units are extremely hazardous. They can cause
severe burns and lethal electric shocksif not properly handled. In order to protect
against injury, all electrical equipment islocated in cabinets built to NEMA 250 stan-
dards, and equipped with additional restraining latching cables on cabinet doors for
electrical equipment. Also, in order to enter any cabinet, a capture key arrangement is
used which requires opening the input power breaker to remove the key that unlocks
the cabinets. In addition, each cabinet door has an interlock switch which will shut
down the high voltage output and fire the crowbar if a cabinet door is opened. This
provides redundant protection against injury. All the low-level controls are either iso-
lated by fiber optic cablesor have surge protection devicesacrosstheleads at the cabinet
exit point to protect against a flashover surge traveling beyond the cabinet walls.

Electrical Hazardsfor Storage Ring Dipole M agnets and Power
Supplies

The storage ring’s 80 main dipole magnets are used to establish afixed orbit for a7- to
7.7-GeV beam during accumulation and beam life. An 81% magnet islocated with the
power supply and used for field feedback. All of the magnets are connected in series,
powered by a water-cooled, 850-kW DC power supply at 1700 VDC and a current of
lessthan 500 A. Thepower supply islocatedinroom A004, Building 420. Themagnets
are water-cooled with high-temperature sensors on the magnet coils interlocked to the
power supply. Thetotal stored energy is 514 kJin the dipole magnets.

Electrical Hazardsfor Storage Ring Quadrupole M agnetsand Power
Supply

Four hundred quadrupole magnets are used to keep the storage ring beam focused,
allowing a 7- to 7.7-GeV beam to pass through the vacuum chamber aperture with
minimal loss. They produce a21-T/m gradient. The 400 magnetsvary in length from
0.5mto 0.8 m. Eachisindependently powered by awater-cooled, 10- to 14-kW DC-
to-DC converter at 20 to 30 VDC and a current of lessthan 460 A. The convertersfor
two sectors are powered by a set of four raw power supplies, AC-to-DC converters, at
40 to 60 VDC and a current of lessthan 230 A per converter. Up to eight converters,
both unipolar and bipolar, are housed in a converter cabinet (NEMA Type 1) with a
microprocessor and required interfaceto control theconverters. Thereare 200 converter
cabinetsaround thering, oneper magnet girder, notincludingthelD girders. Thepower

4-91



APS Safety Assessment Document Chapter 4

July 2006

4.4 Electrical Hazards

44.7.4

4.4.7.5

supplies and DC-to-DC converters are located in Buildings 400 and 410 on top of the
storagering tunnel. The raw power supplies areinterlocked with the convertersin two
sectors with five cabinets upstream and five cabinets downstream. The magnets are
water-cooled with high-temperature sensors on the magnet coil interlocked to the con-
verter. The energy stored in a quadrupole magnet is 1 kJ or less.

Electrical Hazardsfor Storage Ring Sextupole M agnets and Power
Supplies

Two hundred eighty sextupole magnets are used to keep the storage ring beam focused,
allowing a 7- to 7.7-GeV beam to pass through the vacuum chamber aperture with
minimal loss. They produce a405-T/m? gradient. Each magnet isindependently
powered by a water-cooled, 6-kW DC-to-DC converter, at 30 VDC and a current of
lessthan 250 A. The convertersfor two sectors are powered by a set of four raw power
supplies, AC-to-DC converters, at 60V DC and acurrent of lessthan 100 A per converter.
These convertersarelocated in the converter cabinetsdescribed in section 4.4.7.3. The
raw power supplies are interlocked with the convertersin two sectors, five cabinets
upstream and five cabinets downstream. The magnets are water-cooled with high-
temperature sensors on the magnet coil interlocked to the converter.

Electrical Hazardsfor Storage Ring Correction Magnets and Power
Supplies

Six hundred thirty-four (634) correction magnets with both horizontal and vertical
correctionwindingsareusedto keepthestoragering 7- to 7.7-GeV beamontherequired
orbit, and there are 80 trim dipole coils and 19 skew quadrupoles used for orbit correc-
tion and beam focusing. Each correction magnet winding is independently powered
by awater-cooled, 10-kW bipolar DC-to-DC converter at = 70 VDC and a current of
lessthan + 150 A. Each trim dipole winding is independently powered by a water-
cooled, 4-kW bipolar DC-to-DC converter at + 70 VDC and a current of lessthan + 54
A. Each skew quadrupole magnet isindependently powered by awater-cooled, 1-kW
bipolar DC-to-DC converter at £ 70 VDC and a current of lessthan + 10 A. The
convertersfor two sectors are powered by a set of four raw power supplies, AC-to-DC
converters, at 60 VDC and acurrent of lessthan 100 A per converter. These converters
are located in the converter cabinets described in section 4.4.7.3. The raw power sup-
pliesareinterlocked with the convertersin two sectors, five cabinets upstream and five
cabinetsdownstream. The magnetsarewater-cooled with high-temperature sensorson
the magnet coil interlocked to the converter.
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4.4.78.1

4.4.7.8.2

Electrical Hazardsfor Storage Ring I njection Bumper Magnets and
Power Supplies

Four bumper magnets are used in the storage ring to bump the injection beam into orbit
at a2-Hzrate. Each magnet isindividually powered and rated at 2 kW average, a peak
power of 61 MW at 15 kV and 4060 A. The PFN, switching circuit, charging power
supply, and control circuitry are located in Building 410 on top of the storage ring
enclosurein arelay rack (NEMA Type 1). Therelay rack’s back door isinterlocked.
If the door is opened, the interlock will disable the high voltage power supply, and a
shorting device (crowbar switch) will discharge the stored energy. The switching cir-
cuit, thyratron, etc., are housed in an aluminum enclosure (NEMA Type 1) with bolted
covers and no exposed electrical components. This enclosureis grounded. All com-
ponents are air-cooled.

Electrical Hazardsfor StorageRing Vacuum PressureGaugesand | on
Pumps

Pressure gauges (<180 VDC) and ion pumps (6 kV) have high voltage applied to the
unit. The high voltage cable is ground-shielded and insulated at the rated voltages.
Connectors shall adequately shield the feedthrough so that personnel cannot make
contact with the high voltageleads. The high voltage cableisroutedin conduit or cable
trays approved for high voltage cables. Theion pump controllers and all high voltage
cablesarelabeled as“High Voltage.” Proceduresarein placefor testing, maintenance,
and repair of these high voltage devices.

Storage Ring Electrical Power and Maintenance

Required to Perform Maintenance on Storage Ring M agnet Power Supply

* AC power locked out at first disconnect before the power supply.
* Ensurethat all energy storage devices are discharged.
»  Ensure AC power at power supply is off using appropriate metering.

Required to Perform Maintenance on Storage Ring M agnet

*  Thepower supply islocked out at the power supply breaker. The power supplies
powering the magnetson either side of the one being worked on must al so belocked
out.
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*  Useappropriate metering to verify no power isapplied to the magnet being worked
on.

44783 Required to Operate Storage Ring Magnet Systems

4.4.7.9

* Magnet Power Emergency Off Buttons (MPEOB)

For the storagering dipole, none of the storagering’'sM PEOBs can be depressed. There
are 42 MPEOBsin thisinterlock chain: 20 distributed around the inside of the storage
ring tunnel at the beginning of every odd-numbered sector, 20 on top of the tunnel by
the raw power supplies for each pair of sectors, one in the dipole power supply room
in Building 420, and one in the control room. Any button will shut off all magnets
including the dipoles in the zone where the button is located. Once depressed, each
button requires manual reset. The MPEOBSs|ocated in the control room and the dipole
power supply room will shut off al storage ring magnets.

« ACIS

ACISisbroken into six zones (A through F) for the storage ring; all zones must be
secure for normal operation of the main dipole magnets. If test operation of the main
dipole magnetsrequires personnel inthetunnel, ACISisrequired to beinthecontrolled
access mode and equipment test mode and working hot procedures are to be followed.
These magnets are in both ACIS chains.

* All magnet and power supply covers/panels must be installed.

* Magnet steel or enclosure and the power supply cabinet must be grounded to the
technical equipment ground.

* All magnet and power supply interlocks must be complete.
*  Posted signs and warning lights must be in place.

- Flashing yellow light (arealight) indicates al MPEOBSs are reset and the
magnets can be turned on; high current and magnet field are possible.

- Flashing red light indicates high voltage possible (per magnet); it comeson
when the magnet is powered.

Electrical Hazardsfor Insertion Devices and Front Ends

Electrical hazardsin the insertion devices and front ends are present from both AC and
DC sources. During bakeout of the I D vacuum chamber, resistive heating elementsare
used to elevatethe chamber temperatureto 150° C. For front-end bakeout, heater jackets
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areused. The heaters are powered by fused 110-VAC, 20-A circuits. All wiringisin
conformance with the National Electric Code, and bakeout procedures require that the
heatersbeinspected at each usefor frayed or damaged wiring. During normal operation,
the insertion device magnetic assembly requires no electrical power, but the gap of the
assembly is moved by stepper motors powered by 208-VAC, 12-A controller. The
design of the connectors prevents inadvertent contact with the energized circuit, even
when disconnected.

Thevacuumintheinsertion devicevacuum chamber ismaintai ned through the pumping
provided by nonevaporable getter stripsin conjunction with ion pumps. During acti-
vation, theNEG pumpsare heated internally by connectiontoa150-VDC, 18-A source.
Continuous heating is not required for pumping after activation. 1on pumps, powered
from a5-kV (500 mA) controller, provide additional pumping for the insertion device
vacuum chamber and the primary pumping for the front end. lon pump high voltage
(HV) cables are clearly marked and are routed through a divided trough in the cable
tray dedicated to HV cables.

Electrical Hazards for Experimental Beamlines

Theelectrical power distributed to the beamlinesis available primarily from a115/208
volt system. The installation of this system conformsto all applicable codes and re-
guirements. All beamline equipment must also conform to codes and requirements.
Any noncommercial equipment used onthebeamlinesmust passan el ectrical inspection
by the Beamline M anagement safety personnel and must conformto ANL requirements.

High power or high voltage equipment may be included in the design of certain beam-
lines. Thebeamlinereview processwill identify such equipment, and additional safety
reguirements (such as emergency shutdown buttons) will be placed on the Beamline
Management to comply with all necessary regulations.

All personnel performing service on equipment will be required to receive training in
and to adhere to ANL lockout/tagout policies. Compliance with the electrical safety
requirements will be strictly enforced. Therefore, the probability of occurrence of an
event due to electrical hazards has been determined to be low. The consequence from
an electrical hazard has been determined to be medium. Therefore the risk islow.

FireHazards

A fire protection appraisal was conducted of the APS facility during December 1992
and January 1993 by an independent fire protection engineering consulting firm (March
1993). The appraisal was conducted in accordance with the requirements established
in DOE Order 5480.7A (DOE 1993c), Argonne National Laboratory Guidelines, and
other DOE Orders.
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The report concluded that the APS project complies with the Department of Energy
Fire Protection Guidelines. Fire protection systemsand features have been considered
for thevariousoccupanciesinthe APS project, and have been provided depending upon
the nature and extent of the hazards.

All APSfacilitieshave been reviewed by thefacility designersfor compliancewithlife
safety requirements of NFPA 101. Due to the unique nature of some APS facilities,
such as the storage ring and the synchrotron enclosure, special-purpose industrial oc-
cupancy classifications have been used to allow greater flexibility, placement, and ar-
rangement of exits.

