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PREFACE 

Army c i v i l ian and mi l i ta ry personnel a re exposed occupa t i ona l ly t o  
va r iou s  f orms o f  i on i z i ng radia t i on ,  and  the u.s. Army I on i z ing 
Rad iat ion Dos ime t r y  Cente r ( USAIRDC ) is responsi ble f or mon i to r ing 
these exposu res . There  a re seve ra l accepted methods f or mon i t or ing 
rad ia t i on exposu r e ,  the oldest be ing the f i lm ba dge meth od .  A mode r n  
a l terna t i ve method ,  wh ich ha s ach ieved widesprea d  acceptance , is  the 
the rmo luminescent dos imete r ( TLD ) ba dge . I na smuch as the USAIRDC is  i n  
the pr ocess of conve r t ing f r om f i lm ba dges to  TLD badges f or ra d ia t i on 
mon i tor ing ,  the Army dec ided to cont ract f or this  study to help i t  
opt imize the t rans i t i on t o  th i s  new mon i t or i ng system . The ta sks t o  be 
performed unde r tha t  con t ract we re  as f ol l ows : 

1 .  Rev iew the cha ra cte r i st ics of ion i z ing radia t i on to wh ich Army 
mi l i ta ry and c i v i l ian per s onnel a re exposed occupa t i ona lly . 

2 .  Eva lua te the cha racte r i s t i cs and adequa cy of the Army ' s  TLD 
sys tem, inc lud i ng ca l ibra t i on ,  qua l i ty contr ol , a nd a lgor i thms 
invo l ved in obta i n i ng and pr ocess ing TLD da ta . 

3. Recommend the pe r s onne l dos imet ry da ta tha t  shou ld be obta ined, 
stored, and accessed, w i th due rega rd for g ood rad ia t i on 
pr otect i on pra c t ice and appl ic�b l e  l ega l and r egu la tory 
r equ i rements . 

4 .  Recommend applicable  sta te- of- the-a r t  ha rdwa re and softwa re 
capa bi l i t ies t o  be  emp l oyed for da ta storage , pr oces s i n g ,  and  
retr ieva l .  

T o  conduct the study tha t led t o  th is repor t , the Na t i ona l Resea rch 
counc i l  formed the Committee on I on i z i ng Ra d ia t i on Dos imet r y  ( C IRD ) , 
composed of nine experts  in rad ia t i on measu rement , da ta ha ndl i ng , and 
law . The committee intends the resu lts  of th is  study to be u s efu l to  
the Army and other  g r oups tha t mon i t or ra d ia t i on . 

Rega rding the study ' s  pe rspec t i ve ,  i t  i s  impor ta nt t o  unde rsta nd  
tha t  ioni z i ng radia t i on stemming fr om na tu ra l  or i g i ns permea tes the  a i r  
we brea the,  the l iqu ids we d r i n k ,  and the f ood we ea t . Th i s  ba ckgr ound 
or natu ra l ra d ia t i on i s  inescapab le , ha v i ng ex i sted f r om the time of 
the ea rth ' s  f orma t ion . Two ma n-ma de deve lopment s ,  med ica l x rays and 
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rad i oact i v i ty ,  ha ve grea t ly increa sed the amount of i on i z ing radia t ion 
to  wh ich  some pe rsons can poten t ia l l y  be exposed . 

Ion i z ing ra d ia t i on is  ea sy to measu r e ,  even at  the ve ry l ow leve l s  
tha t occu r natu ra l l y .  S ince ea r ly in th i s centu ry  it has been known 
that exposu re  to x rays poses certa in hea lth ha za rds . Among the 
va r ious ha za rds assoc ia ted with x rays , the pos s i b l e  i nduction of 
ca nce r is  of g r ea test concer n .  

Mos t cancers appa r ent ly  o r i g i na te a s  a de fect in  a s i ng l e  ce l l , 
wh ich subsequent ly d i v i des i nto two cance r ce l ls ,  wh i ch i n  turn  d i v ide 
to ma ke fou r can cer cel l s , and so on in  a geomet r i c progr ess i on .  Ea ch 
of these d i v i s ions may r equ i r e  sever a l  weeks , a nd about a bi l l i on ce l ls 
a r e  requ i r ed to ma ke a mass of ce l ls la rge enough to be fe l t  with  the 
f inge r s . Thus ,  a ca ncer lu mp tha t one can fee l  has probably  resu lted 
f r om a ca r c i nogen i c  event many yea rs  ea r l i e r . 

Emp loye rs ha ve for ma ny y ea rs mon i to r ed the amount of ra d ia t i on t o 
wh ich the i r  employees a re exposed , and th i s  rad ia t ion mon i to r i ng is  
advantageous for both the employee a nd the emp l oye r . The employ ee i s  
a le r ted to the amount  of rad ia t i on exposu r e  she or he rece i ved du r i ng a 
g i ven mon itor ing per iod . If this  amou nt i s  h i gher  than  norma l ,  steps 
can pr ompt ly be ta ken to r educe any con t i nu i ng exposu re or to cor r ect 
a ny i ns t r umenta t i on pr ob l ems that ga ve r i se to a spu r i ous  re ·su l t . 
A lso , if  a va l id h igh exposu re  does occu r ,  scient i f ic evidence wi l l  be 
a va i lable  to prov ide informa t i on releva nt to a ny resu l t i ng c la im for 
compensa t i on . The employe r bene f i t s  both f r om the ab i l i ty to 
demonst ra te compl iance with r egu la t i ons a nd f r om evi dence of actua l 
occupa t i ona l doses r ece i ved by employees , shou l d  a c la i m  be f i led at  a 
la t er t ime a l l eg ing radia t i on i n ju ry a nd seek i ng compensa t ion .  The 
need to use  the resu lts  of rad ia t i on mon i tor i ng at some fu tu r e  da te 
r equ i res that a dequa te r eco r ds be ma i nta ined in  retr ievable  form for  
seve ra l  gene ra t i ons . 

Th i s  repo rt conta i ns the commit tee ' s  conc lus i ons and its  
recommenda t ions to  the  Army as  to  the  steps r equ i r ed to sa t i sfy cu r rent 
and an t i c i pated ra d ia t i on pr otect i on regu la t ions cove r i ng da ta to be 
obta i ned , stored , a nd accessed , wh i le at  the same t ime ma i nta in ing good 
rad ia t i on protect ion pra ct i ce . Add i t i ona l recommenda t ions a re 
concerned w i th the Army ' s TLD system, inc lud ing staff i ng and compu ter  
capab i l i t ies . 

John R .  came ron 
Cha i rman , Committee on I 9n i z i ng 

Ra diat ion Dos imetry  

v i  
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EXECUTIVE SUMMARY 

I n  a study pe rformed for  the u.s. Army ,  the committee on I on i z i ng 
Ra diat ion Do�imetry  r ev i ewed Army techn iques for mon i tor i ng exposu r e  of 
i ts pe rsonne l  to ion i z ing radia t i on .  A cen t r a l  aspect of the stu dy 
concerned a t ra ns i t i on in personnel dos imeters  employed by the Army ;  
namely ,  the int r oduc t i on of thermolumines cen t dos imeter s  ( TLDs ) to 
r eplace f i lm ba dges for mon i tor ing ra d ia t i on exposu r es .  The s tu dy 
pr ov i ded an oppor tu n ity to recons ider  Army techn iques for acqu i r ing , 
ha ndl ing , a nd s tor ing dos imetry  da ta both cost ef fect ive ly a nd w i th in 
a n  evolv ing lega l and r egu la tory f ramewor k .  The commi ttee a r r ived a t  
conc lus i ons a nd recommenda t i ons i n  these a r eas  f o r  refer ra l t o  t h e  Army .  

SUMMARY O F  THE PRO BLEM 

The u.s. Army I on i z ing Ra dia t i on Dos imetry  Cen ter  ( USA I RDC ) mon i tors  
dose equ i va len ts r ece i ved by Army civ i l ian  and mi l i ta ry per sonnel  
du r ing occupa t i ona l expos u r e  to i on i z ing radia t i on .  These per sonne l  
a r e loca ted a t  some 7 7 5  insta l la t i ons in t h e  U n i ted Sta tes and ab r oa d . 
The r equ i r ements and framewor k under wh i ch USA I RDC mu st per f orm i ts 
mon i tor ing funct i ons a r e  spec i f i ed in Army Regu la t ion 4 0- 14 ( AR 4 0 - 1 4 ) 
a nd in  other federa l r egu la t i ons . 

USAIRDC ' s  r ecen t acqu is i t i on of TLD ba dges to repla ce f i lm ba dges 
for personnel dos ime t ry posed va r i ous  technica l  a nd da ta -handl ing 
ques t i ons r ega r ding trans i t i on .  Th is  study wa s r eques ted by the u.s. 
Army to obta in  couns e l  in  fou r spec i f ied ta s k  a r ea s ,  des c r ibed below .  

The committee bega n its  wor k  by assessi ng the s ta tus of USA IRDC 
ra d ia t i on mon i tor ing a c t iv i t i es ,  the s t ate of the a r t  in  TL dos ime t r y , 
and  the evolv ing lega l and r egu la tor y  cons ide ra t i ons . T h i s  effo r t  
included a ser i es o f  br i e f ings by  persons i n  the Army pr og ram,  i ndus t r y  
expe r ts , a n d  specia l ists  in t h e  lega l  a n d  r egu la tory aspec ts . T h e  five 
meet ings of  the commi t tee were i n i t ia ted by  a s i te v i s i t  t o  USA IRDC 
h eadqua r te r s  in Lex i ngton ,  Ken tu ck y .  To provide a dd i t i ona l 
i n forma t i on ,  the commi t tee formu la ted a ques t i onna i r e  wh i ch wa s 
d i s t r ibuted to the Ar my insta l la t i ons tha t mon i tor  ra d ia t i on exposu r e .  

1 
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C omm i t tee st u dy, analys is , and de l ibera t i ons led to i ts formu la t ing 
conclus i ons a nd recomm enda ti ons r espons ive to the four study tas ks. 
The comm i t tee's approach to pe r form ing ea ch of  those tasks and its 
major conclus i ons a nd r ecommendations--developed in la ter chapter s-­
a r e summarized below. 

STUDY TASKS , CONCLUSIONS , AND RBCOMKBNDATIONS 

Por each study task , the comm it tee a r r ived a t  ce rta i n  conc lus i ons and , 
for th r ee of the fou r ta sks , form u la ted r ecommenda t i ons r ega rd ing 
spec i f ic ac t i ons USA I RDC m i ght  cons id e r  tak ing. A summa r y  of the fou r  
tas ks and the i r  ou tcomes f o l l ows. 

s t u dy Ta sk 1 

Review the charact eristics of ionizing radiation to which Ar.y 

ailitary and civilian personnel are exposed occupationally. 

The comm i t tee a pproa ched th i s  task i n  two way s: (a ) by obta i n i ng 
r e l eva n t  i n forma t i on f r om USAIRDC , and (b) by formu la t ing a 
ques t i onna i r e  (a copy of wh i ch i s  inc luded here a s  Append i x  A )  to 
obta in complementa r y  informa t i on. The ques t ionpa i r e was sen t to the 
Rad ia t i on P rotect i on O f f i cer  (RPO) a t  each A rmy insta l la t i on tha t 
mon i tors pe rs onnel ra d ia t i on exposu r e. Based upon these informat ion 
sou rces ,  the comm i t tee identified the va rious spe c i es of i on iz ing 
rad ia t ion typ i ca lly encounter ed--a nd that need to be mon i to r ed--a t A rmy 
i n s ta llat i ons. Us ing da ta suppl ied by USAIRDC, an ana lys i s  wa s 
pe r f ormed on the range of pers onnel  dose equ i va len ts mon i to r ed in  a 
typi ca l  yea r ( i. e. ,  1984 ). These a na lyses pr ov ided the comm it tee w i th 
a pe rspect iv e of A rmy rad ia t i on m on i to r ing act i v i t i es requ i r ed to 
comply w i th AR 40-14 a nd other m iss i on and r egu la tory req u i r em ents. 

The r e leva n t  spec i es of ion iz ing rad ia t i on iden t if i ed du r ing th is 
s tudy w e r e  x rays, gamma rays , beta rays , and neu t r ons. The c la ss es of 
A rmy fa c i l i t ies whe r e  i on iz ing rad ia t i on is mon i to r ed wer e  g r ou pe d  i n  
t h e  ana lys i s  i n to va r i ou s  subca t egor i es of med i ca l ,  i ndus t r ia l , and 
r eactor fac i l i t i es. Responses wer e obta ined f r om abou t  SO percen t of 
the RPOs to whom quest i onna i r es were sent. Ra nges of annua l  dose 
equ iva len ts r epor ted we r e  tabu la ted ba sed upon the number of f i lm 
ba dges wor n , a long w ith the k i nds of expos u r e  encountered. Abou t 95 
pe r cent of the r epor t i n g  fac i l i t ies r epor ted no dos e equ iva len t  above 
100 mi l l i rem (abbr ev ia ted m rem ) pe r yea r*. S im i la r  r esu l ts wer e  
obta i ned f r om 1984 USAIRDC da ta, wh i ch ind ica ted tha t annua l dose 
equ iva l ents of l ess than 100 m r em wer e rece i ved by abou t 97 per cent of 
a l l  pers onnel mon i to r ed. 

Ques t i onna i r e da ta showed tha t fa ci l i t i es repo r t ing annua l dos e 
eq u iva lents above 100 mr em were la rge ins tal lat i ons tha t co l lect ivel y 

The r epo r t  uses both S I  un i ts and the bette r-kn own old e r  un i ts ,  su ch 
as m r em. 
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receive ab out 18  per cent of the badges sh ipped . Tabu la t i on brea kdowns 
a lso ind ica ted tha t signif i cant  dose equ i va len ts wer e  ma in l y  r ece i ved 
by Army per s onne l enga ged in  ra d i otherapy . Abou t 9 pe rcent of f i lm 
ba dges worn  by per sonne l whose RPOs r espon ded to the ques t ionna i r e 
showed a nnua l dose equ iva lent tota ls exceed i ng 100  mrem ,  a nd a l l  bu t 
ab ou t 10 per cent of those r ead ings wer e  below 1 , 000  mrem .  

Data f r om 1984 showed comparable d i s t r ibu t i ons , wi th l ess than 1 
per cen t r ece i v ing more than 500  mrem whol e -body dos e equ i va len ts tha t  
yea r ,  a nd ind i ca ted tha t over 90  per cent of  mon i tored employees wer e  
poten t ia lly exposed on ly to x rays and gamma rays . Abou t 1 0  pe r ce n t  
were  a ls o potent ia l ly exposed to beta ra d ia t i on ,  a n d  abou t 5 per cent 
ha d the poss ibi l i ty of exposu r e  to neu t r ons . 

Respondents to the ques t i onna i r e  r epor ted no s i gn i f i ca nt exposu r es 
to beta ra dia t i on ,  and the r epor ted exposu r es to pu r e  beta sou r ces wer e  
la r ge ly ass ocia ted wi th per s ons engaged in ins trument ca l ibra t i on .  
O t her Army insta l la t i ons where  sou r ces o f  beta rad ia t ion a r e  
encountered include pu lsed r eactors  a nd ra d i ology depar tments , a nd a t  
those loca t i ons beta ray ene r g i es r epor ted wer e be l ow 2 . 3  mi l l i on 
e lect r on volts (MeV ) a nd u sua l ly between 1 and  2 MeV . Be ta ra d ia t ion 
a ccompa n i ed by gamma rays - -a long wi th  neu t r ons--wa s obse rved a t  two 
Army pu lsed r eactor fa c i l i t i es .  Neu t r on expos u r es wer e  pr ima r i ly 
l im i ted to those pu lsed r ea ctor loca t ions . 

Study Ta s k  2 

Evalua te the character is t ics and adequacy of the Army's TL D sy stem ,  
inc ludi ng ca l ibra t i on ,  qua li ty cont r o l , a nd a lgor i thms i nvolved i n  
ob ta ini ng and process i ng TLD da ta. 

As par t of i ts r esponse to th is ta sk , the commi t tee obta ined br ief i ngs 
f r om :  (1) r epresen t at ives of severa l TLD vendor s ;  ( 2 ) a hea l th 
phys ici s t  cu r r en t l y  ope ra t ing  the same TLD s ys t em as  tha t acqu i r ed by 
USA IRDC ; ( 3 )  a phys i c i st f r om the N at i ona l Bu r eau  of Standa r ds who ha d 
eva lua ted a TLD sys tem f r om the same ma nu fa c tu r e r  as tha t a cqu i r ed by 
USA IRDC ; and  ( 4 )  the head of the u.s. Nav y  Per s onne l  Dos imetry  Cente r , 
whose orga n i z at i on is ha ndl ing  dos imetr y r equ i r emen ts s i m i la r  to the 
A rmy ' s .  

The committee also condu cted a ca r efu l a ppra isa l of the sta tus of 
USA I RDC ' s  TLD ba dges and a s soc ia ted equ ipment , a l ong w i th an a na lys is 
a nd eva lua t i on of the ca pa b i li t i es of the integra ted USAIRDC TL 
sys tem .  Th i s  eva lua t i on i dent i f ied certain poten t ia l  i nadequac i es of 
the TL d os imeter  tha t ha d been a cqu i r ed, a nd poin ted to spec i f i c  wa ys 
tha t the TLD sys tem cou ld be mod i f ied for bet t e r  pe r f or ma nce . 

The comm i ttee ' s  eva lua t i on of the USAIRDC TLD s ys tem iden t i f i ed 
ce r ta in probl e ms in USAI RDC ' s  pr esent capabili ty to es tima te i n cident 
beta and photon ene rgy. I n  pa r ti cu la r ,  the commi ttee a r r i ved a t  a 
major  conc lus i on ref lect ing con cern abou t  a sh or tcomi ng in  the TLD 
badges t ha t  USAIRDC ha s acqu i r ed; namel y, the i r  possible ina ccu racy in 
es t ima t i on of dose equ iva lent i f  the ph oton ra d i at i on wer e  inc ident 
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obl iquely-- ra ther than perpend i cu la r ly--on a USA IRDC TLD badge . This 
problem cou ld lead  to es t ima t ing an e r r oneou s l y  h igh photon dose 
equ iva l ent . The comm i t tee r ea ched th is  conclus i on by noting tha t the 
r esponse of element 4 (E4 ) in the TL dos imeter tha t USAIRDC ha s 
a cqu i red va r ies w i th the d i r ect i on of inc ident photon ra d ia t i on ,  
pa r ticu la r ly a t  low energies .  

To r emedy th is pr oblem ,  the comm ittee r ecommended tha t USAIRDC : 

Mod i fy the
'

s l ide a r ound E4 so as  to pr ov ide opt imum isotropi c  
r esponse o f  th is elemen t to photon rad ia t i on .  such a mod i f ica t ion 
shou ld  be ef fect ive over  the en t i r e  range of energ i es spec i f ied by 
USAIRDC . (Th is result  may be ach ieved by insta l l ing a r ing of lead,  
lead  a l loy , or other  h i gh a tomi c  number ma ter ia l  of suf f i cient 
thicknes s  in  the sl ide a r ound E4 . ) Tes ts shou l d  be condu cted to 
establ i sh the ef f i cacy of a ny su ch mod i f ica t i on to a r r ive a t  optimum 
compos i t ion and con f igu ra t i on . 

Two related r ecommenda t i ons of lesser  pr ior ity wer e to r emedy two 
a dd i t i ona l dos imeter problems iden t i f ied by the committee . Those 
problems concer ned the l imited accu racy of the USAIRDC TL dos imeter in 
mon i tor ing beta pa r t i cles a nd neu t r ons . I n  the case of beta pa r ti cles ,  
the commi ttee found tha t those w i th energies above 7 00 k eV w i l l 
penetra te the 3 0 0  mg/cm2 TLD f i lte r above element 3 ( E3 ) , ther eby 
increas ing the r esponse of E3 compa r ed to tha t �f E4. Th is pr oblem can 
ca use er rors in es t ima t ing exposu r e  to ph otons . The other problem wa s 
tha t beta pa r t i c l es w i th energ ies l ess than 7 00 keV w i l l  not penetra te 
the  300 mg/cm2 TLD f i l te r  above element 2 (E2 ) , the r eby caus ing 
d i f f i cu l t i es i n  us ing E2  r esponse for es t i ma t ing beta ra d ia t i on 
energ i es and dose equ i va lents . I na smuch as  both thes e  measu r emen t 
probl ems were r emed ia ble by a spec i f i c  dos imeter mod i f i ca t i on or 
subs t i tu t i on ,  the commi ttee r ecommended tha t USAIRDC : 

Repla ce the dos imeter  ha nger w i th one hav ing the same • open w indow •  
over  both E l  and E 2  a s  the pres en t  hange r ha s over  E l , the same 
f i l t ra t i on over E4 as at pr esent , a nd a l ow a tomi c n umber ,  h i gh-ma s s  
f i lter  over E3  t o  pr ov i de tota l f i l t ra t i on of mor e  than 6 0 0  
mg/cm2 . (An opt i mum means o f  ach iev ing E 3  f i lt rat ion o f  about 6 39 
mg/cm2 is  by us ing a f i l te r  of tet raboron ca rb ide abou t  1 . 9  mm 
th i ck . ) ,  a nd 

Redu ce the f i l t ra t ion over  E 2  to between 65  and  7 5  mg/cm2 , 
exclud ing any • open window •  f i l tra t i on .  (Th is can be r ea d i l y  
accompl ished b y  r eplac ing the UD-802AS holder s  w i th UD-802AS 2 
holders . )  
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I nsofa r a s  the Army ' s  r equ i r ement for mon i tor ing dos e  equ iva lent 
f r om neu t r ons , the commi ttee noted tha t mon i tor ing tha t qua n t i ty was 
more comp l i ca ted than mon i tor ing dose equ ivalent of beta or photon 
ra d ia t i ons , s i nce biologica l  effects of neu t r ons  a r e  a funct i on of the 
incident neu t r on energy spectrum .  Thus , mon i tor ing of neu t r on spectra l 
da ta is essen t ia l .  H owever ,  the commi ttee foun d tha t the USAIRDC TLDs 
a r e  capable of mon i tor ing neu tron dos e  equ i va l ent  on ly i f  the neu t r on 
energy spectr um is known , and tha t fu r thermor e ,  i f  the dos imeters  a r e  
exposed to combina t i ons of photons , beta pa r t i c l es ,  a nd neu tr ons , these 
dos imeters  a r e  incapable of pr ov iding  def i n i t i ve in forma t ion on neu t r on 
dose  equ iva l ent . Accord ingly , the comm i t tee recommended tha t :  

TLD badges known or suspected to have been i r rad ia ted by neutr ons 
shou ld be spec i f i ca l ly f lagged by the RPO on the dos imeter  r epor t 
form tha t is r etu r ned to USAIRDC . 

The commi ttee fu r ther  pointed ou t tha t if  USA IRDC e lects to use these 
TLD ba dges to mon i tor neu t r ons , then ca l ibrat i on fa c to r s--a ppr opr ia te 
to the neu t r on energy spectrum to wh ich the dos imeter i s  exposed--w i l l  
need to be determined for ea ch fac i l i ty in wh ich neu t r on exposu r e  
occurs . The comm i t tee then sugges ted some de ta i ls on how t o  ca l i bra te 
the dos imeter for th is pu rpose , and  r ecommended : 

Th i s  determina t i on shou l d  be car r ied out--a t  ea ch fa c i l i ty where  
neu t r on exposu r e  can occu r --by pe rsonne l sk i l led both in neu t r on 
measu r ement techn iques (over  a w ide energy range ) a nd i n  dos imeter  
ca l ibra t i on .  

The comm i ttee a l so con s i de r ed overa l l  aspects of ope r a t ing the 
USA I RDC TLD system, including appr opr ia te pr ocedu r es for ca l ibra t ion 
and qua l i ty assu rance . I n  these a r ea s ,  the commi ttee empha s i zed the 
importa nce of both dos imeter  r eca libra t i on a nd qua li ty a ssu rance (QA ) .  
QA is  pr ima r i ly a check on opera t i ona l cons is ten cy ,  and includes 
cor rect ing for s l ow changes in the r esponse of elemen ts of ind iv i dua l  
dos imete r s . Th is i s  done by determin ing f r om time to t ime the 
cor r espond ing e l ement cor r ec t i on fa ctor (ECF ) .  su ch cons i dera t i ons led 
the commi ttee to make the fol lowing r ecommen da t i ons : 

1 .  A l l  ca l ibra t i on a nd QA checks shou ld  be pe r formed as  r equ i red  
accor ding to  a r igor ous schedu l e ,  and the  r es u l ts of these checks 
shou ld  be ca refu l ly documen ted and r e ta ined in  the USA I RDC recor ds . 

2 .  The USAIRDC TL dos imetry sys tem sh ou l d  be r eca l ibra ted a t  lea s t  
once per yea r • • • fol lowing thorou gh interna l  c lean i ng of the TLD 
r eade r . 

3 .  A g r oup of tes t dos imeter s--hav ing a range of dose equ iva len ts 
and mi x tu r es of  radia t i on (photon , photon a nd beta , a nd photon 
and  neu t r on ) --shou ld  be obta ined • • •  and eva lua ted a t  l eas t  ever y  
2 yea rs . 
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The comm i t tee suggested tha t QA procedu r es ,  such as  those for the 
determina t i on of ECPs ,  be pe r formed r egu la r ly ,  and  fu r ther r ecommended : 

1 .  USAIRDC shou ld  ins t i tu te a QA program based upon cer ta in 
ins t r uctions and pr ocedu r es (sta ted in Chapte r  3) . 

2 .  USAIRDC shou l d  rota te groups of dos imeter s  thr ough a n  EC P 
r edetermina t i on on a 2 -yea r cyc l e  un ti l su f f icien t da ta a r e  
accumu la ted to ver i fy that th is cycle--or a mor e  a ppropr ia te 
one-- i s  a dequa te to ma inta in acceptable dos imetr y  accu racy . 

The comm i t tee a lso cons idered the s ens i t iv i ty of USA IRDC ' s  TLD elements 
to env i r onmenta l and fa ding effects unde r  f i e l d  condit ions . Wi th 
rega r d  to the env i r onmenta l ef fects , the comm i ttee noted tha t these TLD 
elements can both r eact wi th a tmospher ic hydr ogen su l f i de and 
dete r i ora te under h i gh humidity cond i t i ons . cons equently , the 
commi ttee r ecommended : 

USAIRDC shou ld give appr opr ia te cons ideration to the pr esence of 
cer ta in a tmos pher ic  cons t i tuents tha t can  have potentia lly  
deleter i ous in f luences on TLD badges . I nasmuch as  quan t i ta t ive da ta 
a r e  not ava i la ble a s  to the degra da t i on of TLD elements by 
a tmospher ic hydr ogen su l f ide and humidity , it  wou l d  be des i rable  for 
USAI RDC to conduct i ts own tes ts on these ef fects under a range of 
cond i tions r epr esenta t i ve of the use r s  of i ts dos imetr y  services . 

I nsofa r as  fad ing ef fects , the comm i t tee noted tha t the dose 
equ i va lent indica t ions of l i th ium borate and  ca lcium su l fa te elemen ts 
fa de up to 10 per cent and 3 per cent per mon th , r espect ively . The 
committee a lso noted s ign i f icant  shor t-ter m  fa ding pr ob lems , wh ich it 
descr ibed , that occu r wi th the l i th ium bora te elements du r ing the f i rs t  
15  t o  2 0  hou r s  fol l ow ing TLD exposu r e .  These pr ob lems led the 
committee to ques t i on the u t i l i ty of the • pr ehea t •  por t i on of the TLD 
pr oces s ing pr ocedu r e ,  and to sugges t tha t USAIRDC obta in cla r i f i ca t ion 
f r om the TLD manu factu r er in th i s  connec t i on .  

Fina l ly ,  the commi ttee cons ide r ed the impact of the t rans i t i on to 
TLD ' s  on USAIRDC s ta f f ing r equ i r ements . The comm i t tee conclu ded tha t 
a l though cu r r ent  personnel cou ld be retra ined to per form cer ta in 
TLD-r e la ted production ta sks , much of the exper i ence ga ined by USA IRDC 
personnel in f i lm dos imetry wou l d  not be r eleva nt  to requir ements for 
s ta f f ing the TLD sys tem . Hence the comm i t tee rega r ded it necessa ry 
tha t USAIRDC acqu i re per sonnel  sk i l led in the TLD a r ea to pr ov i de it 
w i th competence in ha nd l ing TLD pr obl ems in pr oc ess ing , interpreta t i on ,  
ca libra t i on ,  and  ana lys is--especia l ly i f  the TLD s ys tem is expected to 
keep pa ce w i th the dos imetry s ta te of the a r t. Also, the commit tee 
r ecogn ized a need for per sonnel wi th a s t r ong background in app l i ed 
hea l th phys i cs to r e la te to the user  commun i ty ,  obta i n  and eva lua te 
neu t r on spect ra , and keep abr eas t of evolv ing radia t ion pr otect i on 
standa r ds .  Accord ingly , the committee r ecommended tha t : 
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The level a nd number of per s onnel in  the USAIRDC shou ld be 
incr eased by the add i t i on of per sonnel wi th the above-des cr ibed 
ca pab i l it i es ,  a nd persons w i th these ca pab i l i t ies shou ld be 
r espons ible for the day-to-day operation of the ser v ice. 

The commit tee fu r ther noted tha t e x i s ting USA IRDC techni cians cou ld be 
r etra ined to pe r form oper a t i ona l ta sks such as  ba dge issuance , r ece i pt , 
read ing , and dos imeter ca l ibra t i on .  

study Task  3 

Recommend the personnel dosimetry dat a that should be obt ai ned, 

st ored, and accessed, wit h due reg ard for good radi ation prot ection 

practice and applicable legal and regulat ory requireaent s. 

I n  r espond ing to th is task , the commi ttee took into accoun t dos imetr y  
da ta-handl ing pol ic i es a n d  r equ i r ements a ssocia ted both w i th the 
cur r ent  lega l  and r egu la tory env i r onmen t for radia t ion mon itor ing and 
w i th pr ospect ive changes in tha t env i r onment . The commit tee began by 
r ev iewing the evolu tion of the body of laws and  r egu la t ions governin g 
A rmy dos imetry and per t inent to th is  ta sk . 

The commi ttee then r ev iewed cu r r en t  Army pr act ice in  dos imetr y  
procedu r es--su ch a s  r ecor dkeeping--to indi ca te the degr ee o f  con formity 
w i th AR 40-14  r equ i r ements . The comm i ttee noted some'depa r tu r es f r om 
these r equ i r ements in tha t cer ta in recording  r equ i r emen ts a r e  not be ing 
met : for  example ,  in the a r eas of medica l exposu r es ,  occu pa t iona l 
codes , and the identi f i ca t i on of  ra d ia t i on sou r ces and other  ha za rdou s  
subs ta nces . However ,  except f o r  t h e  need t o  r eco r d  occu pa t iona l codes , 
the committee does not r ega r d  these a r eas  o f  r ecor d i ng a s  a ppr opr ia te 
USAIRDC act i v i t i es . The commi ttee a lso r ev i ewed and summa r ized AR 
40- 1 4  d i rect i ves tha t pr ov ide gu ida nce on per s onnel who sha l l  be 
mon i to r ed ,  pa r ts of the body to be mon i to r ed ,  dose equ i va len ts to be 
recor ded , a nd procedu r es to be f o l l owed a fter  an over exposure . 

The commi ttee next cons i de r ed pr ospects for changes in Army 
dos ime try a c t i v i t ies tha t migh t r esu l t  f r om pend ing cha nges in  federa l 
gu i de l ines stemming f r om r ecommenda tions of r el eva n t  na t i ona l and  
interna t i ona l bod i es .  Speci f i c  impa c ts on  Army pers onnel mon i tor ing 
tha t a r e  ant icipa ted cou ld  include changes in ba s i c  s tanda r ds--wh ich 
int rodu ce new l imits to specif i c  orga ns--and the introdu c t i on of the 
new concept of an  effective  dose equ i va l en t ,  ca lcu la ted by combin ing 
orga n  dos e  equ iva lents us ing de f i ned wei gh t i ng fa c tors . 

The comm i ttee then cons i de r ed wha t lessons cou ld be lea r ned by 
r eviewing r el evant exper i ence abou t ra d ia t ion mon i tor ing tha t ha d 
r es u l ted f r om l i t iga tion f l ow i ng f r om the cu r r en t  lega l  and r egu la tory 
env i r onment . The commit tee ' s  r a t iona l e  for doing th is  was tha t Army 
pr ocedu r es cou l d  become a t  issue in a jud i c ia l or a dmin istrative 
proceed ing : for example , one br ou gh t  by a person a l leg ing in ju ry as a 
r esu l t  of occu pa t iona l exposu r e .  
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Wh i le observ ing that i t  is  imposs ible to pr edict w i th cer ta inty 
decis ions in fu tu r e  cases , the commi ttee developed severa l genera l 
pr inciples ba sed upon cou r t  cas es tha t ha d been dec ided in  r ecent 
yea r s . C la imants have not succeeded in those ca ses � la rgely beca use 
the i r  employers  were able to document tha t these cla imants were on ly 
exposed to low levels of ion i z ing radia t i on . Thus , the commi ttee 
a r r ived a t  a genera l pr incipl e :  good recor dkeeping of  ra d ia t i on 
expos u r e  is l i kely  to redu ce fu tu r e  l iab i l i ty .  

The comm i t tee a lso noted tha t good recor dkeeping i s  a function of 
r ecor d qua l ity a s  wel l  a s  quant i ty .  The commi ttee then r ea ched a 
second genera l pr inciple : r ecor ds a r e  per sua s i ve • • •  only to the extent 
tha t the r ecor dkeepe r  is able to  pr odu ce suppor ting ev i dence of thei r  
accu racy . such demons tra t ion of trustwor th iness might include pr oof 
tha t r eleva nt qua l i ty assurance steps ha d been ta k en , and tha t these 
steps ensured tha t dose equ iva l en ts repor ted wer e iden t i f ied w i th the 
cor r ect  ind i v i dua l .  This cons i deration leads to the des i rab i l i ty of 
keeping--a long the l ines of a sugges t i on by the Amer i can Na t i ona l 
Sta nda r ds I ns t i tu te--da ta r ega r ding  ca l ibrat i on and  ma in tenance of 
dos imetry  equ i pment tha t a r e  a dequa te for th is pu rpose . 

The commi ttee noted tha t there  is a t  pr esen t l it t l e  def i n i t i ve 
gu i dance--e . g . ,  in federa l r egu la t i ons on ra d ia t i on pr otec t i on-­
conce r n ing the r eten t i on t ime of dos imetr y  r ecor ds . Th is  is so des pite 
the fa ct tha t ra dia t i on- indu ced ma l i gnant d isease may occu r sever a l  
deca des a f ter the per i od in  wh ich an indi v i dua l wa s exposed , a n d  
deleter ious ef fects o f  a genetic na tur e  may occur dur ing the l i fetime 
of an offspr ing . The commi ttee fu r ther r ecogn i z ed tha t unusua l 
per sonnel expos u r es--h i gher  than the typi ca l exposure  of an indiv i dua l 
in a pa r ti cu la r  wor k ing env i r onmen t--may need to be r ev iewed a fter  the 
dos imeter da ta have been processed . 

Based upon good radia t i on pr otect ion practice and the gu i dance 
conta ined in the above f ind ings , the committee concluded that some 
mod i f i ca t i ons to cu r r ent  pr acti ce shou l d  be cons i de r ed , both to 
a ccommoda te the changeover in the mon i tor ing dev i ce from f ilm to TLD 
and the antici pa ted changes in federal  expos u r e  l im i ts and pr ocedu ral  
ph ilosophy . The  commi ttee enumera ted va r i ous dose equ iva lents tha t 
wou l d--despi te thes e  changes--con t i nue being r ecor ded as they a r e  now .  
The commi t tee anticipa tes tha t the new ra d ia t i on l imi ts w i l l  redu ce the 
s ign i fica nce of eye exposure  and of loca l i zed thyr oid and some other 
s ingle organ expos ur es , wh ile  increas ing the s ign i f i cance of neut r on 
exposu r e .  

I n  v i ew of the trend towa r d  the intr oduction o f  or ga n-speci f i c  
we igh t ing  fa ctors in es t ima t ing dose equ iva l ents , the commi t tee 
concluded tha t mor e  info r ma t i on shou l d  be ma de ava i lable in  the fu tu r e  
rega rd ing ef fec t i ve photon energy . I n  order  tha t dose equ iva l ents 
r ece i ved by speci f i c  orga ns ca n be ca l cu la ted when necessa r y ,  the 
commit tee r ecommended: 

Personnel r ecor ds of dose equ i va len ts sh ou l d  be coded to indica te 
the known k inds of radia t i on--a long w i th thei r  a ssocia ted energy 
ranges--to wh i ch the ind i v i dua l was exposed in h is occu pa t iona l 
env i r onment . 
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I n  r ega r d  to the badge-wea r ing pe r iod ,  the commi ttee concluded tha t 
th is cou ld  be increa sed , in v i ew of a (usual ly )  negl igible pena lty in 
inc r eased fa din g ,  and to effect subs tantia l  labor-sav ing . Hence , the 
committee a r r ived a t  the follow in g  recommenda t i on :  

The comm i ttee supports  the Army pract i ce of in i t ia l l y  mon i tor in g  
indiv i dua l s  in  a new opera t i on on a week ly bas is for the f i r s t  8 
week s ,  but encou ra ges the adopt i on of a mon thly  wea r in g  pe r i od 
un l ess there  is  c lea r ev idence of w i de f l uctua t i on of dose 
equ iva lent  f r om week to week . I n  gr oups wher e the dos e  equ iva len ts 
a r e  low and stable , the comm i t tee r ecommends tha t ser ious 
cons i dera t ion be given to ins t i tu t ing  a 3 -mon th wea r ing pe r iod ,  
because th is procedur e  wou ld  increase  the accura cy of cumu la t ive 
dose equ iva len t  r ecor ds by r educing  the e r r or s  inhe r en t  in mu l t iple 
r ea d ings of low dose equ iva l ents , pa r t i cu la r ly when those r ea d ings 
fa l l  below the m in imum r ecor dable leve l . 

Wi th rega r d  to da ta reten t i on ,  the commi t tee noted tha t 
ra dia ti on- indu ced ma l i gnant d is ease  may occu r several  deca des a fte r the 
per iod in wh ich an ind i v i dua l was exposed , and that dele ter i ous effects 
of a genet i c  na tu r e  may occu r du r ing  the l i fetime of an offspr ing .  Yet 
the committee a lso noted tha t , a l thou gh exposur e records are h i gh ly 
s ign i f i cant  in ra dia t i on l i t i ga t i on ,  federal  regu la tions gi ve l i tt l e  
gu i dance on record r e ten t i on per iods . I n  v i ew o f  these cons i dera t i ons 
and a Nucl ea r  Regu la tory commiss ion (NRC ) pol i cy amou nting  to 
inde f i n i te inter im reten t i on ,  the committee endor sed the NRC a ppr oa ch 
and r ecommended : 

Dos imetry  r ecor ds shou l d  be inde f in itely  r eta in ed ,  pendin g 
pr omul ga t i on of spec i f i c  r e gu la t i ons . 

I n  v i ew of poss ible needs to r ev iew the a ccu racy of pe r s onnel 
expos u r es a fter the dos imeters  have been processed , or to recons t ruct 
dose equ iva lent to a speci f i c  tissue depth , the commi ttee fu r ther 
recommended: 

A l l  da ta concer ning pe r sonnel dose equ i va len ts be reta ined for a t  
lea s t  a 1-yea r per iod fol lowing  the process ing o f  ind i v i dua l 
dos imete r s , independen t of the i r  dose equ i va len t r ea d ings . 

The comm i t tee enumera ted the spec i f i c  TLD da ta included in th is 
ca tegor y ,  then developed a ra tiona le  leading  to the following  
recommenda t i on ,  wh ich wou ld pr ov ide for  an inde f i n i te r e ten t i on per iod 
for the d i g i t i zed glow cu rves on ly  in except iona l ca ses : 

Al l of the above- l i s ted da ta shou ld be so reta ined , except tha t in 
the ca se of the d i g i t i zed glow cu rves , • in de f i n i t e •  r eten tion is 
recommended only  in the fo l low ing cas es : 
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(a ) for indiv idua ls  who du r ing  a pa r ti cu la r  yea r  have a cumu la t ive 
dose equ iva lent of penetra t in g  rad ia t i on in excess of 500 mr em 
(abou t 0 . 8  pe r cent of the pe r sonnel  mon i tored by USA IRDC in  
1984 ) ; 

( b )  for ind iv idua ls  w i th an annua l cumu la t i ve extr em i ty dose 
equ iva lent ex ceed ing  7 . 5  r em;  

(c ) for a par t i cu la r ba dge that indica tes a ca lcu la ted dose 
equ iva lent  of penetra t in g  radia t i on i n  excess of 1 0 0  mr em ,  or an  
ext r emi ty dose exceeding 1 , 50 0  mr em ;  

(d ) a l l  glow cu rves o f  a n  unusua l na tur e  tha t a r e  not expl i ca ble 
in terms of equ i pment pr oblems (bas ed upon a sh or t-te r m  
r ev i ew ) , a lon g w i th t h e  glow curves obta ined b y  process ing  the 
ba dges immedia te ly pr eceding and  follow ing  the ba dges produ c ing 
those cu rves ; 

( e )  a l l glow cu rves r esu l t in g  f r om ques t i on ed dos imete r r ead i ngs 
( e . g . , in  d isagr eement wi th other methods of dose es t ima t i on ) ; 

(f ) a l l  glow cu rves resu l t i n g  f r om qua l i ty assu rance pr ocedu r es .  

Fu r thermor e ,  the comm i t tee a lso r ecommended tha t:  

A l l  da ta rela t i n g  to the  cal ibrat ion of the r eader throu ghou t  i ts 
h is tory shou ld be • indef i n i tely• r e ta ined , a long w i th 
inter compa r is on s  of dose equ iva l en t  eva lua t i ons . 

F i na l ly ,  i na s much a s RPOs a r e  r equ ir ed to trans er ibe exposures ma nua l l y  
on to a pr inted for m for subsequen t inse r t i on into indiv idua l medica l  
recor ds , and th is prac t i ce i s  er r or-pr one and a lso can r epresent a 
cons iderable expen d i tu r e  of effor t ,  the commi ttee r ecommended tha t :  

The Army shou l d  r equ i r e  the va r i ous fa c i l i t ies to  insert  the 
qua r te r ly-to-da te compu ter-genera ted r epor ts d i r ectly  into 
indiv i dua l medi ca l  r ecor ds , ra ther than con t inue us ing manua l 
t ranscr ipt i on .  

Study Task  4 

Recommend applicable state-of-the-art hardware and software 

capabilit ies t o  be employed for data storage, processing , and 

retrieval. 

I n  r esponse to th is ta sk , the commi ttee--wi th ass is tance f r om an 
ou ts ide consu l tant , RESCO Compu ter  ser v i ces , I nc . -- r ev i ewed the cu r r en t  
data-handl ing  tech niques a n d  T L  dos imetry  system cha racte r is t ics a t  
USAIRDC in  Lex ington ,  a nd cons idered what s teps shou ld  b e  contempla ted 
in these a r eas  to ca r r y  out USAIRDC's miss ion . To help define  an 
optimum compu ter system to ca rry ou t USAIRDC functi ons in the most 
cos t-ef fect i ve ma nner , the commi ttee rega r ded severa l cons ide rat ions as  
releva n t : 
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1 .  H is tor ica l  da ta ,  conta i ned in  some 5 . 8  mi l l ion r ecor ds , a r e  
cu r r ently stored i n  a compu ter  loca ted a t  Reds tone Arsena l ,  
Huntsv i l le ,  A laba ma, and a r e  r emotely a ccessed by USAIRDC 
per sonnel loca ted in Lexin gton . 

2 .  A new compu ter  a nd softwa r e  sys tem w i l l  be used w i th the TLD 
r eade r  to au toma te determina t ions of dos e equiva len ts . 

3 .  Da ta-handl ing  r equ i r ements for a TLD system a r e  d i f ferent f rom 
those for f ilm dos imete r s .  

4 .  Cer ta in concer ns (pr ope r  ma in tenance of ind i v i dua l dose 
equ iva lent recor ds ; pr oper dos imeter documenta tion ; def in i t i on 
of da ta - r eten tion r equ i r emen ts ) i den t i f ied by USAIRDC r ega r di n g  
the opera t i on o f  its ra d ia t i on monitor ing  program .  

I n  i ts da ta-hand l i n g  ana l ys is , the commi ttee r ev iewed the USAIRDC ' s 
deta i led opera t i ona l miss i on r equ i r ements app l i cable to both f i lm and 
TLD badges . These functions  include issu ing  and track ing  ba dges , 
upda t ing and ma in ta in ing  dos imetry  repos i tory da ta ,  and pr ov i d ing  
summa r ies of  dos imetry  r esu l ts . Then the  commi ttee car efu lly eva lua ted 
whe ther there wou ld  be s i gn i f i cant mod i f i ca t i ons in  USA IRDC 
da ta-ha ndl ing  r equ i r ements throu gh the accepta nce and implemen ta t i on of 
any of the committee ' s  r ecommenda t i ons in  r esponse to stu dy Ta s k  3 on 
da ta handl ing .  Tha t eva lua t i on indica ted tha t the  impl emen ta t ion of 
some r ecommenda t i ons wou ld somewha t incr ease  the da ta-ha ndl i ng and/or  
s tora ge r equ i r ements , and in other  ca ses it  wou l d  decr ease them . I n  
most  cas es ,  these ind i v i dua l impac ts were usua l ly 
modest--qua n t i ta tively  and in other  r espects . The commi ttee a lso 
examined dos i metry da ta -secu r i ty r equ i r ements , both f r om the standpoint 
of the need to conform w i th the P r ivacy Act and to pr even t  unauthor ized 
a ccess to the recor ds . 

I n  the l ight of thes e  r ev iews and eva lua tions , the commi ttee then 
recogn i zed and e xplored two ba s ic opt ions for process ing TLD dos imetry  
da ta :  r emote pr oces s ing , cha racte r ized by the cu r r en t  method of 
opera t ion , in wh i ch film badge dose equ iva l ent data a r e  entered a t  
ter mina l s  l oca l l y  a t  Lex i n gton bu t computer  pr ocessed and sto r ed a t  
Reds tone , a n d  loca l pr ocess ing , cha ra cter i zed by a system whe r eby da ta 
wou l d  be col l ected , eva lua ted , pr ocessed , and sto r ed a t  Lex ington . The 
committee noted tha t with in  ea ch opt i on USAIRDC cou ld employ va r i ous 
ha r dwa r e  and softwa r e  comb ina tions to accompl ish the r equ i r ed 
process ing . 

The commi ttee examined these opt ions and the i r  pr os and cons f r om 
technica l ,  functiona l per formance , and cost s tandpoi nts . The 
funct i ona l per formance r equir emen ts for wh i ch the r emote and loca l 
process ing options were  compa r ed inc luded : the need for  pr ompt 
noti f i ca ti on of unusua l ly h i gh dose equ iva l en ts ; u pda t ing  and 
ma inta in ing the r epos itory data ; pr ov iding  summa ry dos imetry  r epor ts ; 
pr ov iding  dos imetry  h is tor ies upon r eques t ;  and issu i n g  and t rack in g 
TLDs . Ava i lable compu ter sys tems for both the r emote and loca l options 
wer e  cons ide r ed . The commi ttee a lso cons ide r ed s ta ff i n g  cons ide rat ions 
in  the informa t ion process ing and progra mming  a r ea ,  where  it conclu ded 
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tha t USAIRDC wou ld r equ i r e  the servi ces o f  an  exper i enced sys tems 
ma na ger/pr ogr amme r  to modi fy TLD s oftwa r e ,  and to develop and ma in ta in 
softwa r e  and ha r dwa r e  for the ent i r e  recor ds system .  

The commi ttee ' s  pr incipa l findings , empl oying  on l y  appr oxi ma te cos t 
es t ima tes ,  in  eva lua ting the two bas i c  compu ter opt i ons wer e: 

1 . The commi ttee concluded tha t r emote pr oces s ing by USAIRDC 
introduces the d i f f i cu l ty a nd inconven ience of ma tch ing  glow cu rves 
s tor ed at Lexington w i th dose equ i va l en t  r ecor ds stored at Reds tone , 
a nd tha t the a dv i sab i l i ty of select ing the r emote system option depends 
to a cons ide rable  extent upon : ( a ) the cos t of implemen ting  and 
opera t ing an adequa te data communi ca t i ons l ink  between the HP 1 0 0 0  and 
Reds ton e ;  and (b ) the pr oces s ing effecti veness of trans fe r r ing 
in forma t i on between the two loca t i ons . 

2 .  Rega r d ing loca l pr ocess ing, the commi ttee iden t i f ied and 
explored va r i ous wa ys for USA I RDC both to pr ocess and store TLD data at 
the Lexin gton s i te .  Bes i des ha r dwa r e  and softwa r e  cons ide ra t ions , the 
committee concluded tha t a dd i t i ona l fa ctors wou l d  en ter into a r r iv ing 
a t a poss ible dec i s i on to move the da ta -handl ing and sto rage ope rations 
to Lex ington .  Namely , a new ma in f rame compu ter system may r equ i r e  an 
a ppr opr ia tely con d i t i oned env i r onmen t ;  an orga n i za t i ona l change may be 
necessa ry  to assemble the r equ i red s ta ff ,  s ince specia l  s ta f f  support 
cons ide ra t i ons a r e mor e extens ive  for a ma in frame sys tem than for a 
mini compu te r ; and a cen tra l ized repos i tory has s evera l a dvantages--mos t 
impor ta n t ly , fa s te r  r esponse  time , loca l con t r ol ,  and s impl i f i ed 
a dmin ist ra t i on .  The comm i t tee noted tha t one loca l opt i on is  a ser ies 
of networ ked microcompu te r s  to r epla ce te rmina l s  pr es en tl y  used at 
Lex ington ,  in v i ew of techno logy a dvances tha t a r e  rapidly expand ing 
the use of micr ocompu te r s  in a va r iety of new a ppl ica ti ons . The cos ts 
of Reds tone compu ter-rela ted serv i ces to USAIRDC are  d i f f i cu l t  for the 
commi ttee to assess--s ince they a r e interna l i z ed wi th in the Army--bu t 
wou ld be el imina ted by loca l process ing and s torage . 

Based upon the above cons iderations , the commi ttee ma de 
recommenda t i ons in  s evera l a r eas . One a r ea concerns implement ing 
fu r ther  automa t i on of badge and dose-r ela ted functi ons and of dos imetr y  
recor ds . The comm i t tee noted tha t there  is  n o  au toma ted process to 
track wh ich A r my ins ta l la t ion w i l l  r ece i ve a pa r ticu la r  TLD a nd to whom 
i t  is issued . An • Au gmen ted TLD sys tem• wou l d  au toma te the t rack ing 
fu ncti on , includ ing badge issuance , badge a ccoun tab i l i ty,  and 
a ssocia t i on of ea ch dose equ iva lent w i th the proper ind ividua l--a l l  o f  
wh i ch a r e  cen t r a l  t o  USAIRDC ' s  radia t i on mon i to r in g  r espon s ib i l i ty .  I n  
v i ew o f  i ts favorable eva lua t i on o f  tha t opt i on ,  the comm i t tee 
r ecommended : 

USAIRDC shou ld implement the Au gmen ted TLD sys tem for ei ther the 
loca l or r emote process ing opt i on .  

The commi ttee r ecogn ized a clea r  overa l l  need for USAIRDC to ta k e  
s teps lead ing t o  a n  upgra ded compu ter i zed data -process ing sys tem ,  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e v i e w  o f  U . S .  A r m y  I o n i z i n g  R a d i a t i o n  D o s i m e t r y  S y s t e m
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 0 2

http://www.nap.edu/catalog.php?record_id=19202


13  

commencing w i th obta ining accura te cost es t ima tes for  the  ava i lable 
opt i ons , based upon f i rm pr ice quotes for  A r my-speci f i ed sys tem 
conf i gu ra t i ons and/or  for sa t is fy ing speci f ied funct i ona l 
s ystem-pe r formance requ i r ements . The commi ttee ' s  r ecommen da t i on in 
th is a r ea is tha t :  

USAIRDC shou ld  conduct a deta i l ed da ta -pr oces s ing cos t-benef i t  
ana lys is  and ,  i f  i ts r esu l ts va l i da te the es tima tes developed in  
th is study , USAIRDC shou ld  implement the loca l pr oces s ing opt i on. 
The commi t tee fu r the r  r ecommends tha t th is ana lys i s  include actua l 
cos ts r ela t ing to the compute r serv ices tha t USAIRDC is pr es ently  
obta in ing--or m i ght obta in in the fu tu r e-- from Reds tone , such as  
the  cost of  lea s ing the 14 , 4 0 0-bau d  da ta l in k  between Lexington 
and Reds tone . 

