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The External Ihimetry Badge System waa dcvclopcd 10INIpporiIhc radiation protection program at Loa Alamoa
National Lakrakwy, The radiation protection program is rcsponaibk for monitoring external radiation
cxpomrcs [o approximately 7~ IAxmtmy cmploycch vishors and cmtradors cinchmonth, External radiation
cxpomrc is measured using thcrmolumineaccnt doaimctcrt (TLDs). The system inunmi [o um[rol the asacmbly
and distribution of TLD badgcR The aptcm mcmitom badge return ●nd rhmaernbly at [he end of each month,
and analyms the TLDs m determine individual radiation cxpwmrc levels, RcMJI18are reported and utorcd in L
dn[abanc dc~crl [o maintain dc[~ilcd individual cxpomrc record.n,The nyn[cmmairttains a comple[c hiatoty of
annual summaricn for cxtcrrmlrdistion cxpntmrcs. The syntcm in tuw.friendly with user promp@ mcnug, and
cxtcrmivc help functiorm The completely menu-driven syatcm URCSVAX C, VAX Forms Mmmgcmcnt Symcm,
VMS Rcc(wd Mmagcmcn[ .Scrviccn,VM!+ Dighl (;ommand bngu~, ●nd the oracle Relational P Aabasc
Management Syntcm. Dc@n and dcvck)prncn[ kwcn faced, snd methods ~nd tcchniquc~ uncd in Jcvclopil,g
[hc nyucm will lx dc.scrihcd, Topict dimmmd include connistcnt uncrintcrfacc dc@n •ppmchc~ ctmnidcrationn
flw uning VAX/VMS prt~amming IWJINVcrnm oracle dcvclopmcnt Itnh t{) dcvch~p uml implcntcnt the
upplicnli(m, and twcrall ~yxlcm bcnclil~,
(W~wk nupp~r[cd by [hc [1.S. Department of Kncrgy under (’tm[ruct W-’14)5-ilN( i-M)



I. lnt.rmktion

Tke Heal& Safetv, and Environment Division’s Radiation Protection Group at k Alarnoa National

Laboratory is responsibfc for maintaining a rad.iakn protcdion program, A.San integral part of this progru.m,

the Radiation Protection Measurements Sedon of the Radiation Protcdion Group monitors exposure to externaf

radiation for all Laboratory empl~ wnwaclora and visitors. The measurement method uses

ibermoluminac.ent dosimcter (TLD) emds issued in badges to the monitored individuals. The

thermoluminescent donimctcr cards contain chips made from a ~allhc materd lith.iuurfluoride, lithium

fluoride, when irradiated by ionizing rdiationa. stores some of the absorbed energy in the eryatrdlattice. If the

lithium fluo;~dc is subscqucntty heal~ some of the stored energy is rcleaaed as light, which can be detected and

measured. The amount of rncasured Ii@ is proportional to the absorbed radiatioq thus the amount of radiation

absorbed by a monitored individual can be estimated.

The requirement is to design and develop a system to a)ntrof the asaembly nnd tibution of & TLD

badges, monitor badge return and disassembly, an~ the TLD’s to determine indhidual radiation exposure

lcve~ and rcpm t and tit-methe rrmuhrrin a da[abnse designed to maintain detailed individual exposure reecrrda,

This report will describe: 1) the problems with the current sptem md the need for a new application, 2) the

mcthmblogy used to sotvr (he problem, 3) why the particular methodology was chosen, and 4) what waa karncd

f. t)m this approuch,

11, Prt*lcm SIatcmrnl

The original hardware c(mfquration amni~[cd of u PDP 11/.k4a with 2% Kb MOS memory, The

peripheral dcviccs included a RPWJ,176 Mb disk, a T1316magnetic tirpc drive, twt~RK05 1,2 Mb clinks,a LPI 1

Ilnc prin[cr, a RX02 [Icxific di~k drive, and a (’RI I urrd rctidcr, (’urrcrr[lya RAII12(J22 Mh di~k and a R14)2