No significant fuel sourcesfor fire are located or will be permitted on the floor of the
experiment hall. All potential fire sourceswill be reviewed during the review process,
and, if required, additional methodsfor minimizing thefire hazard will beimplemented
by Beamline Management.

Exterior exposure hazards, such astransformers, inthe areaof the rf extraction building
have been appropriately addressed by the use of spatia separation, equipment specifi-
cation and/or suppression systems.

The probability of afire occurring has been determined to be medium. Theexisting fire
protection will ensure the consequences of afirewill below. Therefore, therisk dueto
fireislow.

Vacuum and Pressure Hazards

In order to maintain an adequate particle beam lifetime for injection and storage and
to prevent contamination, the vacuum system is constructed with metal tube using
bolted, all-metal seals. However, there are several locations that have glass windows
or ceramic-to-metal seals. Because most of the system ismetal, the vacuum systemis
generally safe during operation.

Thefirst procedure to ensure safety around the vacuum systemisto clearly identify the
areas where problems could occur. The hazards include debris from implosion, high

voltage, compressed gas, and hot surfaces. The second procedure is to restrict access
to the vacuum to trained personnel, especially during maintenance and testing.

The chambers that have glass windows or ceramic-to-metal seals shall be rated to
withstand at least 1 atmosphere pressure differential. The windows or feedthroughs
shall be shielded to withstand casual blows or objects striking.

When the vacuum is vented for repair or component replacement, adry nitrogen purge
isplanned for venting. Becausethevacuum linesaresmall in diameter, itisimpossible
for aperson to insert his’her head into the nitrogen atmosphere. There are no oxygen-
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deficiency hazards associated with operation and maintenance of the APS vacuum
system.

After venting of avacuum chamber inthe PAR, booster, storagering, or beamlinefront
end, the vacuum system must be baked out for proper UHV operation. Bakeout is
generally not required after vacuum work in the linac. The bakeout temperature for
thesesystemsis 130 degreesC. Inthe PAR, booster, front ends, and storagering valves,
thisis done using heat tapesinstalled by trained personnel. Signs notifying personnel
that the system is hot will be posted and access restricted. In the storage ring, the
bakeout is done by arecirculating pressurized hot water system, further described in
section 4.12.

Vacuum and pressure hazards associated with the insertion devices and front ends are
not unique from those described above for the accelerator systems.

The beamlines will generally be maintained and operated under vacuum. The vacuum
requirements for the beamlines are not as stringent as they are for the storage ring;
therefore, for most beamlines, the required vacuum will be between 1 x 10% and 1 x
10°° Torr. | mplosion of any vacuum component could pose apossible health risk from
small flying objects. All vacuum components in the system are made of heavy wall
material and pose little threat of implosion when evacuated.

Vacuum gate valves are driven by compressed air from afacility air manifold. Should
the connections fail, compressed air could escape, possibly resulting in small flying
objects. Adequate protection will be required in the air manifold to prevent over pres-
surization.

The Beamline Management will be responsible for identifying potential hazard loca-
tions and providing the proper posting, operator training, and operating procedures.
The APS will review the adequacy of the Beamline Management training and proce-
dures.

The probability of aninjury occurring has been determined to be medium. The conse-
guences will below. Therefore, therisk islow.

Magnetic Field Hazards

Magnets are used in the accelerator and storage ring to bend and focus the positron or
electron beams along the desired orbits. The high magnetic fields produced by each
magnet are primarily contained inside the bore and are inaccessible to personnel. The
ring magnets do have fields greater than 103 T (10 G) extending less than 10.2 cm (4
in) beyond the core ends. The pul sed septum magnets used for injection and extraction
of the particle beams have fringe fields at one side of the magnets. The locations of
any regions with fields greater than 103 T (10 G) will be plainly marked and “No

4-97



APS Safety Assessment Document Chapter 4

July 2006

4.8 Cryogenic Hazards

4.8

Pacemakers’ signswill be posted. Ring access with magnets powered is coordinated
with the Operations group. Personnel involved in operating, maintaining, and testing
of magnets will be trained in the hazards and precautions associated with magnetic
energy, including thoserelating to ferrous metal s, health effects, and medical implants.
The use of ferrous metal tools will not be allowed near the gaps of energized electro-
magnets. The hazards and safeguards appropriate to these magnets are identical to
those described below for insertion devices.

The current APS permanent magnet assemblies, such as the APS insertion devices or
booster beam dump magnet, contain high amounts of stored energy. The strong static
magnetic field assemblies are capable of pulling ferromagnetic tools from hands and

can also cause injury if hands or fingers are trapped against the assembly by the action
of themagnetic field on aferromagnetic object. The permanent magnetsare brittleand
may shatter when struck, producing flying debriswith sharp edges. The high magnetic
fieldscaninfluencethe performance of implanted ferromagnetic devicessuch ascardiac
pacemakers, suture staples, aneurysmclips, artificial joints, and prostheses. Additional
insertion devices are being designed which will implement newer permanent magnet

materials and orientations as well as el ectromagnet technologies. However, no new or
unique hazards are expected to result from these developments.

The insertion devices are designed such that, when installed in the storage ring or the
LEUTL, thehighfieldregionisrelatively inaccessible. “HighMagnetic Field” warning
signs will be posted near each insertion device. During insertion device installation
and maintenance, non-ferroustoolswill be used, wherever possible. Safety glassesare
to be worn when working in close proximity to the insertion devices. Any areawhere
there is a potential for exposure to magnetic fields greater than 102 T (10 G) will be
posted “No Pacemakers.” Training in proper procedures and precautions will be re-
quired by all personnel working on these devices.

No magnetic devices, other than standard small motors or vacuum pumps, are expected
to be used in beamlines. However, specialized beamlines may include devices capable
of producing magnetic fields capable of posing a safety hazard. These deviceswill be
reviewed by the APS, and, if required, the Beamline Management will prepare posting
plans and any other necessary methods for mitigating the hazards.

Accessibility to magnetic fieldsislimited. Operator training and operating procedures
arein place. The probability of occurrence has been determined to be low. The con-

sequence has been determined to below. Therefore, therisk of magnetic field hazards
is extremely low.

Cryogenic Hazards

Small quantities of liquid nitrogen will be used for maintenance and testing in acceler-
ator enclosures. The main hazard occurs while filling small dewars from large liquid
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nitrogen storagedewars. Thetechniciansuseface shields, rubber gloves, and protective
clothing to prevent liquid spatter from hitting exposed skin or eyes.

Cryogenic systems may be utilized as part of the operation of the beamlines. Primary
applications consist of liquid nitrogen transfer from various size dewars for usein
vacuum leak detectors, cryogenic vacuum pumps, etc. The APS will provide appro-
priate procedures, aswell asinsulated gloves and safety goggles and/or face shields, at
main transfer locations. All personnel involved in these operations will be required to
takeacryogenic safety course and to comply with both the APS and the beamline saf ety
procedures. Any other nonstandard cryogenic systemsthat may beincluded in abeam-
line design will be reviewed by the APS beamline review process.

Operator training and operating procedures arein place. The probability of occurrence
has been determined to be low. The consequence has been determined to be low.
Therefore, therisk of cryogenic hazardsis extremely low.

Chemical Hazards

Flammablematerial sand chemical storagecabinetsareprovidedthroughout thefacility.
Satellite waste accumulation areas are established as needed. This provides control
over the types and volume of chemicals stored and used in work areas. All operations
and maintenance personnel aretrained inthe proper use of M SDSsand receivetraining,
as necessary, in specific chemical handling and use.

Lead isused for radiation shielding at APS. Lead brick, shot, and wool are used as
shield material in beam stops, penetrations, and supplemental shielding. All lead han-
dling operations comply with current OSHA requirements as defined in 29 CFR Part
1910, Subpart Z (U.S. Congress 1996a) and 29 CFR Part 1926, Subpart D (U.S. Con-
gress 1996b).

Flammable materials and chemical storage cabinets will be required at all applicable
beamline locations. These will be determined during the beamline review process.
Waste accumulation areas will be established as needed, and the responsible Beamline
Management personnel will be required to receive the appropriate training. Strict re-
guirements are placed on the Beamline Management to control the types and volume
of chemicalsstored and used inwork areas. Material Safety Data Sheets (M SDSs) will
be required to be made available for all chemicalsused. All beamline personnel will
be trained in the proper use of the MSDSs and will receive training, as necessary, in
specific chemical handling and use.

Operator training and operating proceduresarein place. The probability of occurrence

of asignificant chemical exposurehasbeen determined to bemedium. Theconsequence
has been determined to be low. Therefore, the risk of chemical hazardsis low.
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Oxygen Deficiency Hazards

In the linac areathe el ectron gun enclosureis pressurized with dry nitrogen. However,
the volume is small and inaccessible. The enclosure must be removed to access the
electron gun which rapidly vents the volume to the atmosphere.

Thebuncher waveguideispressurized with SFg, and thetotal volumeissmall compared
to the volume of either the klystron gallery or the linac shielded enclosure. Adequate
ventilation also exists to dissipate any released gas.

The balance of the accelerator enclosuresis well ventilated and contains no materials
in sufficient quantity to contribute to an oxygen-deficient atmosphere.

Any components that have the potential for containing an oxygen-deficiency hazard
will bereviewed during the beamlinereview process. Appropriate protection, training,
and procedures will be required to be put in place to ensure that the hazard is appropri-
ately mitigated.

The probability of oxygen deficiency hazard events are extremely unlikely due to the
conditionsin the APS. The probability of occurrence has been determined to be ex-
tremely low. The consequence has been determined to be medium. Therefore, therisk
of oxygen deficiency hazardsis extremely low.

Noxious Gas Hazards

Ozone (O3) and other noxious gases (nitrogen oxides) will be produced as the result of
photon irradiation of air molecules. The average concentrations for year-round oper-
ation of the storage ring and 10% operation of the injector system are listed in Table
4.14. Included in the table are estimates of the contribution dueto LEUTL operation,
assuming 50% operation time. Noxious concentrations are below the threshold limit
value (TLV) and should not constitute a hazard in the areas of the linac, PAR, synchro-
tron, storagering, and LEUTL including the diagnostic beamlines as addressed in
Appendix C of (Moe 1994).

Ozoneisproduced in air by sources emitting ultraviolet (UV) radiation at wavelengths
below 250 nm. All operation of lasers at these wavelengths will use ventilation, en-
closed beams, or other meansto limit exposure to ozone to as low as practical below
the established time-weighted average (TWA) of 0.05 ppm and 0.1 mg/m?®.
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Table 4.14 Noxious Gas Average Concentrations

Noxious Gas TLV Concentration
Linac

O3 0.05ppm  32x 10 ppm

NO, 3.0 ppm 1.5 x 10 ppm

HNO; 2.0 ppm 4.8 x 10°° ppm
PAR

O; 0.05 ppm 1.8 x 10™° ppm

NO; 3.0 ppm 8.7 x 10 ppm

HNO; 2.0 ppm 2.7 x 10° ppm
Synchrotron

O3 0.05ppm 43 x10°ppm

NO, 3.0 ppm 2.1 % 10°° ppm

HNO; 2.0 ppm 6.5 x 10 ppm
LEUTL

O; 0.05ppm 2.7 x 102 ppm

NO, 3.0 ppm 1.3 x 103 ppm

HNO; 2.0 ppm 4.1 x 104 ppm
Storage Ring

O3 0.05ppm 4.7 x 10" ppm

NO, 3.0 ppm 2.3 x 10°° ppm

HNO; 2.0 ppm 7.1x 10 ppm
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Hydrochloric acid will be produced in the unlikely event of acablefire sincemost cable
insulating material isPVC. The fire suppression system is designed to minimize the
spread of afire and therefore minimize the production of hydrochloric acid resulting
from acablefire. Individuals caught in alocation where they might breathe these
noxious gases could experiencerespiratory damage. Special precautions(suchasusing
self-contained breathing apparatus) will betaken by the ANL-E Fire Department inthe
event of acablefire.

