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ABSTRACT 

An experiment to evaluate the suitability of beryllium as a limiter material has been 
completed on the ISX-B tokamak. The experiment consisted of two phases: (1) the initial 
operation and characterization in the ISX experiment, and a period of continued operation 
do the specified surface fluence atoms/cm2) of hydrogen ions; and (2) the disassem- 
bly, decontamination, or disposal of the ISX facility. During these two phases of the proj- 
ect, the possibility existed for beryllium and/or beryllium oxide powder to be produced 
inside the vacuum vessel. Beryllium dust is a highly toxic material, and extensive precau- 
tions are required to prevent the release of the beryllium into the experimental work area 
and to prevent the contamination of personnel working on the device. Details of the health 
hazards associated with beryllium and the appropriate precautions are presented. Also 
described in appendixes to this report are the various operational safety requirements for 
the project. 
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The Impurity Study Experiment (ISX- existing fusion experiment in 
9201-2 at the Y-12 Plant and is operated b perations Group of the Fusion Energy 
Division. The experiment is described in the existing safety reports.' The main experi- 
mental program is scheduled to end on March 31, 1984. It i s  proposed to conduct a special 
experiment on the ISX-B device beginning in May 1984 and continuing for the next four 
or five months. This experiment IS the subject of this safety analysis report. The purpse of 
this experiment is to generate operating experience and an experimental data base for 
beryllium as a limiter material in tokamaks. Based on the results of this experiment, a 
decision will be made as to the suitability of beryllium as a limiter material for the next 
generation of tokamaks and, in particular, for the Joint European Torus (JET) undertak- 
ing. 

The project consists sf three phases: ( 1 )  the design and fabrication of the beryllium 
limiter and assembly; (2) the initial operation and characterization in the E X ,  and a 
period of continued operation to the specified surface fluence ( IO2* atoms/cn2) of hydro- 
gen ions; and (3 )  the disassembly, decontamination, or disposal of the ISX facility. A 
detailed description of the project i s  given in the proposaL4 The first phase, the design and 
construction of the limiter, has been performed under Oak Ridge National Laboratory 
(ORNL) subcontract to Sandia National Laboratories (SNL). The limiter will be 
delivered ready for installation on the ISX. No safety problems are associated with this 
phase of the project. This safety analysis will address the second and third phases of the 
project when there is a possibility that beryllium and beryllium oxide powder may be pro- 
duced inside the vacuum vessel. The resultant hazards and the measures used to protect 
against these risks will be discussed. 

2. SUMMARY SAFETY ANALYSIS 

The ISX-B is an existing facility that has operated for more than five years. The 
experiment is located on the second floor at the east end of Buiiding 9201-2, Y-12. The 
final experiment to be done on this machine consists of a study of beryllium metal as a 
plasma limiter material. A possible result of this experiment is the coating of a significant 
portion of the inside of the ISX-B vacuum liner with a thin layer of beryllium or beryllium 
oxide. In addition, the possibility exists of the wall coating or the limiter itself generating 
quantities of powder containing beryllium. The total beryllium inventory in the machine 
will be about 1.5 kg. A quantity less than 3 g is expected to be distributed away from the 
limiter assembly. Primary protection against distribution of beryllium into the environment 
inside Building 9201 -2 is supplied by a high-efficiency particulate air (HEPA)-filtered 
liner ventilation system. In addition, portable suction systems are available tu supply dust 
extraction on isolated apparatus. Possible contamination will be monitored by both air and 
surface sampling. Existing experience on Operation and cleanup of similar systems has not 
shown any significant problem; in particular, no dust containing beryllium was detected. 

On completion of the experimental program, the device will be disassembled and the 
components either decontaminated or disposed of in a suitable toxic waste site, as costs 
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indicate. A small decontamination facility has been built next lo the ISX-B for the evalua- 
tion of contamination levels and decontamination of small items. Large or heavily contam- 
inated items will be transferred to the decontamination facility at Building 9201-4. 

3. SITE 

The beryllium limiter experiment will be performed in the already existing ISX-B 
facility. This experiment is located at the east end of the second floor of Building 9201-2 
at the Y-12 Plant. The risks associated with the routine ISX-R operations are discusse 
the ISX safety analysis reports. 

Building 920 1-2 contains other experimental facilities arid office space. Sufficient pre- 
cautions, as described in this document, have been taken to prevent the dispersion of 
beryllium-containing dust into these areas. 

The ISX-R is located inside a walled and interlocked enclosure. This enclosure will be 
used as a controlled access area. 

FACILITY AND P 

The E X - B  is described in the appropriate safety analysis report."' Figure 1 shows 
the installation plan for the main toroidal vacuum system and associated components of 
the installation, The beryllium limiter experiment consists of the installation of a beryllium 
limiter into the ISX-B vacuum vessel and of the operation of the device using this limiter. 
A backup beryllium limiter has been constructed and is available for use in the event that 
the primary assembly experiences failure. A description of the experiment is given in 
Appendix A. 

The additional hazard, described by this report, is due to the addition of a beryllium 
limiter to this existing facility. The total beryllium inventory associated with the limiter i s  
about 1.5 kg. The beryllium will be sputtered from the limiter tiles by the plasma. The 
best estimate of the quantily of beryllium that will be sputtered is 3 g or less. This beryl- 
lium will be initially plated onto the vessel walls. Secondary processes may then redistrib- 
ute this plating around the interior of the vacuum vessel in the form of dust containing 
beryllium. 

The safety hazard associated with beryllium and berylliiim oxide powder is inhalation; 
a description of the material properties and health hazards associated with beryllium is 
given in Appendix B. Protection against the sprcad of the dust is by the use of ventilation 
systems with efficient filtration. Surface cleanup is done by simple wet washing. Personnel 
protection is through adequate ventilation and the use of oral-nasal masks where required. 
Monitoring of contamination is made with vacuum filtration monitors for air monitoring 
and with swab wipes for surface monitoring. Subsequent analysis is by atomic absorption 
spectral analysis (performed on site at the Y-12 Plant); typical analysis turnaround times 
are about one-half day. The techniques described here are those routinely used in the 
beryllium fabrication and machining industry, which maintains a high safety record. 

A preliminary experiment to test beryllium has been performed on the Unitor 
tokamak in Dussel orf, Germany. A brief account of the experiment and cleanup tech- 
nique and experience is attached (Appendix C ) .  In addition, a description of the cleanup of 
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the Electron Beam Test Facility (EBTF) at SNiL (Albuquerque) is attached (Appendix 
U). One conclusion that should bc noted is the total absence of beryllium dust associated 
with both these experiments. Also included i s  a copy of a preliminary report by the JET 
undertaking on the health and safety implications of using beryllium on the JET experi- 
ment, which is located at Abingdon, England (Appendix E). 

At the completion of the operational cycle, the experiment will be carefully disman- 
tled; the various components will be checked for contarnination using the apparatus and 
techniques previously described and will then be either disposed of in a suitable toxic waste 
facility or decontaminated for use on the next experimental device. The decontamination 
will either be done on site in an adjacent area using a large hood equipped with adequate 
ventilation and filtration or will be sent to existing decontamination facilities in the '6-12 
Plant. The end product of the normal decontamination procedure i s  water containing beryl- 
lium and beryllium oxide; standard procedure i s  to handle this in mobile tanker trailers. 

It is planned to use a considerable number of the components, such as the neutral 
beam systems and diagnostics from the EX-B, on the next device, the Advanced Toroidal 
Facility (ATF) experiment. These components and diagnostics will be most stringently 
decontaminated and monitored to ensure that they will not transfer any significant quan- 
tity of beryllium to this next facility. The remaining contaminated components of the 
ISX-B machine will be disposed of in a toxic waste facility. 

4.1 CONFINEMENT SYSTEM 
During the experiment the beryllium limiter segments will be located inside the ISX 

vacuum vessel. There are three possible routes by which the beryllium could escape into 
the atmosphere. One is through the vacuum pumping system. Except for the air-driven 
aspirator, all pumping systems terminate in an oil-filled roughing pump. Any dust which 
may enter the pumps will be trapped by the oil. Oil samples will be taken on a monthly 
basis after startup of the experiment to monitor any possible migration. The various pumps 
will he sampled on a staggered schedule so that at least one oil sample will be tested each 
week. If any beryllium in excess of 0.1 pg/sample is detected, the oil will be changed and 
the contaminated oil disposed of. After initial punipdown and leak-check cycles and before 
commencing plasma operation, the air aspirator will be permanently disconnected and the 
cryoabsorption pumps used for initial ~ u ~ ~ ~ ~ ~ ~ .  On completion of the cxperiment, the 
vacuum components will he tested for contamination and will be either decontaminated or 
disposed of, as costs would indicate, 

The second possible route of dispersal into the environment is through a vacuum vent, 
either accidental or deliberate. A suction apparatus with a HEPA filter has been attached 
to the experiment and, with t c appropriate control system, will maintain a reduced pres- 
sure inside the vacuum system in the event of a vacuum failure, 'The system has been 
designed so that the face flow velocity for a 12-in. apcrture excecds 100 fpm; this is ade- 
quate to prevent the escape of dust into thc surrounding area,' Two separate systems have 
been installed with redundant control systems. In the event of a failure of om suction 
apparatus, the other will automatically turn on and be valved into the tokamak. (A 
description of the control system is given in Appendix F. This apparatus will be referred to 
as the liner ventilation system.) 



5 

. 

The third possible route is through the rt~~o~,silal of a contaminated am 
the device, either as a part of a routine surface study experiment or for repair or modifica- 
tion. A portable HEPA-filtered industrial dust collection system has been acquired that 
will be used on location to prevent the dispersal of any beryllium dust while the component 
is tested for contamination and then double bagged in plastic for handling. 

4.2 VENTILATION SYSTEM 
The liner ventilation system will be relied upon to prevent the dispersion of any 

beryllium-containing dust into the building. Because of this, XI additional ventilation sys- 
tems are required. 

4.3 MONITORING AND PROTE 
Routine monitoring for beryllium will be performed using standard air-monitoring sys- 

tems located inside the enclosure. These monitoring systems will be powered by an uninter- 
ruptible power supply (UPS). In addition, a number of surface areas have been identified, 
and surface wipes will be taken from these surfaces. The monitoring and surface wipes will 
be evaluated on a weekly basis and after any vacuum opening or other event likely to have 
caused a possible contamination. The monitoring and analysis will be conducted by the 
Y-12 Health, Safety and Environmental Affairs (WSEA) Division. Sensitivity for the 
detection of beryllium i s  defined as 0.1 fig/sample. 

There are three air-handling systems: the liner ventilation system, the portable 
vacuum cleaner, and the fixed maintenance hood. Each of these systems includes two-stage 
filtering so that in the event of a simple filter failure, no beryllium dust will be blown into 
the work area. The liner ventilation system and portable vacuum cleaner both consist of 
Nilfisk vacuum cleaners with a primary Teflon-based filter that exceeds the HEPA specifi- 
cation. In addition, each contains a HEPA filter on the exhaust. The fixed maintenance 
hood contains a “bag in-bag out” dual filter bOx situated on the low-pressure side of the 
air blower. 

The entire experiment is located within a walled enclosure. Access to this enclosure is 
through two doors and four roll-up fire doors. These doorways are interlocked into the 
experiment to prevent operation of the device with the doors open. As an additional secu- 
rnty to reduce the possibility of inadvertent exposure to beryllium dust, this enclosure will 
be used as a controlled access area, and a record of entrance will be maintained. Entrance 
will be restricted to those approved by the project manager or his delegate and the Fusion 
Energy Division safety officer or his delegate. A list of these persons will be displayed at 
the enclosure east door; the other entrances will be used only when necessary. 

Protective clothing, footwear, and breathing masks will be issued to all authorized per- 
sonnel. The Y-12 personnel who wear issued clothing will not be required to wear the addi- 
tional protective clothing. This equipment will be stored adjacent to the entrance. All per- 
sonnel entering the area will be required to wear the protective clothing and to carry the 
breathing masks with them. In the event of a vacuum failure, all personnel will be required 
to don breathing equipment, and all except operations personnel will be required to evacu- 
ate the area until it is ascertained that the liner ventilation system is operational. 
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SAL SYSTEMS 

On completion of the experiment, the various contaminated components will be either 
decontaminated or disposed of in the Y- 12 beryllium waste disposal facility, depending on 
decontamination cost. Decontamination consists of cleaning the surface with wipes and 
water rinse. Mild acid cleaning may assist in separating the beryllium from the surface. A 
freestanding laood with a MEPA-filtered ventilation system has been acquired for the 
decontamination of the smaller precision components. The larger components will be 
transferred to the Y -  12 beryllium decontamination facility. 

4.5 CRI'TICALITY CONTROL SYS'rEMS 
There is no criticality problem associated with this experiment. 

4.6 FIRE PWOTErnION SYSTEM 
There i s  no additional fire hazard associated with this experiment. The ISX-B fire 

safety system is discussed in the ISX-B safety analysis report. 

5. ACCPDE T ANALYSIS 

The main elements of the experimental program subject to this safety analysis are 
identical to the XSX-B program, which has investigated a number of various limiter 
materials. These inclmde stainless steel, graphite, titanium carbide-coated graphite, and 
boron. In addition, the beryllium limiter assembly is similar to the titanium carbide rail 
limiters. Because of these similarities, the likelihood of an unanticipated failure occurring 
is very low. There are two classes of accidents that will be described, These consist of a 
failure of the limiter segments or limiter assembly inside the vacuum vessel and a beryl- 
lium release into the enclosure ar building. 