‘:J,4 Mh disk have rcplaccd [hc ~lriginnlRP(M)~nl RK05 diA\, A I.NOI Iascr prin[cr and u RAtU) 121 Mb disk

hnvc hccn wldcd It) Ihr syntcm, Thc syrdcmuln{~irwludcs two Mtmarch hur ctnJc scunncrn and MM~murchbar

urdc Inhcl prinlcr um.d in lhc bndgc awcmhly ~nd disrtwrntdy prtrccsncs I() idcnlify [hc INNIHCrcripicnl ~nd



amociate the exposure with the monitored individual. The system software includes the RSX-1 lM Version 4.2

Update E oprating ~j~.em, FORTRAN ~, SORT 11, md DATATRIEVE.

The radiation protection program is respomible for monitoring external radiation exposures to

approximately 73(MI Laboratory employe~ contractor and visitors each month. The current sy+tem was

designed and developed during the late 19WS with implementation beghmhg in 1979. The current TLD badge

pmcesing production syitem pr~ calculateat and reprts radiation exposures using programs written in

FORTRAN md MACRO-11. A pcrsomel system is rmiiotai.ncdusing DATATRIEVE. Results arc maintained

using a FILES-11 file management systcm.

Several reasons demonstrate the need for a new system to meet current requiremen~s for a TLD badge

proceasiag production system. The current system hardware is approaching the useful lifetime limit, and has high

maintemtncc md repair coats. With improvements in hardware technology, more capabditics have become

available. Hardware and software support for the PDP 11 is becoming increasingly diffkult to obtain.

Inadequate system software documentation make the current system ~lcuh to maintam and modify. System

modification is necessry to respund to changing system requirements, The syatcm must be able to adapl to

changm in system algorithms gained through operatirg experience, changes in reporting requirements

promulgat~d by the Department of 13nergy, changes in the radiation protection program. and changes in

hardware technology to implement new peripheral upgrades. With a [w& year ayatemoperating histo~, several

useful features huve been identified that are not easily implemented in the currtmt system. The current user

intcrfncc requires the operator to manually initiate systcl,? progri s cxccut ion, provide file specification

information during pr{xcssin~ and maintain file name and version infnrmclinn during the monthly produdimr

cycle. A ncw menu-hmed user intcrfticc would rcducc operator intcrventiorr nnd improve Aystem c~tciency.

Scvcrul nccdwl rcquircmcnls indimtc the ncccssity to develop a ncw application to support the external radiation

monitoring pr(~ram: I) the need 10 take advantage of ncw hurdwarc technology reducing I,laintcnancc COSISand

improving pcrforrnuncc, 2) [hc need to imprnvc systcm documcnlution simplifying systcm muintcnuncc and

modificntion, and 3) thc need I(J imprmw thr user inlcrfrwc, using wxccn mnnngcmcnt I(rols, incrca~ing

productitm cfllcirrwy,
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111. Methodology - This is what was done

The External Dosimetty Badge System (EDBS) was designed and developed to solve probkms

associated with the current TLD badge proceming system. The EDBS executesentirely on a Digital Equipment

Corporation VAX 6220 using the VAX/VMS Verskn 53 opating s~em. The system is completely menu

driwm and uses the VAX C programming Imguage, VAX Forms Management System (FMS), VAX Record

Management services (RMS), Digital Command Lmguage (DCL), and the Oracle relational database

❑anagement system. The system also uses improved bar de scanner%Intermcc Model 9570, and bar code

printer, Imtec Model MM Printer/Laminator. The system is used to control the asaembly and distribution of

TLD badges on a quarterly or monthly bas& and to monitor the return of TLD badges. The system is used to

analyze badge results and mkdate external ration exposures. The system allow the Ration Protedion

Group to maintain a complete history of annual summaries for external radiation exposures rrceived at the

