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The Next Linear Collider Test Area (NLCTA) is a room-temperature, X-band linear accelerator with
a design no-load energy of 630 MeV, which may be increased to 1,096 MeV after future upgrades.
Electrons are provided by a thermionic gun with a design maximum current of 3.0 A which may
be increased to 4.5 A after upgrade. The maximum pulse length available from the rf system is
225 ns. The maximum gun repetition rate is 10 pps, while the klystrons and modulators are
designed to run at 180 pps for the purposes of engineering development. The facility is con-
structed in the End Station B area of the SLAC Research Yard.




[image: image3.png]Facility Purpose
SLAC is the site of the first linear collider facility, the SLAC Linear Collider (SLC).

The NLCTA project is an experimental assembly designed to integrate the new technologies of
X-band accelerator structures and rf systems being developed at SLAC and elsewhere in the world
for the Next Linear Collider (NLC).

The goals of the project include technology integration, measurement of the “dark current” gener-
ated by rf field emission in a high-gradient accelerator, demonstration of multi-bunch beam-load-
ing compensation, suppression of higher-order deflecting modes, and measurement of any
transverse components of the accelerating field.




[image: image4.png]1.3 Facility Operations
The NLCTA will not be used as a production machine; that is, it is not likely that it will ever be
used as a source of charged particles. It will, rather, be used as a developmental tool and will oper-
ate for relatively short periods of time to study properties of various new technologies incorpo-
rated into the design. The shielding analysis is based upon the expectation that the facility will be
operated for not more than 1,000 hours per year.




Operation of the NLCTA is expected to extend to around 6000 hours per year.  Most of the operation will be “unattended operation without beam.”  Beam operation of 1000 hours per year is possible through future programs.  [rkj 11/2001]

[image: image5.png]Itis planned to be operated in a staged manner, with the injector being commissioned first in 1995,
and the accelerator commissioned in 1996. An upgrade is planned at a future date which will
increase the accelerating gradient, and hence the maximum power capability. The maximum’
power capabilities are expected to be as follows:




[image: image6.png]1 This assumes that a system failure allows a higher than normal repetition rate transmitted to the gun, such that the aver-
age gun current is limited by the charging rate of the gun pulser circuits. See Section 9, “Accelerator Safety Envelope,”
for further discussion of maximum credible power.




[image: image7.png]Configuration Date Max. Credible Power
Injector only 8/1/95 669 Watts
Linac 8/1/96 3,233 Watts
Upgrade Future 5,745 Watts





[image: image8.png]1.4 Hazard Classification and Safety Analysis

A proposal to classify the NLCTA as a Low Hazard Facility was filed with the DOE on March 23,
1995.

The Director of the Office of Energy Research approved the classification of the NLCTA as a Low
Hazard Radiological Facility on June 16, 1995.

A safety analysis is presented in Chapters 7 and 8 of this document. The summary results of the
safety analysis are shown in the attached Table 1.1.




[image: image9.png]Table 1.1: Hazard Identification and

Note:  The hazards reviewed and lsted here are only those which arise s a consequence of the aperation ofthe acility concerned. Hazards which arise
i the course of production of parts of the fucility, or involving on-site transportation of materials or personnel, are not considered here. Normal
and customary hazards typical of ight industrial perations are not considered.