5.1 LIMITER FAILURE 
Figure 2 shows an assembly drawing of the limiter iinstalled in the vacuum vessel. The 

D-shaped beryllium limiter segments are attacked to a temperaeure-contpollled base plate 
by a spring-loaded hold-down mechanism. The remainder of the assembly is made from 
stainless steel except for the aluminum guide: plates and the ceramic breaks. The entire 
assembly can be positioned with the pneumatic cylinder. During operation, the beryllium 
segments will be exposed to the plasma cdge thermal power. The plasma operating 
conditions are designed so that the limiter surface will not reach melting point. A spot 
infrared thermometer has becw installed to monitor the surface temperature. If the tern- 
perature exceeds the. preset valuc of 800°C, the temperature control system will terminate 
the tokamak shot. In addition, a videotape recorder (VTM) with a camera and monitor has 
been installed to view the limiter segments with the monitor in the control room so that 
any limiter damage will be immediately apparent to the operator. On a regular basis and 
initially daily, high-resolution still photographs will be taken of the limiter surface to iden- 
tify any possible deterioration. 
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C R A I L  L I M I T E R  A S S E M B L Y  I 
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Laboratories 

Fig. 2. Assembly drawing of the rail limiter installed in the vacuum vessel (courtesy Sandia National 
Laboratories, Atbuquerque). 
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In the event of limiter failure, the machine will Re vented to air, and a negative liner 
pressure will be niaintaned by the liner ventilation system. The limiter assembly will then 
be lifted from the niachine and all loose material aiid dust vacuumed wing the HEPA- 
filtered vacuum cleaner. The limiter assembly will then be bagged in plastic and 
transfcrred to the portable maintenance hood for disassembly, decontamination, and repair. 

The limiter base plate ternpcrature is maintained between 200 and 250°C throughout 
the experiment by a constant temperature control apparatus that circulates a heat 
exchange fluid through tubing welded to the base plate. In t e event of a failure in the 
temperature coatrol apparatus, the. heating will be turned off by thermocouples mounted in 
the limiter tiles. If a leak into the liner should occur, a vacuum fault will occur. The heat 
exchange fluid will he tested at nionthly intervals and replaced if any beryllium is detected. 

TEN'HA I, BE RY E., LIUM 

When the main toroidal chamber is under vacuum, the only route by which beryllium 
can cscape to the environment is through the roughing pumps. The assignment of rough 
pumps is shown in Table 1. 

Function Number Location 

Main tank roughdown 2 Enclosure 
Main vacuum system 2 Mezzanine 
Thomsoa? scattering system 2 Enclosure 
Beam line systems 2 Seleex enclosure 
Charge exchange analyzer 1 First floor aisle 
Spectrometers 2 Enclosure 
1,irniter isolation box 1 Enclosure 

The beryllium content in the oil will be sampled on a monthly basis 
schedule; oil changes will be made whenever beryllium i s  detected in the oil. 

5.2.2 Loss of Vacimm 

'The following causes of vacuum failure have been identified: 

a. deliberate controlled vent to air, 

on a staggered 

b. accidental vent caused by leak due to component failure (e.g., window seal failure), 
c. pumping system failure (turbo pump crash, rough pump belt loss, etc.), and 
d. loss of electrical powcr to apparatus. 

In the event of a failure in the groups (a) to (c), the pumping system will be isolated 
from the main vacuum system when the liner pressure exceeds the liner vacuum trip level, 
set at 10 p. At the same time, all diagnostic and beam line gate valves are closed, and an 
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alarm at the ISX coritrol area is sounded. If the high-vacuum gate valves idfunction, the 
rough group interlock system will clme the roughing valve; this also isolates the vacuum 
system. At times when the area is unattended, an alarm is sounded at the office of the 
Plant Shift Superintendent (PSS), who then telephones the duty operator at home. 

As the pressure continues to rise, the automatic ventilation system described in 
Appendix F will turn on and maintain the liner at below atmospheric pressure. In the 
event of a power failure, the liner i s  automatically isolated. The only cause for concern in 
this fault condition is if the machine is vented or experiences a leak at the same time as 
the power outage occurs. The likelihood of this simultaneous fault is very low. Building 
9201-2 experiences about four outages per year that last about an hour on average. Thus, 
the probability of an outage occurring during any one hour is 1:2280. wing the period of 
the experiment, no vents will be scheduled. The typical duration of an unscheduled vent is 
about 4 hours, and the probability of a power outage occurring during a vent i s  then 1500. 
This probability is sufficiently low so that no precaution has been made. However, in the 
event of a power outage occurring during an opening, the enclosure area will be evacuated, 
and entry will be prohibited until the air samplers (which are powered by an UPS) have 
been analyzed and the area declared contamination-free. 

The experience to date in the Unitor tokamak and the EBTF indicates that there is, in 
fact, no beryllium dust associated with plasma operation. If beryllium contamination is 
observed the affected areas will be vacuumed and wiped clean before reentry. 

5.2.3 Disassembly and Decontamination 

At the completion of the experiment, the various parts of the machine will be tested 
for beryllium contamination and then either decontaminated or disposed of in a suitable 
toxic waste facility. The period of disassembly and decontamination is probably the most 
critical phase of the project an will be described in detail. Suitable protective equipment 
such as oral-nasal masks and disposable clothing will be worn where required. In addition, 
during the start of the critical decontamination phase of the project, a representative from 
the Culham Laboratory and JET Joint Environmental Services Division will be assigned to 
the project. 

A large number of sample plates have been distributed around the inside of the de- 
vice, in both the main vacuum vessel and the diagnostics, beam lines, and pumping sys- 
tems. These will be analyzed both by atomic absorption spectroscopy and by nuclear 
activation to describe the distribution and level of beryllium contamination. The beryllium 
levels described here for contaminated and uncontaminated surfaces are consistent with 
those described by SNL (Appendix D). 

On completion of the experimental cycle, the limiter assembly will be removed, 
bagged, transferred to the adjacent hood, and washed down with water to remove any 
loose beryliium dust. The limiter tiles will then be removed from the assembly. These will 
be double bagged in plastic and distributed for postexperiment analysis. The entire assem- 
bly will then be cleaned using an abrasive cleaning pad and cleaning solutions and 
detergents. The assembly will then be rinsed off and allowed to dry. All accessible surfaces 
will then be sample-wiped with test papers and analyzed for contamination. If the contami- 
nation exceeds 0.01 pg/crn2 or 1 gg/sample wipe, the cleaning treatment will be repeated. 
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If on completion of a second treatment the contamination level exceeds the criteria, the 
assembly will be condemwd. Otherwise, it will be declared eontarnination-free. The treat- 
ment of the diagnostic systems will be similar. If no contamination i s  observed on the sam- 
ple plates, the diagnostic will be carefully disassenibled and sample wipes taken to monitor 
any possible contamination. In the event that the contamination exceeds 0.05 pg/cm2, the 
affected components will be transferred to the hood and cleaned by washing and physically 
cleaning with abrasive materials as previously descailied. 

Any diagnostics too large to be disassembled in the hood and too contaminated to be 
partially disassernblcd outside the hood will be sealed in plastic and transferred to Building 
920 1-4 decontamination facility for cleaning. 

A special case exists for the beam lines. These will be carefully tested for beryllium 
using both sample plates and sample wipe analysis. If the front end and calorimeter show 
more than 0.05 pg/crn2, they will be resealed and shipped to the decontamination facility 
for surface cleanup and disassembly. The calorimeter and drive: system will be retained, 
and the remaining components will he disposed of. If the main chamber is contaminated, it 
will be rinsed out with water on location, and the water will be drained into trailers. When 
the surface is dust-free the major components will be removed, transferred to the decon- 
tamination facility and decsntanainated. The empty chamber will then be surface-cleaned 
in situ. After all the peripherals have been removed, the main vacuum vessel will he sealed, 
using plates and plastic covers, and removed to either a waste disposal site or to the decon- 
tamination facility, depending 011 the level of contamination. At the decontamination facil- 
ity, the torus will be split in half, and the remaining diagnostic systems (such as the tubes 
containing the magnetohydradyPlartiic coils, Tic limiters, etc. 1 will be removed and the 
entirc collection econtaminated, (The ORNL reporting limits and water quality criteria 
for beryllium are given in Table 2.) 

OWNE EPA priority EPA quality 
reporting pollution criteria 

Analysis limit criteria' for water2 Units 
~ -~ 

Beryllium 0.001 8.9 X I O p 5  0.01 1 ELg/mI- 

'Sittig, Marshall, ed. 1980. Priority Toxic Pollutants: Health Impacts and 

*US.  Environmental Protection Agency. 1976. Quality Critcria for Water. 
Allowable Limits. Noycs Data Corporation. Park Ridge, NJ. 370 pp. 

Washington, D.C. 256 pp. 

5.2.4 0 t h  Acci 

In the event that a water leak should occur in the operating beam line, the supply sys- 
tem will be closed and. the water drained into the beryllium trailer. (If a large quantity of 
water leaks into the beam line, the water will be tested for beryllium. If none is detected, 
thc water will he drained into the conventional water drain.) The beam line vessel surfaces 
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will then be tested for beryllium; if none is detected, repairs will be executed. If contami- 
nation is detected, the beam line will be resealed and the backup beam line brought into 
service. 

6. QUALITY ASSURANCE 
The quality assurance program for this project only applies to the following com- 

ponents of the ISX-B: 

a. 
b. 

d. 
e. 

C. 

beryllium limiter assembly, 
liner ventilation system, 
fixed maintenance hood, 
portable suction cleaner, and 
sampling and monitoring systems. 

A quality assurance assessment/plan has been drawn up for the preceding phases of 
the project.6 

7. CONDUCT OF OPERATIONS 

7.1 ORGANIZATION 
The ISX-B is operated by the ISX-B operations group, which is a part of the Confine- 

ment Section in the Fusion Energy Division (FED) of ORNL. The ISX-B tokamak is the 
imajor device operated by the Confinement Section. The device is operated on a single shift 
basis. Figure 3 shows an organizational chart for the ISX-B program. The operations 
structure consists of the group leader, two engineers, and four technicians. Each of the 
technicians has a primary responsibility, but all are trained to operate the tokamak and to 
direct basic maintenance operations and pumpdown. In addition, the engineering depart- 
ment at Martin Marietta Energy Systems, Inc., supplies mechanical and electrical support 
on request for design and development. Maintenance support is supplied by Y-12 mainte- 
nance. The Y-12 facility also supplies the industrial hygiene and environmental services. 

7.2 TRAINING 
The operation of the ISX-B facility is by technicians under the direction of the group 

leader and the responsible physicist appointed for the day. The technicians have operated 
the tokamak for more than five years; the only additional feature associated with the 
experiment is in beryllium handling. Training will consist of a series of lectures on the 
hazards associated with beryllium and on proper procedures for handling and for sampling. 
These lectures will be presented by the group leader, the FED safety officer, and 
representatives from the HSEA Division of Y- 12, All handling of beryllium-containing 
objects will be done under the direct supervision of HSEA Division personnel. 
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7.3 INSPECTION A D TESTING PW 
The initial inspection and approval of the experimental configuration will be carried 

out by the ISX-B operations group leader and the FED quality assurance and safety of- 
ficer. The initial installation of the environmental systems will be approved by the MSEA 
Division; in addition, all operations involving possible exposure to beryllium will be moni- 
tored by HSEA Division personnel. Automatic protection systems will be tested monthly 
and the results of the test noted in a logbook that will be maintained for the experiment. 

7.4 CONFIGURATI 
Before commencement of the experiment, a completed test of all safety systems asso- 

ciated with the experiment wiil be conducted. This test will be witnessed by the division 
safety officer. The conformance of the as-built system to specification will be verified. The 
safety systems include the liner ventilation system, the ISX-B vacuum system, and the 
electrical and interlock systems as described in Ref. 2. This operational safety check will 
be repeated quarterly fc9r the duration of the experiment. Any configurational changes to 
any part of the safety system will be presented to the safety officer in writing by the 
operations group leader. No configurational changes will be implemented until this change 
request is approved by the safety officer. The approved request will be attached to the 
operations logbook. 

7.5 PROCEDURES 
Any changes in operating procedures will be approved by the group leader before 

implementation. A description of the changes will be appended to the loghook and distri- 
buted to the operations group and the safety officer by the group le er. If in the opinion 
of the group leader the changes have safety or environmental impact, then prior approval 
will be obtained from the safety officer and HSEA Division personnel. 

7.6 SAFETY REVIEW SYSTEM 
This Safety Analysis Report has been reviewed by an independent safety panel that 

was established by the U.S. Department of Energy-Oak Ridge Operations (DOE-ORO). 
The review panel included representatives from DOE ORO, outside contractors with beryl- 
lium handling experience, X-10 and Y-12 environmental control, and FED. Because of the 
short duration of the experiment and the direct objective, no formal procedure to review 
changes has been made. Any possible changes will be made in consultation with the divi- 
sion safety officer and representatives from the HSEA Division. Substantive changes will 
be approved by the DOE Office of Fusion Energy and by DOE-ORQ. 