LaboratoV. In addition to the current year’s external doaimetry detail data the system allows a minimum of

three year’s detailed data to remain resident in the database. The system provides the nbilityto archiveand

purge detail data, beyond the three year minimum, on a calendur yew Iwis.is. The purged dala is moved to

permanent storage to be retained indefinitely. The system provides the abili~; to archive to permanent storage

snd purge all data for individuals who have had no system at+ivity fur at least ten years. The system provides

extensive reporting capability [0 meet reporting requirements. The system interfac33 with a sep:trale pc.ruomcl

systcm IO obtain necessary personnel information t-m mmlitorcd individuals and dam nd mint ain its own

pcrsrmncl datu, The system is designed 10 UIIOWa portion of the cystem to be loar!ed and cxecutcd on another

VAX. Systcm proccmeri arc performed hy selecting options from a formatted menu, lhwrs do not instrucl the

opcruling sys[cm [o load and execute a specific program and manually supply inpul/output file information

during procc=irig. !$ornephases of [hc dala acquini[ion procew cm Ix kcrformcd concurrently reducing overall

systcm operation time without s~tcm degradation.



IV. Results - This is why it was done

The Health, Safety, and Enviromncnt Division seketed Oracle as tbc relational database management

system standard for all Division database sptems. l’he VAX 6220 is a Division computing resource purchased

and installed in 1988. The availability of the VAX 6220 and Oracle, as exkt.ing computer resources with no mst

to the Radiation Protection Group, was a e.onsiderable fac&orin the decision to use them. The VAX/VMS

operating s~tcm provides a wide range of computer alternatives by taking advantage of the VAX architecture

compatibilities and produd availability. Using VAX/VMS and awxiated layered prodtrels ns system tocda in

combination with Oraelc WA sckckd over an entirely Oracle based system for a number of reasons. Ewhmtion

and ma.lysis of TLD badge results rquirti a third generation progmmming language to implement the tienti6c

algorithms. Extcmal radiation exposure calcrdalious for monitored individuals are more sasily accomplkhcd with

a programming language. Using a C.ombution of DCL and FMS, allow the development of a d~aikd menu

sfi[em, while keeping operator requirements simple and data entry screens consistent. Using VAX/VMS and

Iayercd produets aUows a significant pxtion of the system 10 be lra.nsferredto another VAX system, increasing

system pcrrtabili[yand reducing the irnpad on [he produdion splcm of major C.ompuierdowntime. Using Oraek

as it relational dalabase rnanagerncnt systcm for the linal repository for TLD badge results, increases accessibility

to data and reduces the number of data files currently maintained in lhe file managemerr[ system. Finally, EDBS

is [he firsi s[cp in a major efforl within the Radi,ltion Prokction Group toward an integrated system for

maintaining external and intcmal erposurc information in a cen[ral location,

V. t3i~cu.ssiona:id (lmclusions - What was Icarncd

A compurisrm of the Oruclc product SOLFORMS vith a VAX C mid FMS combina[i(m to develop

systcm scrccns indic~tcs udvun[ugcs and clisadvnnlagc~ for cuch. (Irnclc’s SQ1,FORMS prtw-idc~ a faster

dcvck)pmcnl cnvirtmnltrrt, reducing programming time by half. However, !WLW)RMS hus u slt)wcr processing

pcriorma~lcc und u u.scr intcrfacc thn( is Ji[ficuh to USC.The user intcr(acc pr(w-ides((M) much flexibility with
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key functions requiring the programmer m redefine user key functions to reduce confusion and user errors. In

summatiom SQLFORMS is easy 10 pr~am, but ~lcuh for the novice user to USC.The combination of VAX

C with embedded SQL and FMS has imploved pxformanec, provides superior aria@ and statical eapabilik

for expsure evaluations. Howwer, the VAX C and RMS intcrfaee is dMcult for the programmer to use,

particularly setting up the control blinks neces.wy to interact with the fdes and PMS. Oracle’s SQL

ReportWriter is no4 a satisfaeto~ prcduu for preparing the statistiml or arMI@ repts required by the system;

it is Ixst suited for reporting strictly information eontwined in the database fields, Statistical reporting is handlui

more readity using VAX C. I%ally, in a system of t& magnitude and complexity, an automated data proceashg

proftiti with system design and programming experience is required.
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