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1.0 INTRODUCTION AND GENERAL DESCRIPTION (K.Bol)

1.1

1.2

Introduction

The Princeton Beta Experiment-Modification (PBX-M) is an experi-
mental device of the tokamak type. A tokamak is characterized by a
strong toroidal magnetic field composed of an externally driven com-
ponent parallel to the torus centerline modified by the field pro-
duced by a transformer-driven current (OH) in the confined plasma.
A second magnetic field parallel to the major toroidal axis is added
to provide radial equilibrium for the plasma. As an advanced
tokamak, PBX-M will have additional magnetic fields to reshape the
plasma cross section from a cirele into a kidney bean shape; it will
also be equipped with 6MW or more of auxiliary heating power pro-
vided by four neutral beam injectors, with RF systems, and with an
extensive set of diagnostics. Potential hazards assoclated with
PBX-M, which are analyzed in this report, result from energy stored
in the magnetic fields, high voltages necessary for the operation of
some of the equipment and diagnosties, neutron radiation when the
neutral beams are run with deuterium and x-rays, especially those
emitted as a result of plasma-wall interacticn. This report
satisfies the requirements set forth in the PPPL Health and Safety
Directives, specifically HSD-5003, and in DOE Order 5481.1B and its
Chicago operations supplement (DOE86, DOEB2).

Scope of Modification

PBX-M is a modification of PBX, which in turn was a modification of
the Poloidal Divertor Experiment (PDX). A Safety Assessment
Document for PBX was issued February 9, 1984, The FDX to PBX
modification, in terms of device operation, involved minimal
changes. Controls, interlocks, power supplies, radiation and
electrical hazards all remained the same.

The current modification is much more extensive. It entails a
totally new control system, the addition of six new power supplies,
a neWw polarity-reversing panel, five new coils inside the vacuum
vessel, extensive new bus work both inside and ocutside the vacuum
vessel, and considerable revision of the personnel-protective inter-
lock system. However, much remains the same. The basic machine and
the Toroidal Field (TF) and Oimic Heating (OH). coil systems are
unchanged. For the Equilibrium Field (EF) only a minor relocation
of a coil pair was made plus the addition of a set of existing coils
{CF-10). The TF and EF power sources are untouched; but the
cperating mode of the Ohmic Heating Supply (OHS) will be somewhat
changed. These three are the highest power system; the biggest new
supply, the Indentation Field Supply (IFS), has about 20% the MVA
rating of the smallest of the old, the EF.



Two other machine changes have a major impact on the physics but
virtually none on the safety aspect. These are (1) an increase in
plasma major radius from 145 to 165 cm, and (2) the addition of a
set of aluminum plates shaped to form a conducting shell that hugs
the plasma over most of its surface. Inspection of Figure 1-1
indicates the changes from PBX to PBX-M.

Goals and Objectives

The ultimate goal of the PBX/PBX-M program is to achieve by the use
of highly shaped plasmas much higher values of beta, the ratio of
plasma to magnetic field pressure, than are achievable in standard
tokamaks. The PBX-M design is a refinement of PBX; it will rely on
the conducting shell to stabilize the mode which was found to be
most limiting of beta in PBX. The larger major radius of PBX-M al-
lows for a more deeply indented plasma and provides rocam for
divertor chambers near the bean lobes. The additional power
supplies and highly articulated coil system will allow the degree of
control over the plasma shape that the close fitting conducting
shell necessitates. The initial objectives of the PBX-M program
will be the verification of these desig goals.

Participants in PBX-M Design, Construction, and Operation

The primary participants in the design, development, construction,
installation, and operation of PBX-M are the U.S. Department of
Energy (DCE) and the Plasma Physics Laboratory of Princeton
University (PPPL).

a. DOE within its Office of Fusion Energy has the responsibility
for the development of the fusion power program.

b. PPPL has the responsibility for overall planning, scoping, and
monitoring within the guidelines provided by DCE Directives.
Ultimate responsibility for the operation rests with PPPL.
This includes the operational and environmental health and
safety of the operating personnel and the general public. The
relationship of PPPL (Princeton University) and DOE is governed
by U.S. DOE Contract DE-AC02-T6-CHO-3073.

Summary of Significant Itema

Design, development, manufacture, fabrication, construction, ingtal-
lation, tests, operation, maintenance, and subsequent modifications
are and will be accomplished in acecurdance with safety provisions of
the DOE Environmental Safety and Health (ES&H) Orders and the
generally applicable ehvironmental guidelines of the Environmental
Protection Agency (EPA). In particular, the applicable criteria for
routine and accidental occupational exposure to radiation are in
accord with DOE 5480.1A, Chapter XI (DOEB1) requirements. Applie-
able sections of the DOE orders have been Interpreted and estab-
lished as design requirements on detailed site-related characteris-
tics. Buildings, facilities, and systems have been designed and
built to assure safe operation.
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A summary tabulation of the principal hazards evaluated and the
safety provisions incorporated is presented in Table 1-1,

Table 1-1

HAZARD EVALUATION AND DESIGN PROVISIONS

Consideration

Hydrogen

High Voltage

Radiation

Coils and
Mechanical Equipment

Fire Enclosure

Power Supplies

Provision

Installation per established
safety codes.

Air/H, mixture concentrations safe
for all failure modes.

Interlocks, locks, fences, ground
provisions, insulation, marking,
controls.

All interlocks identified in
operations procedure and verified
prior to faeility operation,
tested periodically.

X-rays and neutrons are potential
radiation problems; safety office
issues authorization for safe
operation. Health Physics ~
moniters, surveys, and issues
radiation work permits as needed.

Continued monitoring as experiment
progresses.

Design margins adeguate for stress
and deflections. Detailed calcu-
lations performed.

Device is within a building pro-
tected by automatic halon system.

Building materials and construc=-
tion are in accordance with fire
codes.

Installed per fire protection
codes and N.E.C.



2.0 SUMMARY SAFETY ANALYSIS (J.R. Stencel)

2.1

Hazards

The operation of this experiment will not generate effluents of any
kind which might contribute to the poliution of air or water. Any
hazards that accidents may cause are localized, contained, and con-
trolled within the confines of the protective envelope that sur-
rounds the PBX-M deviee and its eleetrical connections to external

power sources.

Specific hazards analyzed were:

A.

Materials

1.

Toxic or ecarcinogenic materials are not, in general,
employed in this opsration. PCBs are still present in
some capacitors and transformers.

Fire and explosion hazards

Hydrogen/deuterium is used to fuel the tokamak, a palla-
dium leak serves to purify the gas. The flow into the
machine is limited to about 200 tarr-liter/second by piezo
electric valves which is about t/4 liter per second at
S.T.P. In practice this rate is never maintained for more
than a second.

Everything evacuated from the vacuum vessel by pump is
exhausted outside the building. The gas itself is
commercial grade and is delivered in 5000 liter S.T.P.
bottles at 1750 psi pressure. Since the test cell volume
is aver 350,000 cu. ft., release of a full bottle would
result in an average volume concentration of 3.05%, far
below the lower explosive mixture limit of 4% (assuming
full mixing).

Electrical Hazards

Large power supplies dominate the operation of the device.
Their installation and interleck protection meets all PPPL
requirements of HSD 5008, section 2 (HSD2a, HSD2b).

Mechanical Hazards

Full use of a finite element code to analyze the PBX-M vacuum
vessel for mechanical stress and te support the design of naw
coil supports guarantees safe operation under even the worst
case electromechan_cal and gravitational loads.



Rotating equipment and heavy objects are potential sources of
mechanical hazards to personnel.

1.

2.

Vacuum pumps - Conventional mechanical vacuum pumps and
turbomolecular vacuum pumps are used.

Heavy Objects - The risks associated with bhandling heavy
objects will be minimized by following the procedures
outlined in- the PPPL HSD 5008, Health and Safety Manual
(Section 9.8). The Laboratory has a Lift Committee to
review other than ordinary lifts.

Pressurized Systems - Pressurizec. systems which present
hazards due to the possible creation of preojectiles are
the following: air receivers, the gas delivery system, and
the fire protection systems (Halon 1301).

These systems have been installed a3 standard acceptable risk
systems. ‘Ine probability of failure is considered to be low
and acceptable.

i.

Miscellanecus - Portable and non-portable power-driven
tools such as electric drills and band saws, will be
sources of hazard to personnel because of the possibility
of improper use of defective equipment.

Radiation Hazards

1.

Ionizing

_ Radiation from PBX-M is expected to be limited to X-

radiation (bremsstrahlung) and neutrons, with minimal
activation. Monitoring for radiation levels will take a
conservative approach as is customary at the start-up of
all new devices at PPPL. Thermoiuminescent dosimeters
(TLD) will be placed on the vessel and the surrounding
area to indiecate potential exposure dose levels and
patterns. Real time high sensitivity monitors are in
place in areas requiring occupancy during initial_ opera-
tions. When new operating parameters are introduced,
appropriate surrounding occupied areas will be evacuated
until adequate radiation data are collected.

Authorization for operation of new operating parameters of
PBX-M will not be granted until Health Physics certifies
that there is no radiation hazard.



Non-Ionizing

The PBX-M will use some lasers for diagnostics. These
devices are regulated by HSD 5008, Section 3 (HSD3).
Personnel operating these lasers come under the medical
surveillance articles of HSD 5008, which follows ANSI
2136,1-1986 (ANSI 86). Because these lasers are inter-
locked during operations, the potential hazards are
related to individuals involved in standard alignment and
calibration procedures. These individuals aeccording to
Laboratory policy must be knowledgeable in the use of
lasers, and, where deemed appropriate, they will take part
in laser training programs.

2.2 Fire Safety

A.

Combustible Materials

The Hazards Analysis of the PBX-M Project 1identified the

1,

. fallowing combustible materials.

Hydrogen

This gas, needed to fuel the discharge, is only used in
leak-tight, metal systems.

Plastic conduits

Plastic conduit is used in limited amounts where elec-
trical noise reduction 1s required. Plastic conduit is
installed in open areas to increase the probability that
any fire would be detected quickly by the fire detection
system.

Insulating oil

There are no oil-filled capacitors in the machine area,
but ecapacitor banks are used in connection with the OH
system, some RF systems which will be attached to PBX-M,
and with. both the diagnostic neutral beam and the heating
beams. These have all been in existence for at Lleast
seven years (some for much longer) and were constructed in
accordance with the best practice of the time. It is
laboratory policy in accordance with.EPA policy to replace
obscolete banks with PCB-free material but to allow con-
tinued use of existing PCB type capacitors. There is a
total of five gallons of oil in the MG filter capacitors
which are located in an enclosure in the MG area. A metal
strip was installed around the perimeter of the enclosure
to contain any oil that spills, and a smoke detectar that
is tied into the PPPL fire alarm system was. also in-
stalled.



2.3

2.4

' Wood

Fire retardant treated wocd covered with a fire retarda:t

" paint arnd fire retardant treated masonite is the principal
construction material of the platform. There is adequate
fire protection in this area.

5. Other Materials

The most significant quantities of combustible materials
are the insulation on cables and bus bars.

6. Contributory Causes

The Accident Analysis ldentified the contributory causes
for starting fire to be primarily electrical faults.
Historically the most dangerous fault is failure of a high
current bus joint, with consequent formation of an are and
ignition of fires by blobs of molten metal as well as by
the arc itself of nearby insulation. Regular checking of
all high current joints, especially where aluminum is
used, is the only preventive,

Fire Detection Systems

The contral room and experimental areas both have ionization
smoke detection. In additior, the experimental area has flame
detection.

Fire Suppression Systems

Both the control room and the experimental area are protected
by A Halon 1301 total flooding system.

Property Damage

Fire damage is the principal property damage risk. Fire alarm boxes
and annunciator alarms are connected through the fire alarm system
to the fire and security offices, which are manned at all times. A
trained Emergency Services Unit (ESU) will respond to alarms with
backup support provided by Plainsborc Township.

Explosion and High Pressure Safety

A.

Capacitor Explosion - Indoor capacitor banks are surrounded by
expanded metal mesh or by solid walls to help contain any
explosion. Circuit protection is installed to prevent excessive
energy dissipation inside a capacitor thereby reducing the
probability of a violent event,

High Pressure Airline. - A compressed airline enters the area.
Pipes are conservatively designed and installation recessed to
minimize damaging effects. A protective device cuts off the
air on sudden drop in pressure.



High Pressure Waterline. - Cooling water is part of the area
facjlities, Conservative design and sudden pressure drop pro-
tection minimizes the damage.

Pressurized Gas Bottles. - Working gases for PB{-M experiments

are contained in standard pressurized gas cylinders. Explosion
hazard is minimized by the conservative design of the bottles,

by secure anchoring of the bottles, and by keeping the absolute

minimum of bottles in the area.

2.5 Natural Phenomena

2.5.1

2.5.2

2.5.3

2.6 Noise

Earthquakes

The area is in a low probability earthquake region. All
equipment 1is designed to '"most probable" earthquake
standards.

Tornados, Extreme Wind

The building was built over 20 years ago. No adverse
effect was evident during the most violent winds during
this period.

Floods

The area is not in a floodplain and there have not been
any floods in its 20 years existence.

There are no significant noise sources associated with the PBX-M
- device or its equipment.

3.0 3ITE

3. Location

The experimental area for the PBX-M is the high bay area in the CS
Building (Fig. 3-1), C-Site James Forrestal Campus, of the Princeton
University Plasma Physics Laboratory.
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4,0 FACILITY AND PROCESS DESCRIPTION

4.1

Experimental Area (S. Hand)

PBX-M experimental area is located in the northwest corner of the C-
Stellarator (CS) building (Figures 4.1-1 and 4.1-2). It consists of
three adjacent bhut separate areas: the machine area, two control
rooms, and two general purpose rooms.

The machine area is defined by a 32" thick radiation shielding wall
extending approximately 75' from columns 2K to 3K and from this
column line, for approximately 52' toward the south. The wall ex-
tends from the first floor (elevation 98'-6") to elevation 121'-Q"
(Figures 4.1-3 and 4,1-4). Access to the machine is at two levels:
the first flcor and the platform (elevation 104"-6"). The machine
supports are at the first floor level as well as the 16" deionized
cooling water mains, power buses, T.F. coil hydraulie system, safety
breaks and various ancillary components. The main access to the
machine is at the platform level, where most of the diagnostics are
located. A third level, the balcony, is at elevation 117'-4 3/4"
and extends from the north, west, and south radiation walls approxi-
mately 5'. More diagnostic components are located on this level.
The mac..ine area at the platform level is accessible to the 5 ton
and 30 ton rail cranes. In addition to the high current DC power,
rhere is 110/220/480 VAC power available in the machine area.

The main operation-control room is located adjacent to the west
radiation wall and extends westward 30 feet. It extends approxi-
mately U0 feet in the north, south direction. The floor is at
elevation 111'-2". The neutral beam control room is located adja-

" cent to the north radiation wall and extends northward 12 feet. It

extends approximately 71 feet in the east, west direction. The floor
is at elevation 112°'-U4", Both control rooms have 110V electrical
service.

The two general purpose rooms are located under the operations con-
trol room at the first floor level. One room (C103) is used as a
light assembly and technician ready-room, and the other (CI0U) is
used for a diagnostic laser,

The experimental area is ffire protected by a central Halon system,
Nozzles are located at various levels starting at the first floor
and extending to the high bay. In addition, hand-held fire
extinguishers are strategically placed throughout the area.

All machine area access doors are iInterlocked and have kick-out
paneis. During machine operation the area is monitored by closed
circuit TV.
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4,2 Power Supplies (D. Ashecroft)

k.2.1

PBX-M Electrical Power Systems

This section presents a safety assessment of the electri-
cal power systems to be used on the PBX-M machine. The
equipment covered herein includes the OH Coil Power Sup-
ply, the EF Coil Power Supply, the TF Coil Power Supply,
the Radial Field Coil Power Supply, the shaping Field
Coil(s) Power Supplies, and the AC Power Distribution
System.

4.2.1.1 OH Coil Power Supply

The power supply that will be used to power the
PBA-M QH coil is the same power supply that has
been 1in operation for the past 10 years,
initially to supply power to the PLT OH coils
and subsequently to the PDX and PBX OH coils.
The performance of this equipment with respect
to both equipment safety and personnel safety
has been demonstrated during many years of
successful operation.

The design of the equipment and the asscciated
safety features are commensurate with that ex-
pected in a research facility and at the power
levels used. The equipment meets the require-~
ments of PPPL Health and Safety Directives (HSD
2a, HSD 2b).

Safety features associated with this equipment
include the following:

A. All high power equipment is completely
guarded by sturdy wire mesh fencing to a
height of eight feet. This fencing is well
geparated from all operating equipment and
all gates are locked with serialized Kirk
key locks.

8. All local control and monitoring equipment
is located outside the perimeter of the
safety fencing. All controls and meni-
toring equipment which Interface with high
energy or high voltage sources are isolated
by either two independent insulating gaps
or optically isolated electronics.

16



All equipment located outside the perimeter
of the safety fencing containing 480 VAC or
higher has its conductors shielded by pro-
tective barriers which must be mechanically
unfastened using tools in order to be ac-
cessed, or the cabinet is Ffitted with a
Kirk key lock. Such shielded compartments
are labelled with high voltage warning
signs.

Capacitor banks are provided with Kirk key
interlocked shorting and grounding
switches, mechanically operated from a safe
location isclated from the capacitor banks.
These capacitor banks are located outside
the rectifier building and are completely
surrounded by safety fencing. This fenced-
in area cannot be entered without a key
released at the switech when in the safe
grounded position. In addition, this ca-
pacitor area may not be entered without a
second key {(a padlock key) obtainable only
from cognizant operations personnel and
releagsed only to listed personnel who are
qualified by training to have access to the
area.

" A1l equipment enclosures (high and low

voltage) are solidly grounded to building
ground.

The safe control areas are limited access
areas, meaning that card keys having au-
thorized magnetic code are required for
entry.

Fire extinguishers suitable for electrical
type fires are strategically located
throughout the area. The rectifier room is
protected by an automatic sprinkler system
which is connected to operate the emergency
stop In the event of water flow. The room
also has a smoke detection- system.

Whenever a high voltage area is entered,
even though it is safe, there must bhe at
least two qualified persons present so as
to have a safety wateh in sight at all
times in the event of an emergency. (See
also K below.)
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An electromechanical fast acting heavy duty
crowbar assembly is located at the output
of the power supply. Upon sensing a power
supply or system fault, the crowbar is
activated. Additionally, power supply
firing pulses are blocked, commutating bank
energy is discharged, and the power supply
output is shorted, thereby dissipating
energy in the load. The power supply AC
breaker will bz tripped if coiirrent remains
higher than the predetermined trip set
point.

