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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States

Government or any agency thereof.
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Radiation Protection System installation for the Accelerator
Production of Tritium / Low Energy Demonstration Accelerator
Project (APT/LEDA).

1. E. Wilmarth, M. T. Smith, T. L. Tomei
Los Alamos National Laboratory, Los Alamos, NM

Abstract

The APT/.EDA. personnel radiation protection
systemn installation was accomplished using a
flexible, modular proven systern which satisficd
regulatory orders, project design critera,
operatonal modes, and facility requirements.
The goal of providing exclusion and safe access
of personnel to areas where prompt radiation in
the LEDA, facility is produced was achieved with
the installation of a DOE-approved Personnel
Access Control System (PACS). To satisty the
facility configuration design, the PACS, a major
component of the overall radiation safety system,
convcnicntly provided five independent areas of
personnel access control.  Because of its
flexibility and adaptability the Los-Alamos
Neutron-Science-Center-LANSCE)-designed
Radiation Security System (RSS) was efficiently
configured to provide the desired operational
modes and satisfy the APT/LEDA project design
critein, The Backbope Beam Enablc (BBE)
system based on the LANSCRE RSS provided the
accelerator beam control  functions with
redundant, hardwired, tamper-resistant -hardware.
The installation was accomplished using modular
components.

RADIATION PROTECTION
SYSTEM

Los Alamos National Laboratory’s MP¥-36S at
TA-53 is a four-story building attached 10 2 470-
foot-long underground tupnel, See Figure 1. In
1997 the Accelerator Production Of Tritium
(APT) Low Energy Demonstration Accelemator
(LEDA) project started installation work in
MPR-365. The LEDA prject accelerator
consists of five major components:

1. The Injector Support Platform, which
is movable with a detachable Jon
Source Injector (LEBT).

2. The Radic Frequency Qundrapole

(RFQ) section.

High Energy Beam transport (HEBT).

Water Shielded Beam Stop Vessel.

Detachable/Movable pumnp cart which

supplies high pressure water to the

beamn stop.
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Figure 1 Layout of MPF-365 building

*The LEDA accelerator is located over RF tunncls
through which the waveguides travel to the REQ.
The foot print of the LEDA accelerator uses only
about one-fourth of the accelerator tunnel's
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available floor area. The accelerator tunnel was
divided into threc major aress for Personnel
Access Control Systems (PACS) protection.
The East Tunnel (BT) is scparated from the main
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tunnel (MT) section, where the accelerator is
located by a sliding gatc and chain link fence.
The West Tunnel (WT) is scparated from the
Main Tunncl QVIT) section by a second-gete and
chain link fence. The Wave Guide Bascment
(W/G), the fourth PACS arca, has two shafts and
tunmels from the equipment aisle to a room
below the main tunnel. Therc are two hatches
located between the main tunnel and waveguide

ALl U U210l o

plug-shield-door access to the outside of the
facility. The main tunnel has two shicld doors
and a plug-shield dnor for access to the equipment
aisle,

There are three mun permit modes of beam
transport operation.

1. Imjector Stand roll-back Transport.

lower room. The fifth PACS area is an old laser (ISRB)
basement (I.B) which is sccessed from the 2.- Low [Energy Beam Transport.
equipment aisle with stairs and tunnels, IL is (LEBT)
located-below the west tunnel section. There is a 3, High BEnergy Beam Transport.
shield door in the LB access tunnel hallway. The (HEBT)
east and west tunnel areas have roll-up door. and
Ron P Beam Operafisng Frompt Minimum irements
mmi? " Rxdiuhn:x Wi HPRY to R¥Q ‘Withoat BPRT ta RFQ
Hazard - ]
jector Rolled | The injector is phyzically Ns Main Tunzzl and Wavegnide | Fleam ttanel may bo apert. BBE
e Back disconnentad from the RRQ, Tha 75 Besemenat PACS sseured for is mado up through Injectoe
KeV baumn may be dalivered up HPRE opsmution. Noxceess 1o | Rolled back lirhit switches,
through tha end of tho Injectar accelerator, BBR 1s made up
TRNIpSst through Injector Rolled back
. limit switches,
Law Enctgy Bommn | The injocor #3d REQ arc phyalsally No Main Tunce! and Wavegulde | Beam umeel inay be open, DpE
Tranaport (LEBT) | caanested. The 75 eV beam can B PACS Na | made up through FBS in-limit
only te deliversd to the pleagiag zceeys lo reeslerxior, HBE swimher, -
beam atop (FBS) locuad in the mgcupm:on:hmsmiuﬂt
e ¥ m PACS aya secured, d Not applicable because HERF
Hiph Ecergy Beam | Ths Injecror and RPQ are physiczlly s [T or Nota c ]
T&M(HEBT) covpected, The RFQ Is s operition limit switchen indleate closed required for tkis made of
ad produses nomipal 67 MeV beam and SRI warer Jevel {ndicates  { eparation.
for dalivery w the high power haam okxy which coljectively makea
stop located &t the syd of the HEBT, up BBR No aceesy o
1n this mods, the PBS may be accelerator,
insceted during baam operation.

TABLE 1. Descriptioq of various LEDA Run Fermit Modes,

Two hardware devices werc selected by LEDA 10
ensurc protection of personnel from prompt
radiation.
Plunging Becam Stop (PBS) located at the output
of the injector stand and High Voitage Interlock
controls for the generation of High Powcr Radio
Frequency (HPRF) encrgy.