7.7 EMERGENCY PLANNING 
Martin Marietta Energy Systems, Inc., and the Y-12 Plant have an existing emer- 

gency planning program.7*8 Emergency and evacuation procedures are well established, and 
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alarm buttons are located adjacent to the experimental area. The 9201-2 building emer- 
gency squad and the Y-12 emergency response team will be briefed on the specifics of the 
ISX-B beryllium limiter experiment. 

D KEEPING AND 
The existing record keeping procedures for the ISX-B experiment will be continued. 

These procedures consist of the following: 

a. 

b. 

C. 

d. 
e. 

f. 

A facility logbook is kept in which all events associated with the facility are recorded. 
In addition, operation procedure changes, safety system checks, and maintenance pro- 
cedures are recorded in this logbook. 
An operations logsheet is maintained during tokamak operation in which all machine 
parameters are recorded. 
A data logsheet i s  maintained by the responsible physicist during operation in which a 
description of each tokamak shot is recorded. 
A weekly summary of operations is maintained by the group leader. 
A weekly summary of the physics program is maintained by the beryllium limiter 
experiinent physics coordinator, P. K. Mioduszewski. 
A monthly report is written by the JET -EX-B beryllium limiter experiment co- 

investigators, P .  M. Edmonds and P. K. Mioduszewski, This report is distributed to 
both the JET undertaking and D 

The following additional records will be maintained for the duration of the beryllium 
limiter experiment: 

a. A diary of daily operation will be maintained by the duty technician. 
b. A detailed report of the project will be written on completion of the experimental pro- 

gram and submitted to the JET undertaking. 
c. The results of all sampling tests will be filed, Any positive tests will also be recorded 

in the operations logbook. 

On cornplctinn of the experimental program all of the records associated with the 
beryllium limiter project and experimcnt will be collected and stored by ORWL records for 
a minimum of three years if there is no record of personnel exposure to beryllium. Other- 
wise, they will be stored indefinitely. 

On completion of the experimental program a detailed report of the: project will be 
written and submitted to the JET undertaking. 
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The primary season for performing a Be limiter test in ISX is to establish the data 
base and operating experience necessary to utilize a Be kirniter in JET. 

Although single properties like thermal shock resistance or tritium retention can be 
investigated in laboratory experiments, synergistic effects cannot be predicted and can only 
be studied in the proper plasma environment. Therefore, the ultimate test prior to applica- 
tion in a large device like JET has to be a tokamak test. 

Among all limiter materials tested and used so far, there is no candidate compatible 
with all requirements: good thermo-mechanical properties, Favorable plasma materials 
interaction characteristics, stable materials properties under neutron irradiation, and ade- 
quate technology basis (fabrication, bonding, etc). Beryllium is a metal that combines 
low-Z with good thermal properties. The melting point is 128J°C, which is rather low 
compared with graphite, but the good thermal conductivity makes Re a candidate for an 
actively cooled limiter. Beryllium can be operated in a temperature range around 500°C 
where hydrogen retention is low. The corresponding temperatures for graphite are in the 
temperature regime where chemical erosion is high. This gives beryllium an advantage over 
graphite in DT-burning devices, where the tritium inventory has to be kept at a minimum. 

In fully nuclear machines, problems must be anticipated with beryllium as well as 
with graphite. Helium generation largely from (n,2n) reactions with high-energy neutrons 
has substantial effects on mechanical properties and swelling of beryllium. It is estimated 
that 3720 at. ppm He per MW yearim* would be generated in a fusion spectrum (17 cm3 
of He at STP per cm3 of He),' Graphite, on the other hand, has the problem that its rela- 
tively good thermal conductivity is rapidly reduced at fairly low irradiation levels 
( < I  dpa).2 Whether either one of these two materials will qualify for application in 
power-producing reactors cannot be decided on the basis of the present data base. 

Except for some coatings---which have their own set of problems---beryllium seems to 
be the only viable alternative to graphite for high-heat-flux components in fusion machines. 
The primary reason beryllium has not yet been tested as limiter material-although it has 
some very favorable properties-is the health hazards associated with its use. Detailed dis- 
cussions of relevant experience and practice in industry led to the conclusion that the 
beryllium toxicity problem is serious but that the material may be handled safely by taking 
proper precautions. 

2. SCOPE OF EXPERIMENTS 

The task, as specified by JET, is divided into three parts: 

2 .  designing, procuring, and fabricating a beryllium limiter assembly and testing the 
material before and after plasma operation; 

2. setting up and characterizing a test plasma; and 
3. operating the machine until the limiter has accumulated a total dose of 

atoms per cm2. 
hydrogen 
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ITER CONCE UAL DESIGN 

The limiter system to be used for the beryllium limiter test consists of top and bottom 
rail limiters: one Re limiter and one Tic-coated graphite limiter for reference. The limiters 
can be moved in and out with a stroke of approximately 15 cm. 'I'hc limiter sur€ace is 
shaped in the direction of the toroidal field (which is roughly the direction of plasma flow) 
to give uniform power deposition for exponential fall-off with h = 2 cm decay length. 
Becausc the limiter is a straight rail scraping off a circular plasma, the test load on the 
rail varies in the direction of the major radius, and the limiter shape can be matched to the 
decay length of the power flow at one position only. This is ideally at the symmetry point 
at R = R, if the e-folding of the power flux turns out to he 2 cm, as assumed. 

The Be limiter, consisting of 12 equal segments, is laminated in the direction of the 
major radius. Each segment i s  castellated on the plasma-facing surface for stress relief. 
The segmentation allows for a number of different pre- and post-experimental tests without 
cutting the limiter into pieces. All of the segments are equipped with thermocouples. 

An important part of the limiter assembly is a temperature control system serving a 
twofold purpose: (a) adjusting the initial bulk temperature to any desired value between 
room temperature and approximately 200°C, and (b) cooling the limiter between shots to 
prevent the temperature from ratcheting up during operation. The boundary conditions for 
temperature control are given by the minimum bulk temperature, the surface temperature 
rise during one shot, the maximum tolerable temperature, and the total energy to be cooled 
away between shots. The minimum bulk temperature should be about 100 to 200°C and i s  
determined by the thermo-mechanical properties of beryllium, which is very brittle at room 
temperature but becomes increasingly ductile at elevated tempera?ures. The surface tem- 
perature rise per shot is a JET specification and should be AT = 600°C. The maximum 
tolerable temperature should be within about two-thirds of the melting point, which is at 
1283°C. Beyond this temperature erosion rates have been observed to increase markedly. 
The maximum energy deposited on the limiter during one shot is estimated to bc IO0 kJ; 
correspondingly, the cooling capacity between shots (At = 2 min) has to be on the order 
of 1 kW. 

1cs DIAGNOSTICS 

The test plasma will always be set up with thc TiC/C limiter to ensure that the Be 
limiter is exposed to well characterized plasmas and to guarantee accountability of particle 
and heat fluxes. Plasma parameters will be approximately Ce = 4 X l O I 3  
Ip  = 180 kA, B ,  = 12 kG, and PNsr < 1 MW. The plasma will be character- 
ized with the following set of diagnostics: 
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Parameter Diagnostics 

* I ~  R ,  V ,  @,,, position 
ne 

ne( r A Tdr) 
7i 

"Impurities 
*MHD activity 
*Scrape-aff layer 
* H ~  radiation 
* L d  
Surface composition 

* -  

Limiter 

*Surface temperature 
*Bulk temperature 
*Surface phenomena 
*Throughout experiment 
Average weekly 

Magnetics 
FIR interferometer 
Thomson scattering 
Velocity filter analyzer 
Spectrometer 
Mirnov coils 
tangmuir probe 
Ha monitors 
Radiometer 
Surface analysis station 

IR thermography 
Thermocouples 
Optical observation 

Of particular importance are the diagnostics of the scrape-off layer to account for 
heat and particle loads to the limiter. The main diagnostic in the scrape-off layer is a set 
of Langmuir probes backed up by various particle collection probes that can be inserted 
and analyzed in the ISX surface analysis station. 

5. LIMITER TEST PROGRAM 

5.1 PRE-EXPERIMENTAL TESTS 
A series of tests and measurements will be conducted on the Be limiter before installa- 

tion in ISX. These tests include measurements of thermal conductivity, yield strength, ten- 
sile strength, and surface hardness (as well as studies on structure and topology by 
micrography and scanning electron microscopy). All tests will be carried out at three tern- 
peratures: room temperature, 3OO0C, and 600°C. This set of data will establish a reference 
for the materials properties to which the limiter can be compared after exposure to 
tokamak discharges. 

In addition to the materials characterization, several segments of the Be limiter will 
be doped with specific marker elements that will allow for studies on erosion, redeposition, 
and migration of the limiter material. 
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Plasma-materials interaction (PMI) studies will be conducted on the beryllium limiter 
itself, on collection probes exchangeable through the surface analysis station, and on per- 
manent probes to be installed at various locations of the tokamak and to be analyzed after 
completion of the experiment. 

The PMI studies consist of wall conditioning; matcrial transport (i.e., erosion, redeps- 
sition, migration); and hydrogen recycling, implantation, and retention. 

Wall conditioning includes initial characterizhon of samples prototypical of the stain- 
less steel wall, the beryllium lirnitcr, and the TiCIC limiter as well as discharge cleaning 

vessel and monitoring the surface state of prototypical samples and of the 
composition of the residual gas. It is of particular interest to monitor the thickness of the 
oxide layer that is always present on beryllium surfaces and relate it to possible changes of 
the surface propcrties of the limiter. Furthermore, the surface state of the ii.1-vessel com- 
ponents should be correlated to thc plasma impurities measured spectroscopically. 

The main goal. of the material transport studies is to determine the total amount of 
beryllium eroded off the limiter surface during plasma operation. In addition, attempts will 
be made to study redeposition and migration of the material around the tokamak. For this 
purpose, one or more sf the beryllium limiter segments will be doped to a specifie 
with characteristic markers. After cornpletion of the plasma operation, the doped (as well 
as the undoped) lirnitcr segments will be analyzed with surface analysis techniques to 
measure the net erosion on the doped segments on the one hand and the net redeposition 
on the undoped segments on the other hand. In addition, sputter-cleaned samples of a dif- 
ferent material (for example, silicon) can be introduced through the surface analysis sta- 
tion to collect beryllium deposits over a specified number of shots and tben be analyzed 
immediately. Finally, a number of permanent samples will be distributed around the 
tokamak, the vacuum system, the neutral beam injector, and other components that have 
vacuum connection to the main vessel. These saniples could be silicon or graphite and will 
be analyzed with secondary ion mass spectrometry (SIMS), Auger electron spectroscopy 
(AES), and Rutherford ion backscattering (RBS) after completion of the plasma opera- 
tion. 

An important parameter for a DT-burning tokamak is the hydrogen retention in first 
wall and limiters. On the limiter itself the totally retained hydrogen will be measured by 
depth profiling with SIMS and nuclear reaction analysis (NRA) as postmortem analyses. 
Modeling of the hydrogen retention will include the particle flux measured with Langmuir 
probes, the temperature history of the limiter surface, and the total number of shots. 
Furthcrmore, beryllium samples can he introduced through the surface station, exposed for 
a giver1 number of shots, and then analyzed for hydrogen retention as a function of particle 
flux and sample temperature. 

By exposing samples with kiiown properties like silicon or graphite, average ion fluxes 
will be measured with surface techniques for comparison with Langmuir probe data. 

5.3 POWER DEPOSITION STUDIES 

To study the thermal response of the Be limiter, the following diagnostics will be 
employed: 
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IR-camera - Measure surface temperature rise as a function of time and space, 
and with known thermal properties infer heat flux as a function of 
time and space. 
From the bulk temperature rise, the total energy deposited on the 
limiter during one shot can be inferred. 
Measure parallel particle flux I' and temperature T. Comparison 
with heat flux q allows one to determine the heat transfer coeffi- 
cient y in q = rl?T. 

Calorimeter probe ---- A negatively biased, small calorimeter probe allows one to measure 
the ion saturation current and the total energy deposited during a 
shot. This yields additional information on particle and power flux. 

Thermocouples - 

Langmuir probes 

The IR-camera measures the thermal response of the Be-limiter in a very thin surface 
layer only. This layer could be affected by the adsorption of high doses of hydrogen. If, in 
particular, the thermal diffusivity changes, the thermal response of the limiter, as seen by 
the IR-camera, would change correspondingly, even at unchanged heat flow. A change in 
secondary electron emission of the limiter surface would also result in a change of the sur- 
face temperature at unchanged scrape-off layer parameters because the heat transfer coef- 
ficient y is a function of secondary electron emission. To detect those changes of material 
properties, an independent small calorimeter probe will be used. This probe can be cali- 
brated at the beginning of the experiment and then used at various times throughout the 
experiment. 

5.4 POSTMORTEM ANALYSIS 
After the Be-limiter has accumulated the required particle dose of 1 022 hydrogen 

atoms per cm2, essentially all the materials tests described in Sect. 5.1 will be repeated. 
Because most of the measured material properties are bulk properties, changes due to 
plasma exposure that occur only on the surface might not be directly visible. In addition to 
the materials tests described in Sect. 5.1 various surface analysis techniques (AES, RBS, 
SIMS) will be employed for depth profiling of the implanted hydrogen as well as for 
erosion/redeposition studies. 