ttem Hazard Causes Prevention/Mitigation Mcans | Potential Impact | Consequence | Probability
7.3.1 | tonizing radiation expo- | Personnel error, | Formality of design, maintenance, | Personnel injury | 3 —Low A— Extreme-
sure, outside housing | interlock failure | and functional testing of radiation Iy Low
safety systems, formal procedures
for system use and to assure con-
figuration control, training of oper-
ations steff and users
7.3.2 | tonizing radiation expo- | Personnel error, | Formality of design, maintenance, | Personnel injury | 2 — Medium | A — Extreme-
sure, inside housing interlock failure | and functional testing of radiation Iy Low
safety systems, formal procedures
for system use and to assure con-
figuration control, training of oper-
ations saff and users
733 | Exposure to residual Procedural error, | SLAC Guidelines for Operations, | Personnel injury | 1—Extremely | A— Extreme-
activity inside housing | personnel error | training, Radiation Work Permits Low Iy Low
8.1 | Fire;acceleratorhousing, | Equipment failure. | Sprinklers, fire alarms, exit routes, | Personnel injury, | 3 —Low B—Low
equipment and control waining, on-site fire department | property loss
areas
83 | lectric Shock Personnel error, | NEC compliance, interlocks, rain- | Personnel injury, | 2—Medium | 8 — Low
interlock failure | ing, lock and tag. fatality
84 | Non-ionizing radiation | Personnel error, | Safety procedures, design of inter- | Personnel injury | 3 — Low B—Llow
exposure interlock failure | lock systems, raining
8.7 | seismic Hazards Earthquake Building and structural codes and | Personnel injury, | 3 —Low B—Low

standards, field inspection

property loss





notes:

7.3.2 – hazard underrated. [rkj 11/2001]

7.3.3 – fire hazard addressed by high sensitivity smoke detection.  [rkj 11/2001]
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Injector

‘The injector contains a thermionic-cathode gun and two X-band accelerator sections. The gun cur-
rent is 1.5-A nominal (3-A maximum), accelerated electrostatically to 0.15 MeV. The gun pulse has
0.125-microsecond duration which is set by a fixed network. The pulse-repetition rate is limited by
hardware to a maximum of 10 Hz. A pair of 0.9-m-long X-band accelerator sections, powered by a
single 50-MW Klystron with a dedicated pulse modulator, boost the beam energy by 70 MeV. (The
zero-current accelerating gradient is 50 MV /m.) Detailed modeling of the injector indicates that
the net current loss in the injector will be approximately 30%.




Gun pulser was replaced with another design with a pulse length of 2 nanoseconds with approval of Radiation Safety Officer.  [rkj 11/2001]

[image: image12.png]3.2 Chicane

A magnetic chicane downstream from the injector, Figure 3.1, contains a pair of bends that offset
the beam axis by 9 inches, and a second pair of bends that restore the beam to its original axis. Two
fixed collimators and one adjustable collimator are positioned between the two pairs of bends. The
nominal beam power entering the chicane is 100 W.




[image: image13.png]3.3 Faraday Cup

An insertable Faraday cup downstream from the chicane, when inserted into the beam line, will
absorb the full beam power in a re-entrant block of tungsten.




[image: image14.png]3.4 Linac

The linac contains three pairs of 1.8-m-long X-band accelerator sections. Each pair is powered by a
single 50-MW Klystron with a dedicated pulse modulator. Each pair boosts the energy of the nom-
inal-current beam by 135 MeV, for a total energy gain of 405 MeV. (The zero-current accelerating
gradient is 50 MV /m.) The dominant source of radiation in the linac s expected to be small, dis-
tributed beam losses. The net loss is expected to be much less than 0.5%, consistent with experi-
ence in the SLAC linac and Final Focus Test Beam. However, for the purpose of estimating the
radiation doses, a net loss of 0.5% at the highest energy, concentrated at a single point, is assumed.




Distributed losses are actually quite high, far exceeding 0.5%.  Additionally, dark current emission of accelerator at high gradient is significant.  Radiation Physicist monitors shielding with Area Monitors and Event Monitoring.  [rkj 11/2001]

[image: image15.png]3.5 Spectrometer and Beam Dump

A 12-degree spectrometer line, and a straight-ahead line, both terminate in an iron and concrete
beam dump. The dump will absorb the full beam power. The iron target will be cooled by natural
convection and thermal radiation. Water cooling will not be necessary, nor will it be provided.
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High-Power Radiofrequency System

Radiofrequency (rf) power for the NLCTA will be provided by four 50-MW X-band klystrons. The
Klystron peak power will be quadrupled by SLED I rf pulse compressors. These Klystrons and
pulse compressors represent a new microwave technology being developed at SLAC, which is the
raison d'ére for the NLCTA. The Klystrons will produce 50 MW of microwave power at 11.424 GHz
in 1.5-microsecond-long pulses. The pulse compressors will compress the rf pulse length from 1.5
‘microseconds to 0.25 microsecond, and boost the peak power by a factor of 4. The resulting
200-MW microwave pulse, split between a pair of accelerator sections, will boost the energy of the
linac beam by 130-180 MeV, depending on the current loading the accelerator.