The five areas of PACS sysiem installations
were reviewed for entry and exit requirements.
Conduit plants werc designed and drawn by
LEDA personnel with collaboration and guidance
from Protective Systemn. Team members. Sweep
patterns and PACS waming sign placement was
a collaborative effort with standards for distance
and height supplied by Protection System and the
LEDA Safety Team.

The two devices urc the Injector -

Instollation of the five areas of Personnel access
Control Systems (PACS) began in the summer
of 1998. During this installation phase, the

opcrational requirements for a Back Bone Enable .

System (BBE) were generated and the design of
the logic configuradon was started. The control
for the Injector Plunging Beam Stop (PBS) was
assigned to the “B" Backbone of the system. The
High Power Radio Frequency (HPFQ) control
was assigned to the “A” Backbone of the
Buackbone Enable system, Fabricadon of the
BBE equipment started in the fall of 1998.

The differcnt types of aecess doors and hatches
and their locations within the five PACS aress
required several solutions. Roll-up doors were
implemented with dval door-gwitch agsemblies
feeding a single door-moniter assembly. The
specially designed door-switch assemblics are
Yocated at the bottomn on the track for the doar
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curtain. The hatches located between the Main
Tunoel (MT) and Wave Guide Tunnel (WG)
required dual standard switches mounted on a
Wire-way duct located within the Wave Guide
(WG) Basement arca. Two swilches from this
switch assembly feed a door monitor for the
Main Tunnel (MT) and two switwches feed a door
monitor for the Wave Guide Tunnel (WG).

A fence and gate were fabricated to control access
to the Main Tunnel (MI). The Main Tunnel
requirement of fork lift access during open
periods required two gates with closed indication
for each gate. The right gate was made the
primary PACS gate with cxit bypass during
sweep proccdures, The left gatc is to be used
only during opcn use periods and is belted to the
floor during beam dclivery operations.

The Backbone Enable (BBE) system was designed
using criteria from LEDA Opcrations Team. See
Table | showing operation modes of LEDA.
The off-the-shelf concept with customized logic
allowed installation.within a 3-month period.
There were several hardware adaptations which
allowed unusual requirements 10 be met.

1. Injector stand dual-swich assemblies
for the roll-back position using
armored cable plant,

“2, The PBS became a dual usc beam
plug, with operational beam controls
as well as personnel safety with BBE
inputs from dual switches.

3, A minj-dual Protective Systam
Backbone for HPRF control, which
uses relay-to-fiber-optic transition for
klystrons interlock inputs. -

4, Thc adapting of the water shield design
for beam stop water levels indications
to dual BBE inputs, Two different
levels were used.

5. Adapting double shicld doors at the
main tunne] entrance and the three
radiation shield plug doors to dual
BBE inputs.

The goal of initial operation and testing of the
APT/LEDA accelerator under a proven safety
envelope was achieved in part with the
successful installation of the PACS and BEE
Systems, Timely installation of five PACS
areas and two BBE systems allowed LEDA
operations ropidly achieve rcadiness and the

MY—-6 MSHS81Z2

efforts resulted to four milliamps of beam on
Tuesday the 16® of March 1999 at 6:00 PM.
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Independent, Rugged, Adaptablé to Existing/New Facilities

» Kirk Kéy Controlled Access and Exclusion to Areas '
« Tamper-Resistant Boxes with Hardwired Cabling

= Key Release Control System with Battery Backup

» 24VDC Relay Logic

« Verifiable Wiring with Fault Indications

= PLC Supervisor Functions

- Isolated Output Contacts for Cornputer Monitoring

« Local llluminated Logic and Fault Display

» Selectable Administrative Key, Emergency Key Overfide

« Sweep and Entry Procedures for Sequenced Sweep Loop
» Audio/Strobe/Flashing Lights for-Sweep in Progress

» Unique Marking and Labeling Junction Boxes and Cable

» Testable with Written Procedures

« Padlockable Access to Wiring

» Standardized Modular Spare Parts

« Schematics of System Wiring, Written Procedures

» System Designed with Operational Gonsideration

. Satisﬁeé DOE Accelerator Safety Orders 5480.25

Satisfies LANL Rad Safety Orders LIR402-701-01.2
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'eatures of the Backbone

nable System
' 20 Aprll 1 999

lndependent Rugged, Adaptable Expandable System
Dual Hardware and Cable Systems

Input Circuit Verification and Fault Indication

Single BBE Interrupt Switch for Operations Safety
24VDC Relay Logic

Verifiable BBE Wiring with Ground Fault Indication
Isolated Output Gontacts for External Logié
Isolated Output Contacts for Computer Monitoring
Junction Box {lluminated Logic and Fault Display
Padlockable Control of BBE and Mitigating Devices
Procedures for Readiness Testing

Each Input Circuit Verifiable/Testable

Unique Marking and Labeling for Boxes and Cable
Remote llluminated Logic and Fault Display
Padlockable Access to Wiring Terminations
Standardized Modular Spare Parts

Schematics of System Wiring, Written Procedures
System Designed with Operational Consideration
Satisfies DOE Accelerator Safety Orders 5480.25

Satisfies LANL Rad Safety Orders LPR402-701.0
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