Lower voltage (less than 208 VAC, 125 VDC)
control and monitor wiring are not inter-
mixed with high voltage wiring.

In the event that high voltage areas must
be entered for inspection, service or main-
tenance, a safety procedure must be fol-
lowed. This procedure includes the fol-
lowing sequential steps:

(1) Notification of on-duty cognizant
operating personnel that the area is
going to be entered.

(2) Orderly and safe shutdown of equip-
ment.

{3) Orderiy and safe-shutdown of incoming
power .

(4) Obtaining of Kirk keys and padlock
keys from operating consoles and per-
sonnel required to unlock the appro-
priate area.

(5) Initiate the use of “yellow tags" by
personnel entering the high voltage
area. Thease tags will. be securely
attached to protective devices (e.g.,
a racked out circuit breaker) and re-
moved only by these same people after
they have left the high voltage area.
(This procedure complies with Section
2 of HSD-5008.)
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4.2.1.2

(6) Upon entering the high voltage area
all energy storage devices (e.g.,
capacitors) are shorted and grounded
using appropriate grounding sticks,
and personnel protective equipment
-{insulating gloves, goggles) following
a rehearsed (uritten) pracedure.

(7) Visual "hands off" inspection of the
area is made ta establish the safe
status of equipment prior to any work
being done.

(8) Only authorized trained personnel are
permitted within high voltage areas.

The modification made to the OH power supply for
PBX-M consists almost entirely of changes in
poser circuit electrical configuration. None of
the foregoing statements is changed by this
reconfiguration. The modification has been sub-
ject to Conceptual, Preliminary, and Final De-
sign Reviews, in which the Project and Gpera-
tional Safety Office specifically, and other
reviswers in general, have assured that the re-
quirements of codes, standards, and regulations
have been met. The equipment will be operated
in PBX-M within electrical ratings and other
operating constraints established by years of
experieénce in using the same components in PLT,
PDX, and PBX.

EF Coil Power Supply

The power supp.y that will be used to power the
PBY-M EF coils i3 the same power supply that has
been in operation faor PLT/PDX/PBX. The perfor-
mance of this equipment with respect to both
equipment safety and personnel safety has been
demonstirated during many years of successful
aperation.

This equipment was purchased, installed, and
tested at the same time as the OH Coil Power
Supply and is located in the same general area.
Because of its location and functional similar-
ity to the OH equipment, the same safety assess-
ment comments apply as made above for the OH
equipment.
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4.2.1.3

Several years ago, during the operation of PDX,
the EF supply was upgraded to provide a higher
intrinsic current capability (15kA). It is this
upgrade EF rectifier that will be used to supply
the PBX-M EF. Since the supply will not be
required to operate beyond 10kA for PBX-M, and
since it has demonstrated this capability in PBX
use, one may conclude that it comprises equip-
ment which has an established safety record.

TF Coil Power Supply

The power supply that will be used to power the
PBX-M TF coils is the same power supply that has
been in operation for the past 23 years for all
machines at C-Site, initially for the C
Stellarator and more recently for PBX. The
safety features of this equipment have been
demonstrated over this time.

This power supply comprises eight large de
generators plus associated rotating generator
field exciters, drive motors, liguid rheostats
for motor control, power buswork, disconnect
switches, cireuit breakers, control transfer
switches, control circuits, and control and
monitoring consoles.

Safety features associated with this equipment
include the following:

A. The generators, exiters, drive motors,
rheostats, c¢ircuit breakers, and control
transfer switches are all totally enclosed
such that covers must be unbolted or doors
unlocked to gain aceess to hazardous
circuits.

B. Buswork and disconnect switches are
completely guarded by sturdy wire mesh
fencing to a height of eight feet. All
gates to this fenced-in area are locked
with serialized Kirk key locks. Further-
more, the disconneet switches loecated
within this fenced-in area are enclosed by
plexiglass «covers and the disconnect
switches themselves are keyed with Kirk key
locks.

C. Control and monitoring circuits are located
in separate cabinets whose doors are locked
with keys obtainable only from c¢ognizant
personnel.
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A1l equipment enclosures (high and low
voltage) are solidly grounded ta building
ground. :

Emergency shutdown pushbuttons are prom-
inently located throughout the area, pro-
viding for the rapid and safe shutdown of
all equipment in the event of.an emergency.
Periodic testing of this system is per-
formed routinely. :

Fire extinguishers sultable for electrical
type fires are strategically located
throughout the area. The motor generator
sets are protected by a CO2 fire protection
system. The MG control room and thz de
becard enclosures have halon systems.
Critical areas of the MG building are
provided with thermal and smoke deteetion
systems.

Fast acting heavy duty circuit breakers are
located at the output of the generators
arranged to open and ground the outputs and
dissipate energy stored in the load in-
ductance. Upon the detection of a fault,
in addition to the opening of the ecircuit
breakers, the electrical power ta the
generator fields is interrupted, thus
interrupting the eleectrical output of the
generators and < maintaining the stored
energy in the flywheel as purely mechanical
kinetic energy.

The generators and power control devices
are fully instrumented to menitor per-
formance, providing continuous displays of
system status as well as audible annuncia-
tion of fault conditions.

Low voltage control and monitor wiring are
run separately from high voltage wiring.

All monitoring devices located within haz-

ardous areas are insulated by two indepen-
dent insulating gaps.
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K. In the event that a high voltage area must
be entered for inspection, serviece, or
maintenance, safety procedures very similar
to those described above for the OH power
supply are followed. Entry to the unsafe
experimental machine areas can be gained
only after a Safety Isolation Switch (a
Kirk key multiple contact switch) has been
removed to the SAFE position, disabling all
power supplies. This securely opens all MG
disconnect switches, and grounds and shorts
the respective loads.

L. The entire area in whiu.u the generators and
associated control devices are located is a
limited access area requiring controlled
identification card entry.

For PBX-M there are no equipment modifications re-
quired for the TF Coil Power Supply.

4.2.1.4

Radial Field Coil Power Supply

The power supply that will be used to power the
PBX-M radial field is the same power supply that
has been used for years on PDX and PBX. As with
other power supplies used on PDX, the safety
features have been demonstrated to be effective
over the years of use. This power supply com-
prises a self-contained transistorized power
amplifier controlled from the PBX-M Control
Room,

Safety features of this equipment ineclude the
following:

A. The power amplifier is completely guarded
by sturdy wire mesh fencing to a height of
eight feet. This fencing is well separated
from all power comnnections and its single
gate is locked with a serialized Kirk key
lock.

B. All control arn: monitoring lines are
isolated via optically isolated links and
electronics. U8B0 VAC power is isolated by
30kV isolation transformers.

C. The power amplifier enclosure is solidly
grounded to building ground.
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4.2.1.5

D. & fast acting overcurrent trip circuit as
well as a ground fault detector circuit are
used to protect the equipment and provide
for an emergency shutdown.

E. In order to enter the power amplifier area,
the Kirk key for the gate must be cbtained
from the control room which automatically
shuts down the power system.

The supply will be operated exactly as it has
been operated for PBX, hence 1its established
safety record can he inferred to apply to PBX-M
operation,

Shaping Field Coll(s) Power Supplies

A major feature of the PBX-M, as compared to
PBX, is the provision of considerably greater
flexibility in shaping the plasma cross section.
This provision, in part, comprises the utiliza-
tion of six power supplies for reconfigured
poloidal field eoils. These supplies (coils)
have been designated IF, DF, Tt, T2, T3, and
T4. Except that the IF furnishes 20kA at 500
VDC, the DF 10kA at 200 VDC, and T1-U4 SkA at 300
VDC, they are built in exactly the same configu-
ration. Thus all have the same safety features.
In general, each of the Shaping Field Supplies
Wwas designed and manufactured to provide the
same time-proven safety measures provided in the
EF and OH coil power supplies.

Safety features of the Shaping Field Coil Power
Supplies include:

A. All high power equipment 1is completely
guarded by sturdy wire mesh fencing to a
height of eight feet. This fencing is well
separated freom all operating eguipment.

B. All controls and menitoring equipment which
interface with high energy or high voltage
sources are isolated by either two indepen-
dent insulating gaps or optically isolated
electronics.

C. All equipment enclosures <{(high and low

voltage) are solidly grounded to building
ground.
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4.2.2

D. The safe control areas are limited access
areas, meaning that card keys having au-
thorized magnetic code are required for
entry.

E. Fire extinguishers suitable for electrical
type fires 1ire strategically located
throughout the area. The rectifier room is
protected by an automatic sprinkler system
which is connected to operate the emergency
stop in the event of water flow. The room
also has a smoke deteection system.

F. Whenever a high voltage area is entered,
even though it is safe, there must be at
least two qualified persons present so as
to have a safety watch in sight at all
times in the event of an emergency (ref.
HSD 2a).

G. The design of these supplies has been
subject to Conceptual, Preliminary, and
Final Design Reviews, in which the Project
and Operational Safety Office specifically,
and other reviewers in general, have as-
sured that the requirements of PPPL Health
and Safety Directives have been met,

AC Power Distribution

The AC power distribution that will be used to provide AC
power to the various PBX-M power supplies is substantially
the same distribution system used to power equipment for
PBX. The safety of this equipment has been demonstrated
during years of successful operation.

This equipment comprises 138kV/4.16kV three-phase power
transformers, circuit breakers, series reactors and/or
capacitors, shunt reactors and/or capacitors where re-
quired, and distribution transformers for lower voltage
levels for various equipment. All of this equipment is
monitored and protected by current transformers, potential
transformers, spark gaps, lightning arrestors, appropriate
grounding and remote controls, monitors, and annunciators.
The level of monitoring and protection is ccmmensurate
with that required by industry standards for a distribu-
tion system of this type.

In addition to the above ancillary protective equipment
are the following safety features:
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4.2.3

A. 411 high power equipment is located in a outside
fenced area, with gates padlocked for extra security.
The keys to these locks may be obtained only from the
cognizant power dispatcher, who has the authority and
responsibility to Llimit the distribution of these
keys until satisfied that only authorized and knowl-
edgeable personnel will enter the hazardous area
under safe conditions. In addition to the padlock
key, a controlled identification card key is required
to gain entry to this area.

B. All controls and monitoring equipment which interface
with high energy or high voltage sources are isolated
by at least two independent insulating gaps.

C. All equipment enclosurges are solidly grounded to
earth ground.

To provide power for the PBX-M Shaping Field Coil power
supplies, additional 5kVY class cabling, metal-clad switch-
gear, current-limiting reactors, and ancillary protective
equipment have been installed. These additions Wwere made
to be in all ways similar and compatible with the estab-
lished PBX distribution system. That is, the system as
augmented remains at a level of monitoring and protection
commensurate with that required by industry standards for
a distribution system of this type.

DC Power Distribution

The DC power distribution scheme that will be used to
provide DC power to the various machine coils is the same
as used for PBA, in the case of the TF, OH, EF, and Radial
Field Coils. This distribution system has demonstrated
years of safe operation. The shaping field eoils, IF, DF
and T1-TY4, added for PBX-M, are supplied through a network
of cable and buswork that is designed to be electrically
similar to the remainder of the system. It may be in-
ferred, then, that the additional portions of the distri-
bution system are as conservatively (safety) designed as
those portions which have served well.

A. The shaping fields are supplied by DC cables made up
of multiple 2kV clasa, 750kCM single conductor cables
in parallel. These cables are run, in numbers as
required by the National Electrical Code, in ladder-
type cable tray, between the power-supply planking
and the DC disconnect/ grounding switches.

B. Planking interconnections interlocked by links of
various physical dimensions are provided to control
dispateh of the DC power from the power supply ends
of the transmission lines.

25



Fully rated DC disconnect/grounding switches, inter-
locked in the same manner as OH, EF, ete., are
provided to assure positively safe machine access.

Transmission lines are terminated with semiconductor
voltage transient limiters.

Power passes from DC disconnect switches to planting
interconnections interlocked by physical dimensions
and thence to co0il . feed buswork. These latter
features are described further under "Coil System,*
below.
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4.3 PpBX-M DEVICE (J. Alton/D. Knutson)

4.3.1

Coil System

4.3.1.1

4.3.1.2

Poloidal Field Coils (PF)

The primary functions of the Poloidal Field
system are to stabilize, heat, and shape the
plasma.

The upgrade PBX-M poloidal coil system includes
five (5) new internal (in-vessel) coils and the
establishment of nine (9) separately powered
coil groups (see Fig. 4.3.1-1).

A} Divertor Field (DF)

B) Indentation Field (IF)

c) Equilibrium Field (EF)

D}  Active-Feedback (AF)

E) Trim Systems 1 thru 4 (T-1 thru 4)
F) Ohmic Heating (OH)

411 of the PF coils are water-cooled copper
conductor wound coils of conventional design.
The coils located inside the vacuum vessel are
encased in stainless steel to eliminate out-
gassing from their insulating materials and to
reinforce them mechanically.

All of the coils use a primary insulation of
half-lapped layers of mylar insulating tape (6.5
kV per mil-dielectric strength). The internal
canned coils then use a combination of dry glass
insulation, epoxy impregnated to complete their
dielectric/mechanical bundle. The external
coils use a B-stage epoxy-glass iInsulation
scheme to complete their electrical/mechanical
bundle.

The poloidél coil parameters are listed in Table
4.3.1-1, . .

Passive Coils
The Passive Coil system was installed to carry
currents induced by vertical motion of the

plasma, which helps in slowing or damping these
vertical motions,

27



POLOIDAL COIL SYSTEM FOR PBA~M .
==

o “-3
= an-4
Qs

FIGURE 4.3.1-1
' 28



62

PBX-M COIL DGATA SHEET

POLOIDAL COILS

SYSTEM colL MEAN COIL HO, CONDUCTOR COPPER COPPER COIL COIL

1D 10 RAD, TURNS WIDTIl | HEIGHT HOLE ARE LENGTH WEIGHT RESISTANCE
(in.) (in.) (in.) DIA. {(1n°) per coil (1ibs) {ohma)

' |- (in.) {ft.)

Equilibrium CF-10 92.638 6 1.110 | 0.625 0.313 0.609 291.0 687.2 0.0039
Fleld EF-20 6%,964 7 0.73% | 6.500 0.250 0.310 28331 2864 0.0062
EF-21 88.767 13 0.73% | 0.500 0.250 0.310 604.2 726.8 0.0158
EF-22 88.767 8 0.734 | 0.500 0.250 0.310 371.8 Wiy.2 0.0097
Shapling cF-8 75.076 6 0.625 | 1.110 0.313 0.609 239.0 560.8 0,0032
Fleld IF-1 48110 16 0.775 | 0.775 0.250 0.552 bo2.2 848.0 0.006
Divertor DF-1 33.k60 8 0.775 | 0.715 0.250 0.552 134.9 285.0 © 0.002
Fleld pE-T 26.260 3 0.724 | o847 0.250 0.557 .2 89.0 0.0006
NF-11 26.260 3 0:724 | 0.B47 0:250 0.557 n.2 89.0 ©.000b
Trim No. 1 | DF-2 39.020 8 0.775 | 0.775 | o0.250 0.552 163.4 345.0 0.0024
Trim Ho. 2 DF-3 46.850 8 1.110 | 0.625 0.313 0.609 196.2 463.4 0.0026
Trim No. 3 DF-5 67.M7 8 1.110 | 0.625 0.313 0.609 283.7 669.8 0.0038
Trim Ho. § DF-6 15.5N 8 1.110 | 0.625 0.313 0.609 316.6 .7 0.0042
Active - NF-12 88.498 3 t.110 | 0.625 0.313 0.609 139.0 328.3 0.0019
Feadback EF-S0L~- 26.260 28 0.734 | 0.500 0.250 0.310 385.0 4631 0.0101
Ohmio on-1 90.553 v 0.875 { 0.875 0.250 0.709 7.4 130.3 0,0005
Hleating oH-2 79.370 2 0.875 | 0.87s 0,250 0.709 83.1 228:4 0.0010
on-3 62.630 3 0.875 | 0.875 0.250 0.709 98.4 270.4 0.0011
oH-4 40,433 8 0.875 | 0.875 0.250 0.709 169.4 1651 0.0019
oH-5 31102 8 0.875 | 0.875 0.250 0.709 130.3 358.0 0.0015

oli~6 24973 B 0.875 | 0.875 0.250 0.709 1.2 305.6 0.00128
oN-TA 20,942 8 0.875 | 0.8715 0.250 0.709 104.5 287.2 0.0012

oH-~-78 24,217 8 0.875 | 0.8715 0.250 0:709 101.4 278.7 0.,00t16

on-8 23.909 36 0.625 | 1.320 0.313 0.74% 100.15 1295 0.00U4602

Ol-9 23.909 8 0.625 | 1.050 0.313 0.572 450,673 222 0.001296

Table 4.3.1-1
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PBX~-M COIL COOLIHG DATA SHEET

POLOIDAL COILS

SYSTEM

COIL

FLOW/PATIL

NO. VELOCITY | PULSED ESY REP. HAY HAX COPPER
1D 1o OF CURRENT RATE cv HATER LENGTH PER
(GPM) * | PATHS (FPS) (kM) (sec) | (sec) TEMP TEMP FLOW PATH
o (] "
C c (re)
Equilibrium | CF-10 3.609 H 15.06 10 1.5 300 17.0 16.3 291.0
Fleld EF-20 1.994 1 13:04 10 1.5 300 30.8 28.0 2831
EF-21 1.295 1 8.M7 10 1.5 300 50.0 42.4 604, 2
EF-22 1.707 1 1.7 10 1.5 300 34.6 298 371.8
Shaping CF-8 %.035 i 16.84 20 1.5 300 3.5 28.9 239.0
Field 11 2.h20 ] 15.83 20 1.5 300 36.0 33.9 201.1
Divertor DF-1 3.032 1 19.84 10 1.5 300 17.6 17.2 134.9
Fleld. DF-7 5.882 | 36.48 10 1.5 300 17.3 16.4 by .2
KF-11 5.882 1 38.48 10 . 1.5 300 7.3 16.4 Hi,2
Trim Ho. 1 DF-2 2.721 1 17.80 5 1.5 300 13.4 13.3 163.4
Trin No. 2 DF-3 K512 1 ' 18.83 5 1.5 300 13.1 13.0 196,2
Trim No. 3 _DF-5 3.659 1 15.27 5 1.5 300 13.2 13.0 203.1
Trim No. 4 DF-6 3. 440 1 14,36 5 1.5 300 13.2 13.0 316.6
Active - EF-SOL- 1,674 1 10.95 2 1.5 300 12.7 12,6 139.0
Feedback NF-12 5.480 1 22.87 2 1.5 300 12.2 12,2 385.0
Ohmic on-1 5. 445 1 35.62 20 1.5 300 25.6 24.3 HT.4
Heating ol-2 3,984 t 26.06 20 1.5 300 25.6 2.8 83.1
on-3 3.624 1 23.7 20 1.5 300 25.8 25.0 98.4
oH-t 2.667 1 17.45 20 1.5 300 26.3 25.3 169.4
OH-5 3.094 ) 20.24 20 1.5 300 25.8 25:1 130.3
oH-6 3.383 1 22.13 20 1.5 300 25.8 25.1 1n1.2
oli-7A 3.503 ] 22.92 20 1.5 300 25.8 25.0 104,5
on-78 3.563 1 23.3 20 1.5 300 5.7 25.0 101.4
o1-869 Inner 3.767 t 15.72 20 1.5 300 34.8 28.8 268.8
011-849 Outer 3.665 1 15.30 20 1.5 300 3.9 28.0 282.1

*Based on 400 psi AP, Inlet Temp = 12 ©¢

Table 4.3.1-1 (cont'd.)