The NLCTA’s X-band Klystrons present no new hazards relative to the SLC’s S-Band Klystrons. Rel-
ative to the S-band Klystrons, the X-band klystrons will operate at somewhat higher voltage

(440 KV versus 350 kV), but at lower perveance (1.2 tA/V3/2 versus 1.8 uA/V/2), and at shorter
pulse-length (15 s versus 3.5 ps). Consequently, the total beam energy in an NLCTA X-band
Klystron will be lower than in an SLC S-band klystron.

The operations staff will conduct radiation hazard surveys periodically to ensure that the
Klystrons and other high-power rf components are appropriately shielded for both x-rays and
microwaves.




Surveys for x-ray emission are preformed regularly by members of the Operational Health Physics group (OHP) for both OHP and NLCTA operations.  [rkj 11/2001]

discuss microwave surveys
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Upgrade Plans

A future upgrade of the rf system is planned in which the rf power will be tripled by replacing
each 50-MW Klystron with a pair of 75-MW Klystrons, which will increase the accelerating gradi-
entin the injector and in the linac by a factor of /3 . A future upgrade of the injector, which would
increase the peak current and change the micropulse structure, may be desirable to advance NLC
accelerator-development studies. The injector upgrade as planned would increase the pulse cur-
rent to 3-A nominal and 4.5-A maximum.




Upgrade plans include the installation of a new generation of klystrons, modulator, and pulse compression technology.  The power estimates in the 1995 document are no longer applicable.  [rkj 11/2001]
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Conventional Structures

The NLCTA facility, which is partially contained inside End Station B, consists of an above-ground
beam-line enclosure, banks of instrumentation, controls, and power supply racks, a 3.33-MW elec-
trical substation, and a control building. Figure 3.2 shows the layout of the NLCTA buildings.

End Station B (Building 62) is a reinforced poured-concrete structure completed in 1966. Interior
dimensions at floor level are 150 feet (east-west) by 75 feet (north-south) by 50 feet high. The north
and south walls have large openings for moving equipment in and out. A 20 feet by 20 feet portion
of the south opening has a motorized 2-foot-thick concrete door. Other openings in the north,
south, and east walls are approximately 12 feet high x 70 feet wide, and are covered with 2-foot-
thick portable concrete blocks. All walls and the roof are concrete, with minimum thicknesses of
2 feet, varying as required by structural considerations. The roof slabs are supported on steel gird-
ers. The floor slab is made of 6-inch thick, un-reinforced concrete on a 6-inch untreated base of
coarse graded aggregate. The building is a large single-story concrete structure designed as a rigid
frame. There are large sections of uninterrupted walls designed to carry large earthquake-induced
shear forces into the sandstone foundation. End Station B is ventilated by nine roof-mounted
25,000-cfm exhaust fans.

The above-ground beam-line enclosure was recently constructed from poured, reinforced concrete

blocks. The walls are 6 feet thick. The roof is 4 feet thick. The interior measures 10 feet high by
9 feet wide by 170 feet long. Approximately half of the enclosure is contained inside End Station B;




[image: image19.png]the rest extends beyond the end station by about 80 feet, to the east. The beam dump, which will
consist of iron, lead, and concrete, will be at the east end of the accelerator housing. The interior
walls of the enclosure are painted white. The concrete floor is sealed. Access and egress is pro-
vided through two radiation mazes: one at the west end, which connects to End Station B; and one
on the south side, which connects to the outside. Cross-ventilation is provided by the two mazes,
and can be assisted by using portable electric fans, when necessary. Telephones are spaced approx-
imately 50 feet apart inside the enclosure. Figure 3.3 shows a cross-sectional view of the NLCTA
beam-line housing.