There are two typical situationsin which ozone (O3) may be produced by abeamline.
The obvious caseisan experiment in which thewhite beam travel sthrough an air path.
In this situation, the ozone concentration can quickly exceed the threshold limit value
(TLV) if appropriate steps are not taken. A second case occurs when a white beam
inside a vacuum chamber strikes a component, and the consequential scatter ionizes
some of the oxygen in the air surrounding the vacuum chamber. Although the rate of
productionfor ozonefrom scattered radiationismuch lower than that for the open white
beam, the levels can exceed the TLV if the ozone concentration is allowed to reach
saturation with no ventilation.

Monochromatic beams (defined as below 0.1% bandpass) do not present an ozone
problem. Beams that have been reflected from mirrors (“pink beams’) will usually
produce ozone in away similar to white beams from the same source.

The APS experiment hall has provisions for installing exhaust systemsto provide ven-
tilation of first optic and experiment enclosures. The APSisalso investigating several
methods of filtering or “ destroying” ozone. The APS has prepared adocument “ Guide-
lines for Ozone Mitigation at the APS’ as part of the APS Beamline Design and Con-
struction Requirements (ANL 1994b). Theguidelinesprovideinformationto Beamline
Management for calculating the potential ozone production. It also states the APS
Ozone Mitigation Policy. The Beamline Review Committee will review the ozone
producing potential of each beamline and will require the Beamline Management to
install appropriate mitigating and/or detection systems, as necessary. The Beamline
Management will also need to provide operator training and operating procedures for
beamlines with ozone-producing potential .

The use or generation of other noxious gasesis not anticipated as part of the beamline
operation. The potential for creation of a noxious gas hazard will be identified during
the beamline review process, and an adequate control strategy will be required to be
implemented prior to operation of the beamline.

The probability of occurrence for accelerator systems has been determined to be me-
dium, as this occurrence is predicated on the expected frequency of afire occurring.
The consequence has been determined to be low. For the experimental beamlines, the
probability of occurrence has been determined to be low; the consequence has been
determined to be medium. In either case, the risk of noxious gas hazardsis |ow.
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4.12

M echanical Hazards

APS buildings contain rotating machinery such as pumps, blowers, and fans. Proper
guarding isin place and existing procedures require the equipment to be locked out
beforeguardsareremoved for servicing of theequipment. Pinch pointsshall becovered
or labeled. Assembly pinch points have been reasonably addressed during design. In
somecases, specia hardware hasbeen fabricated. Specializedtool shave beenidentified
and purchased as necessary.

Pneumatic actuators shall have the cylinder vented and cycled to its rest state before
maintenance. All pneumatic devices shall have local shut-off valves.

Positioning of much of the equipment and components at APS requires the use of
forklifts, moveabletables, cranes, and specialized lifting equipment. Theheaviestitems
to be lifted are the storage ring dipole magnets (5330 kg) and the storage ring support
girders (1400 kg). The other storage ring magnets weigh in the range of 482-1850 kg.
The magnets are supported by the steel girder assemblies. The design criteriafor the
girder assemblieswasbased on desired defl ection characteristics, resultinginlow stress-
eswith applied magnet loads. Dynamic response to vibration tests of the girder as-
sembly showed acceptableresults, indicating asaf e capacity for the static magnet |oads.
Useof lifting equipment isgoverned by ANL safety standardsand procedures. Rigging
operations are performed by properly trained and licensed operators using certified
lifting equipment. When required, handling and operating procedures have been doc-
umented, reviewed with personnel, and distributed. Vacuum and M echanical personnel
responsiblefor theseareasin assembly havereceived relevant ANL/ESH training cours-
es.

The girder assemblies are transported by agirder transporter. The transporter consists
of atug, aset of two dollies, and alocating cart. An installation procedure has been
written which describes every step of thisinstallation process.

The bakeout of the storage ring vacuum chambersis accomplished by circulating pres-
surized hot water through al uminum vacuum chamber extrusions. A bakeout operating
procedure and log sheet detail every step of the process for each sector. Bakeout
procedures are performed at an expected maximum temperature and pressure of 130°
C (266° F) and 7.60 x 10? kPa (110 psig). Bakeout water piping was hydrostatically
tested at 250 psig after installation and prior to first use.

The storage ring bakeout skids have pump and motor assembliesthat incorporate metal
guardsaroundrotating elements. Proceduresrequiretheequipment to belocked/tagged
out before servicing.

A 56.8-1 (15-gallon) tank isincluded in the bakeout system design to provide an ex-
pansion reservoir for water in the system asit is heated. A cushion of nitrogen gas
occupies 1/2to 2/3 of thetank. Two relief valves|ocated on the respective expansion
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tanks and bakeout skids provide the last measure of protection against over-pressur-
ization of the system during operation should automatic control hardware and mechan-
ical interlocks fail. Both valves are set for 1.24 x 107 kPa (180 psig).

Thewater line connections between the vacuum chamber sectionsand thewater supply
and return headers are made using thick-walled stainless steel tubing and sections of
flexible hose rated for 1.72 x 103 kPa (250 psig) at 207° C (405° F). Theseflexible
elements are necessary for taking up mechanical expansion and contraction of compo-
nents when heated and cool ed.

During a bakeout, signs are posted at the approach ways that specify the sectors as
restricted access areas to AUTHORIZED PERSONNEL ONLY. Warning signs iden-
tifying BAKEOUT IN PROGRESS are posted inside the storage ring and emergency
stop buttons are available at the beginning and end of the applicable sector. For per-
sonnel working inthe area, safety panelsare used as protective barriersfrom the heated
surfaces of the girder assemblies which could cause burns. Applicable ratchet doors
arelocked and keysare maintained under procedural control inthe Main Control Room.

On the bakeout skid, the heater control panel enclosure and door handle are intercon-
nected in order to cut off the power if someone opens the cabinet. The heater bank
circuitry isinterlocked to the water pump motor to assure that the pump motor is
energized before the heater(s) circuits are energized.

The water systemsfor the storage ring have relief valvesfor hydrostatic pressure. The
systems have interlocks for temperature, pressure, and flow. When any of these con-
ditions exceed or drop below a predetermined condition,power to the pumpsis turned
off. Resistivity of the water is continuously monitored to ensure water quality.

Asof January 2003, the bakeout procedure was executed nearly 80 times without inci-
dent.

On the magnets, high temperature sensorswill turn off the power to the magnetsif the
temperature on the magnets exceeds 71° C (160° F). Thiswill prevent water pressure
buildupinthemagnet coilsevenif theflow isinterrupted. Thehightemperature sensors
arelocated on the return water supply of the water-cooled magnets and on the coilsfor
the air-cooled magnets. Redundant sets of series of high temperature sensors are used.

Positioning of the insertion devices requires the use of forklifts, movable tables, and
specialized lifting equipment. The storage ring Undulator A 1D magnet assembly
weighs over 3000 kg and the vacuum chambers weigh between 130 and 230 kg (de-
pending on the length). Dropping or bumping of equipment during positioning or
repositioning could result in injury to personnel and damage to the components. Use
of lifting equipment isgoverned by ANL safety requirementsand procedures. Hoisting
operationswill only be performed by properly licensed operators using certified lifting
equipment. Lifting and hoisting hazardsare unlikely, sinceit isnot anticipated that the
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insertion devices will need to be disassembled. Occasionally, an ID magnet and gap
separation assembly may be moved from one sector to another. Steerable casters are
provided for rolling the assembly through the storage ring tunnel. A fully steerable
towing tractor with continuously variable transmission will be used for this purpose.
An approved operating procedurewill be used to fully define the move and only trained
personnel will be involved.

The heaviest items to be lifted are the front-end fixed mask and photon shutter (1000

kg). The components are supported by the steel table assemblies. The design criteria
for the support assemblies were based on desired deflection characteristics, resulting

inlow stresseswith applied dynamic loads. Dynamic responseto vibration tests of the
support tables showed acceptabl e results, indicating asafe capacity for the static loads.

Use of lifting equipment isgoverned by ANL safety standards and procedures. Where
required, handling and operating procedures have been documented on drawings, re-

viewed with personnel, and distributed.

The mechanical arrangement of the insertion device and the vacuum chamber limits
thegap pinchareatoasmall areanear theends. Themovement of thegapsissufficiently
slow to allow time to avoid injury. Since the magnet gap can be controlled remotely,
emergency stop buttons are provided on the device. Signs are placed near the hazard
regiontowarn personnel. Pinch hazardsalso existinthe mechanical linkagethat drives
the gap. These areas are normally enclosed and marked and would only be opened by
trained personnel during maintenance.

In the front-end components, pinch points have been reasonably addressed during de-
sign. Whererequired, specialized tooling and tool s have been identified and have been
fabricated or procured. Pinch pointswill be labeled and, if possible, covered.

Beamline components are supported on girders. The girdershaveto provide positional
stability to the components; therefore, the designs need to be conservative. A mechan-
ical hazard event may occur when these components are installed or relocated as part
of beamlineinstallation or modification. Useof lifting equipment isgoverned by ANL
safety requirements and procedures (ANL onlineC). Hoisting operationswill only be
performed by properly licensed operators using certified lifting equipment.

Beamlines may contain rotating machinery, such as pumps, blowers, and fans. Proper
guardingwill berequiredto bein place, and the Beamline M anagement will berequired
to prepare procedures requiring the equipment to be locked/tagged out before guards
are removed for servicing of the machinery.

All potential pinch pointswill berequired to beidentified by appropriatewarning signs,
and the beamlines will be required to prepare appropriate servicing procedures.
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4.13

The probability of occurrence of amechanical hazard event has been determined to be
medium. The hazard event consequence has been determined to be low. Therefore,
therisk islow.

Environmental Hazards

Environmental hazardsin the Chicago Areaconsist of high winds and limited seismic
activity.

The average annual precipitation at ANL-E is800 mm (31.5in) and is primarily asso-
ciated with thunderstorm activity in the spring and summer. The annual average accu-
mulation of snow and sleet at ANL-E is830 mm (32.7 in) (DOE 1982). Snowstorms
resulting in accumul ations greater than 150 mm (5.9 in) occur only once or twice each
year on the average, and severe ice storms occur only once every four or five years
(Denmark 1974).

The area experiences about 40 thunderstorms annually (NOAA 1980). Occasionally,
these storms are accompanied by hail, damaging winds, and/or tornadoes. From 1957
to 1969 there were 371 tornadoesin the state with more than 65% occurring during the
spring months (NOAA 1970). The theoretical probability of a 67-m/s (150 mph) tor-
nado strikeat ANL-E is3.0x 10 each year, arecurrenceinterval of onetornado every
33,000 years (Coats and Murray 1984). The ANL-E site has been struck by milder
tornadoes, with minor damage to power lines, roofs, and trees.