There are a total of five palirs of passive coils
in the vacuum vessel surrounding the plasma.

These coils are fabricated from a composite of
aluminum and stainless steel. A layer of
nominal 1/8" thick stainless steel is explosion-
bonded to the plasma side of the aluminum to
protect it from the plasma.

Each coil is manufactured as either § or 10
segments, which are fastened together with
hardware, after they are brought inside the
vacuum vessel.

The upper and lowei matching coils are then
bussed together to form a complete circult. The
"hockey-gtick™ coil differs from the other coils
in that it has upper-lower bus connections at
eleven places around the vacuum vessel, The
coil parameters are indicated in Table 4.3.1-2.

' Bus Runs

Most of the bus runs are water cooled and
fabricated in sections which are mechan-
lcally fastened together with stainless
steel hardware.

Each bus connection has been inspected
using "PBA-M Pre-Power Test Joint Inspec-
tion Procedure" number CS-PBA-07. (See
Appendix C.)

The ocutlet water temperature of each bus
run is monitored for therm.l protection and
feed back to the main centrols.

B. Polarity Reversal Panel

The "Polarity Reversal Panel" (Fig. 4.3.1-
2) is located in the basement planking room
which is secured with a Kirk key interlock.
It is on the machine side of the disconnect
switches and links the bus runs from both
the colls and the switches. Using removal
copper planks, it allows each P.F. system
to be operated in either the positive or
negative modes.

4 failsafe system has been installed which

indicates to the control room, that the
proper planks are in position om the panel.
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Passive Coil

Inner Cone
Cylinder
Ring

Quter Cone
Hockey-Stick

4.3.1.3

Grounding terminals have been installed on
the panel which allows a coil system to be
grounded before removing the copper planks.

Additional precautions such as color-coded
silhouettes have been added to ensure that
all planks are in their proper position.

TABLE 4.3.1-2

PASSIVE CQIL PARAMETERS

Max
Design Induced
Current (XA) Segments per Coil
138.0 S
24.0
123.0 5
60.0 10
10.0 10

Poloidal Field Coil Bus System

There are a total of nine individual peleoidal field
coil bus systems on the PBX-M device. They connect
the P.F. coils at the machine with the polarity
reversed panel and power disconnect switches located
in the basement areas.

For purposes of safety and ease of identification,

eight of the new systems have been color and letter
coded as noted in Table 4.3.1-3.
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4.3.2

4.3.3

TABLE 4.3.1-3

Letter Color
Coils Cade Code
EF-20,21,22,CF-10 A Gray
CF-8, IF B Blue
DF-7, NF=11 C White
DF-1 D White
DF-2 E Orange
DF-3 F Yellow
DF-5 G Green
DF-6 H Brown
EF-Sol., NF-12 J Red

Vacuum System

The vacuum vessel is formed from two concentric vertical axis
eylinders 60" in axial length with radii of approximately 28"
and 88", respectively; the volume between them is enclosed top
and bottom by a pair of hemi toroidal spinnings of 30" minor
radius and 58" major radius each. The wall of this vessel is
formed from 1/2" 304 stainless steel. The toroidal vessel
geometry thus formed is broken electrieally in twe locations on
a major diameter at the torus; forming two hemitori. The
resulting vacuum vessel is thus composed of 8 Flanged segments

" bolted together with elastomer "O" rings forming the vacuum

seals. Twenty toroidal field coils located every 18° surround
the vacuum vessel. At every other toroidal field location a
structural "I" beam is mounted inside the toroidal spinnings
top and bottom. These supports carry both active and passive
coils. The reinforced inner-cylinder also supports active and
passive coils. A number of vacuum diagnostic ports have been
provided in the gaps between the toroidal and poleidal field
coils. Man access to the vacuum vessel interior is possible
through certain ports on the equatorial plane and certain dome
flanges. The vessel interior is defined as a "confined space"
so that work inside the vessel must be conducted according to
the safety rules and regulations for "confined spaces," per HSD
5008, section 8 (HSD8). Breathable atmosphere is maintainable
by continuous ventilation of the vessel.

Vacuum Pumping System

The vacuum vessel is pumped by four 1500 1/sec turbo pumps
backed by a 50 cfm mechanical pump. The system is roughed down
from atmospheric pressure by means of a 500 cfm mechanical
pusp. Several Ti Ball sublimation getters provide active metal
surface pumping during plasma operations. The vacuum system
"mimic" control panel is in the room below the PBX cantrol
rool. Only trained, qualified personnel are permitted to

" gperate the system.
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4.4 PBX-M Operating Controls (P.Mathe, R.Mica)

4.4

Control System Architecture

4.4.1

u.yg.1.2,

4.4.1.3.

Introduction

The supervisory and control functions an the previous
machine (PBX) were provided by an IBM-1800 process
controller. This computer became obsolete and was re-
placed by a modern distributed control system (Fig.
4,4-1)., The system consists of four PROGRAMMABLE
LOGIC CONTROLLERS (PLC's) connected via an industrial
local area network, a CRT CONSOLE which accesses the
PLC's memory through its own data acquisition links,
OPERATOR CONTROL PANELS which utilize serial communi-
cation to the PLC's, and a PROGRAM LOADER/MONITOR
which permits on-line monitoring of the PLC logic and
status.

Programmable Logic Controllers {PLC's)

PLC's are reliable control equipment, since they are
made to operate in industrial environments and use
solid state components. They offer flexibility both
in the area of software and hardware, because of
their modular architecture. Software development is
simplified by powerful program development tools that
also permit quick debugging and troubleshooting of
the system. The distributed I/0Q architecture reduces
the cost of wiring by placing remote I1/0 racks at the
controlled equipment and communicating -back to the
CPU via high-gpeed serial links with CRC error detec-
tion and correction for error-free communication.
PLC'3 are not new to the laboratory, they have been
used on all major projects- TFTR, PBX, PLT, S-1- and
the experience has been very favorable.

Distributed Architecture

One of the benefits of distributed architecture is
that each PLC ls responsible for controlling a fewer
number of subsystems resulting in simplified software
management effort. Each PLC is independent, allowing
different individuals to work in parallel on several
subsystems. Logic execution speed is increased since
several processors operate simultaneously. A new
requirement, however, is a commnication path that
allows sharing information among the PLC's. This
requirement is met by industrial local area networks.
Several interlocks are shared om a periodic basis,
and the reliability of this communication is expected
to be similar to requirements imposed on remote [/0
communication. The network also provides expansion
for future subsystems on PBX-M, a few of which are
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4.4.1.4,

already und=r consideration, such as pellet injec-
tion, RF heating, and current drive. This expansion
can be accommodated in a way that will have minimum
impact on existing systems, since neWw software will
reside in new PLC's.

Operator Interface
Intelligent Panel System

The operator control panels are based on CTC's Intel-
ligent Panel System (IPS) which utilizes serial com-
munication to the PLC's {Fig.4.4-2). The system con-
tains 1illuminated push-button panels, key-pads,
vacuum fluorescent and plasma dlsplays. The control
board which supports up to four of these modules
provides the translation of parallel signals to
serial format.

Pushbutton Panels

The lighted pushbutton panels contain 32 illuminated
buttons apd were chosen to provide a similar control
environment to the previous hardwired console. The
PUSH-TO philosophy is maintained, that is, the lights
behind the command buttons are used as prompts for
operator acticms. When the buttons are not lit and
pushed, the associated display modules provide mess-
ages that explain the reason why the system cannot
accept the command.

Plasma Displays’

The plasma display features 4 lines of 16 characters
for primitive operator prompts, error messages, or
display of parameters. The main annunciator system
implemented with the CRT Console provides detailed
alarm display and logging capabilities.

Vacuum Fluorescent Display, Real-time Cloek

The vacuum fluorescent display module features two
lines of 24 charaeter alphanumeric displays. It also
contains a real-time clock, settable and readable by
the PLC. The clock information will be used with the
Annunciator System for logging the date and time in-
formation with the alarm messages.

Numeric Keypad
The numeric keypad module contains two rows of 8-

digit display, and a telephone style keypad for entry
of numerical values to the PLC's.
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b.u.2.

k.4.1.5

b.4.1.6

Mimic Panels

The mimic panels will be mastly the ones inherited from
PBX with an additional mimic for the new shaping field
power supplies that will ocecupy the space freed up by the
NF/CF mimic panel.

CRT Console

The CRT console is used primarily as a system annhunciator
to annunciate approximately 500 messages on various alarm
conditions,but also provides several status pages on flow
and area interlock conditions, and a system summary page .
The terminal has its own data acquisition link via a
serial multidrop connection to read the data from the
PLC's and has a printer port for hard copy generation,
The CRT console permits the creation of these displays and
the message system without programming.

Hardwired Personnel Safety System

b.4,2.1. Intreduction

The most significant change with the new PLC-based
control system is the Hardwired Persomnel Safety
System (Fig. 4.4-1.). As opposed with the IBM-1800-
baged control system all Area access interlocks, such
as Kirk interlock switches, door interlocks, and the
Emergency Shutdown switches are summed up by a relay
system. The resulting commands such as disable or
shutdown are sent directly to the power supplies, or
breakers bypassing the PLC system. Annunciation for
all of the personnel safety devices is provided by
the PLC systenm.

4.4.2.2 Area Access Interlocks

Exclusion Areas

In additlon to the test cell there are other inter-
locked areas, l.e., bus and water tunnels, disconnect
switch enclosures, planking room for polarity
switehing panel, which are located in the CS basement
and together with the test cell constitute exclusion
areas for PBX-M. The access to these areas and the
interlocks used are according to the PPPL Safety
Manual, and their operation is described below.

Safety Lock-ocut Switch (SLS)
The Safety Lock-out Switeh prevents application of

control power to the motor drives of coil disconnect
switches until the area lock-up is completed. The
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4.4.2.3.

4.4.2.4.

hard-wired limit switches of the same disconnects are
summed up into a key release solenoid which allows
operation of the SLS to free access,

KIRK Interlocks

Under the normal operating conditions the experi-
mental area is evacuated and locked. The KIRK inter-
lock system of uniquely registered keys is imple-
mented preventing operation of power sources If the
area is not secured (Fig 4.4-3). If an emergency
entry into the exclusion area is required, a second-
ary key under glass enclosure 1s available for each
door. Usage of the secondary key causes emergency
shutdown.

Door Interlocks

Each door leading to the exelusion area is equipped
with a microswitch which is summed into the hardwired
master disable cireuit.

Kick-out panels

Each door leading to the experimental area is
equipped with a kick out panel allowing quick exit
from the area under the emergency condition.

Machine Safety Disconnect Switches

The primary safety devices for assuring personnel
safety in the test cell are the coil disconneet
switches., Their control is interlocked with Safety
Lock-out Switeh . The disconnect switches can only be
operated when the SLS is put into RUN mode. When a
disconnect switch is in the disabled position it
grounds. one side of the ¢oil. Only when all the
disconnect switches are grounded will access be
allowed into the test cell. A maintepance mode is
pravided for all disconnects to perform maintenance
work. This mode requires keys from all power supplies
rendering them safe. This is an impertant safety im-
provement over the old system which required
Jumpering of the SL3 contacts.

Emergency Shutdown System

At strategic locations manually operated emergency
shutdown stations are provided. Activation of push-
buttons at these stations trips main breakers for
each power subsystem, and closes the water valves to
the machine. Each station is equipped, in additicn to
the pushbutton, with a light and reset button, and is
hardwired intoc the Safety system.
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4.4.2.9. Master Disable

The hardwired Master Disable is used to disable the
output circuits of each PLC until the test cell is
secured. 1t is also used as a disable interlock when
*Kirk switches or door interlocks open while the SLS
is in the RUN mode. Another use of this funetion is
when communication between the control console and
PLC is lost: the operator can activate the master
disable pushbutton located on the control conscle.

4.4.3 Remote Contrel and Monitoring of Power Systems

4.4.3.1. General

A.

Block Diagram

A typical block diagram depicts the one line
schematic of the given power subsystem; the
physical arrangement; and the control interface
to the power supply, the central controls, and
any .hardwired interlocks which are separate from
the PLC controls. For illustration purposes the
TF and OH subsystem block diagrams are included
(Fig.'s 4.4-4 and Y4.4-5). The remaining poloidal
field subsystems closely resemble the OH sub-
system.

State Transition Diagram

The control of each of the subsystems follows a
structured sequence of eavents. Some of these
events are operator commands which will perform
state transitions. The operator can exercise
both upward and downward transitions. The upward
transitions, which put the subsystem in a pro-
gressively more unsafe state (or closer to cur-
rent pulsing) require that all the permissive
conditions be satisfied. The aperator and the
eontrol gystem can perform downward transitions,
which bring the subsystem down inte a safer
level. The major states and the corresponding
trannitions for the TF and OH subsystems are
shown on state transition diagrams, Fig's. 4.4-6
and 4.4-7,
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4.4.3.2 Toroidal Field Subsystem (MG)

a.

Definition of functions (state transitions)
ENABLE IN OPERATE MODE

This function closes the disconnect switches,
then the resistor breakers, and finally the high
speed breakers.

ENABLE IN CHECK MODE

This function closes the disconnect switches
only, permitting manual closing of the generator
breakers by the MG operator,

ARM

This function connects the reference signal path
to the generator field controis.

DISARM

This function disconneets and shorts the
reference signal path to the generator field
controls.

DISABLE

This function disarms the TF subsystem and trips
the generator high-speed breakers, resistor
breakers, and after a time delay opens the
disconnect switches.

EMERGENCY SHUTDOWN
This function disables the TF subsystem and

trips the generator field circuits. It will also
force the TEST mode in the C4 controls.

4.4.3.3. Poloidal Field Subsystems

Definition of funetions (state transitions)
ENABLE
The primary function .of enable is to close the

disconnect switch. For the SF subsystems this
function also closes the AC contactor.
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ARM
This funetion applies a control signal to the

contrel rail of the reference signal relay
allowing it to be operated by the PBX-M timer.

RUN

The run signal is timer generated; and if the
subsystem is armed, it connects firing pulses to
the SCR's allowing them to geperate current.
DISARM

This Ffunction disconnects and shorts the
reference signal path to the power supply.

DISABLE

This function disarms the subsystem and after a
time delay opens the disconnect switches, For SF
power supplies it also opens the AC contactors.
EMERGENCY SHUTDOWN

This function disables the subsystem and trips

the main AC breakers. It will also force the
TEST mode in the controls.

4.4.4, Machine Protection Functions

4.8.4.1

b.u.y.2

PLC System Protection

Since the PLC system is based on complicated
computerized control equipment, there is potential
for failure. The manufacturer (Reliance Electric)
incorporated a number of safeguards which will detect
any single point failure and shut down the process in
a safe manner. In addition, at PPL we have designed
both hardware and software features that will further
enhance the integrity of the contrel system. Among
them are watchdog timers that monitor the commnica~
tion, through the I/0 interface, the serial link to
the control console, and the R-Net local area
network. Upon detecting loss of communication, the
system Will selectively shut down.

Reference Signal Protection

The protective features for the reference circuit
were designed to minimize the chance of producing
excessive current due to failures in the reference
signal amplitude or pulse length. Problems with
amplitude are reported to the operator. Since PBX-M
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4.b.4.3

4.4.4.4

4.4.8.5

is operated in a pulse mocde, the reference signal is
only allowed in a window of time around T(0). At
other times the reference circuit is disconnected
from the power sources and grounded.

Overcurrent Protection

Each of the TF, OH, EF, IF, Df, T1, T2, T3, and T4
coils are equipped with a transductor that drives two
integrating type overcurrent relays used for It
protection. The two units are set for selective
tripping, the lower set unit disarms, the other dis-
ables the respective power subsystem. The instanta-
neous overcurrent trip also causes disable. The new
implementation of these protective functions incorpe-
rates direct hardwired trips for both the disarm and
disable signals. In the case of the OH and EF power
supplies the hardwired disable opens the 4160V
breaker, since these power supplies are not equipoed
with vacuum contactors.

Coil Cooling System

Each of the coils are coovled by deionized chilled
water. There are approximately 100 inputs to the PBX-
M controls system monitoring the status of over 50G
flow and temperature switches. Any of these switches
can disarm all operating systems by a global inter-
lock. Some coils experience a larger temperature
excursion after each pulse than others. In order to
prevent - temperature ratcheting, additional
temperature switches ( set to trip after each pulse)
Were installed on the OH, EF, and IF coils and are
interlocked with the PBX-M Timer. The Timer is placed
on hold until all these switches are reset.

Hydraulic Clamp

The unique demountable construction of the TF coils
resulted in twe Joints in each coil. These joints are
equipped with floating hydraulic clamps to impose a
2000 psi contact pressure on the joint and to allow
relative motion of one coil with respect to another.
The hydraulic system is operated at 8000 psi pressure
and U0 pressure switches are used to monitor the
pressure of each line. A pressure drop -in the system
would cause an increase in the electrical resistance
at the jJjoint which could result in thermal damage.
The control system does not allow machine operation
unless the pressure is normal.
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4.4.5.