6. PLASMA CHARACTERISTICS WITH Be LIMITER 

6.1 IMPURITY CONTENT AND CONTRIBUTORS 
With moderate neutral beam injection (-1 MW) and no gettering, the dominant 

plasma impurity in ISX is oxygen. Although the impurity source is not identified, it is 
likely to be the stainless steel walls. In this case, switching from a TiC/C limiter to a Be 
limiter should not affect the impurity content and, hence, the Zeff of the plasma. Having 
both limiter types with identical geometries in the tokamak offers the unique opportunity 
of making a meaningful comparison of plasma impurity content with two different limiter 
materials under otherwise identical conditions. The plasma impurities measured spectro- 
scopically will be correlated not only to the limiter material but also to the surface state of 
the wall and of samples of limiter material analyzed with AES. 
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t i 2  BERYLLIIJM-IMPURITY EVOLUTION AND T 
inant processcs for impurity evolution fro the limiter are sputtering, arcing, 

and evaporation. If the surface temperature i s  monitored carefully and shown to be below 
9QQ°C, the evaporation rate of Me i s  negligible cornpard to sputtering. Arcing tends to be 
a transient phenomenon that disappears after some conditioning phase and then occurs 
cnly during the current rise phase and at the end of the discharge. So, in most cases, the 
beryllium impurities in the plasma will be due to sputtering at the limiter. With known 
particle flux and energy at the limiter, the impurity source term can be estimated and 
correlated to the irnpurity content in the plasma. 

APE-OFF &AYE CHARACTERISTPCS 
The scrape-off layer is characterized by particle density and temperature, or by the 

composite parameters particle flux and power flux and the corresponding decay lengths. 
The main diagnostics for that is a set of Langrnuir probes to enslire density and tempera- 
ture profiles. From these data we can deduce particle flux profiles in the scrape-off layer. 
This particle flux will be compared to the particlib: fliience accumulated over several shots 
on collection probes and analyzed with surface techniques. A third measurement of the: 
particle; flux will be obtained with a biased calorimeter probe that measures the ion satura- 
tion current and the total energy deposited during one shct. The power flux to the limiter 
q, which i s  related to particle flux r and temperature T by the relation q = y r T ,  will 

from space- and time-resolved temperaturc measurements of the limiter sur- 
face. 

Because particle flux and temperature are known from kangmuir probe data, measur- 
ing q allows one to determine the heat transfer coefficient y. For D2 plasmas, y is between 
7 and 17, depending o he secondary electron emission. With the determination of y, it 
becomes possible to est te the secondary electron emission at the limiter surface. Know- 
ing the secondary electron emission, the sheath potential, which is 3kT, without secondary 
electron emission, can be corrected. Finally, a better knowledge of the sheath potential 
allows one to obtain a better estimate of ion sputtering at the limiter. 

7. N 

One of the salient problems of future long-pulse, high-duty-cycle machines will be t 
surface erosion on limiters and divertos plates. JET i s  likely to be the first device that has 
to face this problem. It is, therefore, highly desirable to come up with solutions for cooling 
the scrape-off plasma sufficiently to reduce sputtering rates substantially. Possible ways to 
do this are either increased gas puffing or puffing of medium25 impuritks. The basic idea 
is to operate on a low-Z limiter with a plasma as elcan as possible, and then inject in a 
controlled fashion a gas such as neon that radiates sufficiently in the plasma edge to cool 
down the plasma temperature. This cooling effect should be accompanied by a decrease in 
power deposition at the limiter detected through thc limiter surface temperature. 
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To ensure that the bulk plasma is not cooled down as well, the limiter measurements 
have to be combined with studies of the energy content of the bulk plasma. As recently 
demonstrated in ISX: plasma confinement of neutral-beam-heated discharges can be 
improved by injecting small amounts of neon. These studies are of particular interest for 
limiter tokamaks like JET and are a logical complement to the edge cooling studies. 

8. FINAL REMARKS 

The experimental program described here is much broader than that given by the JET 
specifications for the beryllium limiter test, which includes mainly the design and fabrica- 
tion of the limiter, pre-experimental and postmortem materials tests, and operation of the 
limiter in a test plasma with specified limiter temperatures and a total accumulated par- 
ticle fluence of atoms/cm2. These specifications are regarded as the absolute 
minimum test program. Because, however, the beryllium limiter test is a unique opportun- 
ity to learn more about application of Be in fusion devices on the one hand, and to conduct 
a dedicated limiter program on the other hand, we will attempt to achieve as much as pos- 
sible of the experimental program described here. 
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SUMMARY OF RESULTS OF UNITOR 

BERYLLIUM EXPERIMENT 

P. H. Edmnds 
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Unitor is a Microtor-like tokamak located in Dusseldorf, West Germany. It is nor- 
mally run without a limiter, and the plasma rests on the outside mid-plane. Normal impur- 
ity is dominated by metal. General parameters are Ti - 50 eV, Tc - 2000 eV, 
12, - I O l 3  cmP3. Because of the low temperatures it is assumed that the metal sputter- 
ing is by carbon and oxygen and self-sputtering. Hydrogen ion fluxes were estimated at 
I01*/(s/cm2). 

The experiment consisted of installing two beryllium plates on movable probes 
approximately 188" apart. Diagnostics were removed prior to the experiment. Results of 
the beryllium limiter experiment are as follows: 

1. Resistivity falls by 15 to 20% (estimate 2% of 1500 shots duration 60 ms). 
2. Spectroscopy showed a dramatic drop in metallic impurity (Cr, Ni) and no Be, which 

probably was unseen because the available Be lines are faint and obscured by adjacent 
strong lines. 

3. Oxygen impurity content also fell by an order of magnitude, but this may have been 
caused by moving the plasma away from the wall. 

4. A plot of pulse length (a measure of volt seconds and, hence, ease of breakdown and 
of low plasma resistance) versus limiter position showed an increase as the limiters 
were moved into the liner. This improvement persisted for some number of shots 
(about five) after the limiters were withdrawn. 

The conclusion drawn from this experiment by Prof. Hackman was that the plasma 
was dramatically improved by operation in beryllium. 

2. CLEANUP 

The device cleanup was done very carefully by an English company, Effluent Dis- 
posals, and was observed by representatives from the Safety and Environmental Services of 
Culham and JET. 

A plastic tent was raised over the device and initial entry made with personnel wear- 
ing masks and disposable outer clothing. Initially the two limiters were; removed and wipes 
taken of the area accessible through these ports. A significant amount of material was 
detected. The entire device was then filled and flushed out with water (158 I,). No con- 
tamination was observed after this cycle from which the conclusion was drawn that no 
beryllium-containing dust was generated during the experiment. The machine was then 
filled with 10% nitric acid solution and drained. This liquid was tested for beryllium. 
Approximately 5 mg of Be was detected in two acid washes. Wipe samples indicated no 
further contamination existed inside the machine, and the vacuum vessel was declared con- 
tamination free and released for reuse. The conclusions drawn from the experiment were 
(1)  no dust was generated and (2) cleanup is a simple task. The results of the experiment 
will be presented at the Nagoya meeting on Plasma Materials Interactions. 
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SANDIA NATIONAL LABORATORIES MEMORANDUM ON 

CLEANUP OF ELECTRON BEAM TEST FACILITY 

D. R. Parker 
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Sandia National Laboratories 
Albuquerque. New M e x ~ c o  87 185 

date: February 7, 1984 

TO: W .  R. Gauster ,  1537 

@a 
from: 0 .  R. Parker ,  3311 

s1-lhpct: Beryll ium Contamination of  t h e  E l e c t r o n  Beam Test F a c i l i t y  (EQTF) 
ROQm 324 

Bldg. 805, 

In t roduc t ion :  
3311, a c t i v i t i e s  during t h e  c l e a n  up of the EBTF a f t e r  t h e  mel t ing o f  a 
beryl l ium sample i n s i d e  the apparatus .  

T h i s  memorandum documents t h e  I n d u s t r i a l  Hygiene Div i s ion ,  

F i r s t  Clean: (1/17/8/d : The shroud, c o a l i n  s t a g e ,  and a s s o r t e d  e l e c t r i c a l  
l e a d s  were r z o v e d .  Ihe i n t e r i o r  s u r f a c e s  0 3 t h e  EBTF chamber were wiped w i t h  
c l o t h s  soaked i n  d i s t i l l e d  water.  The ope ra to r  wore d i sposab le  c o v e r a l l s ,  
g loves ,  and a half-mask r e s p i r a t o r  with high e f f i c i e n c y  p a r t i c u l a t e  f i l t e r  
c a r t r i d g e s .  Rather than e n c m b e r  the ope ra to r ,  a pe r sona l  a i r  sampler was 
placed so tha t  t h e  f i l t e r  c a s s e t t e  hung i n  t h e  v i c i n i t y  of the  chamber access  
p o r t .  A second 
personal  a i r  sampler was placed an a desk i n  the  l abora to ry .  Th i s  a i r  sampler 
was a l s o  nega t ive  (40.6 fig Be/m3). 
a t t ached  t a b l e .  

The result of t h i s  sampling was nega t ive  (<0.7 ug Be/m3). 

Swipe sampling r e s u l t s  a r e  shown i n  the 

Second Cleaning (1/17/84) : 

The i n t e r i o r  surfaces were wiped w i t h  c l o t h s  soaked i n  e t h y l  a l coho l .  
operator wore d i sposab le  c o v e r a l l s ,  gloves, and a half-mask r e s p i r a t o r  
equipped wi th  organic  vapor c a r t r i d g e s  and a dust-mist  p ref i l t e r .  
uncontaminated a i r  was a l s a  blown i n t o  the  chamber a t  a r a t e  o f  6.5 c u b i c  Feet 
per minute. 

Thi rd  Cleaning (1/17/84): 
p o l i s h  ( "Pul  metal lputz")  which was app l i ed  w i t h  c l o t h s  and "9-tips." 
the procedures used i n  the second c l ean ing  were repeated.  

The 

Fresh,  

Swipe samoling r e s u l t s  a r e  shown i n  t h e  a t t ached  tab le .  

The i n t e r i o r  s u r f a c e s  were cleaned with a metal  
Then, 
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-2- February 7, 1984 

Sur face  Contamination L i m i t s :  
involving beryl l ium must be cleaned i f  t h e  smearable s u r f a c e  contaminat ion 
exceeds 0.05 micrograms p e r  square cen t ime te r .  
for  such t es t s  may be r e tu rned  t o  u n r e s t r i c t e d  u s e  i f  the s u r f a c e  
contamination is less than or equal  t o  0.01 pg/crn*. 
based on wiping an a rea  g r e a t e r  t han  or  equa l  t o  100 cm2, with a Whatman 42, 
one-inch diameter  f i l t e r  circle.  If it is  d i f f i o u l t  t a  swipe the d e s i r e d  a r e a  
due t o  a c c e s s i b i l i t y ,  shape o r  s i z e ,  then t h e  equipment must be cleaned t o  a 
level of 15 micrograms per swipe f o r  t he  du ra t ion  of h e  experimentk.) .  
S i m i l a r l y ,  equipment may be re turned t o  normal use when t h e  levels are 51 pg 
per swipe. 

Equipment which is being used f o r  tests 

Equipment which has  been used 

These c r i t e r i a  are 

Swipe Sampling Res&tS: 
a t t ached  taDle.  
was employed for cleaning t h e  shroud and coo l ing  s t a g e .  
follows: 

The r e s u l t s  of  swipe sampling a r e  shown i n  t h e  
In a d d i t i o n  swipes were taken i n  a chemical fume hood, which 

These r e s u l t s  a r e  as 

Room 320, Hood base p r i o r  t o  cleaning:  0.03 vg/cm2 
Room 320, Hood base a f t e r  c leaning:  < 0.0001 pg/cm* 
Room 320, Floor a t  hood: 0.002 pg/cm* 

Conclusions: The melt ing of a beryl l ium sample r e s u l t i n g  i n  s i g n i f i c a n t  
contarnination o f  s u r f a c e s  i n s i d e  t h e  ERTF. This  contamination was 
success fu l ly  removed wi th  a modest e f f o r t ,  which d i d  not  r e s u l t  i n  
contamination of ad jacen t  areas or t h e  gene ra t ion  of d e t e c t a b l e  a i r b a r n e  
beryll ium. 

WEStocum: 3311 : sk 

copy to: 
1830 M .  J. Davis 
1831 F. W. Mullendore 
1834 D. M. Mattox 
1837 J. M. McDonald 
1837 R. a. Watson 
1837 J.  5. Whitley 
3311 W. E.  Stocum 
3310 F i l e  
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Appendix E 
THE HEALTH AND SAFETY IMPLICATIONS OF USING 

BERYLLIUM ON JET LIMITER FACES 

R. Clayton 
S. Booth 
J. Dean 
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The Health and Safe ty  Implications of us ing  Beryllium on JET LAmiter Faces 

1 In t roduct ion  

Beryllium has  a combination of p rope r t i e s  which m a k e s  i t  very a t t r a c t i v e  a s  
t h e  f a c i n g  ma te r i a l  f o r  the JET l i m i t e r s  compared wi th  the only o t h e r  contenders,  
n i cke l  and g raph i t e .  See sec t ion  3.1 and t a b l e  4. 

