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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
ttie 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).

. J.E. Wihwth, M. T. Smith, T. L. Tomei .
Los Alamos National LabotioIY, hs Alrunos, NM

Abstract
The MT/LEDA personnel radiation prelection
system installation was accomplished using a
flexible, modular proven syswrn which satisllcd
regulatmy ordem, project design Cribri%
operational IOodes, and faeilhy requirements.
l%c goaI of providing exclusion and safe am%s
of personnel to areas WM prompt -on in
the LEDA facility is prodnoxl was achieved with
the installation of a DOEap~vrd Personnel
Access Ctmtrol System (PACS). To satisfy the
facility configuration design, the PACS, a major
component of the overall radiaticm safety system,
convcnicfitly provided Eve independent areas of
personnel aoeess confrol. Became of its
flexibility and adaptability the Los-Alamos
Neumn+dcn*Gn&r-~S=Hsi~d
Radiadon SeCmity System (MS) was effident]y
configured to provide the desired operational
modes and satisfy the APT/LEDA projeet design
Criteria. The Backbone Beam Enable (IX@
system based on the LANSCE RSS provided the
accdetator bean controI functions with
redundang hsdvhed, txmper-nAstmtt .herdwenz
The installation was accomplished using modular
components.

RADIATION PROTECTION
SYSTEM

Los Alamos National Laboratory’s IvKW-365 at
TA-53 is a four-story building attached 10 a 470-
focn-long underground tunnel. See Figure 1. In
1997 the Accelerator Production Of Tritium
(APT) Low Enqy Demonstration Accelerator
(LEDA) project stzrted ins.@lation work in
MPP-365. The LEDA project accelerator
consists of five major components:

1.

2.

3.
4.
5.

23VSInjector Support Platiorm, which
is movable with a dctaebable Ion
SourcGInjector (IJ3’BT).
The Radio Frequency QuodraptYle
(RFQ) section.
High Energy S3camtransport Q3EBT’).
Water Shielded Beam Stop Vessel.
DetacbabMMovable pump cartwhich
suppIies high pressure warm to tbc

beamStOp.

I-JJw
Fi~e 1 Layout of MPF-365 builcling

“The U3DA accelerator is located over RF tunnels available floor area The acoelemtor tunnel was
through which the waveguides travel to the RFQ. divided into three major areas for Personnel
The foot print of the LEDA aceelerater uses only Access Control ~ystcrns &ACS) protection.
about one-fourth of the accelerator tunnel’s The East Tunnel (ET) is separatd from the main
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tunnel (MT) seetion, where the affielemti is
lucated by a siiding gate and chain link fence.
The West Tunnel (JVT) is scparatrd from the
Main Tunnel (NJTl section by a seeond”gate end
chain link fence. ‘Ile Wave Gui& Basement
(WIG), thefoti PACS area, h= two shaiis and
tunnels from tie equipment aisle to a room
below the main tunnel, ‘Ike me two hatches
kded between tie main tunnel and +Veguidt
Iower room. The fifth PACS area is an old laser
basement (LB) which is suessed iiom the
equipment aisle with stairs @ tunneis, IL is
Iocaceclbdow the west [unttel section. IXere is a
shield door in the LB access tunnel hallway. The
e.z@and west tunnel areas have roll-up door. and

Idjwtotodld

plug-shielddoor access to the outside of the
facility. The main tunnel has wo shield doom
and a plug-shield door fm access to tie equipment
aisle.

Them are three run petit modes of beam
transport operation.

L Ihjector Stand rcdl-back Transport.
(ISRB)

2.. Low Energy Beam Transport.
-m

3. High l?n~ Beam @msporL

(HEBT)

Beam Opmtbll? I Prompt
I

M.nimlae RuPimJlda
Radiutine Wlchmw toEFct wtxmtImRrtxl)wQ I
H+t

‘l&iajemris pbydutf19 #a M& m=! sad?&@dc J3umWmVbeapcrL8BE
(tkom-dtkmti XK!. m75 Bns81MatPACSd for i$mdonpdlrunghbjccmt
tmvhwnwbed=h!fdw HPRFqrmrioMO ==SS xo -Uwt mlEh-
thm~h h UIddlhO- sazkmmr.BBB Lamdc up
rnnnult dmxIEhIqjcuBrRdk!back-—... .—

Iln!ltikllw.
TM iqjoczrtid RFQ amph#alJy No MziIITvmd andWav@dc Bum umud may boopm. DDE
amuuxd Tbn7SkVkim* BamnencPACSscama. No nadcup thruugtlPm iu-linlit
tidy k dctimtd O @C @EllfiX xcm Inmxakxmr. ME SwMm. -
b@nm510zs)Y==tin Ll@ rlndcUptbrcmgbmsidirn!c

ibrddhryu3tbeb&hpwcrliml

ampIecmdUti wll”afthcmmr.I

I SwbhLu I
Yes [All PA=sms=m’uLdafx I Nrh@icnblc he HPIW {

Iimitm-rrhmIdnti dad .iundgd.glmhi- of
d WI Wmxhml Indimml
C& which CdJCuklylrm-
UPBBR NOucfs in

Illiillsela%lhemsnuybe
I

uz.daatvr,

inHM dwim hmm own lion. I I

TWO h&tdWS#? deviees WCIG Sd@Ed by LJ3DA tO

ensure. protection of personnel from prompt
ladh.tion. The two deviees MC the Injector
l?lunging Ban Stop (PBS) le=ted al the output
of the injector stand and High Voltage Interlock
controls for the generation of High Power Wio
Frequency (HI?RP) energy.