4.5 Radiation

4.5.1

Failur? Mode and Effect Analysis

Critical failures for PBX-M operations, their effects, and both
primary and secondary protection against those failures are
shown in Table 5.14.

(J.R. Stencel)
Tonizing Radiation

The exposure history of the occupied areas having the greatest
potential for personnel exposure is as follows: ’

In 1981 and again in 1982, the accumulative exposure doses to
the PDX Control Room relative to PLT and PDX operation, did not
exceed 200 mrem (St82, St83). In the first six months of 1983,
these levels reached approximately 600 mrem (St8d4a, St84b) as
PDX operations went into a peried of extensive D-D runs before
the PDX was shut down to become the PBX. In 1984, the levels
were at 106 mrem (St85a, St85b) and in 1985, the levels were
365 mrem (G:86). Because no individual spends his entire time
in these areas, actual personnel exposures are much lower.

QOccupational expasures are presently governed by Ch. XI of DOE
Order Su480.1A (DOE81) and PPPL HSD-5008, Ch. 10. (HSD10).
Draft Qrder 5480.11 is expected to be implemented by DOE within
the next year.

Exposure control follows the as-low-as-reasonably-achievable
(ALARA) philosophy. It, is Laboratory Policy, that if an
exposure is expected to exceed 1000 mrem/year, the Project
Manager must petition the Executive Safety Board (ESB). If it
appears that this level will be exceeded, the Project Manager
will have to convince the Executive Safety Board that all
reasonable measures have been taken to remain below this
level. In no case will the dose be permitted to exceed the
legal whole body exposure dose limits of 3 rem/quarter and 5
rem/year.

Radiation fluxes from the PBX-M are expected fto be similar to
the PBX, and at most, a factor of 2 higher (0k86). The radia-
tions involved are primarily neutrons (during D-D runy) and
hard X-rays (Bremsstrahlung). Activation of vessel parts, as
on PBX, are expected to be Insignificant. Calculation of
activation levels were done for PBX in 1980 (Sc80). This re-
port postulated a 400 mrem/hour exposure rate at 1 minute after
500 pulses. Actual operations were such that measured levels
were never measured to be over a few mrem/hour at the earl.est
occupancy after a run perilod. In any case, standard health
physics procedures of radiation survey checks and wipe tests,
when appropriate, have been, and will continue to be made
before any maintenance or modification procedures begin.
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4.5.2

Personnel will be monitored with radiation dosimeters supplied
by an outside vendor. Personnel Dosimetry requirements for
PBX-M will be established by the P&0S Health Physics Branch in
accordance with the established criteria of HSD-5008 Supplement
10-1. Records on exposure are kept by the PPPL Safety Office.
Health Physiecs will continue, as in the past, to do area moni-
toring which will consist of passive devices (film, track etch,
Thermoluminescent Dosimeters (TLD)) supplied by an outside
vendor and in-house TLD for radiation profile stuiies. Real
time monitors our expodure rate at 1 minute after 500 pulses.
Actual operations were such that measured levels were never
measured to be over a few mrem/hour at the earliest occupancy
after a run period. In any case, standard health physics
procedures of radiation survey checks and wipe tests, when
appropriate, have been, and will continue to he made before any
maintenance or modification procedures begin.

The PBX-M will retain the same thick shield wall (32 inches of
high density concrete) as was used for the PBX. There is no
overhead shield on this facility so skyshine radiation will
continue to contribute its share of the total expcsure dose to
occupied areas. Consideration was given to an overhead shieid
in 1979 (Gr79). However, because of the cost involved versus
the small reduction in potential exposure, along with the
knowledge of the operational history of this device, it was
decided not to proceed with this task.

The PBi-M will also retain the Kirk interlock system, which
prevents access to machine areas, that is, areas of greatest
hazards which may include radiation during operation.

With the in-place shielding, interlocks, monitoring, and prior
history of the PDX and PBX, no unusual or unique radiation
problems are anticipated for the PBX-M.

Non-Ionizing Radiation
4.,5.2.1 Lasers

The PBX-M, like its predecessors PDX and PBX, will
use some lasers for diagnostics. These devices are
regulated by HSD-5008 (HSD3) which follows ANSI
Z136.1-1986 (ANSI86). Because these laser areas are
interlocked during operations, the potential hazards
are related to individuals involved in standard
alignment and callbration procedures. These indi-
viduals by Laboratory Policy must be knowledgeable in
the use of lasers, and where supervisors request,
they will take part in laser training programs. Also
all high powered class IV and most class IIIb lasers
require written safe operating procedures.
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4.5.2.2 RF/Mierowave

RF/microwave heating is being considered for the PBX-
M. The PPPL has had extensive experience with
rf/microwave applications on the Princeton Large
Torus (PLT) and are installing similar applications
on TFTR.

Any such systems will have rigorous design reviews
before implementation ‘and all applications must meet
with the requirements of the PPPL Health and Safety
Directive on this topic (HSDY4) and ANSI C95.1
(ANSIB2). Surveys will be conducted in accordance
With ANST (C95.5 (ANSI8?!) to ensure compliance with
the present regulations. Interlocks would be used
where appropriate and real time monitors (sniffers)
would be installed for scme specific frequency
applicaticns.

4.6 Fire Protection and Emergency Services

4.6.1

Fire Protection System

Fire damage is the principal property damage risk. The
faeility occupies parts of two floors of a multistory building.
Both stories are protected by preaction, dry pipe automatic
sprinkler systems with the second floor region designed for
ordinary hazard occupancy. Fire alarm boxes and sprinkler
annunciator alarms are connected through the fire alarm system
to the fire and security headquarters which are manned at all
times.

4ll fire alarms are also monitored by the plant monitoring
system that provides information in a matter of seconds on the
exact location of an alarm and on planned procedures. The
system is computerized and includes the fire alarm boxes and
sprinkler annunciator alarms for all PPPL occupied buildings.
A Halon fire protection system is installed in the energy
storage vault adjacent to the machine area. Smoke detectors
that are located in the energy storage enclosure initiate the
Halon release seguence, close the vents in the energy storage
area, and shut off the ventilation fan.

The control room is proteected by a Halon system. When the

control room smoke detectors are triggered, dampers in the air
conditioning ducts are automatically closed.
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4.6.2

Fire Fighting Personnel and Equipment

The PPPL Emergency Squad, responds to all alarms with a pumper,
a fully equipped emergency truck, and an ambulance, according
ta need. At least five full time fire fighters are available
for each shift, 24 hours per day, seven days per week. (An-
other pumper truck serves as backup.) Under mutual aid agree-
ments additional personnel and equipment -from ather plants and
Plainsboro Township will respond and provide backup in the
event of larger emergencies.

Any new power supplies that present an additional fire hazard
will be installed in conformance with existing striet fire
protection codes governing the bullding in which this experi-
ment is housed. The capacitor-ignitron eneclosure as well as
the contrcl room have Halon protection.
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5.0 HAZARD ANALYSIS (Kees Bol/WBS Coordinators)

Accidents of sufficient severity to endanger continuation of program
funding and their mitigation or risk acceptance are indicated in section
5.1 below. Other failure modes are listed in section 5.2.

5.1 High Consequence Accidents To Equipment

5.1.1 Machine Accidents

5.1.1.1 Mechanical Fajlures

A.

Vacuum vessel buckling under combined electro-
mechanical, gravitational, and atmospherie
loading.

Analysis: The vacuum vessel, reinforced as per
design, can withstand worst case loading under
realistiec dynamic conditions without stress
limits being exceeded in either the vacuum
vessel or its supports. The analysis is docu-
mented in Engineering Report (EAD R37 Rev. 1).

Failure of TF coils, especially the joints,
under electromechanical stress (overturning
moment) .

Analysis: The TF coil points were a critical
item in the original PDX design and are even
more so in PBX-M. In the absence of a complete
stress analysis, an operating limit has been

" established for the preduct of toroidal and

poloidal field strength such that the TF joint
stresses in PBX-M do not exceed those obtaining
in PDX when it was operated at design condi-
tions. By that criterion all PF supplies can be
run at rated current for any TF current to 30kA;
however, the margin of safety in the PDX design
does not appear to have been documented.

Excessive coil currents would constitute a fault
condition. Redundant overcurrent protection is
provided for all power supplies as shown in
Table 5-1. Except for the IF and TF it is a
plausible assumption that the intrinsie current
limits give adequate stress protection when the
TF is held to 30kA.

Operation of the TF at full rating (43.7kA) is
not covered by this document and will require
further analysis as well as detailed operating
procedures.
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(N
System _op
IF 20
DF 10
T 5
T2 5
T3 5
T4 5
EF 10
OH 20
TF 30
Max
Fault
Coil T (°C)
GH 8/9, T&B 35
OH 7T 24
EF 21, T&B 20
IF 1 39

All other colls

(1)
(2)

(3)
e
(5)

Design ratings

Table 5-1

1(2)

Mmax

25

(3

Table 5-2
Normél

T (°C)

22
15
12.3
16

Max

(%)
1

- OO O O

22

High
Setting
(°c)

48-52
40-41
40-44
40-44
40-44

£(5)

22
33

Low

Setting

(%)

19-21
19-21
19-21
19-21

Maximum currents power supplies can produce,
primary reactance and the load resistance. (FR 1}
Under-speed trip (2 shafts,y x 2 generators)

Instantaneous trip relay, power supplies

Instantaneous trip relay, machine side
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Failure of inacecessible buswork

Analysis: Buswork supports are presumed de-
gsigned for operation at full parameters, but a
comparison of design with "as built" status is
not possible for the ecritical buswork to inner
stack coils, nor were the original design ecri-
teria documented. - The "as built" completely
unsupported bus pair to OH8-SL was braced in
1983 through windows cut in the inner wall of
the vacuum vessel and the matching upper pair
does have some support. Fortunately, the PBX-M
design currents in the remaining inner stack
colls are reduced to half or less EF solenoid of
the original values, so that even at full TF
operation there will be a margin for those
coils, Furthermore, the changed mode of opera-
ticn of the OH, by allowing a much better bal-
ance of the +/-current swing, will reduce the
maximum stress in those busleads for eguivalent
volt-second applications. The administrative
applicaticn of signal level clamps will enforce
the operating procedures to ensure this result.

Stressing EF ceils by increasing rating from
original design value of 7.2 to 10KA.

Analysis: A previous analysis showed operation
at 10kA to be acceptable. Operation at 15kA,
also contemplated at one time, would have re-
quired’ additional bracing of the coils them-
selves.

5.1.1.2 Electrical Failures

A,

High resistance joint, 1leading to pitting,
arcing and ultimate destruction, also to igni-
tion of insulation by molten metal or the arec
itself. Widespread soot can hamper machine
operation though probably not force a permanent
stop.
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Apalysis: Joints in TF buswork are monitored
regularly. However, many bus- joints in other
.gystems are accessible only with difficulty, and
the benefit of preventing an accident has to be
balanced against the increased risk of causing
one when reinsulation of the joint .is carried
out under very cramped and difficult conditions.
In those cases the defense will be ex post
facto, and will consist of much better fire and
smoke detection for the Halon system than
existed for PDI-PBX.

5.1,1.3 Overtemperature Failures

A.

Detericoration or destruction of ceil insulation
and subsequent turn-to-turn shorts.

Analysis: To protect against insulation damage
from overheated coils (T70°C, CH87) PBX-M uses
the following system: the shot timer is in-
hibited from beginning a new cycle until the
water temperature in certain critical Soils has
dropped to a preset ilow temperature; I“t relays
limit the temperature rise from a credible fault
current; and all systems are disarmed if any
coil system exceeds a preset high temperature.
The first two protect against damage from exces-
sively high currents, from which the temperature
rise of the copper far outruns the thermal mea-
surement, and the third is protection against a
steady current that exceeds the permitted levsl
but which may fall in the ''dead" zone of the It
relay.

Table 5-2 shows the coils that have been se-
lected for special protection. A4ll other coil
systems have a fault temperature so low (<7°C)
that an initial temperature just below the high
temperature trip point will not result in damage
from a subsequent fault. For the selected coils
the opposite is true. Hence, it is necessary to
ensure against insulation damage by starting a
shot at a low enough coil temperature so a sub-
sequent fault will not cause damage.

Fatigue failure of coils under repeated and
excessive thermo-mechanical stress.
Analysis: Fatigue due te thermal cycling has

not been found to be a problem where it has been
examined.
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5.1.2 Accident Sources External to Machine
5.1.2.1 Seismic
A. Collapse of shield wall.

Analysis: Unlike the remainder of the PBX-M
shield wall, the older segment dividing PLT from
PBX-M consists of stacked smooth rectangular
blecks having no keying feature. An analysis
undertaken in 1981 by the PPPL Mechanical Engi-
neering Division to investigate raising the
height of the divider, concluded that this
should not be done without reinforcing the
structure. A calculation by E. Kaminsky and E.
Nelson carried out in 1980 showed the block wall
separating PLT and (then) PDX to be unstable in
case of an mpe event (i.e., a once-in-a hundred
year earthquake). A Job has now been initiated
to brace at least that section of the shisld
wall.

5.1.2.2 Fire
Analysis: The machine area is protected by a
Halon system. The smoke detection system is in
process of being upgraded.
5.2 Failure Mcde And Effects Analysis

The following tables are the Failure Mocde and Effects Analysis for
the reconfigured PBX-M Experimental Device.
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Component

Vacuum Vessel
Plate Sections

Function

Maintain vacuum
condition

TABLE 5-3

VACUUM VESSEL ASSEMBLY

FAILURE MODES AND EFFECTS ANALYSIS

Failure Mode

A) Non-catas-
trophic air
leaking
external
attachments

B) Catastrophic
vacuum fail-
ure, as by
implosion of
a wWindow

C) Leak in
elastomer
seal joining
vacuum vessel
components

Fault Detection & Effect/Corrective Action

Torus interface values close; audible
vacuum alarm warns operators. Stop
operation, locate leak and repair.

Vacuum alarm cs above. Damage to

pumps probable, Preventive measures:
minimize window size; cover windows with
plexiglass where compatible with diagnostic
requirement; do careful checks for loose
magnetic materials (tools, etc.) before
each run.

Same as (A)}; however, many of the joints
are inaccessible. Construction of the
seal allows it to be pumped, providing
some tolerance in seal quality.
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Component

Vacuum Vessel
insulating gap

Vacuum vessel
cooling/heating
tubes on walls

Internal active

Funetion Failure Mode

Avoid short-
circuiting OH voltage

Low resistance

Cool vessel during Leaks in
multigetter operation; cooling
heat during pumpdown tubes
Shape plasma &) Leak in
vacuum
housing
through

defective weld

FY Leak due to
particle
impact

Fault Detection & Effect/Corrective Action

Low voltage observed on internal flux loops
and consequent inability to initiate
discharge. Prevention: shield gap from
plasma, debris. Corrective action: short
defective gap and remove shorting bars from
second gap, 180° away.

Loss of vacuum (see 14). Cooling is not
used; hot water heating only used during
pumpdown. Corrective action:! keep
defective tubes under vacuum until next
opening and then repair.

See 14. Pump defective coil.
be located, repair.

If leak can

See above. Preventive measures: exposed coils
are shielded from neutral beams and plasma
with graphite armor and with additional
stainless steel shields.
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Component

Neutral Beam-
Torus Duct

Main Valve

TABLE 5-U

NEUTRAL BEAM INJECTION SYSTEM

FAILURE MODES AND EFFECTS ANALYSYS

Function

Conneots Neutral Beam to

torus vacuum vessel; pro-
vides adequate clearance

for beam

Provides a seal between
the torus and neutral
beam vacuum enclosuras
when either vessel is
pressurized while the
other is under vacuum

Failure Mode

Missteering of
ton beam

A) Failure to
fully open
on command

B) Falilure to
fully close
on command

C) Leakage
through valve
seals

Failure Effect/Corrective fActlion

Potential impingement of beamline onto duct
walls or components. Possible damage 1s pre-
vented by duct scrapers which are positioned at
the smallest section of duct to "scrape off"
any beams diverging outside the defining
aperture; and by water-cooled protuctive plates
which prevent power deposition onto eritical
components of the main valve. Optleal sensors
at the duct scraper detect beam drift to
provide for its correction.

A) Beam pathway to torus is partially or
totally blocked preventing neutral beam
injection. Beamline calorimeter remains
in position bloaking the neutral beam until
the main valve {s fully open.

B} Inability to seal NB vacuum vessel from
torus vacuum vessel when cone vessel is
pressurlzed, as required, untll repairs are
made.

C) Fallure effect and corrective action as ip
ftem 2, fallue mode B), Removal of unde-
sirable gas flow into evacuated vessel can
be accomplished by the vacuum pumping
systems or the NB cryopanels (if cold).
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5.

Component

Ion Source

Ion Deflection
Magnet

Cryopumping
System

Function

Generates a low-volgage,
high-current discharge to
produce a plasma from
which deuterium lons are
extracted and accelerated

Deflect ions from the
mixed beam leaving the
neutrallzer, onto the lon
dump

Maintain proper vacuum
conditions in the NBL
from the deflection
magnet to the torus end
of the NB torus duct
during normal operations

Failure Mode

Filament or
electrode (arc)
short circuit

A)

B)

A)

Failure of
magnet power

supply

Break in
electrleal
supply line
to magnet,
or break in
magnet
wWwinding

Cryogenic.
line rupture

Fault Detection & Effect/Corrective Action

Greatly reduced generation of guiescent uniform
plasma and deuterium jons in affected NBI's.
Affected power supply (arec or filament) is
automattcally shut down and energy is safely
dissipated without damage to affected NBI's or
Neutral Beam Power Supply. NB operation can
continue with the affected source shut down
until repairs are made.

A) lons are not deflected onto the ion dump
but are sprayed onto the NB-torus duct.
Duct scrapers and protective plates pre-
vent damage to duct and duct components, as
per item 1. Ion source is shut down by NB
Power Supply. NB operation can continue in
degraded mode until repalrs are made.

B) See ftem 5, failure mode A).