Although afew minor earthquakes have occurred in northern Illinois, none has been

positively associated with aparticular tectonic feature. Most of therecent local seismic
activity isbelieved to be caused by isostati c adjustments of the earth’scrust in response
to glacial loading and unloading, rather than by motion along crustal plate boundaries.

Therearesevera areasof considerable seismic activity at moderate distances (hundreds
of kilometers) from ANL-E (Hadley and Devine 1974). These areas include the New
Madrid Fault zone (southeastern Missouri), the St. Louis area, the Wabash Valley Fault
zone along the southern Illinois-Indiana border, and the Annaregion of western Ohio.
Although high-intensity earthquakes have occurred along the New Madrid Fault zone,
their relationship to plate motions remains speculative at thistime.

According to estimatesby Algermissenet a. (Algermissen et al. 1982), ground motions
induced by near and distant seismic sources in northern Illinois are expected to be
minimal. However, peak accelerationsin the ANL-E area may exceed 10% of gravity
(approximate threshold of major damage) once in about 600 years, with an error range
of -250 to +450 years.

The probability of an environmental event has been determined to be low, but the
consequence of this event is medium. Therefore, therisk islow.
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5.0

5.1

SAFETY ENVELOPE

The safety envelope is a set of physical and administrative conditions that define the
bounding conditionsfor safe operations at an accelerator facility. The hazard anaysis
inthis SAD isbased on operation of the accel erator systemswithin the saf ety envel ope.
The beamline safety envel ope presented in section 5.1.5 of this document does not
replace but supplementsthe accel erator safety envelope. The beamline hazard analysis
is based on operation of the beamlines within the complete, all-inclusive, safety enve-
lope. Variationsin operating conditions are permitted as long as consequences of the
variations do not exceed the bounds imposed by the safety envelope. These variations
of the operating conditions include unplanned events, such as power outages, which
may interrupt operations but do not compromise the safety of the facility. Variations
beyond the boundariesof the saf ety envel opeareto betreated asreportable occurrences,
as defined by DOE Order 5000.3B (DOE 1993a).

The requirements specified in the saf ety envel ope are binding for operation of the APS
accelerator systems and beamlines. Significant revisions of these requirements result-
ing from changesin operating conditions or any facility/equipment modifications that
involve an unreviewed safety issue will require arevision or supplement to this SAD.

Requirements in the APS safety envelope related to technical matters address those
accelerator system and beamline features designed and built into the APS system to
maintain safe and environmentally sound operations. Requirementsin the safety en-
velope related to administrative matters include the establishment of administrative
policies and procedures to ensure safe operating conditions. The safety envelope de-
scribed in this chapter addresses both the technical and administrative requirements.

Administrative conditions included in the safety envelope are necessary to assure op-
eration within the physical conditionsincluded in the safety envelope.

Safety Envelope - Technical Requirements

The quantity and energy of particles to be accelerated in the injector or stored in the
storage ring comprise the starting point of the radiation hazard analysis and, as such,
should be constrained by the safety envelope. The most meaningful constraint on the
capacity of the acceleratorsto produce radiation is the total energy of the accelerated
or stored beam. To some extent the efficacy of the shielding depends on the kinetic
energy of the incident beam. Generally the worst case corresponds to the highest pos-
siblekinetic energy, e.g., 7.7 GeV inthe synchrotron and storagering. For thisreason,
radiation dose and shielding computations have been carried out assuming kinetic en-
ergy at or near the maximum which can be produced by the accelerator in question.
Shouldtheaccel erator be operated at fixed power and lower kinetic energy, theradiation
hazard is unchanged or else somewhat reduced.
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For this reason, the technical requirement for the APS accelerator safety envelope are
stated as limits on:

1) The product of beam kinetic energy in GeV and average beam current in nanoam-
peres delivered by an accelerator in the injector; thisis the power, expressed in
watts available for production of radiation in the event that all the beam produced
by the accelerator islost.

or

2) The product of the beam kinetic energy in GeV and the total charge in the beam
in nanocoulombs; thisis the energy, expressed in joules, available for production
of radiation in the event that all the beam circulating in the storage ring is | ost.

The maximum beam current or charge alowed by the safety envelope is afunction of
the beam kinetic energy. It may be determined by dividing the total power (or energy)
by the beam kinetic energy.

Thetechnical requirementsfor the safety envelope of thelinac, LEUTL, PAR, synchro-
tron and storagering arelisted in Table5.1. Thistablealso liststhe operating envelope
and the design performance goal for each accel erator, including goalsand limitsfor the
beam kinetic energies.

Average beam powers have been specified to define the safety envelopes of the linac,
LEUTL, PAR, injector synchrotron, and storagering ininjection mode. These currents
and powers should not beinterpreted as peak values; which are much higher dueto the
fact that the particle beams consist of current pulses (or “bunches’) with durations less
than 30 nanoseconds. However, aworker in aradiation areawill receive adose which
istheintegral or cumulativedoseover secondsor perhapshoursduring whichtheworker
isexposed. Thus, it isappropriate to define safety envel ope quantities as average
currents and powers which would |ead to correct estimates of the cumulative radiation
doseover periodsof secondsor hours. Theshortest averaging period for these quantities
wouldthereforebe0.5 s, thenominal repetition rate of theinjector. However, maximum
credibleincident estimates are based on the assumption that the incident continues for
onehour, whileoccupational dosesunder routine conditionsareestimated ascumul ative
doses over a 2,000-hour work year.

Therefore, in order to more accurately reflect the relevant time scales in estimating

exposures, we define the safety envelope currents and powers for injection listed in
Table 5.1 as averaged over one hour.
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Table5.1 Summary of Accelerator Systems Safety and Operating Envel opes

Safety Operating Design Performance

Envelope Envelope Goal
Linac
Max. Beam Power 1000 W 825/10.8 W 480/5.4 W
Max. Beam Energy - 700/450 MeV 200/450 MeV
Charge per Cycle -- 24/0.5nC 50/0.25nC
Repetition Rate -- 48 pps 48 pps
LEUTL
Max. Beam Power 1000 W 825 W 250 W
Max. Beam Energy -- 700 MeV 500 MeV
Charge per Cycle -- 24nC 50nC
Repetition Rate -- < 60 pps 10Hz
PAR/LET
Max. Beam Power 20W 15W 54W
Max. Beam Energy -- 0.50 GeV 0.45 GeV
Charge per Cycle -- 15nC 6nC
Repetition Rate -- 2Hz 2Hz
Synchrotron/HET
Max. Beam Power 308 W 231 W 84w
Max. Beam Energy -- 7.7 GeV 7.0 GeV
Charge per Cycle -- 15nC 6nC
Repetition Rate -- 2Hz 2Hz
Storage Ring I njection
(with beamline safety
shutter s closed)
Max. Beam Power 308 W 231 W 84w
Max. Beam Energy -- 7.7 GeV 7.0 GeV
Charge per Cycle -- 15nC 6nC
Repetition Rate -- 2Hz 2Hz
Storage Ring Top-Up Injection
Maximum Beam Power 308 W 154 W 0.17W
Minimum Beam Energy 6 GeV 6.5 GeV 7.0 GeV
Maximum Beam Energy 7.7 GeV 7.7 GeV 7.0 GeV
Charge per Cycle -- 10nC 3nC
Repetition Rate -- 2Hz 0.0083 Hz
Minimum Stored Current 1mA 3mA 3 mA
Storage Ring (stored beam)
Max. Stored Energy 9280 J 7728 J 2576 J
Max. Beam Energy -- 7.7 GeV 7.0 GeV
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5.1.1

For the purposes of estimating occupational doses under routine conditions, it is as-
sumed that the beam power averaged over a six-month period for each accelerator of
the injector (linac, PAR, and synchrotron) will be 10% of the powers listed in Table
5.1. The assumption of 10% power duty factor should not be interpreted as a part of
the safety envelope. Nonetheless, acumulative record of the accel erated beam will be
kept by the Operations Group. This record will be supplemented by an automatic
computation carried out by the control computer system.

For the storage ring in stored beam mode, the situation is considerably ssimplified. The
cumulative dose is defined by theloss of the entire stored beam. Therefore, it isappro-
priate to define the safety envelope for the storage ring in stored beam mode in terms
of the total stored energy in the beam, measured in joules, equal to the product of the
beam energy in GeV and the total stored chargein nC.

Linacand LEUTL

Radiation shielding of the electron linac is designed to protect personnel in the linac
klystron gallery, which is parallel to the linac. The concrete shielding is 2 m thick
throughout and has 40-cm-thick (16-in) steel plates embedded in it near the buncher
between the upstream and downstream linacs.

The upstream electron linac design performance goal is based upon 48 pps continuous
operation at 50 nC of charge per pulseat 200 MeV. Thisresultsinabeam power (energy
times current) of 480 W. The shielding is adequate to handle a 1-kW electron beam.
The safety envelope of the two electron linacs is defined as 1 kW of beam power
interacting at abeamstop at the end of the downstream linac The cal cul ated dose equiv-
alent in the klystron gallery, for 1 kW operation, is as shown in Figure 5.1, and the
maximum dose equivalent is ~5 uSv/h (0.5 mrem/h).

Therationale for defining the safety envelopein terms of the beam power isthat in the
APS linac energy range, production yields of secondary radiation, including electrons,
positrons, neutrons, and gammarays, are proportional to the beam power. Therefore,
specifying the power level rather than the beam energy and current separately allows
some flexibility in the operating beam energy and current.

The shielding around the downstream linac is also 2-m-thick concrete. Calculations
show that this shielding is adequate for 1 kW operations and the cal culated maximum
doseequivaent rateis5puSv/h (0.5 mrem/h). Thisbeamwill betransportedtothe PAR.
Calculations indicate that a 1-kW beam of electrons striking accelerator components
would produce an average dose rate of about 2.5 uSv/h (0.25 mrem/h) at the highest
dose point.
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Figure 5.1 Maximum Radiation Dose in the Klystron Gallery under
Nominal Operating Conditions and at the Safety Envelope

Maximum Radiation Dose
in the Klystron Gallery under

Nominal Operating Conditions @~ | ---_. Total Dose - Safety Envelope - 1 kW
and at the Safety Envelope

Total Dose - Nominal - 480 W

Total Dose [mrem/hour]

Distance Along Klystron Gallery [meters]

When operated together the upstream and downstream linac systems can accel erate
electronsto 700 MeV.

The LEUTL isan extension of the linac. The additional beamlines beyond the linac,
the PAR bypass, thebooster bypass, and theundul ator test lineareall designedto handle
abeam energy of up to 700 MeV. Thelinac vault shield wall is 2 m thick throughout,
whereas the booster synchrotron walls along the region of the booster bypass are only
1.5 mthick. Thiswall hasbeen supplemented intheregion of the shielded intermediate
beam dump to 2 m equivalent thickness of concrete. Calculations indicate that for
operation at thelinac saf ety envel ope (700-MeV, 1-kW beam of electrons) acontinuous
strike at theintermediate beam dump produces an averagedoserate of 51.7 uSv/h (5.17
mrem/h) produced at the highest point outside of the radiation environment.
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5.1.2

5.1.3

5131

Following isasummary of the safety envelope for the APS linac, expressed in terms
of the linac beam power:

Electron Operation: Beam Power = 1.0 kW

Particle Accumulator Ring, Low Energy Transport

Asinthe case of thelinac, the amount of radiation produced by beam lossesinthe PAR
is proportional to the beam power, which is the product of the beam energy and the
beam current. Hence, it is reasonable to define the safety envelope in terms of the
maximum allowed beam power, since this permits flexibility of operations with no
compromise in safety.