Approximately 70 racks of instrumentation, controls, and power supplies for the NLCTA are con-
tained inside End Station B. Cables run in overhead trays that enter the beam-line housing
through the west maze.

The new 3.33-MW substation (Building 501) provides power to the NLCTA, to End Station B, and
to the southern part of the Research Yard. This single-story structure, which measures 20 feet by 39
feet, is made of steel-reinforced masonry-block walls, with a sheet-metal roof, on a 4-inch-thick
concrete slab foundation.

The new control building (Building 128) contains the NLCTA operations control room, a confer-
ence room, an office, and a toilet. This single-story, sheet-metal, steel-frame structure measures 26
feet by 42 feet




[image: image20.png]3.9

Cooling Water

NLCTA components will be cooled by an existing Research Yard LCW circuit (at 275 psi pressure).
Anew Low Conductivity Water (LCW) closed circuit has been constructed for cooling the NLCTA
accelerator sections. This accelerator LCW circuit operates at 45 psi and is temperature-stabilized
to 45° +0.1'C. Heat from the accelerator LCW circuit will be transferred by heat exchanger into the
Research Yard LCW circuit.

For operational support and maintenance purposes, the LCW circuits used for the NLCTA project
will be part of the SLAC’s overall LCW system, which is tested routinely for tritium and hazardous
constituents.

The NLCTA beam dump will not be water-cooled. Significant radioactivation of LCW is not
expected to be a problem.




Cooling is by conduction and convection.  Radiation is not a significant process.  No water is used.  [as built – rkj 11/2001]

[image: image21.png]3.10 Power Supplies

The beam line magnets in the NLCTA will include 34 air-core solenoids in the injector; four steel-
core dipoles that make a chicane for manipulating the longitudinal phase space of the beam; 33
iron-core quads with trim windings for steering correction throughout the chicane, linac, and
spectrometer; and an iron-core (horizontal) dipole for momentum analysis in the spectrometer,
used in conjunction with a ferrite-loaded (vertical) kicker and a kicker-compensator dipole. The
low-voltage, high-current power supplies for these magnets will be interlocked through the Per-
sonnel Protection System such that the power supplies must be turned off for unrestricted access
to the accelerator housing. A special restricted-access mode called RASK (“restricted access with
safety key”) will be supported, in which qualified persons may work inside the housing while the
power supplies are turned on under administrative control.

An additional 20 air-core steering-corrector magnets are distributed throughout the injector and
spectrometer. The low-voltage, low-current power supplies for these magnets do not constitute an
electrical hazard, and will not be controlled by the Personnel Protection System.




Power supplies must be turned off prior to any access to the accelerator housing (not just unrestricted access).  From controlled access, under procedural RASK mode control, and key control, the power supplies can be turned on with personnel in the accelerator housing.

[image: image22.png]Vacuum in the NLCTA beam line and high-power microwave systems will be produced and main-
tained by ion pumps. These pumps will be powered by high-voltage, low-current power supplies
located in racks inside End Station B. The ion-pump high voltage is insulated by safe connectors.




[image: image23.png]3.11 Instrumentation and Control

Beam instrumentation in the NLCTA will include strip-line beam position monitors, beam-profile
monitors that image the beam on phosphor screen, wire scanners, toroids, an insertable Faraday
Cup, and adjustable collimators.

The control system for the NLCTA will be an extension of the SLAC control system that is currently
used to operate the SLC, the Final Focus Test Beam, and the Polarized Gun Test Lab. The SLAC con-
trol system distributes control functions among a supervisory mainframe, remote workstation
consoles for human interface, and remote microcomputers for actual hardware control.