A) Release of cryogenic fluid(s), boil-off of
of condensed gases on NB cryopanels, and
pressure increase in Cryngenic Supply
System (CSS). NB operation will cease and
gate valve will close. Burst dises in the

CSS wWill relieve any high pressure surge
in the eryoplanels and CSS. Gases boiled
off from the cryopanels can be removed by
the Neutral Beam Vacuumm System. Absence of
personnel in Test Cell during operations,
as well as use of special procedures during
maintenance will prevent hazards to per-
sonnel from released cryogens.
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Companent

Neutral Beam
Vacuum Vessel

Neutral Beam
Line Cooling
Water System
{NBLCHS)

Function

Provide main vacuum
envelope for NBL

Provides cooling water to
remove heat generated

in ion sources, ion dumps,
calorimeters, beam scrapers
neutralizers, deflection
magnets, and NB duct pro-
tective plates

Failure Mode

B)

Loss or de-
gradation of
cryogenic
supply to
cryopanels

Major leakage

ar rupture

A) Loss or
degradation
of cooling

B)

water supply
to NBL compo-
nents

Leakage or
rupture of
cooling water
line inside
NB Vacuum
Vessel

Fault Detection & Effect/Corrective Action

B) Effective pumping by cryopanels is degraded
resulting in eventual shutdown of affected
NBL. If fast warmup of cryopanels is in-
volved, burst discs tn CSS will prevent
damage to cryopanels. Boiled off gases can
be removed by NBYS.

Pressure rise in the vessel will autcmatically
shut down the NBL and close the absolute
valves. Fast warmup of the cryopanels will
cause burst dises in the CSS to relieve excess
pressure and prevent damage to cryopanels.

A) Low water rate flow to and/or high water
exit temperature from water-cooled compo-
nents will cause interlocks in the NB
Control System to shutdown the affected NB
Power Supply(s) thus inhibiting NB opera-
tion. At least 10 of design water flow
must be maintained in NBLCWS to prevent
water freezing in components and piping
subject to LN2 temperatures, until
temperature in the affected NBL components
reach above-freezing levels.

B) Loas of ccolant would cause shutdown of
of arfected NBIS, as in item 8, failure
A}, cause pressure rise in NB vessel (de-
tected by vacuum gauge readout in Main
Control Room); and would result in vapori-
zation of leaking water and subsequent
(initial) condensatian on cryopanels,
Cryogenic supply to cryopanels will be shut
down, and pressure rise in panels and CSS
eould cause burst dises in €S5S to vent and
relieve pressure. Gate valve will close
and NBVS wil! be (remain} isolated from
affected NBL. Water supply flow will be
shut off as soon as possible, consistent
with prevention of line freezing, and
heatup of cryopanels, With increase in
temperature of the cryopanels, condensed
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8.

Component

Neutral Beam
Injection System

Function

Injection of Neutralized
ifons into the plasma
providing auxilary heatling

Failure Mode

Loss of
electrical power

Fault Detection & Effect/Corrective fction

water will melt fram cryopanels and eolleet
at the bottom of the NB Vease).

All jon sources are automatically shut down,
and gate valve closes. Cryogen flow to NB
cryopanels {s stopped and any pressure surges
fn the CS8S ar cryopanels are relieved hy CSS
burst dises and relief valves. Gases boiled
off from cryopanels are released to NB
vessel,
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Component

Duct, Torus to
High Vacuum Pump

Flange, Torus to
High Vacuum Duct

Bellows, Joint
Assembly; Torus
to High Vacuum
Duct

Ceramic Joint

Duct Bellows,
Jaint Assembly,
High Vacuum Duct
to TMP (41em)

Valve, Assembly

T™P Inlet - High
Vacuum Isolation
TVPS

TABLE 5-5

VACUUM PUMPING SYSTEMS FAILURE MODES AND EFFECTS ANALYSIS

Function

Tarus gas transmission,
vacuun access to torus

Facilitate installation
and structural joining,
two flanges.

Torus motion isolation
from high vacuum pumnp
for each duct, tuo
bellaws.

Electrical Insulation

Motion isolation fFor
each TMP in the TVPS

Isolation of TMP from
torus vacuum vessel

Failure Mode

Leakage

Leakage

Leakage

Leakage

Leakage

) Fallure to

¢close on
comnand

B) Failure to
close on
command

C) Internal

Fault Detection & Effect/Corrective Action

Pressure rise 1n torus and vacuum system
detected by pressure instrumentation. Hachine
(PBX) operation and experiment interrupted-
potential deuterium or hydrogen release to test
cell area. Repair as soon as possible,

Same as Item 1.

Same as Item 1.

Same as Item 1.

Same as Item 1.

A) Detected by valve position switch. If
"Close" command is due to failed THP,
machine operation and experiment will be
interrupted Bring torus up to atmosphere
with N, gas. Repair as soon as possible.

B) Detected by valve position switch.
Machine operation continues in degraded
mode. Repair at next scheduled maintenance
period.

C) Detected by pressure instrumentatlon.
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Component

6a. Valve Assembly,

TMP Inlet - High
Vacuum Isolation

TMP Assembly/TVPS
(8)

TMP Assembly-
NBVS(4}

Duect, TVPS-TMP
Discharge Vacuum

Function

Isolation of TMP from
NBL

High vaeuum pumping of
torus

Regeneration of Neutral
Beam and inlt‘al pump-
down from 107" torr

Access for gases from
THP to backing valve

Failure Mode

leakage
(across valve
seat)

D) External
leakage

A) Failure to
close on
command

B) Failure to
open on
command

A) Failure to
start on
command or
stops running

B) External
leakage

A) Failure to
start on
command ar
stops running

B) External
leakage

Leakage

Fault Detection & Effect/Corrective fction

D)

A}

B)

A)

B)

n)

B)

Same as Item 1.

PBX-M operation will be interrupted,
Bring torus up to atmosphere and repair
as soon as possible.

Same as Item 1,

Detected by valve position switch.

Failure of valve to close will preclude NB
operation due to excessive TMP pressure
during Regeneration or oil back-migration
if TMP failed. Vent NB with dry Ny and
repair as soon as possible,

Detected by valve position switeh,

Machine (PBX-M) operation continues in
degraded mode whereby the main roughing
pumps regenerate NB cryopanels. Repair at
next scheduled maintemance period,
Detected by pressure instrumentatlon,
Isolation valve automatically closes.
Machine operation continues in degraded
mode. Repair at next scheduled maintenance
period.

Same as Item 1.

Detected by pressure Instrumentation.
Isolation valve automatically closes,
Machine continues in degraded mode,
Repair at next scheduled maintenance
period., Can regenerate using roughing
system.

Same as 1.

Isolate TMP assembly.
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1.

12.

13.

.,

Component

Duct, NBVS-TMP
Discharge Vacumn

Valve,TMP Backing
TMP{TVPS)

Valve, TMP
Backing (NBVS)

Pressure Gages for
(8) TVPS-TMP's
(3) NBVS-THP's

Valve, Torus
Roughing Duct

Function

Evacuate gases from NB

Isclate TMP discharge
from backing manifold

Isolate TMP discharge

Measurement of inlet
pressure (vacuum status)

Isolate torus from me-

chanical roughing/backing
pumps. The duct in which
this valve is located is
also used to take suction
on the torus (by the tri-
tium cleanup system) when

. a leak occurs in the torus

or vacuum system,

Failure Mode

Leakage

)

B)

C)

Failure to close

Fault Detection & Effect/Corrective Action

Same as Item 1; unable to regenerate NB.

lsolate TMP assembly,

Failure to A)
close on
command

Failure to B)
open on
command

External C.
leakage

on command

Erroneous

indication

A) Fallure to A)
open on
command

B) Failure to B)
close on
command

Detected by valve position switch.
Shut down all TMP's and stop

PBX-M operation, Repair or replace
as soon as possible,

Detected by valve position switch.
Affected THP 13 automatically shut down.
Machine aperation continues in degraded
mode. Repair at the next scheduled
maintenance period,

Same as ltem 1.

Detected by valve position switch.

Redundancy provided by additional instruments.
Machine operation may safely continue.

Detected by valve position switch.
Rough pumping of torus is precluded.

Detected by valve position switch.

Torus is exposed to roughing manifold
pressure and PBX-M operation is impossible
{cannot achieve high vacuum). Repair as
soon as possible.
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15,

16.

17.

18.

19.

20,

Component

Valve, Foreline
Trap Vacuum
Inlet (TVPS)

Roots/MP Pump
Assembly
Roughing (2)

Roots/MP Pump
Assembly Backing
(2 for TVPS)

(2 for NBVS)

011 Demisters

Backing/Roughing
Pumps Exhaust
Line

Solenoid Valve,
TMP water inlet

Function

Isolate foreline trap/
backing pump from re-
mainder of system

Provide for rough
pumping of the torus
and neutral beams

Provide backing for
T™P's

Capture exhaust oil
contamination from
mechanical pumps

Transfer gas to atmos-

phere or tritium cleanup
unit

Isolate coolant

Failure Mode

A) Failure to
open on
command

B) Failure to
close on
cammand

Pumping ceases

Pumping ceases

Oversaturation

Leakage

A) Failure to
open

B} Failure to
close

Fault Detection & Effect/Corrective Action

A) Detected by valve position switch.
Can use redundant pump for TMP backing
(will take longer for pumpdown). Repair
at next scheduled maintenance.

B} Detected by valve position switch. If
"elose" command is due to backing pump
fallure, vacuum system{s), PBX-M and/or
neutral beam operations are shut doun.
Repair as soon as possible.

Detected by pressure instrumentation., Rough
pumping can proceed over a longer time interval
using redundant pump. Isolate affected pump
and repair at next scheduled maintenance.

Detected by pressure instrumentation. Redun-
dant pump is capable of providing backing for
all TMP's with full gas load. 1lsolate and re-
pair at next scheduled maintenance.

Some oil contamination of exhaust line oceurs,
however, maintenance schedule will preclude
this failure mode,

Detected by pressure instrumentation, Paten-
tial leakage of trace amounts of tritium, Area
monitors will detect the low levels released
and exhausted via the HVAC system. Shut down
system (and PBX-M) and repair as soon as
possible,

A) Detected by cooling water flow switches.
Coolant unavailable to TMP. TMP will
automatically stop or be prevented from
starting. Repair or replace at next
scheduled maintenance period. Can continue
to operate in degraded mode.

B) Detected by cooling water flow switches.
Close hand isolation valve and shut down
TMP. Repair or replace at next scheduled
maintenance period.
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Component

21. Valve, TMP
Nicrogen Supply

22, Valve, TMP
0i1 Drain

Function

lsolate vent gas

Facilitate Qi1 Change

Failure Mode

C) Leakage

Failure to open

Failure to close

Leakage

Fault Detection & Effect/Corrective Action

9]
~—

Loss of cooling water detected by flow
and/or temperature switches. Potential
impact on electrical equipment. Clase hand
isolation valve and shut down TMP. Can
continue operating in degraded mode. Re-
pair at next scheduled maintenance period.

Detected by nitrogen supply pressure switch.

Potential olil backstreaming upon TMP shutdown.
Rebake of TMP plus valve repair or replacement
required at next scheduled maintenance period.

Detected by nitrogen supply pressure switch,
Nitrogen delivery continues to TMP. Close TMP
inlet and discharge isolation valves, Repair
or replace at next scheduled maintenance
period. Continue machine operation with
remaining active TMP's,

Detected by oil level suitch. Louw oll level
will result in automatic shutdown of THP and
closure of inlet and discharge valves.
Continue operation with remaining active
TMP's, Repair at next scheduled maintenance
periad,
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1.

2.

3.

Component

Liguid Nitrogen
Storage Tank

LN, Storage Tank
Outlet Valve

Vacuum Jacketed
Supply Lines

TABLE 5-6

NITROGEN SUPPLY SYSTEM FAILURE MODES AND EFFECTS ANALYSIS

Function

Stores the LN, supply
on-gite

Isolate storage tank from
supply system and loads

Transmission of LN2
supply to service
loads

Failure Mode

A} Leakage

B) Overpressur-
ization

C) Underpressur-
ization

A} Fails to close
on command or
fails closed

B) PFails to close
on command

Thermal/leakage

aj)

B)

c)

A)

B)

Fault Detection & Effect/Corrective Action

Loss of LN, detected by tank pressure indi-
cator or level indicator (local). Isolate
tank from supply system, and temporarily
provide LN, from tank truck. Repair as
soon as possible,

Detected by tank pressure instrumentation
Excessive pressure precludes nominal ser-
vice to loads. Pressure Is relieved hand-
operated valve relief valve (75 psig) or
burst disc (90 psig). Repair as soon as
passible. )

Detected by valve position indicator. LN
cannot be transferred from tank to service
loads. Shut down system and loads and
repair as soon as possible.

Detected by valve position indicator. LN
cannot be supplied to loads and will resuit
in eventual shutdoun of NBL's.
soon as possible.

Repair as

Detected by valve position indicator. LN,
storage tank can be isolated via closing of
individaul service load supply valves (and
later by hand operated valve). Repair as
soon as possible.

Contamination of the LN, in the system
Wwith oxygen due to inleakage could cause
a potential explosion hazard (if the leak
is not repaired). Shut down Nitrogen
System and affected load(s) until repairs
are made,
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Component

LN, Supply Valves
to Loads

Pressure Relief
Valves Without
Redundant Paths

Function

Isolate LN, supply to
individual service loads

Overpressure
protection

A} Fails to open
on command or
fails closed

B) Falls to close
on command

A) Premature
relief

B) Mo relief

Fault Detection & Effect/Corrective Action

A) Detected by valve position indicator(s}.
Supply of LN, to affected service load is
prevented or interrupted, Shut down af-
fected load until repairs are made.

B) Detected by valve position indicator(s).
When required, LN, supply can be isolated
by closure of storage tank outlet valve
which interrupts LN2 supply to all service
loads. Shut down system (and loads) and
repair as soon as possible.

A) Uncontrolied relief of LN, or GN, causes
reduced system preasure and resufts in pre-
cluded supply service detected by pressure
instrumentation. LN, supply is isolated by
closure of storage tank outlet valve and
system is shutdown until repairs are made.

B) Detected by presasure 1nstﬁumentation.
Attempt to depressurize faulty leg. Effect
repair as soon as possible,
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1.

Component

Power Main
Leads

TABLE 5-7

POLOIDAL FIELD COIL AND NEUTRAL BEAM POWER DISTRIBUTION SYSTEM

FATLURE MODES & EFFECT ANALYSIS

Function

Transfer energy feeding
power convertors buses

A)

B8)

c)

D)

£)

F)

Failure Mode

Failure to
start on
command
(Breaker
fails to
close)

Breaker
fails to
open

Overvoltage
operation

Jvercurrent
operatiior

!

i
Short to
ground

Loss of
control
power

Failure Effect/Corrective Action

a)

B)

¢)

b)

E)

F)

Failure will prohibit transfer of power
No PBX-M operation. Facilitate
repair as soon as possible.

Power flow contlpues to distribution
system. Stored energy in the coils

will be dissipated by lntrinsic resistance
with-in the coils and Pulsed Energy Con
version System circuit. H.5 kV distribu-
tion breakers will be tripped, and system
and PBX-M will be shutdown. Facilitate
repair as soon as possible.

Will result in 5 kV overvoliage for 60
milliseconds. System is designed for this
operation mode. Breaker(s) open.

Thermal stress (I°T) on system oceurs
during pulsing operation, Systep is de-
signed not to exceed predicted (I°T) ther-
aal stress, Relays detect situation and
open breaker{s).

Protective relaying will cause breaker to
trip removing pouer. PBX-M operation
ceases. Facilitate repairs as soon as
possible.

Breakers have stored energy mecharism which
will enable manual operation to isulate the
distribution system. PBX-M operation
ceases. Facilitate repair as soon as
possible.
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2. 5 kV Switchgear
and Current
Limiting
Reactors

€L

3. 5 kV Cable

Function

Distribute power to
individual erergy
conversion systems

Facilitate power trans-
mission from switchgear
to Field Coll and Neutral

Beam power supplies.

fFailure Mode

A)

B)

4]

D)

E)

F)

G)

a)

B)

Failure to
start an
command
(Switchgear
breaker fails
to close)

Failure to
stop on
command

" (Switchgear

breaker fails
to apen)

-Overvoltage

operation

Qvercurrent
operation

Short to
ground

Loss of
control

Inadvertent
suitching
under load

Overvoltage

operation

Short to
ground

Fault Detection & Effect/Correclive Action

a)

B)

c)
D)
E)
F)

G)

A)

B)

Failure will prohibit transfer of power to
affected energy conversion system, and re-
lated sub-system operation cannot take
place. Facilitate repair as soon as
possible.

Power low continues to subsystem.
Upstream breaker can be manually operated
as a backup trip. PBX-M shutdown; facil-
itate repairs as soon as possible.

See ltem 1, faliure mode C),
See item 1, failure mode D),

Feeder reactors sized to limit fault to
efTective breaker rating.

See item 1, failure mode F). Individual
feeder breakers can be manually operated.

Loss of power to feeder circuit. No power
transferred to affected systems. These
systems are shut down untll power is re-
stored.

Feeder cables designed to 133% insulation
level to permit 60 millisecond, 8 kV
operation. System operation can continue
after overvoltage is cleared.

Feeder breaker ground fault relaying will
trip breaker. Affected Field Coil or
Neutral Beam is prevented from operating.
Facllitate repair as soon as possible.
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Component

Field Coil and
Neutral Beam
Distribution
System

Eunction

See Section 7.2.3.1

Fallure Made

Fire

Fault Detection & Effect/Corrective Actian

System will be shut down by protective devices,
Fire detection in the MG Building, East Build-
ing, or Experimental Area will preclude the
existence of an undetected flre of destructive
wagnitude. Automatic sprinkler and Halan
systems in these areas will suppress and
cantrol any fires .
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1.

TABLE 5-8

AUXILIARY SYSTEMS POWER DISTRIBUTION
FAILURE MODES AND EFFECTS ANALYSIS

Component Function

480V Feeder
Cireuit Breakers

Connects 4#.16 kV Feeder to
" 480V switchgear bus.

H.16 kv
Feeder Cable

Connects 4.16 kV sub-
system to feeder cir-
cult breakers

4,16 kV/4BOY
Transformers -

- Energizes 48OV bus

4B0OV Substation
Circult Breakers

Connects transformer
to 4BOV bus

4,16 kV Motor
Control Center

Starts and stops motors
for chillers; pro-
vides motor running
protection

480 V Feeder
Cable

Connects 480 V subsystem
o fgeder circuit breakers

Failure Mode

A) Fallure to
close

B) Overheating
poor contacts

C) Explosion

Short circuit;
grounded

Interpal short
circuit

Failure to close,
overheating, or
poor contacts

Contacts will pot
close, or MCC
trips off

Short circuit;
grounded

Failure Effect/Corrective Action

A) No pouer to Feeder, Supply auxiliary pouwer
With an alternative feeder and circuit
breaker. Check and repair breaker or con-

trol eireuit.