The commi ttee a lso noted that th is cos t-benef i t  ana l ys is shou l d  
include the intang ible bene f i ts a ssocia ted w i th the r ela t ive s impl i c ity 
of the local pr ocess ing opt i on :  such benef i ts as conven ience , l oca l 
control  ove r  use of r esou r ces ,  and avoidance of the need to transmit 
data ove r  long d i s ta n ces on sometimes noi s y  da ta l ines . on the cos t 
s ide , the committee poi n ted ou t that loca l pr ocess ing cou ld r equ i r e  
tha t USAIRDC a dd sta ff ,  such as  a pr ogr ammer to ma in ta in and cr eate the 
programs necessa ry to accompl i sh the process ing ta sks n ow be ing 
per formed at Reds tone . 

Anothe r  a r ea wher e the comm i ttee suggested an oppor tun i ty for 
da ta-handl ing impr ovement concerns conver s i on to an • Au toma ted 
Dos imetry  Repor t , • whi ch wou l d  assu r e  the ma in tenance of r adia tion ·  
h is tor ies for  a l l  ind i v i dua ls  cu r r ently  employed by  the  Army ,  and a t  
the same ti me wou ld obv ia te the need to do h is tor ica l  sea r ches . He r e  
the comm i t tee ' s  eva lua tion r esu l ted in  the fol low ing recommenda t i on:  

The Army shou ld  conve r t  to  the Au toma ted Dos imetry  Repor t in place 
of DD Form 1 14 1  (an ana log document ) .  

The commi ttee noted tha t inasmuch as 7 5 per cen t of a l l  r eques ts for 
sea r ches come f r om ind i v i dua ls who a r e  in the Army ' s  employ , th is  
conver s i on w i l l  u ltima te l y  r esu l t  in a l l ow ing much of the h is tor ica l  
da ta to be a r ch ived off - l ine . 

Fina l ly ,  insofa r as the storage of dig i t i z ed glow cu rves , the 
comm i t tee , noting tha t there does not a ppea r to be a need for on- l ine 
s torage of glow cu r ve infor ma ti on fo l l ow i ng i n i t ia l  TLD pr ocess ing , 
recommended :  

G low cu r v es and other  raw da ta shou l d  be stored off- l in e  whenever 
poss ible . 
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INTRODUCTION 

Th is cha pter summa r i zes the u.s. Army ' s  pu rpose in  sponsor ing th i s  
study ,  l is ts i ts tasks , a n d  desc r ibes the appr oach ta k en .  Essen t ia l  
ba ckgr ound informa t i on is pr esen ted about  i on i z ing ra d ia t i ons and the 
quan t i t ies and un i ts used to measu r e  them ,  a long wi th a rev i ew of the 
ba sic  cha racter is t i cs of f i lm badge dos imetry  and thermoluminescent 
( TL )  dos imetry  for radia tion mon i tor ing a ppl i ca ti ons . The explana ti on 
of TL dos ime try a lso pr ov ides ba ck gr ound infor ma t i on for  Chapter s 3 
and 4 .  

TBB u.s. ARMY'S PORPOSB IN SPONSORING THIS STUDY 

Army personnel a r e  occu pa t i ona l ly exposed to var i ous forms of 
radia ti on .  The u.s. Army I on i z ing Ra d ia t ion Dos imetr y  cen te r  
( USA I RDC ) , Lex ington ,  Kentu cky , is cha rged w i th pr ov id ing wor ldw ide 
i on i z ing radia t i on mon i tor ing serv ices to the u. s. Depa r tmen t of the 
Army and to the Defense Log is t i cs Agency ( DLA ) . USAIRDC pr ocess es 
radia ti on exposu r e  da ta obta ined fr om some 775 faci l i t ies loca ted 
thr oughou t  the wor ld . USA I RDC ' s  funct i ons include ma inta ining 
pe r s onnel rad ia t i on dos imetry h is to r ies and pr ov i d ing da ta ana l ys is .  
USA I RDC keeps in  con tact wi th i ts cus tomers pr imar i l y  thr ou gh i ts 
radia ti on mon i tor ing ser v ice and r ela ted cor r espon dence . Tha t 
cor r espondence is ca r r ied ou t between USAIRDC and the mi l i ta ry or  
c i v i l ian  Ra d ia ti on P r otect i on Of f i ce r  (RPO) at  each faci l i ty .  RPOs 
pr ov ide consu l ta t i on and a dv i ce to the fa c i l i ty commander on r e la t ive 
ha za r ds associa ted wi th radia t i on and on the effect i veness of measu r es 
to control  these haza r ds . 

I nasmuch as the USAIRDC is in the pr oces s  of conver t ing f r om f i lm 
dos imeter badges to thermolumines cent dos imeter (TLD ) badges for  
radia t i on mon i tor ing--thus r equ i r ing a new r ecords system--the A r my 
a sked the Na t i ona l Resea r ch council  to conduct th is  s tu dy to help 
optimize  the t rans i t ion to th is new mon i tor ing sys tem . The tasks to be 
per formed in conducting the s tudy are enumera ted in  the Execu t ive 
Summa r y .  

14 
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I n  June 19 8 5 , the Na t i ona l Resea r ch counci l ,  thr ough i t s  commis s i on 
on Eng ineer ing and Techni ca l  sys tems , cons t i tu ted the Committee on 
Ion iz ing Ra d ia ti on Dos imetr y ,  composed of n ine expe r ts hav ing  a wide 
range of knowledge and exper ience . Qua l i fi ca ti ons of the commi ttee 
member s  extended f r om hea l th phys ics to radia tion phys ics , radia t ion 
dos i me t ry , radia t i on haza r ds ,  qua l i ty a ssurance ,  mon i tor ing  r e gu la t i on ,  
data sys tems ,  and law .  Commi ttee member s  included scien t i s ts fami l ia r  
w i th the thermoluminescent dos imeter  sys tem that the Army has 
pu r chased , cu r r en t  use r s  of TLD sys tems , and specia l is ts in aspects of 
the law per ta in ing to i on i z ing  radia t i on .  The f i r s t  of f ive commit tee 
meet ings wa s held Ju ly 2 4 -2 5 ,  1 98 5 , at USAIRDC in Lex i ngton , Ken tu ck y ,  
a nd subs equent meet ings were i n  wa sh ington ,  D . C .  Du r ing these meet ings 
the commi ttee obta ined the inpu ts of expe r ts f r om both the pr i va te and 
pub l i c  sector s . 

SOURCES Or ION I Z ING RADIATION 

I on iz ing rad ia t i on has per vaded in na tu r e  s ince the beg i nn ing  of the 
wor l d .  Na tu ra l ,  or ba ckgr ound , radia t ion is--on the avera ge--the 
la r gest s ingle sou r ce of ra d ia t ion exposur e r ece ived by the pub l i c  and 
mos t radia t i on wor ker s .  The next mos t common sou r ce of radia t ion 
e xpos u r e  to the public  is med i ca l  use of ra d ia t i on for diagnos t i c  
purposes . Other societa l sou r ces of radia t ion exposu r e  to t h e  pub l i c 
account for less than 20  per cent of an average ind ividua l ' s tota l dos e  
equ iva len t .  

Although discover y  o f  x rays i n  1 8 9 5  fa c i l i ta ted gr ea t  advances in 
medi ca l  d ia gnos is ,  these a dvances wer e accompan ied by an incr ease in 
the amount  of radia t i on to wh i ch member s  of the pub l i c  cou l d  be 
exposed . Even in the ea r ly pa r t  of th is  cen tu ry it wa s recogn i zed tha t 
x rays posed cer ta in hea l th r is k s , su ch as  sk in bu rns . Hence , ea r ly 
ra d ia t i on wor k e r s  wer e of ten a dv ised to exer c ise  cau t ion in  us ing x 
rays . 

THE NATURE or RADIATION RISKS 

Ther e may be in jur i ous ef fec ts f rom low dos es of i on i z ing ra dia t i on .  
Ra d ia t i on ca nnot usua l ly be pos i t ively  iden t i f i ed as a ca use , or 
sepa ra ted f r om other  causes , of a g i ven pr oblem . For example ,  the 
consequence of g r ea test conce r n  is indu ct i on of ca nce r , wh ich ca n 
r esu lt  f r om many other caus es . Any cance r ous  ef fec ts f rom i on i z ing 
ra d ia t ion a r e  usua lly  delayed by times rang ing f r om 2 yea rs  to 30 yea r s  
fol low ing the in i t ia l  exposu r e . Another impor tan t  r isk  o f  exposure  to 
i on i z ing  radia t i on is poss ible  genet i c  damage . Aga in , muta t i ons a r e  
common even i n  the absence o f  ra d ia t i on ,  there fore the ca use o f  a g iven 
mu ta t i on cannot be pos i t ively ascr i bed to ra d ia t ion . 

The b i o log ica l  ef fec ts o f  ra d ia t ion have been s tu d ied extens ively 
for over  5 0  yea rs , and r es ea r ch con t i nues in th is a r ea both to expa nd 
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the usefu lness o f  ra d ia t i on t o  soc iety a nd t o  minimize  ra d ia t i on 
ha za r ds .  

S ince 194 5 ,  inc r ea sed awa r enes s of the ha za rds of ion i z in g  rad ia t ion 
ha s led to i ts ca r efu l mon i tor ing . Because there may be a long dela y ,  
or  la ten t per i od , between radia t i on exposu r e  and the appea rance of a 
cancer tha t might have been caused by tha t radia t i on exposu r e ,  it i s  
necessa r y  t o  reta i n  radia t i on mon i tor ing  r ecor ds f o r  ma n y  yea r s  in  ca se 
of a ny c la ims or l i t i ga t i ons . Most ra d ia t i on cour t  cas es in  the 1970s  
and  1 9 8 0s cla imed inju ry f r om radia t ion exposu r e  in  the 1950s  and  
1 9 6 0s . Also,  the  incidence of cancer incr ea s es w i th a ge .  Abou t 2 5  
per cent o f  the u. s .  popu la t i on wi l l  have ca nce r  sometime du r ing thei r  
l ives , usua l ly a fter  a ge 5 0 .  Ma ny people who wer e  occupa t i ona l ly 
exposed to ra dia t ion between the a ges of 20  and  4 0  w i l l  have a cancer 
i n  la ter  l i fe f r om na tu ra l causes . However , they w i l l  tend to r emember 
tha t they once wor ked w i th radia t i on ,  and i t  is na tu ra l for them to 
suspect tha t the i r  ea r l i er  occupa t i ona l exposure  to ra d ia t i on caused 
the i r  ca nce r . Reference to dos imetry  r ecor ds can help conf i rm or 
r e fu te the i r  suppos i t i ons . 

To assu r e  tha t exposu r es of radia t ion wor kers  do not occu r 
undetec ted , the u sua l pol icy in indus t ry is  to mon itor ma ny mor e 
radia tion wor kers  tha n  is lega lly r equ i r ed .  Some fede ra l  agencies 
r equ i r e  mon i tor ing those personnel who mi gh t  receive 2 5  pe rcent of the 
pe rmiss ible l im i t  in  a given yea r .  The Army ,  h owever ,  is mor e  
s t r ingent , r equ i r ing  the mon i tor ing o f  wor kers  who may rece ive on ly 5 
pe r cent of the a nnua l l imi t .  Abou t 7 5 per cen t of mon i tored A r my 
personnel a nd employees have month ly ra dia t i on expos u r es too sma l l  to 
measu r e  wi th f i lm badge mon i tor ing  sys tems . 

RADIATIOR QUANTITIES AND UNITS 

To discuss  ra d ia t i on mon i tor ing , it is necessa ry  to use accepted 
ra d ia t ion qua n t i t ies a nd uni ts . Because th is  r epor t is  intended for a 
broader  r eade r sh ip than rad ia t ion specia l i s ts , the commi ttee is 
employ in g  here  the older ra d ia t i on un i ts ( s t i l l  in common use ) for the 
radia t i on quant i t ies and is placing in  pa r en theses--following  those 
uni ts--th e i r  equ iva lent va lu es in the newer un i ts of the I n terna t i ona l 
sys tem (SI ) .  

By way of fu r ther  cla r i f ica t i on ,  it  sh ou l d  be noted tha t th r ee 
ra d ia t ion quant i t ies a r e  in  common use : exposu r e ,  absorbed dos e ,  and 
dose equ iva lent .  • Exposu r e •  i s  rela t ed to the ion i za t ion of a i r  by 
rad ia t i on .  •Absorbed dose•  ( often s imply ca l led • dose • ) i s  r e la ted to 
the ener gy absorbed by the ma te r ia l  or body under discuss i on . •nose 
equ iva lent • is ca lcu la ted by mu l t i plying absorbed dose by a •qua l ity  
factor • ( QP )  for the  pa r t i cu la r rad ia t ion . The  Q P  tak es into account  
the  r e la t ive biologica l  effect of the  pa r t i cu la r va r iety of ra d ia t i on .  
QP i s  un i ty for photon and beta radia t i on ,  wh i l e  for neu t r ons i t  is 
cu r r ently accepted as  1 0 ,  bu t th is va lue is  be ing  r econs idered a nd may 
be incr eased to  2 0 .  (See Append i x  B for mor e  complete def i n i ti ons . )  
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I n  radia t i on mon i tor ing , dose equi va len t has become impor tant , and  
is the  quant ity ma in ly used in th is  r epor t .  The  r em is  the un i t  
or igina l ly empl oyed for measur ing dose equ i va l en t ,  but for conv en ience 
one- thousandth of a r em--a mi l l i r em ( abbr ev ia ted mr em ) -- is often used . 
The new SI  un i t  of dose equ i va l en t  is the s iever t ( Sv ) ,  whe r e  one sv 
equa l s  100  r em . To a pprecia te the magni tudes i nvo lved , note tha t a 
typ i ca l  dose equ i va l en t  fr om na tu r a l  radia t i on is abou t one-e igh th of a 
r em ,  or 1 2 5  mrem ( 0 . 0 0 12 5 sv or 1 . 25 msv ) per yea r . 

Ther e a r e  two genera l wa ys tha t the body is exposed to 
rad ia t i on-- from externa l  sou r c es , such a s  x- ray ma ch ines and 
radioactive ma te r ia ls ou ts ide the body , and  f r om rad ioa cti ve ma ter ia l s  
tha t enter the body thr ough the lungs , the d i gest i ve t ract , o r  throu gh 
a wound . This  r epo r t  is devoted to the mon i tor ing  of dose equ i va len t 
rece ived so lely f rom externa l  sou r ces . su ch mon i tor i ng a lso is  
r efe r r ed to  as  dos imetry . 

The r e  a r e  sever a l  a ccepted dev ices for mon i tor ing dose equ i va len t 
f r om externa l  sou r ces , of wh i ch the most common a t  one t ime was the 
f i lm dos imeter or f i lm ba dge . Cu r r en t l y ,  another wide l y  used 
a l terna t ive is the TLD badge . On the follow ing pa ges a r e  summa r i zed 
the ma jo r  cha racte r i s t ics of f i lm ba dge dos imetry , TL dos imetr y ,  and 
app l i ca t i ons of TLDs for mon i tor ing photons , be ta ra dia t i on ,  and 
neu t r ons . 

DBVICBS POR RADIAT ION MON ITORI NG . 

Ra d ia t i on wor k e r s  have r ou t inely been mon i tor ed for ma ny year s  us ing 
techn iques relying upon the da r ken ing effect on ph otograph ic  f i lm 
emu l s i on ca used by i ts exposure  to ra d ia t i on .  F i lm ba dges have served , 
a n d  con t inue to ser v e ,  a s  a sa t is fa ctor y  method for dete rmin ing the 
amount of ra d ia t i on to wh i ch the wea r er ha s been exposed . I n the 1 9 6 0 s  
T L  dos imetry became ava i lable  as  an impr oved mon i tor ing technique . A 
TLD is usua l ly more s ens i t ive than a f i lm badge and has a much la rger  
usefu l range of measuremen t . cu r r en t l y ,  many radia t ion mon i tor ing 
fa c i l i t i es have conver ted f r om f i lm badges to  TLDs . 

To hel p  pr ov ide an unde r standing  of the Army ' s  mot i va t ion in  
sh i ft ing to  TLDs , ba ckground in for ma t i on on  f i lm badge dos imetry  is  
pr es en te d  in the fol low ing sect i on .  The cha racte r is t i cs of TL 
dos imetry  a r e  descr ibed in r e la t i vely  gr ea ter de ta i l  in the succeed ing  
sect i on .  

CHARACTERI ST I CS OP PILM BADGE DOSI METRY 

Bes ides be ing sens i t ive to l i gh t ,  photogra ph i c  f i lm a lso is s ens i t ive  
to i on i z ing radia t ion . P roces sed f i lm tha t ha s been exposed to  x rays 
or gamma radia t i on ( a lso ca l led • photon ra d ia t i on • ) w i l l  e xh ib i t  a 
da r ken ing or inc r eased opt i ca l  dens i ty tha t can be r e la ted to the 
amount of tha t exposu re . The increased net opt i ca l  dens i ty ( above 
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backgrou nd dens ity ) can be  measu r ed w i th a den s i tometer  a nd compa red 
w i th the net opt ica l dens i ty of ca l i b ra ted standa rd f i lms to est ima te 
exposu r e .  Thu s ,  f i lm packets can be used to mea su re the wea r e r ' s  
cumu la t ive x- and gamma ray exposu re , f r om which the ind i v i dua l ' s  dose 
equ i va lent may be deduced . 

The ef fects of ion i z i ng rad ia t ion on f i lm emu l s i ons ha ve been 
i nvest iga ted for abou t  90 yea r s ,  a nd f i lm dos imeters  based upon these 
phenomena have been used to mon i tor  Army pe rsonnel  rad ia t ion exposu r es 
for  more  tha n 4 0  yea r s . The dos imete r s  conta in  f i lm packets s imi la r  in 
s i ze to denta l x-ray packets . 

F i lm packets used for dos imet ry appl ica t ions may conta i n  one or  mor e  
f i lms or  f i lm component s . The ea r l iest f i lm badges i nc lu ded a t h i n  
meta l st r ip wra pped around pa r t  o f  the f i lm packet . Th i s  st r ip ,  or 
f i lte r ,  a ttenua ted low ene rgy x- a nd gamma ra d ia t i on to reduce the 
ove r response of f i lm a t  low photon energ ies , thus mak i ng the response 
of the f i lm- f i ltered a r ea more u n i form f r om l ow to h i gh photon 
energ ies ; i . e . , less ene rgy-dependen t . The f i ltered and unf i l te r ed 
a rea s a l lowed rough d i s c r imina t i on between h igh a nd l ow ene rgy 
photons . F i lm dos imete r s  des igned in  later  yea rs  employed plast i c  
holders f o r  the f i lm packet s ,  a nd f i lters  we r e  embedded in  the pla st i c . 

Typica lly , fou r f i lter  a reas wer e  used . Each of the area s  cou ld 
employ d i f ferent meta l l ic or pla s t i c  f i lte r s . There  we re often one or  
more open i ngs in the  holde r to expose part  of  the  packet  to  the  less 
penet ra t i ng beta ra d ia t i on .  Wi th mu lt iple f i l te r s , the f i lm dos imeter  
cou ld be employed to est ima te the photon ene rg� spect r um .  The open 
a r ea of the f i lm cou ld be used to eva lua te comb i na t i ons of low-ene rgy 
photon and beta exposu re , and othe r f i lm a r eas  cou l d  be used to 
dete rmine photon ene rgy a nd mon i tor exposu re to h ighe r energy photons . 

F i lm dos i meters a lso have been des i gned for mon i tor i ng neu t r on 
exposu r e . Howeve r ,  neutron radiat ion is d i f f i cu l t  to mea su r e  ( see 
sec t i on ent i t led • Neu tron Dos imet ry • ) s i nce it  produces l i t t le d i r ect  
ion i za t i on .  

Accu racy of f i lm dos imete rs i s  affected by a number of env i ronmenta l 
factor s .  For example , dama ge to f i lms f rom l ight lea k s , hea t ,  
pr essu r e ,  moi stu re , and aging o f  f i lm emu l s i ons i nc r eases opt ica l 
dens i ty .  These phenomena may lead to overest ima t i ng the radiat ion 
exposu r e  actua l ly expe r ienced by the wea rer . on the other  hand , i n  
env i r onments w i th h igh humid i t i es ,  radia t ion- i nduced opt i ca l  dens i ty of 
f i lm emu l s i ons may fade to some degree before the f i lm pa cket is 
processed . 

A second fa ctor in f i lm dos imete r accu ra cy i s  the minimum detectable 
dose equ iva lent .  For lowe r dose equ i va lents , the increase in  opt ica l  
den s i ty of a f i lm emu ls i on becomes sma l l  compa r ed to the opt ica l 
dens i ty of an  unexposed f i lm emu l s ion ,  hence the est ima te of dos e  
equ i va lent becomes increa s i ng ly inaccu rate . Below abou t 20  mrem ( 0 . 2  
mSv ) , f i lm badges become so i naccu ra te that the resu lts of u s i ng them 
ca nnot be repor ted with  any con f idence . Th is  min imum detectable 
th reshold wa s not so impo r ta nt in  the pa st , before  the concept of  a n  
• a s  low as  reasonably  ach ievable•  ( ALARA ) l eve l o f  occupat iona l  
exposu re th reshold was introduced . Now , howeve r ,  the need to mon i tor 

Copyr igh t  ©  Na t iona l  Academy o f  Sc iences .  A l l  r i gh ts  rese rved .

Rev iew o f  U .S .  A rmy  Ion iz ing  Rad ia t ion  Dos imet ry  Sys tem
ht tp : / /www.nap .edu /ca ta log .php?record_ id=19202

http://www.nap.edu/catalog.php?record_id=19202


19  

low dos e  equ iva l en ts is  more impor tant  to  the ra dia t i on protec t i on 
commun i ty ,  and  the ea r l ie r  inab i l i ty to r epo r t  dos e  equ i va len ts below , 
say ,  2 0  m i l l i r em ( 0 . 2  msv ) has pr ompted the use of othe r ,  mor e 
sens i t i ve dos imeter s .  

The u.s. Army pr esen t ly uses Koda k Type 3 f i lm pa ck ets in Ten i te I I  
pla s t i c  holders hav ing fou r f i l ter  a r eas . F i lm dos imetry  poses 
pr ob l ems rela t ing to au toma t i on and a ccu racy , and because of thes e  and  
other cons i dera t i ons the Army has begun conver s i on to  an au toma ted TLD 
system . The ba s i c  cha racte r is t i cs of thermolumin es cence dos imetr y , r e  
descr ibed i n  the next sec t i on .  

CBARACTBRISTICS OF TBBRMOLOMIHBSCBHCB DOS IMETRY 

Thermoluminescence dos imetry  is ba sed upon the ab i l i ty of cer ta in sol id  
ma te r ia l s  ( ca l l ed •phosph or s • ) to : (1 ) s to r e  some of the energy they 
have abs orbed f rom exposure  to ra d ia t i on ,  and ( 2 )  r el ease th is  energy 
in the form of a lumines cen t glow when hea ted a t  a la ter  t ime . The 
intens ity of th is  glow can be r ela ted to the ma gn i tu de of · the or i g i na l  
radia tion exposu r e .  T L  phosph or s  a r e  a lmos t inva r iably  co lo r les s , 
i nsu la t ing so l i ds whose thermoluminescence is pr oduced by a dd ing one or  
mor e minor impu r i ty cons t i tu en ts ( •a c t i va tor s • ) to the  ma in • hos t •  
sol id . The phosphor is  hea ted t o  wel l  below the tempera ture a t  wh ich 
i ts own inca ndes cence wou l d  mask th e lumines cence . The hea t ing acts a s  
a t r igger t o  r e lease the s tored energy a s  luminescence , hence the term 
• thermoluminescence . •  Once the s tor ed energy has been released , the 
ma ter ia l  no longer ha s a memory  of the ra d ia t i on dose . A TL r ea d ing is 
thus a • one shot•  determina t i on of the dose equ i va len t .  As the 
i r ra d ia ted ph osphor is  hea ted , the thermoluminescence br i gh tness w i l l  
va r y  wi th t ime , a s  shown sch ema t i ca l l y i n  F i gu r e  1- 1 .  The cu r v e  of 
br igh tn ess vs . hea t ing t ime or tempera tu r e  is  ca l led a • glow cu rve . • 

I on i z ing radia t ion causes the sepa ra t i on of cha r ges in an insu la t ing 
sol i d ,  produc ing free elec t r ons and en t i t i es tha t behave l ik e  pa r ti c l es 
of oppos i te cha rge-- • pos i t ive  holes . •  Mos t of  these cha rges r ecombine 
qu ick ly , but some of them are a t tra c ted to  impu r i t i es or other 
impe r fect ions in the sol id  and become • t rapped•  at thes e  s i tes . 
Depend ing u pon the s t r ength of the a t tra c t i on ,  they can be t ra pped for  
a shor t or a long time--one speak s  of • sha l l ow traps •  and  • deep 
t ra ps . •  A very nomina l tempera ture , even r oom tempera ture , w i l l 
su ff i ce to l ibera te cha rges fr om sha l low traps . 

When the cha rges a r e  r e l eased ,  they r ecomb ine w i th cha rges of the 
oppos i te s ign , emi tt ing l igh t  in the pr oces s . This  l i gh t is 
thermolumines cence . Sha l l ow traps a r e  not use fu l for  
thermolumines cence dos imet r y ,  wher e on e wish es the ma ter ia l  to r eta in 
the dose in forma t i on over ma ny weeks or mon ths . I ns tea d ,  deeper tra ps 
a r e  u t i l i zed , s ince they ca n hold the cha rges w i thou t  loss over thes e  
l ong interva ls o f  t ime . T o  empty these t ra ps , w i th a r esu l t ing T L  
g l ow ,  hea t i ng t o  abou t 2 0 0 - 3 0 0 °c i s  r equ i r ed .  T raps tha t a r e  s t i l l  
deeper can s tor e the energy for even longe r per iods of t i me :  howeve r ,  
they a r e  not usefu l for dos imetry ,  s ince to expe l the cha rges one mus t  
hea t  t h e  ma ter ia l  t o  such h i gh tempera tu r es tha t the incandescence o f  
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the sol id  inter fer es w i th observ ing i ts ther moluminescence . Some glow 
curves for traps of d i ffe r en t  depths  a r e  sh own sch ema t ica l l y  in F i gu r e  
1- 2 .  

I dea l ly ,  one wou ld  l i k e  to have a ma te r ia l  w i th a single type of 
t rap of opt imum depth , giv ing a s imple  glow cu rve . Other des i dera ta 
a r e a spectra l emiss i on ( color ) of  lumines cence lying in the h i gh ly 
s ens i t ive range of the photode tector measu r ing the lumines cence ( blue 
in the case  of the usua l ph otomu l tipl ier  tube detecto r ) ;  s tab i l i ty to 
mu l t ipl e repet i t i ons of the hea t ing cycle  to wh i ch the sol id  mus t  
necessa r i l y  be sub j ected i n  the • r ea d ing• pr ocess ( i f the dos imete r i s  
t o  b e  r eusable ) ;  a nd iner tness t o  effects o f  a mb i en t  cond i t i ons , such 
a s  humi d i ty changes , mechanica l  sh ock , l igh t exposu r e ,  and moderate 
tempera tur e  changes . Despi te mor e  than 2 deca des of  r esea r ch ,  no  
s ingl e ma ter ia l  has been found wh ich fu l f i l l s  all  thes e  r equ i r emen ts ,  
and compr omises have been made in the des ign ing of a l l  e x i s t ing TLD 
systems . On e of the mos t common compr omises is to accept TL mater ia ls  
that have  mu l t iple t ra ps , i . e . , a complex g l ow cu rve w i th sever a l  
peak s ,  on ly  one or a few of wh ich a r e  usefu l f o r  thermoluminscence 
dos imetry . 

TLDs have ta k en a va r iety of forms : loos e powde r s ;  powder s  sea led • 
into sma l l  cap i l la ry tubes ; powder s coa ted on to an  electr i ca l ly 
conductive f i lamen t or subs trate hermet i ca l l y  sea l ed into a g la ss bu lb ; 
a s im i la r  a r rangement wi th the powder r epla ced by a s ingle crys ta l of 
the TL ma ter ia l ;  pla s t i c  ma te r ia l  impr egna.ted w i th TL powder ;  a sol i d  
chip o f  T L  ma ter ia l ;  a n d  a th in powde r coa t ing on a pla s t i c  base .  

Hea t ing methods have genera l l y  been by con du c t i on f r om a hot pla ten_ , 
hot gases , an  e lectr i ca l  cu r r ent throu gh a f i lament , ra d iant  hea t ing , 
or induction hea t ing of a meta l subs trate . The Panason ic  TLD s ys tem 
a cqu i r ed by the Army employs r a d iant  hea t ing , wher e i n  an incandescent 
lamp is pu lsed to pr ov i de the TL hea ting s ch edu le .  

The theor e t i ca l  ana lys i s  of glow cu rve sha pes has succeeded- only  for  
i dea l ca ses where  s impl e  k inet i cs have been a ssumed . For TL dos imetry  
purpos es , however , know l edge of  the  e xact  sha pe of  the  glow cu rve is  
not es sen t ia l ;  it  is  necessa ry  on l y  to  ensu r e  tha t the  hea t ing sch edu l e  
is t h e  same f r om dos imeter  t o  dos imeter . I f  the hea t ing reg ime i s  
r ep r odu cible ,  one may u s e  e i ther t h e  a r ea unde r t h e  glow cu rve  or  the 
pea k heigh t  of the TL vs . t ime glow curve a s  a measure  of the 
thermoluminescence outpu t .  Ca l ibra t i on of  the dos imeter mus t ,  of 
course , be ca r r i ed ou t wi th the i den t i ca l  hea t ing s chedu l e  • 

. Wh en la r ge ,  unsta b l e  ( i . e . , low-tempe r a tu r e )  glow peak s  a r e  pr esen t ,  
as  w i th l i th ium bora te , the r ea d ing ins trument ma y  devote a por t i on of  
the  hea t i ng schedu l e--the so-ca l led • p r ehea t •  cyc l e--to a pr ocedu r e  
des i gned to erase th ese  peaks  be for e pr oceed ing w i th the h i gher  
tempera tu r e  or • r ea d •  por t i on of  the  hea t i n g  r egime . Al te r na t i vely , 
the dos imeter can be s epa ra tely trea ted in a low- tempera ture  oven to 
era se the low-tempe ra tu r e  componen t of the g l ow cu r v e .  As a fu r ther  
a l terna t ive , the  photodetector can be ga ted to  see on ly the 
luminescence f r om the glow peak tha t is used for dos imetr y ;  i . e . , the 
• rea d •  pea k . 
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I f  t h e  low-tempera tu r e peak is  la rge a n d  over laps str ongly w i th the 
• rea d •  pea k ,  the shor t • pr ehea t •  s tep in the r ea der ma y  be i nsu f f i c i ent 
to erase the former , and  the r eading  wi l l  be in er r or ( too h igh ) 
because of the inclus i on of low-tempera tur e  thermoluminescence . Ga t ing 
of the photomu l t ipl ier --or r eading of the peak heigh t  ins tead of the 
a r ea under the glow pea k--shou ld help minimize th i s  compl i ca ti on .  A 

l ow- temperatu r e annea l in a sepa ra te oven for an appr opr ia te length of 
t ime is  a preferable trea tment to el imina te the pr oblem . I f  immed ia te 
r ea d ing of the exposed dos imete r is not an ope rat iona l neces s i ty ,  and  
i f  the  l ow-tempera tu r e  g l ow pea k is of the  or der of 10 0°C or l ess , 
th is  peak  wi l l  deca y or • fa de •  on s torage for 2 4 - 4 8  hou r s  a t  norma l 
tempera tu r es ,  thus obv ia t ing the need for any of the above measures to 
r emove i t . 

For a given ra dia t i on dos e ,  the thermolumines cence br i gh tness ( or 
• y i el d • ) of a ph osphor depends upon the e f f i c i encies of both the 
t rapping pr oces s and the lumines cence cha r ge- r ecombinat ion pr ocess . 
D i f ferent phosphors  have inher ently d i f fer ent eff i ci encies for one or 
both of these pr ocesses , lea d ing to cons ide rable di ffe r ences in yie l ds 
between phosph or s . A seconda ry ,  but nevertheless impor tant , effect on 
the TL u t i l i ty of a phosph or is the spectra l d istr ibu t i on ( co lor ) o f  
i ts luminescence ; for two phosphor s w i th equa l true TL y i el d ,  the one 
whose emiss i on better ma tches the spectra l reg i on of h igh sens i ti v i ty 
of the photode tector used w i l l  g ive an a ppa r ently  h i gher  TL y i eld . 

The r esponse of the phosph or to rad ia tion a lso depen ds upon the 
a tomi c  numbers of i ts chemi ca l cons ti tuents and upon . the k ind and 
energy of  the radia t i on .  These facto r s  joi n t l y  dete rmine the dom inan t 
mechan ism ( s )  of intera c t i on of the ra d ia t i on w i th the phosphor , h ence 
h ow s t r ongly  the radia tion is abs or bed . 

MONITORING OF SPBCI F I C  K I NDS OP IONI Z I NG RADIATION 

The r ela t i ve appl ica b i l i ty of va r i ous dos imetr y dev i ces to mon i tor ing 
speci f i c  k inds of i on i z ing  ra d ia t i on va r i es .  I n  the fol low ing 
subsec tions , cons iderat ion is gi ven to fac to r s  determin ing the accu racy 
w i th wh i ch dos imetry dev i ces-- especia l ly the TL dos ime ter--a r e  able to 
es t i ma te dos e equ i va l ents for photons , beta rad ia ti on ,  and neut r on s . 

Photon Dos imetry  

At photon ener g i es nor ma l ly mon i tored , the pr i ma r y  interactions of TL  
phosph ors a r e  by  Compton sca t ter ing and  the  photoelectr i c  effect . 
Genera l l y ,  Compton sca tter ing is dominant above abou t  5 0 0  keV ,  wh i l e 
the photoelectr i c  effect pr edomina tes below 50  keV .  ( L i th ium bora te i s  
a n  except i on ;  Compton sca tter ing pr edomina tes above abou t 30  k eV . ) In  
the intermed ia te r eg i on ,  both intera c t i ons are impor ta nt . The compton 
interact i on is essentia l ly in dependen t of the a tom i c  number of the 
absorbe r . The photoelectr i c  intera c t i on is very dependent u pon the 
a tomi c  number , incr eas ing rapi dly as the a tom i c  number inc r eases . 
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Photons f rom medica l  x- ray u n i ts a r e  genera l ly i n  the reg i on o f  1 5  to  
1 0 0 k eV .  Because of  the  photoe lec t r ic  effect , the  TL  yield  f rom 
phosphors conta i n i ng ca lc ium i s  ve ry much grea te r  for  photons f rom 
d ia gnost ic  med ica l  x- ray un its  than f r om therapy sou rces ( 50 0  to 10 , 0 0 0  
keV ) . 

The dependence of TL y ie ld on photon energy is  shown in  F igu re  1-3 
for  fou r  common TL phosphor s : l ith i um f luor ide  ( L iP ) , coppe r -a ct i va t ed 
l i thium bora te ( Li 2B4 07 : Cu ) ,  manganese-act i vated ca l c ium 
f luor ide ( CaP2 : Mn ) , and thu l ium-activa ted ca lcium su l fa te 
( CaS04 : Tm ) . The yie lds of the low a tomic  number l ith ium-bea r i ng 
phosphors a r e  rela t ively energy- independen t over the ph oton range 
shown , wh i le those of the two ca lcium-bea r i ng phosphor s  show 
cons i derable ene rgy dependence be low about  100  k eV .  A lso shown in the 
f igu r e  ( da shed l i ne ) is  a method of r edu c i ng the excess response of 
ca lcium-bea r i ng phosphors a t  inte rmedia te energ ies by interpos i t i on of 
a n  appropr iate f i l te r ,  a t  the expense of sa c r i f icing  response a t  the 
low-energy end of the spect r um . Use of such f i lters  a lso int r odu ces a 
d i r ect iona l dependence of  response ,  s i nce the effect i ve f i l te r  
thickness va r ies w i th ang le o f  inc idence o f  the rad ia t ion on the 
f i lter . 

By combin i ng phosphors hav ing different  energy r esponses ( resu l t ing 
f r om e i the r thei r compos i t i onal d i fferences or the use of f i l ter s ) , 
some rough informa t i on can be obta i ned abou t the spect ra l qua l i ty of 
the rad ia t i on .  By s imila r  means , a l pha , beta , x- , a nd gamma radiat i ons 
can be dist i ngu i shed f r om ea ch other . 

Beta Radiat ion Dos imet ry  

Beta rad ia t ion is  fa r less penet ra t ing tha n gamma rad ia t ion , and 
ther efore con t r i butes s ign i f i ca nt ly to the dose equ iva lent on ly in  the 
more  supe r f icia l pa r ts of the body ,  pr ima r i ly the sk in , ex tr emi t ies , 
a nd lens of the eye . An exte r na l  beta- ray dose equ iva lent w i th in lega l 
spec i f ied l imits  is assumed to con t r ibute a neg l i g ible ha rmfu l ef fect 
to the body as a whole . Therefor e ,  dose equ i va lents to the s k i n , the 
ex t remi ties , and the lens of the eye a re exc luded f r om compu ta t ions of 
whole body dose equ i va l ent . The ma in cha racter i s t i cs of a 
beta- ra d ia t ion f ield , which are  important in  relat ionsh ip to beta 
dos imetry ,  a r e :  ( 1 ) the dose equ i va lent f r om a beta sou rce fa l ls off 
much more  rapidly  than f r om a photon sou rce and ( 2 )  beta rad ia t ion 
f i elds a re g r oss ly non-un iform a nd genera l ly expose on ly l imi ted 
r eg i ons of the body . H igh-beta - ra d ia t ion f ields  a r e  ma i nly  encoun ter ed 
when unsh ielded rad ioactive sou rces mu st be ma nua l ly ha nd led , resu l t i ng 
i n potentia l ly h igh exposu r e  to the hands or other ext r em i t ies . 

I n  pract ica l s i tua t i ons , i t  is  uncommon to be exposed on ly to  beta 
rad ia t i on .  Mor e typica l ly ,  any s ign i f icant  exposu re to beta rad ia t ion 
w i l l be accompa n ied by exposu re  to gamma ra dia t i on .  Because ma ny 
dos imeters  r espond s imi la r ly to both k i nds of rad ia t ion , it  is 
conven i ent to mea su re them together . 
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FIGURE 1- 3  Ene rgy dependence of  selected TL  phosphors . 

SOURCE : Adapted f r om Schu lma n ,  1983 . 
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I n  pra c t i ce ,  mos t rad ia t i on wor kers  a r e  not exposed t o  beta 
ra d ia t i on .  overa l l , l ess  than 10  per cen t of the peopl e mon i to r ed by 
USA IRDC a r e  exposed to beta ra d ia t i on .  Many beta rad ia t i on exposures 
a r e non-u n i form . The gr ea tes t r is k  is tha t peopl e w i l l  br ing the i r  
hands c l ose t o  a beta sou r ce . T o  mon i tor su ch n on-un i form f i el ds ,  
specia l dos imeter s  such a s  f i nge r - r ing badges and wr is t badges a r e  
employed . The pr esent Army f ilm-ba dge mon i tor ing servi ce issues wr ist 
f i lm dos imeter s  to 6 . 5  per cent of a l l per sonnel  mon i to r ed ,  a n d  TLD 
f inger - r ing badges to an a dd i t i ona l 4 per cent . 

Neu t r on Dos imetry 

The goa l of neu tr on dos ime t ry in rad ia t i on protec t i on is  to determine 
the number of r em r ece i ved by a person wea r ing a neu t r on  dos imete r ,  so  
a s  to a ccount for  and l imi t tota l dose equ iva l en t  and any poss ible  
damag ing effects on  hea l th .  However , neu t r on s  are  neu t r a l  pa r t i c l es 
and produ ce l i t tle d i r ect i on i za t i on .  H en ce , they a r e  d i f f i cu l t  to 
mon i tor . Fu r thermor e ,  b i ol og i ca l  effects of neu t r on  radia t ion a r e  
especia l ly d i f f i cu l t t o  eva lua te . 

For ch r on i c  exposu r es ,  neu t r ons a r e  s ign i f i ca n tly mor e  effecti ve in  
pr odu c ing b i olog i ca l  damage than a r e  x ra ys or gamma photons . 
Ra d ia t i on-indu ced effects in the body ca n l ea d  to a number of damaging 
b i olog i ca l  end-points , wh i ch occur w i th d i ffer ent pr obab i l i t i es .  The 
pr oblem of selecting a s ing l e  dos imeter qua n t i ty--one that 
cha racter izes the neu tr on f i eld--has  n ever been sa t is fa ctor i ly solved . 
I n  fa c t ,  a number of inves tiga to r s  have ques tion ed th e va l id i ty of 
us ing a s ingle qua n t i ty to character i ze the neu t r on f i eld  for pu rposes 
of radia t i on pr otect i on . 

I t  is genera lly  accepted that the cu r r en t  sta tus of neu t r on  
dos imetry  leaves much t o  b e  des ir ed . Th is  overa l l  inadequa cy ha s been 
to lera ted in neu t r on pr otect i on because , in  many practica l  s i tua t ions , 
the neu t r on dose  equ iva l ent i s  sma l l  or , a t  best , compa rable to the 
coex i s t ing gamma componen t .  ( On ly at  the h igher neu t r on  
ener g i es--above s evera l MeV-- is  the dose equ i va lent del ivered ma inly  by 
neu t r ons . )  However ,  th is s i tua t i on wou ld  change i f  a pending pr oposa l ,  
wh i ch wou ld increase the qua l i ty fa ctor for neu tr ons , is a dopted . 

Unt i l  r ecen t l y , n eu t r on f i lm badges uti l i z ing nucl ea r  emu l s i on s  wer e 
the most w i dely used neu t r on dos imeter s .  su ch badges a r e  pr esently  
being  used for  neu t r on detec t i on in the  USAIRDC f i lm dos imetr y sys tem . 

The d isa dvan tages of nu clea r  emu l s i ons for per s onnel dos imetry  are  
wel l  es ta b l ished : ( 1 ) they are  insens i t ive  to  neutrons below 0 . 2  MeV ; 
( 2 )  they a r e  s ens i t ive to photons ; a nd ( 3 )  neu tr on tra ck images fa de 
a fte r expos u r e ,  pa r t i cu la r ly in h i gh humid i ty .  F i lm da r ken ing pr odu ced 
by a few r em of gamma rad ia t i on ma k es track recogn i t i on d i f f i cu l t  and , 
a t  h igher gamma ra dia t ion levels , ma k es i t  impos s i b le . 

Neu t r on f i l m  dos imeters a r e  mos t ef fect ively used in the v i c in i ty of 
h igh en er gy acce lerato r s  and radioa cti ve neu t r on sou r ces . I n  r eactor  
env i r onments , they have been la r gely  repla ced by  a lbedo dos imeter s . An  
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a lbedo dos imeter r ecor ds the pa ssa ge of therma l  neu t r ons tha t have been 
modera ted by and reflected from the body du r ing exposure  to a neu tr on 
field . 

The Army ' s  Panason ic  TLD can be used as  an albedo dos imete r for 
mon i tor ing per s onnel neu t r on expos u r es .  one ma jor pr oblem w i th a lbedo 
dos imete r s  is the s t r ong dependence of the i r  dos e equ i va len t r esponse 
on neu t r on energy . Despi te th is drawback , the a lbedo dos imeter has 
been un iver sa l ly a ccepted , ma in l y  because of i ts h igh sens i t i v i ty to 
neu t r ons w i th ener g i es below 100 k eV .  Neu tr ons in  th is  energy range 
a r e  encounte r ed in many practi ca l  s i tua tions in a r ea ctor env i r onmen t . 
The pr obl em of the energy dependence o f  r esponse is  gen era lly  over come 
by f i e l d  ca l ibra t i on techn iques , wh ich es tima te the neu t r on r es ponse of 
the a lbedo dos imeter for ea ch wor k loca t i on on the bas is of su rvey 
measur emen ts . 
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CBARACTBRISTICS OP ION I Z I NG RADIATIONS TO WH ICH 

ARMY MILITARY AND C IVI LIAN PBRSONNBL ARB BXPOSBD 

To mon i tor  ra d ia t i on adequa tely , it is necessa ry to ha ve an 
u nde rstanding of the k i nds , amounts ,  a nd ene r g i es of ra dia t i ons to be 
mon i tored .  Th is  chapter rel ies upon informa t i on f r om two sou rces : ( a ) 
a summa ry of the u.s. Army I on i z i ng Ra d i a t i on Dos imetry center 
( USAIRDC , 1985 ) dos imet ry r ecords for 1984 ; and ( b ) r esponses to a 
ques t i onna i r e  ( a  copy of the quest ionna i re is  i nc luded a s  Append i x  A ) 
tha t the committee sent to a l l  fac i l i t ies mon i tored by the USAIRDC . 
The quest ionna i r e wa s spec i f i ca l ly des igned to he lp prov i de informat ion 
r equ i red to respond to the committee ' s  S tudy Task 1 ,  to • review the 
cha racte r ist ics of ion i z ing rad iat ion to wh ich .Army mi l i ta ry a nd 
c i v i l ian personnel  a re exposed occupa t iona l ly . • 

The USAIRDC f i lm badge mon i to r i ng ser v i ce i s  compa rable to tha t 
pr ov ided by commercia l f i lm ba dge serv ices . I n  1984 , abou t  
three-fou r ths o f  t h e  f i lm badges f o r  ind i v i dua ls mon itored b y  USAIRDC 
rece i ved rad ia t ion doses too sma l l  to be r ecorded ( USAIRDC , 1985 ) .  
over 90  percent of the mon i tored employees wer e  poten t ia l ly exposed 
only  to x rays and gamma photons . Less than 10  per cen t wer e  
add i t iona l ly potent ia l ly exposed to beta ra dia t i on ,  a nd abou t 5 percent 
had the poss ibi l i ty of being  exposed to neu t r on rad ia t i on . The pr oblem 
of mon i tor i ng this  la rge va r i ety of potent ia l ra dia t i on exposu res is  
r eviewed in this  chapte r .  

The Army ' s  new the rmoluminescent dos imeter  ( TLD ) personne l 
mon i tor ing sys tem wa s r equ i red to be capa ble  of meet i ng accepted 
indu s t ry standa rds for detec t i ng photons , beta rad ia t ion , and neu t r ons 
at  spec i f ied dose equ i va l ent  leve ls . It  i s  a lso intended to be able  to 
sepa ra te and ident i fy mixtu res of the three k inds of rad ia t ions , 
together w i th the i r  approx imate ene rg ies . To eva lua te the adequa cy of 
the new TLD system ,  the comm i t tee needed to examine i n  some deta i l  the 
va r i et ies of ra diat ion sou rces to wh ich personnel mon i tored by the Army 
f i lm badge serv ice a r e  cu r r ent ly exposed . The method chosen to obta in 
this  informa t i on wa s a ques t i onna i re tha t wa s sent to a l l  fa c i l i t ies 
u s i ng the Army ' s  f i lm badge serv ice . 

28  
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PURPOSB AND PORMAT OP TBB QUBSTIONNAIRB 

The committee f i rst  obta ined genera l background i nforma t ion f r om 
USAIRDC i n  Lex ington , Kentucky . Da ta inc luded the k i nds and amounts  of 
ra dia t i on to wh i ch the wea r ers  of USAIRDC dos imeters we re exposed a t  
Army fac i l i t ies throughout the wor ld . I nforma t i on a lso wa s obta ined on 
the percentages of tota l dos imeter wea r ers  rece i v i ng dose equ iva l en ts 
w i th i n  seve ra l spec i f ied ra nges of cumu la t i ve annua l dose equ i va len t .  
Then , th rough i ts qu est i onna i r e ,  the commi t tee obta i ned supplementa l 
data and information f r om many of the 775  dos imete r - issu i ng loca t ions 
r ega rd ing the va r iet ies of rad i a t i on sou rces , ene r g i es , a nd amounts of 
exposu r e  encountered at those loca tions .  

To eva lua te technica l  a spects of the new TLD system a nd i ts  
capabi l i ty to mon i tor ex i s t i ng exposu re si tua t ions , it  wa s necessa ry to 
g lean as much informat ion as r easonab ly cou ld be obta ined rega rding 
sou r ces of exposu r e .  The committee sol i c i ted--bu t d id not 
rece i ve-- informa t i on on poss ible acc identa l exposu res in s i tua t i ons 
unant i c ipa ted by USAIRDC . 

The committee des i gned the ques t i onna i re to e l i c i t  the necessa ry 
da ta w i thout  u s i ng ove r ly comp l i ca ted ques t i ons , wh i ch might ha ve 
d iscou raged r esponses . The ques t i onna i re wa s genera l enough so that 
comments or descr ipt i ons cou ld be used whe re necessa ry to subs t i tute 
for techn ica l spec i f ica t i ons of  radia t ion sou r ces tha t may have been 
unknown to the respondent s .  The r esponse ra te to the ques t i onna i re wa s 
abou t  5 0  percen t .  Abou t 7 7 5  ques t ionna i res wer e  ma i led on Octobe r 2 ,  
198 5 . By Decembe r 1 6 , 1 98 5 , 3 88  r ep l ies ha d been recei ved . Ana lys i s  
o f  the responses is summa r i zed in  the fol low i ng sections . 

Add i t iona l informa t ion prov ided by the Army inc luded a customer 
l i st i ng togethe r with  the numbe r of beta-gamma f i lm ba dges sh ipped 
month l y .  Along w i th the sta nda rd f i lm badges , a dd i t i ona l sh ipments 
included wr ist  f i lm-badge dos imete rs  ( 6 . 5  pe rcent of the tota l number 
of badges ) ,  neu t ron f i lm-badge dos imete rs  ( 4  pe rcent ) ,  and TL 
r ing-ba dge dos imeters  ( 4  per cen t ) .  The number of dos imeters  sh ipped 
inc lu ded control  a nd env i r onmenta l ba dges , v i s i tor badges , a nd those 
worn on ly for t ra i n i ng exercises . At some loca t ions , su ch as weapon 
storage fa c i l i t ies , con t i ngency dos imeters we re  stored for poss ible  use  
in  the  event of  an acci dent invo l v i ng radia t i on exposu re . 

A summa ry of the k i nds of fa c i l i t ies r espond i ng to the ques t i onna i r e  
i s  g i ven in  Table 2 - 1 , togethe r w i th the va r ie t i es of radia t ion sou rces 
encountered . Abou t 95 pe rcent of the repo r t ing fa c i l i t i es repo r ted no 
dose equ i va lent above 100 mrem ( 1  msv ) pe r yea r ,  wh i le those r epor t ing 
dos e equ i va lent above tha t l eve l ( l i s ted i n  Ta b l e  2-2 ) a re most ly la rge 
insta l la t ions co l lect ively  rece i v i ng 18 percent of the ba dges sh ipped 
each month . 

Inc luded in  the informa t i on prov i ded 
the tota l numbe r of pe rsonnel mon i tored 
of measu red whole body dose equ i va l en t ,  
t o  a n  annua l dose equ iva l ent of 1 2  rem .  
Table 2-3 . 

by USAIRDC wa s a summa ry of 
in  1 9 8 4  a nd the d i s t r ibu t i on 
wh ich ranged from undetectable  

Th i s  i nforma t i on appea rs  in 
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TABLE 2-1  K inds of  m i l i ta r y  and gover nment fa c i l i t i es r espond ing to 
the ques t i onna i r e , and sou r ces of radia t ion expos u r e  a t  those fa c i l i t ies 

X ra:ts 
Func t i ons of LOW H i gh Gamma Beta Neu t r ons 
Fac i l i ti es Energy Energy Photons Ra d ia t i on 

Med i ca l  
D ia gnos t i c  X 
Denta l X 
Ra di otherapy X X X 

I ndus t r ia l  
I ndu st r ia l  ra d i ography X X 
Soi l mo i s tu r e  gauges X 
I n s t r ument ca l ibra t i on X X X 

r epa i r  
Mi l i ta r y  i gover nment 

RiD labora tor ies X X X X 
Sta te a gen c i es X 

( e . g . ,  Na t iona l 
Gua r d ,  C i v i l  Defense ) 

Reactor fa ci l i t ies 
Pu lsed X X X 
Resea r ch X X X 
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TABLE 2 - 2  Fac i l i t i es r epo r t i n g  measu rable dose equ i va len ts on qu es t ionna i r e 

K i n ds of zxeosu r e Annua l Dose 2!J!! i Va len t ( m i l l i r em }  
X ra;ts No . o f  B e l ow 100 Above 

D ia gnos t i c Galllllll Beta Neu t r ons Badges 1 0 0  to 1 , 0 00 
K ind of Fa c i l i ty & The ra peu t i c  Pho tons Ra d ia t i on Wor n 1 , 00 0  

Ra d i othe ra py cen ter 6 MeV • • 450 4 4 1  9 0 
Ra d i ot h e r a py cen t e r  6 - 1 4  MeV 2 0 0  14 5 5 5  0 
Ra d i othera py cen te r D i a g . & • 185 1 6 5  2 0  0 

10 MeV 
Ra d i ot h e r a py cen t e r  • • • 3 3 0  258 62 10 
Ra d i ot h e ra py cen te r  • • • 200 1 8 0  16 4 
Ra d i ot h e r a py cen t e r  • • • 199 1 6 7  25 7 
Ra d i othera py center 4 MeV • • 2 17 18 1 3 2  4 
D i a gnos t i c  ra d i o logy Dia g . • • 130 125  5 0 w 
D i agnos t i c  ra d i o logy D i a g . 10 9 1 0 .... 
D i agnos t i c  ra d i o logy D ia g .  • 1 7 5  1 6 6  3 6 
D i a gnos t i c  ra d i o l ogy Den ta l • 79 69  10 0 

D ia g . 