Whilethe design performance goal for the PAR and LET callsfor a450-MeV electron
beam with an average current from the linac of 12 nA, the linac has the potential to
create a500-MeV electron beam with significantly higher current. This must be taken
into account in evaluating the safety envelope for the PAR and LET.

The PAR safety envelope is 20 W of electrons. Maximum PAR energy is 500 MeV.

Theradiation shielding for the PAR enclosure has been designed for thislevel of beam
power in order to bring radiation levels outside the enclosure within acceptable limits.
The concrete enclosure surrounding the PAR and LET has a minimum wall thickness
of 1.3 mand aroof thicknessof 1 m. Localized lead shielding is used to augment the
shielding effect of the enclosure.

Injector Synchrotron, High Energy Transport

M odes of Operation

For both the synchrotron and HET line the safety envel ope can be specified by defining
the following machine and beam characteristics:

* Maximum - Beam energy
- Current

- Charge lost/sec

It isaways possible to assume that the safety envelope can be approached at any time
during the course of operation; it is thus specified and applicable to any envisioned
mode of operation. The quantity of electrons used in the synchrotron will be limited
administratively to 10 nC per pulse.
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5.1.3.2

5133

Limitationsto Operations

Theinjector synchrotron was designed to accel erate el ectrons up to amaximum energy
of 7.7 GeV. Magnet power supply and rf cavity window limitations prevent operation
at energies higher than thislevel. Again, due to power supply limitations, this energy
level isonly achievablein amaximum 2-Hz pulsed mode ramp cycle. Furthermore, the
dipole power supplies limit DC operation to 4.68 GeV.

During top-up operation the injector synchrotron will deliver beam to the storagering
at arate appropriate to reduce variation in the stored beam current to less than one part
per thousand. A longer-term goal isto maintain the stored beam current to a precision
of 100 partsper million. Therequiredinjectionrateisdetermined by the current stability
criterion and the lifetime of the stored beam. For example, one part per thousand for
astored current of 100 mA corresponds to aa variation in charge of 0.368 nC in the
storagering. If the beam lifetimeis 10 hours, this quantity of chargewill belost to gas
scattering or intrabeam scattering in

(0.368 nC/368 nC = 0.001) x 10 hours x 3600 seconds/hour = 36 seconds.

Thislossin stored beam must be compensated by the injector; 0.368 nC must be added
to the storage ring during a 36-second interval. To do this, the injector will accelerate
severa pulses of beam, each with about 1 nC of charge, during the 36-second interval.
One (or more, optionally) of these pulseswill betransported to the storagering, passing
through scrapers in the booster-to-storage ring transfer line, so asto reduce the total
injected chargeto the required amount. Any additional pul sesaccel erated inthe booster
will be dumped within the booster enclosure.

The synchrotron does not generate particles; it only accelerates them. The maximum
guantity of charge accelerated is thus limited to what the upstream injector chain can
provide per second at thelimit of its safety envelope. Thisvalueislimited by interlock
to 20 nC per cycle or 40 nA (2-Hz repetition rate). Assuming 100% transmission
efficiency through the LTP line, the PAR, the PTB line, and the full energy ramp cycle
of theinjector synchrotron, all 20 nC can be accelerated to thefull 7.7 GeV each cycle.

L osses

For purposes of the safety envelope, losses will be assumed to occur at 7.7 GeV, 20 nC
per cycle, and at arate of 2 Hz. These quantitiesimply a beam power of 308 W asthe
safety envelope.

Under normal operations, attemptswill be madeto confinelossesto well-defined areas.
Supplemental shielding will be provided around these locations. Known locations are:
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5.1.34

5.1.4

514.1

5.1.4.2

*  Downstream of the horizontal scraper in quadrant 1 of the synchrotron.
* Intheareaof the synchrotron extraction or storage ring injection septum magnets.
* At the beam dump in the branch of the HET line.

It is conceivable that beam can be lost at any point in the machine and at any time in
the acceleration cycle. Thisloss can be spread out over alarge region or confined to a
localized area which, in the case of the synchrotron, can be defined as anything less
than aregion approximately 2 min length. However, peak losses of this sort, 308 W
continuous at an unknown point, would be detected by various systems and diagnostics
inthe control system. Until thelocation and cause of this sort of losswasfound, either
or both the total amount of charge being accelerated and the repetition rate would be
reduced.

Safety Envelope

Thehazard analysesfor theinjector synchrotron are based on amaximum beam energy
of 7.7 GeV and amaximum of 20 nC of electrons accelerated per 0.5-scycle. These
values imply a maximum beam power of 308 W.

Storage Ring

M odes of Operation

There are three distinct modes of operation of the storage ring, asindicated in Table
5.1. Intheinjection and top-up injection modes, the safety envelopeisidentical to that
of the injector synchrotron, in terms of delivered beam power. Thisis because all of
charge lost in the storage ring must come from the booster.

In stored beam mode, the cumulative dose is limited by the total stored energy of the
beaminjoules. Thisquantity isequal to the product of beam energy in GeV and stored
beam chargein nC. The stored chargeis equal to the stored beam current multiplied
by the storage ring revolution period, 3.68 microseconds.

Limitationsto Operations

Themaximum possible energy of thebeaminthestorageringis7.7 GeV, dueto magnet
power supply limitations. The beam current in the storagering islimited by the ability
of vacuum system componentsto withstand heating from synchrotron radiation. These
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5.1.4.3

components are designed to operate at 7.0 GeV with 300 mA of stored beam current.
At higher energies, the allowed beam current is lower.

Top-up operation of the storage ring will be allowed if and only if
» Thestoragering is operated at an energy higher than 6.0 GeV.
* A beam current greater than 1 mA is present in the storage ring.

Both conditions will be enforced by interlocks connected to the accelerator radiation
protection system (the ACIS described in section 3.12).

These conditions are sufficient to guarantee that injected beam cannot exit the storage
ring enclosure through an x-ray beamline exit port.

Transport of aninjected beam out an x-ray beamline exit port can only take placeif one
of the 80 storage ring dipole magnets malfunctionsin such away asto have zero field
or reduced field compared to the rest of the dipolesin thering. After exhaustive study
it has been determined that the conditions necessary for such an event absolutely pre-
clude the presence of beam circulating in the storage ring at an energy higher than

6 GeV. Therefore, if abeam is present in the storage ring, top-up operation creates no
radiation hazard greater than would be possible during traditional modes of operation
(injection with x-ray beamline safety shuttersclosed or noinjection with safety shutters
open).

L osses

Radiation shielding of the storage ring is designed to protect personnel in the Experi-
ment Assembly Area (EAA) and in the experiment hall on the outboard side of the
tunnel, aswell asthe tunnel roof. Shielding consists of either normal concrete or high-
density concrete. It isexpected that modifications of the supplemental shielding may
be required for operation at the safety envelope, defined below. Under normal condi-
tions, losses will be confined to well-defined locations. Supplemental shielding will
be placed in these areas. Probable locations of injected beam loss are as follows:

At the injection septum, located in the Sector 39 straight section.

» Attheupstream endsof thefirst three small gap insertion device vacuum chambers
downstream of the injection point.

* Inthe high-dispersion straight sections of the first two sectors downstream of the
injection point.

» At aperture defining scrapers in the high energy transport line and storage ring.
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While injected beam losses can occur at many places around the storage ring during
accidental beam missteering conditions, steps have been taken to minimize this even-
tuality. Losses are detected by the beam diagnostic systemsin several ways, and trans-
mitted to the control system. Engineered safety systems (section 3.12) incorporate
radiation monitors as part of their input.

Stored beam losses will occur during beam missteering conditions, but can also result
from fast beam instabilitiesor rf system malfunction. Missteering and instabilitieswill
most likely result in beam |osses at aperture restrictions such as scrapers placed around
the ring for this purpose, or at small gap insertion device vacuum chambers. If the rf
system were to trip off, the beam would spiral inwards, finaly striking the vacuum
chamber in a high-dispersion straight section. Horizontal aperture limiting scrapers
are located in these regions to localize this type of 10ss.

Safety Envelope

Hazard analysis for the storage ring during injection is based on a maximum beam
energy of 7.7 GeV and a maximum of 20 nC of electrons accelerated per 0.5-s cycle.
With safety shutters closed, it isassumed that the injected beam may belost anywhere;
arbitrary magnet malfunctions are assumed possible. Injection MUST begin with the
appropriate x-ray beamline safety shutters closed, when no stored beam is present.

Oncestored beam of minimum energy 6 GeV and minimum current 1 mA isestablished,
safety shutters may be opened and top-up injection may begin.

In stored beam mode, the safety envelope is equal to 9280 J of stored energy, corre-
sponding to 327 mA of stored beam at an energy of 7.7 GeV. Equivalently, abeam
current of 360 mA at an energy of 7.0 GeV yields the same stored energy in joules.
The safety envelope for the x-ray diagnostics beamlines comprises the following:

» If the conditions for top-up injection are satisfied, the second photon shutter and
the safety shutters may be open during injection of beam into the storage ring.

» If conditions for top-up injection are not satisfied, the second photon shutter and
safety shutters must be closed during injection.

 TheVUV and x-radiation are contained within shielded pipes and interlocked
shielded enclosures.
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5.1.5

5.2

Beamline Safety Envelope

The beamline safety envelope is specified to ensure that the APS design and shielding
policy goalsfor ionizing-radiation exposure limits are not exceeded. The APS policy
for usersor any on-sitenonradiation workersinthevicinity of the APSfacilitiesrequires
that the average nonradiation worker dose be below 0.2 mSv/yr (20 mrem/yr). The
envel ope a so includes the review process, which ensuresthat all potential hazards are
identified, analyzed, reviewed, and adequately mitigated. To that end, the safety enve-
lope is defined as follows:

» All x-ray photon beams are contained within adequately shielded beam transports
and enclosures.

* All beamline enclosuresthat require frequent, controlled personnel accessare pro-
tected by the APS designed, installed, and maintained Personnel Safety System
(PSS).

*  All bremsstrahlung shielding and exclusion zones are in place whenever the beam-
line is operating.

» If conditionsfor top-up injection are satisfied, the front-end saf ety shutters may be
open during injection of beam into the storage ring.

» |If conditions for top-up injection are not satisfied, the front-end safety shutters
must be closed while beam isinjected into the storage ring.

* The APSmaintainsareview process that ensuresthat al beamlines are reviewed
to identify all potential beamline hazards and ensures that the Beamline Manage-
ment properly mitigate the hazards and operate within the other safety envelope
reguirements.

Safety Envelope - Administrative Requirement

The administrative safety envelope for the accelerator systems requires the existence
and adherence to written radiation survey proceduresto ensure that radiation levelsare
acceptable for operation within the technical safety envel ope described in this chapter.

Functionality and testing of the ACIS are an administrative requirement of the safety
envelope. Requirementsfor configuration control and verification/testing are described
in an earlier section of this document.

The safety envelope includes physical and management constraints to assure that all
required supplemental shieldingisin place. These constraintswill include mechanical
means of securing the shielding configuration, written proceduresfor removal/replace-
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ment and modification of shielding, and procedures for verification by inspection that
the required shielding isin place.

The safety envelope for top-up operation requires that certain apertures limiting the
excursion of the stored and injected beam in the storage ring be in place to sufficient
accuracy. The identities, locations, and tolerances on these apertures, and the method-
ology for determining their positions, are documented in an AES procedure.