B) No pouver to Feeder. Supply auxiliary pouer
with alternate feeder and cirouit breaker.
Check load on circulit. Preventive mainten~
ance will minimize cceurrence.

C) No power to Feeder, damage to switchgear,
and potential fire, Extinguish fire.
Check overcurrent relays and load on
circuit. Preventive maintenance will
minimize accurrence.

Trips eireuit breaker,
aliternate feeder.
inspection.

Supply power with
Prevent through fericdic

Primary fuse blows; no power supplied to 480V
bus by affected transformer. Supply loads
through alternate transformer.

No power to load through affected substation
breaker. Supply loads through alternate trans-
former and its substation breaker.

No power to chiller motors; loss of HVAC

system chilled water. Shutdown PBX-M. Repair
as soon as possible.

See item 2
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10.

n.

Component

4160V7480v
Transformers

480 V Automatic
Transformers Cir-
cuit Breakers

480 v Motor
Control Centers

4.16 kV/4BO v
Standby Power
Transformer
and Network
Protector

Diesel Generator
“Substation"
Circuit Breaker

Function

Energizes U480 V
switchboards

Connects transformers
to 480 V bus

Starts and stops motors
for various auxiliary sys-
tem equipment; provides
motor running protection.

Energizes 480 V switch-
boards by connection to
diesel generator during
loss of off-site power.

Connects diesel genera-
tor to 4.16 kV bus dur-
Ing loss of off-site
power,

Fallure Mode

Internal short
circuit

Faflure to close,
averheating, or
poor contacts

Contacts will
not close or
trips off

Internal short
cireuit (trans-
former); failure
to c¢lose, over-
heating or poor
aeontacts (network
pratectors)

Failure to close,
overheating, or
poor contacts

Failure Effect/Corrective Action

Primary fuse blows; no power supplied to

480 V bus by affected transformer. Supply
loads through alternate transformers by closing
their disconnect switches and interconnecting
bus manual circuit breakers.

No power supplied to bus through affected sub-

station protector. Supply loads through alter-
nate transformer and substation protectors

by closing their disconnect switches and inter-
connecting bus manual circuit breakers.

No power to affected auxiliary system motor(s).
Cessation of PBX-M operation may ba
necessary. Repair as soon as possible,

No pouwer to 480 V loads during loss of off-
site power, Shut doun PBX-M, Repair as
soon as possible.

No power to all auxiliary loads during loss of
of offsite power. Shut down PBX-M. Repair as
300n as possible.
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1.

Component

Component

Trauaformer

Function

Failure Mode

TABLE 5-9

Fallure Effect/Corrective Action

TOROIDAL FIELD PULSED ENERGY CONVERSION SYSTEM (MG SETS)

FAILURE MODES AND EFFECTS ANALYSIS

Function

Supplies AC power
to drive MG sets

Converts AC to DC;
supplies and controls
the DC current in the
cofls.

Failure Mode

A)

B)
c)

D)

E)

A)

B)

Turn to Turn
Short,

Overheated

Loss of
Coollng Oll

Ground Fault

Fire

DC terminals

of a generator

section
shorted.

Fire

Failure Effect/Corrective Action

A)

B}
c)

D)

E)

a)

B)

The ac breaker trips in 5 cycles (60 Hz)
and the dc output voltage is reduced by

b1 kv. Detected by oil pressure detection
and winding temperature sensing; generates
fault signal. The experiment is term-
imated. Shut doun PBX-M.

See item 1, Failure Mode K)

Detected by oll level gauge, oil flow in-
dicator, and oll temperature detection.
Fallure effect and corrective action are
the same as for item 1, Fallure Mode A)

Detected by AC ground fault detection, and
equipment. Failure effect and corrective
action are the same as for item 1, Failure
Mode A)

Detected by oil pressure and oil temper-
ature detection. Effect is limited by
outdoor installation, and provision of
crushed stone and drainage to prevent oil
accumulation outside of transformer. Fire
would be extinguished manually by use of
outdoor apparatus. PBX-M is shut down.

No output voltage across generator output.
DBetected by relaying. Shut down PBX-M.

Detected by MG housing heat detectors.
Fire is suppressed by CO, discharge within
the housing. PBXK-M is shut down,



Component

3. Metal Enclosed
DC Equipment

4, 4C and DC
Cables

:74

Function

Coil overvoltage pro- A)
tection and personnel
safety.

B)
Connect converter trans- A)
former to the power supplies
and coils to the power
supplies, respectively.

B)

V)]

D)

Failure Mode

Fault Detectjon & Effect/Corrective Action

Disconnected
ground cable.

Fire

Loose
connection:

Ground Fault

Fire

Excessive
Cable Movement

A)

B)

a)

B)

C)

D)

Ground protection exists in ground pro-
tection system which shut down PBX-M.

Smoke emitted would be detected by MG
Buildlng smoke detectors. Damage to equip-
ment could cause loss of function and con-
sequent shutdown of PBX-M. Fire spread
would be limited by metal enclosure, with
extinguishment by CO,, Halon, or by manual
means.

Can result in overheating and damage to
insulatton, and possible loss of one or
more ecables. Experiment is terminated.
Periodle inspeetion of high current
terminations carrects loose connections.

Detected by ground fault relay trip. May
cause large fault currents and unbalance

ground potentials, Experiment is term-
inated.

Detected by ground fault relay or by build-
ing smoke detector. Fires inside MG Build-
ing would be extinguished by CO, and Halon
systems; fires outside the building would
be extinguished by manual means.

Power testing has shown that movement of
high ecurrent pulsed cables and bus during
normal and postulated fault conditions is
prevented by the restraints that have been
installed.
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1
2.

Component

Transformer(s)

Power Supply

lgnitron

Reversing Switch.

The Energy
Dissipation
System

Metal Enclosed
DC Equipment
(Disconnects)

AC and DC
Cables

TABLE 5-10

OHMIC HEATING PULSED ENERGY CONVERSION SYSTEM

FAILURE MODES AND EFFECTS ANALYSIS

Function

Converts ac¢ to de;
supplies and controls
the de current in the
ecolls.

Reverses the direction

of the OH Coil current.

Generates high voltage
for plasma initiation.

See Table 5.9 item 4§

See Table 5.9 item 5

Failure Mode

See 7.3.1-1

A) DC terminals
of a power
supply section
shorted.

B) Loss of one
module

C) Commutation
failure

D) Loss of cool
ing water

A) Suitech stays
closed in re-
response to
an open
command,

B) Switch closes,

Dissipation
resistance opens.

Failure Effect/Corrective Action

Item 1

A) No output voltage. Detected by power
supply internal (hard-wired)
Power supply trips off. Shuts down
PBX-M until bypassed or repaired,

B) See Table 5.2-7, item 2, Failure Mode B).

C) Experiment tails. Power supply trips off.
Check for operator misadjustment, if not
repair.

D  Power supply trips off. Investigate cause,
repair or adjust as necessary.

R) Shorts out supply causing overcurrent trip.
Investigate cause, repair or adjust as
necessary.

B) See 5.2-8, 3.A.

High voltage across the OH power supply and
coil. Overvoltage protection system will
prevent equipment damage. The experiment is
terminated.
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Component
Transformer
Power Supply

Metal Enclosed
bC Equipment

AC and DC Cables

TABLE 5-11

EQUILIBRIUM FIELD PULSED ENERGY CONVERSTON SYSTEM
FAILURE MODES AND EFFECTS ANALYSIS

Function

See Table 5.10 item I,
See Table 5.10 item 2.

See Table 5.10 item 5.

See Table 5.10 item 6.

Failure Mode

Failure Effect/Corrective Action
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1.

2.

Component

PPS HV Trans-
former

PPS HV
Rectifler

TABLE 5-12

NBPSS FAILURE MODES AND EFFECTS ANALYSIS

Function

Converts 3 phase AC
power to DC power

Failure Mode

A)

B)

h)

B)

C)

Grounded or
transformer
winding.

Open trans-
former
winding.

Open rectifier
stack

Shorted
rectifier stack

Combustible
gases in
transformer

Failure Effect/Corrective Action

A)

B)

B)

c)

Breaker trips on closing. Affected

power supply cannot be operated but NB
operation can continue in degraded mode.
Replace and/or repair transformer. Check
condition of rectifier stacks.

Reduced power available from Primary
Power Subsystem., Affected NBIS operation
is degraded. Replace and/or repair
transformer.

Reduced DC current output or no power.
Affected lon source is degraded or inoper-
able. Replace and/or repair rectifier
stack.

If one or more series rectifiers are
shorted, each of the remaining rectifiers
will be subjected to a higher voltage and
may eventually fall into a line to line
short. Affected lon source may become
inoperable (breaker will trip on elos-
ing). NB operation can continue in de-
graded mode. Replace shorted rectifiers.

Possible internal explosion and damage to

transformer with resultant inoperability of
affected ion source. Potential damage to
adjacent equipment is mjtigated by the
physical separation of adjacent eguipment
in the switchyard and by the enclosure of
the transformers in steei Jackets which
would prevent equipment damage from any
small missiles which may result from an
internal explosion in a transformer., This
failure mode and effect will be prevented



Z8

y,

Component

PPS capacitor
bank (filter)

Modulator/
Regulator

Auxiliary Sub-
system Power
Supplies

Function

Provides local energy
storage for Modulator
Regulator, as well as
transient compensation.

Provides control and
regulation of accel
voltage pulses,

Provides arc, filament
and decel pouwer to the
Neutral Beam Ion Source.

4)

B)

B)

C)

4)

Failure Maode

Shorted ar
ruptured
capacitor

Open
capacltor

Fails to
turn on

Fails to
turn off

Loss of cool-
ing water

Failure to
turn on

A)

B)

A)

8)

¢)

4)

Failure Effect/Corrective Action

by running a dissolved gas analysis on a
continuing basis, using built-in gas detec-
tion equipment; if arcing is indicated,
preventative maintenance procedures will be
followed.

Higher stress level on the remaining units.
Affected ion source operatiorn can continue.
Determine the location of the shorted
capacitor and replace at next scheduled
maintenance period.

Increased ripple to Modulator/Regulator.
Affected ion source operation can continue.
Determine the locatlon of the open
capacitor or blown fuse and replace at next
scheduled maintenance period.

The power pulse is not delivered and de-
livered and affected ion source cannot be
operated. NB operation can continue in de-
graded mede. Determine the location of the
failed component and repair and/or replace.

Power to Ion Source could be extended with

possible damage to Ion Source and/or Modu-
later/Regulator. Time-out of arc and fil-
ament Will prevent such damage. Affected
NBIS cannot be operated but degraded NB
operation can continue, Determine the
location of the failed component and repair
and/or replace.

Power pulse to affected M/R is prevented or
terminated automatically. Operation of
affected ion source is precluded but NB
operation can continue in degraded mode.
Repair and/or replace affected equipment.

Affected auxiliary power pulse for one fon
source is not delivered. Operation of
affected NBIS is degraded or precluded; NB
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‘Component

NB Control
Subsystem

Function

Provides control and
monitoring of the NBPS.

B)

€)

E)

k)

B)

Failure Mode

Failure Effect/Corrective Actionr

Failure to B)
turn off

Decel voltage C)
goes off while
the accel

supply is on

Loss of cool- E)
ing water

Loss of A)
control
pover

Instrumentation B)
malfunction:
missing or
erroneous data

operation cam continue in degraded mode.
Determine the location of the failed compo-
nent and repair and/or replace.

Extended power pulse to element(s) of the
Neutral Beam lon Source with possible
damage to the lon Source, Protection
against catastrophe afforded by AC breakers
and rectififer fuses. Affected jon source
cannot be operated but NB operation can
continue in degraded mode. Determine the
location of the failed component and repair
and/or replace.

Current on all grids goes up with resulting
overheating and possible damage: Interlock
removes accel voltage. Other corrective
action as in item 5, Failure Mode B.

Operation of affected power supply(s) is
automatically prevented or terminated and
affected ion source is shut down. Opera-
tion of affected ion source is precluded
but NB operation can continue in degraded
mode. Repair and/ or replace affected
equipment .

Ion Source power pulse will be terminated
and the affected ion source will be safely
shut down. NB operation can continue in
degraded mode, if a partial failure,
Determine failed component and repair
and/or replace.

Incomplete or faulty proceéss information
detected by operator. Shutdown affected
beam line. Locate source of error and make
the necessary adjustments or repairs.
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(a)

TABLE 5-13

DIESEL GENERATOR SYSTEM FAILURE MODES AND EFFECTS ANALYSIS

Component Funetion Failure Mode Failure Effect/Corrective Action

Diesel Generator To start the diesel Failure to carry Detected by affected support system parameter
Support Systems engine and maintain out reguired monitors, and/or by generator speed monitor.
(Fuel 0il, Lube the engine temperature, functior Diesel engine fails to start or is shutdown
0i1, Cooling lubrication and fuel ‘ automatically (see note (a) below).

Water, and Start- oil at optimum operating

ing Systems) levels

Diesel Generator Connects diesel generator Failure to close Absence of current in 4,16 &V and 480 V sub-

Breaker with 4,16 kV bus on command, over- systems detected by 4.16 kV load feeder
heating, or poor ammeters, and 480 V suitchboard bus feeder
contacts wattmeters, voltmeters and/or ammeters. Diesel

generator cannot supply power (see note (a)
below).

5 kV Cable Connects diesel gen- Short or open Failure causes trip of generator breaker.

Intertie erator breaker with circuit Diesel generator cannot supply power (see note

§.16 kV bus (a) below).

In the event that PBX-M's primary power distribution fails and the Diesel Gemerator fails to start, operate or
deliver power, the facility will go into a safe shutdown status. This means that by way of the hardwired interlocks

required of each system the power supplies will shut down, energy will be dissipated safely, valves to vacuum
systems will close.
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PBX-M CONTROL SYSTEM PROTECTIVE FUNCTIONS

TABLE 5-14

Component Function
PLC Memory PLC System
Hardware

PLC Processor

I/O Communication
110 Rail

Gutput point siuck

Input module fails
R-NET Communication

Control PNL comm.

Scan stops

Ref. hits amplitute limit

REF. Signal w00 long
REF. al wroag time

High current fault
Low current exceeds
steady state rating

Inst. overcurrent

Flow problem

PLC system
Software
Reference signal

Coil overcumrent

Coil cooling system

Failure _Mode

Random outpul pattern
Randem output pattern

O not being updated

Random /0 pattern
Loss of control

Loss of siatus
Loss inlterlocks

Loss of control
Loss of control
Coil damage

Coil overheating
Unwanted pulse

Thermal damage

Mechanical stress

Lpss of cooling

Failure Effect/Corrective _Action

Internal diagnostics - Disable/
External watchdog timer - Disable
Internal watchdog timer - Disable
External waichdog timer - Disable/
External watchdog timer - Disable/
Intenal diagnostics - Disable
Internal diagnostics - Disable/
External watchdog timer - Disable
H.W. Master disable {OPERATOR)
Emergency shutdown (OPERATOR)
Software check

Internal diagnostics - Disable/
R-NET waichdog timer - Disable
PLC - Disable/panel shut down--Nenc

Internal diagnostics - Disable/
External waichdog timer - Disable
Warning message

Overcurrent RLYS - H.W. Disable
Window unit time-out/ PLC - Disarm
Window unit blocks it / None

Overcurrent RLYS - H.W, disarm
Overcurrent RLYS - H.W. Disable
Overcurrent RLYS - H.W. Disarm

Temperalure switches - Disarm
Overcurrent RLYS - H.W. Disable
PLC disarm on flow PLC disarm
on temp. sW.
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Component

Temperature 1rip
Recycie 100 fast

Low pressure

TABLE 3-14

PBX-M CONTROL SYSTEM PROTECTIVE FUNCTIONS

Funclion Fajlure Mode Failure Effect/Corrective _Action
Coil overhealing PLC disarm - none
Temp raicheting Timer recycle inhibit PLC disarm
on temp sw.

RHydraulic clamps

TF joint averhcating PLC2 disable - PLC} global imik -
disable
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7.0

QUALITY ASSURANCE (R.F. Parsells)

PBX-M has operated under the guidance of a specifically tailored version
of NQA-1 titled PBX Modification Plan of Conformance, PPPL Technical
Operations Manual of Procedures, No. EP-PBY-M-Q01, February 11, 1986 (see
Appendix A). This document has been supplemented with the PBX-M Design

Review Procedure, No. PPPL-EP-001, (see Appendix B}.

6.1 The Project was audited against the Design Review Procedure in May
of 1986.

6.2 The Project was assigned a Work Package Caoordinator (WPC) for
Quality Assurance by PPPL QA/R Department head. The QA WPC reports
to the Project Manager and works with each of the other WPC's to
plan and schedule QA/QC activities.

6.3 Table 6-1 shows the assurance controls currently legislated for the
safety aspects of the operational phase of PBX-M.

CONDUCT OF QOPERATIONS (K. Bol)

7.1 Organization

The Laboratory has compiled a set of Health and Safety Directives
{HSD's) which describe safety organization and responsibilities.
Safety at PPPL is considered to be a line responsibility extending
throughout the line organization to all Laboratory employees. The
Project and Operational Safety Office maintains a cloge liaison with
the PBX-M staff to provide input to PBX-M on safety related issues.
A project safety coordinator has been asszigned to provide a single
point of contact between the P&0S and PBA-M organizations. Addi-
tionally, the PPPL Safety Office provides an independent audit
funetion of safety processes. Also area safety coordinators are
assigned to all areas of the Laboratory in accordance with HSD-5002
(HSD5).

7.2 Training

Training is addressed in HSD-5028 (HSD6). The Laboratory has an
active safety training program.

All devices at PPPL including PBX-M require skilled and well-trained
employees. Specifically, in the area of safety training, sessions
have been held on fire protection systems, including Halon. All
training will meet the requirements and standards of the Laboratory.
The PUX-M project managers will be responsible for identifying
employee deficiencies and ensuring their enrollment in required
courzes.