Res ea r ch 2 5 0  keV • • • 4 6 6  4 3 0  3 4  2 
Resea r ch • • • 1 8 1  1 7 5  6 0 
Res ea r ch • 700 680 10 10 
Resea rch • 1 9 0  1 7 1  19  0 
I ndu s t r ia l ra d i og ra ph y • • 14 10 4 0 
Nu c leon i cs • • 1 9  16 3 0 
Cor ps of En g i n ee r s  • • • • 12 1 1  1 0 
S ta t e  c i v i l  defense • 9 1  88 3 0 

Tota l 3 , 84 8  3 , 4 8 7  3 18 4 3  

*Responden t s  i n d i ca ted exposu r e  t o  th is spec i e s , w i thou t spec i fy i ng i t s  en ergy . 
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Table 2-3  shows tha t du r i ng 1984 abou t  7 6  pe rcent o f  the rad ia t ion 
wor k  force mon i tored rece ived no measu rable dose equ iva lent , a bou t 9 7  
percent rece ived less than  1 0 0  mrem ( 1  mSv ) per yea r ,  and less than 1 
per cent more tha n 500  mr em ( 5  mSv ) . I t  shou ld be noted tha t Ta ble  2-3 
prov i des informa t i on on ly on whole body dose equ i va lent , and not 
rega r d i ng dose equ i va l ents to the s k i n  or ext r em i t ies . Th i s  is  typica l 
of mos t eva lua t ions of annua l rad ia t ion exposu res ( see , for example , 
UNSCEAR,  1 98 2 : ICRP , 1 98 5 : Hughes a nd Robe r t s , 1984 : Kuma zawa et a l . , 
1984 ) .  There is l i t t le informat i on on the rela t i ve f r equency and 
degree of  exposu re to the s k in a nd ex t r emit ies r e la t i ve to whole body 
dose equ i va lent . 

I NTERPRETATI ON OP RESULTS 

Ta ble  2 - 2  i ndica tes tha t  the h ighest number of s ign i f ica nt dose 
equ iva lents a re rece ived by workers  in  ra diotherapy depa r tments a t  
la rge med ica l centers . Pa t i ents unde rgoi ng ca nce r trea tment rece ive 
la rge dose equ i va lents of  h igh ene rgy x rays and of gamma rad ia t i on 
f r om impla nts in t he form of sea led sou rces . Under the la tter  
cond i t i ons , there  can be  s ign i f icant  rad ia t ion exposu re to  pe rsonne l 
cha rged w i th impla n t i ng the sou rce a nd subsequent ly removing i t  
fol low i ng t r ea tmen t . Sound rad ia t ion sa fety measu res a n d  an  inst i l led 
awa reness of the ha za rds assoc ia ted with these pra ct ices a re r equ i red 
to he lp r educe personne l exposu res . 

I n  con t rast , d iagnos t ic rad iog raphy ( except ' in the ca se of spec ia l 
f luoroscopic  procedu res ) resu lts in relat i ve ly low level exposu re w i th 
low ene rgy x rays . Such exposu res ca n eas i ly be sh ielded w i th lead 
aprons or  g loves . Sign i f ica nt dose equ i va lents were  recorded a t  a 
numbe r of mi l i ta ry r esea r ch and deve lopment fa ci l i t ies , two of wh ich 
had pu lsed reactor s . Cond i t i ons leading to personnel exposu re  i n  such 
fac i l i t ies a r e  descr ibed be low . 

One interes t ing fea t u r e  of the su rvey wa s tha t no s ignif icant  
exposu res to beta ra dia t i on were repor ted . The  few exposu res to pu r e  
beta sou rces ma inly  resu l ted f rom us ing 90 sr- 90y ca l ib ra t i on 
sou rces a t  ra d ia c  inst rumen t r epa i r  faci l i t ies . The beta rad ia t ion 
sou rces a re shielded ,  so t ha t  radia t ion f r om them is  pr ima r i ly l imi ted 
to the open-window reg i on of the instrument detecto r .  Beta rad ia t ion 
a nd gamma photon sou rces used for instrument ca l ibrat ion a re coll ima ted 
to minimize personnel exposu re . 

A numbe r of beta ra d ia t ion sou rces were  also  used in rad iology 
depa r tments ,  both for diagnos t i c  eva lua t i ons a nd for rad i otherapy ,  
notably 3 2p .  Beta rad ia t ion ene rgies were gene ra lly  in  the reg i on of 
1-2  MeV . The h ighest r epo r ted ene rg ies were  for  9 0sr-90y ( 2 . 3 MeV 
ma x imum ) . 

Beta ra d ia t ion exposu res a l so were obse rved a t  two Army pu lsed 
reactors  ( a lso known as  cr i t ica l a ssemb l ies ) du r ing the i r  pe r i odic  
ma intena nce opera t ions . These exposu res wer e to  mi xed beta-gamma 
f i elds f r om f iss ion products . Gamma rad ia t ion dose equ iva l ents of 200  
to 3 0 0  mrem ( 2  to 3 mSv ) were recorded du r i ng th is per i od . The  
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TABLE 2-3  summa r y  o f  annua l dose equ iva len ts f o r  personne l mon i to r ed 
by USAIRDC in 1 9 8 4  

Dose Equ iva lent 
Rece ived ( rem ) 

Undetectable 
Less tha n 0 . 10 
0 . 10-0 . 2 49  
0 . 25- 0 . 4 9 9  
0 . 5-0 . 9 9 9  
1 . 0- 1 . 99 
2 . 0 -2 . 9 9 
3 . 0- 4 . 9 9 
5 . 0-9 . 9 9 
1 0 . 0  and above 

Tota l s :  

*Approx imate per cen ta ge .  

Number of 
Personnel 

17 , 350  
4 , 8 0 1  

303  
81  
94 
35 
24 
10  

2 
4 

22 , 704  

Percent 
of Tota l 

76 . 4  
2 1 . 1  

1 . 3  
0 . 4  
0 . 4  
0 . 2  
0 . 1* 
0 . 1* 
0 . 1* 
0 . 1* 

10 0 . 0  
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accompa ny ing beta radia t i on dose equ iva lent was u sua l ly l ess than ha lf 
and neve r g r eater  than  the gamma rad ia t i on dose equ i va lent .  No 
a t tempts were  ma de to  eva lua te the beta radia t i on energy spectrum . 

Neut r on exposu r es were  pr ima r i ly l im i ted to the two pu lsed r ea ctors 
ment i oned ea r l ier . P rotec t i on of i nd i v i dua ls  du r ing opera t i on of each 
rea ctor wa s ach ieved by eva cua t ing the immed ia te a r ea pr ior  to a 
bu rst . These fa c i l i t ies a re opera ted by remote control . Th i s  
procedu r e  minim i zes the poss ib i l i ty o f  exposu r e  t o  both neu t r on s  and 
the i r  assoc i a ted gamma photons . The neu t ron badges cons i s ted of 
nuclea r t rack  emu l s i ons , wh ich a r e  i nadequa te for the detect i on of the 
f i ss i on neu t r ons em i t ted . 

I t  is of interes t  to note tha t a ma jor  gover nmen t rad ia t ion r esea rch 
fac i l i ty wh i ch subscr ibes to the USAIRDC s ta nda r d  f i lm badge service 
made a dec i s i on to use a lbedo dos imetry  for personne l neu t r on 
mon i tor ing . As a resu l t ,  an  a lbedo TLD dos imeter service was obta ined 
f r om another suppl i e r . Neu t r on dose equ i va len ts were repor ted bu t ,  on 
the average , they measured on ly 20-30  pe rcent of the a ccompa ny i ng gamma 
rad ia t i on dose equ i va lents . These exposu res occu r r ed ma i nly  in  the 
v i c i n i ty of exper imenta l rea ctor  por ts . D i f ferences in  avera ge neut ron 
energy f r om por t  to por t  were  la rge enou gh to requ i re an independent 
eva lua t i on of neu t r on energy--us ing su rvey neu t r on-energy 
measu rements-- i n  orde r  to eva lua te the repo r ted a lbedo dose equ i va len t .  

Th is fac i l ity had an  exper i enced sta f f  o f  hea l th phys i c ists  a nd 
adequa te ins t r umen ta t i on to per form neu t r on energy measu rements on 
s ite , w i thou t  need ing help f r om ou ts ide consu l ta nts . I t  i s  qu i te 
l i kely tha t mos t resea rch reacto r s  wou ld  ha ve s im i la r  capab i l i t ies .  At 
nuclea r  power rea ctors , the poten t ia l  for ra dia t i on a ccidents ha s 
prompted the need to ins ta l l  on-s i te TLD mon i to r ing systems to a l low an  
immed iate eva lua t i on of the dose equ iva lent , when r equ i red . I t  is  
un l i kely tha t USAIRDC will  be  provid ing a serv ice to  such fa c i l i t i es .  

TRENDS IN REPORTED DOSE EQU IVALENT POR VARI OUS OCCUPAT I ONS 

In 1 9 8 2 ,  UNSCEAR publ i shed annua l dose equ i va len ts f r om ex te rna l 
ra dia t ion exposu r es for a number of occupa t i ons a nd coun t r i es .  These 
a nnua l dose equ i va lents  a r e  g i ven in  m i l l i s ieve r t s  per yea r ( mSv/yr ) ,  
where 1 msv equa l s  1 0 0  mr em . S imi la r da ta a r e  ava i lable for  a l l forms 
of occu pa t iona l exposu r es in the U n i ted K i ngdom ( Hughes and Roberts , 
1984 ) a nd the Un i ted sta tes ( Kumazawa et a l . ,  19 8 4 ) . some examples of 
such da ta a r e  given in Table 2-4 . These da ta show a ra nge of annua l 
dose equ iva l ents , for d i f fe rent occupa t i ons , somewhere between 40-400  
mrem ( 0 . 4 -4 msv ) pe r yea r .  The  mean for  all  wor kers  wa s 1 2 5  mrem ( 1 . 25 
mSv ) pe r yea r .  Por wor kers  w i th a ny measurable exposu r e ,  the mean was 
2 2 0  mrem ( 2 . 2  mSv ) per yea r .  

such tab les show tha t ,  with  good radia t i on sa fety practice , 
pra c t i ca l ly a l l  r ou t i ne ra dia t i on exposu res can be kept we l l  below the 
r egu la tory who le body l imit  of 5 , 0 0 0  mrem ( 50 msv ) per yea r .  
I n d i v i dua l l imi ts of dose equ i va lents a re intended to ensu re tha t any 
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TABLE 2-4  u . s . ra tes of occupa t i ona l exposu r e  ( 1 980 ) : means for a l l  
wor kers w i t h  measurable exposu r e* 

Occupa t i ona l a ct i v i ty 

Nuc lea r  fuel cyc le 
Fue l fabr ica t i on and r epr ocess ing 
Uran ium enr ichment 
Power r eactors 
Was te mana gement 
Uran ium m i l ls 
uranium miners , exte r na l  f lus radon 

decay pr oducts , 0 . 9  WLM 

I ndustry  
Ra diog raphers  
Manufacture a nd d i s t r ibu t i on 
Othe r 

Med i ca l  

Dose Equ iva l ent 
( msv y- 1 ) 

1 . 7  
1 . 2  
6 . 5  
3 . 8  
2 . 6  

3 . 5  

4 . 3  
2 . 7 
2 . 1 

Hospi ta l 2 . 0  
Pr iva t e  pract i ce 1 . 8  
Ch i r opraxy 0 . 8  
Pod ia t ry ( 1 9 7 5 ) 0 . 3  
Den ta l 0 . 7  
Veter i na ry 1 . 1 

Government 
Depa r tment of Ene rgy 1 . 6  
Depa r tment of Defense 0 . 9  
Othe r agencies 0 . 6  

Other occupa t i ons 
Edu ca t i on 1 . 1  
Tra nspor ta t i on 2 . 0  
F l igh t crews and at tenda n ts 1 . 7  
Students 1 . 0 
Non-u ra n ium mine r s  plus rad i on decay 

pr oduc ts , 0 . 3  WLM 2 . 2  

Average , a l l  occupa t i ona l ly exposed wor kers ** 

As ba sed on a tota l of 1740  pe rson-sv 
( inc lud ing 7 5 00 per son-WLM a t  10 mSV 
pe r WLM ) 2 . 2 

*WLM is  an abbrev ia tion for wor k i ng leve l month . 
**The mean va lu e for a l l  poten t ia l ly exposed wor kers  wa s 
1 . 1  msv y-1 . 

SOURCE : Table  J O B .  u . s .  rates of occu pa t i ona l exposu r e  ( 1 980 ) : 
Kuma zawa , s . , Nelson , D . R .  a nd R icha r dson ,  A . C . B . , 1 984 . 
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r i sks  f r om rad ia t i on exposu r e  are compa rable w i t h ,  or l ess tha n , r isks  
exper ienced i n  other occupa t i ons . 

The tables a lso can be a usefu l gu ide for compa r ing the average dose 
equ i va lent rece ived a t  a ny fa ci l i ty w i th tha t of wor kers  in  the same 
practi ce .  H igh va lues wou ld indicate tha t add i t i ona l protec t i v e  
measu r es shou ld b e  i n t r oduced to pr ov ide a sa fer wor k i ng env i r onment . 
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EVALUATI ON OF THE CHARACTERISTICS AND 

ADEQUACY Or THE ARMY ' S  TLD SYSTEM 

Pursua nt to Study Ta s k 2 ,  th is  chapter  eva lua tes the cha racter is t ic s  
a nd adequacy o f  t h e  Army ' s  Panason i c  thermo luminescent ( TL )  dos i metry 
system ( Pana son ic  Mode l UD- 8 0 2AS dos imeter s  w i th UD-874A hanger s  and 
UD-7 1 0A automa t i c  r eader ) ,  inc lud ing ca l ibra t i on a nd qua l i ty a ssu rance 
procedu r es ,  and a l gor i thms used for obta i n ing and pr ocess i ng TL 
dos imeter ( TLD ) da ta . Recommenda t i ons a re made rega r d i ng mod i f i ca t ion 
to the TL dos imetry  sys tem of the u.s. Army Ion i z ing Rad ia t ion 
Dos imetry  Center  ( USAI RDC ) as  we l l  a s  r e la ted s ta f f i ng that wou ld be 
des i rable for opt i mum funct i on i ng of tha t system . 

DESCRIPTION or THE PANASON IC TL BADGE ANn READER 

The Panason i c  TLD badge ( F i gu re 3 - 1 ) empl oys fou r th in monog ra in  wa fer  
phosphor • elements . •  E lements 1 and  2 a r e  composed of  copper -a c t i va ted 
l i th i um bora te , and elements 3 and 4 of thu l i um-a c t i va ted ca lcium 
su l fa te . Each element cons i s ts of a monogra in la yer of phosphor tha t 
i s  depos i ted on an  opaque pla s t ic subs t r a te , cover ed w i th t ranspa r ent  
pla s t i c ,  a nd held  i n  a pla s t ic s l ide i ns i de a holder . The phosphor 
elements a r e  hea ted i n  the reader  by pu lses of infra r ed rad ia t ion f r om 
a n  inca ndescent lamp ( Pa nason i c  I ndus t r ia l  Compa ny , 198 3 ) . The 
rad ia t i on pu lses a r e f i l te r ed th r ou gh a s i l i con f i l te r ,  then impi nge on 
the opaque subs t ra te .  F i gu r e  3- 1  i l lus t ra tes the con f i gu ra t i on of the 
dos imeter elements , the i r  a r rangemen t in  the ba dge , and  the oper a t ion 
of the rea der . 

The sma l l  ma sses of the subs t ra te and phosphor permit  very sh ort  
hea t ing t imes . As  shown i n  F igu r e  3- 2 ,  the  phosphor is  not  hea ted a t  a 
consta nt ra te , but is sub j ec ted to th ree ca r efu l ly  t imed infra red 
pu ls es .  The f i rs t  ( • pr ehea t • ) pu lse hea ts the phosphor to a 
temperatur e wh i ch is intended to • g low ou t •  any  uns table traps ,  such as  
those r espons ible for the l 0 0°c g l ow pea k in  l ith i um bora te . The 
second ( • rea d• ) pu lse hea ts  the phosphor th r ough the tempera tu r e  range 
of the s tabl e glow pea k tha t is used to measu re  the dose . The th i r d 
( • post-a nnea l • ) pu lse g l ows ou t a l l r ema in ing t raps and  prepa r es the 
phosphor for r euse . A l l  fou r elemen ts of the badge a r e  rea d  

3 7  
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SOURCE : Panasonic Indus trial Company ( 19 8 3) . 
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Pu lse Voltages Appl ied to Lamp 

Dosimetry 
Peak 

F IGURE 3- 2 G low curve of a c aso 4 e l ement measured by a P anasonic 

UD- 7 10A reade r . 

SOURCE : P anas onic I ndus trial Company ( 19 8 3 ) . 
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s equent ia l ly in the  r eader , each element undergoing the  hea t i ng cycle 
descr ibed above . The tota l read ing t ime for a badge is ca . 25 
seconds . F igu r e  3-2  shows schema t i ca l ly the r e la t i onsh ip of lamp 
vol ta ge , ph osphor temperatu r e ,  and lum ines cent glow a s  a funct i on of 
t ime . Low leve ls of TL out pu t  a r e  mea su r ed by photon count ing , wh ile 
h igh leve ls  a r e  measu r ed by a frequency-counter  c i r cu i t . 

The UD- 7 1 0A rea der is  a microprocessor-ba sed system w i th electron i c  
a n d  mecha n i ca l  features .  The mechan i ca l  sys tem sequen t ia l l y ext racts 
the dos imeter  s l ide--from each of 50  dos imeters per t ray--for  rea d ing ,  
a n d  interpr ets bina ry-coded punched holes i n  the sl ide holder . Cod ing 
inc ludes dos imeter type , iden t i f i ca t ion number , a nd other informa tion .  
The elec t r on i c  system con t r ols the lamp f lashes , the photomu lt iplier  
tube , and the  counters ( wh i ch measu re the  thermoluminescent ou tput of 
ea ch element , as wel l  as per forming va r i ous interna l reader per formance 
checks ) .  The r eader ' s  mi croprocessor  prog ram conta ins pa rameters for 
con t r o l l i ng these and other  r eade r  funct i ons , su ch as : r eader  
ca l ibra t i on ;  conver s i on f r om cou nts to a ppa r ent exposure a nd from 
appa r en t  exposu r e  to cor r ected exposu r e ;  pr ocess i ng da tes ; pr int ing ; 
a nd da ta process ing . The TL r esponse for ea ch dos imeter is  recorded as 
counts in  the • p r ehea t , • • read , • and • pos t annea l •  ca tegor ies , a s  wel l 
a s  in graphs of the g l ow cu rves , a s  shown i n  F igu r e  3- 3 .  

Ca l ibra t i on of the r eade r ' s  r esponse , u s i ng r eference ba dges of 
known cha racter i s t i cs a nd wh i ch ha ve been exposed to known dose l evels , 
a l lows the r ea d i ngs to be interpreted in mi l l i rem .  The r eader 
sens i t i v i ty is  checked by compa r ison w i th a consta nt interna l  l ight 
sou r ce ,  a nd the above ca l ibrat ion is per formed · pe r i od i ca lly by 
compa r ison w i th a se lected a nd ca refu l l y  preser ved pool of reference 
ba dges . S i nce a l l  badges in a spec i f i c  manu fac tu r ed lot-- indeed ,  each 
element of each badge--w i l l  va ry f r om the nomina l  sens i t iv i ty va lue , 
the r esponse of ea ch elemen t is compa r ed to the average response of the 
reserved master  pool of ca l ibra t ion dos imeter s ,  a nd so-ca l led • element 
cor r ect i on fa cto r s •  ( ECFs ) a r e thus de r ived for ea ch elemen t .  These 
ECFs then become pa r t  of the informa t i on recorded for ea ch badge , a nd 
the cor r ec t i on fa cto r s  a r e subsequen t ly appl ied automa t ica l ly  by the 
sys tem .  

I t  ha s been found by the Na t iona l Bu reau o f  Standa rds ( 19 84 ) ,  in 
test ing ECF-stab i l ity us ing a manua l Pa nason i c  reader , tha t ECFs rema in 
sens ibly constant  over a conside rable per iod of t ime , at  least  1 yea r .  
Th is  ma nua l r eader employs a l i ght sou rce whose hea t ing pu lse i s  slower 
than tha t of the automa t ic r eade r employed by USAIRDC , r esu l t i ng in a 
s lower rea dou t .  Otherwise the two r eaders a re s imi la r  
elect r on ica l ly .  Never theless , i t  ma y  be des i rable for USAIRDC to 
pe r form a s imi la r  long-term stab i l i ty test on i ts TLD badges . 

Use of differ ing amounts of sh ielding , or f i l t ra t i on ,  over the 
phosphor elements helps a l low a pprox imate spectral  infor ma t i on to be 
dedu ced us ing an a l gor i thm ( UD80 2 . ALG ) pr ov ided by Pana son ic . Tha t 
a lgor i thm der ives th is spectra l informa t i on ( wh i ch depends upon the 
na tu r e  of the ho lder selec ted and the choice of hanger used to conta in 
the holder ) by compa r ing the TL outputs  ( refer r ed to as • responses • ) of 
the fou r dos imeter elements in ea ch ba dge . For example , in the s imple 
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F IGURE 3 - 3  Sample g low cu rves f r om the fou r TL e l ements of a Pa na son ic  
TLD ba dge . 

SOURCE : Pa nason i c  I ndus tr ia l  Company ( 1 98 3 ) . 
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ca se of monochroma t ic rad ia t ion , soft x rays wou l d  produ ce a h igh rat i o  
o f  the response o f  element 3 C al )  t o  the response o f  e lement 4 ( B4 ) ,  
wh i le ha r d gamma s  wou ld pr oduce an appr ox ima tely equa l response f rom 
these two elements . Spectra a lso can be ca lcu la ted by the a lgor i thm 
for more  complex ca ses , whe re there is a mixtu re of broad-band photon 
rad ia t ion , beta ra d ia t i on ,  a nd neu t r ons . The commit tee r ega r ds the 
appr oa ch bu i l t  into the a l gor i thm as a reasonab le one ,  but there  are 
problems wi th i ts use engender ed by l imi ta t i ons of th e USAIRDC TLDs as 
pr esent ly conf igu r ed ;  for exampl e ,  when there  is exposu r e to neu t r ons 
( see pp . 5 0- S l ) . 

Bach va r iety of Pa na son ic  badge has a ha nge r with a cl i p  for 
a f f i x ing the complete dos imeter to the wea r e r ' s  c loth i ng .  Some 
Pa na son i c  TLD users  des ign the i r  own hanger s ,  bu t USAIRDC uses the 
Panason i c  UD-8 7 4A ha nge r to conta in  the UD-8 0 2AS dos imete r .  Table  3-1  
l i sts the approx i ma te f i l t ra t ion ,  i n  mg/cm2 , prov i ded by  the 
components of USAIRDC ' s  TLD system .  

BVALOA'l'ION OP 'lBB PANASON IC 'l'L DOSIMB'l'RY BADGB 

Th i s  sect ion eva lua tes the Army ' s  Pa nason i c  UD- 8 0 2AS TLD ( s l ide and 
ho lder ) a nd the UD-874A hanger in  wh i ch the TLD i s  inse r ted . USAIRDC 
had a l rea dy procu r ed a supply of these i tems before th i s  study 
commenced . Hence th is  study wa s l im i ted to eva lua t i ng th is dos imete r  
system ra ther than eva lua t ing va r i ous des igns of T L  dos imeters i n  a 
br oader study . 

Pa na son ic ' s in i t ia l  des ign development con templa ted di rect  r ead ing 
of elements to determi ne dose equ i va lent at  severa l t i ssue depths 
( Pana son i c  Indu s t r ia l  Compa ny,  1983 ) .  Consequen t l y ,  in the UD-802AS 
dos imeter and  UD-874A hange r ,  e lement 1 ( B l )  is under 17 mg/cm2 of 
pla s t i c  a nd is c lose to the 7 mg/cm2 dens i ty th i ckness recommended 
for mon i tor ing dose to the sk in ; e lement 2 ( B2 )  a nd element 3 ( B3 )  a re 
under about 3 0 0  mg/cm2 of plas t ic , whi ch is the same dens i ty 
th ickness as the depth to the lens of the eye ; a nd element fou r  ( B4 )  i s  
under abou t 1 0 0 0  mg/cm2 of lead a nd p la s t i c . The 1 , 00 0  mg/cm2 

r epr esents a dens i ty th i ckness equ i va len t to the 1-cm t issue depth 
recommended both in I nterna t i ona l  commiss ion on Ra di olog i ca l Protect ion 
( ICRP ) Pub l i ca t ion 2 6  ( ICRP , 1977 ) and in comments preced i ng its  
Pub l i ca t i on 2 8  ( ICRP , 197 8 )  for  mon i tor ing dose equ ivalent when 
i n forma t ion r ega r d ing dose equ i va lent d i s t r ibut ion to interna l  ta rget 
organs is not ava i lable a nd uni form i r radia t i on of the whole body can 
be a ssumed . 
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TABLE 3-1  Approximate f i l t rat i ons of TLDs used by USAIRDC 

E l ement F i l tra t i on ( m�/cm2 ) 
Number Sl ide Holde r  Hanger Tota l 

1 1 1  3 3 17  
2 1 1 16 0  150  3 2 1  
3 1 1  160  1 5 0  3 2 1  
4 1 1 87 0 * 15 0  1 , 0 2 0  

*7 5  o f  pla s t i c  plu s  7 9 5  of lea d ;  other  components a re a l l  pla s t i c . 

Trends in Dos imet r y  Da ta Requ i remen ts 

To eva lua te USAIRDC dos imetry da ta r equ i r ements neces s i tates 
a n t i c i pa ting trends in regu la tory emphas i s . F r om 1977  thr ough 1980 , 
empha s i s  on mon i tor i ng spec i f ic t issues was chang ing . The I CRP ma de 
r ecommenda t i ons-- in I CRP Pub l i ca t i on 2 6  ( 1 9 77 ) ;  ICRP 30 , Pa r t  1 ( 1 9 7 8 ) ; 
a nd in  ICRP 30 , Pa r t  2 ( 19 8 0 ) --wh i ch a r e  n ow bei ng cons idered for  
a dopt i on by the u.s. Na t i ona l Coun c i l  on Ra d ia t ion Protec t i on and 
Mea s u r ements , the u.s. Env i r onmenta l Protec t i on Agency , the u.s. 
Nuclea r  Regu la tor y  Commiss i on ,  and the u.s. Depa r tmen t of Energy . 

Two s i gn i f i ca nt ICRP recommenda t i ons wer e ,  in  ef fect , tha t the lens  
of  the eye is  not an organ of ma jor  concer n--because rad ia t ion- indu ced 
opa c i t ies ( ca ta rac ts ) a r e  not l i fe th rea ten ing--a nd tha t concerns 
r ega r ding the sk in a r e for cosmet ic  r easons on l y ,  because the r is k of 
s k in  cancer f rom nuc lea r a nd x- i r ra d ia t i on is  very low . Thus , the ICRP 
deemphas i zed the impor tance of the lens of the eye by inc r eas ing  the 
recommended a nnua l dose equ iva l ent gu idel i nes f r om 5 to 15  rem ( 0 . 0 5  to 
0 . 15 Sv ) per yea r . S imi la r ly ,  I CRP deempha s i zed the impor tance of the 
s k in  by increa s ing the recommended a nnua l dos e equ iva lent gu idel ines 
f r om 15  to 5 0  r em ( 0 . 1 5 to 0 . 5 Sv ) per yea r .  

Another cha ng ing concept rela tes to exposure o f  r ed bone ma r r ow ,  a n  
impo r tant ta rget orga n  i n  radia t i on dose equ i va len t cons idera t i ons 
ina smu ch as the a t tenda n t  r isk  is induct i on of leu k emia . I nsofa r a s  
the r elevant impor tance o f  t h is r is k  among the r isks  associa ted with 
the 1 2  organs  and  t issues cons idered a t  r i sk ,  ICRP we i ghts dose 
equ i va len t  to red bone ma r row on ly  be low dose equ iva len t to the gona ds 
a nd breast  ( ICRP , 1 9 7 7 , 1 9 7 8 ) . Hence , ICRP s ta ted tha t • for  pu r pos es 
of ca lcu la t i on ,  it  may be a ssumed tha t the average depth to the 
b lood- forming or ga ns is  5 em , • not 1 em ( ICRP ,  19 5 5 ) . Thus , it may 
become impo r ta n t  to have i nfo r ma t ion on the penetrat ing cha racte r is t ics 
of radia t i ons to ca lcu la te dose equ iva lent rece ived by the red bone 
ma r r ow .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e v i e w  o f  U . S .  A r m y  I o n i z i n g  R a d i a t i o n  D o s i m e t r y  S y s t e m
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 0 2

http://www.nap.edu/catalog.php?record_id=19202


4 4  

Adequacy o f  t h e  USA IRDC TLD 

Because the comm i ttee was cha rged with eva lua t i ng the adequa cy of the 
A rmy ' s  TLD system ,  both f or present and futu r e  use , its recommendat ions 
a re not ba sed sole ly upon cur rent A rmy r egu la t i ons , nor on 
ICRP-publ i shed l imi ts , nor  on any f ixed set of exposu r e  limits  
cu r r en t ly favored by a gove rnment agency . I n  pa r t icu la r ,  the commi ttee 
eva lua ted the capabi l i ty of the Pana son ic  TLD ba dge to determine 
i nc ident beta a nd photon ene rgy,  i nforma t i on wh ich i s  a prerequ i s i te to 
ca lcu la t ing dose equ i va lent a t  the depth of any ta rget organ . Releva n t  
t o  t h i s  capabi l ity ,  i nforma t i on presented to t h e  committee b y  USA IRDC 
i nd ica t ed tha t  test ing of the Pana son ic  UD- 8 0 2AS wa s performed by 
USAIRDC , a nd that the dos imete r fa i led in some USA IRDC tests to meet 
the o r ig ina l  pr ocu rement con t ract  spec i f ica t ions . 

Informa t i on presented by seve ra l  Pa nason i c  u sers  a t  commi ttee 
meet i ngs ( i n r esponse to requests and ques t i ons f r om committee membe r s ) 
a nd in a Na t i ona l Bu reau of sta nda rds ( NBS ) r epo r t  ( 1 984 ) and 
pr esenta t ion ( Eh r l ich and Soa res ,  1986 ) ve r i f ied USAIRDC test r esu l ts 
a nd ident i f ied certa in  a dd i t iona l problems . Ma jor  probl ems ident i f ied 
a re ou t l ined be low , then d iscussed in deta i l : 

1 .  The response of E4  in  the UD-80 2AS dos imeter i s  dependent on the 
d i rec t i on of inc ident photon rad ia t ion , pa r t i c u la r ly at low photon 
ene rg ies , ba sed on i nfe rences tha t  can be d rawn f r om the NBS test i ng 
r eport ( 19 84 ) . Tha t r epor t  ident i f ied such a pr oblem for E4  i n  tests 
of the s imi la r UD-80 1AO dos imeter  ( wh ich has ident ica l lead f i l ters  in 
f r ont and in back of both E3  and E4 , whe rea s  the USAIRDC ' s  UD-8 0 2AS 
dos imeter ha s such a f i l te r  for on ly E4 ) .  Compa red to the ra t i o  of E4 
response to E3  r esponse obta i ned at perpend icu la r  i nc i dence ,  th i s  
ef fect produces a g r ea te r  ratio  a t  ang les o f  inc idence s i gn i f i cantly  
off  pe rpend icu la r ,  thus lea d i ng to  the  inference of h igher -than-actua l 
photon energy .  such e r rors  can lead  to i ncor r ect est imates of dose 
equ i va lent . 

2 .  Beta pa r t i c les with  energ ies ove r 700  k eV w i l l  penetrate the E3 
f i lter  a nd increase the ratio  of the response of E3  compa r ed to that of 
E4 . Th i s  can cause an indica t ion of appa r ent  exposu re to the wrong 
energy of photons , inc lud ing an e r r oneous  indica t i on of exposu re  to 
very low energy photons , when such exposu r e  ha s not in fact occu r red . 
Th is prob lem r esu lts i n  a cor r espond i ng e r r or in est ima t i ng dose 
equ i va lents . 

3 .  Wh i le USAIRDC performance spec i f i ca t i ons ca l led for accu ra te 
measu r ement of dose equ i va lent f r om beta pa rt ic le energ ies as  low as  70 
keV ,  beta pa r t ic les with ene rg ies less than 700 k eV w i l l  not penet rate 
the f i lter  over E2 , in  wh ich ca se the ra t io of El to E2  is  a lmos t  
use less in  determining beta rad ia t ion energy informa t ion ,  and 
mea su r ement of dose equ i va len t resu lt ing f rom beta radia t i on becomes 
inaccu ra te .  
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D iscuss i on of TLD Problem 1 :  The fol low ing di scuss ion shows how a 
non-neg l ig i ble e r ror in  est ima t i ng dose equ i va lent might occu r ,  a s  a 
ba s is for  suppor t i ng a commi ttee recommendat i on tha t cons ide r a t i on be 
g i ven to mod i fying the USAIRDC TLDs to reduce such e r rors . 

For  the UD- 8 0 1AO dos imeter ,  NBS ( 1984 ) found tha t E 4  
ove r responded--by a factor of 1 . 25 o r  more at  an  effect i ve ene rgy o f  
2 1 0  keV ,  inc r eas ing u p  t o  a factor o f  30  a t  an  effect i ve energy o f  3 8  
keV--when photons we re i nc ident a t  9 0  deg rees or  2 7 0  deg r ees , where 0 
degr ees cor responds to f r onta l exposu re . A l though su ch ove r r esponse 
may be qua nt i ta t i ve ly d i f f e rent for ' USA IRDC ' s  UD-80 2AS dos imeter s ,  E4  
in those dos imeters  a lso wi ll  ove r r espond . 

USAIRDC obta ined response cu r ves of E 3  a nd E4  at  f ronta l ( that i s ,  
perpend icu la r )  i nc idence . Those cu rves a re shown i n  F igu r e  3-4 . 
A lthough E 3  and E 4  a re ident ica l  in  cons t ruct ion a nd ma de of the same 
ca lc ium su lfate phosphors , the lea d f i lter  in f r ont of E4 dec r eases its  
f r onta l-exposu re response r e la t i ve to that of E3  at  lowe r photon 
ene rg i es . Note tha t when the ba dge is  exposed f ronta l l y  to 38 keV 
photons , the E 3  response is  about 1 0 . 6  t imes the E 4  response . Howeve r , 
photons inc ident at  90  or  2 7 0  degr ees wi l l  bypass the lea d f i lters  in 
f ront and in back of E 4 ,  the reby caus i ng i ts response to become 
compa rable to tha t of E 3 . Obl ique photons a l so may undergo Compton 
sca tter ing f r om the lead f i lter  and f r om the ma te r ia l  a round E4 to 
c r eate  even more  response in  E4 than in  E3 . I nc r ea s ing the E4 r esponse 
to low-energy photons reduces the ra t io of E 3  to  E 4 . Tha t ra t i o  i s  
employed by Pa na son i c  a l gor i thm U D  80 2 . ALG . Reduc i ng it , a s  i s  
appa r ent f r om F igu r e  3 - 4 , leads t o  er roneous ind ica t l on o f  exposu re t o  
h igher-energy photons . Such e r r o r s  can lea d t o  e r r o r s  i n  est i ma t ing 
dose equ i va lents . 

Just as  f r onta l exposu re is  a spec ia l exposu re  s i tua t i on whe r e  
des igned funct ion i ng of the TLD is  opt imum,  the conf igu ra t i on d i scussed 
above is  a spec ia l exposu re cond i t ion tha t r esu l ts in a ma x imum 
depa r tu re  f r om des igned functioning . Yet a nother set of exposu r e  
cond i t ions r esu lts  f r om con t i nua l ly r ota t i ng the dos imeter  wh i le it  i s  
being exposed . Des igned funct ion i ng wou ld be expected to be 
inte rmediate between opt imum and ma x imum-depa r t u r e  funct i on ing for 
these cond i t ions . Any of the descr ibed exposu re s i tua t ions cou ld occu r 
du r i ng pe r sonnel  mon i to r i ng under f ie ld cond i t ions . 

These problems can lead to mista k i ng low-ene rgy photons f o r  
h i gh-energy photons , wh ich in  tu rn  ma y  lea d t o  e r r o r s  i n  ass ign ing dose 
equ i va lents at  depths in  the body be low a few mi l l imete r s . The rea son 
for t h i s  sens i t i v i ty to the infer r ed photon energy is  tha t 
h i gher-energy photons penetrate  to grea t e r  depths than do low-ene rgy 
photons . Thus for  sha l low depths , photon penet rat ion is  rela t i vely 
independent of photon ene rgy , whe r eas  at  grea t e r  depths ,  penet ra t i on i s  
achieved on ly by su f f i c ient ly energet i c  photons . A n  example provided 
be low i l lust rates how such inco r r ect photon ene rgy inferences wou ld be 
interpreted in te rms of dose equ i va lents at a pa rt i cu la r  body depth . 

I f  E 4  ove r responds by a fa ctor of 1 0 ,  exposu re  to a 3 8  keV photon 
can be inco r r ect ly ident i f ied--ba sed on F i gu r e  3-4 and us i ng the E3 to 
E4  response ra t i o--as a h i gh-ene rgy exposu r e ,  say to photons of seve ra l 
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hundred keV .  The Pana son ic a lgor i thm ( UD 8 0 2 . ALG ) wou ld  then ass ign a 
dose equ i va lent ba sed upon the response of E 2 , wh ich i s  loca ted unde r a 
f i lt ra t ion of abou t 300  mg/cm2 . S i nce th i s  f i l t ra t ion repr esents the 
depth to the lens of the eye ( 3  mm of t i ssue ) , the resu l t i ng ass ignment 
of dose equ i va lent to tha t organ wou l d  be cor rect . Howeve r ,  for 
g rea ter  depths , by ext rapola t i ng depth dose da ta cor responding t o  
photons o f  abou t 3 8  keV ( ha lf-va lue  layer equa l t o  4 . 0  mm o f  a l uminum ) 
f o l l owing Johns and  Cunn ingham ( 1 98 3 ) , the dose equ i va lent a t  a depth 
of 5 em is 3 9 %  of tha t a t  3 mm . Thus , ass i gnment of dose equ i va lent 
f r om E2  wou ld  resu l t  in  ove rsta t i ng the dose equ i va lent by a fa ctor of 
2 . 57 ( 1 00/39 ) .  Such ove rstatements of dose equ i va lents  at  depths of 1 
to 5 em wou ld be subject to g rea ter e r ror  i f  photons w i th ene rg i es less 
than 38  keV were  incorrect ly determined to be h ighe r-energy photons .  

F i ve cent imeters i s  cons i dered the average depth of the red bone 
ma r row ,  the s i t e  of leu kemia induct i on .  Shou ld r ou t i ne report i ng of 
red bone ma r row dose equ i va lent be r equ i r ed i n  the futu r e ,  i t s  
ove r report i ng cou ld er roneou s l y  cu r ta i l  an employee ' s  ut i l i za t i on i n  
ra d i a t i on a rea s .  

Howeve r ,  th i s  pr oblem w i th ove r response of E 4  du r i ng obl i que  
exposu re to  low-energy photons i s  a spec ia l exposu re cond i t ions , a s 
d i scussed a bove . ove rsta t i ng dose equ i va lent i s  er r i ng on the sa fe 
s i de and pref e ra b l e  to unde r s ta t i ng i t .  The ove rsta ted dose equ i va lent 
wou ld  pr oba bly occu r in rela t i vely few of the mon i t ored popu la t ion and , 
i f  nea r  the permi ssible  dose equ i va lent l imi t ,  wou ld certa i n ly be 
invest iga t ed . Neve rthe less , these ba dge def i c i enc ies  deserve 
cor rect ion .  

Accord ing t o  one o f  the authors o f  the referenced NBS report  
( Eh r l ich ) a nd some Pa na son ic  user s ,  all  of  whom appea red before the 
comm i t tee , one l i ke l y  solut ion to these problems is  i nsta l la t i on of a 
r i ng of lea d ,  lead a l loy,  or other h i gh a t omic numbe r ma te r ia l  a round 
E4  in  the Pana son i c  UD-80 2AS dos imeter  sl ide . Such a mod i f ica t ion , of 
appr opr iate t h i ckness and diameter , wou ld serve to a t tenua te  l ow-energy 
photons inc i dent obl iquely  and minim i ze both E 4  response problems and 
E 3  a nd E 4  response ra t i o  i naccu racy in dete rmi n i ng photon ene rgy . 
Avo idance of dos imet e r  i na ccu ra c i es cou ld  decrease an employer ' s  r isk  
of lega l l iabi l i ty du r ing a ny c la im procedu res or  l i t iga t ion . 

D i scuss i on of TLD P r oblem 2 :  The commit tee noted tha t beta 
pa r t icles  ha v i ng ene rg ies a bove 7 0 0  keV pene t rate  the 3 0 0  mg/cm2 

f i lter  ove r E3 . Th i s  penetrat ion eff ect  prevents us i ng the responses 
of ca lc i um su l fa te e l ements E 3  and E4  for  det e rmina t i on of photon 
energy in the pr esence of these h igh-energy beta pa rt i c le s ,  s i nce in 
t h i s  ca se the increa sed ra t i o  of the responses of these two CaS04 
e l emen ts i s  no longer  a va l id i nd i cator  of the energy of t he photons 
s t r i k i ng the dos imeter . T h i s  pr oblem causes an  ina b i l i ty to determine 
dose equ i va lents for  m i x tu res of  low-energy photons a nd high-ene rgy 
beta pa rt ic les . Th i s  i na b i l i ty is a l luded to in Pa na son i c ' s  User ' s  
Ma nua l ( Panason i c  Indus t r ia l  Compa ny , 1 9 8 3 , p .  VI . 3 3 ) wher e ,  i n  
desc r ib i ng the a lgor i thm ,  it  i s  stated , • The re is  no branch f or 
combina t ions of low-ene rgy photons and beta pa r t i c les or neu t rons . • 
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Al though USAIRDC speci f i ca t i ons requ i r e  tha t dose equ i va len ts f r om  
photons in the energy range o f  10  k eV to  3 MeV b e  measured , a nd tha t 
dose equ i va lents fr om beta pa r t i c l es wi th energies as  low as 7 0  keV to 
• energy l evels above 500  k ev• be measu red , the present per formance of 
USAIRDC ' s  TLDs does not permit  the dete rmina t ion of dose equ i va len t 
f r om l ow-energy photons when the dos imeter a lso has been exposed to 
be ta ra dia t i on .  one r esponden t to the committee ques t ionna i r e 
indica ted poten t ia l  sou rces of  ra d ia t i on exposure  tha t included both 
d ia gnos t i c  x rays and beta sou r ces . 

A common beta sou r ce is s t r on t i um-ytt r ium-90 , w i th a maximum beta 
energy of 2 . 3  MeV . Other beta sou rces repor ted i n  Chapter 2 tha t are  
used in ra di ology depa r tments , both f or d ia gnos t i c  eva lua t ions and  
ra d i otherapy , have ma x imum energ ies rang i ng f r om 1 to  2 MeV .  Beta 
exposu r es a l s o  wer e  r epor ted a t  two Army pu lsed r eactors  du r ing 
per i od i c  ma in tenance opera t i ons . These expos u r es wer e to mi xed beta 
and  gamma ra dia t i ons f r om fiss i on pr oducts . I n  these ca ses , one  coul d  
expect s ome h i gh-energy beta pa r t i cl es and a photon spectrum with 
mos tly  h igh ener g i es , averaging abou t 7 0 0  keV ,  bu t w i th some low-energy 
photons be ing em i t ted and sca t tered . 

USAIRDC dos imeter speci f i ca ti ons and the above exa mples of l ikely  
combina t i ons of expos u r es emphas i ze the  opera t i ona l need for be i ng able 
to mon i tor  beta ra dia t i ons hav i ng unknown beta pa r t i c l e  energy spectra , 
photon ra d ia t i ons w i th unknown photon energy spectra , a nd--on some 
occa s i ons--to mon i tor  combina t i ons of beta s  and photons of unknown 
ener g i es .  In the abs ence of a ppr opr ia te mod i f i ca t i ons , the e x i s t ing 
USAIRDC UD-80 2AS dos imeter and  UD-874A hange r  a r e  pr obab ly  incapable of 
per forming a ccu ra tely under these condi t i ons ,  a l thou gh the Panason i c  
User ' s  Manua l ( Panason ic Indu s t r ia l  Company,  1983 , p .  I . 6 )  e xpr essed 
the intent i on of a ch i ev ing th is  capab i l i ty w i th the Panason i c  TLD 
system .  

However , one pr obab l e  wa y o f  a ppr oa ch ing the i n ten ded functiona l 
capab i l ity and of a l l ev ia t ing pr obl em 2 i s  by increas ing the f i l tra t ion 
over  E 3 . Add ing enough f i l t r a t ion can pr obab ly  a t tenua te h igh ener gy 
beta rad ia t i on suf f i ciently  to r edu ce to a n  acceptab le l evel  the e r r ors 
i n  photon ene r gy ca lcu la ted f r om the ratio of E 3  to E 4  r esponses . 

One procedure  tha t is l i k e ly to a ccomp l i sh th is  r esu l t ,  by 
a t tenua t i ng beta pa r t i c l es ,  is to incorpora te a h igh-dens i ty ,  l ow 
a tomi c  number ma ter ia l  a s  an  i n tegra l pa r t  of a mod i f ied hange r . 
H igh-dens i ty f i l t ra t i on is  needed to min imize  f i l te r  th ick ness , whi le 
use of a ma ter ia l w i th l ow a tomic number w i l l  avoid  a t tenua t ing photons 
excess ively . I f  a low-dens i ty pla s t i c  wer e  used , the hange r  f i l te r  
wou l d  become bu lk ier  a nd an gu la r  dependence cou l d  become a problem .  An 
exce l lent ma te r ia l for th is a pp l i ca ti on is tetraboron ca rb i de ,  hav ing a 
spec i f i c  grav i ty of 2 . 5  and an  effect ive a tomic number of 5 . 2 .  · 

Des ign ing and obta in ing a mod i f i ed hanger as descr ibed above wou ld  
pr ov i de USAI RDC w i th mu ch bet ter infor ma t i on on photon energy spectra 
when accompa n ied by beta ra dia t i on .  Without  such a modi f i ca t ion , the 
dos imeter w i l l  not meet USA IRDC spec i f i ca t i ons when beta rad ia t i on and 
l ow-energy photons a r e  mon i to r ed s imu l ta neou s l y ,  and  wi l l  be incapable 
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of accu ra tely mon i tor ing combina t ions  o f  beta and  ph oton rad ia ti ons i f  
the beta a n d  photon energ i es a r e  unknown . The r esu l t ing er r ors  i n  
pe r sonnel dos imetry  cou ld  appr oach those iden t i f ied du r in g  the 
d iscuss i on of Pr obl em 1, and the employer ' s  lega l  l iab i l i ty wou ld  
inc r ease acco r dingly . 

D i s cuss ion of TLD P r oblem 3 :  Th is pr obl em is associa ted w i th the 
beta exposure  cond i t i ons d iscussed above . F i l tra t i on of  3 0 0  mg/cm2 

over E 2  compl ete ly absorbs beta pa r ti c l es w i th ene r gi es of 7 0 0  k eV or 
l ess . Thus , beta pa r t i c les w i th energ i es between 70  k eV and 700 keV 
wi l l  penetra te on ly to E l . This means the s ta ted Panason i c  pr ocedu r e  
o f  us ing the ra t io o f  E l  t o  E 2  r esponses a s  an  i n d i ca t i on of  beta 
pa r ticle  energy ca nnot be fol l owed for 70 to 7 0 0  keV energies , becaus e 
E2 r esponse for these ener g i es wou ld  be zer o . I n  tha t energy range one 
wou l d  have  to rely solely on E l  response .  

Another cons equence of the 3 00 mg/cm2 f i l t ra t i on ove r  E 2  is  
gr ea ter  attenua t ion of  low-energy photons by  tha t f i l t r a t ion than by 
the  17 mg/cm2 over E l . Th is resu lts  in r equ i r in g  add i t i ona l r esponse 
cor r ect i ons ,  or , if the photon energy is  not de termined , repor t ing the 
photon r esponse of El as  the beta dose equ i va len t . 

These d i f f i cu l t i es wer e recogn i zed by Panason i c  in i ts user ' s  manua l 
( Panason i c  I ndust r ia l  Company , 1 9 8 3 ) ,  and  led Pana son i c  to ma nu fa c tu r e  
a d i f fe r ent dos imeter des igna ted as Mode l UD-802AS 2 ,  hav ing l ess 
f i l t ra t ion over  E 2 ,  abou t  75 mg/cm2 . Th is  dos imeter is  in a hange r 
wi th a cover ed • open window • over both E l  and E2 . W i thou t holders  tha t 
a r e  a ppropr ia tely mod i f ied i n  wa ys su ch a s  th is , USA IRDC ' s  pr esen t 
dos imeter is useless for pr ov iding beta energy infor ma t ion , except a t  
beta energ i es suf f i c i en t ly grea ter tha n 7 0 0  keV ( ener g i es la rge enou gh 
to pr ov i de a sta t is t i ca l ly mean ingfu l response in E2 under 3 0 0  
mg/cm2 ) .  

Remedia l Su gges t i ons and  Recommen da tions  

I n  summa r y ,  i t  is  a ppa r ent that to a ch i eve the  intended pe r for mance of  
the Panason ic dos imete r , wh ich wa s descr ibed by Panason ic ( Pana son i c  
I ndustr ia l Company , 1 9 8 3 ) a s : • The ra t i o  of the two L i BO 
[ L i 2B4 D7 l elements is an  indica to r  of the en ergy of  the beta 
pa r t i c l es • • •  • a nd • • • •  the ra t io of the two caso [ CaS04 l 
e l emen ts is  a n  indi ca tor of the energy of  the pho tons • • •  , •  i t  w i l l  
be necessa ry  to ma k e  appr opr ia te mod i f i ca t ions . one l i kely  impr ovemen t  
is to r epla ce the UD-8 0 2AS dos imeter  ho l der s w i th the UD- 8 0 2AS2 mode l , 
and modi fy the des ign of the UD- 8 7 4A hange r . Wh i l e the cu r r en t  USAIRDC 
TLD can pass  standa r d  tests , l imi ted to fr onta l exposures and expos u r es 
to known ra d ia t i on sou r ces , th is  dos imeter is not adequa te for 
mon i tor ing va r i ous  comb i na t i ons of exposu r es encountered under f i e ld 
cond i t i ons a t  fa c i l i t ies serv iced by USAIRDC un l es s  a ppropr ia te 
changes , such as  holder  r epla cement a nd hanger mod i f i ca t i ons , are 
a ccompl ished . 
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To enha nce the ca pab i l i t ies of the USAIRDC TL dos imeter su ff i ciently  
for f i eld  use , the  commi t tee recommends tha t USA IRDC impr ove tha t 
dos imeter by mak ing the changes ( l is ted in or de r  of pr ior i ty )  sugges ted 
below ,  fo l lowing appr opr ia te exper imenta t i on as to the i r  eff i ca cy in 
ach iev ing  the des i r ed functiona l impr ovemen ts : 

Mod i fy the s l i de a r ound E 4  so as to prov i de opt imum isotropic  
r esponse of th is elemen t to photon radia t i on . such a mod i f i ca t ion 
shou ld be ef fect ive over  the en t i r e  range of energ i es spec i f ied by 
USAIRDC . ( Th is resu l t  may be ach ieved by insta l l ing a r in g  of lead,  
l ea d  a l loy , or  other h igh a tomic number ma ter ia l of suf f i c i en t  
th ickness i n  t h e  s l i de a r ound E 4 . ) Tes ts shou l d  b e  condu cted to 
a r r ive a t  opt imum compos i t i on and con f i gu ra t i on .  