The primary interface to instrumentation at SLAC and in the NLCTA is Computer-Automated
Measurement and Control (CAMAC). However, parts of the NLCTA rf system may be controlled by
instrumentation of a new open industry standard (IEEE-488 and VXI-bus). Such new modular elec-
tronics may be chosen for their superior capabilities in remote data processing, and will be inter-
faced to the SLAC control system via ethernet.




The control system for the NLCTA is driven by the physics program and the available manpower and control system expertise available at the laboratory.  The control system, as described in the SAD represented the best expectation at the time of the writing, and does not closely resemble the current system.  [rkj 11/2001]
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Figure 3.1: Plan View of the NLCTA




[image: image25.png]Operating Organizations
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Personnel and Responsibilities

The personnel involved in accelerator operations include the NLCTA Operations Manager, the
NLCTA Operations Engineer, the NLCTA Operator in Charge (OIC), other control room operators,
the NLCTA Program Deputy, other accelerator physicists, and other control room staff who are
assigned to the NLCTA.

Any accelerator system capable of producing a beam, including high-power rf, may be operated
only when there is a valid Beam Authorization Sheet (BAS) and when a qualified OIC is on duty.

The OIC is the qualified operator designated, in the Operations Log, to be in charge of operations
at that time.

0IC qualification consists of learning to operate the NLCTA in a safe and efficient manner through
a specified set of training classes, some of which apply to all SLAC operations, and some of which
are specific to the NLCTA. In addition to the specified training, competency must be certified by
the NLCTA Operations Manager.

The Operations Engineer supervises operator training and maintains records that indicate the
training and qualifications of the control room operators.

The control room staff may also include accelerator physicists, engineers, experimenters, and oth-
ers who operate the accelerator controls to commission new hardware or software, diagnose prob-
lems, or perform specific experiments.

The responsibilities of the different participants are described in detail in NLCTA Operations Direc-
tives, Section 2 (02-02-01, draft dated May 22, 1995). The list of contents of NLCTA Operations Direc-
tives is attached as Attachment 1.




The current NLCTA Operations Directives describe the staffing and areas of responsibilities of project personnel.  The reader is directed to this document to understand the current staffing responsibilities.  [rkj 2001]

ref: 4.1 paragraph 2:  The Operations Directives have been modified to allow operation of the rf power sources (only and without the electron gun) without requiring an operator to be present.  This was reviewed by the Radiation Safety Committee, the Radiation Safety Officer, and all subject matter experts of the SLAC ES&H department.  Authorization to pursue this program was granted by the chair of the Safety Oversight Committee (Ken Moffiet).  [rkj 2001]

[image: image27.png]4.2

Training

Table 4.1 shows the required training for personnel engaged in maintenance or operations at the
NLCTA. For the most part, the courses listed are standardized courses presented by the ES&H Divi-
sion; however, qualified operators of NLCTA are required to receive special training in control
room procedures and in use of the Radiation Safety Systems (see NLCTA Operations Directives, Sec-
tion 2 and Section 3, draft dated May 22, 1995).




The following table is for reference only.  The training requirements for NLCTA Operators are specified in the core safety documentation for the project and differ slightly from the following list.  Training of non-NLCTA personnel is not under the control of the project, and thus training for differing areas may differ from the following chart.  [rkj 2001]
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[image: image29.png]4.3 SLAC Guidelines for Operations

The NLCTA, like all accelerator facilities at SLAC, is governed by SLAC Guidelines for Operations.
These documents specify methods and procedures by which accelerator and detector operations
are conducted in conformance with DOE 5480.25 Safety of Accelerator Facilities. The Guidelines
stipulate the responsibility for operations management, responsibilities of various key positions,
the requirement for formality and documentation of various activities, and describe mandatory
procedures for configuration control of safety systems. Personnel engaged in accelerator opera-
tions or maintenance are required to be familiar with these Guidelines. A listing of Guideline titles
is attached as Attachment 2.




[image: image30.png]Attachment 1: NLCTA Operations Directives — Contents List!