The five areas of PACS system indhions
were nwiewed for entry and exit requirements.
Conduit pl,ams were designed and &awn by
LBDA personnel with collaboration and guidance
from Protective System Team members. Sweep
patterns and PACS warning sign placexnenc was
a cokborative effort with standsds for distance
and height supplied by Protection System aud the
LEDA Safety Team.

Jnstalb.tion of the five areas of Personnel ere=ss
Control Systtuns (PACS) began in the surnmet
of 1998. During this insral]ation phase, the
capcral.ionalrequirements for a Back Bone Enable .
System (EBE) were generated and tie design of
the logic conllgumion 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” BXMone of b
Backbone Enable sysrem. Fabrication of the
BBE quipment started in the falI of 1998.

The diffezent types of access doors and hatches
and their locations witiin the five PACS mess
nxpimd several solutions. Rofl-llp doors WO03

implemented with dual door-switch assemblies
feeding a single deer-monker assembly. The “
specially ckz4gned door-switch assemblies axe
loeaM a~ tie bottom On the track for the dmr
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curtain. TIIe hatches located betw-n the Main
Tunnel (M’I’Jand Wave Guide ‘l%nnel (WC+)
quired dual standard switches mounted on a
Vt%e-way duct located within the Wave Guide
(WG) J3asetnent em- TWO switches from rhis
switoh assembly fked a door monitor for the
Main Tunnel (MT) and two swirch= feed a door
monitor for the Wave Guide Tunnel (WG).

A fence and gale were fabrica@d to control access
to the Main Tunnel (NIXI. The M* Tunnei
requirement of fork lift accws during open
periods requird NO gates with closed indidnn
for each gate. The right gate was made the
pnmexy PACS gate with exit bypass during
sweep pmccdurcs. ThcJ left gate is to be @
oniy dting open use periods and is bolted to the
floor during beam delivery opcmtions.

The Backbone Enable @BE) system was designed
using criteria from LEDA Operations Team. Sec
T&4e 1 showing operation modes of LEDA.
The off-the-shelf concept with customized logic
allowed installation. wirhin a 3-xnonth period,
~ were sevmal hardwa adaptations which
allowed unusual requimmems 10be met.

1. Inj@-ctorst=d dti-switch assemblies
for tie roll-back position using
armored cable plink

‘2, The PBSkame arlualust beam
plug, with operational beam controls
as well as personnel safety with BBE
inputs from dual switches.

3. A mini-dual Rotective System
Backbone for HPRF cotmol, which
uses relay-to-fiber-optic transition W
klystrons interioek input% .

4. The adapting of the water shield design
for beam stop water levels indications
to dual J3BE iJlpUt% Two diierent
Ievels were used-

5. Adapring double shield doom at the
main tunnel enhance and tie time
mdiatiOll shield plug doors to dual
BBE itlpllt.%

The goal of initial operation and testing of the
APT/LEDA a=elemtor under a proven Safew
envelope was achieved in part with the
successful instrdiation of fic pACS @ BBE
Systems.
areas and
operations

Timely installation of five PACS
two BBE systems aliowcd LEDA
rapidly achieve readiness aud die

efforts resulted to four milliamps of beam on
Tuesday the 16&of Maroh 1999 at 6:00 PM.
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Independent, Rugged, Adaptable to Existing/New Facllltles

Kirk Key Controlled Access and Exclusionto Areas

Tamper-Resistan~Boxes with Hardwired Cabling

Key Release Control System with Battery Backup

VerifiableWiring with FauIt Indications

PLC Supervisor Functions

Isolated Output Contacts for Computer Monitoring

Local Muminated Logic and Fault Displqy

Selectabl& Administrative Key,.Emergency Key Override

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

System Designed with Operational Gonsideral!on

Satisfies DOE Accelerator Safety Orders 5480.25

Satisfies LANL Rad Safety Orders LlR402-701 -01.2 I
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Independent, 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 Fauit Indication

Isolated Output Contacts for Externai Logic

Isolated Output Contacts for Computer Monitoring

Junction Box Illuminated Logic‘and Fault Dispiay

Padlockabie Control of E3BEand ,Mitigating Devices

Procedures for Readiness Testing

Each Input Circuit Verifiable/Testable

Unique Marking and Labeling for Boxes and Cable

Remote Iiiuminated Logic and Fauit Display

Padlockabie Access to Wiring Terminations

Standardized Modular Spare Parts.

Schematics of System Wiring, Written Procedures

System Designed with Operational Consideration

Satisfies D(3E Accelerator Safety Orders 5480.25

Satisfies LANL Rad Safety Orders LPR402-701.0
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