Repla ce the dos imete r hanger  with one hav ing the same • open 
window • over both El and E2 as the pr esent ha nger ha s over  E l ,  the 
same f i l t ra t i on over E4 as a t  pr esen t ,  and  a low a tomic number , 
h i gh-mass f i l ter ove r  E 3  to pr ov ide tota l f i l tra t i on of more than 
6 0 0  mg/cm2 . ( An opt imum means of ach iev ing E 3  f i l tr a t ion of abou t  
6 3 9  mg/cm2 is  by us ing a f i lter  of tetrabor on ca rb i de abou t  1 . 9  mm 
th ick . )  

Redu ce the f i l tra t i on ove r  E2  to between 65  and  7 5  mg/cm2 , 
excluding any • open window • f i l tr a t i on .  ( This  can be r ead i l y  
a ccompl i shed b y  r epla c ing the UD- 8 0 2AS holder s w i th UD-8 0 2AS2 
holders . )  

MONITORING OP DOSE EQUIVALENT PROM NEUTRONS 

Mon i tor ing of dose equ iva lent f rom neu t r ons is mor e  compl i ca ted than 
mon i tor ing dose equ iva l en t f r om beta or photon radia t i ons . Different 
energ i es of neu t r ons have d i f ferent  b i olog i ca l  ef fects . consequently,  
the dose equ iva len t  r ece i ved f r om a gi ven number of neu t r ons va r ies 
w i th the inc ident neu t r on energy spectrum . For a n  ex·t r eme example , the 
dose equiva l ent  f r om a given qua n t i ty of 1 MeV neutr ons is 
a pproxima tely 40 t imes tha t f r om the same qua n t i ty of ther ma l  ( 0 . 02 5  eV 
or r oom tempera tu r e  en ergy ) n eu t r ons . Thus , informa t ion on the 

inc ident neu t r on energy spectrum is essen t ia l  to ca lcu la te dose 
equ iva len t  to ta r get  organs f r om neu t r on exposu r e .  The neu t r on energy 
s pect r um mus t  be known i f  r ecor ded neu tron dose  equ iva l ent measur ements 
a r e  to be meaningfu l .  

Pana son ic ' s UD-80 2 ser ies of dos imeter s  is ca pable  of mon i tor ing 
neu t r on dose equ iva l ent on ly if the neu t r on energy spect r um is  known . 
Th is a l so is a shor tcoming of a l l  other  a lbedo neu t r on dos imete r s . 
When a uo-8 0 2  dos imeter is  exposed to combina t i ons of photons , beta 
pa r ticles , and neu t r ons , i t  is incapable of pr ov iding  def i n i t i ve 
in forma t i on on the neu t r on dose equ iva l ent . I f  the neu t r on spectrum is 
unknown and the wrong neu t r on fa cto r  is used , the e r r or in dete rmining 
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neu t r on dose equ i va l en t  ca n  b e  very la rge , even in  t h e  absence of other  
rad ia t i ons . Panason i c  recommends us ing two specia lly  des igned neu t r on 
dos imeters  under mixed f i e l d  con d i t i ons , but  the need for neu t r on 
spectra l informa t i on r ema ins . 

A r ev iew of the ques t i on na i r es sen t to USAIRDC dos imete r users  by 
th is  comm i t tee indica ted that s ome fa c i l i t ies mon i tor ed per s onnel who 
cou l d  be exposed to comb ina t i ons of beta , photon , and  neu t r on  
rad ia t i on .  Cons equently , the comm i t tee recommends : 

TLD badges known or suspected to have been i r radia ted by 
neu t r ons shou ld be speci f i ca l ly f lagged by the Ra d ia t i on Protec t i on 
Of f i cer  ( RPO ) on the dos imete r repor t for m  tha t is r etu r ned to 
USAIRDC . 

I f  USAIRDC elects to use the Pana s on i c  UD- 8 0 2AS dos imeter to mon i tor  
neu t r on dose equ iva len t  ra ther  than us ing specia l ly des igned badges , it  
wi l l  be  necessa ry  to solve the  pr ob lem ( noted above ) o f  la r ge 
var ia t i ons in  dose equ iva lents ca lcu la ted a s  a func t i on of  neu t r on 
energy . Ther efor e ,  ca l ib ra t i on fa ctor s--a ppr opr ia te to the neu t r on 
energy spect r um to wh i ch the dos ime ter is  exposed--w i l l  need to be 
determined for ea ch faci l i ty in wh ich neu t r on exposu r e  occu r s .  
Mor eover , s ince the neu t r on energy spectrum ma y  va ry  between d i f feren t  
wor k l oca t i ons  a n d  f o r  d i ffe r en t  ope r a t iona l con d i t i ons o f  a neu t r on 
sou r ce ,  severa l such determina t i ons ma y in i t ia l ly be r equ i red in  a 
given fa ci l i ty . 

To ca l ibra te the dos imeter ,  i t  shou ld be placed on the su r fa ce of a 
t issue-equ iva lent  phantom hav ing a s i ze cor r esponding to the a du l t  
tor s o .  The r e  a r e  severa l wa ys t o  de termine the actua l dose equ i va len t 
a t  the point  of ca l ibra t i on .  For e xample ,  the neu t r on dos e equ iva l ent  
ma y  be  de termined wi th a neu t r on rem meter  ca l ibrated by  a pr ima r y  or  
seconda r y  ca l ibra t i on labora tory and pla ced a t  the  same loca t i on .  The 
neu t r on-sens i t ive TL e l emen ts also  are sens i t i ve to ga mma photons , 
wh ich a lwa ys accompany neu tr ons , hence the ca l i bra t i on procedu r e  mus t  
include a sepa ra te measu r ement o f  gamma radia t ion dos e equ i va len t .  
When ca l ibra t ing the UD- 8 0 2AS dos imeter , the gamma ra d ia t i on dose 
equ i va l en t  ca n be determined f r om the ca l c i um su l fa te response , wh ich 
is  i nsens i t ive to neu t r ons . An es t i ma te of ef fec t ive neu t r on energy in  
each loca t i on is necessa ry  to  eva lua te the  neu t r on ca l ibra t ion 
fa ctor s . Su ch an  es t i ma te is commonly ma de us ing the Bonner  
mu l t i sph e r e  spect r ometer .  

I t  is ev iden t f r om the above ana lys is tha t the determina t ion of 
neut r on ca l ibra t i on fa ctors is  somewha t soph i s t i ca ted a nd r equ i r es 
cons iderable  expe r t ise . Accor dingly , the commi t tee recommen ds tha t : 

Th is  dete rmina t i on sh ou ld  be ca r r ied ou t--a t ea ch fa ci l i ty whe r e  
neu t r on exposu r e  ca n occu r --by pe r sonnel  sk i l led both in  neu t r on 
mea s u r ement techn iques ( over  a w i de energy ra nge ) and in  dos imeter  
ca l ibra t ion .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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CALIBRATION AND QOALITY CONTROL OP TBB 
PANASONI C  TL DOSIMETRY SYSTBM 

Any equ ipment used for sc ient i f ic mea su r ements mu st  be reca l ib ra t ed 
f r om t ime to time to ensu r e  its  accu racy . I n  add i t i on ,  qua l i ty 
a ssura nce ( QA )  procedu r es mu st be esta b l i shed tha t detect s i gn if icant  
d r i f t  in any of the  ope ra t i ona l pa ramete rs before  they can int r oduce 
s ign i f i ca nt e r rors  in the da ta . Reca l ibra t i on requ i res compa r ison to a 
sta nda rd  t raceable  to a na t i ona l standa rds labora tory . Qua l i ty 
a ssu ra nce is pr ima r i ly a check on opera t i ona l cons i stency . Typica lly ,  
r eca l ibra t ion is  per f ormed a t  least  annua l l y ,  whi le some QA pr ocedu r es 
may be pe rformed da i ly a nd othe rs a re pe rformed a t  longe r interva l s .  
Qua l i ty assu ra nce of ten requ i res mea su rements o f  ind i v i dua l components 
of the TL system . Consequent ly , the committee recommends tha t : 

I t  is of utmos t importa nce tha t a l l  ca l i bra t ion and qua l i ty 
a ssu rance checks be pe rformed a s  r equ i red accord i ng to a r igor ous 
schedu le ,  and tha t the r esu l t s  of these check s be ca refu l l y  
documented a nd reta ined in  t h e  USAIRDC records . 

Ca l i bra t ion 

Before sh ipment  f r om Japan ,  the Pa nasonic  UD- 7 1 0  automa t i c  r eader  is  
ca l ibra ted wi th a standa rdi zed ces ium- 1 3 7 sou rce . Th is  es tabl ishes 
tha t the response of the reader  in u n i t s  of  • mR* • ( the u n i ts used by 
Pa nason ic )  i s  the same a s  the exposu re  in  mR of ces i um- 1 3 7 gamma rays 
g i ven to  a ba tch of test dos imeter s . The comm i t tee has rev i ewed the 
ca l i b ra t ion pr ocedu res des c r i bed in the Pana son i c User Manua l for the 
UD- 7 1 0  Au toma t ic TLD Reade r ,  as we l l  as those for  the esta b l i shment of 
the e lement cor rect i on factors ( ECPs ) , and ha s conc luded tha t a l l  of 
these pr ocedu res a re adequa te . 

The committee r ecommends tha t :  

The USAIRDC TL dos imetry system be r eca l i bra ted a t  lea s t  once 
pe r yea r--or wheneve r the three cor r ec t i on factors ( i . e . , PCCP,  
PCCP , and CALI ) s tated in the Pana son ic  user ' s  Manua l d i ffer f rom 
u n i ty by more than 3 pe rcent--fo l l owi ng thor ough interna l  c l eaning 
of the TLD reader . 

I n  add i t ion , the commi ttee recommends tha t : 

A group of test dos imeters--ha v i ng a ra nge of dose equ i va lents 
and  mixtu res of radia t i ons ( photon , photon and beta , and ph oton and 
neut ron ) --be obta i ned f r om the NVLAP prog ram a nd eva lua ted at least 
every 2 yea r s .  

Qua l i ty Assu ra nce 

The committee suggests tha t  QA procedu res be pe rformed at  the beg i nning 
of ea ch day ,  or a f te r  500  dos imete rs  ha ve been pr ocessed . A s tock of 
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100  control  dos imeters shou ld be  r eserved for  th is  pu r pose , and  
exposed in ba tches of 1 5  or  less to  ces ium- 1 3 7  gamma rays a t  lea s t  
24  hou r s  befor e read ing , us ing pr ocedur es des cr ibed i n  ANS I 
N l J . l l-1983 , • personnel Dos imetry  Performance C r i te r ia . •  At lea s t  
s i x  expos u r es shou ld be below and s i x  above the cr ossover  point  from 
photon to fr equency coun ting . Typica l exposu r e  va lues a r e  500  mR 
( 1 . 29 x lo - 4 C/kg ) a nd s , o o o  mR ( 1 . 2 9 x 10-J C/kg ) .  

A da ily  log shou ld be ma in ta ined to determine the need for in ter na l  
c l ean ing and/or hea t  lamp adjustmen ts . The commi ttee recommends tha t : 

The USA IRDC i ns t i tu te a QA program based u pon the i ns t ru c t i ons 
in the Pana son i c  user ' s Manua l and on pr ocedu r es given in ANS I 
N l l . l l- 1 9 8 3 . 

The r equ i r ed pr ocedu r es a r e  br iefly r ev iewed be low . 

E lement cor r ec t i on Fa c tor s 

A sepa ra te a spect of QA i s  cor r ecting  for slow changes in the r esponse 
of the dos imeter elemen ts of the i nd iv i dua l dos imeters .  Ea ch dos imeter 
element wi l l  have i ts own element cor r ection fa cto r  ( ECF ) . The opt imum 
t ime interva l  for the r edetermina t i ons of ECFs--fol low ing the i r  in i t ia l  
determina t i on--ha s  not been def i n i tively es ta b l ished . 

The comm i t tee ques t i oned s even users  of the Panason i c  TL dos imetry  
system in r ega r d  to  thei r practice for r edetermin ing ECFs . Fou r user s ,  
who recently  have implemen ted the i r  sys tems , i ntend to redetermine ECFs 
once each yea r un ti l infor ma t i on is a ccumu la ted indica t in g  tha t a 
longer in terva l  may be a cceptable . Th r ee users , who have l onger 
exper ience w i th the Panason i c  sys tem , have es ta b l i shed 2-yea r in te rva ls 
for r edetermin ing ECFs . One of these users is  contempla t ing extend ing 
tha t  interva l . 

Each of the user s dete rmines ECFs for on ly  pa r t  of i ts dos imete r 
i nven tory a t  a t ime ,  based upon the ra t i ona le tha t mos t  dos imeters in  a 
system a r e  being wor n or pr ocessed a t  any g i ven t ime . Effe ct i vely , 
th is s tagger i ng of ECF de termina t i ons a l l ows the obse rva t i on of ECF 
changes in r e la t ively sma l l  gr oups of dos imete r s ,  a practice a lso 
sugges ted by Pa nason i c  ( Panason i c  I n dus t r ia l  Company , 1 9 8 3 ) . 

The commi ttee recommends tha t :  

The USAIRDC r ota te gr oups of dos imete r s  th r ou gh a n  ECF 
r edetermina t i on on a 2-yea r  cycle , u n t i l  su f f i ci ent da ta a r e  
accumu la ted t o  ver i fy tha t th is cycl e--or a mor e appr opr ia te one-- is  
a dequa te to ma in ta in acceptable dos imetry  a ccu racy . 
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MI SCELLANEOUS PROBLEMS 

Env i r onmenta l Ef fects 

The Panason i c  l i tera tur e  indi ca tes that the l i th ium bora te elements ( El 
a n d  E 2 ) may be sens i t i ve to hydr ogen su l f i de in  the a tmosphere  
( pr esumably by  r ea c t ing w i th the copper a c t iva tor to form a copper 
su l f i de ) . I n  a dd i t i on ,  these Li 2 B407 elements a r e  known to be 
hyg r os copi c ,  a s  discussed by Schu lman ( 1 9 83 ) . Ra ther sever e  NBS tes ts 
( 19 8 4 ) have shown that the Li 2B407 elements can deter i ora te 
completely under h i gh-humi d i ty cond i t i ons over extended per iods of 
t ime .  I nasmuch a s  TLD ba dges a r e  l i kely  to be exposed to these and 
other aggr ess ive env i r onments du r ing the i r  wor ldw i de USA IRDC 
depl oymen t ,  the commi ttee r ecommends tha t :  

USA IRDC g ive appr opr ia te cons i dera t i on to the pr es en ce of 
ce r ta in a tmospher ic con s t i tuents tha t ca n have poten t ia l ly 
delete r i ous i n f lu ences on TLD badges . I na smu ch as qua n t i ta t ive data 
a r e  not ava i lable  as to the degrada t ion of TLD elemen ts by 
a tmospher ic hydrogen su l f ide and hum i d i ty ,  i t  wou ld  be des irabl e for 
USAIRDC to condu ct  i ts own tes ts on these effects under a range of 
cond i t i ons r epr esenta t ive of the user s of i ts dos ime t ry servi ces .  

Fa d in g  of Dose Equ i va l en t  Indica tion 

Accor d ing to the Panason i c  speci f i ca t i on of October 1985 , the dose  
equ iva l en t  in d i ca t i on of  l i th ium bora te elemen ts fades 10 pe r cen t or 
l ess per month , and tha t of ca l cium su l fa te elemen ts fades 3 per cent or 
less per mon th .  Presumably these f i gu r es a pply a fter  ea r ly pe r i od 
( 24-48  hour ) fad ing ha s a l r eady occu r red . H owever , da ta i n  the 
Panason i c  User ' s  Manua l ( Panason i c  I ndustr ia l  compa ny , 1983 ) indica te 
very rapi d fad ing du r ing the ea r ly per iod-- i n  the f i r s t  15-20  hou r s , 
ca . 4 0  per cent for l i th ium bora te and 5 pe r cent for  ca l cium 
su l fa te--wh en both elemen ts a r e  r ea d  on a UD-7 1 0A a u toma t i c  rea der . 
Panason i c  a l so sta tes tha t the measu r ed fading  r ates a r e  d i ffe r en t  when 
r ea d  on a manua l r ea der . 

Pub l i shed l i teratu r e  ( Dr iscoll ,  1983 ; Schu lman , Ki r k  and Wes , 1967 ) 
ind ica tes tha t the ca . 2 oooc g l ow  peak in l i th ium borate is very 
s table ,  w i th l ess than 10  per cent per mon th fad i ng from i ts i n i t ia l  
pos t-exposu r e  va lue . Th is i s  not compa t ib le w i th the ca .  4 0  pe r cen t 
ea r ly-per iod fad ing shown in the Pa na s on i c  User ' s  Manua l .  

The r eason for th is d iscrepancy appea r s  to be the ( wel l-known ) 
exis tence of a very la r ge undes i r ed low tempera tur e  g l ow peak ( ea . 
1 0 0°C ) . This  uns table  g l ow peak is in i tia l ly pr odu ced by i r rad ia t ion 
of l i th ium bora te . I t  a ppea r s  a long w i th the des i r ed s table • r ea d •  
peak at  ca .  200°c ,  a n d  over la ps the la t te r . The •p r ehea t •  section of 
the rea der ' s  hea t ing cyc le  is a ppa r ently  too short  to get r id of this 
inter fer ing low-temperatu r e  peak ; hence , if the badge is r ead shor tly 
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a fter exposu re ,  a cons idera b le fract i on o f  i ts thermoluminescence i s  
cou nted a s  a con t r i bu t i on t o  the • read• pea k . The magn i tu de o f  the 
i nd i ca ted dose equ i va lent is therefore er roneous ly h i gher than tha t of 
the r ea l  dose equ i va len t . I f  read ing is delayed for more  than 2 4  
hou r s ,  the low-temperature  pea k decays , because i t  i s  unstable  a t  
ambient tempe ra tu r es .  The magn i tu de of the • r ea d •  peak then 
cor responds to tha t of the t r ue dose equ i va lent r ece ived , not to  the 
spu r ious va lue augmented by the con t r ibu t i on f r om the low temperatu r e  
pea k .  Th is  explana t ion , in  summa ry , impl ies that t h e  � prehea t •  
cycl e--wh ich is des i gned t o  remove low tempe ra tu re g low--does not 
a ctua l ly succeed in  doing so for l i thium bora te so long as  the low 
temperatu r e  peak is  st i l l  very  la rge , i . e . , shor t ly a fte r i r ra d ia t ion . 

Ther e  a r e  severa l ways to minimize  inte r ferences f r om low 
tempe ra tu r e peaks  ( see p .  2 3 ) . one of these applies to the ca se of 
OSAIRDC opera t ions , where  a ll but a neg l igible  f ra c t i on of badges 
processed wi l l  ha ve been exposed in  f i e l d  sta t ions and wi l l  ha ve 
expe r ienced--before they a r r i ve for read ing a t  OSA IRDC--much more  than 
the 24-hou r • deca y •  per iod needed to get r id of the low temperatu r e 
l ith ium bora te pea k .  For  these dos imeter s ,  the • prehea t •  cyc le is not 
rea l ly  necessa ry and , s i nce th is  cycl e  does not seem to operate 
successfu l ly even when i t  is  r equ i red , i t  is  not c lea r what pu rpose i t  
se r ves f o r  OSA IRDC ope ra t ions . Pe rhaps it se rves to check on othe r 
• spu r iou s •  low- temperatu re  thermolumi nescence . The commit tee was 
una b le to get c la r i f ica t i on f r om Pa nason ic r ega r d ing this  point , and 
suggests tha t OSAIRDC might w i sh to do so,  espec ia l ly i f  OSAIRDC 
des i r es to read dos imeters  within  24 hou rs of the i r  exposu re . 

RBCOMMBNDATIONS FOR STAFF I NG TBB ARMY DOSI MBTRY SBRVICB 

Ret ra i n i ng of cu r ren t  f i lm dos imetry  techn i c ians is probably  feas ible  
for  pe r forming cer ta i n  TLD-r e la ted product ion ta sks , such as  badge 
issua nce , track ing ,  a nd r ece ipt . H oweve r ,  i t  seems c l ea r  tha t , w i th a 
new ( or at  least  unfami l i a r ) dos ime t r y  system,  problems i n  process ing ,  
i nterpreta t i on , ca l ibra t i on ,  and ana lys is ma y  a r ise .  Thu s ,  w i th the 
new TL dos imetry  sys tem ,  much of the expe r ience ga i ned in f i lm 
dos imetry by the OSAIRDC w i l l  be inappl icable ,  or  of l imi ted va lue . A 
s ta f f  person w i th a s t rong techn ica l backgrou nd and/or expe r ience w i th 
TL dos imetry  wi l l  be a necess i ty ,  especia l ly i f  the system is expected 
to keep pa ce w i th sta te-of- the-a rt dos imetry . In  add i t i on ,  personne l  
w i th a st r ong background i n  app l i ed hea l th physics w i l l  be requ i r ed to 
ma inta in  and impr ove i n terac t i ons w i th the use r commu n i ty ,  ma k e  
necessa ry measu rements a n d  eva lua t ion o f  neu t r on spectra , a n d  upg rade 
a lgor i thms requ i r ed to keep abreast  of evo lving ra dia t i on protec t i on 
sta nda r ds .  At  the ou tset , the requ i r ed exper t ise  may be tempora r i ly 
a cqu i r ed th r ough the use of consu l tants , bu t tha t exped ient w i l l  not 
subs t i tute  for the con t i nued pr esence , on -s i te ,  of sta f f  with the 
necessa ry qua l i f i ca t i ons . Accord i ng ly ,  the commi ttee recommends tha t : 
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The l evel and number of pe r sonnel in the USAIRDC be inc r eased by 
the a dd i t i on of per s onnel wi th the above-des cr ibed ca pab i l i t i es , and 
tha t per sonnel with these capab i l i t i es be r espons ible  for the 
day- to-day opera t i on of the serv i ce .  

Ex i s t ing USAIRDC tech n i cians ca n ,  w i th a ppr opr ia te retra in ing , 
con t inue to per form badge issuance , r e ce i pt , r ead ing , dos imeter 
ca l i bra t i on ,  and other opera t i ona l ta sk s .  
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RBCOMMBNDATI ONS RBGARDI NG PBRSONNBL DOSI MBTRY 

DATA THAT SHOULD BB OBTAI NBD , STORBD ,  AND ACCBSSBD 

I n  acco r da nce with  s tudy Task  3 ,  th is chapte r cons i de r s  and r ecommends 
• the personnel dos ime t ry da ta tha t shou ld be obta i ned , stored , and 
a ccessed , w i th due rega rd  for good rad ia t ion dos imet r y  practice and 
app l i ca b le lega l a nd r egu la tory r equ i r ements . •  Because the regu la t i on 
of exposu re  to i on i z ing radia t i on is in  the pr ocess of change , th is 
chapter d i scusses both the cu r rent lega l and regu latory r equ i r ements 
and expected fu tu r e  r equ i r emen ts . The cha pte r inc ludes a des cr ipt ion 
of the evo lu t ion of laws a nd r egu la t i on stemming f r om recommenda t i ons 
of adv isory bod ies . Recommenda t i ons  a r e  made rega r d i ng da ta to be 
obta ined , stored , a nd accessed tha t w i l l  meet cu r rent a nd impend ing 
r egu la t i ons and , in add i t i on ,  pr ovide the f lexib i l i ty needed to meet 
a nt i c ipa ted fu tu re cha nges in the r equ i r ements . 

SUMMARY OF ARMY RBGULATIONS PBRTAINING TO RADIATION 

A d i s t inc t i on ca n be drawn be tween regu la t i ons of federa l agen c i es , 
whi ch a r e  manda tory , and r ecommenda t i ons of na t i ona l and interna t i ona l 
advi sory bod ies , wh i ch do not ca r ry the force of law . Never the less , 
those recommenda t i ons have formed the ba s i s  for  many of the r eleva n t  
regu la t i ons . The pr i ma r y  r egu la t i ons on personnel dos ime t r y  for the 
u . s .  Army a r e  con ta i ned in Army Regu la t ion No . 4 0 - 1 4 * ( AR 40- 14 ) ,  
wh i ch is based upon the r e leva n t  fede ra l  regu la t i ons tha t gove r n  
occupa t iona l exposure  to i on i z ing  ra d ia t i on .  A copy o f  AR 40- 1 4  i s  
inc luded he r e  as Append i x  B .  

T h e  r egu la t i ons c i ted by A R  4 0 - 1 4  a r e 1 0  C . P . R .  pa r t  1 9  

( es tabl i sh ing r equ i r ements for not ices , instruc t i ons , and r epor ts by 
l icensees to ind i v idua ls pa r t i c i pa t ing in  spec i f i ed a ct i v i t ies l i censed 
by the Nuc lea r Regu la tory Commiss ion [ NRC ] ) ;  1 0  C . P . R .  pa r t 2 0  ( NRC 
sta nda r ds for pr otec t i on aga i nst  rad ia t ion ) ; 29 C . P . R .  5 7 0 . 57 ( de f i n ing 
s i tuat i ons in  wh ich occupa t i ona l exposu re  to i on i z i ng ra dia t i on is 
considered as  ha za r dous by the Depa r tmen t of Labor ) ;  and 29 C . P . R .  

*AR 4 0 - 1 4  wa s issued Ma rch 1 5 , 1 9 8 2 , and  i t  a l so wa s issued as  
Defense Log i s t i cs Agency Regu la t i on No . 1 0 0 0 . 2 8 .  

5 7  
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1 9 1 0 . 9 6 ( Occupa t i ona l Sa fety and  Hea l th Administrat ion [ OSHA ] s tanda rds 
for exposure  to i on i z ing radia t i on ) . A more  compr ehens i ve summa r y  of 
the re leva n t  leg isla t ive author i ty for radia t i on pr otec t i on is 
summa r i zed in  F igu re  4 - 1 , taken f r om a repo r t  by the Of f i ce of 
Ra d ia t i on P r og rams of the u.s. Env i r onmen ta l P r otec t i on Agency ( EPA , 
1 984 ) .  

I t  sh ou l d  be noted tha t AR 40-14  2b  s ta tes : 

•Th is regu la t i on does not apply to the f o l l ow i ng : 
1 .  personnel  exposed to ion i z ing radia t ion and rad i oa ct i ve 

ma ter ia ls r esu l t ing f r om the use of nu c lea r or the rmonuc lea r 
weapons in comba t mi l i ta ry ope ra t i ons 

2 .  personnel exposed to i on i z ing  ra d ia t i on wh i le be ing examined or 
t r ea ted for  med ica l  or  den ta l pu rposes . •  

The concepts i n  AR 4 0 - 1 4  a re ba sed upon the recommenda t i ons of the 
I nterna t i ona l  Commis s i on on Rad iolog i ca l  P r otec t i on ( ICRP , 1 9 7 8 ) a n d  of 
i ts u. s.  counte rpa r t ,  the Na t i ona l counc i l  on Rad i a t i on P r otect i on and 
Measu r ements ( NCRP , 1 976 ) .  These recommenda t i ons have evolved over  the 
pa st 5 deca des . Du r i ng the 30 yea rs fol low ing the d iscovery of x- rays , 
informa l  measu r es to redu ce x- ray haza rds had been r ecommended by 
ra diolog i ca l  orga n i za t i ons . I n  1 928  these measu r es were forma l i zed 
when the Second I nte rna t i ona l Con g r ess on Radio logy c r ea ted the  
I n terna t i ona l X-ray a nd Rad ium  Protec t i on commi s s i on ,  wh i ch la ter  
became the I CRP , to  make r ecommenda t i ons for pr otec t i on stan da rds .  

I n  1 9 2 9  a n  Adv isory Comm i t tee on x- ray a nd Ra dium  Protect i on was 
orga n i zed in the Un i ted Sta tes , wh ich in 1946  became the Na t i ona l 
Comm i t tee on Ra d ia t i on Pr otec t i on ( NCRP ) , w i th r epr esenta t i on fr om 
profess i ona l med ica l soc i et ies , governmen t agen c i es , and x- ray 
manufactu re r s . I n  1 9 5 6  the name of the comm i t tee was enla r ged to 
Na t iona l Commi ttee on Rad ia t ion and Measu remen ts ( bu t  st i l l  abbr ev ia ted 
as NCRP ) . I n  1 964  the comm i t tee was r eorga n i zed and expanded , a nd was 
cha r te r ed by the u.s. Congress a s  the Na t i ona l Coun ci l on Rad ia t ion 
P rotec t i on a nd Measu rements  ( NCRP ) . 

Thus , f r om the beg inn ing , both the ICRP and NCRP have been 
nongovernmenta l ,  volunta ry orga n i za t i ons w i th members s e lec ted on the 
ba s i s  of pr ofess i ona l expe r t ise . Both have gr ea t ly inf luenced the 
devel opment of federa l r egu la tory sta n da r ds i n  th i s  cou n t r y ,  includ ing 
those pr omu lga ted by the u . s. Nuclea r  Regu la tory  Commis s i on in 10 CPR 
2 0 ( U . S .  Nuc lea r Regu latory Commiss i on ,  1 9 8 4 ) , a nd by the former 
Fede ra l Ra d ia t i on Counci l ( FRC ) . FRC wa s c r ea ted in  1959  to provide 
gu i dance to execu t ive agenc ies for  pr otect i on aga inst  ra d ia t i on ,  and 
wa s r equ i red by sta tute  to consu l t  wi th the NCRP . The EPA has a ssumed 
the gu ida nce role  of the FRC , a nd i s  cu r r ent ly f ina l i z ing a pr oposed 
r ev is i on in its  ra d ia t i on pr otec t i on gu ida n ce to fede ra l agencies . 

AR 4 0 - 1 4  r equ i r es the Comma nding Genera l ,  u. s .  Army Ma ter iel  
Deve lopmen t  and Rea d iness Command , to prov i de personnel  mon i to r ing 
dev i ces for the Army , a nd to estab l i sh a Cen t r a l  Dos ime t ry Record 
Repos i tory  tha t is  to ma i n ta i n an  ion i z ing rad ia t ion exposu re history 
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for each person who is  employed in spec i f ied comma nds a nd is  i ssued an 
Army per sonnel mon i to r ing dev i ce . 

The Centra l Dos ime t ry Record  Repos i tory , in  tu r n ,  i s  to pe r form* 

the fol lowing operations : 

1 .  P r epa r e  sepa rate automa ted annua l conso l i da ted sta t is t ica l  
summa r y  r epor ts for the Depa r tment of the Army , Army Na t i ona l 
Gua r d ,  u.s. A r my Reserve ,  and Defense Log i s t ics Agency personne l 
occupa t i ona l ly exposed to i on i z in g  ra d ia t i on and  rad i oa ct ive 
ma te r ia l . P r epa r e a sta t i s t ica l summa ry r epor t for each 
occu pa t i ona l code . 

2 .  P r epa r e  a sepa rate annua l per sonne l dos imet r y  r epor t  for each 
employee in the a bove ca tegor i es .  

3 .  P r epa r e  r eques ted h istor ies for cu r r en t or f ormer employees . 
4 .  P r epa re a termina t i on expos u r e  h i s tory for each employee . 
5 .  P r ov ide a f lexible  compu te r program . I t  mus t  be poss ible  to 

sepa ra te tota l occupa t i ona l exposure  from medi ca l  ( d iagnostic  
and  therapeutic ) exposu r e . The compute r pr og ram mus t  pr ov ide 
for the fol low ing : ( a )  a dd i t i ona l informa t i on su ch a s  ou ts ide 
emp loyment ( moon l igh t i ng ) ,  med ica l exposu r e ,  and other  rad ia t ion 
exposu res ; ( b )  occu pa t i ona l codes ; ( c )  the iden t i ty of  ra diation 
sou rces and othe r ha za r dous subs tances to which the wor ker  is 
exposed . 

A number of the r equ i remen ts in  i tems 1 and 5 above a r e  not 
cu r r ent ly be ing met , e . g . , record ing of da ta on medi ca l  expos u r es , 
occupa t iona l codes , and iden t i f ica t i on of radia t i on sou r ces and other 
ha za r dous  substa nces . Except for the need to record occupa t i ona l 
codes , the comm i t tee does not r ega r d  these  a r ea s  of r ecor d ing as  
a ppropr iate a ct iv i t ies for the  u.s .  Army I on i z i ng Rad ia t i on Dos imetry 
Cen ter  ( USAIRDC ) .  For  example , the ma i n  ta sk of USAIRDC is to 
asce r ta in dose equ iva lent us ing a l l  r e l eva nt informa t i on ,  ra ther than 
the r ou t i ne record i ng of r adia t i on sou r ces and ha za rdous subs tances as 
r equ i r ed in 5 ( c )  above . 

AR 4 0 - 1 4  con ta i ns di r ec t i ves on the fol lowing i tems : radia t ion dose 
equ iva len t  limi ts** ; wh i ch pe rsonne l sha l l  be mon i to r ed ;  the pa r ts of 
the body to be mon i tored ; the dose equ iva len ts to be recor ded ; and  ( AR 
4 0- 1 4  !!> the con t r ol pr ocedu r e  to be fol lowed a fte r an ove r exposu re . 
The dose equ iva lent l imi ts of AR 4 0 - 1 4  7 a r e  genera l ly cons i s tent w i th 
those in  Repo r t  39 , NCRP 1 9 7 1 ( rev ised l9 7 8 ) and  in  the cu r ren t versi on 
of 10 CFR 2 0 . AR 40- 14 ! pr ov ides tha t pe rsonnel mon i tor i ng dev ices 
a r e to be worn  by ea ch per son • who may r ece i ve an a ccumu la ted dose 

*As spec i f i ed in  AR 4 0 - 1 4  Sc 
* *The committee prefers th is usa ge ;  AR 4 0 - 1 4  uses • s ta n da r ds • rather 
tha n • Hmi ts • . 
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equ iva lent in  excess o f  5 per cent* o f  the app l i cable qua r t e r l y  
rad ia t ion exposu r e  standa rd •  spec i f ied in  AR 40- 1 4  1· These pe r sons 
a re those who a re occupa t i ona l ly exposed a nd those who per iodi ca l ly 
enter  a con t r o l led ( rest r icted ) a rea . 

I n  practice ,  th is  means tha t a l l  such pe rsons w i l l  be mon itored , 
s i nce 5 per cent of the pr esent qua r te r ly who le-body dose equ i va len t 
l imit  of 1 . 25 r em ( 1 2 . 5  msv ) is  a dose equ i va lent of 2 0  mrem ( 0 . 2  mSv ) 
per month , wh i ch is  c lose to the min imum detectable  dose equ i va len t .  
A R  4 0 -14  1 1 spec i f ies certa in informa t i on t o  be recorded on Form DD 
1 14 1 .  Th i s  form ha s prov i s i on for r ecor ding  s k i n  dose 
equ iva lent ( soft ) , gamma a nd x-ray dose equ i va lent , a nd neu t r on dose 
equ i va lent i n  r em .  A lthough the pr ima ry mon i to r i ng device is  spec i f i ed 
as  the f i lm badge ( AR 4 0 - 1 4  �e ) , the re is no spec i f ic mention of beta 
ray or neu t r on mon itor i ng capabi l i ty in the text  of AR 4 0 - 1 4 . Form DD 
1 14 1  does not inc lude space for qua rter ly accumu la ted dose equ iva l ents ; 
howeve r ,  these dose equ i va len ts a re on the USAIRDC computer-genera ted 
form . Form DD 1 1 4 1  does inc lude space to record the a nnua l and  
tota l- l i fetime-a ccumu lated 
dose equ i va lents . The use of sepa ra te forms is speci f i ed to r ecord  
loca l i zed dose equ iva lents other than those to the  whole body , such a s  
head a n d  neck , thyr oid , w r i s t , a n d  f i nge r s .  A lthough the r ecorded dose 
equ iva lent da ta , i nc lud ing b i oa ssay da ta , w i l l  be r eta ined in the 
hea l th r ecords of mi l i ta ry pe r sonne l or in the pe rsonne l f i le of 
c i v i l ia n  employees , there is no spec i f ic d i rect ive in AR 40- 14  
r ega r d i ng the i r r eten t ion time .  

A R  4 0 - 1 4  11 descr i bes the con t r ol pr ocedu r es fol low ing a repo r t  of a 
• radiat ion ove rexposu r e . • Th i s  te rm refers  to a dose equ i va lent 
g r ea t e r  tha n  the rad ia t i on l imit  for either 1 mon th ,  1 qua r te r  o r  1 
yea r .  The inves t iga t i on r epo r t s  a re to be t ransmit ted th r ough command 
cha nne ls  and to the NRC . Fol low-up act ions to be tak en a re des c r ibed . 

I n  1 9 7 7  the bas ic recommenda t i ons of the ICRP ( 1 9 7 8 ) wer e  
s i gn i f ica nt ly changed , and  in 1986  NCRP r ecommenda t ions a r e  expected t o  
cha nge i n  s imi la r  ways ( NCRP , in  press ) .  Moreove r ,  the regu la t i ons o f  
t h e  NRC ( 10 CFR 2 0 ) --cu r r en t ly be ing revised--w i l l  implemen t those 
cha nges . I n  a dd i t ion ,  new EPA gu ide l i nes for  a l l  federa l 
wor ke rs--includ ing s imi la r  cha nges--a r e  in an advanced s ta te of 
prepa ra t ion in a d ra f t  document • Ra d ia t i on P r otec t i on Gu i da nce to 
Fede ra l Agencies fo r Occupa t i ona l Exposu r e , • wh i ch is pend ing appr ova l 
a nd is  l i ke ly to be pr omu lga ted in 1 9 8 6 . Of grea test s ign i f i ca nce for 
Army personne l mon i tor i ng are cha nges in bas ic  standa rds  tha t int r odu ce 
new l imits  to spec i f ic organs for both stocha s t i c ( ca rc inogen ic  and 
genet ic ) effects  and nons tocha s t ic ( c l in i ca l l y  s i gn i f icant ) effec ts .  
A lso introduced i n  the EPA d ra ft gu idel i nes i s  the concept of 
• ef fect ive dose equ i va len t • , ca lcu la ted by comb i n i ng organ dose 
equ iva lents u s ing defi ned we i ght ing fa ctor s . Pr esuma b ly i t  w i l l  be 
des i rable to r ev ise  AR 4 0 - 1 4 , sec t i on 7 to con form with these cha nges , 
once th i s  n ew gu i da nce to f edera l agencies becomes of f i c ia l .  

* 10  CFR20 sta tes • in excess  of 2 5  percen t . • 
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RADIATION GUI DELI NES SUGGESTED BY LITIGATION EXPERI ENCE 

In a dd i t ion to the l imi ts esta b l i shed by r egu la tory a nd a dv isory  bod ies 
r ev i ewed above ,  cou r t  dec i s i ons  a lso cou ld  bea r on the Army ' s  rad ia t ion 
mon i tor i ng program . The Army cou ld f i nd i ts recor dkeeping procedu r es 
a t  issue in a jud i c ia l * or  adm i n is t r a t i ve pr oceed ing , for example , 
brou gh t  by a person a l leg i ng i n ju ry a s  a r esu l t  of occupa t i ona l 
exposu re . Wh i le i t  i s  imposs i b le to pred i c t  w i th ce r ta in ty wha t judges 
may dec ide in the future , severa l genera l pr i nc iples can be drawn from 
ca ses ( summa r i zed in  Append i x  C )  dec i ded in  recen t yea r s .  severa l 
r ecen t c la imants **  have not succeeded , la r ge l y  because the i r  
employers  were a b l e  t o  document tha t these  c la imants wer e  exposed to 
on ly low levels  of ion i z ing radia t ion . Thus , as  a f i rst  genera l 
pr incipl e ,  good recordkeeping of dose equ i va lent is  l i ke ly to r edu ce 
fu tu r e  l iab i l i ty .  

Good r ecor dkeeping i s  a funct i on o f  qua l i ty a s  wel l  a s  qua n ti ty . I f  
a l l recor ds are  kept , a lthou gh i n  such a way tha t they a r e  
ina ccess ible , they w i l l  b e  o f  l i t t le va lue . on t h e  oth er han d ,  a s  a 
second genera l pr inciple , reco r ds a re pe r suas ive in  the a dver sa r ia l  
a tmosphe re  of a cou r tr oom on l y  to the exten t tha t  the r ecordkeepe r  is 
able  to produ ce suppor t ing ev idence of the i r  accuracy .  The Federa l 
Ru les of E v i dence ( fol lowed by a l l  fede ra l  cou rts ) ,  for exa mple , 
prov ide tha t cou r ts w i l l  a ccept records of regu la r ly condu cted bus iness 
a c t i v i ty • un less the sou r ce of information or the method of 
c i r cums ta nces of prepa ra t ion indica te lack of trustwor th iness . • * * *  

Ev idence o f  t h e  t rustwor th ines s  o f  r ecor ds o f  dos e  equ i va len ts migh t 
inc lude pr oof of the qua l i ty a ssu rance steps tha t wer e  rou t inely 
f o llowed to · ensu r e  tha t the amoun t r ecor ded on a pa r t i cu la r  da te for a 
pa r t i cu la r  ind i v i dua l was i ndeed the dose  equ iva lent  measured for that 
indivi dua l .  Documen ta t i on tha t the relevan t  qua l i ty assu rance 
procedu r es were fo l lowed wi th r espect to the pa r t icu la r  records a t  
issue i n  the ca se a l so wou l d  be o f  gr ea t  va lue . 

The Supr eme cou r t  in Feres v .  Un i ted sta tes , 3 4 0  u . s .  1 3 5  ( 1 95 0 ) , 
held tha t the Federa l Tor t  C la ims Act does not apply to i n j u r i es 
incu r r ed by serv icemen •a r is [ i ng ]  ou t of or • • •  in the cou r se of 
a c t i v ity inc i dent to serv i ce . • Veterans ins tea d may seek compensa t ion 
pu r sua nt to a compr ehensive  c la im sys tem ope ra ted by the Vete ran ' s  
Admin i s t ra t i on . ( See 3 8  C . F . R . sees . 3 . 150- 1 6 0  [ 198 4 ] . )  Bu t  whethe r 
c la ims a r e  br ough t  in fede ra l  cou r t  by ci v i l ia n  employees , or under the 
a dmin istra t ive program, they w i l l  i nev i tab ly force some exter na l  r ev iew 
of the mon i tor ing pr ogram.  
* *see , e . g . , Rober ts v .  Un i ted sta tes , No . LV 1766 RDP ( U . s .  Di s t . 
Ct . D .  Nev . ) ,  f i led June 1 4 , 1 9 8 4 ; Johns ton v .  un i ted Sta t es ,  5 9 7  P .  
Supp .  374  ( D . Ka n .  1984 ) ;  Mah oney v .  Un i ted Sta tes , 2 2 0  P .  su pp .  8 2 3  
( E . D .  Tenn . 1 9 6 3 ) ;  con t ra A l len v .  Un i ted Sta tes , 5 8 8  F .  Supp . 247  ( D .  
Utah 1984 ) .  
* * *Ru le 8 0 3  ( ANSI , 1 9 72 ) .  
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The Amer ica n  Na t i ona l Standa r ds I ns t i tu te ( ANSI ) standa r d  N l 3 . 6 - 1 966  
( 19 7 2 ) suggests on  th i s  very  point  wha t ca l ibra t i on a nd ma in tena nce 
recor ds shou ld be kept in any radia t i on pr otec t i on pr ogram:  

• p r ocedu r es ,  cr i ter ia , a nd s chedu l es for ca l ibra t i on and 
ma in tenance of radia t i on measu r emen t instrumen ts and dos imeter s  
a re o f  va lue in demonstra t ing da ta dependa b i l i ty and 
r e l ia b i l i ty .  Por th is pu rpose a recor ds system shou l d  include : 

1 .  procedur es u sed for the ca l i bra t i on of the indiv i dua l ly 
worn  dos imeter s  and other  radia t i on measu remen t 
instruments 

2 .  descr ipt i ons of the ca l ibra t ion sou r ces and  of any da ta 
showing inter-compa r isons wi th sou rces f r om othe r 
labor a to r ies 

3 .  da ta on the f r equency of ca l ibra t i ons  
4 .  resu l ts of  the ca l ibra t i on tests 
5 .  ma intenance his tory of ind i v i dua l rad ia tion measu remen t 

instruments . •  

S imi la r ly ,  th is ANSI s tanda r d  pr ov ides tha t : 

• cha nges that substantia l ly r ev ise procedu r es ,  methods of 
eva lua t i on ,  or po l i c i es sh ou l d  be r ecorded . Wh en per t inen t ,  the 
rea s on for su ch changes a lso shou ld be recor ded . •  

RBVI BW OP CURRBNT ARMY PRACTI CB 

Ma ny of the procedu r es--for example , recordkeeping procedu res-- i n  
cu r r en t  u s e  a t  USA IRDC apply to a per sonnel  dos imetry  pr ogram 
i r r espect ive of the k i nd of dos imeter u se d . The f o l l ow in g  r ev i ew i s  
included t o  ind ica te t h e  degree t o  wh i ch cu r r en t  Army practice conforms 
to the r equ i r ements of AR 40- 1 4  i n  these more genera l r espects . 

A Cen t ra l  Dos imetry Recor d  Repos i tory  wa s es ta b l i sh ed a t  USAIRDC for  
the pu rpose of ma in ta in ing an i on i z ing  ra d ia t i on exposure  h is tory for  
ea ch person u t i l i z ing the Army dos imetry serv ice . Resul ts of a l l 
dos imeters  pr ocessed by USA IRDC a r e  r ou t i ne ly ( month ly ) en tered into  
the au toma ted r ecor d  repos i tory . In  the  even t tha t the  insta l la t i on 
u s ing the dos ime t ry serv i ce determines tha t a repor ted dos imeter resu l t  
is  not a r easonable  mea su r emen t o f  the dos e equ iva len t r ecei ved by an 
indiv idua l ,  the us ing orga n i za t i on r eports  the amended dose equ iva l ent  
a ss ignment  to  USAIRDC . 

The compu ter  presen t ly be ing ut i l i zed is loca ted a t  the Army ' s  
Reds tone A r s ena l  i n  Huntsv i l le ,  A labama , bu t da ta inpu t  is f r om USA IRDC 
o f f ices in Lex i ngton , Ken tucky . P r ogramming suppor t ,  ma in tenance , and  
da ta base management a r e  pr ov i ded by Reds tone . A sepa ra te ha rd  copy 
Admin i s t ra ti ve Dose f i l e  con ta in ing these  da ta is ma in ta ined . Tha t 
f i le  is  referenced by a code in  the da ta ba se . Cor r espondence and  
s ou r ce documen t f i les a re  ma in ta ined in ha r d  copy forma t  for ea ch 
insta l la t i on served by USAIRDC . 
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Resu l ts of  a l l  bioassa y  pr ocedu r es are  r epor ted to the  USAIRDC by 
the Ra d i olog i ca l  Protect i on Of f i cer ( RPO ) a t  the us i ng insta l la t i on .  
AR 4 0 - 1 4  ca l l s  for such repor ts to be s ta ted i n  un i ts of indiv i dua l 
orga n  dose equ iva lent , but in  fa ct reports  a r e  cu r rently be i ng s ta ted 
in un i ts of ac t i v i ty ( e . g . , 10 �i thyroid  uptak e ) . A r efer en ce code 
is placed in the r epos i tory indi ca t ing tha t th is  informa t i on is on f i le 
( ha r d  copy ) a t  USAIRDC . 

USAIRDC pr ov ides on reques t--a s manda ted by AR 4 0 - 1 4 --exposu r e  
h is tor i es for ind i v i dua ls  who u t i l i ze the Army dos imetry  serv i ce .  
USAIRDC a lso prepa r es sepa ra te annua l conso l i da ted summa ry r epo r ts for 
a l l  personnel  f rom the Depa r tment of the Army , Army Na t i ona l Gua r d ,  
u.s. A rmy Reserve ,  a n d  De fense Log i s tics Agency who have been 
occupa t iona l ly exposed . These summa r ies a r e  necessa ry to con form w i th 
r equ i r ements of 10 CFR 20  ( NRC , 1984 ) , and they g i ve the number of 
persons mon i tored rece i v i ng s ta ted ranges of penetra t ing ,  whole-body 
dose equ iva lent .  A s ta ti s t i ca l  summa ry r epor t  a l so is r equ i r ed by AR 
40- 14  for ea ch occu pa t i ona l spec ia l ty code . Th is  summa ry r epor t  is  not 
cu r r en t ly being pr epa r ed , because no agr eemen t has been rea ched 
rega r d ing the occu pa t i ona l spec ia l ty codes to use . Indiv i dua l ,  
qua r ter ly-to-da te ,  and  annua l per sonnel  dos imetry r epor ts a r e  pr epa r ed 
for ea ch employee a nd transm i t ted to the insta l la t i on RPOs i n  a dd i t ion 
to the monthly l i s t i ngs of al l per sonnel dos imetry r esu l ts .  Exposu r e 
h is tor ies a r e  prepa red for termina t ing employees upon r equest .  

The r epos i tory is r equ i r ed by AR 4 0- 14 to pr ov i de •a  f lexible 
compu ter program • sepa ra t i ng tota l occupa t i ona l exposu re  from med i ca l  
exposure .  Howeve r ,  med i ca l exposu r es a r e  pr esen tly  not be ing r epo r ted 
to USA IRDC . The commi t tee knows of no cu r r ent or  pla nned federa l 
r equ i rement . to r ecord  medica l exposu r es ,  nor of any fede ra l  a gency tha t 
i s  ma inta in ing th is  informa t i on .  AR 40- 14  a ls o  r equ i r es tha t there  be 
pr ov is ions fo r r ecording  v ia the compu ter system such add i t iona l 
informa t i on a s  ou ts ide employment ,  other ra d ia t i on exposu r es ,  
occupa t i ona l codes , and  iden t i ty of radia t ion sou r ces and  other 
haza rdous substances to wh i ch the wor ker was exposed . Of these , only 
dose equ iva len t  f rom outs ide employment is cu r r en t ly be ing r ecor ded , in 
the form of a note code indi ca t ing that the da ta were obta ined f rom a 
dos imete r other than tha t pr ov i ded by USAIRDC , and tha t the dose 
equ iva lent so determined wa s a dded to the cumu la t ive recor ds . 

Numbered and da te-coded f i lms a r e  issued mon th l y by ma i l  to us ing 
insta l la t ions . These f i lms a r e  accompa n ied by a compu ter-genera ted 
for m ( r eplacing  the manua l DA Form 3 4 84 ) in du pl i ca te for ea ch type of 
dos imeter i ssued ( e . g . , beta/gamma f i lm ,  neu t r on f i lm ,  and TL r ing ) . 
The add r ess of the insta l la t i on and other per t inent  da ta --includ ing the 
names of per s ons a t  the insta l la t i on for whom badges were issued in the 
pr eceding 3 mon ths--a r e  en te red into the compu te r . The RPO a t  the 
insta l la t ion recor ds on the form the f i lm number i ssued to ea ch 
ind iv i dua l and to any a dd i t i ona l pe r sons ( e . g . , v is i tors ) ,  and  de letes 
names for wh i ch badges were a c tua l ly not issued . The RPO is r eques ted 
to note the k ind  and  ene rgy of radia t i on to wh ich the dos imete r wa s 
exposed ( th is nota t i on i s  not often be ing ma de ) , the occupa t iona l  
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specia l ty code { th is cod ing i s  not  pr esent ly be ing done ) ,  a nd the 
appr opr ia te trans i t  con t r ol f i lm number . One copy , s i gned by the RPO , 
is  returned to USAIRDC w i th the exposed f i lm pa ckets . 

After  the fi lms a r e  pr ocessed a t  USA IRDC , net opt ica l  den s i ties 
under the fou r f i l ters  a r e  recor ded in  pen c i l  on the form , a nd the 
compu ted dose equ i valen ts a r e  en te r ed on the for m .  Micr of i lm copi es of 
the form { wh i ch is  the pr ima ry sou r ce document ) a r e  prepa red a nnua l ly ,  
and a permanen t  micr of i lm f i le  i s  ma in ta ined a t  USAIRDC . The or i g i na l  
forms a re then s tored a t  the Na t i ona l  Recor ds Hold ing Center . Ba ckup 
microf i lm copi es of da ta col l ec ted have been ma in ta ined s ince 1969 . 
The f i lm emu l s i on ca l ibra t i on set da ta shee ts a lso a r e  mi crof i lmed and  
reta ined .  

Da ta fr om the for m  a r e  en te red i n to the compu te r v ia a n  intera c t i ve 
compu ter termina l ,  then independent ly checked . An a dd i t i ona l  
s ta t i s t ica l  check a l so i s  per formed on a sampling  o f  r epor ts . The 
r epor t so  genera ted includes name , socia l secu r i ty number , dose 
equ iva lents , f i lm number , and  use da tes . Qua r ter ly , annua l ,  and  
l i fe t ime doses a r e  compu ted and entered on  the repor t , wh i ch is  
r etu r ned to the insta l la t i on by ma i l .  Cu r r en t l y  these  da ta a r e  
manua l ly t ranscr ibed by the RPO onto D D  Form 1 1 4 1 ,  wh i ch i s  conta i ned 
in ea ch ind i v i dua l ' s  medica l fo lde r . To avoid e r r or s  and save effor t ,  
USAIRDC a dvoca tes i nser t i ng the qua r ter ly-to-da te compu ter  form i n to 
the folder i ns tea d of transcr ibing the da ta .  

RECOMMENDATI ONS ON PERSONNEL DOSI METRY DATA THAT 

SHOULD BE OBTAI NED , STORED AND ACCESSED 

The follow ing  recommenda t i ons r e la te to severa l a r ea s  of da ta 
co l l ection and r ecor d i n g ,  and  to rad ia t i on pr otec t ion pra c t i ce , 
inc lud ing : { a ) k inds of dose equ iva lents to be measured ,  { b ) fr equency 
of measu remen t , { c )  cumu la t ive dos e equ i va len ts to be recor ded , { d )  
reten t i on of ca l ibra t i on a nd qua l i ty a ssura nce da ta to va l i da te 
r ecor ded dose equ i va lents , and  { e )  pr ima r y  dos imete r da ta tha t may be 
needed for subsequent r econs idera t ion of pers onnel dose equ iva lents . 
The r ecommenda t i ons inc lude pr oposed cha nges in  cu r r en t  practice , both 
to accommoda te the changeover in  the mon i tor ing dev i ce from f i lm to TLD 
badges and the imminen t  cha nges in releva n t  NRC and EPA exposu re  l i m i ts 
a nd pr ocedura l ph i l osophy . 