Handling bery l l ium i n  s o l i d  p ieces  p re sen t s  no problem i f  elementary care is 
taken. However, i f  f i n e  beryll ium dus t  is inha led  it can cause an i r r e v e r s i b l e  
lung d i sease  c a l l e d  b e r y l l i o s i s ,  a s  s i l i c a  and asbes tos  cause s i l i c o s i s  and 
a sbes tos i s .  There is a l s o  evidence t h a t  beryll ium i n  a wound can i n h i b i t  
hea l ing .  Consequently a i rborne  and su r face  contamination by bery l l ium dus t  
m u s t  be c a r e f u l l y  con t ro l l ed  i n  work a reas .  

Beryllium components exposed t o  the  SET plaslaa, as the l i m i t e r  f aces  w i l l  be, 
w i l l  i n  p a r t  be reduced to  dust inc luding  f i n e  p a r t i c l e s .  The dus t  w i l l  
normally remain s a f e l y  wi th in  the vacuum system, bu t  when the  system is opened 
measures must be taken t o  prevent spreading t h e  dus t  ou t s ide ,  and t o  reduce 
t h e  a i rbo rne  and su r face  contaminations t o  acceptab le  l e v e l s  wherever people 
work. 

This  no te  sets ou t  t he  r egu la t ions  and e s t ab l i shed  precaut ions  f o r  working 
s a f e l y  in areas where the re  may be beryll ium d u s t .  Usually t h i s  is i n  work- 
shops making components by machining o r  powder metallurgy. The note  then  
d iscusses  t h e  r e l evan t  circumstances in JET and the  f a c i l i t i e s  and procedures 
necessary because beryll ium dust w i l l  be present .  

The ma te r i a l  f o r  t h i s  note is derived l a r g e l y  from discuss ions  with s t a f f  o f  
t he  Royal Ordnance Factory,  Ca rd i f f ,  t h e  AWRE, Aldermaston, and t h e  UKAEA, 
H a m e l l ,  for whose unreserved co-operation t h e  JET P ro jec t  is extremely g r a t e f u l .  

2 Handling bery l l ium 

2 .1  Regulations 

Although there a r e  no s t a t u t a r y  B r i t i s h  r egu la t ions  s p e c i f i c a l l y  naming beryl-  
lium and i ts  compounds, it i s  recognised as an i n j u r i o u s  dust and as such comes 
under t h e  genera l  provisions of t h e  Heal th  and Sa fe ty  a t  Work (o t c )  Act 1974 /l/, 
and s e c t i o n s  4 and 63 of the  Fac to r i e s  A c t  1961 which r e l a t e  t o  t h e  v e n t i l a t i o n  
of workrooms and t h e  measures t o  be taken t o  p r o t e c t  persons aga ins t  i nha la t ion  
of i n j u r i o u s  dus t  or fumes . 1 

Safeguards t o  be observed when working with bery l l ium and itscompounds a r e  em-  
bodied in advisory documents i ssued  by: 

a) t he  Health and Safe ty  Executive, "Guidance Note EH13, Beryllium - Health 
and Safe ty  Precaut ions ,  1978" /2/. 

b) the  U W A  /3,4/. 

c) the  Minis t ry  of Defence (MOD) /5/ 

2.2 Li.r contamination l i m i t s  

These documents defiae "cont ro l led  areas" a s  those  where bery l l ium powder could 
be p re sen t  bu t  concent ra t ions  a re  kept below s a f e  brea thable  l e v e l s .  A work- 
shop conta in ing  enclosed machines could be a con t ro l l ed  a rea .  No precaut ions  

The Sa fe ty  and Fac to r i e s  Acts r e f e r r e d  t o  do s p e c i f i c a l l y  mention lead  and asbes tos .  
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a re  needed, and access  i s  f r e e  t o  a reas  def ined  a s  "uncontrolled",  eg ou t s ide  
demarcation b a r r i e r s .  The approved upper l i m i t s  of a i rborne  concent ra t ion  i n  
con t ro l l ed  a reas  a r e  var ious ly  known a s  t h e  " threshold  l i m i t  values" (TLV), 
"maximum permiss ib le  concentrations" (mpc) and "derived l i m i t s "  (DL) , depend- 
ing  on which document i s  quoted. The long-term upper l i m i t  is recogniaed 
as the  maximum which can be breathed fox a 40 year  working life with no harm- 
f u l  e f f e c t  on a person in normal hea l th .  People a t  s p e c i a l  r i s k  because of 
p a r t i c u l a r  h e a l t h  condi t ions  must be i d e n t i f i e d  by medical examination and 
not allowed t o  work with beryll ium. 

Approved upper l i m i t a  for con t ro l l ed  and uncont ro l led  a reas  are given i n  Table 1. 

Table 1 Approved upper l i m i t s  for befyll iwn concent ra t ion  i n  a i r ,  ug/m3 

Cont ro l led  
Area 

Uncontrolled 
Area 

1. Average over 
8 hours 

2.  Shor t  term exposure, 
630 min 

3. Long t e r m  on A L M A  
p r i n c i p l e  

Long term 

HSE(EH1S) 

2 

25 

Not s t a t e d  

Mot s t a t e d  

Not permitted 

0 . 2  

0.01, 

3 nonths average 

25 

Not s t a t e d  

0.01, 

1 month average 

The American Conference of Government and I n d u s t r i a l  Hygienis t s  in 1982 rec- 
omended a TLV of 2 Ug/m3 i n  the  work environment with no , shor t  term inc rease ,  
based on some experimental  evidence t h a t ,  at  very high concent ra t ions  and 
shor t  exposures, bery l l ium compounds have a "low potency" f o r  producing lung 
tumaurs i n  rats. 

2.3 Surface contamination l i m L t 2  

With the  same d e f i n i t i o n s  of con t ro l l ed  and uncont ro l led  a reas ,  the  documents 
/2 t o  5/ approve upper l i m i t s  of su r face  contamination as Table 2 .  
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Monitor type 

Instal led 

Por t  ab le 

Personal 

Page 3 

Typica l  a i r  flow r a t e ,  Time to c o l l e c t  0 . 1  ug a t  2 ug/m3 
R/min Minutes 

30 17 

30, 60, 100 17, 8, 5 

2 250 

Table 2 Approved l i m i t s  f o r  su r f ace  contamination by beryll ium, ug/m2 

Buffer a r e a  

Notes: N a t  c l e a r  from t h e  document whether 100 i s  f o r  con t ro l l ed  or 
uncont ro l led  area 

1500 for con t ro l l ed  areas normally, bu t  
<300O with  s p e c i a l  p recaut ions  and decontamination a s  soon as poss ib l e  and 
>3000 r e q u i r e s  immediate decontamination 

2.4  Yonitoring 

The only  s a t i s f a c t o r y  monitoring of  a i rborne  o r  su r face  contamination is by 
c o l l e c t i n g  samples on f i l t e r s  o r  swabs and measuring t h e  quan t i ty  of beryll ium 
c o l l e c t e d  by means of an atomic absorp t ion  spectrometer*.  Spectrometers t h a t  
can r e l i a b l y  detect 0 . 1  ug of bery l l ium are a v a i l a b l e  f o r  about f10,OOO. 

Airborne samples are c o l l e c t e d  on f i l t e r s  through which air  is drawn a t  a known 
r a t e ,  so t h a t  the quan t i ty  of air sampled i n  a known t i m e  can be ca lcu la t ed .  
There are i n s t a l l e d  ( f i x e d ) ,  po r t ab le  (movable) and personal (wearable) vers ions  
of such monitors. The a i r  i n t ake  of a personal monitor i s  worn on the  
shoulder,  i e  c l o s e  t o  t h e  nose and mouth. Typical a i r  flow r a t e s  and the  
consequent t i m e  to  c o l l e c t  a sample are given i n  Table 3. 

Table 3 Airborne bery l l ium sampling t imes 

Surface samples are c o l l e c t e d  on f i l ter  paper d i s c s  by wiping a known a rea ,  
usua l ly  about 1000 c m 2  (O.lmZ). 
bery l l ium is t r a n s f e r r e d  t o  the  smear paper whereas AERE R5106 recommends 
assuming 25%. 

MOD procedures assume t h a t  10% of the 

The a l t e r n a t i v e  o f  i r r a d i a t i n g  t h e  sample wi th  y emission from an antimony - 
124 source  and counting t h e  r e s u l t i n g  neutrons has p r a c t i c a l l y  been abandoned. 
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There is a t  p r e s e n t  no o n - l i n e  method of  d e t e c t i n g  t h e  presence of b e r y l l i u m  
d u s t  wi thout  d e l a y ,  a l though a p r o t o t y p e  instrument  is under development a t  
AWRE. The s h o r t e s t  t i m e  in w h i c h a r e l i a b l e  a n a l y s i s  of a sample can be 
expected i s  20-30 minutes .  To t h i s  must be added t h e  t i m e  t o  c o l l e c t  t h e  
sample and take i t  t o  t h e  l a b o r a t o r y .  I t  seems t h a t  when e x p l o r i n g  an un- 
known environment, such as t h e  JET t o r u s ,  i t  m u l d  be  p o s s i b l e  t o  t a k e  a new 
sample? about  e v e r y  hour .  

2.5 V e n t i l a t i o n  and f i l t r a t i o n  systems 

The b a s i c  p r i n c i p l e  o f  a i r - f l o w  c o n t r o l  is t h a t  a v e l o c i t y  of  > l m / s  (200 f t /  
min) should  b e  main ta ined  f r o m  c l e a n  t o  contaminated enc losures  w i t h i n  a Work 
area. T h i s  normally m e a n s  between t h e  workshop and a fume cupboard wi th  
l e a k i n g  doors:  a i r - t i g h t  glove boxes a r e  not  u s u a l l y  used f o r  b e r y l l i u m .  
I n  a d d i t i o n  it is normal t o  f i t  a h igh  v e l o c i t y  e x t r a c t o r  near  t o  a p o s s i b l e  
source o f  d u s t ,  such  as a g r i n d e r  or cu t t e r ,  

A l l  a i r  d i s c h a r g e d  t o  atmosphere must p a s s  through h i g h - e f f i c i e n c y  f i l t e r s  and 
it is p r e f e r a b l e  t h a t  e x t r a  f i l t e r s  should  be  f i t t e d  n e a r  t o  each s o u r c e  of 
contaminat ion,  eg i n  each  cupboard, so t h a t  less pipework becomes contaminated.  

The a i r  in workshops and b u f f e r  areas must be changed 5 t i m e 8  per hour  and i t  
is  u s u a l  t o  f i l t e r  t h e  f r e s h  incoming a i r ,  l a r g e l y  t o  reduce t h e  l o a d  on t h e  
d i s c h a r g e  and monitor  f i l ters.  Such i n t a k e  f i l t e r s  would be u s e f u l  i n  JET 
a l s o  t o  reduce t o r u s  s u r f a c e  contaminat ion by incoming d u s t ,  

2 . 6  P r o t e c t i v e  c lo th ing:  

A l l  pe rsonnel  e n t e r i n g  a b e r y l l i u m  c o n t r o l l e d  area must wear a p e c i a l  d i s p o s a b l e  
o r  washable c l o t h i n g ,  which they p u t  on and d i s c a r d  i n  circumstances designed 
t o  prevent  t h e  s p r e a d  of  b e r y l l i u m  d u s t  a c r o s s  b a r r i e r s  and i n t o  u n c o n t r o l l e d  
areas. F o r  v i s i t o r s  t h i s  could b e  o v e r a l l s ,  overshoes and h a t s  and f o r  workers  
it would be a f u l l  change of c l o t h i n g  i n c l u d i n g  underwear. Laundering of  non- 
d i s p o s a b l e  garments  could  probably be arranged €or JET through t h e  AERE, Hamell 
P e r s o n a l  washing and showering f a c i l i t i e s  must be a v a i l a b l e  i n  t h e  c l o t h i n g  
change a r e a  and used  under  t h e  d i r e c t i o n  o f  a h e a l t h  and s a f e t y  o f f i c e r .  

A l l  pe rsonnel  must wear p e r s o n a l  a i r  monitors  i n  t h e  c o n t r o l l e d  area. 

Brea th ing  a p p a r a t u s  of t h e  fo l lowing  types : -  

- Masks w i t h  f i l t e r s ,  g i v i n g  1000 a t t e n u a t i o n ,  

- f i t t i n g  o n l y  o v e r  t h e  mouth and nose ( o r i - n a s a l  type)  

- f i t t i n g  o v e r  t h e  whole f a c e  ( f u l l  f a c e  type)  and i n s i d e  which s p e c t a c l e s  
can be worn. 

- Hoods o r  f u l l  f a c e  masks w i t h  a i r l i n e s  main ta in ing  an outward a i r  flow 
> l m / s ,  s u p p l i e d  w i t h  f i l t e r e d  air or air  from b o t t l e s .  

- S e l f  c o n t a i n e d  b r e a t h i n g  appara tus  w i t h  a i r  b o t t l e s ,  T h i s  i s  dangerous 
i n  t h e  hands o f  u n s k i l l e d  people  and is normally r e s e r v e d  f o r  r e s c u e  or 
o t h e r  s p e c i a l  work. 