The safety of top-up injection wasverified by adetermination of the particletrajectories
inthestoragering under an exhaustiverangeof normal and abnormal conditions. Should
any change be madein the storage ring particle optics, or should the location or dimen-
sions of critical apertures be modified, the tests of the safety of top-up operation will
be repeated for the new magnet settings and apertures. Thetest procedure for particle
trajectoriesis documented in an ASD procedure.
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6.0 FACILITY OPERATIONS
6.1 I ntroduction

This safety assessment document is an analysis of safety features built into the accel-
erator systems, and does not address how to conduct operations. Accelerator operation
requires a high degree of flexibility for the effective execution of unique and complex
research and devel opment programs, and at the same time these activities must be
conducted in asafe and environmentally sound manner. The Advanced Photon Source
Conduct of Operations Manual follows DOE Order 5480.19, Conduct of Operations
Requirementsfor DOE Facilities (DOE 2001c). The manual implementsthe eighteen
chapters of DOE Order 5480.19 in sequence and supplements the requirements of the
Order with Argonne National Laboratory procedures. Asrequired by the Order, within
the APS organization a graded approach isto be followed in determining which of the
chapters or elements of chapters are applicable to any activity or unit. This means that
the elements of the chapters are applied to each activity at alevel of detail that is
commensurate with the operational importance of the activity and its potential environ-
mental, safety, and/or health impact.

6.2 Conduct of Operations Manual

The APS Conduct of OperationsManual (ANL 2001) isperiodically updated to reflect
changes and updates to APS operations, and the APS Document Control Center isthe
custodian of theManual. The purpose of each chapter of the manual isdescribed bel ow.

Chapter 1 OPERATIONS ORGANIZATION AND ADMINISTRATION
This chapter establishes the responsibilities, APS administrative guide-
lines, and requirements necessary for daily conduct of facility operations.

Chapter 2 SHIFT ROUTINES AND OPERATING PRACTICES
This chapter provides standards for professional conduct which should be
established and foll owed by operations personnel sothat their performance
meets the expectations of DOE and APS management.

Chapter 3 CONTROL AREA ACTIVITIES
Thepurposeof thischapter isto definethepolicy for control areaactivities.
Control areaactivities should be conducted in amanner that achieves safe
and reliable facility operations.

Chapter 4 COMMUNICATIONS

Thepurposeof thischapter isto establish methodol ogy for highly effective,
reliable, and accurate transmission of information.
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Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Chapter 11

Chapter 12

CONTROL OF ON-SHIFT TRAINING
This chapter establishesguidelinesfor conducting an on-shift training pro-
gram.

INVESTIGATION OF ABNORMAL EVENTS

This chapter defines the program that APS has developed to ensure that
abnormal events with serious or potentially seriousimpact are promptly
investigated and that an appropriate response is made to significant find-
ings.

NOTIFICATIONS

This chapter describes the requirements, responsibilities and procedures
for timely notification of ANL and DOE of events, conditions, or concerns
that have safety, health, quality assurance, security, or environmental im-
pacts under DOE Order 5000.3B, “Occurrence Reporting and Processing
of Operations Information” (DOE 1993a) and DOE Order 5500.2A,
“Emergency Notification, Reporting and Response Levels’ (DOE 1988a).

CONTROL OF EQUIPMENT AND SYSTEM STATUS

Thischapter providesdirection for control of equipment and system status
to ensure that facility configuration is maintained in accordance with pro-
cedural requirements.

LOCKOUTS AND TAGOUTS
The purpose of this chapter is to define the lockout and tagout practices
required for the control of hazardous energy sources at the APS.

INDEPENDENT VERIFICATION

This chapter identifies a system for independent verification of the accom-
plishment of procedures that are considered critical to the safety of oper-
ation or maintenance of APS processes, systems, or facilities.

LOGKEEPING

Thischapter providesdirection for establishing and maintaining operating
logsinorder tofully record thedatanecessary to providean accurate history
of facility operations.

OPERATIONS TURNOVER

This chapter establishes the instructions to be followed during shift turn-
over to ensure that all operators receive the information required to ade-
quately carry out their shift responsibilities.
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Chapter 13

Chapter 14

Chapter 15

Chapter 16

Chapter 17

Chapter 18

OPERATIONS ASPECTS OF FACILITY CHEMISTRY AND
UNIQUE PROCESSES

This chapter implements the important aspects of operations involving
chemistry and unique processes.

REQUIRED READING

The purpose of this chapter isto provide requirements and instructionsfor
aformal systemwhich ensuresthat eachindividual receivesall information
necessary for job performance.

TIMELY ORDERS TO OPERATORS

The purpose of this chapter isto provide ameansfor APS management to
disseminate essential short-term information and administrative instruc-
tions to appropriate personnel.

OPERATIONS PROCEDURES

Operations procedures are written to provide specific direction for operat-
ing systems and equipment during normal and postulated abnormal and
emergency conditions. This chapter provides instructions regarding cre-
ation, modification, and approval of operating procedures.

OPERATOR AID POSTINGS
The purpose of this chapter isto provide instructionsto facility personnel
for requesting, reviewing, approving, and posting operator aids.

EQUIPMENT, CABLING AND PIPING LABELING

Thischapter providesamethod toimplement astandard facility equipment,
cabling, and piping labeling program.
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7.0

7.1

7.2

QUALITY ASSURANCE

It isthe policy of the APS management that all activities shall be performed at alevel
of quality appropriate to achieving the technical, cost, and schedule objectives of the
Advanced Photon Source. To implement this policy, aquality assurance plan intended
to assure that each item or activity fitsits intended use has been devel oped.

Program Description

Thequality assurance program for the APS project isdescribed in the quality assurance
plan, ANL/APS Document No. 1111-00001-00 (ANL 1992b), which isintended to
meet the requirements of the ANL-East Quality Assurance Program Plan (ANL on-
lineD) and the applicable requirements of DOE Order 5700.6C, “Quality Assurance”
(DOE 1991b), and DOE Standard DOE-ER-STD-6001-92, “ Implementation Guidefor
Quality Assurance Programs For Basic and Applied Research” (DOE 1992¢). The
guality assurance plan setsforth the methods, controls, and procedures and definesthe
responsibilities and lines of communication for activities affecting the quality of the
Advanced Photon Source. Quality assurance procedures, ANL/APS Document No.
1111-00003-01 (ANL 1992c), have been developed and implemented for design, pro-
curement, document control, inspection, test, corrective action, records, and audit ac-
tivities. Quality control procedures and checklists are prepared for specific items or
serviceswhen appropriate. Thequality control proceduresand checklists specify those
practices necessary to ensure that an item or service meets the specified requirements.
Theintensity of application of quality assurance and quality control practicesisgraded
according to theintended use, programmatic significance, and saf ety considerations of
the item or service.

Design Reviews

Independent, third-party technical reviews performed by persons who possess the reg-
uisite expertise critically evaluate the designs of the APS prior to new or modified
systems being brought online. The Conceptual Design and Preliminary Design (Title
1) and the Final Design (Title 1) of the conventional facilities and accel erator systems
werereviewed in thisfashion. Thereviewers are recognized experts and may include
persons from ANL if they have no direct responsibility for the APS design. Theinde-
pendent review boards are selected and chartered by the APS project director. The
independent technical review process is described in two APS quality assurance pro-
ceduresfor theTitlel and Titlel | reviews, which apply, respectively, to the conventional
facilities and the technical components.
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7.3

1.4

Safety Reviews

During the design and development of the engineered technical components and the
conventional facilities, due consideration is given to safety requirements and compli-
ance with applicable codes and standards. Assurance of safety compliance of standard
“off the shelf” itemsis requested of the vendor. A safety review of specialty itemsis
required if specific safety design criteriaare not included in the product design speci-
fications.

Testing Procedures

Each APS division director, or their designee, is responsible for assuring inspections
and testing of itemsare conducted prior to their energization to ensure compliancewith
the design requirements and applicable codes and standards. Inspections and testsare
performed by personswith appropriatetraining and experienceto performtheparticular
inspection or test, as determined by the division director or his designee. Inspections
and tests of items are performed in accordance with written procedures, instructions,
or checklistsand theresultsrecorded as specified inthesedocuments. Therequirements
for review, approval, issuance, and revision of documents which specify inspections
andtestsareincludedinthe APS quality assurance plan andimplementation procedures
(ANL 2002).
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8.0 ENVIRONMENTAL MONITORING PROGRAM
8.1 Program Description

The environmental surveillance program at ANL-E consists of regular monitoring for
radiation, radioactive materials, and nonradiol ogical constituents. The surveillance pro-
gram supportsthe ANL-E policy to protect the public, employees, and the environment
from harm that could be caused by ANL-E activities and to reduce environmental
impacts to the greatest degree practicable.

The APSisincluded in the ANL-E environmental program, which meets the require-
ments of the U.S. EPA and the Illinois EPA, as well as numerous DOE Orders and
Executive Orders. To insure compliance with both the letter and spirit of these regula-
tions, ANL-E has made a commitment to comply with all applicable environmental
regulations as described in the following policy statement:

“Itisthe policy of Argonne National Laboratory that its activitieswill be conducted in
such amanner that worker and public safety, including protection of the environment,
is given the highest priority. The Laboratory will comply with all applicable federal
and state environmental laws, regulations and orders.”

Details of samplelocation points, frequency of sample collection, and laboratory anal-
ysisare found in the ANL-E Site Environmental Report (Golchert et al. 2003).

8.1.1 Compliance Summary

Radionuclide emissions from all ANL-E facilities, including the APS, are regul ated
under the Clean Air Act and are monitored to assure compliance with the act.

8.1.2 Environmental Surveillance Program

Ambient air in the ANL-E areais monitored for total alpha activity, total beta activity,
strontium-90, isotopic thorium, isotopic uranium, and plutonium-239. The CAP-88
version of the EPA/AIRDOSE-RADRISK code is used to eval uate airborne emissions
of gaseous radioactive materialsfrom the APS and to estimate the effective dose equiv-
alents delivered at the site perimeter and to the maximally exposed members of the
public.

Sediment samples are collected from Sawmill Creek above, at, and below the point of

wastewater discharge. ANL-E also conducts surface water sampling to demonstrate
compliance with the ANL-E NPDES permit.
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8.2

8.2.1

The potential radiation doses to members of the public from all ANL-E operations,
including the APS, are estimated by combining the exposure from all inhalation, in-
gestion, and direct radiation pathways. The magnitudes of the doses from all ANL-E
operationswill be well within all applicable standards and are insignificant when com-
pared to doses received by the public from natural radiation (~3 mSv/yr [300 mrem/
yr]) or other sources, e.g., medical x-rays and consumer products (~0.6 mSv/yr [60
mrem/yr]).

An extensive quality assurance program is maintained to cover all aspects of the envi-
ronmental surveillance sampling and analysis programs. Approved documents arein
place along with the supporting standard operating procedures. Samplesat all locations
are collected using well-established and documented proceduresto ensure consistency.
Samples are analyzed by documented standard analytical procedures. Data quality is
verified by a continuing program of analytical laboratory quality control, participation
ininter-laboratory cross-checks, and replicate sampling and analysis. Dataare managed
and tracked by a dedicated computerized data management system.