Many of the types of  dos imetry da ta now reco r ded w i l l  be the same 
w i th the new TL dos imetry sys tem a nd the a n t i c i pa ted l imi ts of 
radia t i on dose equ i va len t .  Thus , for ext e r na l  rad ia t i on i t  wi l l  st i l l  
be necessa ry to recor d :  

{ a ) • whole body dose equ i va len ts , •  both sha l low and deep,  in  
con form i ty w i th the pr otec t i on l imi ts for s k i n  exposure  and for 
whole  body exposu r e  to penet r a t ing  r adia t i ons , r espectively ; 

( b ) loca l i zed dose  equ iva l en ts for  pa r ts of the body , such as the 
lens of the eye or the thyr oid glan d ,  wher e dos e equ iva len ts may 

Copyright © Nat ional Academy of Sciences. Al l  r ights reserved.

Review of U.S. Army Ionizing Radiat ion Dosimetry System
http: / /www.nap.edu/catalog.php?record_id=19202

http://www.nap.edu/catalog.php?record_id=19202


6 6  

b e  higher  than those recorded o n  t h e  t runk of the body because 
of , for  example , f ie ld nonu n i formi ty o r  pr esence of protect i ve 
c loth ing over the t runk : and 

( c )  dose equ i va lents to ex tremi t i es .  

The pr oposed new rad ia t i on l imits  w i l l  redu ce the s i gn i f ica nce of 
eye exposu re , because the a nnua l l imit  w i l l  be ra i sed to 15  rem ( 0 . 15 
sv ) ,  a nd of loca l i zed thy r oid and some other  s ingle  orga n  exposu r es , 
because of the sma l l  we ight i ng fa ctor s ( 0 . 0 3 )  a s s i gned by I CRP 
Pub l i ca t i on 26 ( ICRP , 1 9 7 7 ) to those organs . On the other ha nd , the 
pend i ng increase of the qua l ity fa ctor for fa st neu t r ons from 10  to 20 
w i l l  inc r ease the s i gn i f ica nce of neu t r on exposu re . 

The introduct i on of we i ght i ng factors a ss i gned to pa r t i cu la r  orga ns 
in the es t ima t ion of effect ive  dose equ i va lent sugges ts tha t  mor e  
i nforma t i on shou ld be a va i lable rega rd i ng ef fect i ve photon energy . For 
example , the a lgor i thm cou ld  be mod i f ied so as to ind ica te one or two 
i nte rmed ia te energ i es between 70 a nd 6 6 2  keV .  

I n  order tha t  dose equ i va lents rece ived by spec i f ic orga ns o f  an  
ind i v idua l ca n be  ca lcu la ted when necessa ry , the commit tee recommends 
tha t :  

Pe r sonnel records of dose equ i va len ts be coded to indica te the 
known k inds of ra d ia t i on--a long w i th the i r  a ssoc ia ted ene rgy 
ra nges--to whi ch the ind i v i dua l wa s exposed in h is occu pa t i ona l 
env i ronment . 

The comm i ttee cons i de r ed the f r equency of ba dge readou t , i . e . , the 
wea r ing pe r iod . The comm i t tee suppo r ts the Army pra ctice of i n i t i a l ly 
mon i to r ing ind iv i dua ls  in  a new opera t i on on a week ly ba s i s  
f o r  the f i r s t  8 weeks* , bu t encou rages the adopt i on of a monthly 
wea r ing pe r i od unless there  is c lea r ev idence of wide f luctua t ion of 
dose equ iva lent f r om week to week . I n  grou ps where the dose 
equ i va lents a r e  low and stable , the commi ttee recommends tha t :  

Ser i ous cons idera t i on be g iven t o  ins t i tu t i ng a 3-month wea r ing 
pe r iod ,  because th is pr ocedu r e  wou l d  inc r ease the accu racy of 
cumu la t i ve dose equ i va lent records by r educ i ng the er rors  i nherent 
i n  mu lt iple read i ngs of low dose equ i va len ts ,  pa r t icu la r ly when 
those r eadings fa l l  below the min imum recordable leve l . 

The increased fa d i ng ( a t  mode rate temperatu r es and low r e la t i ve 
humid i t i es )  du r ing 3-month pe r iods i s  cons idered neg l i g i ble a t  low dose 
equ i va lents , and subs ta n t ia l  econom ies in labor cou l d  be effected . 

Ra d ia t i on- i nduced ma l igna nt d isease may occu r severa l deca des a f ter 
the pe r i od in  wh i ch an ind i v i dua l wa s exposed , and delete r i ous  ef fects 
of a genetic  na ture may occu r du r ing the l i fet ime of an  offspr ing . As 
prev i ou s ly noted , expe r ience with  rad ia t i on l i t iga t ion ind ica tes that 
exposu r e  recor ds a r e  h igh ly s i gn i f ica nt . Yet there is a t  pr esent 
l i t t le def i n i t i ve gu ida nce i n  fede ra l regu la t i ons  on rad ia t ion 

• 
Army document SBl l- 206 , May 3 1 ,  1983 --Sec t i ons 3 f  and 6 .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e v i e w  o f  U . S .  A r m y  I o n i z i n g  R a d i a t i o n  D o s i m e t r y  S y s t e m
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 0 2

http://www.nap.edu/catalog.php?record_id=19202


6 7  

protection concerning the r eten t i on t ime of  records . Sta nda r ds for 
Pr otec t i on Aga i nst  Ra d ia t ion ( NRC , 1984 ) s t ipu la tes tha t r ecords a re to 
be ma inta ined • u nt i l  the [ Nuc lea r Regu la tor y ] Commi ssion author i zes 
d ispos i t ion . • NCRP Repor t  No . 5 7  ( 19 7 8 ) r ecommends tha t pe rsonnel 
exposu re recor ds a nd suppor t ing da ta be reta i ned for at  lea s t  30  yea r s , 
wh i le ANSI N l 3 . 6 - 1 9 6 6  ( 19 7 2 ) r ecommends reten t i on • u n t i l  the yea r i n  
wh ich t h e  i nd iv i dua l wou ld  ha ve r eached t h e  a g e  of 7 5  yea rs  o r  unt i l  1 0  
yea rs  a fte r  t h e  known dea th o f  t h e  ind i v i dua l . •  

The committee endorses the NRC a pproa ch ,  a nd r ecommends 
indef i n i te reten t i on of dos imetry r ecor ds , pending pr omu lga t ion of 
spec i f i c  regu la t i ons . 

The r e  a re severa l poss i ble moti va t ions for r ev i ew i ng the accu racy of 
personnel expos u r es a fter the dos imeters have been processed . I n  the 
shor t te rm ,  these moti va t i ons  inc lude an • overexposu re , • as def ined in 
AR 4 0 - 1 4 , or an • u nu sua l exposu re , •  wh ich may be unexpectedly lower or 
h igher  tha n the typica l exposu r e  of an ind i v idua l in  a pa r t icu la r 
wor k ing env i ronment .  E r r ors  in  ea ch of these ca tego r i es ma y  resu l t  
f r om a dos imeter fa i lu r e ,  f rom a ma l funct i on wh i le r ead ing the TLD 
badge , or du r ing the compu ta t i on process u sed to es t ima te dose 
equ i va lent . Also , one may wish to recon s t r uct dose equ i va len t to a 
spec i fic  t i ssue depth . 

The comm i t tee r ecommends tha t :  

A l l  da ta concer n ing per sonnel dose equ i va len ts be r eta ined for 
a t  lea s t  a 1-yea r pe r iod fo l low ing the process ing of ind i v i dua l 
dos imete rs , independen t of the i r  dose equ i va len t r ead ings . 

These da ta inc lude the integra l r ea d i ngs of ea ch of the fou r 
dos imeter elemen ts ; the iden t i ty of the r eader  used : the associa ted 
d ig i t i zed g l ow cu rves ; the cor rect i on facto r s ,  inc lud i ng element 
cor r ect ion fa cto r s ,  appl ied to the s igna l : and the qua l i ty assu rance 
pa rameters of the r eade r , includ ing glow cu r ves , the ba tch co r rect ion 
factors for  the photon a nd fr equency counters , the sw i tch-over po int  
between photon a nd f r equency count ing ,  the  cor rect ion fa ctor for  the 
r esponse of CaS04 versus L i2 B407 , per cen t coeff i cien t  of 
va r ia t ion ,  and background responses from un i r rad ia ted con t r ols w i th 
these elements ; a nd equa t i ons used in the dos imet ry a lgor i thm . 

Recent cong r es s i ona l interest  in  f i lm badge dos imete r s  used du r ing 
nuc lea r weapons tests sugges ts tha t da ta sou rces document i ng dose 
equ i va lents shou ld  be reta ined • i nde f i n itely•  as d iscussed abov e .  
Al though indef i n i te re tent i on o f  a l l  such da ta i s  c lea r ly a n  opt i on ,  
the comm i ttee cons ide r ed wha t econom ies in da ta storage cou l d  be 
ef fected w i thout  pr e judi ce to the respons i b i l i t i es of USA IROC . One 
a r ea wher e the comm i ttee conc luded tha t ce r ta i n  TLD glow-cu rve  r ecords 
cou ld be d i sposed of wa s the la rge amount  of g low-cu r ve da ta for the 
la rge number of wor kers  r ece i v i ng low dose equ i va len ts . 
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T h e  ra t i ona le f o r  th is conclus i on a ssumes tha t i f  a l l  a ssocia ted 
ca l i bra t i on ,  process ing , a nd qua l i ty a ssu ra nce da ta r e la t i ng to the 
r educ t i on of those glow-cu r v e  da ta to dose equ i va len ts a r e inde f i n i tely  
reta ined,  there  wou ld be  no fu r ther need to r e ta i n  the  raw da ta once 
they a r e  redu ced . Th i s  ra t i ona l e  is  a lso pr emised on the pr obable  
va l i d i ty of those ca l cu la ted dose equ iva l ents i n  lega l proceed i ngs , i n 
the absence of the raw g l ow-cu r v e  da ta ,  pr ov i ded the r e  is  ev iden ce of 
sa t i s fa c tory qua l i ty con t r o l  du r i ng the da ta - r educ t i on process . Thus 
the comm i ttee conc luded tha t cer ta i n  g low-cu rve- r ela t ed da ta tha t !!! 
indefin i te ly r e ta ined wou ld su f f i ce to demons t ra te  for the reco r ds of 
l ow dose equ i va len ts  tha t the equ i pment used to per form the g l ow-cu rve 
mea s u r ements  a nd r edu c t i ons ha d funct ioned pr oper ly . Accor d i ng l y ,  the 
comm i t tee r ecommends tha t :  

A l l  of the above- l is ted da ta be so reta ined , except tha t i n  the 
ca se  of the d i g i t i zed g l ow cu r ves , • i ndef i n i te •  reten t i on i s  
r ecommended onl y  i n  the fol low i ng ca ses : 

( a ) for ind i v i dua l s  who du r i ng a pa r t i cu la r yea r ha ve a cumu la t ive 
dose equ iva len t of penet r a t ing  r a d ia t i on in  excess of 500  mrem 
( 5  mSv ) ( th is wou ld ha ve i n c lu ded abou t  0 . 8  pe rcent of the  
pe r sonnel  moni t o r ed by USA IRDC in  1 9 8 4 ) ;  

( b ) for  i nd i v i dua ls  w i th a n  a nnua l cumu la t i ve ex t r em i ty dose 
equ i va len t exceed i ng 7 . 5  r em ( 0 . 0 7 5  Sv ) ;  

( c )  for a pa r t i cu la r  ba dge tha t  i n d i ca tes a ca lcu la ted dose 
dose equ i va lent  of pene t r a t ing  r a d ia t ion in excess of 10 0 mrem 
( 1  mSv ) ,  or an  ex t r em i ty dose exceed i ng 1 , 5 0 0  mrem ( 1 5 msv ) ;  

( d )  a l l  g l ow cu r ves of a n  unu sua l na tu re  wh i ch a r e not expl i cable in  
t e r ms of equ i pment prob l ems ( ba sed upon a shor t- term review ) , 
a l ong w i th the  g l ow cu rves obta i n ed by pr oces s i ng the ba dges 
immed ia tely  preced ing  a nd f o l low i ng the ba dges produ c ing those  
cu r ves . ( I f USA IRDC e lects to reta i n  r ecords tha t  r esu l ted f rom 
a n  expl i cable  equ ipment prob l em ,  those reco r ds shou ld be 
a ccompa n i ed by a sta tement  iden t i fy i ng the expe r imen ta l 
problem . ) ;  

( e )  a l l  g l ow cu r ves r esu l t i n g  f r om ques t ioned dos imete r r ea d i ngs 
( e . g . , in d i sa gr eement  w i th other methods of dose est i ma t i on ) ; 
a n d  

( f )  a l l  g l ow cu r ves r esu l t i n g  f r om qua l i ty assu rance pr ocedu res .  

The comm i t tee a l so  recommends tha t :  

A l l  da ta  r e la t ing  to the ca l i bra t ion of the r eader  t h r ough out 
i ts h i s tory  be reta ined  • i nde f i n i te l y • , a long w i th i n t e r compa r isons 
o f  dose equ i va lent  eva lua t i ons  ( such  as in the Na t iona l Volu n ta ry 
La bora to r y  Acc r ed i ta t i on P r ogra m [ NVLAP ] of the Na t i ona l Bu r eau  of 
Sta nda r ds [ NBS ] . )  

A t  the p r esen t  t ime , user  i n s ta l l a t i on RPOs a re r equ i r ed to 
t ra n s c r ibe dos ime t ry da ta ma nua l ly onto Form D O  1 1 4 1  for i n se r t i on 
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into ind iv i dua l medi ca l  recor ds . Al though th is pra c t i ce may pr ov ide 
some a ssu rance tha t the loca l RPO is  awa r e  of the la tes t dos imetr y  
informa t i on ,  such manua l transcr i pt i on undoubtedly lea ds t o  er r ors and 
a lso r epr esen ts { a t  lea s t  a t  the la rge r  ins ta l la t ions ) a cons i de rab le 
expend i ture  of ef for t .  USA IRDC has been a dvoca t ing the d i rect 
i nser t i on of the qua r ter ly-to-da te compu te r -genera ted r eports  in to the 
medi ca l  r ecor ds . The comm i t tee recommends tha t : 

The Ar my shou ld r equ i r e the va r i ous fa c i l i t ies to inse r t  the 
qua r ter ly- to-da te computer-genera ted r epo r ts d i rect ly into 
i n d iv i dua l med i ca l recor ds , r a ther  tha n con t inue us ing manua l 
transcr i pt i on .  
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RBCOMMBNDATIONS ON DATA PROCBSS ING AND ARCHIVI NG 

Th is cha pter r ev i ews cu r r ent da ta-handl ing techn iques u t i l i zed a t  
USAIRDC i n  connec t i on wi th f i lm ba dge dos imetr y .  Then , i n  accor da nce 
w i th study Ta s k  4 ,  i t  cons iders des i rable ha r dwa r e  and softwa r e  
ca pab i l i t ies to b e  empl oyed for da ta storage , pr ocess ing , and  r etr ieva l 
a s  a r esu l t  of the trans i t i on to the new thermo luminescent dos imetry  
sys tem of the  u . s . Army I on i z ing Ra dia tion Dos imetr y  Cen te r 
( USAIRDC ) . * The scope of th i s  s tu dy preclu des de ta i led speci f i ca t i on 
of the r equ i r ed sys tem con f i gu ra t i on and i ts cos t . 

BACKGROUND 

Th r ee hundr ed thousa nd  ind i v i dua l s  have been mon i to r ed by USAIR DC s ince 
1954 , r esu l t ing i n  5 . 8  mi l l i on dos ime t r y  recor ds tha t a r e  per i odica lly  
sea r ched . In  accor da nce w i th lega l and r egu la tory r equ i r emen ts ,  the 
mos t recent recor ds are con t inuous l y  u pda ted a nd cr os s-ver i f ied for 
a ccu racy . The f i lm ba dge da ta bas e  con ta in ing these  r ecords is  sto r ed 
a t  Reds tone Ar sena l ,  Huntsv i l le , A labama , on an  IBM 4 3 4 1  ma in f rame 
compu ter . Appr ox imately 2 0 0 , 0 0 0  new r eco r ds a r e  added ea ch yea r ,  u s ing 
da ta obta ined by process ing f i lm badges returned to USA IRDC . 

The new USAIRDC TLD sys tem is  bu i l t  a r ound a Panason ic  Model UD-7 10A 
au toma t i c  badge rea der a nd a Hewlett-Pa cka r d  ( HP )  Model 1000  
min i compu ter loca ted a t  Lexi n gton , Ken tu ck y .  The  sys tem will  br ing 
s ta te-of- the-a r t  mon i tor ing a nd repor t ing ca pab i l i t i es to the dos imetr y 
pr ogram.  

To help define an opt i mum compu ter sys tem conf i gu ra t ion to  ca r ry ou t 
USAIRDC mon i tor ing ta sks  i n  a cost-effect ive manner , severa l 
cons idera t i ons a r e relevant : 

1 .  H i s tor ica l  da ta , con ta ined in  some 5 . 8  mi l l ion reco r ds , a r e  
cu r r en t ly s tored i n  a compu ter loca ted at Reds tone Arsena l . 
Those r ecor ds a r e  r emote ly accessed by USAIRDC pe r sonne l .  

*The commi ttee acknow ledges the ass i s tance pr ov i ded by RESCO Computer  
Servi ces , I nc . , i n  addr ess ing  th is ta sk .  

7 0  
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2 .  A new compu ter a nd softwa r e  sys tem w i l l  be used w i th the TLD 
r eader to au toma te dete rmina t i ons of dose equ iva len ts . 

3 .  Da ta-handl ing r equ i r ements for a TLD s ys tem a re d i f fe r ent  than 
those for f i lm dos imeter s .  

4 .  Certa in des iderata iden t i f i ed by USAIRDC need to be ach ieved for 
sa t i s fa c tory opera t i on of i ts ra d ia t i on mon i tor ing program . 
These a r e :  
o pr oper ma in tenance of DD Form 1 1 4 1 ( conta in ing ind i v idua l 

dose equ iva l ent  recor ds ) , 
o pr oper dos imeter documenta tion ,  and  
o de f in i t i on of dos imetry da ta r e ten t i on r equ i r ements . 

CURRENT SYSTEM SPEC I F I CATION 

Sou r ce da ta on per s onnel dose equ iva lents a r e  col lected by a networ k of  
775  s ta t i ons , then t ransmi tted to  USAIRDC . Appr oxima tely  6 0  pe r cent of 
those s ta t i ons a r e  loca ted in the con t inenta l Un i ted sta tes . Forms a r e  
pe r iodi ca l ly sen t b y  USAIRDC t o  ea ch s ta t i on ,  l is ting  ind i v i dua ls who 
shou l d  be issued f i lm badges , a long w i th an  a ppropr ia te number of 
ba dges . On a mon th ly bas is ,  the completed for ms , l is t ing the use r s , 
a r e  returned to USA IRDC a ccompan ied by the exposed f i lm for ana lys is . 
Once the f i lms have been pr ocessed at  USAIRDC , r ead ings of dos e  
equ iva l ent f o r  ea ch ind iv i dua l are  ma nua l ly transcr ibed on to the 
incoming form .  These da ta a r e  then en te r ed in to compu ter  termina ls  at 
USAIRDC a nd t ra nsmi t ted v ia ded i ca ted commun i ca t i on da ta l ines to an 
IBM 4 34 1  ma in frame compu te r loca ted at Reds tone Ar sena l . 

F i gu r e  5- l is a s chema t i c  d ia gram of pr es ent USA IRDC procedu r es for 
handl ing and pr oces s ing f i lm ba dge dos imetr y  da ta .  The dos imet r y  
r epor t form shown in F i gu r e  5- 2 subs t i tu tes for Depa r tment o f  the Army 
( DA )  Form 3 4 84 , and is  the form r efer r ed to above tha t is  sen t by 
USA IRDC to user loca t i ons . Other input  documents are s omet imes used in 
l i eu of subs t i tu te DA Form 3 4 84 , w i thout a f fecting  the inpu t  
in for ma t i on a n d  da ta pr oces s i ng . Anoth er  for m ,  shown in  F i gu r e  5- 3 ,  i s  
u s ed t o  con t r ol f i lm badge sh i pmen ts . 

The qua n t i t i es and k in ds of badges r eques ted by ea ch s ta t i on a r e  
a lso r ecor ded on subs t i tu te D A  Form 3 4 84 . An impor ta n t  f i e l d  on the 
form is  the user ' s soc ia l secu r i ty number ,  wh i ch is  the iden t i f i er tha t 
un iquely r ela tes user s to dos e equ i va l en ts . USAIRDC da ta -en try  
personne l--opera t ing f r om one of s ix  ter mina l s and  du r ing two sh i f ts 
per da y--u pda te the dos imetry  da ta bases us ing a menu-dr iven compu ter  
prog ram . A photogra ph of the  input-scr een menu is  shown in  F i gu r e  5- 4 . 

Al l of the compu ter ha r dwa r e  ( except te rmina l s  and pr inte r ) u s ed to 
suppor t the USAIRDC miss i on is phys i ca l ly loca ted at the u . s . Army 
Miss i l e  Command a t  Reds tone A r sena l . I n  add i t i on to the dos imet r y  
cen ter r equ i r ements , 2 3  other app l i ca t i ons  a r e  pr es ently suppor ted by 
the Redstone equ i pmen t .  For ty te rmina l s  a r e  cu r r en t l y  connected to the 
Reds tone ma in f rame compu te r . Table  5- l is a l i s t ing of  compu ter  
equ ipmen t pr esen t ly used  by  USAIRDC to  pr ocess da ta on  dos e equ i va len ts . 

The I BM 4 34 1  compu ter is  fa st , ca pable of pr ocess ing up to 1 . 8  
m i l l i on instruct ions pe r second . Even a t  tha t speed , a c tua l pr oces s ing 
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F'HOTC)[) tJSIMETHY l�EPORT 

EXPOSURE TO IONIZING RADIATION 

I:.NTE:R TYPE OPTI(J I� 

:L .. ADD !�EW PEI�£lD N , 

2 ,  ADD F'IL.M D D BAGE TCl ISXIBT :X:r·m EiEi N • 

3 , Nt-.r-m SE:Af�Cl-1 < BTHING �"! 0 0 0 > > 

.tt , H�i N HE AF\CH ( £iT FUNG 2 0 1.:5 ) > 

5 ,  HDDIFY FILM D lJ G A G E  T D  t::XISTING Ei S N  • 

DELETE 1::-:I:LM D CI !3AGE FF\CI M AN EXISTING 

7 .  Dt::PAHT r-" ILM [) (J£iA GE: FHOM 

El . 11 ClDIFY !:H;: ll T O  

'7 . PALF'HA F.: Ef'OHT 

1 0 • END SESBJ:ON • 

EX:I:£i T:J:N G  

• • 

AN EXISTING 

!JElN . 

SSN . 

!3SN . 

�CREEN . NAME CX3MENU 

> 

E N T E R  OPTION r.: ECI U E�ITED L� HIT r=·F t O >t::tOIOIOUOKliOtcTO CHANGE SCf..:EENS HIT F'F l :! 

F I G U R E  5-4 F i lm badge da ta i npu t s c reen . 

SOURCE : USJ\I RDC , 1 9 B 6 . 
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7 6  

TABLE 5 - l  u . s .  Army I on i z ing Ra d ia t i on Dos imetry  Cen ter  compu ter  
ha r dwa r e  loca ted a t  Reds tone and USAIRDC 

Compu ter : IBM 4 3 4 1 ,  2 megabytes memor y .  

Da ta storage : IBM 3 3 8 0  Ma ss s torage Dr ives ( cu r r en t l y  us ing 1 1/ 3  d isk 
pa ck s , or  600 megabytes of  s torage ) .  

Termi na l equ ipmen t :  6 cou r i e r  Mode l 2 7 0  termina ls . 
1 Nor ther n Telecom Ca r d  Reade r ( Mode l 8 2 8 16 9 5 0 ) .  
1 Nor thern  Telecom Remo te J ob En t r y  ( RJE ) Termina l  

( Mode l 8 2 82 60 6 5 ) .  

P r inter : Nor thern  Te l ecom Mode l 40 2 S ,  8 0 0  l ines per minu te . 

Commu n i ca t i ons : D i r ect  commun ica t i ons l i ne ( dedica ted ) 1 4 , 4 0 0  bau d : 
4 , 8 0 0  baud ded i ca ted to ea ch cou r i er termina l ;  
4 , 8 0 0  baud dedica ted to the RJE ; 
4 , 8 0 0  baud  ded i ca ted to  another appl i ca t i on .  

is s l ow for many USAIRDC ou tpu t  r epor ts . Thr ou ghpu t  is  a func t i on of 
the number of oth er  user s on the sys tem , the speed of  the  ma ss s to rage 
dr ives , the transfer  ra te of the da ta l in es , a nd pr in ter  ca pab i l i t y .  
Reds tone  does not appea r cons t r a ined to  us ing exis t ing equ ipmen t to 
meet the needs of i ts cus tomer s ,  a nd env i s i ons even la r ger ma ch in es for 
the fu tu r e .  I ndeed , Reds tone plans to sh i f t  many of i ts cu s tomer s  to a 
newer compu ter--a n IBM 4 3 8 1--in  f i sca l  yea r 1987 . 

Dos ime t r y  da ta a r e  s t o r ed a t  Reds tone in th r ee pr ima r y  da ta ba ses , 
wh ose s t r u c t u r es a r e  shown in  F i gu r es 5-5 , 5-6 , a nd 5-7 . The dos imetry  
da ta base wa s ma in ta ined manua l ly for many yea r s .  La ter , for en t r y  
i n to t h e  compu ter , i t  wa s d i v i ded i n to thr ee sepa ra te da ta base  f i l es : 
Dose Da ta ,  H i s tor i ca l  Dos e Da ta ,  and  Back log Da ta ( h is to r ica l  da ta for 
wh i ch few soc ia l secur i ty number s a r e  ava i lable ) .  When prepa r ing 
ind i v i dua l dos imetry  h is tor i es , USAIRDC s ta ff mus t  look at a l l  th r ee 
da ta f i l es a nd ( f r equently ) per form s ome detec t ive wor k  to  ver i fy tha t 
a pa r t i cu la r  ind i v idua l is associa ted wi th a speci f i c  r eco r ded dose 
equ iva l en t . A fou r th da ta base , the • suspense • da ta base , wh ose 
s t ructu r e  is sh own in F i gu r e  5-8 , is used to track  badges be ing is sued 
to ind i v i dua l s ta t i ons . 

P r epa ra t i on of a dos imetry  h is to r y  of an indiv idua l ca n ta k e  hou rs . 
For  example ,  i f  du r ing a sea r ch mu l t i pl e  recor ds a r e  found 
cor r esponding to severa l pe r sons  hav ing s im i la r names , a compa r is on 
mus t  be ma de of the r e l eva nt  indiv i dua l ' s  empl oymen t h is tory to 
determine whe ther he or she cou l d  pr oper ly be associa ted wi th ea ch of 
the  r ecor ds . somet imes , wh en records cannot be found in the compu ter 
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F I GURE 5- 5 B ack log da t a  b a s e  f i le s t ru c tu re . 

SOURCE : USAI RDC , 1 9 86 . 
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F IGURE 5- 6 H i s to r i c a l da ta b as e  f i l e  s tructure . 

SOURCE : USAI RDC , 1 9 8 6 . 
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F I GURE 5- 7 Dos e equ i va l e n t d a ta b a s e  f i l e  s t ruc ture . 

SOURCE : USAI RDC , 1986 . 
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8 1  

da ta ba se , the USA IRDC s ta f f  mus t  sea r ch th r ou gh the or i g i na l  mi crof i lm 
r eco r ds to ver i fy dos imetry  da ta .  USAIRDC r ece i v es abou t 2 , 0 0 0  
r equ es ts for h is tor i ca l  dos ime t ry sea r ches ea ch yea r . Ea ch sea r ch 
r equ i r es 4 person-hou r s  ( on the average ) to compl ete . Approx imately  
one-ha l f  th is  t ime is for  compu ter  process i ng and  one-ha l f  for manua l 
r es ea r ch .  

Typi ca l  ou tpu t r epor ts ( such as F i gu r e  5-9 ) inc lude info r ma t i on on 
ea ch ind i v i dua l be ing mon i tored , includ ing the dose equ iva lent he or  
sh e r ece i ved : ( a ) du r ing a g i ven per i od of t ime ( u sua l ly a mon th ) ,  a nd 
( b )  dur ing the mon i tor ed por t i on of h is or  her  l i f e t ime .  F i gu r es 5-9 , 
10 , a n d  1 1  a r e  exa mpl es of some of the r epor ts tha t a r e  mos t f r equen tly  
r equ es ted . These summa r y  r epor ts are  for o f f i c ia l  use  on ly and conta in  
da ta cove r ed by the P r ivacy Ac t .  I nfor ma t i on is ta k en f r om them , then 
trans fer r ed to the appr opr ia te federa l r epor t ing for ms for submiss i on 
to mon i to r ing agencies . Add i t i ona l ou tpu t  r epor ts-- i n  the for m  of 
sta t is t i ca l  summa r i es of per s onnel dose equ iva len ts--a re  a l so 
ava i lab le , on r eques t ,  fr om USAIRDC . 

F i gu r e  5-9  is  a n  example of a summa r y  r epor t prov i ded to a l l  
mon i to r ing ins ta l la t ions ea ch qua r te r  o f  the ca l en da r  yea r . Th is 
repor t l is ts the yea r - to-da te i temi zed dos imetry  record for  every  
mon i to r ed ind i v i dua l .  The  fou r th-qua r te r  r epo r ts wi l l  be  ma in ta in ed in 
the i nd i v i dua l ' s  medi ca l  f i le ,  in l ieu of DD Form 1 14 1  ( u. s. Nu clea r  
Regu la tory Commiss i on [ NRC ] Form  5 ) .  A copy o f  the fou r th-qua r te r  
r eport  w i l l  b e  pr ov ided t o  ea ch ind i v i dua l ea ch yea r ,  in  compl iance 
wi th r epo r t i ng r equ i r emen ts s ta ted in  10  CFR 20  and 29 CFR 1 9 10 . 

F i gu r e  5- 1 0  is  a typica l qua r t er ly outpu t  r epor t tha t commu n i ca tes 
to the user  the r esu l ts ob ta ined fr om pr oces s ing h is or her f i lm 
badges . I n  a dd i t i on to con ta in ing cu r r ent da ta f r om f i lm badges , the 
ou tpu t r epor t also  includes cumu la t i ve dos e equ i va len ts for the cu r r en t 
qua r ter , the ca lenda r yea r ,  and  the ind i v i dua l ' s  mon i tor ed l i fetime .  

F i gu r e  5 - 1 1  exempl i f i es the ou tpu t  r epor ts su ppl ied to ind i v i dua ls  
who have  r equ es ted a r ecord of the i r  cumu la t ive dos e equ iva lent  
cor r espond ing to  the i r  mon i to r ed l i fe t ime . F i gu r e  5 - 12  is a sch ema t i c  
d ia g ram o f  dos ime try da ta i n forma t i on f l ows i n  the cu r r en t  USA IRDC 
sys tem . 

The mos t fr equen t ly used da ta ba se is  the a c t i ve f i le--the Dose Da ta 
Ba s e  f i le .  I t  cu r r ently  con ta ins  a pproxima tely 1 . 6  m i l l i on records , 
and  ha s been g r ow ing a t  the r a te of  2 0 0 , 0 00  r eco r ds pe r yea r .  ea sed 
upon the a n t i c i pa ted gr owth in dos ime t r y  recor ds , a ppr o x ima tely  10 
mega bytes ( Mb ) ,  or  10 m i l l i on cha racte r s , of a dd i t i ona l compu ter  
s torage wou l d  be needed to meet th is  g r owth ea ch yea r ,  a ssuming no  
s i gn i f i ca n t  qua l i ta t i v e  cha nges in the  dos imet r y  da ta tha t mu s t  be  
co l lected . Changes such a s a dd ing g l ow cu rves cou l d  wel l augmen t da ta 
pr oces s ing and  storage r equ i r emen ts .  some impl i ca t ions of con t i n ued 
g r owth in  the  number of dos ime t r y  r ecor ds a r e a na lyzed in  the fo l l ow ing 
sect i ons . 

Softwa r e  suppor t for th e IBM 4 3 4 1 compu ter  is  pr ov ided by the Army 
Miss i l e  C ommand . An I n tel Sys tem 200 0 ( S 2K ) softwa re  deve lopmen t 
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8 6  

pa ckage is  used , w i th cus tom prog ramming a nd programming mod i f i ca t i ons 
pr ov i ded by Reds ton e . Tu r n-a r oun d  t ime for  such pr ogr amming ha s ranged 
f rom 3 to 9 mon ths or more  for  new ou tpu t  r epor ts . 

INTERMEDIATE SYSTEM FUNCTIONS FOLLOWING CONVERS ION TO A TLD SYSTEM 

The e x i s t ing process for co l le c t i ng a nd a na lyz ing per s onnel  dos i metry 
da ta wi l l  soon be modi f i ed ,  when f i lm dos imete r s  a r e  r epla ced wi th TL 
dos imeters .  To r ead a nd i n terpret the da ta f r om TLDs , a n  HP 1 0 0 0  
min i compu te r sys tem has been pu r cha sed a n d  i n s ta l led a t  USAIRDC . Th is 
sec t i on descr ibes how th i s  in termed ia te TLD sys tem w i l l  opera te , then 
d iscu sses a pr oposed augmen ted TLD s ys tem planned to automa te fu l l y  a l l 
dos ime try func t i ons . 

The r eco r d ing and  compu ter pr ocess ing equ i pmen t to be used cons i s ts 
of a pr ima r y  a nd ba ckup sys tem .  The pr i ma ry sys tem inc lu des a n  HP 1 0 0 0  
Model 6 pr ocessor , a 1 3 2  M B  Winch es te r  d isk  dr ive wi th ta pe ba ckup ( 6 7 
MB ca r t r idge ) ,  2 H ew lett-Pa ckard  gra ph i cs termina ls w i th ther ma l  
pr inter s , a n  HP263 1B  l ine pr inter , and  two Pana son i c  7 10A r ea de r s . 
Ea ch r ea der ha s a cus tom i n te r fa ce w i th a dev i ce tha t conver ts the TLD 
a na l og da ta to d ig i ta l  da ta . These di g i ta l  da ta a r e  f i r s t  stor ed on 
the W inches ter dr i ve ,  then i n terpr e ted by a lgor i thm softwa r e  on the HP 
1 0 0 0  to pr odu ce es tima tes of dos e equ i va l en ts for ea ch indiv idua l .  
F i gur e 5 - 1 3  is a f l ow cha r t  of the p lanned TLD sys tem , wh i ch ha s a 
backup compu ter/ r ea de r  sys tem v i r tua l l y iden t i ca l  to the pr ima r y  sys tem 
except for hav ing only one Pa na s on i c  7 10A r ea der ins tea d of two . 

The pr ocess  for obta in ing  radia t i on exposu r e  da ta on in d i v i dua l s  
w i l l  b e  changed b y  t h e  impl emen ta t i on o f  the HP 1 0 0 0/Pa na s on i c  TLD 
r eader sys tem . cu r r en tl y ,  u s ing  f i lm ba dges , the USAIRDC mus t  pr ocess  
dos ime tr y  in for ma t i on as fo l lows : 

o Manua l l y pa ckage f i lm ba dges and a blank Form DA 3 4 84 
( photodos imetry  r epor t )  for sh i pment to abou t 7 7 5  ins ta l la t i ons . 

o Ma nua l ly log ba dge number s and the i r  des tina t i ons . 
o Ma nua l l y  r ead and  r e cor d dose equ iva l en ts f rom f i lm badges . 
o Ma nua l l y upda te the r epos i to ry  da ta base  ( IBM 4 3 4 1  a t  Reds ton e ) 

w i th f i lm badge r ead ings f rom 6 r emote termina ls  a t  Lex ington . 
o Ma nua l ly a dd a dmi n istr a t i ve dos e equ i va l en ts to the r epos i to r y  

da ta base . 
o Ma nua l ly r et r ieve raw da ta ( developed nega t ives )  f r om meta l 

f i l ing cab i ne ts when ba ckup i n for ma t i on is  r equ i red . 
o Ma nua l l y  iden t i fy inciden ts of unusua l dos e equ i va l en ts .  

As an  i n termed ia te s tep , the HP 1 0 0 0/Pa na s on i c  TLD r ea d e r  sys tem 
wi l l  s impl i fy the pr oces s ing des cr ibed above by intr odu c i ng some 
au toma t i on .  Approxima te ly 1 1 4 , 0 0 0  TLD badges have been pur cha sed . I t  
i s  expected tha t abou t th is number of ba dges wi l l  need to be ca l i b r a t ed 
ea ch yea r .  Th i r ty thou sa nd TLD badges w i l l  be i ssued ea ch mon th ,  o f  
wh i ch 2 0 , 0 0 0  w i l l  a c tua l ly be wor n ( the  r ema in ing ba dges a r e  used f o r  
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v i s i tor s and to r epla ce l oss es ) . An  addi t i ona l supply of badges--abou t 
5 , 0 0 0  per _ mon th--wi l l  be used a s  qua l i ty con t r ols a n d  ma ch ine con tr ols , 
for e xample .  Impl ementa t i on of the TLD sys tem cou ld  beg i n  w i th i n  
severa l mon th s . Acco r d i n g  t o  USAIRDC , the compl ete trans i t i on f r om 
f i lm badges to TLDs cou ld be completed w i th i n  2 yea rs .  

Al though the intermedia te TLD s ys tem w i l l  per mi t  USAIRDC to au toma t e 
s ome of the manua l pr ocedu r es des cr ibed above , wh en the i n termed ia te 
sys tem becomes ope ra t i ona l TLDs w i l l  con t inue be ing ma nua l l y  pa cka ged , 
toge ther w i th a dos ime t r y  r epor t form,  and  sent to Army insta l la t i ons . 
The badge number , wh i ch is embedded in  the TLD , w i l l  s t i l l  be ma nua l l y 
recorded . However , once the TLD is  returned fr om the f i e l d ,  i t  w i l l  be 
r ead  a u toma t i ca l l y  to ob ta in dos imetry  info r ma t i on . 

I n  pr inci pl e ,  th is i n for ma t i on cou l d  then be a u t oma ti ca l ly uploa ded 
to  the IBM 4 3 4 1 .  A modem ex i s ts , and softwa r e  is  ava i la b l e  on the HP 
1 0 0 0  to a ccompl i sh the transfe r ; however , a ppr opr ia te softwar e  has ye t 
to be wr i tten for the IBM 4 3 4 1 .  P r esen t l y ,  s ince th is da-ta l in k  is not 
in p la ce ,  the ou tpu t  of the TLD rea der  sys tem ha s to be en tered 
manua l ly i n to the IBM 4 3 4 1 da ta base us i ng the c ou r ier  termina l s , in 
the same way as  f i lm badge dos i me ter da ta a r e  n ow be i ng en ter ed . 

The cu r r en t  HP 1 0 0 0  con f i gu ra t i on for TLD pr ocess ing  us es fou r da t3 
bases : spe c ia l  badge i den t i f i ca t i ons ; badge da ta ; element and  mach ine 
cor r ect i on fa c tor s ;  and g l ow cu r v e  da ta .  These f i les are  suppor ted by 
a genera l pu r pose da ta ba se management s oftwa r e  sys tem w i th query  
ca pa b i l i ty des igned for  HP 1000  sys tems ( IMAGE 1 0 00 ) .  The  pu r pose of 
these f i les is  to help mana ge the pr ocess ing of ba dges , to s tore  the 
raw da ta used by the dos e a l gor i thm,  and to reco r d  both the  co r r ec t i on 
( ca l i bra t i on )  fa ctors  for  TLD el ements and  the i den t i ty of the TLD 
r ea de r  used to ca l cu la te dos e equ i va len t .  

The USAIRDC ha s deve loped a con cept for a TLD sys tem u pgra de ( the  
Au gmen te d  Ther molumines cen t Dos imetry  Sys tem ) to  fu r ther  au toma te TLD 
pr ocess ing . The augmen ted sys tem wou l d  u t i l i ze  the Reds tone IBM 4 3 4 1  
a n d  the USAIRDC H P  1 0 0 0  t o  a ccompl ish the fo l l ow ing : 

1 .  Au toma t i ca l ly ass ign badges and  pr ov ide subs t i tu te Form 3 4 8 4 ' s  
for sh ipmen t .  

2 .  Au toma t i ca l ly t rack a l l  in-serv ice ba dges . 
3 .  Au toma t i ca l ly u pda te the r epos i tory da tabas� . 
4 .  Au toma t i ca l l y dete rmine r equ i r emen ts for a dmin i s t r a t ive  dose 

equ iva l en ts and  u pda te the r epos i tory da ta ba se . 
5 .  Sto r e  raw d ig i ta l  da ta on the Reds ton e compu te r . 
6 .  Au toma t i ca l ly i den t i fy anoma l ous and  h i gh dose  equ iva l en t  

i n c i den ts . 

Th is appr oa ch wou l d  down loa d  selected a r ch iva l f i les fr om the IBM 
4 3 4 1 , integra te the down loa ded infor ma t i on w i th informa t i on f r om TLD 
f i les , and au toma t i ca l ly generate TLD badge assignmen ts for mon i to r ed 
per s onnel  i n  ea ch of the 7 7 5 Army s i tes . on ce the TLDs a r e  r e tu r ned t o  
USAIRDC for  pr ocess in g ,  badges wou l d  be au toma t i ca l ly  r ea d  and  the 
ca l cu la ted dose equ iva l en t  in forma t i on transm i t ted f rom the HP 1 0 0 0 to 

Copyr ight  © Nat iona l  Academy of  Sc iences.  A l l  r ights  reserved.

Review of  U.S.  Army Ion iz ing Radiat ion Dos imetry  System
ht tp : / /www.nap.edu/cata log.php?record_ id=19202

http://www.nap.edu/catalog.php?record_id=19202


8 9  

Reds tone  t o  upda te the dos imetry  da ta base . I n  a dd i t i on ,  i t  i s  
con templated tha t r a w  da ta ,  such as  glow cu r ves and  ma ch ine cor r ec t i on 
factors , wou ld be pr ese rved and poss ibly  s tor ed on the IBM 43 4 1 . 
F i gu r e  5 - 14  shows the infor ma t i on f l ows pr ojected for the Au gmen ted TLD 
Sys tem .  The expec ted cos t  of the upgra de is a r ound $ 4 0 0 , 0 0 0 , includ ing 
ha r dwa r e ,  softwa r e , t r a in ing , and tech n i ca l suppor t ,  and is summa r ized 
in a pr oposed con t ract  mod i f i ca t i on en ti t led , •The Augmen ted 
Ther molumines cen t Dos imetry  System Enhanced Sof twa r e/Ad d i t i ona l  ADPE 
Procu r ement Requ i r emen ts • ( pr i va te commun i ca t i on f rom A. Edwa r d  Abney 
of USAIRDC , 1 9 8 5 ) . 

SYSTEM REQUIRBMBHTS POR CONVERSION TO TLD BADGES 

USAIRDC miss i on r equ i r ements ( a s  ou t l ined in AR 4 0- 1 4 ) a ppl i ca b l e  to 
both f i lm and TLD badges , include : issue and  track TLD ba dges ; p r ov ide 
summa r i es of cu r rent dos ime t r y  r esu l ts to cus tomer s  ( includ ing a r epor t 
of unusua l dose equ i va l en ts ) ;  upda te and ma in ta in dos imetr y  r epos i to r y  
da ta :  pr ov i de summa r y  a n d  s ta t is t i ca l  r epor ts as  r equ i r ed b y  law ;  a n d  
pr ov ide h istor ies o f  dos e equ i va l en ts upon r eques t .  Opera t i ona l 
a c t iv i t i es needed to meet th ese miss i on r equ i r ements a r e  summa r i zed 
be low .  

I ssu ing  and T rack ing TLD Ba dges 

T rack ing of TLDs is not a t r iv ia l  ma t ter . An ind i v i dua l TLD badge 
r epr es en ts an inves tment of abou t $20 . W i th some 1 1 4 , 0 0 0  badges 
con s ta n t l y  be ing c i r cu la ted to ind iv i dua l Army insta l la t i ons or be ing 
pr ocessed by USAIRDC , clos e  con tr ols and accoun tab i l i ty a r e  impor ta n t . 
Mor eover , i t  is of pa ramou nt impor tance tha t a one- to-one 
cor r espondence be ma in ta ined between ea ch ind i v i dua l and a speci f i c  
badge t o  ensure  pr oper a ccount ing o f  dose equ iva l ent . The fol low ing 
admin i s t ra t ive and  account ing functions need to be accompl ish ed to mee t 
these m is s i on r equ i r ements : 

o P r ocu r e  TLDs . 
o Ma inta in a l i s t  of in d i v i dua l s  a t  a s i te to whom badges mus t  be 

issued . 
o Ma inta in  a l i s t  of s i tes and the i r  add r esses . 
o I ssue a number ed badge to appr opr ia te ind iv i dua l s  a t  ea ch of 7 7 5  

s i tes . 
o As socia te ea ch indiv idua l w i th a Soc ia l Secu r i ty number . 
o Ass ocia te ea ch badge w i th a soc ia l secu r i ty number . 
o Per i od i ca l ly pr epa r e  for ea ch indiv idua l the equ i va len t  of  a DA 

Form 3 4 84 , • nos imetry  Repor t --Expos u r e  to I on i z ing Ra d ia t i on . • 
o Rece ive and  pr oces s ba dges fr om the f i e l d  a fte r  use . 
o Keep t ra ck of  badges tha t have been i ssued but not  r e t u r ned . 
o Ma inta in th r oughou t the r eading  pr oces s  a one-to-on e  associa t i on 

be tween badge r ead ings and indiv i dua ls .  
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o Record  e l ement  cor r ect ion fa ctor s ( ECF s ) . 
o Ma i n ta i n badge h i stor i es . 

Eva lua t i ng TLD Da ta and P r ov i d i ng Dos imet ry Resu l t s  

After  TLD ba dges a re retu r ned t o  USA IRDC , they mu st  be proces sed to 
dete rmine whethe r an i n d i v i dua l ha s been exposed to ra d ia t ion and to 
qua n t i fy a nd record a ny mea su rable  dose equ i va lent . Subsequent ly , a 
repo r t  must be issu ed-- for  each ind i v i dua l and for ea ch s i te-­
ind ica t i ng occupa t i ona l dose equ i va lents . The f o l l ow i ng funct i ons mu s t  
cont inua l ly be pe rformed t o  sa t i s fy th is  miss i on requ i r emen t : 

o Rece ive badges f r om the f ie l d .  
o Match ba dge w i th i nd i v i dua l ' s  name and  soc ia l Secu r i ty numbe r .  
o Read the  TLD badge . 
o Use a n  eva lua t ion r ou t i ne ( compu t·e r a l gor i t hm )  to interpret da ta 

f r om each dos imeter , apply i ng cor rect ion fa ctors to ensu r e  
accu ra te resu lts . 

o Not i fy customers , Army personne l and r epo r t i ng agen c i es of dose 
equ i va lents , g i v ing spec ia l a tten t ion to a ny u nu sua l ones . 

o Store dos i me t ry da ta i n  a permanent f i le . 

Upda t i ng a nd Ma inta i n i ng Dose Equ i va lent F i les  

Afte r month ly dos imet ry da ta are  co l lected f rom a l l  s i tes , and  
indiv idua ls  ha ve been i n fo rmed of the i r  resu l t i ng dose equ i va l ents , 
these da ta mus t  be pe rma ne n t ly stored to ena b l e  informa t ion on a l l  
mon i tored i nd i v idua ls  t o  be su bsequent ly r et r i eved to prov i de the 
f o l l ow i ng : 

o Automa ted Dos imet ry Reco r d--DD Form TBD ( to subs t i tute  for DD 
Form 1 1 4 1 ,  • Record of occupa t i ona l E xposu re  to Ion i z ing  
Ra d ia t ions • ) ;  a nd 

o Te rmina t ion dose equ i va lent h i s to r i es for ea ch depa r t ing 
emp l oyee ( upon h i s depa r tu re f rom a spec i f i c  s i te where  he may 
ha ve been exposed to i on i z i ng rad ia t ion ) . 

To accomp l ish th is  requ i r ement , a da ta ba se mu st  be ma i nta i ned tha t 
conta ins  a l l  dose equ iva lent da ta for ea ch mon i tored ind i v idua l .  

P rov id i ng summa ry Dos ime t ry Repo r t s  

AR 4 0 - 1 4  r equ i r es tha t t h e  USAIRDC prepa r e sepa ra te annua l conso l i da t ed 
st� t i s t i ca l  summa ry r epo r t s  ( for  the A rmy a nd for  the Defense Log i s t ics  
Agency ) of dose equ i va len ts  f r om ion i z ing rad ia t ion and radioa c t i ve 
ma te r ia l .  I n  add i t i on ,  USAIRDC mu st pr epa re  a s t a t i s t i ca l  summa ry 
repo r t  co r r esponding to ea ch occu pa t iona l code . Th i s  informa t i on is 
ma inta i ned in  the da ta f i le tha t conta i ns i nd i v i dua l dos ime t ry da ta . 
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P r epa ra t i on of t hese r epo r t s  requ i r es ret r i eva l of a l l  reco rds for  a l l  
mon i to r ed ind i v i dua l s ,  agg r ega t i on of the dos e equ i va lents rece i ved by 
ea ch i nd i v idua l ,  a nd pr oduc t i on of a p r i n t ou t  of the resu l t ing  
cumu la t i ve dose equ i va lents  for a l l  mon i to r ed personne l .  

Prov iding  Dos imet ry H i stor ies  Upon Request 

To  meet the r equ i rement of pr ov i d ing  i nd i v i dua l dos imet ry h istor ies 
upon r equest , the USA IRDC mu s t  r eta i n  a nd con t i nua l ly upda te a l l 
dos imet ry da ta recorded by the A rmy for a l l  persons empl oyed a t  s i tes 
fa l l i ng under the def i n i t ion of AR 40 - 1 4 . Func t i ons that mu st be 
pe r f ormed to sa t i s fy these needs include sea rch ing the Dose , 
H i stor ica l ,  a nd Ba c k l og f i les for  i nd i v idua l records , comb i n i ng the 
r ecords encountered for  a g iven i n d i v i dua l ,  and pr i n t i ng ou t the 
resu l t i ng aggrega te r eco rds . 

POTENT IAL I MPACTS ON DATA HANDL I NG OF TH E ACCEPTANCE 

OP THE COMMITTEE ' S  RECOMMENDATIONS IN CHAPTER 4 

The follow i ng ana lys is  cons ide r s wheth e r  there  wou ld  be any ma j o r  
poten t ia l  impacts o n  USA IRDC da ta process i ng a nd storage r equ i r ements  
if  USA IRDC wer e  to  adopt the  comm i t tee ' s  recommenda t ions ( s ta ted in  
Chapter 4 )  tha t  respond to study  Tas k  3 on da ta po l i cy . This  a na lys i s  
conc ludes tha t su ch adopt i on wou ld  indeed r esu l t  in  n o  ma jor  impacts , 
ba sed upon the fo l l ow i ng cons idera t i ons : 

1 .  The commi ttee is recommend ing ( page 6 6 ) tha t  pe rsonne l sou rce 
document  dose equ iva lent  r eco r ds be coded to  i nd i cate  known k i nds of 
rad ia t i on--a long wi th the i r  a ssoc ia ted energy ra nges--to wh ich the 
i nd i v i dua l wa s exposed . 

Th i s  recommenda t i on--wh i ch wou l d  be app l icable  to new records  
on ly--wou ld r equ i r e  the implementa t i on of  a sl ight ly mod i f i ed reco r d  
s t ructu r e  f o r  the Dose f i le . A l though tha t s i ze increase  wou l d  
i nc rea s e  t h e  s i ze o f  t h e  i nd i v i dua l r eco r d ,  i t  wou ld  n o t  b e  la rge 
enough to ha ve a s ign i f ica n t  ef fect on storage requ i r emen t s . Some 
a dd i t iona l  effo r t  wou ld be r equ i r ed to implement th is  recommenda t i on 
and  to code ou tpu t repo r t s  to ref l ect  the add i t i ona l informa t ion .  

2 .  The comm i t tee is  r ecommend i ng ( pa ge 6 6 ) tha t a mon th ly wea r i ng 
pe r i od for badges shou ld  be con t i nued , except i n  g r oups whe r e  dose 
equ i va l ents a re l ow a nd sta b l e ,  for  wh ich a 3-mon th wea r i ng pe r iod 
cou ld  be inst i tu ted . 