3 Be r y  1 li um i - n s  

3.1 P r o p e r t i e s  of  b e r y l l i u m  

There is evidence  t o  i n d i c a t e  t h a t  e lements  from t h e  l i m i t e r  Paces w i l l  be  
d i s p e r s e d  i n t o  t h e  JET plasma, and t h a t  i f  t h e  a t o m  are heavy they could  l e a d  
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t o  se r ious  r ad ia t ion  losses .  The l i m i t e r  su r f aces  must withstand considerable 
temperature increases  a r i s i n g  from the  depos i t ion  of plasma energy, and the 
energy m u s t  be conducted r ead i ly  t o  the  s u b s t r a t e  and then the  cooling system. 
The mater ia l  must be s t rong  enough t o  withstand t h e  thermal shocks and be 
s tangly  attached to the  subs t r a t e  wi th  agood thermally conducting bond. 
Chemical r e a c t i v i t y  should be weak, p a r t i c u l a r l y  with hydrogen, and the  ma te r i a l  
must be non-magnetic. 

The r e l a t i v e  merits of beryllium showing why i t  is a t t r a c t i v e  compared with 
the  only o ther  t w o  contenders, n icke l  and g raph i t e ,  a r e  discussed in /6/* 
Table 4 reproduces some of the  more s i g n i f i c a n t  p rope r t i e s  from /6/. 

Table 4 Comparison of p rope r t i e s  of a l t e r n a t i v e  fac ing  ma te r i a l s  f o r  JET limiters 

Property 

Atomic number, Z 

Thermal conductivity , Wm-'K- 

0 Welting poin t ,  K 

Tens i le  s t r eng th ,  N/m2 

7 Beryllium Graphite Nickel 

28 

6 . 7 ~ 1 0 '  

1739 

4.6~10' 

Be w i l l  g ive  
lowest r ad ia t ion  
lo s ses  

Be is bes t  t o  
t ransmi t  su r f ace  
hea t  

Be has one of 
t h e  h ighes t  m e l t  
ing  po in t s  f o r  
l i g h t  metals 

Be is s t rong .  I t  
is br i t t le  up t o  
20o0c 

Contaminated space,  q u a n t i t i e s  and concent ra t ions  

The praposed 4 mm t h i ck  l i m i t e r  fac ings  with an a r e a  of -20 m2 means -150 kg of 
beryllium i n  the  torus .  A t  least 50% of t h i s  could b e  pu lver i sed  by e ros ion ,  
evaporation and spu t t e r ing  i n  a t  most a 5 year  l imi te r  l i f e .  On average, 
-3 kg of beryll ium would be pulver i sed  i n  2 months o f  opera t ion ,  which i n  the  
total  vacuum system of -200 m 3  would g ive  an average concent ra t ion  of -10' pg/m3.' 

Most of the powder would l i e  a s  dus t  a t  t he  bottom of the  to rus ,  perhaps with 
some adhering t o  the wal l s ,  and i t  would only be d is turbed  when a gas is  
admitted. However, i f  only a s m a l l  p a r t  is f i n e  enough t o  be a i rborne  the  
concentration would be very much g r e a t e r  than the  2 Ug/m3 (or less) acceptable 
i n  a cont ro l led  work area. I f  t he  to rus  is t o  be en te red  by people it is  
e s s e n t i a l  to  decontaminate t o  l e v e l s  as l o w  as reasonably achievable.  The 
agreed l e v e l s  in Tables 1 and 2 must be achieved if t he  to rus  is t o  be declared 
a "cont ro l led  area".  

The ex ten t  to which per iphera l  systems, such a s  t h e  pumping l i n e s ,  t h e  neu t r a l  
beam i n j e c t o r s  and t h e  d iagnos t ics .  couldbecontaminated has not y e t  been 
es tab l i shed ,  and nor has t h e i r  a c c e s s i b i l i t y  f o r  decontamination. The best 

1 1.50 x l o 9  2 ~ 10' pg/m3 
2 5 x 12 200 
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f e a s i b l e  p o s i t i o n  f o r  t h e  HEPA f i l t e r s  (h igh  e f f i c i e n c y ,  p a r t i c u l a t e ,  a i r )  
i n  t h e  pump l i n e s  is j u s t  downstream of t h e  turbomolecular  pumps: a l though 
t h i s  does mean t h a t  t h e  p m p s  and t h e i r  oil w i l l  be  contaminated,  and a b r a s i v e  
bery l l ium dus t  i s  harmful t o  b e a r i n g s .  I t  would be  p o s s i b l e ,  b u t  no t  e a s y ,  
t o  modify t h e  e x i s t i n $  TH pumps so t h a t  t h e  chamber c o n t a i n i n g  t h e  b e a r i n g s  
i s  cont inuous ly  f l u s h e d  w i t h  clesls gas. 

Cryogenic pumps would be much easier t o  dccontaminate .  

During t h e  hydrogen plasma phase of J E T ,  t h e  b e r y l l i u m  of t h e  l i m i t e r s  and 
t h e  d u s t i n t h e  t o r u s  would n o t  be  rad ioac tdve .  I n  t h e  D-D and D-T phases  
t h e  r e a c t i o n s  of gBe(n,a)6We and gEe(n,y)’ORe produce very s h o r t - l i v e d  and 
very long-l ived fj emitters r e s p e c t i v e l y ,  probably a t  n e g l i g i b l y  low l e v e l s .  

3.3 Decontamination and waste_--GLspo 

The high p r e s s u r e  (80 b a r )  water  s c o u r i n g  system, p o s s i b l y  wi th  a d e t e r g e n t  
b e f o r e  f i n a l  washing w i t h  demlnera l i sed  water, would be  w e l l  s u i t e d  t o  decon- 
taminate  t h e  t o r u s  from b e r y l l i u m  d u s t .  

The water ,  c o n t a i n i n g  b e r y l l i u m  d u s t ,  would be  c o l l e c t e d ,  probably by s u c t i o n  
p i p e s ,  and taken s w a y  f o r  s a f e  d i s p o s a l .  Commercial companiee are l i c e n s e d  
t o  do t h i a  wi th  non-ac t ive  bery l l ium.  When i t  is  a c t i v e  i t  would have t o  be  
taken by t h e  WKAEA/AERE through t h e i r  normal r a d i o a c t i v e w a s t e d i s p o s a l  r o u t e s .  

I t  would probably be worthwhile  t o  c o n c e n t r a t e  t h e  w a s t e  on si te ,  by f i l t e r i n g .  

3 . 4  Tasks and pX”Oct?dUreS 

N o  s p e c i a l  p r e c a u t i o n s  are r e q u i r e d  f o r  handl ing  d u s t - f r e e  b e r y l l i u m  components. 
Never the less ,  it is w i s e  t o  take reasonable  care, such as wearing g loves ,  
washing hands a f t e r w a r d s  and avoid ing  cuts .  Also a strict  control n u s t  be 
e x e r c i s e d t o p r e v e n t  t h e  c r e a t i o n  of d u s t  by s c r a p i n g ,  machining o r  o t h e r w i s e  
working bery l l ium components. I f  they need to  be  worked they  should  pref -  
e r a b l y  be s e n t  t o  t h e  manufacturer .  

The vacuum system w i l l  need t o  be  opened f o r  a v a r i e t y  of r e a s o n s ,  such as 
changing RF antennae and l imi t e r s ,  r e p l a c i n g  f i l t e r s  i n  t h e  pump l i n e s  and 
r e p l a c i n g  t h e  turbo-molecular  pumps. A complete procedure for opening and 
e n t e r i n g  t h e  system h a s  n o t  been developed, b u t  t h e  fo l lowing  proposa l  f o r  
ga in ing  access  t o  t h e  t o r u s  is probably a f a i r l y  a c c u r a t e  i l l u s t r a t i o n .  

F i r s t  a b u f f e r  zone w i l l  be  c r e a t e d ,  probably i n  t h e  form of a s t r o n g  p o r t a b l e  
chamber s e a l e d  o n t o  t h e  e n t r y  p o r t .  A i r  w i l l  be  drawn from t h e  t o r u s  h a l l  
i n t o  t h e  b u f f e r  zone at  i t s  e n t r a n c e  and d ischarged  n e a r  t h e  working face 
through a blower rind f i l t e r s .  S ince  a t  t h i s  s t a g e  t h e  b u f f e r  zone could  be 
c l a s s i f i e d  as a “maintenance a r e a  t o  a primary containment or  h i g h  r i s k  process 
p l a n t “ ,  t h e  a i r  f low must provide  30 changes/hour. 

The f i r s t  t a s k i a  t h e  b u f f e r  zone w i l l  be  t o  remove the f l a n g e  p l a t e  (-4 tonne)  
or o t h e r  vacuum s e a l i n g  companent, by a bagging sequence which avoids  spread-  
i n g  t h e  d u s t .  Such sequences are w e l l  e s t a b l i s h e d ,  even w i t h  heavy components 
f o r  which t h e  c r a n e  s l i n g  must be passed through t h e  bag. 

I t  if is in tended  t o  e n t e r  t h e  t o r u s ,  t h e  next  task is t o  wash t h e  w a l l s  and 
t a k e  away t h e  w a s t e .  The: water  scour ing  system rill  be c a r r i e d  i n t o  t h e  
t o r u s  on t h e  remote handl ing  a r t i c u l a t e d  boom. The boom can a l s o  c a r r y  a i r  
monitors ,  perhaps w i t h  only t h e  in t ake  and exhaus t  i n s i d e  t h e  t o r u s  and t h e  
f i l t e r  o u t s i d e  for easy  mmoval ,  
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Afte r  decontamination, an a i r  flow from the  h a l l ,  through the  bu f fe r  zone, 
i n t o  the to rus  and out  through EKEPA f i l t e r s  w i l l  be introduced. If i n t ro -  
duced earlier 1 t would c a r r y  embarrassingly l a rge  q u a n t i t i e s  of beryll ium 
dus t  i n t o  the  f i l t e r s  and a l s o  possibly i n t o  the  TY pumps. 

The capacity of t h e  e x i s t i n g  backing pumps, 250 m3/h from each of four  a t  
atmospheric pressure ,  is f a r  t oo  s m a l l  to provide the  minimum a i r  change 
rate of 5/hour. Consequently it w i l l  be necessary, again c rea t ing  a bu f fe r  
zonel t o  provide a second opening a t  the  opposite por t  and a t t ach  a blower and 
f i l t e r  system t o  t h e  ves se l  opening. Before t h e  second opening i s  made the  
e x t r a c t  f ans  of t h e  f i r s t  b u f f e r  s y s t e m  w i l l  be switched of f  and closed so 
t h a t  dus t  is  not d r a m  from t h e  to rus .  When t h e  f i n a l  t o rus  v e n t i l a t i o n  
system is ready the  system i n  the  second buf fe r  zone w i l l  a l s o  be switched 
off and closed. Next the  boom w i l l  be withdrawn. As it is withdrawn, 
sur face  contamination samples w i l l  be taken and analysed repea ted ly .  mile 
t h e  boom is being withdrawn, the  a i r  flow through the  torus w i l l  be  boosted 
t o  the  equiva len t  of 1 m/s through the  po r t  aper ture  of 435 mm hor i son ta l  x 
940 mm v e r t i c a l .  This flow is equivalent t o  9 changes/hour i n  the torus .  

With the boom c lean  and removed i t  w i l l  now be poss ib le  to  e n t e r  t h e  adequately 
ven t i l a t ed  torus  wi th  brea th ing  apparatus,  g iv ing  100% pro tec t ion ,  and take  
f u r t h e r ,  repeated air and su r face  samples u n t i l  it is declared s a f e  t o  s tar t  
work. Even so, workers w i l l  always wear r e sp i r a to ry  p ro tec t ion .  Samples 
nust be taken and analysed, and workers must leave the  toruslwhenever there 
i s  a p o s s i b i l i t y  t h a t  trapped dus t  has been d is turbed .  

In theory i t  should eventua l ly  be poss ib l e  t o  reduce the a i rborne  and sur face  
contamination t o  l e v e l s  a t  which the  to rus  can be declared a con t ro l l ed  work- 
ing  a rea  where brea th ing  apparatus i s  unnecessary. In  r e a l i t y  it w i l l  pro- 
bably never be worthwhile t o  achieve t h i s  condition. 

Manpower and t r a i n i n g  

I n  es t imat ing  manpower it seems reaaonable t o  assume t h a t  i t  may be necessary 
to work i n  the vacuum system between 2 and 6 t i m e s  a year f o r  per iods  of one 
o r  2 weeks. A foreman and 5 craftsmen would appear t o  be a reasonable team, 
considering the  r e s t r i c t e d  space and t he  needs of s a f e t y  su rve i l l ance .  

I t  seems unl ike ly  t h a t  JET could h i r e  people accustomed t o  working w i t h  
beryll ium, but p r a c t i c a l  f a m i l i a r i t y  w i t h  rad ioac t ive  and o the r  t ox ic  sub- 
stances should be s u f f i c i e n t .  I N  any case * personnel concerned must be 
properly t r a ined .  The t r a i n i n g  should include:- 

a) information on hazards 
b)  work procedures and precaut ions  
c) c lo th ing ,  changing, washing and o ther  r e l a t e d  p rac t i ces  
d) use of brea th ing  equipment, w i t h  self-contained apparatus l imi t ed  t o  the 

e) emergency a c t  ions  
f )  ac t ions  i n  case  of i n j u r y  

The necessary t r a i n i n g  can be arranged through t h e  Culham/JEa' Safe ty  Serv ices  
Sec t  ion.  