[image: image31.png]1. Program Control
1.1. Personnel and Responsibilities
1.1.1. Management
1.12. Operations Manager
1.13. Operations Engineer
1.14. Operator in Charge
1.15. Program Deputy
1.1.6.  Accelerator Physicists
1.2. Directives
1.21. Program Schedule
122, Altemate Program
2. Accelerator Operations
2.1. Personnel and Responsibilities
2.1.1. Operator in Charge
212. Operations Manager
213. Program Deputy and Accelerator Physicists
2.14. Control Room Watch
2.2. Directives
22.1. Shift Protocol
222. Operating Procedures
223. Accelerator Operations Equipment
224. Record Keeping
3. Safety
3.1. Personnel and Responsibilities
3.1.1. Operator in Charge and Control Room Staff
312. Operations Engineer
3.13. Operations Manager
3.14. Accelerator Department Safety Office
3.15. Radiation Physics Department
3.2. Directives
3.2.1. Safety Rules and Procedures
322. Key Control
3.23. Safety Communications
324. Safety Record Keeping
4. Maintenance
4.1. Personnel and Responsibilities
411 Area Manager
412, System Physicists and Engineers

! Draft dated May 22, 1995.




[image: image32.png]4.2. Maintenance Categories
4.21. Benign Maintenance
4.22. Immediate Maintenance
4.23. Scheduled Maintenance
43. Trouble Reports
Appendix A: Organizational Structure
Appendix B:  Applicable Documents




[image: image33.png]Attachment 2: List of Titles in SLAC Guidelines for Operations
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Safe Use of Liquefied Nitrogen
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Program Management'

The personnel involved in defining and scheduling the accelerator program include the Associate
Director of the Technical Division, the NLCTA Facility Head, the NLCTA Operations Manager, the
NLCTA Operations Engineer, the NLCTA Program Deputy and accelerator physicists, and the
NLCTA Facility Engineer and Area Manager.

In general, the aspects of the program concerning experimental accelerator physics are the respon-
sibility of the Program Deputy (assisted by other accelerator physicists); the aspects of the pro-
gram concerning accelerator maintenance and improvements are the responsibility of the Facility
Engineer (assisted by the Area Manager); and coordination of accelerator operations with acceler-
ator physics experiments, maintenance, and improvements is the responsibility of the Operations
Manager (assisted by the Operations Engineer).

Carrying out the short-term schedule at all times will be the responsibility of an Operator in
Charge (OIC). The OIC title is transient, and is passed among a group of qualified people that
includes, but is not limited to, the Program Deputy or another accelerator physicist, or the Opera-
tions Engineer. The OIC assumes OIC responsibilities typically for the duration of one shift (six to
eight hours). The name of the person holding the OIC title will be indicated in the Operations Log
at all times when the NLCTA is operating.

Management involved in program control includes the Associate Director, Technical Division, and
the NLCTA Facility Head. Together with the NLCTA Operations Manager, they specify the long-
term and short-term schedules for the accelerator program. The NLCTA Facility Head publishes
the long-term schedule, in consultation with the Associate Director, Technical Division. The
NLCTA Operations Manager translates the long-term schedule into a short-term schedule.

The short-term schedule is reviewed at accelerator management meetings and is updated as
needed in response to problems or delays. The accelerator management meeting is usually
attended by the NLCTA Facility Head, the Operations Manager, the Program Deputy, the Facility
Engineer, and the Operations Engineer.




[image: image37.png]1 See also: NLCTA Operations Directives, Section 1, Program Control, draft May 22, 1995.




See most current version of the NLCTA Operations Directives.  [rkj 2001]
[image: image38.png]5.1.1 Operations Manager
The program control responsibilities of the Operations Manager (OM) are as follows:

¢ Develop and manage the short-term schedule 5o as to ensure safe and effec-
tive utilization of the NLCTA facility. This responsibility may be delegated to
the Operations Engineer.

*  Monitor the activities of the Operations Engineer and the Operator in Charge
and provide assistance where needed.

Conduct operations meetings as necessary to review progress, announce
schedule modifications, and dispatch resources.