I mp l ement i ng th is  recommenda t ion cou l d  ca use a s i gn i f ica n t  r edu ction 
in  the rate  of g r owth of the Dose Da ta f i le ,  wh ich cu r rent ly g r ows a t  
t h e  ra te  of 2 0 0 , 0 0 0  records p e r  yea r ( a ssum ing mon thly  mon i to r i ng ) .  
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For f i lm dos imetry ,  tha t growth ra te is  equ i va lent to 1 0  mi l l ion 
cha racte rs  per yea r of storage . According  to Army sta t i s t ic s  for 1984  
( Pr i va te communica t ion from USAIRDC , 1 9 8 4 ) ,  approx ima tely 7 7  pe rcent of  
all  ind i v idua ls  mon i tored were in  an env i r onment where  dose equ i va len ts 
were low a nd stable . Adopt i on of th i s  r ecommenda t i on wou ld  resu lt i n  a 
redu ct i on of abou t 5 0  pe rcent pe r  yea r i n  the yea r ly da ta stora ge 
requ i r ement .  

3 .  The comm i t tee is recommend i ng ( page 6 7 )  tha t  dos imet ry r ecords 
be reta i ned i ndef i n i te ly .  

P r esen t ly ,  a l l  dos i met ry r ecords a re kept on- l ine  on the I BM 4 3 4 1 , 
i . e . , eve ry record i s  immed ia tely a ccess i b le to a u tho r i zed u se r s . 
These f i les--wh i ch occupy a tota l of 500  m i l l i on cha racte r s  of stora ge 
a nd a re expected to g r ow a t  the ra te of a bou t 1 0  mi l l i on cha ra cters pe r 
yea r ( depend i ng upon the f r equency of mon i to r i ng ) --con ta i n  informa t i on 
on some 3 0 0 , 0 0 0  i n d i v idua l s ,  some of whom ha ve r e t i red or  d ied . 

A ma j or r eason for keep i ng the Dose f i les on- l i ne i s  to pe rmit  
USA IRDC to  ef f i c ient ly sa t i sfy r equests for  dos ime t ry h i stor i es . As  
ment i oned in  the  pr eced ing , there  a re abou t 2 , 0 00  r eques ts for  sea rches 
a nnua l ly ;  7 5  pe r cent of these requests a re for dos ime t ry h i stor ies of 
i nd i v i dua l s  cu r rent ly empl oyed by the A rmy . Before a pe rson may be 
emp loyed a t  a s i te whe re he or she may be exposed to ra dia t i on , the 
ind i v i dua l ' s  med ica l h istory must  be upda ted to show h is or her 
cumu la t i ve dose equ i va lent . Anothe r 20 pe rcent of the h i stor i ca l  
sea r ches r esu l t  from reques t s  by former Army empl oyees who a re be ing 
employed a s  rad ia t i on wor kers  by other orga n i za t i ons . The rema i n ing 5 
per cent of the requests  come f r om ind i v i dua ls  inqu i r i ng abou t the i r  
dos ime t ry h i story , or  f r om Veterans Admi n i s t ra t i on o r  other hospi ta ls  
see k i ng informa t ion abou t  persons  who may be  su ffer i ng f r om 
ra d i a t i on- r e la ted i l lnesses . 

The USAIRDC ha s sought--so fa r unsuccess fu l ly--to impr ove · the  
qua l i ty of  the Dose f i les by obta i n ing help f r om the  soc ia l secu r i ty 
Adm i n i s t ra t ion in ve r i fy i ng soc ia l Secu r i ty numbe r s . Appa rent ly 
ce r ta i n  lega l rest r i c t i ons pr event the soc ia l secu r i ty Admi n i s t ra t i on 
from a l low ing the i r  f i les to be used for this  pu rpose . One consequence 
of t h i s  pol i cy is  tha t USAIRDC is u na b le to iden t i fy the names of 
pe rson s  who have died . La ck i ng su ch informa t ion ,  USAIRDC ca nnot move 
the cor r espond ing  reco r ds to off - l i ne storage . 

I na smuch a s  USAIRDC da ta f i les w i l l  con t i nue to grow a t  abou t 10 
mi l l i on cha racters pe r yea r ,  a nd s i nce the NRC ha s yet to a u tho r i ze 
d i spos i ng of any of USAIRDC ' s  ex i s t ing dos i met ry r ecords , it appea r s  
tha t l i t t le ca n b e  done t o  el imi na te ce r ta i n  r eco r ds f r om cu r rent 
on- l ine f i les in  order  to fa c i l i ta te ef f i c ient  h istor ica l  sea rches . 
Howeve r ,  to the extent tha t  compu ter storage costs  per mega byte 
con t i nue to dec r ease , the r e la t i vely modes t annua l g rowth in  s to rage 
requ i r ements w i l l not be a s i gn i f i ca nt cons idera t i on ,  bu t ma nagement of  
USAI RDC ' s  dos imetry  records  wi l l  pr og r es s i ve ly become more  cumbe rsome . 
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one way to cope w i th some of  these probl ems is  to t ry to  redu ce the 
need to do h i stor ica l  sea rch es . This  cou ld  be accomp l i shed by going  to 
the Au toma ted Dos ime t ry Recor d  ( Su bs t i tu t e  for  DD Form 1 1 4 1 ) .  S i nce 
a bout 75 per cent of the r eques t s  for dos imet ry h i s tor ies cor respond to 
indiv idua ls w i th in the Army who ha ve lost the i r  dos ime t ry reco r ds , t h i s  
a pproach wou l d  u l t i ma tely  e l i m i na te ma n y  o f  these r eques ts . I f  r ecords 
for  a l l  ind i v i dua ls  a re conve r ted to this automa ted reco rd sys tem, then 
eventua l ly the cu r r en t  Dose f i les con ta i n i ng r ecords for people  who 
wor k ed in a ra d ia t i on env i ronment in the 1 9 50s  w i l l  no longer be needed 
on- l i ne . Those recor ds ca n then be a r ch i ved on tape and a ccessed on 
the ra re  occa s i ons when they a re needed . 

4 .  The committee i s  recommending ( pa ge 6 7 ) the r eten t i on for  a t  
lea st  1 yea r of a l l  da ta conc e r n i ng dose equ iva lents . ( These da ta 
wou l d  inc lude : the integra l read i ngs of the fou r  dos imete r  
e l ements , the ident i ty o f  the r ea der used ,  the a ss oc ia ted d ig i t i z ed 
g l ow cu r ves , the cor r ection facto r s  [ i nc lud ing  the ind i v i dua l ECFs 
a pp l i ed to the s i gna l ] ,  a nd the qua l i ty a ssurance pa rameters  of the 
r eader . )  

Adopt ion of this  recommenda t ion w i l l  ha ve a s ign i f ica n t  impact  on 
shor t-term storage r equ i r ement s . The g l ow cu r ve a nd a nc i l la ry raw da ta 
a r e cu r ren t ly es t i ma ted to requ i re 3 , 20 0  cha racte rs  of storage per 
TLD . Th is est ima te is  ba sed upon an  a ssumed need for a bou t 20 0 da ta 
cha nnels  to process fou r  g low cu r ves in the i r  ent i r ety , u s i ng 4 bytes 
per channe l .  Thus , if 20 0 , 0 0 0  TLDs a re r ea d  ea ch yea r , the resu l t i ng 
s torage r equ i r emen ts become formidably  la rge : 640  m i l l i on cha racte r s .  
Howeve r ,  the re  i s  some prospect o f  reduc ing these storage r equ i r ements 
f r om this es t i ma te ,  s ince it  may be poss i ble to demons tra te tha t fewe r 
da ta cha nne ls a nd/or sma l le r  por t i ons of the g l ow cu r ves w i l l  su f f ice  
to pe r f orm the requ i r ed funct ion adequa tely . 

Of cou rs e ,  much of th is  informa t ion cou ld be stored off - l ine  for use  
a s  needed , employ i ng ,  for  example , opt ica l -cha ra cte r  storage med ia . 
I f ,  a t  the end of a yea r or of some oth e r  prede f i ned pe r i od , the re  a r e 
no ques t i ons abou t  TL dos imeter  r ea d i ngs , a la rge fract ion of these 
inte rmed ia te da ta cou l d  be e ra sed . 

5 .  The committee is  recommend ing ( pa ge 6 8 ) tha t dig i t i z ed glow 
cu rves shou ld be stored i ndef i n i t e ly i n  the f o l l ow i ng cases : 

( a ) for  ind i v i dua ls  who du r i ng a pa r t i cu la r  yea r ha ve a 
cumu la t i ve dose equ iva lent of penet rat ing radia t i on to the 
• who le body • ( i nc lud ing head and neck ) in excess of 500 mr em 
( 5  mSv ) . 

Adopt i ng th is  r ecommenda t ion wou l d  s i gn i f ica n t l y  r educe the amount  
of  stora ge r equ i red ,  compa r ed to s tor i ng a l l  g l ow cu r ves obta i ned ea ch 
yea r . Moreove r ,  the informa t i on cou ld  pr obab l y be stored off- l i ne on 
tape u nt i l  needed . us i ng 1 98 4  exper i ence as a gu ide , t h i s  wou ld r e su l t  
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in r edu c i ng the  a nnua l g l ow cu r ve storage r equ i rement f r om 6 4 0  mi l l ion 
to 5 mi l l ion cha racter s .  

( b )  for i nd i v i dua l s  with an annua l cumu la t i ve extrem i ty dose 
equ iva lent exceed ing 7 . 5  r em ( 7 5 mSv ) . 

The numbe r of ind iv i dua l s  fa l l i ng into th is ca tegory appea rs  to be 
ext reme ly sma l l ,  hence th is  recommenda t i on wou l d  ha ve a neg l ig i b le 
ef fect on storage r equ i r ements . However ,  some programming wou l d  be 
necessa ry to a s su re tha t the appropr ia te g l ow cu rves were pr ese rved,  
ba sed upon a cumu la t ive dose equ i va len t c r i te r i on .  

( c )  for a pa r t i cu la r  badge indica t i ng a ca lcu la ted whole body 
dose equ iva lent of pene t rat ing radia t ion in excess of 10 0 mrem 
( 1  msv ) , or wher e  an  extremity dose  equ i va lent exceed i ng 1 . 5  rem 
( 15 mSv ) i s  ind ica ted . 

S i nce the number of ba dges in  th is ca tegory is probably sma l l ,  the 
storage r equ i r ements for g l ow cu rves wou ld a lso be commensu ra te ly 
sma l l . A p r og ram wou l d  be requ i red to assu re preserva t ion of the glow 
cu r ves for ba dges in  t h i s  ca t ego ry . 

( d ) a l l  g low cu r ves of an  unusua l na tu r e  wh ich a r e not 
expl i ca ble  in  te rms of ins t rumenta l problems ( based upon a 
shor t-term review ) ,  a long with the glow cu rves obta i ned by 
process i ng the badges immedia te ly preced i ng a nd fol l ow ing the 
ba dge produ c i ng those cu rves , pr ov i d i ng tha t these  cu rves ha ve 
norma l shapes . 

Th is r ecommenda t i on wi l l  pr obably  not have a la r ge impa c t  on storage 
requ i r ements . However , programming w i l l  be needed to permi t ma r k i ng 
the a ppropr iate glow cu r ves for  off- l i ne storage . 

( e )  a l l  g l ow cu r ves f r om ques t i oned dos imeter  read ings ( e . g . , 
r ea d i ngs in  d isagreemen t with  the r esu l t s  of other  methods of 
est ima t i ng dose equ i va lent ) .  

The s torage impl ica t i ons of th is r ecommenda t ion r equ i r e  a n  
est im3 t ion o f  the numbe r o f  occu r rences of quest ioned dos imeter  
read ings in a g i ven yea r . In  any even t ,  TLD r eader  operators  wi l l  need 
to ha ve the capa b i l i ty of ma r k ing g l ow cu r ves for  prese rva t i on . 

( f ) a l l  g low cu rves resu l t ing f r om qua l i ty assu rance ( QA )  
procedu res . 

I mplementa t ion of th is recommenda t ion cou l d  ha ve storage 
impl i ca t i ons , depend i ng upon the pr ocedu res used . USAIRDC is pla nn i ng 
to pr ocess some 30 , 0 0 0  ba dges per mon t h ,  includ ing qua l i ty con t r o l  
ba dges . Wh i le off- l i ne storage f o r  the g l ow cu r ves from these badges 
wou ld  be fea s i b le , these add i t iona l sto ra ge r equ i r ements  cou l d  amou n t  
t o  severa l m i l l i on cha ra cters per yea r .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e v i e w  o f  U . S .  A r m y  I o n i z i n g  R a d i a t i o n  D o s i m e t r y  S y s t e m
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 2 0 2

http://www.nap.edu/catalog.php?record_id=19202


9 6  

( g )  I n de f i n i t e  r eten t i on o f  a l l  da ta r e l a t i ng to the 
ca l ibra t ion of the r eade r th r ou ghou t  i ts h is to r y ,  a long wi th 
inter compa r isons of eva lua t i ons of dose equ iva l ent . 

Da ta pr ocess ing , s torage , and  pr ogr amming impacts of adopt ing th is 
pol i cy--a ssuming ca l ibra t i on once every yea r--a r e  expec ted to be modest . 

6 .  I nser t the • An nua l/Qua r te r ly H i s tory  of Exposu r e  to I on i z ing 
Rad ia t i on •  compu ter-genera ted r epor t  into  indiv i dua l medica l 
r ecor ds in  place of DD Form 1 1 4 1 .  

Rel y ing upon the Annua l/Qua r ter ly H i s tory r epor t as the ou tpu t  
document f r om the dos imetry  mon i tor ing pr ocess wou l d  el imina te the need 
for manua l ly en te r ing i n forma t i on on to DD Form 1 14 1 .  Th is h is tory 
r epor t  is cu r r ently  be ing  pr epa r ed ,  and  the Army r ecen tly  obta ined NRC 
a ppr ova l to use th is computer i zed r epor t in l ieu of DD Form 1 1 4 1 .  A 
swi tch to the new r epor t wou ld  pr es en t  no pr ob l em f r om a da ta 
process ing s tandpoint . 

Da ta Secu r i ty Requ i r emen ts 

There  a r e  two ma jor conce r ns r e la ted to the secu r ity of da ta in  th i s  
sys tem f o r  dos imetry  mon i tor ing . T h e  f i r s t  con ce r n  is t h e  need to 
con form w i th the Pr iva cy Act , wh i ch l imi ts unau thor i zed a ccess to 
i n for ma t i on abou t indiv idua l s , including  infor ma t i on as to the i r  dose 
equ iva len ts . The second concern  is to pr ov ide da ta secu r i ty ,  so tha t 
mod i f i ca t i on of dos imetry  r ecor ds ca n be pe r formed onl y  by author ized 
per s ons . The grea test th r ea ts to the secu r i ty of both TLD and  f i lm 
badge pr ocess ing wou l d  pr obab ly be a l lowing  una u thor i zed pe rsons to 
ga in  a ccess to dos imetry  da ta and to make  changes in them . A passwor d 
sys tem is cu r r en t ly used to ensu r e  da t� con f i den t ia l i ty and to pr even t 
tampe r ing . The TLD system is a dva nta geous in  tha t raw glow-curve � ta 
a r e  pr eser ved and a r e  access ible  for ver i f i ca t ion .  Thus , in ca ses 
wher e  ind i v i dua ls  receive dose  equ iva lents  tha t a ppear  unusua l ,  a check 
of the raw da ta ca n be ma de to va l i da te the ten ta t i ve es t ima te of dose 
equ iva l ent . 

COMPUTER SYSTEM OPTIONS POR PUTURB TLD PROCESS ING 

Opt i ons for process ing TLD dos ime t ry da ta fa l l  i n to two broad  
ca tegor ies : r emote pr ocess ing , cha ra cte r i zed by the cu r r en t  method of 
opera t i on in wh i ch da ta on dos e equ iva len ts a r e  der ived f r o� f i lm 
ba dges a t  USA IRDC in  Lex i ngton , then a r e  en te r ed into compu ter  
termina ls for  r emote process ing and s tora ge by the compu ter  a t  
Reds tone , and loca l pr ocess ing , cha racte r i zed by a sys tem wher eby thes e 
da ta wou l d  ins tead  be compu ter-pr ocessed a nd s tor ed by a loca l compu ter  
at  Lexi ngton . F i gu r e  5 - 15 shows these two gene r ic compu ter  sys tem 
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Remote (Default) Processing Option · 

Exposed Badges 
and User Ustings 

local Processing Option 
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HP 1 000 System 

Read and Evaluate TLD Data 

Printer 

Prepare Reports 

I Perform TLD Quality Control 

+ 
Upgraded Computer System 

r- - - - - - - - - - - - - - - -
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+ 

Maintain Databases 
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Dedicated Una 

IBM 4341 System 

Program Reports and 
Storage Databases 
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o Backlog 
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Redstone 

F I GURE 5- 1 5  Comp u t e r  sys tem op t ions us i n g  remo te and l o c a l  proces s ing . 

SOURCE : A n a lys is by th i s  C omm i t tee . 
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opt i ons i n  f l ow diagram form .  Wi th i n  ea ch opt i on , va r i ou s  ha rdwa r e  and 
softwa r e  combina t i ons cou ld be employed to  accompl ish the requ i r ed 
pr ocess ing .  

Th is  sect i on descr ibes and eva lua tes the compu t e r  ha r dwa r e and 
softwa r e  opt i ons ava i lable  to USA IRDC . system opt i ons a r e  eva lua ted 
techn i ca l ly and by compa r ing es tima ted ma r gina l  implemen ta t ion cos ts . 
Eva lua t i on fa c tors include : ha r dwa r e , softwa r e , custom programming 
( s oftwa r e  deve lopmen t ) ,  per sonnel  add i t i ons , a n d  ope ra t in g  cos ts .  Cos t 
es t i ma tes a r e  on ly approx i ma te . Mor e accu ra te es t i ma tes wou l d  r equ i r e 
a c tua l vendor quotes for new ha r dwa r e  and/or  softwa r e  opt i ons and 
a na lys is of  u . s .  Army a l loca t i on pr ocedu r es for cos t cha rgeback . 
Va r i ous  ways in wh i ch the USAIRDC cou l d  accompl ish i ts miss i on th r ough 
au toma t i on a r e  d iscussed in the fol low ing subsec t i on .  

Funct i ona l Performance compa r isons  for the  
Loca l a nd Remote sys tem Opt ions 

He r e  a r e  some compa r is ons explor ing  the loca l and r emote opt i ons  
i ns ofa r as  the i r  ca pab i l i t i es of pe r forming s evera l func t i ons : 

1 .  Prompt not i f i ca t i on as to unusua l l y  la rge dose equ i va len t .  I t  
i s  impor ta nt to not i fy pr omptly any ind i v i dua ls who rece ive a n  
u nusua l l y  la r ge dose equ i va len t .  Th is shou l d  b e  don e soon a fter  the i r  
badge ha s been r ea d .  

( a ) Remote opt i on :  USAIRDC ' s  pr esen t sys tem con f i gu ra t ion ca n 
pe r form the not i f i ca t i on funct i on ,  a l thou gh f i lm badge da ta must  
be keyed in to the  Reds ton e  IBM 4 3 4 1  befo r e  not i f i ca t ion r epor ts 
ca n be pr inted . such not i f i ca t ion can con t i nue  to be pr ov i ded 
a fter conver s i on to TLDs . However ,  to accompl ish th is 
func t i on--pend ing a cqu is i t i on of a dd i t i ona l per i phera ls for the 
HP 1 0 0 0  and doing  some add i t i ona l compu ter  pr ogramming--USAIRDC 
w i l l  have to ma nua l ly en ter the dos imetry  infor ma t i on produ ced 
by the Pana son i c  r eade r s/HP 1 0 0 0  softwa r e  in to the IBM 4 3 4 1 ,  
us ing compu ter termina l s ,  as  they a r e  cu r r en t ly doing for f i lm 
ba dges . Bes i des be ing  ted ious  and  expens ive , manua l l y  en te r ing 
HP 1 0 0 0  da ta can introdu ce er r or s  i n to an  ind i v i dua l ' s  dos imetry  
r ecor ds . 

Da ta may be interchanged between the IBM 4 3 4 1 and the HP 
1 0 0 0  us i ng modems and a da ta l ine ( pr esently ava i lable ) ,  bu t 
some pr_ogramming of both ma ch ines wou ld  be r equ i r ed to pe rmit  
such da ta transfer . Us ing th is a ppr oa ch ,  da ta on  ind i v i dua l s  
cou ld  b e  down loa ded t o  t h e  HP 1 0 0 0 , i n tegr a ted w i th t h e  issuance 
of numbered TLDs , and--a fter  the ba dges a r e  read--r esu l ts cou l d  
be upl oa ded ba ck to the IBM 4 3 4 1 .  The r ea fte r , the r equ is i te 
r epor ts cou ld  be pr i n ted ( us ing the IBM 4 3 4 1 )  and the r esu l ts 
sent to a r emote pr inter  a t  Lex i ngton . The IBM 434 1/HP 1 0 0 0  
l ink  i s  i n  fa ct a s i gn i f i cant  opt i on for USA IRDC . 
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( b )  Loca l opt i on :  Another opt i on that shou l d  be cons idered i s  
to increase the loca l pr oces s ing capab i l i t i es a t  USAIRDC t o  
s tore  a n d  manipu la te the Dose da ta bas e ,  pr esently res id ing on 
the I BM 4 34 1 .  Th is f i l e  cu r r en t ly occu pies abou t 100 m i l l i on 
cha ra cters of storage a nd grows a t  an a nnua l ra te of 10  mi l l i on 
cha racters . Bes ides transpor t ing the da ta base to a ma ch ine a t  
USAIRDC ,  new softwa r e  wou l d  have to b e  wr i tt en t o  per form the 
ta sks o� handl ing the badge- issuance pr ocess and of pr odu c i ng 
not i f i ca t i ons rega r d ing unusua l ly la rge dos e equ iva l ents . 

2 . Upda t ing and ma in ta in ing the repos i to ry da ta .  The pr ocess of 
upda t ing a nd ma inta in ing the r epos i tory da ta ca n be accompl ished 
ei ther loca l ly or remotely . 

( a )  Remote opt i on : I nd i v i dua l dos imetry  h istor ies a r e  
ma inta ined on the IBM 4 3 4 1  for ind iv i dua ls  a c t ively employed by 
the Army and for whom radia t ion mon i tor ing is r equ i red . 
cu r r ently ,  Reds tone ha s the capab i l i ty to genera te an au toma ted 
vers i on of DD For m  1 14 1  for inclu s i on in an ind i v i dua l ' s medica l  
records . W i th conver s i on to the use o f  TLDs , r esu l ts from 
r ea d ing the TLDs wou l d  be en tered manua l ly  v ia r emote 
termina l s - - i f  the pr esent system is  unchanged-- us ing a process 
s im i la r  to that des cr ibed in l ( a ) .  

b )  Loca l opt i on :  Th is  appl i ca t i on cou ld be hand led by a 
compu ter a t  USAIRDC by wr i ting a pr ogram to genera te the 
r equ is i te ind i v i dua l dos imetry h is tor i es .  

3 .  P r ov i d ing summa ry dos imetry r epor ts .  USAIRDC is requ i r ed to 
pr epa r e  sepa ra te a nnua l consol ida ted sta t is t i ca l  summa r y  dos imetry 
repo r ts .  

( a ) Remote opt i on : The above i n forma t ion is con ta ined in the  
Dose da ta base f i le on  the Reds tone IBM 4 34 1 ,  and there  is  a n  
ex isting appl i ca t i on pr ogram f o r  pr epa r ing t h e  r equ is i te summa ry 
r epor ts . 

( b )  Loca l opt ion : The Reds tone Dose da ta base f i l es ca n  be 
moved to a compu ter at USAIRDC . Th is  wou l d  r equ i re wr i t ing a n  
a ppl i ca t i on pr ogram t o  pr epa r e  the requ i s i te summa ry r epo r ts . 

4 .  P r ov i d ing dos imetry h is tor i es upon r equ es t . The ca pab i l i ty of 
pr ov i d ing dos imetry  h is to r ies of ind i v i dua l s  upon reques t r equ i r es the 
use of thr ee f i l es cu r r ently loca ted on the Reds tone IBM 4 34 1 .  Thes e  
f i l es a r e  t h e  Dose da ta ba se , t h e  H i s tory  da ta ba se , and  t h e  Ba ck log 
da ta base  ( see F igu r es 5-5 , 5-6 , and 5- 7 ) . These da ta bas es con ta in , 
r espect i vely , 9 7  mi l l i on ,  10 1 mi l l ion ,  and  1 9 8  mi l l ion cha racters . 
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The re a re two h i s tor ica l  f i les , t h e  H i story a nd Ba c k l og f i l es .  Both  
a r e sta t ic .  The H i s tory f i le  con ta ins dos imetry  da ta on  ind i v i dua l s  
( i dent i f ied by socia l secu r i ty numbe r )  who a re n o  l onger being 
mon i to r ed by the Army .  The Ba c k log f i le ,  wh i ch con ta i ns informa t ion 
s imi la r  to that in  the H i s to ry f i le ,  iden t i f ies i nd i v i dua ls  by an  
a ss igned number s ince  the i r  Soc ia l Secu r i ty numbe r s  a r e  not known to  
USAIRDC . 

When the r e  is a r equ es t  to loca te  an ind i v i dua l ' s  h i s tor i ca l  dose 
equ iva lent r ecord  ( USAIRDC gets abou t 2 , 0 0 0  such r eques ts ea ch yea r ) ,  
a l l  th ree of these f i les may have to be sea r ched . A typ ica l sea r ch 
ta k es abou t 4 hou r s ,  abou t ha l f  of wh i ch i s  compu te r  t ime . Records for  
ind i v i dua l s  in  the Ba ck log f i le ,  for  example , f r equen t ly ha ve to  be 
checked aga inst employment records to a ssu r e  tha t proper dose 
equ iva len t informa t ion is ass i gned . When the cu r r en t  f i lm badge sys tem 
i s  conve r ted to the TLD sys t em ,  the Dose f i le cou ld con t i nue to be 
upda ted by r ekeying the da ta ( a s is cu r r en t ly be ing done ) ,  or by 
e lect r on i c  entry subsequent to compu t e r  process ing . 

( a ) Remote opt ion : The I BM 4 3 4 1/HP 1 0 0 0  interfa ce cou l d  be 
u t i l i zed to t ransfer  i n forma t i on between compu ters . 

( b ) Loca l opt i on : W i t h  su ff icien t  storage capab i l i ty ,  the Dose 
f i le cou ld be insta l led at USAIRDC . 

5 .  I ssu i ng and track i ng TLDs . P r esen t ly ,  ther e  is no automa ted 
process to t rack wh ich Army insta l la t ion w i l l  rece ive a pa r t icu la r  TLD 
and to whom i t  wi l l  be issu ed . The augmen ted TLD system ,  descr ibed 
above , wou ld au toma te the t rack ing func t i on . Su ch a system wou ld 
r equ i r e inpu t  da ta f r om the I BM 4 3 4 1 rega rding indi v i dua l s  and the i r  
a ss igned sta t i ons , a nd badge number da ta f r om the H P  1 0 0 0 . 

( a )  Remote opt i on : A program wou l d  need to be wr i t ten to 
down load the pe r sonnel  infor ma t i on f r om the IBM 43 4 1  a nd 
integ ra te th is  da ta f i le w i th badge informa t ion . 

( b )  Loca l opt i on : Th is funct ion cou ld be pe rformed a t  USAIRDC 
on i ts own computer . 

6 .  U t i l i za t ion of ava i lable  comput e r  syst ems . The overa l l  da ta 
system u t i l i zed for sa t i s fy i ng USAIRDC r equ i r ements  ca n be prov i ded 
e i ther  r emotely  or loca l ly , as desc r i bed below . 

( a ) Remote Opt i on :  I f  cu r rent plans a r e implemen ted , the 
USAIRDC sys tem for  pr ocess ing TLD da ta w i l l  cons i s t  of r ecor ded 
da ta stored on an HP 1 0 0 0  m i n i compu te r , w i th prov i s ion for  
subsequen t ly t ransfe r r ing  these da ta to the Reds tone IBM 4 3 4 1 
ma in f rame via  a da ta-communica t ion l in k .  W i th the  except i on of 
the new • f r on t-end•  pr oces s i ng ca pab i l i ty ( i . e . , the Pa na son ic 
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ca rd r ea der a nd H P  compute r ) ,  a nd the a dd i t i on o f  new da ta 
elements to reco r d  and stor e ,  the da ta pr ocess ing system wou l d  
func t i on much a s  i t  does cu r rently . However ,  r emote opera t i on 
introduces the d i f f icu l ty and inconven i en ce of ma tch ing g l ow 
cu rves stored a t  Lex ington with dos imetry  records s tored a t  
Reds tone . Reds tone  plans to switch to a mor e  powe r f u l  ma inframe 
compu ter --an IBM 4 3 8 1--sometime in FY 1 9 8 7 . The 4 3 8 1 uses the 
same operating . system as the 4 3 4 1  ( wh ich is no longer in 
product i on ) ,  but incorpora tes the fol l ow i ng addi t i ona l 
fea tu r es :  ma x imum of 32  Mb of inter na l  memory , a s  compa r ed to 
the u sua l 6 Mb for  the 4 3 4 1 ( but  only 2 megabytes for the 
cu r rent con f igu ra t ion ,  [ summa r i zed in Table  5 - l  on pa ge 7 6 1 of  
the Reds tone 4 3 4 1 ) ;  a r e la t ive per forma nce ra t i o  of two to one , 
a s  measu r ed by instructions pr ocessed per secon d ;  and  a cyc l e  
t ime one-fou r th fas te r . W i th these cha racter ist ics , the Mode l  
4 3 8 1  system wou l d  theoretica l ly r edu ce pr ocess ing times for 
USA IRDC a nd the other  Redstone cus tomer$ . Actua l process ing 
t imes for any cu stomer wi l l  depend ,  however , upon many fa cto r s , 
includ ing the number of users  s imu l ta neou s ly on- l ine , the 
da ta-t ransfer  speed of the communica t ion l ines ,  and the 
pe r i phera l equ ipment connected to the 4 3 8 1 .  

Wha tever compu ter pe r forms the pr oces s i ng a t  Reds ton e ,  the 
adv i sabi l i ty of select ing the r emote sys t em opt i on depends to a 
con s i de rable exten t upon ( a )  the cos t of impl emen t ing and 
opera t ing an adequa te da ta-communica t i on l ink  between the HP 
1 0 0 0  a nd Redstone , and ( b )  the pr oces s i ng effecti veness of 
t ra nsfer r ing informa t ion between the two loca t i ons . Table  5-2 
summa r i zes the comm i ttee ' s  rough es t i ma te of the cos t ( i n 
add i t i on to the cost of the da ta l ink )  to integra te the 
pr ocess ing of TLDs at Lex ington with r emote storage of dos imet ry  
da ta on  the  Reds tone IBM 43 4 1 .  

( b )  Loca l Opt ion :  severa l opt i ons a r e  ava i lable  for pr ocess i ng 
TLDs loca l ly a t  the Lex ington s i te . Bes ides ha rdwa r e  and  
softwa r e  cons i derat i ons , howeve r ,  some add i t i ona l fa ctors wou l d 
enter  into a r r i v i ng a t  a dec i s i on to move the da ta process ing 
operat ions to Lex i ngton . F i rs t ,  a new computer  sys tem may 
requ i re an appropr ia tely cond i t i oned env ir onment .  The HP 1 0 0 0  
does not r equ i re such con d i t i on ing , b u t  a ma in f rame compu t e r  
does . Second ,  an  orga n i za t iona l cha nge may b e  necessa ry to 
assemble the co r r ect combi na t i on ( su ch as  compu ter  operators , 
programmers , a nd techn i c ians ) of s ta f f  needed to meet miss ion 
r equ i rements . Specia l s ta f f  su ppor t  cons i de rat ions a r e  mor e  
extens i ve f o r  a ma in f rame sys tem than  f o r  a m inicompu t e r . Wh i le 
Redstone ha s not ind ica ted any r e lu ctance to con t i nue se r v i c i ng 
USA IRDC us ing the TLD sys tem,  a loca l r epos i tory ha s severa l  
adva ntages : most impo r tan t l y ,  fa ster  r esponse time , loca l 
control , a nd s impl i f ied admin i s t ra t i on .  
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TABLE 5-2  Es t ima ted ma rg i na l  cost t o  impl ement TLD r emote process i ng 

Ha r dwa r ea 

Sof twa r e 
Development 
Sta ffb 

Ope ra t i ngC 

No Augmented 
TLD Sys tem 

$0  
0 
0 
0 
0 

W i th Augmented 
TLD System 

$400 , 0 0 0  
0 

1 0 0 , 0 0 0  
0 

1 0 0  ( pe r  mon th ) 

a rncludes complete ha r dwa r e/sof twa r e system . 
bcustom prog ramming at  Reds tone and for the HP 1000/ IBM @ $50/hou r . 
CEst imate  for a con t ract  to ma i nta i n  add i t iona l ha r dwa r e  used by the 
augmen ted system .  

One approa ch w i t h i n  the loca l opt i on i s  to upgrade the HP- 1 0 0 0  
sys tem .  Tha t syst em is  pa r t of a fa mi ly o f  r e la ted compu ters , 
systems , softwa r e ,  and pe r ipherals  des i gned to pr ov i de a complete 
f ramewor k  for l in k i ng compu t er s  and con t r o l l i ng the f l ow of 
compu ter-gene ra ted informa t i on th roughout  an orga n i za t ion . The 
HP 1000  uses a n  open-system s t ra tegy to  a l low the user  to s e l ec t  
the r igh t combina t ion o f  pr oducts  f o r  the  des i r ed a pp l i ca t ions . 
For example ,  three levels  of compu t i ng powe r a r e  ava i lable  
( Se r i es A ,  E , or F ) , a long with  an a r ra y  of opt i ona l pe r iph era ls  
tha t r esu lt  in  a tota l of  n i ne system conf i gu ra t i ons . 

The cu r r en t  sys tem insta l l ed a t  USAIRDC is  a Model 6 ,  the 
sma l lest of the integra ted HP 1 0 0 0  l i ne .  Th i s  model i s  ba sed 
upon an A6 0 0  cen t ra l pr oces s ing un i t  ( CPU )  w i th the fo llow i ng 
cha racte r i s t ics : 1 Hb of memory , a 1- 1 3 2  Hb s torage d i s k ,  a 1 -6 7  
Hb tape ba ckup,  a dot ma t r i x  pr i nter , seve ra l graph ics  te rmina l s ,  
a color  te rmi na l ,  and  a h igh-speed pr inter . Th i s  compu t e r  
system, pr ov ided under the  Pana son i c  TLD con t ract , is  connected 
to two Pa nason ic  badge readers  wi th ma ga z i ne change r s . A ba ckup 
compu ter  sys tem--s imi la r  to the pr ima ry system except tha t i t  
uses two termina l s  a nd one badge r eade r/cha nger-- i s  a lso loca ted 
on-s i te . 

The HP 1 0 0 0  is  des i gned for a pp l i ca t i ons  whe r e  da ta a ccess 
speed is of pr ime impor ta nce . Approx i ma te ly 1 0 0 , 0 0 0  u n i ts a r e  in 
ope ra t ion wor l dwide , and the mode ls  have been in  ex i s tence for 
abou t 10  yea r s . I MAGE 1 0 0 0 , a da ta -base  mana gement softwa r e  
pa ckage , ca n a ccommoda te da ta bases con ta i n i ng u p  to 3 . 2  
g i gabytes ( Gb )  of da ta . 
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The potent ia l  for upgrading the H P  1 0 0 0  ( A6 0 0 ) i s  cons t ra ined 
by practica l l imi ts on memory and storage .  Pa r i ty-check ing 
inter na l  memory can be increased to 4 Mb , a nd e r r or-cor rect ing 
memory to 8 Mb, wh i le storage is , in practi ce , l im ited to 1 . 2  Gb 
( 1 , 20 0  Mb ) . However , upgrad i ng the cu r rent HP 1 0 0 0  sys tem to 
meet fu tu r e  requ i rements is techn ica l l y  feas ible either  by 
r eplacing the Cen t ra l Process ing Un i t  ( CPU ) a nd us ing the 
ex ist ing .pe r iph era l equ ipmen t , or by adding anothe r  CPU to 
perform the tasks  cu r rent ly accompl i shed by the I BM 4 3 4 1 .  Th i s  
woul d  enable USAIRDC t o  pr ocess , s tor e ,  and  r et r ieve the 
necessa ry da ta on-s i te . 

Replacing the HP 1000  Model 6 by a Mode l 2 9 , i . e . , r eplaci ng 
the A600  CPU by a n  A9 0 0  unit , wou ld  boost per formance 
s ign i f i cantly  to a base of 3 m i l l ion ins tructions per second 
( MIPS )  ( compa red to 1 MIPS for the cu r rent Mode l 6 and  2 MIPS for 
the I BM 4 34 1  a t  Redstone ) . The Model 29 ha s a maximum memory of 
21 Mb , c lose to the l evel  of the pla nned Reds tone IBM 4 3 8 1 ,  and 
we l l  above the 4 Mb of the Mode l 6 .  Bes ides us ing  the same 
pe r i phera ls employed by the Mode l 6 ,  the Mode l 29 uses the same 
interfa ce ca r ds , s impl i fying  pr oblems of interconnections  with 
commu n i ca t i ons a nd other  equ ipment .  Table  5-3  summa r izes the 
commi ttee ' s  rough es t ima te of cos ts for th is opt ion . 

TABLE 5-3  Est ima ted ma rg ina l cost to implement loca l process ing wi th 
an  Augmented TLD system using an HP 1 0 0 0  Model 2 9  

Ha r dwa r ea 

Sof twa r e  
Deve lopment 
sta f fb 

Oper a t i ngc 

$500 , 00 0  
0 

10 0 , 000  
40 , 0 0 0  ( pe r  yea r ) 

2 10 ( pe r  yea r ) 

a includ ing insta l la t ion cos ts for A900  with  3 Mb memory and 2 6 0  Mb 
storage ( tota l system s torage of 4 0 0  Mb ) . 
bNet a f ter  t ra nsfer  of funct i ons f r om Reds tone to Lex i ngton . 
cAdd i t i ona l cost of ma in tenance agr eemen t for A900  system .  Does not 
inc lude savings from el imina t i on of t ime-sha r ing fees bi l led by 
Reds tone , nor sav i ngs f r om el imina t ing the da ta link  between Lex i ngton 
a nd Reds tone . 
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Another approa ch w i th in the loca l opt i on i s  a ser i es of 
micr ocompute r s  in  a networ k a r rangemen t .  I n  th is con f i gu r a t ion ,  
networked persona l compu ters  ( PCs ) ,  cons i s t i ng of modu l es such 
a s  the IBM ,  mode l PC/AT , wou ld  r eplace the cou r ier  termina l s  
used a t  Lex ington . A l though the poten t ia l  for this  pa r t i cu la r 
choice of netwo r k  modu le  is  cons tra ined by the compu t ing 
ca pa c i ty of th i s  16-bit  mach i ne and  by the l imi ted s torage 
cu r r ent ly ava i lable  for  i ts pr oces s i ng un i t ,  new technology is 
ra pidly expanding PC use for a va r i ety of new a ppl i ca t i ons . For  
example , new opt i ca l  storage un i t s  a r e becom ing ava i lable  tha t 
upgrade PC memory  ca pa b i l i ty i n to the hundreds-of-megabyte 
ra nge , and at lea s t  one manu fa ctu rer  is offe r ing • w r i te-once , •  
• rea d-mos t l y •  storage of 50 0 Mb a nd above . Howeve r ,  because  of 
l imita t i ons on pr ocessor speed and the fa ct tha t the Army ha s 
othe r , more  powe r fu l  ha rdwa re a l r ea dy insta l led , th i s  opt i on may 
not  be cost ef fect i ve . 

Summa ry of Equ ipmen t Opt i ons 

Table  5-4  summa r i zes selected opera t i ng cha ra cte r i s t i cs a nd es t ima ted 
costs of the opt i ons cons i de r ed by the commi ttee and discussed in th is 
sect i on .  

An add i t i ona l appr oach wi th in  the loca l opt i on is to spec i fy 
USA IRDC ' s  funct i ona l compu ter  sys tem r equ i r emen ts i n  a compet i t ive  
offer ing to  vendor s  who , in tu r n ,  will  pr ov i de bids for  equ i pmen t to 
sa t i sfy those r equ i rements . 

STAPPING CONS I DERATIONS POR AN AUTOMATED TLD SYSTEM 

T ra ns i t i on from the wel l-es ta b l ished , most ly manua l f i lm badge 
technology to a new , fu l ly au toma ted TLD sys tem necess i ta tes a ca refu l 
appra i sa l  of the per sonne l capabi l i t ies needed to opera te i t .  
Cons idera t ion ha s a l r eady been g i ven ( see pp . 5 5 - 5 6 ) to sta f f ing 
r equ i r ements of this t ra ns i t i on r e la t ing to TLD specia l i sts . 

I n  the informa t ion pr ocess ing and pr ogramming a r ea ,  the serv ices of 
an expe r i enced systems mana ger/prog rammer a r e  r equ i red . Softwa r e  
developed by the TLD vendor wi l l  need mod i f ica t ions , and the en t i r e  
recor ds system,  softwa r e  a nd ha r dwa r e ,  both new a nd old , w i l l  r equ i r e  
deve lopment a n d  ma in tena nce . A l though consu l t ing serv ices a r e a 
conven ient way to get sta r ted ,  permanent sta f f  w i l l  probab ly be needed 
for the long run . 

RECOMMENDATIONS 

P r ev i ous sect ions of th is  cha pter descr ibed the cu r rent a nd proposed 
dos imetry  mon i tor ing pr ograms and the da ta -pr oces s i ng impl ica t ions of 
va r i ous  scena r i os of fu tu re growth . Th is  sect ion summa r i zes 
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TABLE 5 - 4  Compu ter  sys tem in t e r compa r i son 

Ma in  Numbe r of Ma x imum 
Memo r y  termina l s  Pr a c t i ca l  
Ca pa c i ty Sto ra ge 

Op t i on ( Mb )  ( Gb )  

Remote p r oces s i n g  
I BM 4 3 4 1 1 - 1 6  4 t o  1 5 0 80 
I BM 4 3 8 1  4 - 3 2  Up t o  1 , 6 0 0  3 2 0  

L oca l p r oc e s s i n g  
H P  1 0 0 0  ( A 6 0 0 ) 0 . 5 - 8  2 t o  3 2  1 . 6  
H P  1 0 0 0  ( A 9 0 0 ) 6- 2 1  3 3  t o  6 4  1 . 6  
I BM PC/AT 0 . 5 - 2  2 t o  2 0  0 . 5  

* M I P S  a r e  de f i n e d  a s  m i l l i on s  o f  i n s t r u c t i on s  p e r secon d . 
I A s su m i n g  e i g h t  pe r s ona l compu t e r  u n i t s  cos t i ng $ 6 , 0 0 0  ea ch . 

Ma x imum Approx ima te 
I ns t ru c t i ons Ha rdwa r e  
Processed Pu rcha s e  

( MIPS * ) P r i c e  

...... 0 Ul 1 . 5  $ 4 5 0 , 0 0 0  
4 . 8 1 , 0 0 0 , 0 0 0  

1 . 0  1 6 , 0 0 0  
3 . 0  5 0 0 , 0 0 0  
0 . 5  4 8 , 0 0 0 1  
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recommenda t i ons for ha r dwa r e  a nd softwa r e  sys tems needed to meet 
USAIRDC miss i on r equ i remen ts . 

I ssu i ng and Track ing TLD Badges 

Ba dge i s sua nce , ba dge accounta b i l i ty ,  a nd a ssocia t ing ea ch dose 
equ i va len t wi th the pr ope r  ind i v i dua l a r e  cen t ra l  to USAIRDC ' s  
ra d ia t i on mon i tor ing r espons ibi l i ty . The Augmen ted TLD system w i l l  
he lp  en su r e  tha t these r espons i b i l i t ies a re met . Ther efor e ,  the 
commi t tee r ecommends tha t :  

USAIRDC imp l ement the Au gmented TLD System for e i ther the loca l 
or r emote process ing opt ion . 

Select ing  a Da ta -Pr oces s i ng Opt i on 

I n  th is  cha pter , the costs of the loca l and  r emote pr ocess ing opt i ons 
ha ve been eva lua ted to the l imi ted ex ten t tha t informa t ion wa s r ead i l y  
ava i lable w i t h i n  the scope o f  the s tudy . Be fore a ccu ra te cos t 
es t ima tes ca n be pr epa r ed for the da ta pr ocess i ng opt ions ava i lable  to 
the A rmy , f i rm pr i ce quotes wou ld need to be obta i ned for 
Army-speci f i ed system con f i gu ra t ions ( i . e . , sys tem ha r dwa r e ,  softwa r e ,  
insta l la t i on ,  t ra in ing , ma i n tena nce , a nd fo l l ow-up support ) and/or for 
sa t is fying  spec i f i ed fu nctiona l sys tem-performance r equ i r emen ts . The 
comm i t tee r ecommends tha t :  

USAI RDC conduct a deta i l ed da ta -pr ocess ing  cost-benef i t  ana lysis , 
a nd i f  r esu l ts of tha t a na lys is  va l i da te the es t ima tes developed in  
this  chapter , tha t  USAIRDC implement the  l oca l pr ocess i ng opt i on .  
The comm i t tee fu r ther  recommends tha t th i s  a na lys is  i nc lude actua l 
costs r e la t ing to the compu ter serv ices tha t USAIRDC is  pres en t l y  
obta i n ing--or might obta in  i n  the fu ture-- f r om Redstone , such as the 
cos ts of lea s i ng the 14 , 400-baud da ta l i n k  between Lex ington and  
Redstone . 

S ince they a r e interna l i zed wi th in the A rmy , these cos ts a r e  
d i f f icu l t  for the comm i t tee to a ssess , bu t they wou ld b e  el imi na ted by 
loca l pr oces s ing . They include cap i ta l and operat ing cos ts of the I BM 
4 3 4 1  at  Reds tone tha t a r e  not d i r ect ly cha rged to USA IRDC . Reds tone i s  
s i mply pr ov id ing compu te r serv ices to USAIRDC a t  cos ts reflected i n  a n  
Army cha r geback system .  bu t the commit tee cou ld not obta i n  deta i led 
i n forma t i on abou t i t . 

The above- r ecommended cos t-benef i t  ana lys is sh ou l d inc lude the 
inta ng ible  benef i ts a ssocia ted w i th the r e la t i ve s impl i c i ty of the 
loca l pr oces s i ng opt i on : such bene f i ts a s  conv en ien ce , con t r o l  ove r 
use  of r esou rces , and avoidance of the need to t ra nsmi t da ta ove r l ong 
d i sta nces on somet imes noisy  da ta l i nes . Th is k ind of loca l con t r ol i s  
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impo r ta nt f o r  a n  app l i ca t i on such a s  th is  one , wh i ch wi l l  con t i nue a s  
long a s  Army personnel a r e  in pr oximity t o  sou r ces  o f  radia t ion . 

on the cost s ide , loca l pr ocess i ng cou ld r equ i r e  tha t USAIRDC add  
add i t i ona l sta ff , such as a programmer to  ma in ta in and create  the 
programs necessa ry to accompl i sh the pr ocess i ng ta sks  now bei ng 
per f or med ( a nd pr ogrammed )  on the I BM 4 34 1 . Alterna t i vely , a support  
contractor cou ld be  used  for  specia l appl i ca t i ons when needed . 

Upda ting  and Ma inta in ing Dos imetr y  F i les and 
Prov i d ing Dos imetry H i s tor i es upon Reques t 

The comm i ttee recommends tha t :  

The Army conver t to the Au toma ted Dos imetry Repor t i n  place of DD 
Form 1 1 4 1 . 

The Au toma ted Dos imetry  Report  assu r es tha t in div i dua l dos imetry  
h i s tor ies are  ma inta i ned for  ind i v i dua l s  cu r rently employed by  th e 
Army ,  and wi l l  obv ia te the need to do h i s tor ica l  sea r ches . I na smuch as 
75  percent of a l l  r equests for sea r ches come f r om i nd i v i dua l s  who a r e  
i n  the Army ' s employ ,  th is convers i on wi l l  u l t ima tely r esu l t  in 
a l low ing much of the h is tor i ca l  da ta to be a rch ived off- l ine . 

Du r ing the conve r s ion to the Automa ted Dos imetr y  Repo r t  ( DD Form 
1952 ) ,  i t  a lso wou ld be a dva nta geous to break up the exist i ng dos imet ry  
da ta ba ses pr esen t ly on  the  ma in frame computer . Th is Au tomated 
Dos imetry Repor t wou ld a l low compa r ison of infor ma t i on--pr esently  on 
ex ist ing DD Form 1 14 1 ' s  in ind i v i dua l personnel fi les--wi th informat ion 
in  the da ta ba se for the 2 0 , 0 00-25 , 00 0  A rmy pe rsonnel  cu r rently be ing 
mon i tored .  I f  the loca l pr ocess ing opt ion wer e  chosen , on l y  th is 
subset of the ma in da ta base wou ld  have to be moved to the HP 1 0 0 0 . 
The r ema in ing da ta cou ld  res i de on the 4 3 4 1  a t  Reds tone in  an on- l ine  
mode unt i l  h i s tor i ca l  sea r ches became so i n f r equent tha t th i s  
informat ion cou l d  be a r ch ived off- l ine . 

Storage of D ig i t i zed G low cu rves 

The commi ttee r ecommends tha t glow cu r ves and oth er raw da ta be 
s tored off- l i ne whenever  poss ible . 

The r e  does not appea r to be a need for on- l in e  storage of glow cu r ve 
informa t i on fo l l ow i ng i n i t ia l  TLD pr ocess ing . Da ta may be loa ded ba ck 
to on- l ine storage when a ques t i on a r ises abou t a pa r t i cu la r  r ead ing . 
Hav ing a loca l processor ha ndle th i s , ra ther tha n r e ly i ng upon a r emote 
ma inframe ,  wou l d  help s impl i fy opera t i ons . 
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APPENDIX  A 

COMMI TTEE QUESTIONNAIRE ENTI TLED : 

• suRVEY OF ION I Z I NG RADIATIONS BE I NG MONITORED•  

Sent to about 7 7 5 Army insta l la t ions mon i tored by USA IRDC ,  Octobe r 2 ,  
1985 . 

1 1 1  
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NATIONAL RESEARCH COUNCIL 
COMMISSION ON ENGINEERING AND TECHNICAL SYSTEMS 

2101 Consntubon Avenue Wlslunpm. D. C. 20411 

Comm i t tee on Rad i o log ical Mon i to r ing 

Octob e r  1 ,  1 9 8 5  

Dea r C o l l eague :  

The u . s .  A r my i s  s ponso r i ng a s tudy by the Nat i on a l  Academy o f  
S c i ences--Na t ional Research Counc i l  o f  t h e  Army ' s  propo s ed new pe r s o nn e l  
dos i met r y  syst em . To conduc t  t h a t  s tudy ,  the Nat iona l Resea r ch Coun c i l 
has  e s t ab l i shed .a Comm i t t ee on Rad i o l og i ca l  Mon i to r ing , compo s ed o f  
nat i on a l lY known expe r t s  in  r e l a t ed a r eas . I am wr i t ing you on beha l f  o f  
D r . John R .  Came r on , cha i r man o f  t h a t  comm i t t ee .  

one o f  t h e  key tas k s  o f  t h e  s tudy i s  to • r ev i ew the cha racte r i s t ic s  o f  
i on i z i n g  r ad i a t ions to wh i ch A r my m i l i ta r y  and c i v i l i an per s onnel a r e  
exposed occupa t i ona l ly . • A l s o , t h e  A r my ha s a l r eady i nves t ed a l a r ge sum 
i n  dos i me t e r s  and r e l a t ed equ i pmen t ,  and des i r es to dep loy the new sys tem 
ba sed upon t h e  r es u l t s o f  t h e  s tudy , wh i c �  w i l l  be comp l e t ed in a few 
mon t hs . Acco r d i n g l y ,  i t  is now i mpo r ta n t  that  the Comm i t tee obta in f r om 
yo u and you r  co l l eagues some e s s en t i a l  i n fo r ma t i on on the k i nds and 
amoun t s  o f  r ad i a t ion e xpos u r e  that t h e  n ew dos i me t e r  w i l l  be c a l led upon 
to meas u r e . For  that pu rpos e we have ob ta ined yo u r  name f r om t h e  u . s .  
A r my  I on i z ing Rad i a t ion Dos i me t r y  Cen t e r  ( USAI RDC ) .  

We a s k  you r  p r ompt a s s i s tance i n  p r ov id i n g  the i n fo r ma t i o n  r eques ted 
o n  t h e  enc losu r e . Ou r need f o r  you r pa r t i c i pa t ion i s  u r gen t , i n  o r de r  to  
en su r e  e f fec t i ve dep loymen t o f  t h e  new dos imet ry netwo rk .  P l ease r es pond 
by ma i l i ng to me the r e l evant i n fo r ma t ion w i t h i n  s even days o f  you r 
r ec e i p t  o f  t h is  l e t t e r .  E n c l osed i s  a r et u rn ma i l i n g  label fo r you r  
conven ience . 