87
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TOPIC

TABLE 6~1
CONFIGURATION CONTROL

CONGEPT DESIGH REVIEY

FRELTHIUARY DESICH REVIEW

FLHAL DESIGR REVIEW

Functienal Requirements
Specificacions

Dealgn Approach
Rellabilitcy

Fahrtication {lethods
Procurements

Scheidule

Cost

Veriflecation

Inspection
Test
Quallflcation

Risk

integration & Assembly
Safety

L ]

dasellne, Approved
List
Sketchs & Famlly Tree

Preliminary Assessment

Anticipated

Lisr, prellminary
Preflminary
Praliminacry Eatimate

Preliminary Test Plan

Proposed

Preliminary

Preliminary

Changas
Hadlficatlon, Statua
Layouts, Family Tree
Update

Update

List

Update

Status

List ceriglcal

Test Plan, Drafc

Update
Critical Areas
Prellminary Plan

Update

-The above partial listing of toplcs and documentation to he evaluated ac

each Design Review is for guidance anly, subject to appropriate modiffca-

tion, expansion,
person.

ot revision by the Design Revicw Working Croup Chalr-

Changes

Approved Speciflcation
Drawlogs, Complete
UYpdate

Update, Speclal Tools
Final List

tipdate

Status

Speclial Instruction,
Procedures, Toollng etc.

Test Plan/Test
Procedures/
Test Equipment

Quality Test Results
Final Assessment
Plan & Pracedures

Update .
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7.3 Testing Program

Preoperation and operational testing is conducted on all new
equipment,components, or structures. Written procedures are used
for new tests and are signed off by P&0S. New operating parameters
which have a potential for radiation production are monitored by
P&0S and subsequently released for routine operation by written memo
cr radiation work permit (RWP).

7.4 Configuration Control

Formal configuration control was set up for the design phase of PBX-
M and is described in PBX Modification Plan of Conformance, PPPL
Technical Operations Manual of Procedures, No. EP-PBY{-M-001,
February 11, 1986, (See Appendix A). This document has been supple-
mented with the PBX-M Design Review Procedure, No. PPPL EP-001, (See
Appendix B).

7.5 Procedures

HSD-5015 (HSD7) encourages written procedures for most operations
and requires them for unusual hazards. The PBX-M proiect uses
written procedures in accordance with this HSD.

7.6 Safety Review System

An independent safety review is provided by HSD-5014 (HSD8). New
systema procedures will have safety review and signoff., In addi-
tion, the area safety coordinator will note deficiencies on a daily
basis and management will schedule safety walk-throughs of the area.

7.7 Eﬁergency Planning

Emergency plans follow the requirements of HSD-5007 (HSD9). This is
a Laboratory wide plan which addresses emergencies site-wide, and
def'ines responsible individuals, training programs, and emergency
drills and exercises.
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INTRODUCTION

Purpose

This plan describes those PBX-M policies, practices, procedures, and
protocols that are {or will be) in place to:

a) Provide the project framework for achieving the specified
project goals.

b) Provide and control the documentation to suppoTt system
design, building, and commissioning requirements, and to
baseline operation and maintenance.

c) Provide for problem visibil.,ty so that the systsz perfor-
mance can be optimized by appropriate improvemente,

applicabilicy

This plan is applicable to all hardware, software, and facilities
associated with the design, modification, commissioning, operatiom,
and maintenance of the PBX-H,

Hetitage

This document complies with the intent of ANSI/ASME NQA-1, Chapter
11, and PPPL~-QAP-001.

2.0 REFERENCED DOCUMENTS

The Cfollowing referenced documents are applicable ta the exteat spec-
ified:

ANSI/ASHME NuyA 1 (i983) Quality Assurance Program

Requirements for Nuclear Facilities
PPPL QAP-Q01 {June 1984) Quality Assurance Program
PEPL QAP-009 (January 1985) Nonconforming Material Control

PPPL EP-00L {TBD) Design Review

93




TECHHICAL OPERATIONS- MANUAL OF PROCEDURES pact_? or L2

PRINCETCN UNIVERSITY PLASIMA PHYSICS LABORATORY

TITLE rKULEUURENO.
P3N MODITICATION PLAN OF CONFORMANCE EP-PBX~M-001
PREP ARED REVIEWED APPROVED DATE
F.Parsells H.P.Howard K.Bel 11 Februarv 1986

3.0

REFPLACES ISSUE

BLV [PRIPARLD [~PPROVED

REQUIRIMENTS

The following generally follows the paragraphing of NQA-1 and PPPL QAP-
0ot,

3.1 Organization
3.l.1 Project Organization

The organization chart for the P8X-M and the PPPL Quality
Assurance group is shown on Appendix L.

3. l.2 PPPL Quality Assurance Scope

PPPL Quality Assurance is responsible for assuring that a
Quality Assurance Program (QAP) is established and that
activities affecting qualilty have been accomplished in
accordance with prescribed plans. Quality Assurance has
sufficient authority, access and organizational freedom to
identify quality problems; initiate, recommend, or provide
solutions to such problems; and te verify implementation
of soluticns.

3.1.2.1 Quality Assurance Persomnnel

Quality Assurance personnel assigned to the pro-
ject have the following duties in meeting the
above objectives:

[} Identify procedures and other documents
needed to support the PBX-M Quality
Assurance Program.

o Develop, approve, maintain, and implement
quality assurance procedures and other

documents.

o Determine the need and scope of qualilty
assurance inspectious and audits.

[ Support and approve the selection of
quality assurance requirements,
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<] Review all procedures, instructions, and

policies which make up the Quality Assur-

ance Program,

o Participate in decisions concerning the
qualifications of supporting suppliers
and subcontractors,

o Establish requirements for quality assur-

ance training and indoctrinacion,

accomplish-

noncanfor-

o Report periodically to manazement on the
status of the Program, its
nents, and its problems.

¢} Approve the disposition of

mances and c¢ortrective actions.
QAP-009, Nonconformance Control)

[ Provide a permanent member
boards associated with change <control,

desizn review, test
acceptance, systen
readiness, etc.

3.1.2.2 Project Review Boards

(See PPPL

to project

procedure, tast
and

subsystem

The following boards have or will be established
to control the approval, release, and change of
various critical project elements.

Design Review--per PPPL EP-00! (TBD)

Configuration Control=~per the

Hanual, but tailored to
requirements.

Material Review--per PPPL QAP-009,

PBX-M conditions,
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PBX-# Quality Assurance Program

3.2.1

3.2.3

3.2.4

Objecrive

The primazry objectives of the PBX-M are defined in A
Proposal for an Upgrade of PBX (PBX-U) 3 July 1985.1 The

scope of work to implement these aobjective is defined in
the PBX-U Offical Planning Document June L&, 1985.1 The
Eramework for struvcturing this effort is defined in this
document, Project success will be achieved by PBX-M Man-
agement providing the motivation and support f[or assuring
that cthis f{ramework for project activities is defined,
communicated, and inplace throughout the design, build,
commissioning, and operational phases. The focus of this
program is the early detection of problems, timeiy fixes
and subsequent correction acgtion.

Relatfonship to PPPL Quality Assurance Program

QAP-00L (and its supporting procedures) is supplemented by
this document. Both shall be used to baseline design, in-
stallation, commissioning, operations, and maintemance, aof
the PBX-H. This Quality Assurance .-Program Plan may be
modified to meet changed requirements. .o .

Codes and Standards

Nationally recognized codes and standards, such as ANSI,
ASME, or IEEE shall be used in the design, fabrication,
testing, iInstallation, operation, and maintenance of the
PBX-M. VWhen a recognized standard is not available but
the need is obvious, a suitable project standard shall be
formulated., i%&¢ \V\anx‘(

Training of Personnel

Technical and craft personnel who perform special process
or who require unique system knowledge shall be given ap-
propriate training. The extent and status of this training
shall be documented.

Project name revised to PBX-M (modification)
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Responsibility

Management of the organizations using project resources
shall verify the validity of this framework for their
activity and shall assure its effective implementation.

3.3 Design Control

3.3.1

3.3.2

3.3.3

Procedures and Policies

PPPL established procedures and policies shall be used in
devzloping design disclosure documents (specifications,
drawings, procedures, manuals, etec.). These procedures
and policies may be supplemented by equivalents that es-
tablish projeect unique policy for design, build, and op-
erational documentation requirements,

Design Reviews

All desizn packages shall be wverified by desizn reviews
compliant with the intent of PPPL-EP-00l. The design re-
views shall be aided by alternate calculations or gualifi-
cation testing programs, if needed. Personnel performing
design rteviews shall have the knowledge, experience, and
skills appropriate ro the subject design, but shall not
have direct design responsihility.

Change Control

Design changes subsequent to FDR shall be approved at the
weekly meeting of the PBX-M Project coordinators. Design
changes shall be controlled and performed according to ap-
praved project procedures. (TBD), Subsequent to achleving
full operational readiness all change control shall be in-
corporated into the PBX-M ERB/MCCB. (TBD)

3.4 Procurement Document Control

3.4.1

Procurement Practice
PPPL Procurement Manual procedures (specifically the

"Requisitioner’'s Manual”) describe the system that shall
be used for procurement of project ftems.
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Quality Requirements

Cognizant technical personnel, (subject to Qualicy Assur-
ance review and approval per Technical Operations Direc-
tive 002,) have the responsibility to determime quality
requirements of purchased items.

All basic technical requirements such as drawings, speci-
fications, codes, and standards shall be a part of the
procurement documents. ProcuTement documents shall sepa-
rately define all deliverable documentation.

Post Award Controls

The applicability of a preaward survey, source inspectiom,
and site audits shall be jointly determined by Quality
Assurance and the congnizant engineert, ACcess to sup-
plier's plant facilities and imspection records shall be
specified in procurement documents when determined to be
necessary.

Subtier Supplier Requirements Passdown

When a PPPL supplier uses a subtier supplfer for an item
or service, the requirements of the PPPL contract shall
apply.

3.5 Instructions, Procedures, and Drawings

3.5.1

Critical Fabrication, Test, Inspection, or Operaticnmal
Procedures

P8X-M technical management and project Quality Assurance
will determine the applicability of formal procedures
based upon the cviticallity of the event, its ability to
be retrieved when improperly performed, and the value in
assuring system or component readiness. Activities
affecting quaii“y shall be prescribed and accomplished in
accordance yith instructions, procedures, or drawings
which have been prepared, reviewed, and approved by both
technical and quallty assutance personnel. When
applicable, instructions, procedures, and drawings shall
include appropriate quantitative or qualizative acceptance
criteria.
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Document Control

3.6.1

Procedure/Inscruction Control

Procedures and instructifons shall be controlied in accor-
dance with the PBX-M Document Control Procedure, (TBD)
including preparation, vreview, approval, distributien,
storage, and revision, .

Change Control

Released documents shall be subject to change conecrol.
Changes must be approved prior to implementatiom. Revi-
gions shall be approved by the same functional zroups in-
volved in the approval of the original relzase,

Distribution

Controls shall be established to ensure that documents are
current and are available at locations where activities
are performed. These controls shall ensure that super-
seded documents cannot be inadvertently used. An identi-
fication system shall be established that is cempatible
with program objectives.

Project Quality Assurance Respoasibilicty

PPPL Quality Assurance has the respomsibility for assuring
the use of current and valid procedures, drawiags, and
working documents. This will be accomplished by maintain-
ing transmittal records of documents released and issued
for project use,

Control of Purchased Material, Equipment, and Services

Control of the quality of instruments, equipment, parts, materials
and services purchased for use in the PBX~M shall be accomplished
through raviews of purchase documents prepared in accordance with
Section 3.4 of this plan. TItems which do not coaform to contract
requirements are subject to the controls defined in PPPL-QAP-009.
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Identification and Control of Materials, Parts, and Components

Where applicable, prncedures, drawings, and specifications shall
provide for the identification and control of materials, parts, and
components, These documents shal! ~rovide for integral identifica-
tion markings, or records traceable to the item, This reguiremenc
includes troubleshooting, repair, and the prevention of incorreet or
defective materials being used. Markings shall be clear, legible,
and indelible, shall not affect the overall functiom or performance
of the item, and shall be visible when installed in the system, The
identification of materials shall be verified and documented by
Quality Assurance om a surveillance basis.

Control of Special Processes

Welding, heat treating, brazing, nondestructive testing, or other
activities which are dependent on operator skill or where quality
cannot be determined by post processing inspection or test are spe-
cial processes. Verificaticm is obtained through process contrals
including, procedures, equipment, and persannel qualification.
Special processes shall be accomplished in accordance with applic-
able codes, standards, specifications, criteria, or other special
tequirements. When applicable, procedures will be prespated, ap-
proved, and made available to the persomnel performing the process
work before the work is actually petrformed.

Inspection
Inspections required for structures, systems, and components shall

be jdentified and performed in accordance with approved procedures.
Ianspection procedures shall provide for:

o Characteristics aod activities to be inspected,

Q Function responsidle for the inspection operation.
[ Accept-reject criteria.

-} Inspection methods and tooling required,

] Records and reporting.
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Individuals who perform the inspecticn operaticns shall aot have
been responsible for the work being exacined and, should be quali-
fied in accordance with applicable procedures, codes, or standards,

3.11 Test Coatrol

3.11.1

3.11.2

Test Plans and Procedures

Test plans shall be prepared that relate specified re-
cuirements to test{s) and to integrates all test activi-
ties., Test procedures shall be prepared whi:th show setup,
interfaces, emnvironment, tooling, calibration, instr:.gen-
tation, data collection, tolerances etc.

Test plans zad test procedures shall be preparsd, re-
vieved, and approved per par 3.5 and 3.5.

Test Evaluation

The testr results shall be docurmented aad evaluated by a
qualified individual. The docunented and approved tes:
‘data shall be retaioed in project records.

3.12 Contrel of Measuring and Test Equipment

3.1z.1

3.12.2

Acceptance Heasuring Equipments, Calilbration

Tools, gages, Iinstrunents, and other measuring and test
equipment (MATE) used in the measurenent, inspection,
acceptance, or evaluation shall ke included in the PPPL
calibration program(s). (Electrical/Mechanical)

The PPPL calibration systeas provide for the identifica-
rion and labeling of measyring and test equipment which
shous that the item has been calilbrated, provides trace-
ability, and the date recalibratien is due.

Traceability
Reference standards used teo caliorate the measuring and

teat equipment shall be traceable to the National Bureau
of Standards (NBS) or equivalent.
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System Integrated Jdevices, Calibration

Measuring or contrel devices incorporated into the PBX-Y
shall be subject to periodic calibration and/or pre-
ventative maintenance. PPPL Quality Assurance will be re-
sponsible for coordinaecion and records for this systea.
The PBX-M calibration and maintenance Progran (TRD)
baselines this activity.

Storage, and Shipping
General

Cleaning, handling, processing, packaging, shipping, and
storage of materials, parts, and componeats shall be com-
trolled in accordance with standard laboratory practice.
Where there exists special concern for contamination en-
vironmental exposure, age sensitivity, etc. special pro-
ject procedures will be written.

3.14 Inspection, Test, and Operating Status

that critical items wnick have not passed the required in-
and tests are not installed, used, or operated the status

of such items shall be maintained through an appropriate indicator,
such as tags, markings, staops, records, or operating logs.

3.15.1

3.15 Nonconforming Materials, Parts, or Components

Noaconforming Materials Contrul System

Materisls, equipment, 1items, or processes shall be con-
sidered to be nonconforming when they do mot meet estab-
lished requirements or their quality has been rendered
indeterainate. Such noncoanforming conditions shall be
processed in accordance with PPPL-QAP-009,
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j.15.2 Trouble Reporting System

During operation, problems encountered will be documented
and processed per the PBX-M Trouble Reporting Syste= which
will be adopted for the present PBX systems.

3.15.3 General

Significant conditions adverse to quality identified ei-
ther formally by test, inspection, or audit, or informally
by technical or gquality assurance personznel are subject o
project evaluyation using the NCR, Trouble Reportz, Audit
Report, ar ?Procurement QA Trip Report to document dispo-
sition.

3.16 Corrective Action

All sources of problem documentation will be analyzed by Quality
Assurance for trends, the effectiveness of corrective action, and
the identification of other areas capable of improvement.

3.17 Qualtiy Assurance Records

Project Quality Assurance records shall be cootrolled per PBY-N
Document Control Procedure (TBD) which identifies specific docuyments
retention periaod, location, and responsibilities. Records may be
designated for permanent or nonpermaneat storage and shall be so
parked, Records to be maintained in permanent storage shall be
identified and retrievable.

Quality Assurance records include, but are not limited to:

Operating logs.

Design Review Reports.

Quallity Assurance reviews.

Iaspection reports.

Purchased item delivetrable documentation. ~
Equipment certifications.

Material certificatioms.

Audit reports.

System Design Descriptions.

Personnel qualification records.

Drawings, Specificatioms, Plans, Praocedures,
Calibration records.

© 009 000000000
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Quality Assurance shall perform audits per PPPL-QAP-0ll of selected

PBX=-M activities

effectiveness.

to determine the

104

degree

of compliance and the



APPENDIX B

PBX-M DESIGN REYIEW PROCEDURE
1.0 DESION REYIEWS

The Designs will be reviewed lor:

a) Functional requirements.

b) Design documentation.

¢) Cost of the design and its implementation.

d) Interfaces, manufacturability, ssfety, quatity, and maintenance considerations.

e) Approval o relesss the drawings to the next phase,

f)  “Chits" (by reviewers) documenting issues not capsble of on-the-spat-
resolution.

2.0 DESIGN REYIEW PHASES

Design Reviews will ba held et ihree steges of design.

a) Conceptual {COR)
b} Preliminary (PDR)
¢) Final (FOR)

Documentation {PDR & FDR) will be delivered to the Design Review Werking Group one
( 1)} week prior to the scheduled review.

2.1 ual Design Revi R
The CDR is held afler the scoping study and before the start of formal drafting. The
functional requirements, design concent, preliminary analysis, sketches, end
- documentation will be presented.
2.2 Preliminary Design Review { PDR

The Preliminary Design Review i3 held after the design lsyout stege and before
detailed design. The CDR witl be updaled and extended

2.3 Fing] Desion Reyiew (FDR)

The Final Design Review i3 held after all drawings are complele and before relesse lo
menufacture.

3.0 pROC

The Tueadsy weekly praject meeting will add to ils agends, &8s required, the function of
Design Review Management Board (DRMB),

3.1 Design Review Menagement Review Board will consist of:

a} Chairperson - Dan Kung).

b) Project Head - Kees Bol.

t) Engineering - work packege coordinators,
d) Quality Assurancs - Bab Parseils

¢} Safety Office - Joe Stencel.
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and be responsible for:

a)
b)

c)
d)
e)
f)

Esteblishing the leve! of Design Review far each job.