*  Review all maintenance activities that could affect machine operation.




Strike above language (5.1.1), and refer to the most current version of the NLCTA Operations Directives.  [rkj 2001]

[image: image39.png]5.1.2

Review the performance of the Operations Engineer and the qualified opera-
tors with regard to operational safety, and make recommendations to the
NLCTA Facility Head as to their fitness for accepting operational responsibil-
ity.

*  Give a summary report of accelerator operations in accelerator management
meetings.

The OM may be an accelerator physicist and may participate in accelerator physics experi-
ments.

Operations Engineer

The Operations Engineer (OE) position is filled by an experienced accelerator operator,
usually trained by the SLAC Accelerator Department as an EOIC. The OE usually assumes
the OE responsibilities for an indefinite period of time. The OE is expected to frequently
assume the role of “Operator in Charge” when operations are in progress, and is on call
for all operations. The OE may participate in accelerator physics experiments. The OE
attends the daily Operations Meeting and is encouraged to attend the shift change meet-
ings.

The program control responsibilities of the OF are as follows:

*  Assume the responsibilities of Operator in Charge frequently when opera-
tions are in progress, whenever doing so does not conflict with the other
responsibilities of the OE.

*  Monitor the activities of the Operator in Charge and provide assistance where
needed.

e« Provide an alternate program when it becomes impossible to carry out the
scheduled accelerator program.

*  Change the program to make optimal use of the accelerator when neither the
primary program nor the alternate programs can be carried out.

+  Give a summary report of operations in Operations Meetings.

«  Qualify operators in safety, operations, procedures, and in the various accel-
erator subsystems.

+  Develop improvements and upgrades to accelerator tuning procedures and
equipment.




Strike above language (5.1.1 & 5.1.2), and refer to the most current version of the NLCTA Operations Directives.  [rkj 2001]

[image: image40.png]7 Safety Analysis — lonizing Radiation




[image: image41.png]7.1 Radiation Safety Systems

Radiation safety is ensured by a number of engineered safety systems and by the administrative
measures associated with those systems. The engineered systems are:

¢ The shielding envelope, which functions as an attenuator of the radiation produced
by the accelerated particle beams, such that radiation levels outside the shielding
envelope are consistent with worker occupancy, and boundary doses are consistent
with permitted off-site levels. The shielding envelope also serves as an access control
barrier to prevent personnel from entering high-level radiation areas.

+  The Personnel Protection System (PPS), which controls personnel access to the acceler-
ator systems within the shielding envelope in such a manner that personnel access is
not permitted when radiation hazards are present.

*  The Beam Containment System (BCS), which ensures that the beam remains within
the channel which was envisaged for the shielding design, and acts to terminate oper-
ations through independent shut-off channels if there is evidence that the channel has
been breached.

«  The Beam Shut-Off lon Chamber (BSOIC) system, which acts as a secondary backup
system to detect when radiation levels outside the shielding enclosure exceed preset
levels (nominally 100mrem /hr). If such is the case, the system terminates operations
through the PPS shut-off channels,

Administrative measures include:

*  The Beam Authorization Sheet (BAS), which is a document that is required to be com-
pleted prior to operation of the beam into any of the possible channels for a particular
accelerator. It serves as a detailed prescription of the measures required to ensure that
operations remain within the Accelerator Safety Envelope. Signatures are required ini-
tially by the Radiation Physicist responsible for the particular beam channel, and from
the Accelerator Department Safety Officer, and thereafter signatures are required by
operations supervisors on a shift-by-basis. The document is the responsibility of the
Radiation Physicist assigned to the area concerned and is approved by the Accelerator
Department Safety Office (or the SSRL Safety Office).

Each BAS is divided into the following sections:

«  Pre-Running Conditions: Provides for the sign off and approval of inspections or
check out of radiation safety items including shielding inspection, PPS and BCS items,
and BSOICs.

+ Initial checkout: Provides for the sign off and approval of any tests to be conducted
requiring beam on, such as radiation surveys or ion chamber response calibration.