P lease be a s s u r ed o f  t h e  con f i d en t i a l i ty o f  t h i s  s u r vey . You r  
iden t i ty a s  a r es pondent wi l l  b y  safeguar ded b y  the Na t i onal Research 
Coun c i l and by t he Committe e , and on l y  s ta t i s t ic a l  tabulat i on s  o f  you r  
r esponses w i l l  b e  prov ided to the USAI RDC . Th ank you fo r you r  coope r a t ion . 

S in ce r ely yo u r s , 
• 

9 qL_  � - L .. . c(.. . --

Enc los u r es 

��n M.  R i ch a r dson 
P r i n c i pa l  S t a f f  O f f i c e r 

c :  Profes so r John came r on , U n i v e r s i t y o f  W i s cons i n ,  CRM 

Tlt6 .'>l•no,.•l Rn6••clr CDu�tal ll llr6 '""''P•I Q,, •• ,,., 'f'"'Y of rlrt .'>l•rro�•l .4c•h"'Y Df Sc""'n .,,4 llrt .'>l•no,.•l Ac•46"'Y af E"fl"ll""f 
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Comm i t tee on Rad i o l og i a l  Mon i to r ing 

SURVEY OP IONI Z I NG RAD IATIONS BEI NG MON ITORED 

Date ma i l ed :  Octobe r 1 ,  1 9 8 5  
P l e a s e  r e t u r n  w i thin 7 days of r ece i pt 

Th i s i s a conf i den t i al su rvey . Your iden t i ty as a r e spondent w i l i be s a fegua rded by 
t he Na t i onal Res ea r ch Coun cil and by i t s  Commi t tee on Rad iologi cal Mon i to r ing . on ly 
s t a t i s t i cal tabu la t ions of you r r espons es w i l l be p r ov i ded to the A rmy . 

TH E FOLLOWI NG I NFORMATI ON IS REQOIRED FOR A STODY BY TH E COMMITTEE ON RADIOLOG ICAL 

MON ITORI NG OP THI NATIONAL ACADEMY OP SCI ENCES--NATIONAL RESEARCH COONC I L ON BEBALP OP 
TB E O . S . ARMY ION I Z I NG RAD IATI ON DOS I METRY CENTER ( OSA I RDC ) . 

P l ease type o r  pr in t a l l  in f o r ma t ion except your s igna t u r e . P l ease do not i nc l ude any 
cl a s s i f i ed i n fo r ma t i on . T h e  in fo rma t ion r eques ted he r e is to be prov ided on l y by 
pe r sonn el u t i l i z ing the s e r v i ces of OSAI RDC . 

1 )  Name and add r e s s  of yo u r  faci l i ty o r  mon i t o r i n g  locat i on : 

2 )  Ch eck and desc r i be the k i nds of r ad ia t ion sou rces at you r  fa c i l i ty or mon i to r i n g  
loca t i on ( use a supplemen t a l  sh eet i f  neces sa ry ) : 

lind of source 

X-ray un i ts : 
Den ta l 

D i ag nos t i c 
Rad iot he r apy 
Othe r  

Gamma 

Beta 

Neu t r on 

Rad ionu c l i des 

F i s s i o n a b l e  ma te r i a l  

F i ss i on p r oducts : 
Old 
N ew 

Other ( d es c r i b e  i n  
• commen t s • co l umn ) 

Types o r  ene r g i es 
( fo r  each k i nd )  

Commen t s  o r  de s c r ipt i on 

- Ove � 
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3 )  S t a t e  the numbe r o f  f i l m-badge we a r e r s  at yo u r  fac i l i t y  or mon i t o r i ng l oca t ion who 

a r e  i s sued the f o l l owi n g  k i n ds o f  badges : 

Type of badge 

sta nda rd 

Ring 
Neu t r on 

Othe r :  ----------------

( descr i p t ion ) 

Numbe r of wea r e r s  

4 )  S t a t e  t h e  appr o x i mate numbe r o f  pe r s onn e l  at you r fac i l i t y or mon i t o r i n g  l o c a t i on 
who a r e  annu al ly e xposed to penet r a t i ng r ad i a t ion ( as mon i t o r ed by OSA I RDC ) at th e 
f o l l ow i n g  dose l e ve l s : 

B e low 1 0 0  mr em/yea r 
P r om 1 0 0  to 1 0 0 0  mr em/ye a r  

Above 1 0 0 0  mr em/year 
Tot a l  pe r sonne l at yo u r  

i n s t a l l a t i on : 

Numbe r P e r cen t o f  t o t a l  pe r s o n n e l  

1 0 0 ,  

5 )  E s t ima te t h e  c u r r en t  number o f  you r f i lm-badge wea r e r s  w h o  pot e n t i al l y  o r  
acci den ta l ly co u ld be exposed t o  t h e  fol l ow i n g  k in d s  o f  r ad ia t i on : 

Rad i a t ion sou r ce 

x - r ays o r  gamma rays 
Beta rays 
Neu t r on s  

Numb e r  o f  oeoo l e  

6 )  P l e a s e  p r ov ide wha tever comme n t s  y o u  m a y  h a v e  r eg a rd ing the p r e s e n t  A r my f i lm badge 
capab i l i ty :  

7 )  Pe r son comple t i n g  t h i s  fo rm ( fo r  C ommi t tee r e f e r en ce , and i n  t h e  even t o f  any need 

fo r c l a r i f i ca t i o n ) : 

S ig na tu r e : _________________________________ T i t l e ( s ) : ________________ _ 
Name : Date : ------------------

T e l ephone No . :
---------------------------------�-------------

P l ease ma i l the comp l e ted f o r m  p r ompt l y ,  us ing the enc l o s ed ma i l i ng label , t o  

D r .  John M .  R icha rdson 
N a t ional Academy of S c i ences , JB 4 2 4  
2 1 0 1  cons t i tu t i on Avenue , N . W .  
Wash i n g t on , D . C .  2 0 4 1 8  

Thank you fo r  yo u r  coope r a t i on . 
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APPENDIX B 

•AR 40- 14 

•DLAR 1000.28 

ARMY RIDULA'nON 
No. 40- 14 
DEFENSE LOGISTICi 

DEPARTMENT OF THE ARMY AND 
DEFENSE LOGunlCS AGENCY 

AGENCY REGULAnON 
No. 1000.28 WASHING'roN, DC, IS March 1 982 

MEDICAL SERVICES 
CONTROL AND RECORDING PROCEDURES FOR 

EXPOSURE TO IONIZING RADIATION AND RADIOACTIVE MATERIALS 
7'11g reDgiQII require1 that the RtulitJtion Control Committee, RtulltJtion Protection Olffcerw, and lndiDid­

ualJ �llo tntlintllin DD Fornu 1141 and DD Fomu 1952 �iU be tk1igtUJted ill �ritillg. It IIIIo incllltk• the re­
quire�Mntl for the inDeltlgation and ecaluation of aU.ged or actual owrupollll'fll to Ionizing radiation. 

Local limited 1uppkmentation of tllil regullllftJn il permitted but ;, not required. ll•uppkment• are illwd, 
BQDA ,.encle• and major A""'/ commandl �iU lumilll tiDo copie1 of each JUppkment to 

BQDAfDASG-PSPJ, WASH DC 2031tk other coiJIIIUIIIdl �iU lumW. one COPI/ of each to their next higher 

heat/qiiiU1er& 

Interim cht111ge1 to till• regu14tion are not oflfcial unka tlle11 are authenticated brl 77ae Adjut1111t �neraL 
U•n �IU deltrOIJ lnterim change• 011 their expiration dille• unka IOOIIflT "'PfliWtkd or re�eillded. 

77ae UJOrU "he, " "hll, "and '111m, " �hen u•d ill thil regul4tlon, repre1ent both the IIIIIICIIIine and feminine 

ge��tkn unka othe�ile •pecillcallil •fated.. 
• : • • 10 

This pultllcatlon may lte releaMcl ta forel1n 1overnments {sec 1719, 
title <M, us Cocle). 

Parqrapb 
Purpole . . . . . . . . • . • . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 
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1. Pu:rpoee. Thil regulation preac:ribee procedures 
and reapoDiibiliU. for the control and recording of 
expo8W'el to ionizing radiation from radiation pro­
ducing devices and radioactive materiala. It imple­
ments the rul• and rqulationa eet forth in Title 
10, Code of Federal Regulationa (CFR), Parts 19 and 
20; 29 CFR 570.57; and 29 CFR 1910.96. 
2. Applicability. a. This regulation applies to the 
Active Army, -Army National Guard (ARNG), the 
US Army Relerve (USAR), penona employed by the 
Department of the Army (DA), and the Defenae 
Logistics Agency (DLA). Except u specified by 
formal written agreement , it alao applies to Federal 
and non-Federal agencies, including civilian con­
tractors, whose penonnel ue occupationally ex· 
poeed to ionizing radiation on an Army or DLA in· 
stallation or activity. 

b. This regulation does not apply to the follow-
ing: 

. 

( 1 ) Personnel exposed to ionizing radiation and 
radioactive materials resulting from the uee of nu· 
clear or thermonuclear weapona in combat military 
operations. 

. .  (2) Personnel exposed .to ionizing radiation 
while being examined or treated for medical or 
dental purpoees. 

c. For DA and DLA i.nstallations or activities 
holding US Nuclear Regulatory Commission (NRC) 
licenses, the appropriate provisions of 10 CFR ap­
ply. However, the DD Form 1 14 1  (Record of Occu· 
pational Expoeure to Ioni.zing Radiation) and DD 
Form 1952 (Dosimeter Application and Record of 
Occupational Radiation Exposure) will be used in 
lieu of Form NRC-4 (Occupational External Radia· 
tion Exposure History) and Form NRC-5 (Current 
Occupational External Radiation Exposure). 
3. Explanation of terml. a. Absorbed Dose (D). 
The amount of energy imparted by ionizing radia­
tion to the matter in a volume element divided by 
the mass of the matter in that volume element. It is 
commonly expresaed in rads. One rad equals 0.01 
joule per kilop-am (J/kg) or 100 erp per gram. (In 
the International System of Unita (Sn. the unit for 
abeorbed doae is the gray (Gy). One Gy is equal to 1 
Jlkg which is equal to 100 rad.) See rem and roent· 
gen. 

b. Bioallay. The determination of kinds, 
amounts or concentrations . and locations of radioac· 
tive materials in the human body. This may be by in 
vivo counting (e.g . ,  whole-body counting, selected 
organ counting) or by analysis of materials excreted 
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or removed from the human body. 

c. CalendtJr q&l4rter. A period of not lese than 12 
consecutive weeks nor more than 14 conaecutive 
weeks. The first calendar quarter of each year will 
begin in January. Subaequent calendar quarters 
will be such that no day is included in more than 
one calendar quarter or omitted from a calendar 
quarter (10 CFR 20.3). 

d. ControUed (restricted) area. Any uea to which 
accea1 is controlled for the purpoee of protecting 
persona from exposure to ionizing radiation or 
radioactive materials. Thia meana that a controlled 
(restricted) area requires control of acceu, occupan· 
cy, working conditions, and elf'e8l. Areas not in· 
eluded ue thoee used u residential quarters or 
ueu where food is stored, prepared, or served. 
However, a separate room or rooms in a residential 
building or a building in which food is stored, pre­
pared, or served may be set apart u a controlled (re­
stricted) area. Thil does not apply to facilities which 
use ionizi..ng radiation source� for food preservation. 

e. Critical organ. That organ which will receive 
the greatest exposure and whose damage by a radio­
nuclide entering the human body will result in the 
greatest potential impairment to the body. 

f. Curie. A unit of activity, or degree of radioa� 
tivity, of a radioactive subatance. One curie (Ci) 
equals 3.70 x 1010 nuclear transformations per sec­
ond . 

g. Dose ([)). A general term denoting the quantity 
of radiation abeorbed, or energy absorbed per unit 
of mass, by the body or any portion of the body. For 
special purposes, it must be appropriately qualified. 
The special unit of absorbed dose is the rad. See ab­
sorbed doee . 

h. Dose commitment. 
( 1 )  Individ.Uill dose commitment. The total dose 

equivalent to a part of the human body that results 
from radioactive material having entered the 
human body. In estimating the doee commianent, 
the period of exposure to retained radioactive ma· 
terial is aaeumed not to exceed 50 years from the 
time of intake (10 CFR 32.2). 

(2) Ent:ironmental dote commitment. The sum 
of all radiation doee equivalents to persons over the 
entire time period the radioactive material can ad· 
versely affect humans. The unit of measure for this 
total population dose is the penon-rem. 

i. Dose equivalent (H). The product of absorbed 
dose (D), quality factor (Q), and other modifying 
factors (N). It is a measure of the effects of radiation 
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received by expoMd per10111, taking into account 
different radiation characteristics and esterual and 
internal ezpoeure. The special name for the unit of 
dose equivalent il the sievert (Sv). The special unit 
of doee equivalent, rem, may be uaed temporarily. 
(One Sv il equal to 1 Jfkr which is equal to 100 
rem.) 

j. DoM to whok-body. The doee equivalent to the 
whol .. body, gonads, active blood-forming orpns, 
head and trunk, or lens of the eye. 

A. Dolinwter. A device for measuring exposure to 
radiation. 

l. Ezp01urt. 
(1) A meuure of the ionization produced in air 

by x or gamma radiation. It is the sum of the electri· 
cal charps on all of the ions of one sip produced in 
air when all electrons liberated by photons (x or 
pmma radiation) in a suitably small element of vol· 
ume of air are completely stopped in air, divided by 
the m111 of the air in the volume elemenL The � 
cial unit �f exposure is the roentgen (R). . 

· (2) The conditiOn of being irradiated bY ioniZ- · 
ing radiation. 

m. High radiGtion area. Any area, accessible to 
personnel, where ionizing radiation exists at such 
levels that a major Portion of the body could receive 
in any 1 hour a dose equivalent in excess of 100 mil· 
lirems (m.rem). 

n. In vestigation kvel. The amount of radioactive 
material inc:Orporated into the human body which 
justifies further investigation or inquiry. This may 
be a review of the circumstances or the aii8SIID1ent 
of the consequences. 

o. Ionizing radiGtion. Electromapetic or particu· 
late radiation capable of producing ions u it puees 
through matter. Alpha and beta particles, gamma 
rays, X-rays, and neutrons are examples of ionizing 
radiation. 

p. Ionizing radiGtion Protection Program. The 
management effort by command that includes 
monitoring the u. of ionizing radiation producing 
devices and radioactive materials. The purpoee of 
this program is to ensure that the expo�Ure to per· 
sons from ionizing radiation and the releue of 
radioactive effluenta to the environment is u low u 
is reasonably achievable (ALARA) (u far below s� 
cified radiation e:r.:po�Urt standardl u is practi· 
cable). . 

q. OcCGiioMlly ezp01ed individual. An individual 
whoee work is not normally performed in a con· 
trolled (restricted) area and whoee duties do not 
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normally involve exposure to ionizing radiation or 
radioactive material. However, such individuals 
may have reason to enter a controlled (restricted) 
area in the performance of their duties. Examples 
are meuengers, deliverymen, and maintenance 
workers. These individuals will not be permitted to 
receive an exposure to ionizing radiation in excess 
of that allowed to any individual in the population 
at large. See paragraph 7b. 

r. OccupatioMl ezp01ure to ionizing radiGtion. 
Exposure to ionizing radiation that is incurred as a 
result of an individual's (military or civilian) em· 
ployment or duties which are in direct support of 
the use of radioactive materials or equipment capa· 
ble of producing ionizing radiation. Occupational 
exposure does not include the exposure of an in· 
dividual, u a patient, to sources of ionizing radia· 
tion or radioactive material for the purpose of medi· 
cal or dental diaposis or therapy of that person. 
Occupational e:r.:posure does not include ezposure to 
naturally occurring ionizing radiation. 

s. Occupationally ezposed individual (radiGtion 
worlcer). An individual whose work is performed· in 
a controlled (restricted) area and who might be ex· 
posed to more than 1{) percent of the radiation ex· 
posure standards in paragaph ia(l)  as a result of 
employment or . duties in a controlled (restricted) 
area. The term "occupationally upoeed individual" 
is synonymous with the term "radiation worker." 

t. Person·rem. The product of the mean individ· 
ual whole-body dose equivalent in a population 
times the number of individuals in the population. 
The term "person-rem" is synonymous with the 
term "man-rem." 

u. Quality factor (Q). A number by which the ab· 
sorbed doae is multiplied to obtain the dose equiva­
lent. The magnitude of this number is determined 
by the effect on the body of different kinds of radia· 
tion. For beta particles, gamma rays-. and X-rays, 
the quality factor is 1. For neutrons and protons 
having energies up to 10 million electron volts 
(MeV), the quality factor is 10. For alpha particles 
and other particles heavier than protons, the quali· 
ty factor il 20. 

v. Personnel monitoring device. A device de­
siped to be wom or carried by a person for measur· 
ing radiation expoaure. Examples are rllm badges, 
thermoluminescent dosimeters (TLD), self-reading 
pocket doeimeters. pocket chambers, and rmger 
doauneters. The term "personnel monitoring de­
vice" is synonymous with the term "personnel dosi· 
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meter." 
w. Bad. The special unit of abeorbed doee. One 

rad equale 0.01 Jlkg or 100 erp per gram. See rem 
and roentgen. 

-

z. Radi4tion orea. AIJ.y area. acceuible to penon· 
nel. where radiation exim at such levels that a ma· 
jor portion of the body could receive in any 1 hour a 
dose equivalent in excess of 5 millirems (mrem), or 
in any 5 consecutive days a dose equivalent in ex· 
ceu of 100 mrem. Practically, this would be any 
area in which the expOIUl'e rate is greater than 2 
milliroentgens per hour (mR/hr) but leu than 100 
mRihr. See also "high radiation area." 

y. Radi4tion sources. These are materiel, equip­
ment, or devices which generate or are capable of  
generating ionizing radiation. They include the fol· 
lowing: 

(1) Nuclear reactors. 
(2) Radiosraphic or fluoroscopic s:-ray systems. 
(3) Particle generators and accelerators. 
(4) Klystron. magnetron. rectifier, cold· 

cathode, and other electron tubes operating at po­
untials above 10 kilovolt& (kV). 

· (5) X-ray diffraction -and spectr�ifaphic· equip· 
ment. 

(6) Electron microscopes. 
(7) Electron-beam welding, melting, and cut­

ting equipment. 
(8) Radioactive materials. 

(a )  Natural or accelerator produced radioac-
tive materials. 

(b ) Byproduct materials. 
(c ) Source materials. 
(d) Special nuclear materials. 
(e) Fission products. 
({) Materials containing induced or deposited 

radioactivity. 
(g) Radioactive commodities. 

z. Radi4tion Work Permit (R WP). A locally devel· 
oped form completed by the area superviaor and 
countersigned by the Radiation Protection Officer 
(RPO) prior to the start of any work in a controlled 
(restricted) area. It detcribel the potential radiation 
hazards and protective clothing and equipment re­
quirements for a given work Ulipunent. It also pro­
vides a record of radiation es:poeures received by 
persons during a given work asaignment. The RWP 
will be initiated by the area supervisor or the RPO 
when required to mjnjmize the es:posure of the 
radiation worker . 

aa. Radi4tion worker. The term "radiation 
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worker" is synonymous with the term "occupa­
tionally es:poaed individual." 

ab. Radi4tion Protection Officer {RPO). A person 
designated by the commander and tasked with the 
supervision of the radiation protection program . 
The RPO ensures compliance with current direc· 
tives for radiation protection . This person will be 
technically qualified by education, training, and 
professional experience commensurate with the re· 
sponsibilities of the assignment. The RPO will pro­
vide consultation and advice on the degree of haz. 
ards aS80Ciated with radiation and the effectiveness 
of measures to control these hazards. The tenn 
"radiation protection officer" is not intended to de­
note a commissioned status. The RPO may be mili­
tary or civilian of any grade. 

ac. Rem . The special unit of doee equivalent. The 
dose equivalent (H) in rems is numerically equal to 
the abaorbed doee (D) in rads multiplied by the 
quality factor (Q) and other modifying factors 1�). 
For the purpoees of this regulation. N equals l .  One 
rem is equal to 0.01 Sv. 

ad. Roen tgen (R). · The special unit of exposure. 
One roentgen (R) equals 2.58 x 10- 4 coulombs per 
kilogram of air. See "es:posure." 

ae. Termination. The end of employment with 
DA. ARNG, USAR or DLA: alsO, the end of a work 
assignment in a controlled (restricted) area. The ex·  
pectation or specific scheduling of reentry into a 
controlled (restricted) area would not be permitted 
during the remainder of the terminating calendar 
quarter ( 10 CFR 20 .3) .  

af. C.:ser. A person who has been delegated the 
authority for the use . operation . or storage of  radia­
tion sources. 
4. Regulatory authority. a. The concepts in this 
regulation are based in part on the recommenda· 
tions of the following: 

( 1 )  The National Council on Radiation Prote(:­
tion and Measurements <NCRP) Report No . 39. 
Basic Radiation Protection Criteria. 

(2) The International Commission on Radiolog­
ical Protection (!CRP) Report �o . 9,  Recommend&· 
tions of the ICRP. 

(3) ICRP Report No. 12 .  General Principles of 
Monitoring for Radiation Protection for Workers. 

(4)  Federal Radiation Council Report �o. 1. 
Background Material for the Development of Radia· 
tion Protection Standards . 

b. Where more precise defmitions are required. 
those provided in the following will be used: 

Copyright © National Academy of Sciences. All rights reserved.

Review of U.S. Army Ionizing Radiation Dosimetry System
http://www.nap.edu/catalog.php?record_id=19202

http://www.nap.edu/catalog.php?record_id=19202


119 

15 Mareh 1982 
(1) The International Commission on Radiation 

Units and Measurements (ICRU) Report No. 19, 
Radiation Quantities a.ad Units. 

(2) Supplement to ICUR Report No. 19, Dose 
Equivalent. 

(3) ICRU Report No. 25, Conceptual Basis for 
the Determination of Doee Equivalent. 
S. R81p0118ibilitin. a. The Surgeon General 
(l'SGJ. 

( 1 )  Approve all Army radiation exposure stand· 
ards less restrictive than those in paragraph 7 be­
fore implementation of such standards. 

(2) Provide information resulting from the in· 
vestigation of alleged or actual overexposure of a 
person to ionizing radiation and radioactive materi· 
als. This information and appropriate recommend&· 
tions are sent to the following: 

(G)  The Central Dosimetry Record Repository 
(SB 1 1-206). 

(b ) The C'QD1mander of the installation or ac· 
tivity to which the person is asaigned or attached. 

(c) The commander of the organization pos· 
sessing either the NRC license or DA radiation au· 
thorization (DARA> for the radiQilctive material or 
ionizing radiation producing device which caused 
the alleged overexposure. 

(3)  Provide DA staff supervision on the medical 
aspects of the personnel dosimetry program. 

b. The Commanding General, US Army Materiel 
De velopmen t and Readiness Command (CG, DAR· 

COMJ. 
( 1 )  Provide personnel monitoring devices for 

the Army. 
(2) Establish a Central Dosimetry Record Re­

pository. Th is office will maintain an ionizing radia­
tion exposure history for each person employed by 
DA. ARNG . USAR, and DLA who is issued an Army 
personnel monitoring device. 

c. The Cen tral Dosimetry Record Repository. 
( 1 )  Prepare separate automated annual coll!Oli· 

dated statistical summary reports (RCS NRC- 1007) 
for DA , ARNG, USAR and DLA personnel occupa· 
tionally exposed to ionizing radiation and radioac· 
tive material. Prepare a statistical summary report 
for each occupational code. Theee summary reports 
will contain the information Spec:ified in paragraph 
15. A copy of these reports will be forwarded 
through command channels to HQDA (DASG-PSP), 
WASH DC 20310, by 1 March of each calendar 
year. 

(2) Prepare a separate annual personnel dosim· 
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etry report for each employee of DA, ARNG USAR 
and DLA. 

' ' 

(3) Prepare requested histories from current or 
former employees . 

(4) Prepare termination exposure history for 
each employee. 

(5) Provide a flexible computer program. It 
must be poaaible to separate total occupational ex· 
poaure from medical (diagnostic and therapeutic) 
exposure. The computer program must provide for 
the following: 

(a) Additional information such as outsid� 
employment (moonlighting), medical exposure, and 
other radiation exposures. 

(b ) Occupational codes. 
(c) The identity of radiation sources and 

other hazardous substances to which the worker is 
expoaed. 

Nort. The Automated Do1imetry Record will be collliltent 
with the requirement� of the Form NRC-5 &Del DD Form 1 1 4 1 .  

d.  Director, DLA (DLA- WH). 
(1 )  Approve all DLA radiation exposure stand· 

ards less restrictive than those in paragraph 7 be­
fore such standardS are implemented. . 

· 
· 

(2) Provide information based on the results of 
investigations of alleged overexposure of persons to 
ionizing radiation and radioactive materials. This 
requirement is exempt in accordance with para· 
graph 7- 2k, AR 335- 15. This information and ap· 
propriate recommendations are sent to the follow· 
ing: 

(a ) The Central Dosimetry Record Repoeitory 
(SB 1 1 -206). 

(b )  The commander of the installation or ac· 
tivity to which the person is assigned or attached. 

(c ) The commander of the organization pos· 
sessing either the �'RC license or DARA for the 
radioactive material or ionizing radiation producing 
de.,-ice causing the alleged overexposure. 

e. Commanders of installations or ac ti vities 
which possess or use a radilltion source . .  

( 1 )  Establish appropriate and adequate meas· 
ures to control ionizing radiation so that the total 
radiation exposure of each person will be main· 
tained as low as is reasonably achievable. This will 
be as far below the radiation exposure standards in 
paragraph 7 as is practicable. 

Note. In applyinr the term "u low u ia rtMOD&bly achieva· 
ble; the CUI'!'IIlt ltat.e of tedmala17 llld tbt economic� of im· 
provemmt.e ill relation to the beDefitl to ufecy llld he.lth of per· 
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IODDel. the utilizatioD of DUClear (acomic) ellei'IY iD the public in• 
tereft. ud other societal ud sOcioecoDOmic con.�ideratiolll, mlllt 
be tabD illto aa:oUDt. CS.. NRC Re,u!atory Guides 8.8 ,  8. 10, 

IDd 8. 18, which are available from USNRC, A'M'N: Publicatiolll 
Salet Muapr, WASH DC 20555.) 

(2) Ensure that personnel radiation exposure is 
monitored and recorded. 

(3) Ensure that when there are operations in· 
volving occupational exposure to radiation sources, 
an adequately trained and qualified RPO and an al­
ternate RPO are designated in writing. The RPO or 

. the alternate will supervise the radiation protection 
program and advise on the control of hazards to 
health and safety. If the assignment as RPO is an 
additional duty, then adequate time will be given to 
perform these duties. 

Nott. Wben a c:iviliu employee i.t per formiD1 the duties of  
RPO. hi.t job description should be appropriately modified to re­
flect this addit10nal duty for that tilDe period in which the duty i.t 
performed. The job deecriptioo will be recuroed to iu Donnal 
state followiD1 termioation of the iDdividual's uaipmeot u the 
RPO. 

(4) When an inst8.llation or activity poasesses 
radioactive material under a specific NRC license or 
DARA. designate. a Radiation Control Committee 
(RCC) in writilii (�ess otherwise specifically ex· 
empt). The RCC will review proposals for the use of 
ionizing radiation sources and recommend protec· 
tive measures to the commander. An RCC is not re­
quired for the use of radioactive check sources or 
smoke detectors or for in vitro studies. The commit· 
tee will not exercise the functions of a clinical board 
or any function in nuclear reactor or nuclear 
weapons programs administered by DA or DLA. 
Specific responsibilities of the RCC for liS Army 
Medical Center/Medical Department Activities 
(MEDCENIMEDDAC) are given in AR 46- 37. 

The RCC will include the following: 
(a )  The commander/director or his designated 

representative, who will serve as chairperson. 
(b ) The RPO. 
(c ) The staff medical officer or hill designated 

representative. 
(d) The safety m.ana.pr or his designated rep· 

resentative. 
(e ) Other technically qualified persons as 

necessary. 
(5) Insure that all persons working in or fre. 

quenting a controlled (restricted) area are informed 
of the presence of radioactive materials or equip· 
ment capable of producing ionizing radiation. Theae 
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persons will be instructed in the following: 
(a) Safety precautions and procedures needed 

to minimize their exposure. 
(b) Safety precautions and procedures needed 

to minimize the exposure of the general public. Pur· 

poses and functions of protective clothing and 
equipment. The extent of these instructions will be 
commensurate with the potential radiological 
health protection problem in the controlled (re· 
stricted.) area ( 10  CFR 19 . 12 and 29 CFR 1910.96). 

.Vote. When provided insuuc:tion about health protection 
problem UIOC1Ated with ioDizinl radiation expo.ure, female em· 
ployeea who are radiation workers will be pven specific: instruc· 

· tion about prenatal espoaure risks to the developm1 embryo ud 
fetus. (See NRC Rqulatory Guide 8 . 13 , and SCRP Report No. 
53.) 

(6) Establish procedures for the centralized is· 
sue and control of personnel monitoring devices. 

(7) Provide adequate resources to implement 
an effective radiation protection program. 

(8) Designate in writing a person responsible 
for preparing and maintaining DO Forms 1 14 1  and 
DD Forms 1952.  

(9) Forward th!! results of bioassay procedures 
· or othe� dosimetry data quarterly ·to the Cei1tral 

Dosimetry ReCord Repository. This data will be in· 
eluded in the proper penon's exposure history (SB 
1 1 - 206). If the results or data indicate that a person 
has exceeded applicable guidelines for exposure, 
dose, or intake of radionuclides. the appropriate 
dose equivalent for the whole-body and critical 
organ(s) will also be included. 

( 10) Investigate abnonnal or alleged overexpo· 
sures to ionizing radiation or radioactive materials. 

Nott. The iDvestiption conducted iJl accordance w1th the re­
quirements of tb..Ls reaulation will be used for the medical evalua· 
tioa of abnormal or allered overespoaures to ioruzm1 radiatiOn or 
radioactive materiall. Other illvestigations may be required 
uoder the provLSJODI of AR 385-40. 

6. Medical IUrVeilluce. a. Preplacement and 
termination medical examinations will be given to 
all radiation workers (military and civilian) by the 
supporting medical treatment facility. These medi· 
cal examinations should include a review of prior 
occupational radiation exposure. They should also 
include a description of any unusual radiation expo­
sure resulting from previous occupations, acci· 
dents/incidents, or therapeutic procedures. Base­
line blood counts (white cell count with differential, 
platelet count, and hemoglobin) will be performed 
during the preplacement medical examination. Pre· 
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placement and termination ophthalmic e:umina· 
tiona should be performed on employees working in 
areas of potential expoeure to neutrons. high enero 
beta particles. and heavy particles. Examinations 
related to ocular surveillance of ionizing radiation 
workers may be performed by ophthalmolopsta. op· 
tometrists, or physicians competent in funduscopy 
and biomicroecopy of the eye. Desipted individ· 
ua1s will be appropriately credentialed by the Medi· 
cal Treatment Facility commander. 

b.
· 

Periodic medical and ophthalmic eumina· 
tions. when required, should be performed at a fre­
quency determined by the medical commander or 
staff medical officer in coordination with the RPO. 
The frequency and thoroughness of these examina. 
tiona should be commensurate with potential radia· 
tion hazards and the circumstances in which the 
work is performed. Periodic ophthalmic examina· 
tiona are required for persons occupationally ex· 
posed to high linear energy transfer (LET) ionizing 
radiation when their exposures exceed 70 percent of 
the annual limit stated in paragraph 7a(l). At such 
examinations. special attention should be given to 
·changes·in the lenses of the eyes . Radiation workers 
occupationally expoaed to more than 1.5 rem to the 
whole-body within 1 calendar quarter will need 
more detailed supervision by their immediate super· 
visor and the RPO. This is required to provide back· 
ground information which might be useful in the 
event of an overexposure . It is also needed to detect 
any condition that would require termination of oc· 
cupational exposure or emplo)-ment . 

Sott. For information conc:emin1 medic:al examinations. see 
AR 40-501. Standard� for Medic:al Fitnes1. for DA or1aniza· 
tions: and DLAM 1000. 1 .  DLA Safety and Health Procram. for 
DLA orp.nizatiolll. 

c. Persons suspected of having received excessive 
exposure will be referred to a physician. They will 
receive whatever examination determined appropri· 
ate by the local medical authority in consultation 
with the RPO. When appropriate , this examination 
should include testa and biouaay procedures to 
evaluate any potential health hazard or injury and 
to plan appropriate medical care. 

d. A reported overexposure does not necessarily 
indicate the need for a physical examination. The 
background related to this reported overexposure 
must be evaluated. This evaluation should help de­
termine the need for such an examination and the 
tests that are required. Factors to be considered are 
as follows: 

AR 40- 14/DLAR 1000.28 

(1)  Total reported dose. 
(2) Type and energy of ionizing radiation . 
(3) Portion of the body exposed. 
(4) Criticallsignif1C8Jlt organ dose. 
(5) Length of wearing period for personnel 

monitoring devices used to measure this radiation. 
(6) Time elapsed between exposure and notifi· 

cation, and other appropriate factors. 
7. Radiation expoiUre atandarcls. Every effort 
will be made to keep the total radiation dose equiva· 
lent and the dose commitment tD each person as far 
below the following radiation exposure standards as 
is reasonably achievable. The necessity for expo· 
sures will be weighed against the benefits expected. 

a. Radiation exposure standards adopted by DA. 
ARNG. USAR. and DLA for the control of total oc· 
cupational exposure to ionizing radiation and radio­
active material include the following: 

(1)  The accumulated dose equivalent of radia­
tion to the whole-body, head and trunk . active 
blood-forming organs. gonads, or lens of the eye will 
not exceed-

(tz) 1 .25 rem in any calendar quarter. nor 
· 

(b)" S ·rem in any 1 calendar year. 
· 

.Vote. Durinl the entire 111t1t.ion period. the maximum doH 
equivalent to the embryo·fetUI from oc:c:upational exposure o( the 
expec:tant mother should not exceed 0.5 rem tNCRP Reports �o. 
39 and 53). 

(2) The accumulated dose equivalent of radia· 
tion to the skin of the whole-body (other than 
hands, wrists , feet or ankles). and forearms. or cor· 
nea of the eye. will not exceed.-

(a) 7 .50 rem in any calendar quarter. nor 
(b) 30 rem in any 1 calendar year. 

(3) The accumulated dose equivalent of radia· 
tion to the hands and wrists or the feet and ankles 
will not exceed-

(CI) 18.75 rem in any calendar quarter. nor 
(b ) 75 rem in any 1 calendar year. 

(4 ) The accumulated dose equivalent of radia· 
tion to the bone. thyroid, and other organs, tissues, 
and organ systems will not exceed-

(a )  5 rem in any calendar quarter, nor 
(b ) 15 rem in any 1 calendar year. 

b .  Persons entering a controlled (restricted) area 
but who are not classified as radiation workers or 
minors will not be exposed to a whole-body dose 
equivalent of more than-

(1)  2 mrem in any 1 hour. 
(2) 100 mrem in any 7 consecutive days. 
(3) 500 mrem in any 1 calendar year. 
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(4) 10 percent of the value� in a(2), (3), and (4) 
above for other areu of the body. 

c. Penona over 18 yean of age, but who have not 
yet reached their 19th birthday, may be occuP.tion· 
ally exposed tD ionizing radiation if they do not ex· 
ceed a dose equivalent of 1 .25 rem tD the whole­
body in any calendar quarter. Penona under 18 
years of age will not be expoeed tD more than 10 
percent of the values in a above. 

d. When a pregnant woman is occupationally ex· 
posed to ionizing radiation, the embryo-fetus enters 
the radiation environment involuntarily. Therefore , 
the female employee is responaible for advising her 
employer of the fact that she is pregnant . Special 
consideration may be necessary tD insure that her 
dose does not exceed the radiation exposure stand· 
ards in a above and that her exposure is kept as low 
as is reasonably achievable . 

e . Radiation expoeure standards adopted by DA, 
AR."''G, USAR, and DLA for the control of planned 
occupational exposures under emergency situations 
are as follows: 

( 1 )  Life sauing situation . This applies to search 
· for and removal of seriously injured persoas, or en· 

try tD prevent conditions that may injure a number 
of people . The following expoeure staDdards then 
apply: 

(a ) Any penon's accumulated total abeorbed 
dose of ionizing radiation to the whole-body should 
not exceed 100 rad. 

(b ) Any person's accumulated total absorbed 
dose of ionizing radiation to the hands and forearms 
should not exceed 300 rad. 

(2l Less se r:el'! situation . This applies when it is 
desirable to enter a hazardous area to protect prop· 
erty, min.imi.ze the release of effluents, or to control 
fires . The following exposure standards then apply: 

(a) Any penon's accumulated total abeorbed 
dose of ionizing radiation to the whole-body should 
not exceed 25 rad. 

(b ) Any person's accumulated mtal abeorbed 
dose of ionizing radiation to the hands and forearms 
should not exceed 100 rad. 

f. Guidelines for selecting personnel to partici· 
pate in emergency operations are shown below: 

( 1 )  Rescue personnel should be profeuionally 
trained in rescue operations and techniques. If pro· 
fessional rescue personnel are not available, then 
only volunteers who have received proper instruc· 
tion should be allowed to participate in emergency 
operations. 

15 Mareh 1982 

(2) Reecue penonnel will be informed of the po­
tential coaaequencee of expoaure tD ionizing radia· 
tion or radioactive material as well u other haza.rds 
UIOC'iated with the reiCUe million. 

(3) Relcue personnel will be informed u to the 
· proper uae of protective clothing and equipment. 

(4) Women capable of reproduction should not 
be occupationally expoeed during a rescue mission 
to more than the limits aet forth in a above if other 
personnel are available for the miuion. 

g. Radiation expoeures incurred under an emer· 
gency situation, u stated in c above, will not be al· 
lowed to occur more than once in the lifetime of a 
person. The record of such expoeures will become 
part of the person's health record or civilian em· 
ployee medical flle. 

h. Radiation expoeure standards for nonoccupa· 
tiona! exposures tD ionizing radiation include limit· 
ing the use of aources of ionizing radiation such 
that: 

(1 ) The accumulated doae equivalent of radia· 
tion to the whole-body for a penon in the general 
population will not exceed 0.5 rem in any 1 calendar 
·year. This excludes natural background · radiation 
and medical and dental exposures. 

(2) The accumulated doee equivalent of radia· 
tion tD the whole-body for a suitable sample of the 
expoeed population or for the whole exposed popula· 
tion will not exceed a yearly average of 0. 170 rem 
per person from all aources of ionizing radiation. 

This excludes natural background radiation and 
medical and dental expoeures . 

i .  Radiation exposure standards less restrictive 
than those prescribed above may be used in special 
circumstances only when approved by TSG 
(DASG-PSP) or Director, DLA (DLA-WH), as ap­
propriate. 

( 1 )  Propoeals for the use of alternate radiation 
exposure standards will contain complete justifica· 
tion. They will describe the procedures by which the 
alternate standards will be implemented. 

(2) Less restrictive radiation exposure stand· 
ards will not be considered for the following: 

(a )  Penons under 1 9  years of age. 
(b) Females known to be pregnant. 
(c ) Occasionally expoeed persons. 
(d) Members of the general public for whom 

the expoeure is considered to be a nonoccupational 
expoaure to ionizing radiation. 
8. Peno�mel MonitorintJ. a .  Consideration will be 
taken of all external and internal occupational expo-
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sures a penon may receive dlll'inl each quarter. 
Each penon who may receive an accumulated dole 
equivalent in nce11 of 5 percent of the applicable 
quarterly radiation ezponre standard specified in 
paragraph 7 will wear a penonnel monitoring de­
vice. This is a penon who-

( 1) Is occupationally ezpoeed to ionizing radia· 
tion. 

(2) Periodically enters a controlled (restricted) 
area. 

b. The monitoring of personnel who work only 
with soft beta emitters (e.g .• tritium. carbon- 14. 
calcium-45. and sulfur-35) and alpha emitters will . 

be by bioassay as prescribed by the RPO. In general. 
requirements for bioassays will be based on coasid· 
eratioas of the following: 

( l) Chemical and physical forms of the radionu· 
elides involved. 

(2) Procedures and equipment which would 
permit radioactive material to be ingested. inhaled 
or absorbed into the body. 

c. Bioassay meuurements should be performed 
when it is possible for a penon to acquire 5 percent 
or more of the annual radiation exposure standard 
for a specific radionuclide as established by tPe 

· · �CRP/ICRP. <See · NRC Regulatory Guides 8.9. 
8. 1 1 .  8 . 15 , 8.20. and 8.22.) 

.Vott. The laboratory performin1 the biouuy aualy1ia 
should be accredited bv tither the Center for Dileue Control. t:S 
Health and Human Se�e Department. or the America IndUI­
tnal Hyl(iene • .u.oczatloll. 

d. Each person under 18  years of age who enters a 
controlled (restricted) area and for whom the paten· 
tial exists to receive an accumulated doee equivalent 
excess of 5 percent of the applicable quarterly radia· 
tion exposure standard in paragraph 7c will wear a 
personnel monitoring device. 

e. Each person who enters a high radiation area 
will wear, in addition to a filin badge , one of the fol· 
lowing near the filin badge to monitor the whole· 
body exposure: 

( 1 )  A pocket chamber. 
(2) A self-reading pocket dosimeter. 
(3) A TLD. 

f. An RWP will be prepared to control ingress 
and egress from a high radiation area or other con· 
trolled (restricted) areas that have been so desig· 
nated by the RPO. The RWP will include the follow· 
ing: 

( 1 )  The person's name and social security num­
ber. 

AR 40-l.UOLAR 1000.28 
(2) Identification (e.g.. serial number, badge 

number) of the uaipleci dosimeter. 
(3) The time of entrance and time of e:iit. 
(4) The initial reading of the doeimeter upon 

entrance and fmal reading of the dOiimeter upon 
exit from the controlled (restricted) area. if appro­
priate. 

Noll. AD. RWP ia DOt required for the routine entry into or 
UN of a diai(DOiac medical or dental X-ray facility or a radiatlDD 
therapy facility. 

g. The RPO will review entries oa the R\VP 
periodically to ensure that complete exposure rec· 
ords are maintained for all persons using personnel 
monitoring devices issued by him. 

h. The person desipated in writing by the com· 
mander to be responsible for preparing and main­
taining the exposure records may be one of the fol· 
lowing: 

( 1) The custodian of the health records. 
(2) The custodian of the civilian employee 

medical flies. 
(3) The penon who prepares the DA Form 

3484 Photodosimetry Report (Exposure to Ionizing 
Radiation), and normally controla the iSBuance and 
rei:overy of the personnel monitoring devices:. . 

. 

(4) The RPO. 
i. The person responsible for the exposure rec· 

ords will annotate them in accordance with instruc· 
tioas on the reverse side of DO Form 1 14 1  at least 
once each calendar quarter. The results of each 
wearing period for the personnel monitoring de.,ice 
will be annotated separately on this record. The nor· 
mal wearing period for the personnel monitoring 
de.,ice will not exceed the wearing period schedule 
set by the organization furnishing the dosimetry 
service. 

j. Personnel who may be occupationally exposed 
to ionizing radiation will wear a personnel monitor· 
ing device issued specifically for that purpose. The 
commander will ensure that the results for moni· 
tored visitors for whom personnel monitoring is re· 
quired (para Sa )  are forwarded to the custodian of 
the person's health record, radiation exposure 
record, or the custodian of the civilian employee 
medical files. 

k. Personnel who may be exposed to ionizing 
radiation at other installations or activities may 
wear a personnel monitoring device issued for that 
specific purpoee by the RPO at their duty station. 
This is in addition to the personnel monitoring de­
vice that may be provided by the installation or 
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activity being visited. However, only the highest 
value will be recorded. 

l. Ally penon governed by this regulation who is 
expoeed to ionizing radiation at an activity outside 
the jurisdiction of DA. ARNG, USAR, or DLA will 

ensure that the required exposure information is 
furnished to the individual who maintains DD Form 
1 14 1  for that penon. 

m. Separate requirements of DA, ARNG, USAR, 
8lld DLA with respect to personnel dosimetry an as 
follows: 

( 1 )  Department of the Army, ARNG and 
USAR. The primary whole-body dosimetric device 
will be the film badge . Exceptions to this will be 
when the low-energy (18 kiloelectron·volt (keV) to 
1 .2  MeV) direct reading personnel dosimeter (0-200 
mR range) or TLD has been so designated by TSG as 
the primary dosimetric device. TLDs will be used to 
measure localized exposure to the fmgers and other 
parts of the body, except the wrist, in accordance 
with paragraph 9. All personnel (military, civilian, 
or contractor) working within DA, ARNG. and 
USAR will use the dosimetry service provided by 
DA. The dosimetry service for Army installations 
and activities is provided by DARC9M. This service- . 
will be used solely for personnel dosimetry , except 
in unusual cases as approved by DARCOM. This re­
quirement in no way precludes the use of supple­
mental or additional personnel monitoring devices 
when a particular operation makes such use desir· 
able. 

(2) Defense Logistics Agency. The primary 
whole-body dosimetric device will be the film badge. 
All DLA field activities will use the dosimetry serv· 
ice provided by DA, as outlined in SB 1 1-206. 
Exceptions are those DLA activities that have ten· 
ant status at a military installation. activity, or base 
with a personnel monitoring program, in which case 
they will be included in that program. Government· 
furnished personnel dosimetry service will be em· 
played exclusively, u approved by the Director, 
DLA (DLA-WH). This requirement in no way pre­
cludes the use of supplemental or additional per· 
sonnel monitoring devices when a particular opera· 
tion makes such uae desirable. 
9. Weariq of penoDDel moDitoriDI devieee. a. 
When monitoring of extenJal whole-body radiation 
exposure ia the critical .. e ment, the personnel 
monitoring device will be worn below the shoulders, 
above the hips, and on the outside of clothing. Our· 
ing certain operations it may be appropriate to pro-
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. teet the fllm badge from environmental factors 
such u high humidity, temperature, or radioactive 
contamination. The fllm badge window must face 
outward from the body. Ally procedure used will be 
approved by the RPO prior to initiation. 

b. When a lead apron or similar protective gar· 
ment is worn, the whole-body personnel monitoring 
device will be worn on the outside of the basic cloth· 
ing but beneath the protective garment . 

c. In certain situations (e.g. , fluoroscopy, veter· 
inary radiography, nuclear medicine. and radiation 
therapy) it is desirable to meuure localized expo­
sure to ionizing radiation. Examples an instances 
.of exposure of the head and neck, hands, fingers, or 
forearms. In these situations, personnel monitoring 
devices should be worn in each location to assess the 
localized expoaure. This asaessment will be in addi· 
tion to , but never in lieu of, routine personnel moni· 
toring procedures (i.e . ,  U8e81ment of whole-body 
exposure). A penon's regular whole-body personnel 
monitoring device will never be Uled on other areas 
of the body. Convenely, a personnel monitoring de· 
vice used to record a specific localized expoeure will 
never be used to record expo�Ure� at other body 
sites. (See para 1 1  for recording procedures.) . 

d. The wrist · or fmger dosimeter will be worn 
when a penon could possibly receive an accumu· 
lated doee equivalent of radiation to the wrist or 
fmrer in excesa of 10 percent of the radiation expo­
sure standard in paragraph 7a(3). A wrist or finger 
dosimeter will be worn on the wrist or finger closest 
to the radiation source and under the protective 
glove. The wrist or finger dosimeter will be oriented 
toward the radiation source. 
10. Care and hand.J.iq of penonnel monitorinl 
devices. a. When personnel monitoring devices are 
not being worn. they will be Stored in locations ap­
proved in writing by the RPO. The devices will be 
located conveniently close to, but outside of. any 
radiation area. They will be adequately shielded 
from ionizing radiation produced within the ana.  A 
control doeimeter will be stored in each approved 
personnel dosimeter storage location. To assure that 
persons wear only their own dosimeter, personnel 
monitoring devices will display some individual 
identification. Under no circumstances will the per· 
aonnel monitoring device be permanently inscribed 
with a name, number, or other identifying symbol. 
The recommended procedure is to type the persons 
name on em ba-ing tape or on a small strip of paper 
which is attached to the front or back of the per· 
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sonnel monitoring device with transparent tape. 
The small window on the front of the fllm badge 
wiU neuer be covered with tape or any other ma­
terial except when authorized in writing by the 
RPO. This may be required to protect the fllm 
badge from environmental factors. 

b. A person's immediate supervilor and the RPO 
will ensure that the personnel monitoring device 
issued to or used by one person will not be issued to 
or used by another person during the same wearing 
period. 

c. When persons leave the controlled (restricted) 
area at the end of the work day or the installation or 
activity, they will ensure that their personnel 
monitoring devices are left in a location approved 
by the RPO . 

d. Stocks of unissued dosimeter fllm should be 
stored at temperatures below 70° F (2 1 ° C), prefer· 
ably between 35:) F (2° C) and 46° F (8° C). Film 
packets should never be subjected to pressure or 
other physical stress that could result in sensitiza­
tion of the fllm. The storage area for unissued fllm 
and TLDs will be as remote from ionizing radiation 
sources as practical. It will never be near chemical 
·fumes since certain chemicals. such as mercury and . 
formaldehyde, can cause fogging or sensitization . 
1 1. ReconfiDI procedures. DO Form 1 14 1  or 
Automated Dosimetry Record will be prepared and 
maintained for each person occupationally expoeed 
to ionizing radiation. It may be prepared and main­
tained by a person other than the custodian of the 
health records or custodian of the civilian employee 
medical files. CSee para 8h .) When the DO Form 
1 1 4 1  or Automated Dosimetry Record is main­
tained separately from the health record or civilian 
employee medical flle, a Chargeout Record (OF 23) 
will be placed in each record. (See AR 40-66 for DA 
procedures.)  

a. When a person other than the custodian of the 
health record or civilian employee medical flle pre­
pares DO Form 1 14 1 .  he will advise the custodian of 
this fact and furnish the OF 23. 

b. Upon notification of the transfer of a radiation 
worker. the RPO. in coordination with the 
custodian of DO Forms 1 141 ,  will perform the fol­
lowing: 

( 1 )  Insure completenese and accuracy of DO 
Form 1141  and the results of bioassay procedures. 

(2) Insure that the Chargeout Record (OF 23) 
has been removed and that DO Form 1 141 or Auto­
mated .Dosimetry Records, and the results of bio-
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assay procedures are placed in the health record or 
civilian employee medical flle. 

(3) Prepare a copy of DO Form 1 1 4 1  or Auto· 
mated Dosimetry Records, DO Form 1952 . and re· 
sults of bioassay procedures to be retained at the in· 
stallation activity (10 CFR 20.401(c )( 1 )). 

(4) Maintain the address of the gaining 
organization to which the person has been assigned 
to insure proper forwarding of dosimetry informa­
tion. 'This information may be recorded on the re­
tained copy of DO Form 1952. 

(5) Submit a report to the NRC when required 
by 10 CFR 20.407. Also comply with paragraphs 
13. 14 ,  and 15 of this regulation. 

c. Upon transfer, if DO Form 1 1 4 1  or Automated 
.Dosimetry Records. DO Form 1952. and results of 
bioassay procedures are not present in the person's 
health record or civilian employee medical flle. the 
custodian of these records at the gaining organiza­
tion will write to the installation or activity RPO 
identified on OF 23. He will request that these 
records be forwarded for inclusion into the person's 
health record or civilian employee medical flle.  DO 
Form 877 (Request for MedicalJDental Records or 
Information) may be used "to request these records· 
from the MEDCENIMEDDAC. (For DA. see AR 
40- 3  and AR 340- l.)  

d. In the initial preparation of DO Form 1 14 1 ,  
the custodian shall try to obtain complete reports of 
all previous occupational exposures based on re­
corded personnel dosimetry. DO Form 1952 will be 
used to record the occupational exposure history 
and relevant health physics information. A sample 
DO Form 1952 is at figure 1 .  

(1 )  For each period where occupational expo­
sure was probable and no record (or an incomplete 
record) is available, it shall be assumed that 1 .25 
rem was incurred per quarter of each calendar year 
or 00.416 rem was incurred per calendar month. 
When the person was potentially exposed to ioniz· 
ing radiation at more than one facility. the cumula· 
tive exposures will be calculated and recorded in 
items 7 through 12 of DO Form 1 14 1 ,  as appro· 
priate . (See fig. 2.)  The sum of these whole-body 
exposures will be entered in item ·13 of DO Form 
1 14 1 .  A statement regarding the source of this 
information will be entered in item 16. 

(2) If there were no previous occupational expo­
Surt!l, the statement "no previous occupational 
expoaure" will be entered on the first line of DO 
Form 1 141 .  A copy of all previous occupational 
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exposure data obtained from outside employment or 
administrative doles will be forwarded to the Cen· 
tral Dosimetry Record Repository for proper post· 
ing to the person's record (SB 1 1-206). 