Appeinting the ad hoc Destgn Review Working Oroup Chairperson (generally
the work package coordinator).

Reviewing and approving the canclusion of the Design Review Warking Group.
Resolving open issues,

Authorize the implemeniation of all spproved chits.

Maintain a file of all De3ion Review documentation.

3.2 Design Review Working Oroup will consist of:

Chairperson, who selects other group members from the following disciplines:
Engineers and Physicists 1o assess the functional needs and the proposed design.
User technical representetive.

Technical representative from design interfece groups.

Safety representative.

Quality Assurence representative.

Others as appropriate.

and the Chairperson will be responsibie for:

a)
b)

c)
d)
e)
f)
q)

h)
i)
i)

Organizing the compasition of the Design Review Working Group s defined in
per. 3.2,

Arrangements for the Design Review and Working Group meetings ( scheduling
time and ploce). .

Inviting ather membars of the professional and support staffs.

Assuring timeliness, adequacy, end aveilshility of documentation.

Contral of the review meeting and perticipant focus en the issves invalved
Secure DRMB spproval of chit dispositions ( sample atteched).

Responding 1o alt chits appraved by the Design Review Warking Group in a
timely manner.

Generation of summary statement closing the Design Review.

Resolution of issues of sppropriate management or technical levels.
Distribution of al) correspondence and reports {o participants, the DRMB, snd
the project designated configuration contro) person.

and the Working @roup will be responsible for:

8)
b)
c)
d)
e)

f)

Reviewing engineering documentatian for adequacy and accur'acy.

Eveluate the design features and charecteristics.

Review queslions of relishility, maintainability and safety.

Review interferences and interface compatibility.

Generate chits (all interested parties may generate chits, not only the working
group).

Review chits at the conclusion of the review and recommend disposition.
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3.3 Presenter

The presenter(s) ere the responsible cognizant persen/group end ere responsible
for:

8) Prenaring the documentetion review of the design.

) Dolivor tho deoumentation tu tho Working Group at Jooot five { G) dayvo prior to
tha sehaduin FRR-

€) Presenting ang cefending the cesign end deSign optians et the Review

d) Complying with the recommandetions of the DAWG end/or DAMB.

e)  Securinp predect aporoval for reguired chanoe to existing controlled drawings.
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Exceptions

Exceplions o this procedure may be suthorized by the Design Review Management Boerd
where the cost, criticatity or schedule impact of a proposed design are judged to be
relatively insignificant.

Criteria

In general a8 Design Review is not required where the valye of the design is less than
$10K, and failure would not significantly impect the mechine schedule or affect the safety
of equipment or personnel. This delermination shell be made by the Design Review
Management Board (par. 3.1), upon recammendation of the cognizant project or
engineering groups.

11 the value of the design is in the rangeof $10K to § 150K, or if the design impacts the
mechine schedule or i8 critical to mechine safety ( to the extent of the value range ebove),
or concerns the safely of personnel, a Design Review will be required Within this range,
8 CDR edFDR are recommended The Design Review Management Board will make this
getermination based on the recommendation of the project or engineer ing cognizant
groups. :

If the value of the design exceeds $ 150K, or if the design impects the machine schedule or

is critical to machine performance to the value of $ 150K, a complete Deaign Review cycle
is required
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PPPL

I COIL MANUFACTURING
PROGEDURES |

colIL

BRANCH

TITLE: PBI-I Pre-Power Tesc Joinc " PRAC: C5-PBX~07

Inspecrion Procedures

——

APPROVALS APPEXDIE €

NAME: \f 2 UC\: % > DATE: "+~ 2S-%¢
l—.’ﬁitten By:

NAME: -

'\.g/j S /('/ 77)‘1[{ : DATE: _ M/ =/ =Sk

P
NAME_"Q.Q-JS <..<.,/(7L_ DATE: M~ i85

Tl Ko sy L oaves 0RO
—

NAME:
NAME: DATE:
REV.
NO. DESCRIPTION DATE:
(o ¥y) Ja\n} o 1)ze) &%
01 Bolt t be flush or extend past the nut to be acceptable,

olts must be flus \’j%c 2/2/87
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PPPL

COIL MANUFACTURING catt
PROCEDURES BRANGH

STATEMENT

NUMBER

TITLE:PBX-M Pre-Power Test Joint Inspection {[PRQC: CS~PBY-~07

2.5

2.5.1

2.5.2

HARDWARE/TCOLS/EQUIPMENT X

Biddle Digital Low Resistance Ohmeter (Model No. 2471000)
Feeler gauge set

Calibrated torque wrench

Small hand tools, wrenches, files, scrapers, etc.

Silver plating equipnent i

JOINT INMSPECIION |

This sectiou is for checking all of the Poloidal Fiald Coil bus swvstems
precaeding lst Power Test for PBX-M.

Bolts must be at least flush with, or extend past the nut.

Visually check the Belleyille washers for correct installation direction.
The crowned surface of each washer must face the bolt head or the nut, ;
not the joing face. Rectify any washers nor installed properly.{Ei6ni1) ;

Using a pre-calibrated.torque wrench with a valid calibration sticker,
torque each bolt of the joinr. The cotrect values are as listed below:

5/8-11"NC Hex Bolt 3o Fe-1b +/- 2
1/2-13 NC Hex Bolt 26 Ft-lh +/- « 2
3/8-16 NC Hex Bolt 20 . Ft-lb +/- 2

These torques are to be witnessed and verified by the Cagnizant Engineer,
or ais designace.

After torquing the joint, check the gap between the bolted joint. The
.002 feeler gauge must not penecrate the joint to a depth of one half
inch. 1If the gap exceeds .002 inches or if the .002 gauge goes into

the joint one half inch or more, notify the cognizant engineer for
determination.

Using a "Biddle" D.L.R.0. (Digital Low Resistance Chmeter - Model No.
2471000) measure the resistance of each joint. Use che following sequence
to set up and use the D.L.R.O.:

Connect the test probes Py, Pz, €, and L7 to the appropriate terminals
on the measuring module.

Use the battery check to verify that the batteries are in an acceptable
state of charge before checking any joints. The charge state must show
in the green area of the meter, or the batteries must be replaced before
proceeding further.

REV., L OATE: %-17-86 (lenGR. JAUC
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PPPL’ COIL MANUFACTURING
PROCEDURES BRANCH

NUMBER 1

STATEMENT
TI1TLE:PBX-M Pre~Power Test Joint Inspection PROC: CS-PBX-07

1 i

2.5.3 Set the ON/OFF switch on the measuring module to the "lock" position. !

2.5.4 Position the probes on each side of the bus joint with Py and P» facing
each other. Measure the resistance of the joint. Probes musc be in
contact with copper or f{lex bus only, and not with washers, bolts, backing
plates or stand off blocks. See Figure 1 and Figure 5.

2.3.5 The joint resistance must be no greater than .002 milliohms. Any higher

readings are unacceptable.’ The Cogrnizant Engineer will make a determina-
tion on the extent of any rework for joints with resiscances greater than
.002 millichms. See step 2.7 |

2.6 Temperature stickers, such as the Wahl Template brand, will be placed on
each copper joint. (These stickers are to be placed as far from water
fittings and known water passages as possible). The Cognizanc Zangineer
shall provide for and verify che placement of these stickers, Stickers
with a minimum value of 100°F are preferred; stickers with a minimum
value of 120°T are acceptable. No higher winimum values for stickers
are allowed.

Record all inspection and test data on sheets actdached as Appendix I.

2.7 Should any joint fail either the resistance, torque, or gap test, then
the joint must be remade per direction of Cognizant Engineer.

2.8 & signéd off and dated inspection sticker will be placed on every joint,

once all acceptance criteria have been mec. The sticker will be located
as close to the joint azs possible. (3ee Fage 3 Far Sawgle

3.0 DATA SHEET

3.1 This appendix (Data Sheet)} will be filled cut when the PBX joints are
inspected for Pre-Power Tests. The completed copy will them be filed in
the Power Test Log Book after obtaining the proper cognizant engineer’s
approval signoff at the bottom of each sheet.

3.2 The following are genmeral guidelines for filling out these data sheets.
3.2.1 The date the inapection 1s performed will be filled in,

3.2.2 The feeler gauge check will be made with a .002 gauge. Any gaps found
over ;002 must be measured and recorded. If the joint has gaps of .002
or less, then record those measurements as .00Z2 ot <.002 respectively.

3.2.3 Temperature stickers will have been placed on every joint.. Those stickers
are to be tead and recorded during joint inspection. Record the value of

the scicker £ it's tripped. 1If it's not tripped, then record it as less

thau the lowest value on the sticker (i.e., <100 or <120).

‘ knsv. 0 ﬂons: 9-17-86 ]iENGH. (y'H-C_ HPAGE 2 l
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CoeMIZANT ENGINEER: Date:

CO&. DESIGNATE sw - DATE®

. .
TuseeEcTion STiekeRS

INSPEGTED BY

oaTT ;

(PPPL[ COIL MANUFACTURING
1 PROCEDURES BRANCH
STATEMENT
numaer ((T1TLE:PBX-M Pre~Power Test Joint Inspection PROC: CS=-PBX~07
| i
f ! z
3.2.4 All resistance-values will be recorded in milliohms. Be sure that the
scale is properly set befor_e using the merers _ B T
3.2.5 Torques will be recorded in foor-pounds.
3.2.6 When each joint inspection is complete, the technician inspec:ing th;
joint will sign off in the space provided.
3.2,7 The Cognizant Engineer or his designate will witness every joint
inspection, verify all the rtecorded data then, if satisfied, will sign
off all the data sheets. j
; |
4.0 QA SIGN~OFT }
i
4.1 Cognizant Engineer will sign off on all data sheets. See Attachment L.
His signarure will verify the review of all test data and the acceptability
of all bus joints for full power cperaticn.
4.2 All work has been parformed im accordance with this procedure,

DATE: 3-17-86 ||ENGR. JNC




PPPL

COIL MANUFACTURING coiL
PHOCEDURES BRANCH

STATEMENT
( ! T [PLE:PBX-M Pre-Power Test Joint Inspactica ([PROC: CS-PBX-07

NUMBER

l

BELLEVILLE WASHESS
(CROWNED SURFACE TOWARD BOLT HEAD CH NUT)

STRIMLESS sTEEL

{\ .. 1/—-—50::'."5

Sihicone EranzE
NUTS

TEMP. SENSOR DEcalrg

TYPICAL SUS JCINT

REV.

o DATE: /)3y ||lENGR. JNc PAGE 4
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o1] COIL MANUFACTURING
PPPL

J PROCEDURES 2RANCH

| wumsen |TITLE:FSY3N FEEFDWER TEIT T:‘c:r\"-“INSP.“PROC: Cs-P2x-07

PBX - UPGRADE - BUS SYSTEM
Joint IT.D.

SYSTEf CCILS . JOIMT ==LFiX
| Er-sveen CF-10, EF-20-22 A
SuapinG FiELD CF-2, IF-1 =)
% DIVERT{:R (A} ‘ | hF-11, OF-7 c
DIV.EF.':I'OR (B) DF-1 D
TrimM 1 .DF-Z - . E
TriM 2 LF-3 | F
TRIM 3 DF—S - G
TrRIn 4§ - LF-6 R :
RcTivE FEEDBACK tiF-1", EF-SoL J’

OATE: ufuf2l f{ENGR. jd &



PEX BUS JOINT I-"PECTION AND REWORK PROCEDURE

System Color:

Tegler

Cauge Tenp Jesistance
Location Gapo Sticker Value

{Incnes) {Degrees F) (Migrs ohos! 15

Cognizant Engineer Acceptance Signoff

1i6




APPENDIX D

REVIEW COMMITTEE ASSESSMENT AND PROJECT RESPONSE

Stress calculations for passive stabilizers.

P. Bonanos has checked the design conditions and talked with the
desjgner, and is satisfied that reasonable standards were set.

Bracing of 0.H. leads.

After discovering in 1981 that it was unsupported, the OH lead pair to
the lower solenoid was braced with a stainless steel pillow inserted
between the leads and the vacuum vessel. The pillow was then inflated
with epoxy until it pressed the leads against the adjacent OH coils. In
1982, we cut holes in the vacuum vessel wall, removed as much of the
pillow as we could (unbeknownst, it had veered off to the side while
being inserted} and used a glass bead/epoxy mix to accomplish what had
been anticipated of the pillow. The upper lead pair was found to be
braced and has not been touched.

On the same accasion in 1982 we drilled a hele to the joint where the
leak had been found to be to insert a tube for catching the drip. This
failed, but did have the subsequent benefit of reassuring us that we were
dealing with a pinhole rather than the crack we had feared. That is, as
long as all the insulation was there to impede the water flow, it created
enough back pressure to make the observable leak rate highly variable and
sensitive to motion of the leads; with that impediment removed we faund
the leak rate to be quite constant. If the joint really were to have a
crack in a loadbearing part, it is hard to see how it could have stayed
so remarkably constant through the ensuring years of operation.

In 1987 the solenoid lead was repaired by flowing epoxy thrcugh the water
path. Subsequently we also reopened the leak in OHTU and repaired that
as well.

Seismic analysis of PLT-PBX shield wall.

The wall does not meet current standards and we have submitted a job
request to fix it. In 1980 E.L. Kaminsky and E. Nllsson analyzed the
problem and presented their results and proposed solutions in two reports
titled, respectively, "Design of PDX South Shielding Wall to Withstand
Seismic Load” (4ugust 1980} and "Revised Design of PDX South Shielding
Wall ete." (Qctober 1980).
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Minimizing exposure of personnel in PBX Control Room to radiation.

The basic safeguard is close monitoring of the i'tegrated radiation
dosage to the control room and "djacent areas. When PBX was generating
high radiation levels we kept a daily log and presenced the results in
graphic form at the main control room entrance, and we will do this
again. Awareness by the parties most directly concerned is the best way
we know for minimizing exposure.

As is well known, the motivation for injecting D® into D+ is the higher
beam power availahle and the better confinement typically observed with
deuterium. Since these benefits will no doubt prove to be .mportant or
even essential for carrying out the PBX-M program, the associated radia-
tion exposure Wwill have to be taken as a given. 8ut of course we will
not exceed permitted expesure levels and either the mode of operation
Wwill be restricted or else more shielding will have to be installed if
these are approached. The Safety Office will be kept fully aware of our
operating schedule and will certainly continue to monitor the whole area
as they have in the past.

Accuracy of diagrams.

Peter Mathe generally agrees with specific criticism John Murray has of
the way the control syst.em is presented in the SAD, but we do not believe
the safety analysis to be at issue, Peter has a bookfull of
documentation 1In varying levels of detail which we do not consider to
belong in the SAD but which is available to anyone wishing to understand
the full control system.

Single grounds on load disconnect switches.

Grounding only one side of the disconnect switches for the SF supplies
allows an inactive coil system to be grounded without presenting an
inductive short circuit to the remaining active coils. Having the switch
go to an open circuit position leaves the coil floating electrically,
which we consider to be a dznger ta coil ‘nsulation. The objection to
grounding only one side is the potential personnel hazard it creates,
should coupling to active circuits elsewhere result in dangerous voltages
on the ungrounded terminals.

The PBX interlock system ensures that under normal operating conditions
no coil is accessible unless all systems are disabled  Cause to violate
the interlocks would of course be dealt with administratively, and
partial grounding of any coil would not materially change the hazard
level for someone in an area already deemed unsafe. Should PLT again be
operated, or perhaps a sucecessor machine, then this argument naturally
fails. The most straight forward way to deal with the question would he
to include in the procedure for transferrinrg power supplies from one
machine to the other a requirement to ground both sides of every coil in
the inactive machine, Nevertheless, it should be realized that the
problem is not a severe one, as the following rough calculations will
shou.
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Reducing the coupling problem to that between tYtwo coplanar rings
separated by R, where R is large compared to the ring size, one finds a
mutual inductance given by:

. -3 . q0°7
M12 = N1N2A1AER x 10 H. (mks}

where A; is the coil area.

The voltage appearing across coil (1) as a result of applying V5 to coil
(2) will be

Fgr PBX the coil _systems with the highest NA are: EF (1000m2), OH (380

) and Ty (185 m“). PLT has just the OH and SF eoils, which have about
the same A as the corresponding PBX coils, but twice the turns. The PLT
OH has the potential for inducing the highest voltages, its smaller Na
product being more than offset by the higher voltage available (20 kY és
5 kV). The results are as follows, where R = 15 m, Nagy(PLT) = 800 m
LOH = 30 mH and V-l = 20 kV.

EF(PBX)
OH
Ty

imonoau
—_
w o
<

Another voltage source would be plasma disruptions in PLT. A very un-
realistic estimate can be easily made if one neglects the flux conserving
properties of both the PLT OH and SF systems. For example, a 1MA plasma
disappearing in 1 ms would induce 170 V in the PBX EF winding. However,
it would also induce 150 kV across the PLT OH coil, which could obviously
not be sustained even if the coll weren't protecbed by spark gaps and a
crowbar all set for (at present) 10 kV.

The conclusion is that having all PBX coils grounded on cne side when
tney are in the disabled state would not create life-threatening con-
ditions even if PLT were to resume operation.

Emergency Stops.

A "gualified operator" should always be the one to make an emergency stop
decision in the machine area, but since there are ES buttons in areas
remote from the machine, we agree to dropping that requirement.

Operating procedures.

Operating procedures develcped for PDX and PBX will be expanded to cover
PBX-M operations.

Laser power supply enclosures.

The enclosures are being constructed and will be protected in accordance
with PPPL Safety Directives, and will be checked by the Safety Office
before being put into operation.
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TF hydraulic system.

The personnel hazard associated with a hydrauli& system operated at 8000
psi is hard to assess. The amount of 0il released from a line break
would be small since the steel piping and the oil are relatively incom-
pressible and the pump throughput is extremely low. (Also, the pump is
automatically shut off when there is a sudden pressure drop in the
system.) Furthermore, the only failure modes we have encountered in the
past 9 years are with leaky connections or split "mushrooms". The latter
are completely inaccessible without dismantling the clamping structure;
in the case of the former the o0il emerges at atmospheric pressure. We
suspect it would be difficult to create a break that would have oil
emerging at high pressure, but not impossible. We believe the hazard
level to be sufficiently low so that no additional precautions are
necessary.

Insulating breaks.

All control and monitoring devices in unsafe areas are carried into safsz
areas via either optical fibers or PPPL-approved safety breaks.
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