Monitoring of Radiological and Hazardous M aterialsin Potential
Exposure Pathways

The Environmental Radiological and Hazardous Materials Monitoring Program De-
scriptionasformerly required by DOE Order 5400.1 (DOE 1988b), hasbeen superseded
by DOE O 450.1 Environmental Protection Program (DOE 2003). ANL-E conductsa
routine environmental monitoring program, which includes the APS. This program is
designedto determinehow theoperation of ANL -E affectstheenvironment surrounding
the site.

Air Sampling

Continuously operating air samplers are used at ANL -E to measure the concentrations
of airborneparticul ateradioactivity. Thereiscurrently nomonitoring of nonradiol ogical
air contaminantsin ambient air. Particulate sasmplers are placed at 15 locations around
the ANL-E perimeter and at six off-site locations, approximately five milesfrom ANL-
E, to determine the ambient or background concentrations.

Therelease of nonradiological pollutantsto theair from ANL-E, including the APS, is
extremely small except for the boiler house, which is equipped with dedicated moni-
toring equipment. Asaresult, the ambient air isnot routinely monitored. To determine
the amount of airborne emissions of radioactive material, systematic grab sampling of
the exhaust air from the accelerator tunnel is done on aroutine basis. The CAP88
version of the EPA/AIRDOSE-RADRISK codeis used to evaluated this information.
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8.2.2

8.2.3

Water Sampling

Water samplesare collected to determinewhat, if any, radi oactive materials or selected
hazardous chemicals used or generated by all of the operations at ANL-E enter the
environment by the water pathway. The samples are collected from Sawmill Creek
below the point at which ANL-E dischargesiits treated wastewater and stormwater.

In addition to surface water, subsurface water samples are also collected at approxi-
mately 38 locations. These samples are collected from monitoring wells located near
sitesthat havethepotential for adversely impacting groundwater. Samplesof theformer
source of domestic water, which comesfrom three on-sitewells, are also collected and
analyzed for SDWA-mandated constituents.

Surface water samples are collected from Sawmill Creek daily and combined into a
single weekly composite sample. A continuous sampling deviceisinstalled at this
location to improve sampl e collection efficiency. To provide control samples, Sawvmill
Creek is sampled upstream of ANL-E once amonth. The DesPlaines River is sampled
twice amonth below and once amonth above the mouth of Sawmill Creek to determine
if the radioactivity in the creek has any effect on the activity in theriver.

Thenonradiol ogical monitoring programinvolvesthe collection and analysisof surface
water and groundwater samples from numerous | ocations through the site.

M easurementsof radiation level sof the APS septum magnetsindicatelevel swell below
those estimated through initial model calculations. Analysisof thefilter mediumin the
accelerator water-cooling system shows no increased radioactivity in thefilters. This
impliesthat the cooling system water is not being activated. Although no soil samples
or borings have been made under the linac, the fact that the water in direct contact with
the accelerator systemsis not being activated would support the conclusion that there
isno soil activation as the result of accelerator operations.

Bottom Sediment Sampling

Bottom sediment accumulates small amounts of radioactive materials which may be
present fromtimetotimeinthestreamand, asaresult, actsasanintegrator of radioactive
material that was present in the water. It provides a historical record of radioactive
materialsin that surface water system. These samples are not routinely analyzed for
chemical constituents.

Bottom sediment samples are collected annually from Sawmill Creek above, at, and at
several |ocations below the point at which ANL-E dischargesitstreated wastewater. A
portion is taken for gamma-ray spectrometric measurement and other appropriate ali-
quots are used for specific radiochemical analysis.
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8.2.4

8.24.1

External Penetrating Radiation

M easurements of direct penetrating radiation emanating from several sources within
ANL-E, including the APS, are made using thermol uminescent dosimeter (TLD) chips.
Theresponse of the chipsisdetermined withaU.S. National Institute of Standardsand
Technology (NIST) standard radium-226 source.

Dosimeters are exposed at approximately 17 locations at the site perimeter, on the site,
and at five locations off-site. All dosimeters are changed periodically. Control chips
are read and their contribution subtracted from the values of the field chips. A set of
chipsirradiated with aradium-226 standard source is also read, and these values are
used to convert the individual field readings to dose.

The EPA-AIRDOSE/RADRISK atmospheric dispersion code is used to calculate the
dose at thefenceline and the dose received by the nearest individual on the 16 compass
segments according to 40 CFR Part 61, Subpart H, “National Emission Standard for
Radionuclide Emissionsfrom Department of Energy (DOE) Facilities’ (U.S. Congress
1990). The computer model uses amodified Gaussian plume equation to estimate both
horizontal and vertical dispersion of radionuclides. Theresults, based on atotal release
of 6.0 TBg/yr (163 Ci/yr) of these activation productsat thelocation of the APS, indicate
an exposure of 0.07 uSv/yr (7 x 10°3 mrem/yr) for the nearest resident, who would be
located west-southwest of the Laboratory. The highest dose received by off-site resi-
dents from source term elements currently released from the ANL-E siteis estimated
to be about 5.2 puSv/yr (0.52 mrem/yr). This exposure level would be to aresident
north of the site standing in hisyard throughout the entire year. Theincreased exposure
these same residents may receive as aresult of the APSfacility is about a 1% increase
over the current ANL-E emissions.

Radionuclides and Off-Site Dose Estimate

Theprimary subsystem sourcesof airborneradiation at the APSarethelinac and booster
synchrotron. Interactions in these areas result in bremsstrahlung formation. The inter-
action of the bremsstrahlung component in air resultsin the production of a number of
radioactive products, primarily through (y, n), (y, 2n) and photospallation reactions.
Several radionuclidesareformed, but only three (C-11, N-13, and O-15) areimportant.
Of these three radionuclides, N-13 makes up about 90% of the radionuclide concentra-
tionin air. The activated gases are exhausted from the linac target area at a maximum
rate of 1388 m3/min (49000 cfm) under normal operations.

The annual release of activation products from linac operations was conservatively
calculated to be about 5.2 TBq (141 Ci) (Moe 1991). About 88% of thisreleaseisin
the form of N-13 (T /2 = 9.965 min), with the balance as shown in Table 3.17. Air
sampling in the exhaust stacks of the linac and LEUTL operations has detected no
measurabl e activity.
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Production and release of radiogases by the other components of the APS accel erator
systems are relatively minor compared to that of the linac. Estimates by Moe (Moe
19933, 1993b, 1993c, 1994, 1998) of the annual release of radioactive gases from the
other components are 38 GB(q (1.04 Ci) fromthe LEUTL, 13 GBq (0.38 Ci) from the
PAR, 0.23 TBq (6.3 Ci) from the synchrotron, and 0.42 TBq (11.3 Ci) from storage
ring operations. Thetotal of all emissionsisonly 11% of thelinacreleases. Air sampling
in the exhaust stacks of these systems has detected no measurabl e activity. Estimates
of the equilibrium concentration immediately following shutdown for all of the APS
system components by Moe (Moe 1993, 19933, 1993b, 1993c, 1994, 1998) indicate
values less than the derived air concentration (DAC) for occupational exposure: 0.148
Bg/cc (4 x 10 pCilcc) (DOE 1994b) for each of the system components.

The current monitoring program results establish that radioactive emissions from ex-

isting ANL-E facilities and the APS are low and do not pose a threat to the health or
safety of those living in the vicinity of the site.
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9.0

9.1

9.2

FACILITY DECONTAMINATION AND DECOMMISSIONING

Itisdifficult to estimatethe useful lifetime of the APS before decommi ssioning because
(1) thedegree and duration of future user demand for continuing scientific-research use
of thefacility isunknown, and (2) futuredevel opment of accel erator andinsertiondevice
technology may enable this facility to evolve into a next-generation synchrotron radi-
ation source, thereby extending its useful lifetime for research.

Nevertheless, it is worthwhile to consider decommissioning procedures that might be
necessary for the APSfacility after some 20-30 years of operation. During the past 20
years, four electron accelerators of energies greater than 1 GeV (Cornell, 1.5 GeV,
California Institute of Technology, 1.0 GeV; Cornell, 2.5 GeV; and Massachusetts In-
stitute of Technology, 6 GeV) have been decommissioned. Decommissioning experi-
ence at these and at the ANL 12.5-GeV proton synchrotron provides a relevant expe-
rience base to draw upon in developing decommissioning plans for the APS.

Decommissioning of the APS and associated facilitieswould be similar to that of other
electron (or positron) accelerator/storage ring facilities of comparable energy and de-
sign. Thedecontamination and decommissioning of the APS accel erator enclosure and
technical components will not be unusual or complicated. Equipment and facilities
installed outside of the accelerator shielding enclosures will not be activated. Hence,
the APS should not present any unigue problems. Decommissioning would be per-
formed using technology available at the time and would comply with DOE Order O
435.1, Chg. 1 (DOE 2001b) where applicable. However, the steps and considerations
to be addressed will include the following:

Equipment Inventory

An equipment inventory would be completed to assess equipment that will become
available after closure of the facility. Hardware and equipment installed outside the
accel erator enclosurewoul d beexcessed using standard ANL proceduresfor disposition
of excess government properties.

Shutdown

After orderly shutdown and disconnection of operating systems, electrical power, and
cooling water systemsto the accelerator facilities, physical and administrative controls
for limiting access to the facilities would be maintained.
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9.3

Survey of Residual Activities

Every component in the accelerator enclosures would be surveyed by health physics
personnel to identify and tag any radioactive components. Based on the documented
radiation survey, all activated materials and equipment would be inventoried and kept
under continued surveillance. Except for the various septum magnets in the injector
system, lead and densalloy primary beam stops (used in the PAR and synchrotron), and
associated shielding, it is anticipated that most components would be essentialy free
of radioactivity. The volume of activated materials is estimated to be less than one
cubic meter (1.3 cubic yards). The level of activity would depend upon the length of
operation, but residual doseratesare not expected to exceed afew tenthsof amilliSievert
per hour at adistance of 8 cm (3in). Once categorized by type and radioactivity level,
all excess accelerator equipment would be ready for removal.

It is anticipated that the inventory would include three general categories of compo-
nents:

*  Contamination-free components would be removed to atemporary storage area,
possibly a portion of the experiment hall. Experience with decommissioning of
other accelerator facilities indicates that magnets, power supplies, and vacuum
pumps belong to this category and are reusable at other accelerator facilities.

* Reusableitems with some residual radioactivity would be removed under health
physics supervision and stored in a separate radiol ogically controlled location for
future shipment. Packaging and shipment of these items would follow U.S. De-
partment of Transportation (DOT) specifications. For example, the decommis-
sioned electron linac from the Harvard/MIT 6-GeV synchrotron wasrel ocated and
iscurrently used astheinjector for the National Synchrotron Light Source (NSLS)
at Brookhaven National Laboratory (BNL).