* Running Conditions: Itemizes all radiation safety items required to be in place or
active throughout the period of beam operation. Also included are allowable beam
power limits and beam destinations for the area under consideration.




[image: image42.png]«  Changes or additions: During a running period changes or additions to any part of
the BAS may be made with the joint approval of the Radiation Physicist and the Accel-
erator Department Safety Office (ADSO) or SSRL Safety Office representative.

«  Operator Sign-Off Sheets: The Operator in Charge is responsible for ensuring that the
Running Conditions are complied with during beam operation and signs at the begin-
ning of the shift to acknowledge any changes or additions that have been made.

Configuration control of radiation safety systems is assured by:

*  Design and construction of radiation safety systems are carried out in accordance
with the Quality Implementing Procedure for the NLCTA, and in conformance with the
general design features described in Appendices A, Band C of this document. Testing
and periodic functional testing of the systems is done in accordance with formal pro-
cedures approved by the Department Head, Controls Department, Technical Division.

*  SLAC Guidelines for Operations, Guideline 14, which requires written authorization
before any work is carried out on any of the radiation safety systems above, and spec-
ifies requirements for post-work testing.

«  Formality in initial check out, periodic component checks, and semiannual safety sys-
tem tests which are required to be in accordance with written procedures.

Sections 7.1.1, 7.12, and 7.13 provide detailed descriptions of the engineered radiation safety sys-
tems as implemented at the NLCTA. (Appendices A, B, and C describe the general design of these
systems at SLAC.) Section 7.2 describes the shielding design. A hazard analysis follows in
Sections 7.3.1and 7.3.2.

7.1.1  The Personnel Protection System at the NLCTA

The Next Linear Collider Test Accelerator (NLCTA) PPS Access Control System is a four-state
access system:

* Permitted Access
*  Controlled Access
* Restricted Access
* No Access

Entry into the NLCTA beam line housing will require verification that all electrical and radiation
hazards are off. If the status of any radiation hazard is lost when the housing is in Permitted, Con-
trolled, or Restricted Access, then the PPS Access Control System will not allow transfer to other
access states. In addition, an audible alarm will be sounded at the PPS control console, requiring
intervention by the NLCTA operator to investigate. If the “off” status of any radiation hazard is
lost while the housing is in the Controlled Access state, all keybank releases will be disabled.

The NLCTA beam line housing has two entrance points (Figure 7.1). Both are standard access mod-
ules. One is located at the west end of the beam line housing, and the other is approximately 3/5
of the way down the housing from the west end. Each access module contains an Outer Door,
Inner Gate, Keybank, Access Annunciator panel, Door Control boxes, Emergency Entry/Exit but-
tons, Search circuit boxes, Telephone, Yellow /Magenta warning lights, Door Bypass strobe, and a
TV camera (Figure 7.2). The Outer door will use a magnetic lock (magnalock). This device is an
electromagnet which secures the door in the closed position. A circuit will monitor this device to
ensure its contact with its door stop and monitor its magnet current to ensure proper operation.

The PPS Access Control System will be operated from the PPS control console located in the NLCTA
Control Room, Building 128. A second panel will be located in the PPS back up rack, B062 RK. 01,
and will be used by the PPS crew for maintenance and certification purposes only. The logic will be
designed using fail-safe and redundant relay circuit techniques. All hardware will be housed in
locked cabinets and racks. Wires and cables will be protected in conduit, armored cable, or trays.




ref: 7.1, Configuration Control, bullet 1:  No QIP exists.  [rkj 2001]

ref: 7.1.1:  Field devices such as microswitches, magnetic locks, and emergency off buttons are in insustrial standard enclosures and not in locked cabinets and racks.  This is per the best practices of the PPS group at SLAC.  
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Figure 7.1: NLCTA PPS General Layout




The general layout is correct as shown.  Beamlines are not accurately depicted.
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Figure 7.2: NLCTA PPS Door Configuration