Note. When an oc:cupatioaally 1ZJ1C*Ci mdividual ia re­
Uiiped. the pininr orrlllilaaoa will i.aitiat.e a aew DD Form 
1952 and tranapoae prevaoua elEpOiun b.iltory iDformatioa to the 
aew form. 

e. A separat� DO Form 1 14 1  or Automated Dosi· 
metry Record will be maintained to record other 
than whole-body or skin of the whole-body expo­
sures. Appropriate descriptions shall be made under 
item 16 of DO Form 1 14 1 .  Examples are the 
thyroid. head and neck, wrist, and fmgers. These 
records will be cross-referenced with the whole· 
body record. Results of bioassay procedures are con· 
sidered as laboratory studies and should be f'lled 
accordingly . Reference to the results of  such studies 
will also be entered under item 1 6. (See AR 40-66.) 

f. The dose equivalent determined by bioassay 
will be entered on the appropriate DO Form 1 1 4 1  or 
Automated Dosimetry Record when it exceeds 
investigational levels as defined in ICRP Report No. 
10 or lOA. A· case will be investiga� when the 
amount and distribution of the radionuclide in the 
human body could deliver in 50 years to the critical 
organ more than 10 percent of the quanerly expo­
sure standard or 5 percent of the annual exposure 
standard. 

g. A sample DO Form 1 14 1  at figure 2 shows the 
proper posting and maintenance of a whole-body 
exposure record . Figure 3 shows the proper posting 
and maintenance of a partial body (e .g.,  wrist, 
finger, etc . )  exposure record. Entries in items 9 and 
1 1  may include the abbre.,·iation NU (not used) and 
NR (none reported). 

h. When RWP are used. exposures recorded on 
supplemental monitoring devices will be recorded 
on the permits. (For DA. these records will be re· 
tained in accordance with AR 340- 18-6.) The 
results from the primary dosimeter device (fllm 
badge ) will be recorded on the DO Form 1 141 or 
Automated Dosimetry Record unlesa this device hu 
been lost or damaged beyond usefulness. (See para 
13g. )  • 

i. At the request of any employee, the RPO, in 
coordination with the Central Dosimetry Record 
Repository or custodian of DD Forms 1 141 ,  will ad· 
vise the employee, in writing, annually of his expo­
sure to ionizing radiatim or radioactive material. 
This information will be obtained from the records 
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maintained by the Central · Dosimetry Record 
Repository or inStallation or activity (see para 5c). 
12. Retention and clilpoeition of DD Form 1 14 1  
or  Automated Doeimetry Reeordl, DD Form 
1952, and renlta of bioaM&y proceduree. 

a. DO Form 1141  or Automated Dosimetry 
Records, and results of bioaseay procedures are per­
manent parts of the person's health record or 
civilian employee medical flle. (See AR 40-66 and 
AR 340- 18-9 for Anny procedures.) All previous 
copies of these records will be retained in the per· 
son's health record or civilian employee medical fUe 
or with the custodian of the person's DD Form 
1 1 4 1 .  

( 1 )  Commanders will authorize inspecting 
officials to review exposure records and the results 
of bioassay procedures. If the above records are be· 
ing maintained in the health record or civilian em· 
ployee medical f'lle of the person concerned, then 
the custodian will provide them. 

(2) For policies and procedures on the confideD· 
tiality and/or release of medical information . see 
chapter 2, AR 40-66, AR 50-5, AR 340- 1 .  and AR 
340- 17. ·  . . . . . . . 

· b. When a civilian employee of the· DA. ARNG: 
USAR. or DLA is not included in a Federal civilian 
employee health service, his DD Form 1 141  or 
Automated Dosimetry Records, and results of bio­
assay procedures will be kept u a permanent docu· 
ment in his SF 66 (Official Personnel Folder). For a 
non-Federal employee, a copy of such records will be 
retained by the RPO and copies of the results will be 
forwarded to the person for his personal and em· 
player's files. DD Form 1 14 1  or Automated Doei· 
metry Records, and results of bioassay procedures 
will be subject to review by authorized inspecting 
officials (a above). 

c. The DO Form 1 1 4 1  or Automated Dosimetry 
Records. and results of bioassay procedures will be 
retained in the health record of any military mem· 
ber retired from DA, ARNG, USAR. or DLA who 
has been occupationally exposed to ionizing radia­
tion during his service. Disposition of these records 
for retired or separated civilian personnel will be in 
accordance with governing civilian personnel 
directives. 

d. If any member of DA, ARNG. USAR. or DLA 
is released from active duty , or if a civilian em· 
ployee terminates employment with these agencies, 
he will, upon request, be furnished information con· 
ceming his radiation exposure history. This 
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information will be requested from the RPO at the 
employee's last duty station in accordance with 
parasraph 14. 

e. The disposition of "stray" DD Forms 1141  or 
Automated Dosimetry Records, and results of bio­
assay procedures for military penonnel and DA 
civilian penonnel will be in accordance with AR 
40-66 and Pvil Service regulations.  
13. Control procedures. The RPO will review and 
evaluate, at intervals not to exceed a calendar quar· 
ter, DD Form 1 1 4 1  or Automated Dosimetry 
Records and results of bioassay procedures for each 
penon occupationally exposed to ionizing radiation. 
This review and evaluation will be noted on DD 
Form 1 14 1  or Automated Dosimetry Records. The 
RPO will establish procedures to inform and advise 
the penon. his commander. his supervisor. and the 
responsible medical officer when action is necessary 
to limit a penon 's exposure to ionizing radiation. 
\'/"hen a person is reasaigned or terminates his em· 
ployment at an installation or activity, the cus­
todian of the health record or civilian employee 
medical flle will insure that all appropriate DD 

. Form 1 14 1's or Automated Dosimetry Records. and 
results of bioasaay proced'ilres are Included in the 
person's health record or civilian employee medical 
flle. 

a. When a penon has been reported to have re· 
ceived an exposure to ionizing radiation or radio­
active materials which exceeds the radiation expo· 
sure standards in paragraph 7, the exposure will be 
clasaified as a radiation overexposure . Overexpo­
sures are clasaified as follows : 

(l )  Type I. An excessive rate of radiation 
accumulation to one or more of the following: 

(a ) \'/"hole-body, head and trunk. gonads or 
lens of the eyes greater than 400 mrem in a cal­
endar month but less than 1 .25 rem in a calendar 
quarter. 

(b ) Skin of the whole-body (other than hands, 
wrists, feet or ankles), forearms , or cornea of the 
eye greater than 3 rem in a calendar month but less 
than 7.5 rem in a calendar quarter. 

(c ) Hands and wrists, or the feet and ankles 
greater than 6 rem in a calendar month but less 
than 18.75 rem in a calendar quarter. 

(d) Other organs including bone, thyroid, 
tissue, and organ system greater than 1 rem in a 

calendar month but less than 5 rem in a calendar 
quarter. 

(2) Type ll. Overexposure exc�ing the 
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quarterly radiation exposure standard but lese than 

the annual radiation exposure standard shown in 
paragraph 7a . 

(3) Type ID. Overexposure exceeding the 
annual radiation exposure standard shown in para­
graph 7a . 

b. When notified of a Type I exposure , the 
immediate commander will conduct an informal 
investigation . This will determine if the apparent or 
actual exceseive exposure is the result of a violation 
of approved operating procedures or indicates the 
existence of faulty equipment. The commander will 
take appropriate action to prevent recurrence . If 
this was in fact an exposure to a person, then the 
proper data will be entered on the DD Form 1 14 1  or 
Automated Dosimetry Record. If the investigation 
reveals that this was not in fact an exposure to a 
person, then the RPO in coordination with the local 
medical authority will record the dose which most 
accurately assesses the dose the individual could 
have received. The dose assessment data will be for· 
warded through command channels to the Central 
Dosimetry Record Repository for posting to the per· 
son's record (SB 1 1 -206) . 

c. When notified of a Type ll exposure. the. 
immediate commander will take the follo�ing ac· 
tions: 

( 1) Promptly remove the person concerned 
from any duty involving potential exposure to ioniz· 
ing radiation pending completion of an investiga­
tion of the overexposure. 

(2) Conduct an investigation to determine if 
the apparent or actual excessive radiation exposure 

is the result of a violation of approved operating 
procedures or indicates the existence of faulty 
equipmen t. 

(3) Take appropriate action to preclude recur· 
renee.  

(4)  Forward a report of the investigation,  along 
with corrective actions taken , through command 
channels to HQDAIDASG-PSP), WASH DC 203 10.  

(5)  Upon completion of the investigation, re· 
turn the person to duties involving potential expo­
sure to ionizing radiation. This is allowed if the ex· 
pected dose , when added to the accum ulated occu· 
pational dose, will not exceed the annual radiation 
exposure standard shown in parasraph ia . If the ex· 
posure was not in fact an e:rposure to the penon, 
then a recommendation in the investigative report 
will be made by the RPO in coordination with local 
medical authority which most accurately assesses 
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the dose the person received . 
a. The action below will be taken when notified 

of a Type ill exposure. 
( 1) The immediate commander will take the ac· 

tions prescribed in c above, except that the person 
will not be returned to normal duties involving po· 
tential exposure to ionizing radiation without writ· 
ten concurrence of OTSG (OASG - PSP). 

(2) The report of investigation will include a 
copy of the person's DO Forms 1 14 1  or Automated 
Dosimetry Records. results of bioassay procedures. 
if applicable . and signed statements from the per· 
son and his immediate supervisor similar to the fol· 
lowing: "l'o the best of my knowledge and belief. I 
(did) (did not) reeeive this exposure because 

.. 

(3) If the investigation reveals that the expo­
sure was not in fact an exposure to the person, then 
a reeommendation in the investigative report will 
be made by the RPO in coordination with local 
medical authority which most accurately assesses 
the dose the person reeeived. 

( 4 )  TSG will inform the immediate commander 
: d.itional medical evaluations , bioassay proce­

aures, or treatment required. TSG Will also state 
when the exposed person may be returned to duties 
involving potential exposure to ionizing radiation . 

e. Reports of alleged or actual overexposures to 
ionizing radiation or radioactive material which ex­
ceed the radiation exposure standards shown herein 
will be made in accordance with applicable DA or 
DLA direetives . All abnormal exposures or alleged 
overexposures to ionizing rad iation will be investi­
gated as stated above. An. information copy of such 
investigations concerning NRC-licensed or DA-au­
thorized operations or radioactive commodities will 
be furnished to the licensee or to the command hav­
ing logistical responsibility for the radioactive com· 
modity. 

{. In addition to the above reporting require­
ments, the following NRC reporting requirements 
also apply to installations or activities posseseing 
radioactive material under a specific NRC license. A 
copy of any correspondence submitted to the NRC 
v.-ill be provided to the appropriate MACOM and 
TSG <HQDA<DASG- PSP) WASH DC 203 10) or Di· 
reetor of DLA. (DLA-WH). 

(1 ) /mmedi4te notification. Immediate notifica· 
tion of the Director of the appropriate NRC Region· 
al Office listed in appendix D of 10 CFR 20 shall be 

made by telephone and telegraph , mailgram ,  or fac· 
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simile of any incident involving NRC licensed mate� 
rial which may have caused or threatens to cause 
the following: 

(a) Exposure of the whole-body of any person 
to 25 rem or more of radiation . 

(b ) EXposure of the skin of the whole-body of 
any person to 150 rem or more of radiation. 

(c ) Exposure of the feet, anklf?, hands or 
forearms of any person to 375 rem or more of radia­
tion. 

(2) Twen ty-four hour notifica tion . Notification 
of the Director of the appropriate NRC Regional Qf. 
flee listed in appendix D of 10 CFR 20 shall be made 
by telephone and telegraph, mailgram. or facsimile 
within 24 hours. of any incident involving NRC·li· 
censed material which may have caused or threat· 
ens to cause the following: 

(a) Exposure of the whole-body of any person 
to 5 rem or more of radiation. 

(b ) Exposure of the skin of the whole-body of 
any person to 30 rem or more of radiation . 

(c) Exposure of the feet,  ankles, hands, or 
forearms to 75 rem or more of radiation . 

(3) Thirty-day report. 
(a )  In addition to any notification required by 

paragraph 15, the following will be submitted with­
in 30 days : 

1 .  A written report to the appropriate NRC 
Regional office listed in appendix 0 of 10 CFR 20. 

2 .  A copy o f  the above report to the Direc­
tor of Inspection and Enforcement , US Nuclear 
Regulatory Commission , Washington, DC 20555. 

3 .  An information copy to the appropriate 
MACOM and to HQDA CDASG-PSP>. Washington. 
OC 203 1 0. 

(b ) The above report and copies will be sub­
mitted for the following: 

1 .  Each exposure of a person to radiation in 
excess of the applicable limits in 10 CFR 20. 101  or 

1 0 CFR 20. 104(al or the NRC license. 
2.  Each exposure of a person to airborne 

concentrations of radioactive material in excess of 
the applicable limits in 10 CFR 20. 103(a)(l), 10  
C FR  20 . 103(a)(2), 10 CFR 20. 104(b), or the NRC li-
cense . 

3 .  Levels of radiation of concentrations of 
radioactive material in a controlled (restricted) area 
in excess of any other applicable limit in the NRC li-
cense . 

-1. Any incident for which notification is re­
quired by paragraph 13(c)(1) and (2), or 10 CFR 
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20.403. 
1. Asly report filed with the NRC and 

HQDA(DASG-PSP) shall be prepared so that names 
of penons who have received exposure to radiation 
will be stated in a separate part of the report. For 
each individual expoaed, t.hia will include, the name, 
social security number, date of birth, and an esti· 
mate of the penon's expoaure. 

h. When a penon's doae equivalent cannot be de­

termined because his primary dosimetric device has 

been lost or damaged·. he will be assigned an admin· 
istrative dose by the RPO for each month the device 
was used . Use any of the following methods to de­
termine the administrative doae: 

( 1) Calculate the person's exposure based on oc· 

cupancy information and exposure levels . 
(2) Assign the dose measured by a supplemen· 

tal monitoring device if one was worn during this 
period. 

(3} Average the penon's previous occupational 
exposure over the precedin� �alendar year. � 
value may be used if the radiation exposure dlAnilg 
the period in question is not likely to have been sig­
nificantly different from that of a similar period the 
previous year. 

. . 
(4)  Assign 00.416 rem for ea�h month dunng 

the period in question. This is the monthly average 
of the whole-body limit of 5 rem over 12 months. 

i .  The RPO should select the method, in h above, 
which will determine the most accurate assessment. 
The method of determining the administrative dose 
will be noted in the REMARKS section of the DD 
Form 1 141 .  The Form will also be annotated to indi­
cate an "administrative dose ... The RPO v.ill  for­
ward this information to the Central Dosimetry 
Record Repository for proper posting to the individ­
ual's record (SB 1 1 - 206). 
14. Report of personnel es:posure on termina­
tion of employment or work Ulignment. 

a. When a person who has been occupationally 
exposed to ion izing radiation terminates employ­
ment, he v.ill be provided, at his request, with a re­
port of his expoeure to ionizing radiation. This re· 
port will be provided by the RPO in coordination 
with the custodian of DD Forms 1 14 1  or Automated 
Dosimetry Records. The information will be ob­
tained from the records maintained by the Central 
Dosimetry Record Repoeitory or the installation or 
activity (see para 5c). Such reports will be furnished 
within 30 days from the time the request is made 
and will cover each quarter of the person 's employ-
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ment involving exposure to ionizing radiation or a 
lesaer monitored period if requested by the employ­
ee. The report will also include the resulta of any 
calculations and analyses of radioactive material de­
posited in the body of the employee. 

b. The former employee's request will include ap· 
propriate identifying data, such as social security 
number and dates and location of employment. 

c. The report furnished the employee will be in 
writing and contain the following statement: 

Wfhis report is furnished to you under the provi­
sions of the US Nuclear Regulatory Commission 
Regulations (10 CFR 19) or the Department of La­
bor Regulations (29 CFR 19 10). You should pre· 
serve this report for future reference." 
U5. Pel'IOnnel radiation esp08W'e RCS NRC-
1007. a. A yearly report must be rlled by NRC li· 
censees which conduct industrial activities requir­
ing substantial quantities of radioactive material 
( 10 CFR 20.407 and 20.408). These include the fol­
lowing: 

( 1) Operators of Army nuclear reactors de­
signed to produce electrical or heat energy, or used 
as research and testing facilities. Their reports nor­
mally are included in their annual operating report 
in accordance with AR 385-80. 

· · 

(2) Installations or activities that use or poeaess 
byproduct materials for radiographic purposes (10 
CFR 34l. 

(3) Installations or activities that possess or use 
at any one time. for the purposes of fuel processing, 
fabrication or reprocessing, special nuclear material 
in quantities exceeding 5.000 grams of contained 
uranium- 235, uranium - 233, plutonium, or any 
combination of these. 

(4) Installations or activities that possess or use 
at any one time .  for processing or manufacturing 
for distribution pursuant to 10 CFR 30. 32 or 33. 
byproduct material v.·hose activity exceeds any of 
the following: 

,oo\CtiL'Ity 
Radiot�uc!ide 111 Cunes 
Ceium - 1 3 i  . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Cobalt-60 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Gold - 198 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 00  

Iodine - 1 3 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

lridium- 192 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0  

Krypton-85 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.000 

Promethium - 1 4 7 . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Technetium-99m . . . . . . . . . . . . . . . . . . . . . . . . . . 1.000 
b. Each NRC licensee described in a above, will. 

within the first quarter of each calendar year, sub-
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mit a Penonnel Radiation hpoeure report (RCS 
NRC- 1007) for the previous calendat year. This re­
port will be sent to the Director of Management and 
Program Analysis, US Nuclear Regulatory Commis· 
sion, Washington, DC 20555. DA licensees will for· 
ward information copies to HQDA(DASG-PSP), 
WASH DC 203 10. 

c .  The report will contain the following informa· 
tion: 

( 1 )  Either the total number of pel'!Ons for 
whom personnel monitoring was required or the to· 
tal number for whom personnel monitoring was fur· 
nished during the calendar year. This total must in· 
elude at least the number of persons required to 
wear personnel monitoring devices . 

(2) A statistical summary report of personnel 
monitoring information recorded for penons for 
whom personnel monitoring was required. It shall 
indicate the number of penons whose total whole· 
body �xposure recorded during the previous calen· 
dar year was in each of the dose equivalent ranges 
shown below. 

Eltimaud whDZI·bod;v daM tquiual.r&t Number of 
f'!Jillf (rrmJ intliuuluall 

No measurable daM , . . . . . : . .  : . . . . .  ; . . .  . 

Meuurable. lesl than 0. 10 . . . . . . . . . . . . .  . 

0. 10 to 0.25 . . . . . . . . . . . . . . . . . . . . . . . .  . 

0.25 to 0.50 . . . . . . . . . . . . . . . . . . . . . . . .  . 

0 50 to 1 .00 . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 .00 to 2 . 00 . . . . . . . . . . . . . . . . . . . . . . . . . 

2.00 to 3 .00 . . . . . . . . . . . . . . . . . . . . . . . .  . 

3 .00 to 4.00 . . . . . . . . . . . . . . . . . . . . . . . .  . 

4 . 00 to 5 .00 . . . . . . . . . . . . . . . . . . . . . . . .  . 
5 . 00 to 6.00 . . . . . . . . . . . . . . . . . . . . . . . .  . 

6 .00 to 7 00 . . . . . . . . . . . . . . . . . . . . . . . . . 

i OO to S.OO . . . . . . . . . . . . . . . . . . . . . . . .  . 

8 .00 to 9 .00 . . . . . . . . . . . . . . . . . . . . . . . .  . 

9 00 to 10.00 . . . . . . . . . . . . . . . . . . . . . . .  . 

1 0 . 00  to 1 1 .00 . . . . . . . . . . . . . . . . . . . . . .  . 

1 1 .00 to 1 2 .00 . . . . . . . . . . . . . . . . . . . . . .  . 

1:! .00 or rrear.er . . . . . . . . . . . . . . . . . . . . .  . 

.Votr. Individual values euctly equal to the valuea Hpll'lt· 
ing doN eqwvalent ranp.s will be repor-.ed in the out higher 
range. 

d. When a person terminates employment with 
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an NRC licensee or work lllignment in an NRC li· 
censee's facility as described in a above, the NRC li­
censee will furnish the Director of Management and 
Program Analysis, US Nuclear Regulatory Commis­
sion. Washington, DC 20555, a report of the per­
son's exposure to radiation and radioactive materi­
als incurred during the period of employment or 
work asaignment in the NRC licensee's facility. An 
information copy of this report for each DA licensee 
will be forwarded through the appropriate MACOM 
to HQDA CDASG-PSP>. WASH DC 20310. Such re­
port will be furnished within 30 days after exposure 
of the person has been determined or 90 days after 
the date of termination of employment or work as­
signment. whichever is earlier. A copy of this report 
will also be provided to the person concerned. 
18. Careleu and intentional e�:powre of the 
personnel doeimeter to ionizing radiation. 

a. The personnel dosimeter is a device used to 
measure how much radiation a person has been ex­
posed to such that his accumulated dose equivalent 
will not exceed the radiation exposure standards . 
These data may be used for .. medical-legal .. purpoe· 
es. All reported overexposures will be investigated 

. to ensure that unsafe practices and improper proce· 
dtires are corrected

· 
and that overexposed persons 

are pro\ided suitable medical care (see para 13). lm· 
proper use of the pel'!Onnel dosimeter may result in 
misleading reports and unnecessary expenditure o f  
resources to conduct an investigation. 

b. It is incumbent upon each commander. super· 
visor. and person issued a personnel dosimeter to 
ensure that it is used correctly. 
17. Privacy Act Statement&. The following state­
ments implement the Privacy Act of 1974 IPL 
93-5i9). (See AR 340-2i for Army requirements.)  

a.  The Privacy Act statement for the DO Fonn 
1141  or Automated Dosimetry Record is DD Form 
2005 (Privacy Act Statement-Health Care Rec­
ords) 

b. The Privacy Act statement for the f>D Form 
1952 t��till be found on the reverse side of the form . 
See figure 1 .  
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APPENDIX C 

RELEVANT LEGAL CASES 

1 .  A l l en v. Un i ted Sta tes , 588 F .  Supp . 2 4 7  ( D .  Utah 1 9 8 4 ) 
( nuc lea r weapons test i ng ) ( appea l pend ing ) 

2 .  Begay v .  Un i ted States , 5 9 1  F .  Supp . 9 9 1  ( D .  A r i z .  1 9 8 4 ) 
a f f ' d  ( 9 th Ci r .  Aug . 1 3 ,  1 9 8 5 ) 

3 .  B ra f ford  v .  susequeha nna Corpora t ion , 58 6 F .  Supp . 1 4  
( D .  Colo . 1984 ) ( u ra n ium mi l l  ta i l i ngs ) 

4 .  Bu l l och v .  Un i ted States ( Bu l loch I ) ,  1 4 5  F .  Supp . 8 2 4  ( D .  Uta h  
1 9 5 6 ) ( sheep/ fa l lout ca se - causa t i on )  

5 .  Bu l loch v .  Un i ted Sta tes ( Bu l loch I I ) ,  7 2 1  F .  2d  7 1 3  ( lOth  C i r .  
1 9 8 3 ) ( subsequent pr oceed ing ) 

6 .  C r owther v .  sea bo rg ,  3 1 2  F .  Supp . 1 20 5  ( D .  Col . 1 97 0 ) 
( i n junct ive r e l ief  sought ) 

7 .  Employers Mu tua l L iabi l i ty Insu ra nce co . of Wiscons i n  v .  Pa r k e r , 
4 1 8 s . w .  2d 5 7 0 ( Ct . C i v . App . Tex . 1 9 6 7 ) ( wor kmen ' s  compensa t i on ) 

8 .  Fer ra ra v .  Ga l lu ch i o ,  1 5 2  N . E . 2d  249  ( N . Y .  1 9 58 ) ( X-ray therapy )  

9 .  Ga r ner  v .  Hec la M i n ing Compa ny ,  4 3 1  P .  2d  7 9 4  ( S .  Ct . Utah 1 9 6 7 ) 
( u ra n ium mine r ) 

1 0 . G r eenbe rg v .  M ichael  Reese Hosp ita l ,  8 3  I l l .  2d  2 8 2 , 4 1 5  N . E .  2 d  
3 9 0  ( 1 9 8 0 ) ( X- ray therapy ) 

1 1 .  Johnston v .  Un i ted Sta tes , 597  F .  Supp . 374  ( D .  Kan .  1 984  
( rad ium d ia l  wor kers ) 

1 2 . Kuhne v .  Uni ted States , 2 67  F .  Supp . 6 4 9  ( E . D . Tenn . 1 967 ) 
( occupa t i ona l  exposu r e )  

1 3 . K rumbac k  v .  Dow Chemi ca l ,  676  P .  2 d  1 2 1 5  ( Colo . 1 983 ) 
( wor kmen ' s  compensa tion )  
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1 4 . McVey v .  Ph i l l ips Petr oleum Company , 2 8 8  P .  2d  5 3  ( 5th C i r .  1 9 6 1 ) 
( occupa t i ona l exposu r e )  

15 . Mahoney v .  Uni ted Sta tes , 2 2 0  F .  Supp . 8 2 3  ( E . D .  T enn . 1 963 ) 
( occupa t i ona l exposu r e )  

16 . Robe rts  v .  Uni ted Sta tes , No . LV 1 7 6 6  RDF ( D . Nev . , f i led June 14 , 
1 984 ) ( fa i lu re to demons t ra te causa t ion )  

17 . S i lkwood v .  Ke r r -McGee Corp . , 4 85  F .  Supp . 566  ( W . O .  Ok la . 1 9 7 9 ) ;  
6 6 7  F .  2 d  9 0 8  ( lO th C i r .  1 9 8 1 )  rev ' d ( on pun i t ive damages g r ou nds ) 
1 0 4  s. Ct . 6 1 5  ( 1984 ) ( remanded ) ( occupa t i ona l exposu re ) 

Synopses of Key Ca ses 

A .  A l len ..!!_ U . S . , 5 88  F .  Supp . 2 4 7  ( D .  Uta h  1984 ) .  

The 1 , 1 9 2  named p la i nt i ffs in  th is  ca se we r e - res idents ( o r 
r e la t i ves of r es i dents )  of commun i t ies in sou thern  Utah , northern 
A r i zona or southea stern  Neva da nea r the Neva da test s i te .  They 
a l leged loss due to ra d ia t i on-caused cance r or  leu kemia . The 
cou rt held : 

1 . ) The d i s c r et i ona ry func t i on except i on d i d  not sh i e l d  the 
government f r om l ia b i l i ty in these c·ases . Had the government 
ma de a pol icy dec i s ion tha t some people wou l d  be in ju red and 
cou ld not be wa r ned ,  the except ion wou ld  ha ve appl ied . Bu t 
the gove r nment po l i cy wa s to wa rn  su r r ounding commun i t ies and 
to promote the i r  sa fety . 

2 . ) The gover nment fa i led to pr ov ide pla i nt i ffs  with adequa te 
informa t i on a bout the r is k  of , or  a bout ways to prevent , 
long- range bi olog ica l consequences of exposu re  to fa l lou t . 

3 . ) Ten of twenty- fou r p la i nt i ffs selected a s  • be l l  wea the r 
ca ses • establ i shed tha t fa l lou t wa s a su bsta n t ia l factor  
cau s i ng the i r  in ju r ies . The  rest did  not . 

I n  f i nd ing ten p la i nt i ffs  ha d pr oved causa t ion , the cou r t  
empha s i zed that the government ' s  • neg l igent fa i lu r e  t o  adequa tely  
mon i tor and r ecor d the  actua l exte rna l and inte r na l  rad ia t ion 
exposu r es of off-s i te res i dents on a per son-spec i f ic ba s i s •  wa s a 
fac tor i n  the dec i s i on to sh i f t  some of the pr oof bu r den to the 
government . •  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .
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B .  Begay � Un i ted Sta tes , 5 9 1  F .  Supp . 9 9 1  ( 1 9 8 4 ) a f f ' d ( 9th Ci r .  
Aug . 1 3 , 19 85 ) . 

Former Nava jo u ra n i um miners  and su r v i vors of Nava j o  u ran i um 
miners  brought su i t  aga inst the Uni ted Sta tes for  ca ncer s  and  
i n j u r ies ca used by exposu re  to ra d i oa c t i ve gas ,  ra don , in the 
u ra n i um mi nes f r om the 1 9 4 0 ' s  th r ou gh the 1960 ' s .  The pla in t i ffs  
c la imed tha t the  U n i ted Sta tes was neg l i gent under the  Fede ra l 
Tor t C la ims Act  ( FTCA ) in  the dec i s i ons i t s  of f i c i a ls made du r i ng 
tha t  per i od concern ing sa fety and r egu la t ion of the u ran ium 
mi nes . Spec i f ica l ly ,  p la int i ffs c la imed that the federa l  
gove rnment agenc ies invol ved ( the  AEC , the u . s . Bu reau o f  M ines , 
a nd the HEW )  and Congress ha d conduc ted stud ies on the i n ju r i ous  
ef fects of  radon ga s on  the  u ra n ium mine r s , bu t fa i led to 
esta b l i sh sa fety gu ide l i nes w i th i n  the mines . I nstea d ,  the 
fede ra l agencies and Congr ess on ly su gges ted gu ide l i nes for  the 
sta tes to implement .  

The cou r t  found the u . s .  was not neg l i gent unde r the FTCA 
because the dec i s i ons ma de f r om the 1 9 4 0 ' s  to the 1 9 6 0 ' s  to not 
establ i sh standa rds  wer e  high le ve l pol i cy dec i s i ons , and thus 
protected unde r the d isc ret i ona ry funct i on except i on to the FTCA . 

c .  B ra fford � susqueha nna corp . , 58 6 F .  Supp . 1 4  ( D .  Colo . 1984 ) 

The p la int i f fs in  this  ca se sued a co rpora t ion for  i n ju ry  to  
the i r  cel lu la r  str uctu re  and  the i r  inc reased r i sk of cance r and  
other  d i seases that  a l l egedly  r esu l ted f r om the  defendant  
neg l igent ly expos i ng them to a cons i de rable amoun t of  radia t ion .  
The pla i nt i ffs , f ive membe rs  of one fa mi ly , l ived i n  a h ouse in  
Edgemont , Sou th Da kota for  over two yea r s .  The  town ha d been the 
s i te of a u ra n i um mi l l ing  fa c i l i ty s i nce 1 9 5 6  a nd the mi l l  wa s 
ope ra ted by a su bs i d ia ry of the defendan t ' s  corpora t ion un t i l  
19 7 2 .  The h ouse was bu i lt i n  the 1 9 6 0 ' s ,  a nd the pla i nt i ffs  
pu rcha sed it  in  1977 . P la i n t i ffs  contended tha t u ran ium mi l l  
ta i l ings ( waste ma te r ia l  pr oduced f r om mi l l i ng u ra n i um ores known 
to conta i n ra d i oa c t ive res idu es ) f r om the defenda n t ' s  mi l l  placed 
in  a nd a round the f ou nda t i ons of the pla i nt i ff ' s  home had exposed 
them to cons iderable quan t it ies of radioa ct i ve ma te r ia l .  The 
pla int i ffs sought compensa t i on for  the l oss of the i r  home , for 
pr esent and futu re  med i ca l  cos ts ,  and the menta l gr ief  f r om the i r  
ra d ia t i on exposu re . 
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The cou rt  r u l ed that the pla i n t i f f ' s  c la im ra i sed a t  l ea st a 
qu est ion of fac t  ent i t l i ng them to br i ng the i r  case forwa r d .  
P la int i ffs presented expe r ts who tes t i f ied that w i th a r easonable  
deg r ee of medica l  probab i l i ty ,  damage can occu r immed ia tely to 
ce l lu la r  s t ructu r es f r om ove rexposu re to radia t i on . 

D .  Bu l loch v. Un i ted Sta tes ( Bu l loch I ) ,  1 4 5  F .  supp. 8 2 4  ( D .  Utah 
1 9 5 6 ) 

---

I n  1 9 5 3  the ABC conduc ted a se r ies of nuc l ea r tests in the 
Neva da prov i ng g r ound ca l led • ope ra t i on Upshot Knothole• . At the 
t ime of the f i r s t  test , the pla i nt i ff ' s  herd of sheep wer e  about  
f if ty mi les northea s t  of  the s ite . Follow i ng the  f i rst  tes t ,  and  
cont i nu i ng unt i l  the la s t  test , the sheep and lambs of pla i nt i f f ' s  
herd  were  dy i ng a t  a bnorma l ly h i gh ra tes a nd showed les ions a nd 
other signs s imu la t ing  the effects of beta and gamma rad ia t ion 
exposu r e .  Other  herds nea rby su f fe r ed s imi la r  losses and  
compl i ca t ions . P la i n t i ffs  contended tha t exposu r e  to  rad ia t ion 
fa l lou t f r om the test ing caused the l oss a nd damage to the he rd . 
They fu r ther  contended tha t government off ic ia ls neg l i gent ly 
fa i l ed to wa rn them of the impend i ng b la st s ,  the reby fa i l i ng to 
pr ov ide them a g r eate r oppor tun i ty to pr otect thei r  herd . 

The cou rt held  that the government ' s  fa i lu re to adequa tely 
wa rn  the p la i n t i ffs  of the bla sts and .the poss ible  da nge r to thei r  
herd  d id not fa l l  u nder the d i s c r e t i ona ry function exception to 
the FTCA because such fa i l u re was not ba sed on pol i cy dec i s ions . 
The pla int i ffs , howeve r ,  fa i led to pr ove tha t the damage to the i r  
sheep wa s a ctua l ly and prox ima tely  caused by the nu c l ea r bla s t . 
The i r  c la im for dama ges was the refore den ied . 

E .  Bu l l och � u . s .  ( Bu l loch I I ) ,  72 1 F .  2d 7 1 3  ( lOth Ce r .  1 9 8 3 ) 

Twenty- f i ve yea rs  a f t e r  the f i rst  Bu l l och ca s e ,  p la in t i ffs  
ma de a mot i on to  set  as ide the  D i s t r ict cou r t ' s judgment on the 
g r ounds of f raud . The cou r t  of Appea ls den i ed the mot i on , sta t ing  
tha t the  pla i nt i ffs fa i led to  establ i sh p r oof tha t a f raud wa s 
committed on the cou r t .  The cou rt  held the pla i n t i ffs sh ou ld not 
have wa ited so many yea rs  to reopen the ca se , and  sugges ted they 
we re  me rely a ttempt i ng to r e t ry the i r  ca se on the c rest of a wa ve 
of publ i c  and congr ess i ona l atten t i on to th is sub j ect . 

F .  C r owther � sea borg , 3 1 2  F .  Supp . 1 2 0 5  ( D .  Col o .  1 9 7 0 ) 

The pla int i ffs , r epr esented by a pub l i c  non-pr of i t  
co rpora t ion ,  we re landowners in the a rea su r r ound i ng the s i te of a 
j o i nt vent u r e  test  of the ABC , the  Depa r tment of the I n te r i o r , and 
Au st ra l Oi l co . The test , P r o j ect Ru l i son , was a imed at  crea t i ng 
a cav i ty in  the Mesa Verde forma t ion for  the release of na tu ra l 
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ga ses in commerc ia l  quan t i t i es .  The pla i n t i f f s  sou ght to  en j o i n  
t h e  defenda nts f r om explod i ng the dev ice . They a l leged tha t the 
test wou l d  damage the pla i n t i ffs ' pr oper ty and pr esent a ha za r d  to 
pub l ic hea l th a nd na tu ra l r esou rces in the a rea th r ou gh the 
ra d ia t ion r e lea sed f r om the detona t ion of the nuc l ea r dev ice . 

The cou r t  r efu sed to g ra nt the i n junct i on because the 
ev idence did  not suppor t  the p la i n t i f fs ' c la im tha t f la r ing the 
nuc lea r dev i ce wou ld present a da nge r to the hea lt h ,  l i fe , or 
pr ope rty  of those in  the vic i n i ty .  

Spec i f ica l ly ,  the cou r t  noted tha t because the AEC planned to 
ca r efu l ly mon i tor radia t ion leve ls in the soi l ,  wa te r ,  a i r ,  w ind , 
and  mi lk , in the a rea the dange r s  to anyone clos e  to the bla s t  
we re both wel l  unde r control  a nd probably avoida ble . The cha nces 
of a • blowou t • , an  es cape of radioa c t i ve ga ses f r om the f la r ing , 
we re so r emote , moreove r ,  tha t i t  d id not pose a th rea t  of undu e  
ha r m  t o  pr operty ,  l i fe ,  or  hea l th . 

G .  Employe r s  Mu tua l L iab i l i ty I nsu ra nce � of Wi s .  � Pa r k e r  4 18 
S .W .  2d  5 7 0  ( C t .  C i v .  App . Tex . 19 67 ) 

Employe rs  Mu tua l appea led a lowe r cou rt  dec i s i on g rant ing  
Pa rk e r , the p la int i f f ,  permanent d i sa b i l i ty sta tus for cancer in  
th& cerv ica l  lymph node . The pla i n t i f f  had been an employee 
engaged in  cont ract wo rk  for  the u.s. gove r nment ha ndl i ng 
ra d i oa c t i ve ma te r ia l  in  a ssembl ing a nd d i sa ssemb l i ng nuc lea r 
weapons . As a ma te r ia l  ha ndle r ,  pla i n t i f f  wa s not fu r n ished any 
protect ive c loth i ng . A fter  his pr omot i on to produ c t i on ope ra tor , 
the p la i nt i ff wa s  requ i red to wea r a leaded apr on and gloves with 
a f i lm badge a lways worn under e i the r the g l oves or  the a pron . 
The ev idence revea led tha t the pla i n t i f f  ha d been exposed to we l l 
ove r  36 r ems du r ing h i s  employment . 

Th i s  cou r t  r efused to grant the pla i n t i ff permanent 
d i sabi l ity for  h i s  ca nce r .  The cou r t  conclu ded that the expe r t  
test imony pr esented in  cou r t  establ i shed tha t the exposu r e  to 
ra d ia t i on was not the pr oba b le cause of the p la in t i ff ' s  cance r .  

H .  Fer ra ra � Ga l luch io  1 5 2  N . E  2d  249  ( N . Y .  1958 ) 

The pla int iff  sued her doctors for  ma lpract ice . Wh i l e 
su ffer ing f r om bu rs i t i s  in he r sh ou l de r ,  the pla in t i ff went  to the 
defendants for t rea tment . The defendants , spec i a l i s ts i n  X-ray 
the rapy , exposed the pla in t i ff in  a ser ies of seven t r ea tments to 
1400 Roentgens of rad i a t i on .  The p la i nt i f f  suffered nausea du r ing 
the t rea tments , and the a r ea of her sh ou lder  wher e  the rays had 
been concen t ra ted b l i s tered ,  pee l e d ,  a nd left  scabs wh ich took an  
inor d i nate amount of t ime to  hea l .  The r esu l t i ng a r ea exh ibited 
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tela ngiecta s ia ,  hyperpigmenta t i on ,  dep igmenta t ion ,  and some 
a trophy . Two yea rs  a fte r the trea tments , the pla int i ff went to  
a nother derma tolog is t  who prescr ibed a sa lve for  the  shou l der , a n d  
advi sed the p la int i f f  have herself  examined f r equen t ly f o r  s igns 
of cancer . P la i nt i f f  developed a menta l anx i ety , ca nce r ophobia , 
as  a consequence of the advice . 

The issue before the cou r t  was whether the defenda n ts wer e  
l iable  for  t h e  pla i n t i f f ' s  menta l a ngu i sh resu l t i ng prox ima tely 
f r om the i r  neg l igent trea tment w i th X- rays . 

The cou rt  a f f i rmed the lowe r cou r t ' s  hold i ng tha t the 
p la i nt if f  cou l d  r ecover for her cance r ophobia . The pla i nt i f f ' s  
bas is for menta l anx iety was fou nded on r easona ble fa c ts and ,  
under  N . Y .  tor t  law , the defendants are  l iable  for  any in ju r ies ,  
now inc lud i ng menta l angu is h ,  wh ich a re the prox ima te resu l t  
( i . e . , r easonably foreseeable ) o f  the defenda n t ' s  or i g i na l  
neg l igence . 

I .  Ga rner v.  Hecla M i n i ng Co . , 1967  4 3 1 P . 2d 7 94 ( S .  Ct . Utah 1967 ) 

The pla int i ffs in  th i s  case , the w idow and  ch i ld ren of 
Douglas Ga rner , a t tacked the f ind ings of the I ndu s t r ia l  Commiss i on 
deny ing benef i ts to the pla i n t i ffs for Ga rner ' s  dea t h . Ga r ner  
wor ked for the  defendan t ' s  u ra n ium min i ng company for  fou r  yea r s ,  
a nd had been a u ra n i um miner s ince 1940 . Ga rner  developed cance r 
i n  the lungs , br onchus , pr ea o r t i c  nodes , l i ve r ,  spleen , and  
adrena l  g la nds . He d ied soon a fter . An autopsy r evea led tha t 
Ga rner  had th i r ty- fou r t imes as  much lea d- 2 1 0  ( the end pr odu ct  of 
radon ga s )  in  h i s  bones as  the average for a non-mine r .  
Mor eove r , defendan t ' s  mines conta i ned abou t  two and  a ha l f  times 
as much ra don gas a s  the recommended leve ls approved by the 
federa l government . 

The cou r t  a f f i rmed the Commis s i on ' s  den ia l of bene f i t s  
because the pla i n t i f fs fa i led t o  pr oduce ev idence substa nt i a l ly 
forg ing a l i nk between Ga rner ' s  exposu re  to rad ia t ion and  h is 
subsequent ca nce r I n  other words , the p la i n t i ffs fa i led to prove 
tha t Ga rner ' s  ca nce r  wa s proxima tely  ca used , for pu rposes of the 
Utah s ta tutes , by h i s  exposu re  to ra d ia t i on in the defendant ' s  
u ra n ium mines . 

J .  Johns ton � �' 5 9 7  F .  supp . 3 7 4  ( D . Ka n .  1984 ) 

The pla i nt i f fs i n  t h i s  ca se we r e  fou r  employees of A i r c ra f t  
I n s t r ument and Deve lopment ,  I nc .  ( AI D ) , of Wich i ta ,  Kansa s who 
c la im the i r  concerns were caused by exposu re  to ion i z ing ra dia t i on 
f r om luminou s d ia l s  and ins t r ument pa r t s  the u. s .  sent to the A I D  
plant  pr ima r i ly f o r  storage . The cou r t held : 
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1 . ) the deci s i on of the gover nmen t to sh ip the rad i oa ct i ve 
pa r ts was protected by the d i s c r et i ona ry func t i on 
except ion of the F . T . C . A .  

2 . ) I n  a ny even t ,  the pla in t i ffs  fa i led to pr ove thei r 
exposu r e  to ra d i oa c t i ve pa r ts  caused the i r  i n ju r ies . 

K .  Kuhne � Un i ted S ta tes 2 6 7  F. Supp . 6 4 9  ( E . D . Tenn . 1 9 6 7 ) 

P la i n t i f f ' s  deceden t wor k ed for an  independen t  con t ractor to 
the government at the oa k R idge a t omic pla nt in ea s t e r n  Tennessee 
f r om 1 9 4 4  to 1 9 4 5 . Deceden t wor k ed as  a supe r v isor over  a por t i on 
of the project tha t broke down u ra n ium,  often exud ing ra d i oa c t i ve 
du st  a nd pa r t i c les Unl i k e  the other personne l ,  the deceden t ,  a s  
a supervisor , wa s not r equ i r ed t o  wea r a nd did  not wea r protect i ve 
c loth ing . Severa l  yea r s  la te r ,  the decedent developed 
mye lof ibros i s  (a d isea se tha t a t tacks  the bone ma r r ow ,  reducing  
i t s  pr odu c t i on of  r ed blood ce l l s ) . P la i n t i ff sued the  gover nment 
for neg l igence under  the FTCA , c la iming tha � i ts of f i c i a ls at oa k  
R i dge fa i led to adequa te ly wa r n  her hu sband o f  the ha za r ds 
i nvolved in wor k i ng w i th ra dia t i on , fa i led to prov i de protec t i on ,  
a nd fa i led to set appr opr ia te sa fety standa r ds . 

The cou r t  ru led : 

a .  The discretiona r y  func t i on except i on to the FTCA d id not 
apply in th i s  ca se because the government was wel l  out 
of the plann ing and pol i cy stage a t  oa k  R i dge when the 
decedent bega n to wor k  for them . They were in  the 
opera t i ona l  stage of ca r r y i ng ou t the pol i c ies of the 
government a l rea dy dec i ded upon . 

b .  The Fe res doctr ine did  not apply beca use the deceden t 
was a c i v i l ian  eng inee r , not a so l d i e r ,  or i n  a ny way 
connected to the a rmed forces or the mi l i ta ry .  

c .  P la int i f f ' s  tes t imony did  not ca r ry i ts bu r den of 
showing tha t decedent ' s di sease  wa s indeed the resu l t  of 
h is exposure to ra d ia t i on .  The medica l  experts  
pr esen ted conf l ic t ing ev i dence , none of  wh ich wa s 
conc lus ive in the cou r t ' s  opi n i on .  

L .  K r umback � Dow Chemica l  co . 6 7 6  P . 2d 1 2 1 5  ( Colo . 1 983 ) 

Pla in t i f f ' s  husband wor ked f r om 1 9 5 9  unt i l  1 9 7 3  a t  the Rocky  
F lats  Nuc l ea r  Weapons P lant , a fac i l i ty of  the  Dow Chem ica l co . 
He was exposed to ove r 4 5  r ems of exte r na l  ra d i a t ion a nd wa s 
i nvo lved in  a number of indust r ia l  acciden ts resu l t ing in interna l 
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rad ia t ion contamina t i on du r ing the cou rse of h is employmen t .  
P la in t i ff ' s  husba nd d i ed in 197 4 of cancer of the colon . The 
pla i n t i f f  brought a cla im to the Indu s t r ia l  commiss i on for  
benef i ts a ccru ing f r om what she a l leged was her husband ' s 
occupa t iona l disea s e ,  caused by ove rexposu re to rad ia t i on .  

The hea r i ng examine r f ound that a l though the expert  tes t imony 
wa s in  con f l ict , the pla i n t i ff had shou l de r ed her bu r den of pr oo f  
that overexposu re to radia t i on a t  the defendant ' s  fac i l i ty caused 
her  hu sba nd ' s  disease . The Commis s i on reversed the examiner and 
r efused to permit  the tes t imony of two of the pla in t i f f ' s  key 
expe r t  witnesses because they wer e  not competen t medica l 
wi tnesses . 

The cou r t  r eversed the Comm is s i on for exc lud ing the expe r t s ' 
tes t imony . The cou r t  then r emanded the case for  cons idera t i on i n  
l i gh t  o f  the ev idence admi tted by t h e  pla i nt i ff ' s  two wi tnesses . 

M .  McVey � Ph i l l ips Pe t r oleum � 2 8 8  F . 2d 5 3  ( 5th � i r .  19 6 1 ) 

The pla in t i ffs , two employees of the Kellogg Co . , used the 
defenda n t  Ph i l l ips '  rad i oa c t ive pel lets to  pr ov ide the X- rays for  
a dev i ce ma nu factu r ed by Ke l logg to  detect cracks  in  we lded 
pipes . Wh i le unpa ck ing ra dioa c t i ve pe l lets shipped by the 
defendant , two of the pe l lets exploded , emi t t ing rad i oa c t i ve dus t  
a nd pa r t i c les tha t i r ra d ia ted the pla i nt i ffs . P la i nti ffs a l leged 
they la ter  developed fa ta l ca nce r s  as a resu l t  of the i r exposu r e . 
The pla inti ffs dos imeter badges mea s u r ed below the ma x imum 
pe rmiss i b le week ly exposu r e  a ccumu la t i on of 3 0 0  mi l l i r oen tgens for 
the week of the explos i on .  

The cou r t  den ied r ecovery , hold i ng tha t pla i n t i ffs  ha d fa i l ed 
to pr ove the i r  ca ncers resu l ted f r om exposu r e  to the ra d ia t i on .  

N .  Mahoney � Un i ted Sta tes 220 F .  su pp .  8 2 3  ( E . D . Tenn 19 6 3 ) 

The pla i nt i ffs  worked for  Un i on Ca r b i de a t  the oa k  R idge 
nuc l ea r  fa c i l i ty in  Tennessee . The ma j o r i ty of the pla i n t i ffs 
wer e  membe rs of Un ion ca r b i de ' s  ma i ntena nce crew wor k ing w i th 
nox i ous  and  rad i oa c t i ve ga ses and subs ta nces . Ea ch of the 
pla int i ffs wa s regu la r ly exposed to a nd i nha led ra d i oa ct ive 
ga ses . On one pa r t icu la r occa s i on ,  pla i n t i f f  Mahoney had been 
expos ed to nox i ous fumes and brea thed ra d i oa ct i ve ga s es du r ing a n  
explos i on o f  one of the pi pes .  Mah oney a n d  the other pla i n t i ffs  
subsequently  deve l oped Hodgk i n ' s  d i sea s e  or lu kemia , both b l ood 
ca nce r s . 
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T h e  pla i n t i f fs f i led su i t  aga inst  the United Sta tes under 
the FTCA . The AEC had been in  prima ry control  of the fac i l i ty , 
even though Un ion Ca rb ide wa s a n  independen t con t ractor . After  a 
leng thy descr ipt i on of ea ch of the pla i n t i f f ' s  exposures and  
su r r ounding ci rcumstances , and a deta i led ana l ys is  of the  science 
a nd phys i cs beh ind ra dia t i on a nd i ts exposu r e  a nd ef fect on the 
huma n  body , the cou r t  concluded tha t th e pla in t i ffs did not 
pr ove , th r ou gh a preponderance of the ev idence , tha t the 
plaint i f fs ' in ju r ies we r e  caused by the amount  of r a d ia t i on 
exposu re  r eceived . 

0 .  Robe r ts � u.s. , No . LV 1 7 6 6  RDF ( D .  Nev . , f i led June 14 , 1 984 ) .  

The pla i nt i f fs in th i s  case were w idows of two men who 
wor ked for a pr i va te con t ractor in A r ea 12 , some th ree and a ha l f  
m i l es f r om the Banbe r ry test s i te i n  Nevada . Banbe r r y  was 
exploded underg r ound on December 18 , 1970 . Due to unfor seen 
geog raph ic  a nd me teorologic  c i rcums ta nces , a f i ssu re developed . 
Ra dioact ive dus t  wa s r e leased and the wind . ca r r ied the du s t  over  
the camps i te i r ra diat ing the  pla in t i f f s . They la ter  developed 
leu kem ia and d ied . 

The cou r t  hel d :  

1 . ) the dec i s i on to hold  th e tes t wa s a pol icy dec i s i on 
protec ted by the discret i ona ry func t i on except i on to 
the FTCA . 

2 . ) ther e  was a du ty ,  once a dec i s i on wa s made to evacua te 
the camps i t e ,  to do so pr ope r ly .  The government d id 
not meet the standa rds set for th in the AEC handbook 
for  evacua t i on a nd decontami na t i on .  

Spec i f i ca l ly , there  wer e  no plans or pr ocedu r es to 
insu re tha t personnel in A r ea 12 we re accounted for , 
mon i tored for ra d ia t i on and pr ompt ly decon tamina ted . Once 
the ven t i ng occu r red ,  the gover nment fa i led to order the 
i mmed ia te eva cua t ion of A r ea 12 . I t  even permitted wor kers  
to  proceed into the a r ea .  I t  a lso fa i led to promptly  
decontamina te the exposed wor kers . Rober ts , for example , 
r ema ined in contamina ted c lothes a nd i n  a contami na ted 
veh i c le for mor e  than eight hou r s  a fte r h is exposu r e  
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3 . ) Nonethe less , the pla i n t i ffs  d i d  not pr ove tha t thei r 
in ju r ies wer e  d i r ec t ly a nd causa l ly l in k ed to the i r  
exposu re to the Banbe r ry clou d . F i rst  they pr esen ted 
no ev idence con f i rming a lpha rad i oa ct iv i ty permea ted 
Area 12 . Robe r ts ' f i lm ba dge ind ica ted an  exposu r e  of 
someth ing l ess tha n 900  mr em gamma of wh i ch some 
5 30-600  r em came f r om wea r ing a con tamina ted fu r 
colla r ,  •wh ich r esu l ted in  a lower dose to the whole 
body . • The cou r t  found  a tota l interna l dose to his  
red bone ma r r ow of 4 20 mrem ( 0 . 4 2 rem ) . Re l evant  
exposu r e standa r ds for  wor kers  are  3 r em per qua r te r  
and 5 rem per yea r .  Roberts ' exposu r e ,  i n  short ,  wa s 
we l l  within  the standa rds . The cou r t  re jected cla ims 
by expe rt s ' for the pla int i ffs  tha t exposu re to l ow 
doses causes an  increase  in  the inc idence of leu k emia . 
Because the bu rden wa s on the pla i n t i f fs to esta b l i sh 
tha t the doses of radia t ion rece i ved did , to a 
reasonable degree of cer ta inty ,  cause the leukemia from 
whi ch Rober ts died , the cla i m  of h is w�dow wa s 
den ied . 
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