*  Nonreusableitemswith someresidual radioactivity would be packaged according
to DOT specifications and shipped to a DOE-approved radioactive waste disposal
site. This proposed action might involve cutting of large pieces, with monitoring
by health physics, into sizes suitable for shipment. In al cases, radioactive and
nonradioactive components would be kept segregated.
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	• Properly trained personnel are required to tour the klystron gallery and linac tunnel to check ...
	• A waveguide protection system is in operation to ensure that all waveguides have the correct va...
	• The region around any rf equipment found to be above background is posted to warn against conti...
	4.3.1.2 Particle Accumulator Ring rf Radiation Hazards
	4.3.1.3 Injector Synchrotron rf Radiation Hazards

	• Properly trained personnel are required to conduct a walk-through to insure that all waveguide ...
	• A waveguide protection system, using air pressure switches, is in operation to ensure that all ...
	• Radio frequency radiation monitors, placed in several locations around the building, sound loca...
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	• Radio frequency radiation monitors, placed in several locations around the building, sound loca...
	4.3.2 Laser Hazards
	4.3.2.1 Low-Power Laser Hazards
	4.3.2.2 High-Power Laser Hazards



	4.3.2.2.1 Laser-Controlled Areas
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	• UV-blocking glasses or goggles will be required when UV hazards are present. The UV hazards wil...
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	• maintenance of working hot log books,
	• complete training for personnel assigned to working hot,
	• proper equipment, never working alone, and other relevant requirements.
	4.4.2 Low Energy Transport (LET) Line
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	• proper equipment, never working alone, and other relevant requirements.
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	4.4.2.11.1 Required to Perform Maintenance on LET Magnet Power Supplies
	• AC power locked out at first AC disconnect before the power supply.
	• Ensure that all energy storage devices are discharged.
	• Ensure AC power at power supply is off using appropriate metering.

	4.4.2.11.2 Required to Perform Maintenance on LET Magnets
	• The power supply is locked out at the power supply breaker. The power supplies powering the mag...
	• Use appropriate metering to verify no power is applied to the magnet being worked on.
	4.4.2.12 Required to Operate LET Magnet Systems

	• Magnet Power Emergency Off Buttons (MPEOBs)
	• All magnet and power supply covers/panels must be installed.
	• Magnet steel or enclosure and the power supply cabinet must be grounded to the technical equipm...
	• All magnet and power supply interlocks must be complete.
	• Posted signs and warning lights must be in place.
	4.4.3 Low-Energy Undulator Test Line (LEUTL)

	• maintenance of working hot log books,
	• complete training for personnel assigned to working hot,
	• proper equipment, never working alone, and other relevant requirements.
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	• AC power locked out at first AC disconnect before the power supply.
	• Ensure that all energy storage devices are discharged.
	• Ensure AC power at power supply is off using appropriate metering.

	4.4.3.4.2 Required to Perform Maintenance on LEUTL Magnets
	• The power supply is locked out at the power supply breaker. The power supplies powering the mag...
	• Use appropriate metering to verify no power is applied to the magnet being worked on.
	4.4.3.5 Required to Operate LEUTL Magnet Systems

	• Magnet Power Emergency Off Buttons (MPEOBs)
	• All magnet and power supply covers/panels must be installed.
	• Magnet steel or enclosure and the power supply cabinet must be grounded to the technical equipm...
	• All magnet and power supply interlocks must be complete.
	• Posted signs and warning lights must be in place.
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	4.4.4.7.1 Required to Perform Maintenance on PAR Magnet Power Supply
	• AC power locked out at first AC disconnect before the power supply.
	• Ensure that all energy storage devices are discharged.
	• Ensure AC power at power supply is off using appropriate metering.

	4.4.4.7.2 Required to Perform Maintenance on PAR Magnet or rf Cavities
	• The power supply is locked out at the power supply breaker. The power supplies powering the mag...
	• Use appropriate metering to verify no power is applied to the magnet or rf cavities being worke...
	4.4.4.8 Required to Operate PAR Magnet Systems

	• Magnet Power Emergency Off Buttons
	• ACIS
	• All magnet and power supply covers/panels must be installed.
	• Magnet steel or enclosure and the power supply cabinet must be grounded to the technical equipm...
	• All magnet and power supply interlocks must be complete.
	• Posted signs and warning lights must be in place.
	4.4.5 Injector Synchrotron
	4.4.5.1 Electrical Hazards for Synchrotron rf
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	4.4.5.3 Electrical Hazards for Synchrotron Quadrupole Magnets and Power Supplies
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	4.4.5.9.1 Required to Perform Maintenance on Synchrotron Magnet Power Supply
	• AC power locked out at first disconnect before the power supply.
	• Ensure that all energy storage devices are discharged.
	• Ensure AC power at power supply is off using appropriate metering.

	4.4.5.9.2 Required to Perform Maintenance on Synchrotron Magnet or rf Accelerating Structure
	• The power supply is locked out at the power supply breaker. The power supplies powering the mag...
	• Use appropriate metering to verify no power is applied to the magnet or rf accelerating structu...

	4.4.5.9.3 Required to Operate Synchrotron Magnet Systems
	• Magnet Power Emergency Off Buttons
	• ACIS
	• All magnet and power supply covers/panels must be installed.
	• Magnet steel or enclosure and the power supply cabinet be grounded to the technical equipment g...
	• All magnet and power supply interlocks must be complete.
	• Posted signs and warning lights must be in place.
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	• maintenance of working hot log books,
	• complete training for personnel assigned to working hot,
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	4.4.6.7.1 Required to Perform Maintenance on HET Magnet Power Supply
	• AC power must be locked out at first disconnect before the power supply.
	• Ensure that all energy storage devices are discharged.
	• Ensure AC power at power supply is off using appropriate metering.

	4.4.6.7.2 Required to Perform Maintenance on HET Magnet
	• The power supply is locked out at the power supply breaker. The power supplies powering the mag...
	• Use appropriate metering to verify no power is applied to the magnet being worked on.

	4.4.6.7.3 Required to Operate HET Magnet Systems
	• Magnet Power Emergency Off Buttons
	• All magnet and power supply covers/panels must be installed.
	• Magnet steel or enclosure and the power supply cabinet must be grounded to the technical equipm...
	• All magnet and power supply interlocks must be complete.
	• Posted signs and warning lights must be in place.
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	• AC power locked out at first disconnect before the power supply.
	• Ensure that all energy storage devices are discharged.
	• Ensure AC power at power supply is off using appropriate metering.

	4.4.7.8.2 Required to Perform Maintenance on Storage Ring Magnet
	• The power supply is locked out at the power supply breaker. The power supplies powering the mag...
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	• Magnet Power Emergency Off Buttons (MPEOB)
	• ACIS
	• All magnet and power supply covers/panels must be installed.
	• Magnet steel or enclosure and the power supply cabinet must be grounded to the technical equipm...
	• All magnet and power supply interlocks must be complete.
	• Posted signs and warning lights must be in place.
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	5.0 SAFETY ENVELOPE
	The safety envelope is a set of physical and administrative conditions that define the bounding c...
	The requirements specified in the safety envelope are binding for operation of the APS accelerato...
	Requirements in the APS safety envelope related to technical matters address those accelerator sy...
	Administrative conditions included in the safety envelope are necessary to assure operation withi...
	5.1 Safety Envelope - Technical Requirements

	The quantity and energy of particles to be accelerated in the injector or stored in the storage r...
	For this reason, the technical requirement for the APS accelerator safety envelope are stated as ...
	The maximum beam current or charge allowed by the safety envelope is a function of the beam kinet...
	The technical requirements for the safety envelope of the linac, LEUTL, PAR, synchrotron and stor...
	Average beam powers have been specified to define the safety envelopes of the linac, LEUTL, PAR, ...
	Therefore, in order to more accurately reflect the relevant time scales in estimating exposures, ...
	Table 5.1 Summary of Accelerator Systems Safety and Operating Envelopes
	For the purposes of estimating occupational doses under routine conditions, it is assumed that th...
	5.1.1 Linac and LEUTL

	Radiation shielding of the electron linac is designed to protect personnel in the linac klystron ...
	The upstream electron linac design performance goal is based upon 48 pps continuous operation at ...
	The rationale for defining the safety envelope in terms of the beam power is that in the APS lina...
	The shielding around the downstream linac is also 2-m-thick concrete. Calculations show that this...
	Figure 5.1 Maximum Radiation Dose in the Klystron Gallery under Nominal Operating Conditions and ...

	When operated together the upstream and downstream linac systems can accelerate electrons to 700 ...
	The LEUTL is an extension of the linac. The additional beamlines beyond the linac, the PAR bypass...
	Following is a summary of the safety envelope for the APS linac, expressed in terms of the linac ...
	5.1.2 Particle Accumulator Ring, Low Energy Transport

	As in the case of the linac, the amount of radiation produced by beam losses in the PAR is propor...
	While the design performance goal for the PAR and LET calls for a 450-MeV electron beam with an a...
	The PAR safety envelope is 20 W of electrons. Maximum PAR energy is 500 MeV.
	The radiation shielding for the PAR enclosure has been designed for this level of beam power in o...
	5.1.3 Injector Synchrotron, High Energy Transport
	5.1.3.1 Modes of Operation


	For both the synchrotron and HET line the safety envelope can be specified by defining the follow...
	It is always possible to assume that the safety envelope can be approached at any time during the...
	5.1.3.2 Limitations to Operations

	The injector synchrotron was designed to accelerate electrons up to a maximum energy of 7.7 GeV. ...
	During top-up operation the injector synchrotron will deliver beam to the storage ring at a rate ...
	(0.368 nC/368 nC = 0.001) ¥ 10 hours ¥ 3600 seconds/hour = 36 seconds.
	This loss in stored beam must be compensated by the injector; 0.368 nC must be added to the stora...
	The synchrotron does not generate particles; it only accelerates them. The maximum quantity of ch...
	5.1.3.3 Losses

	For purposes of the safety envelope, losses will be assumed to occur at 7.7 GeV, 20 nC per cycle,...
	Under normal operations, attempts will be made to confine losses to well-defined areas. Supplemen...
	It is conceivable that beam can be lost at any point in the machine and at any time in the accele...
	5.1.3.4 Safety Envelope

	The hazard analyses for the injector synchrotron are based on a maximum beam energy of 7.7 GeV an...
	5.1.4 Storage Ring
	5.1.4.1 Modes of Operation


	There are three distinct modes of operation of the storage ring, as indicated in Table 5.1. In th...
	In stored beam mode, the cumulative dose is limited by the total stored energy of the beam in jou...
	5.1.4.2 Limitations to Operations

	The maximum possible energy of the beam in the storage ring is 7.7 GeV, due to magnet power suppl...
	Top-up operation of the storage ring will be allowed if and only if
	Both conditions will be enforced by interlocks connected to the accelerator radiation protection ...
	These conditions are sufficient to guarantee that injected beam cannot exit the storage ring encl...
	Transport of an injected beam out an x-ray beamline exit port can only take place if one of the 8...
	5.1.4.3 Losses

	Radiation shielding of the storage ring is designed to protect personnel in the Experiment Assemb...
	While injected beam losses can occur at many places around the storage ring during accidental bea...
	Stored beam losses will occur during beam missteering conditions, but can also result from fast b...
	5.1.4.4 Safety Envelope

	Hazard analysis for the storage ring during injection is based on a maximum beam energy of 7.7 Ge...
	Once stored beam of minimum energy 6 GeV and minimum current 1 mA is established, safety shutters...
	In stored beam mode, the safety envelope is equal to 9280 J of stored energy, corresponding to 32...
	The safety envelope for the x-ray diagnostics beamlines comprises the following:
	5.1.5 Beamline Safety Envelope

	The beamline safety envelope is specified to ensure that the APS design and shielding policy goal...
	5.2 Safety Envelope - Administrative Requirement

	The administrative safety envelope for the accelerator systems requires the existence and adheren...
	Functionality and testing of the ACIS are an administrative requirement of the safety envelope. R...
	The safety envelope includes physical and management constraints to assure that all required supp...
	The safety envelope for top-up operation requires that certain apertures limiting the excursion o...
	The safety of top-up injection was verified by a determination of the particle trajectories in th...
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