P a t r o l  Serv ice ,  Health Physics Serv ice ,  o r  o the r  spec ia l  ca t egor i e s  
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4 Recommendations f o r  J E T  

In addi t ion  t o  t h e  requirement t o  comply wi th  t h e  appropr ia te  r egu la t ions  
concerning the  handling of bery l l ium i t  appears,  from t he  information 
recounted i n  t h i s  no te ,  t h a t  t he  following recommendations would be appro- 
p r i a t e  f o r  JET. 

4 .1  Contmina t ion  l e v e l s  

4 . 1 . 1  The J E T  vacuum system w i l l  au tomat ica l ly  be dec lared  a beryll ium hazard a rea  
88 soon as t h e  machine has opera ted  wi th  bery l l ium limiters, and w i l l  remain 
so u n t i l ,  if eve r  before  de-commissioning, i t  is dec lared  uncont ro l led  by 
the  JET/Culham Safe ty  Serv ices .  

4 .1 .2  Areas should be c l a s s i f i e d  on a 2 - t i e r  system, black con t ro l l ed  a reas  and 
whiteuncontrolledareas,ie with no in te rmedia te  shading, which might be 
confusing. 

4 .1 .3  Cont ro l led  a reas  w i l l  always be wi th in  the  vacuum sys t en  QP c l o s e  ou t s ide  the  
e n t r y  po in t .  Reapiratory p ro tec t ion  w i l l  always be used i n  these  con t ro l l ed  
a reas .  

Nevertheless,  t he  a i rborne  concent ra t ion  i n  a con t ro l l ed  area ought no t  t o  
exceed 2 pg/m3, wi th  an overr id ing  t a r g e t  of 0 . 2  ug/m3 on t he  A U R A  p r i n c i p l e .  

4.1.4 "Short t e rn"  exposures t o  a i rborne  l e v e l s  >2 pg/mn3 w i l l  not be permi t ted .  

4.1.5 I f  a con t ro l l ed  a r e a  is set up where r e s p i r a t o r y  p r o t e c t i o n , i s  no t  needed, 
t h e  same l i m l t s  a s  4 .1 .3  w i l l  apply. 

4.1.6 The a i rborne  contamination i n  uncont ro l led  a r e a s  should not  exceed 0.01 pg/m3 
averaged over 1 month. 

4.1.7 The sur face  concent ra t ion  i n  con t ro l l ed  a reas  should not exceed 100 l ,g /m2.  

4.1.8 The sur face  concent ra t ion  i n  uncont ro l led  a reas  must no t  exceed 10 ug/mZ. 

4.2 Ven t i l a t ion  

4.2.1 An a i r  flow v e l o c i t y  o f  1 m / s  should be maintained from a c leaner  space through 
any open ape r tu re  i n t o  a space where contamination is unknown, eg t h e  t o r u s ,  
or where i t  is suspected t h a t  l e v e l s  may be h igher  than those  s e t  for con t ro l l ed  
a reas .  

4.2.2 Buffer zones must be e s t ab l i shed  between beryll ium hazard a reas  and uncont ro l led  
a reas .  

4 .2 .3  Unt i l  condi t ions  on t h e  bery l l ium s i d e  of a b u f f e r  zone, i e  a t  t h e  working f ace  
and i n  t h e  J E T  vacuum system, ore  f u l l y  con t ro l l ed ,  an a i r  change rate of 
3Q/hour should be maintained i n  the b u f f e r  zone. 

4.2.4 When condi t ions  on the  bery l l ium s i d e  a r e  Sul ly  con t ro l l ed ,  t he  a i r  change r a t e  
i n  the  b u f f e r  zone can be r e d u c e d t o n o t  less than  5/hour. 

4.2.5 The a i r  flow r a t e  i n  any bery l l ium c o n t r o l l e d  area must not  he less than S/hour, 
even when r e s p i r a t o r y  p ro tec t ion  is warn. 
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4 .3  Medical suppor t  

Qual i f ied  medical suppor t  must be ava i l ab le  on site t o  a t t end  immediately t o  
any i n j u r y ,  however s l i g h t ,  where t h e r e  is any r i s k  of bery l l ium contamination. 

A l l  personnel who might be exposed t o  beryll ium dus t  w i l l  be medically examined 
and those  who would run a h e a l t h  r i s k  h igher  than normal w i l l  be excluded. 

5 General observa t ions  

About 200 - 500 man-years have been spent an beryll ium work a t  the  e s t a b l i s h -  
ments v i s i t e d .  During t h i s  t i m e  t h e r e  has been only one case  of very s l i g h t  
b e r y l l i o s i s  and one case of a c u t  from a gr inding  wheel which would not  hea l  
and r e s u l t e d  i n  a lost thumb. 

The genera l  a t t i t u d e  is one of calm confidence based on p r e c i s e  and unremi t t ing  
h e a l t h  phys ics  c o n t r o l .  The cha rac t e r s  and p e r s o n a l i t i e s  of t h e  ope ra to r s ,  
p a r t i c u l a r l y  in c h e e r f u l l y  accept ing  exac t ing  d i s c i p l i n e ,  i s  c l e a r l y  important.  

6 References 

1 Health and Sa fe ty  at Work Act, 1974 

2 Copy a t tached .  Guidance Note EH13 f r o m  the  Health and Sa fe ty  Executive; 
October 1918, "Beryllium - h e a l t h  and s a f e t y  precautions".  

3 UKAEA Health and Sa fe ty  Code N o  D 2.1, "Safe Handling of Beryllium and 
i ts  Compounds" . 

4 J Pollock, I S  Jones,  "Health Physics Control of Beryllium at AERE H a r w e l l " .  
AERE-RIlO6, J u l y  1966. 

5 P r i v a t e  communications from Health Physics S t a f f  AWRE and ROF Card i f f  t o  
R Clayton, 1983. 

6 P H Rebut and K J Dietz, "The first w a l l  i n  JET", 12 th  SOFT, 1982. 
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JET Fusion Technology Division 
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Guidance Note EH 13 
from the 
Health and Safety 
Executive , -  

- , . . I  ,~ - -  
I . ,; 

//' 
_______I. ............ Environmental Hygiene 13 (October 8978) 

These Guidance Notes are published under five subject 
headings: Medical. Environrnenta! Hygiene, Chemical 
Safety, Plant and Machinery and General. 

............ .- 
~ ~ ~ ~ ~ - O U - < ~ - F ~ E ~ T ~  

Beryllium poisoning is  a prescribed industrial disease under 
the National Insurance (Industrial Injuries) Act  7965. 

___I..- ................. Two main iypes of beryllium intoxication are recognised. 
DESC R'PT'ON ......... - (1) Actrte and 12) Chronic. 

Beryllium, Be, i s  a hard silver-white metal of low specific 
gravity (1-85) and high melting point (around 1280°C). 
It is  stable in air, but burns brilliantly in oxygen. The most 
important properties of the metal are i t s  high strength-to- 
weight ratio and i t s  alloying property which confers to 
metals special properties of resistance to corrosion, 
vibration and shock. 

With the exception of the naturally occurring beryl ore 
(beryllium silicate). a l l  beryllium compounds and beryllium 
metal are potentially highly toxic. 

Threshold limit value 

Beryllium and i% compounds: 0.002 m g h '  of air calculated (c) Dermatitis. The mluble acid salts of beryllium may 

(1)  ACUf?? intOXiCaiOn due to the inhalation of beryllium 
fume or dust on local contam with soluble salts may 
result in any Of the following manifestations. 

(a) Inflammation of the niutous msmhranes of the nose, 
throat and chest with discomfort. prmibly pain, and 
difficulty with swallowing and breathing. 

(b) Exposure to  moderately hiyh conmntiations of 
bryll iurn in air may produce a very serious condition of 
the  lungs. The injured person may become blue, feverish 
with rapid breathing and raised pulse rate. Recovery is  irsual 
but may take several months. There have been deafh  in 
the acute stage. 

as beryllium. A level of 0.025 mg/m3 has been suggested as 
an upper limit which should not be exceeded even for very 
brief expasures. 

.................. .- 
.....l_l INDLISTRIAL USES 

These include the following 

(a) In copper alloys, commonly containing up to  2% 
beryllium. These alloys have high tensile strength and 
possess high electrical and thermal conductivity. They are 
used in the electrical industry and in high definition moulds 
used, for example, in plastic injecrion moulding machines. 

(b) As an alloy with nickel used for diamond drill-bit 
matrix and for watch balance wheels. Complex nickel- 
chromium alloys containing low percentages of beryllium 
are used for dental plates. 

(c) In atomic energy development and nuclear reactor 
research. although stainless steel has replaced beryllium as 
the 'canning' material for uranium fuel rods. 

(d) In space exploration vehicles and in missiles. 

User of beryllium compounds include the following. 

Beryllia (beryllium oxide) is  used as a heat-resistant ceramic 
and finds particular use in high temperature nuclear 
reactors. The excellent hea t  conductivity and high dielectric 
valve of the ceramic account for i t s  wide UM in the 
electronics industry. 

cause dermatitis and sometimes ulmration which usually 
rewlwc on removal from exposure. 

(dl Conjunctivitis. The soluble acid salts may cause inflarn- 
mation of the mumus membranes of the eyes. 

(2) Chronic response. This condition is  more truly a general 
one although the lungs are mainly affected. There may he 
lesions in the kidneys and t h e  skin. Certain features suppon 
the view that the condition i s  allergic. There is  no relation- 
ship between the degree of exposure and the severity of 
response and there i s  usually a time lag of up to ten yearr 
between exposure and the onset of the  illness. Both sexes 
are equally surctlptible. The onset of the illness i s  insidious 
but only a small number of exposed persons develop this 
reaction. 

The symptoms may include bwathlerzness an exertion. 
cough, chest pain, loss of appetile, tiredness, 10% of weight 
and skin changes. Early diagnosis i s  of prime importance 
in the subsequent success of treatment with modern drugs. 

......................... 
CQNBROE 

Beryllium and i t s  compoundr should preferably be handled 
in enclored plant. Where this i s  not possible, local exhaust 
ventilation of the highest standard should be provided for 
processes where dust or fume are likely to arise. All 
working surfaces and component$ should be kept virtually 
dust free. It is  recommended that beryllium Contamination 
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,.rould not exceed 0.01 ug/cm2 C0.1 mg/mal. Air exhausted (b) Any injury to the skin by beryllium ceramlc material 
from local exhaust ventilation systems and cleaning equip 
ment should be efficiently filtered before discharge to the 
outside atrnssphere. 

(a) Protective clothing including gloves should be provided 
to  prevent skin contact. 

Ib) A respirator of the  approved type should be provided 
for emergency use and maintenanm operations e g when 
emptying dust collection plant. 

(c) Washing facilities of a high standard and easily accessible 
should be provided for use of perrons exposed IO beryllium 
and i t s  compounds I f  the skin i s  contaminated with the 
dust, affected parts should be cleaned without delay 

I____x I_ 

MEDICAL SUPERVISION 

There are no regulations requiring a statutoiy examination 
of beryllium workers. Mowever it is  recommended that 
medical supervision i s  provided for those who ure beryllium 
and i t s  compounds in processes that involve risk of inhaling 
dust or fume (beryllium oxide i s  particularly hazardous). 

Preemployment medical examinations 

These should include a full chest X-ray and possibly lung 
function tests. It is  advisable that personnel having a hisrory 
of asthma or euma should not undertake work involving 
exposure t o  beryllium compounds. 

Periodic medical examinations. 

These should be annual and include a chest X-ray and if 
appropriate, lung function terts. 

Special medical re-arressments 

These may be indicated in the following circumstances: 

(a) On return to  work after a chest illness involving more 
than two weeks sickness and on return to  work after any 
illness lasting more than four weeks. 
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should he recorded. Such an injury should be followed 
up as in the event of failure to  heal consultant opinion 
may be necessary. 

Medical records should be kept to facilitate any future 
long term follow-up of beryllium workers. 

First aid 

In  the case of acute poisoning, the victim should be 
removed immediately from exposure end contaminated 
clothing removed. I f  the victim ir cyanosed. oxygen may 
be required. He should be kept a t  rest and warm until 
either medical aid or an embulanm arrives. It i s  advisable 
to send a written note explaining what has happened, or 
to send a responsible person able to give a coherent history, 
with the patient to hospital. 

lin a case of coniunctivitis, the eyes should be flushed 
copiously with water and medical advice sought. 

--I 
~ O R ~ R E Q U  I R EMENTS 

No specific Regulations have been made under the 
Fac,tories Act 1961 nor the HSW Act 1974 to deal with 
exposure to beryllium, but attention is drawn to  the 
requirements of Section 6 of the HSW Act 1974 regarding 
the duties of manufacturers etc. and of Sections 4 and 63 
of t h e  Factories Act 1961 regarding the  ventilation of 
workrooms and measures to be taken to protect persons 
employed against inhalation of injurious dust or fume. 

Beryllium works are Scheduled under the  Alkali, etc.Works 
Regulation Act 1906 and Alkali etcWorks Orders 1966 
and 1971. 

-ll-ll_-- 

FURTHER INFORMATION 

This Guidance Note is  produced by the Health and Safety 
Executive. Further advice on this or any other publications 
produced by the Executive i s  obtainable from Baynards 
House, 1 Chepstow Place, London W2 4TF. or from Area 
Offices of the HSE. 

-- --__ 
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Appendix F 
VENTILATION INSTRUMENTATION AND CONTROL SYSTEM 

FOR BERYLLIUM LIMITER EXPERIMENT 



56 

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
53 2. DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



57 

1. INTRODUCTION 

The principle is that in the event of a vacuum failure, the Nilfisk Industrial Suction 
Unit (GB 733) will turn on and develop a blank-off pressure of about -100 mm Hg 
gauge. When the liner pressure is between this blank-off pressure and atmospheric, the iso- 
lation gate valve will open maintaining the liner at a reduced pressure. A back-up system 
will automatically turn on if the primary system fails to operate. The automatic control 
system can be bypassed for liner pumpdown by an auto-reset bypass circuit. 

2. DESCRIPTION 

Starting point is under vacuum. Atmospheric pressure is a nominal 740 mm. A leak or 
deliberate vent occurs. At about 10 y (w3 mm Hg) the tokamak vacuum system shuts 
down; this indicates on the alarm panel and at the Plant Shift Superintendent's Office. At 
325 mm Hg abs the two absolute MKS baratrons will exceed the set point and PA1-1 
and/or PA2-1 will close. This turns both GB 733 units on and energizes the intermediate 
voltage rail. For additional reliability the two GB 733 units will be supplied by separate 
440 V bus lines. The GB 733 units will generate a blank-off pressure of about -100 mm 
Hg and the differential pressure will be about +315 mm. The indicator will read positive 
off scale. As the liner pressure continues to rise, this differential pressure will decrease, 
passing through zero when the liner pressure equals the GBA 733 blank-off pressure at 
about 440 mm. When the liner pressure reaches 640 mm the second set of contacts on the 
absolute manometer, PA1 -2 or PA2-2, will close, enabling the differential manometer con- 
tacts. The liner pressure will continue to rise until the differential pressure equals 
-50 mm when the contacts PDI-1 or PD2-1 will close. This will energize the delay timer 
TR, which, after a ten-second delay to protect against noise transients, will operate, ener- 
gizing CR3 or CR4. Which closes first will depend on the actual set points for PD1-1 and 
PD2-1. We will assume here that PD1-I closes; however, system operation is the same if 
PD2-1 closes first. When CR3 is energized CR3-1 latches TR1 in and CR3-2 energizes 
EOV1, opening the isolation gate valve IGV1. In addition, the limit switch LSI hn EOV1 
opens, disabling TR2. Hence, EOV2 remains closed, preventing one GB 733 from pumping 
the other. In the event that a failure occurs and IGVl does not open, LSl will remain 
closed. When PD2-1 passes its set point, EOV2 will be closed and the limit switch LV2 
will open, preventing EOVl from opening. As soon as the isolation gate valve opens the 
differential pressure falls to zero, opening PD. However, the latch contacts CR3-1 (or 
CR4-1) to keep TR1 (or TR2) energized. 

For pumpdown, it is necessary to close the gate valve with the liner at atmospheric 
pressure. For this purpose an auto-resetting bypass is included. This consists of two parallel 
relays, CR5 and CR6, which are energized by the pushbutton latch combination bypass 
enable, and CR5-1 or CR6-1. Energizing CR5 opens the normally closed contact CR5-2, 
deenergizing the relay string and closing the gate valve. Relay CR5 is reset when the pres- 
sure falls below 325 mm, and PA1 and PA2 open. Relay CR4 is installed to provide 
redundancy in the event of a failure in CR5-2, such as a burnt contact. A "Bypass Defeat" 
pushbutton is included to allow resumed filter operation if pumpdown is delayed. 
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Test procedures will now be described. The absolute manometer will be disconnecte 
from the indicator/power supply unit, A variable voltage source will be connected to the 
indicator unit to simulate a high pressure. The valve actuating relays C R 3  and CR4 will 
be removed. The signal lead from the differential manometer to the Jewell indicator will 
be disconnected, and a variable voltage source will be connecte across the Jewell meter. 

The absolute manometer voltage supply will be increased until the first set point i s  
exceeded, when the suction motor will turn on. This voltage will be compare 

The voltage will then be further increased until. the instrument reads about 700 inm. 
The voltage source to the differential manometer will then be increased until the trip light 
comes on. The voltage will be compared with the limit set valve of -0.5 V. The instru- 
ment should read -50 mm. 

After 10 seconds, the gate valve indicator light should come on indicating correct 
function. The absolute manometer voltage source will then be reduced until the valve indi- 
cator light goes out. The voltage should be compared to 3.3 V. The voltage should then be 
increased to about 3.5 V, when after a 10-second delay the valve indicator light will come 
on again, The preceding test should be repeated for the second set of controls. 

The bypass enable circuitry should then be tested. With the valve indicator light lit, 
push the bypass enable button. The bypass enable light should go on and the valve actua- 
tor light should go out. As CR5-2 is in series with PA1-2 and CRS-l is in series with 
CRS-1 (and similarly for CR6 and FA2) no additional test is required to check these con- 
tacts. 

Replace the leads to the indicator unit and Jewell meter, observing polarity. Check 
that the absolute gauge reads zero and the differential gauge reads positive off scale. 
Check that the valve indicator lights are off. Insert relays 6 R 3  and CR4. This completes 
the control system test. 
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Interlock Schematic for Liner V e n t i  l a t i a n  System 
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Appendix G 

OPERATIONAL SAFETY REQUIREMENTS 
JET-JSX-B BERYLLIUM LIMITER EXPERIMENT 
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1. INTRODU~ION 

These Operational Safely Requirements (OSR) pertain to the JET-ISX-3 beryllium 
limiter experiment. ISX-B is an already existing experiment that has operated fur the past 
five years. The modification associated with these requirements consists of the installation 
of' a beryllium metal limiter into the tokamak. This operating safety requirement is lo sup- 
port the necessary control and monitoring procedures associated with this beryllium experi- 
ment. 

2. SAFETY LIMITS AND LIMITXNG SAFETY SYSTEM SETTINGS 

The two items of equipment with safety limits are the flow meters that monitor the 
air flow rates in the air samplers and the controls for the liner ventilation apparatus. 

The air sampler flow rate i s  monitored by a levitated ball flow meter. The normal air 
flow rate is 20 L/min. The consequences of excessive air flow are over-sensitivity, which is 
not serious. The consequences of insufficient flow are inadequate sensitivity, which has 
serious patential. The flow meters in use have an approximately 5% combined reading and 
instrument uncertainty. The maximum acceptable 8-h exposure leveP will be set at 
1 pg/m3 indicated. (This is one-half of the established TLV.) The reliable detection level 
for beryllium is 0.1 yg, and it takes 50 min to detect 1 pg/m3 at 20 L/min. The limiting 
safety setting will be established as &2S% of normal air flow, for example, 15 to 25 
L/min. This provides a safety margin of 20% including instrumental accuracy before the 
TLV of 2 pg/m3 is exceeded. To maintain realistic operating ranges and to prevent false 
indications of overexposure, the high limit has been set to the same value, $2096 of nor- 
mal flow setting. 

The control instruments for the liner ventilation system consist af a duplicated set of 
absolute and differentia1 pressure manometers. The detailed system description is presented 
in the Final Safety Analysis Report (Appendix F). The absolute manometer, FA, detects a 
failure in the main vacuum system, starts the suction unit motor, and enables the remain- 
ing circuitry. The instrument and set point accuracy is rt 10 mm ( k 170). The operating 
requirement is that the unit actuates before the liner pressure reaches atmospheric and 
does not generate any false valve openings. The low-pressure safety limit is 10 mm. The 
variation in barometric pressure i s  less than k 4 0  rnm (excluding freak weather); standard 
pressure at the 9201-2 site (elevation 800 ft MSL) is 740 mm. Including instrument accu- 
racy, the upper safety limit is then 690 mm. The normal operating set point is 350 mm; 
the safety system setting has been made equal to the limiting safety systems at -t- 100 mm 
about the normal operating set point (250 to 450 mm), and the safety margin is 240 mm. 

The differential manometer, PD, detects the rise of liner pressure above the bianked- 
off suction pressure. The suction unit specification i s  110 mm. Instrument accuracy for the 
manometer is k 3  mm. The normal set point is 50 mm. The limiting safety system setting 
is +20 mm. The safety margin is k 2 7  rnm. i n  addition to enabling the suction unit 
motor, the absolute manometer ailso enables the differential pressure circuitry to prevent 
aceidental system operation during tests. The requirement is that this second trip must 
occur for all atmospheric conditions. The lowest realistic atmospheric pressure is 700 mm. 
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The instrument accuracy i s  10 mm and the safety limit i s  690 mm. The safety system set- 
ting will be set at 680 mm; the safety limit is 10 mrn for this worst atmospheric pressure 
case. The summary of the set points and operating limits is shown in Table 1. 

......... ........... - ..-. 

Normal operating Operating limit 
Device value safety settings 

......... ............. _I_- -. -.- ....... 

Sampler air flow 20 I,/min 15 L/min to 25 L/min 

Absolute manometer 
Lower set point 350 rnm 250 mm to 450 nim 
Upper set point 680 mm 630 mm to 690 mni 

Differential mamonleter 
set point 50 mm 30 mm to 70 nim 

........ ............ ..... 

Note: All pressures mm IIg. 

3. LIMITING CONDITIONS FOR OPERATIONS 
The limiting conditions for tokamak operations are not covered in the OSR and are 

addressed in the ISX Safety Analysis Report (SAW), as referenced in the Final Safety 
Analysis Report. Two limiting conditions exist for the operation of the safety systems. 

a. The liner ventilation system 
Prior to operation each day, the liner ventilation set points will be visually 

checked for proper setting, If any set points are outside the system settings as previ- 
ously described they will be reset. In the event that a system failure i s  detected at any 
time, all further device operation will be delayed until the fault is repaired. 

b. ,4ir monitoring system 
Four fixed head air sampling monitors will be maintained in continuous opera- 

tion. Air flow rates will be checked prior to operation each day. If any air flow rate is 
outside the system setting, the defective unit will be repaired and replaced as soon as 
possible. In the event that two or more units are outside limits, the experimental run 
will be postponed until the units are repaired, and area access will be limite 
sonnel wearing protective clothing, footwear, and suitable breathing masks. 

4. SURVEILLANCE REQUIRE 

Before operation each day, the fixed air samplers will be checked for proper operation, 
and the liner ventilation systems will be checked for available three-phase and control 
power and compressed air. Someone will also check that the bypass enabled light is off. 
Automatic startup of the liner ventilation system will be tested after completion of opera- 
tions each week. The test procedure describe in the SAR will be performed before initial 
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operation and quarterly thereafter until completion of the experiment. Surface wipes and 
air samples will be taken and tested on a regular basis (daily at the start of experiment; if 
no contamination is detected, then on a weekly basis). Following any vent, samples will be 
taken and analyzed. The roughing pump oil will be tested on a rotating schedule so that at 
least one sample is taken each week and so that each pump is tested at least every month. 
The heat exchange fluid will be tested on a monthly schedule. 

5. DESIGN FEATURES 

The design characteristics that are of particular concern to this OSR are those associ- 
ated with the vacuum liner as a confinement vessel and the continued integrity of the lim- 
iter assembly. The existing vacuum system is expected to function as an adequate monitor 
of the confinement system. At the end of each operating week, a test of the vacuum pro- 
tective system will be made by deliberately tripping the main vacuum ionization gauge. If 
any malfunction is observed, operation will be suspended until the defect is repaired. At 
the time of this test the Plant Shift Superintendent’s (PSS) alarm will be enabled to test 
for proper operation of the PSS I 3  1 alarm. 

The integrity of the limiter will be monitored at all times by a closed circuit television 
camera. If the limiter should show signs of failure, the experiment will be terminated and 
the limiter will be removed for evaluation. 

6. ADMINISTRATIVE REQUIREMENTS 

All administrative controls will be in compliance with the Y-12 Health and Safety 
Procedures and the Fusion Energy Division procedures, as referenced in the Safety 
Analysis Report published by ORNL. 

6.1 ADMINISTRATIVE CONTROLS 
The E X - B  enclosure will be identified as a restricted access area. During operation of 

the ISX-B the interlock system will prevent entry into the enclosure. During maintenance, 
access will be administrative control. A list of authorized persons will be posted, and a 
record of all entrances and exits wilt be maintained. 

6.2 STAFF REQUIREMENTS 
The minimum staff required for operation of the ISX-B tokamak consists of a respon- 

sible physicist who is approved by the group leader and two technicians. In addition, if the 
beam lines are operating, a beam line operator is required. During maintenance periods all 
maintenance people working within the enclosure must be accompanied by a representative 
of the operations group. 

6.3 TRAIMNG 
Prior to initial operation of the experiment a series of talks will be given to the operat- 

ing personnel to familiarize them with the special hazards and operating techniques neces- 
sary for the experiment. As additional experience is gained, particularly with regard to the 



distribution of beryllium inside the vacuum vessel and to decontamination procedures, this 
information will be communicated to the operations personnel and maintenance supervisors 
through regular weekly meetings. 

6.4 RECORD KEEPING 
Adequate records will be kept of the operations of the experiment. These are 

described in the Safety Analysis Report in detail. Particular importance will be ascribed to 
the facility logbook and the regular diary that will be maintained by the duty operator. 
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