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Automation of the Radioisotope 
A i • - • • . ccountabdlty System 
E L A I N E  ~ .  L A H N E R S  

Veterans Administration Hospital, Omaha, Nebraska 

The Radioisotope Service of the Veterans Administration 
Hospital, Omaha, Nebraska, used a manual system of radio- 
isotope accountability for three years. The procedure which 
was satisfactory but time-consuming was converted from 
manual to a fully automated computer system in January, 
1963. The program for purchased radioisotopes is written in 
FORMAT FORTRAN for the IBM 1620 Computer. A second 
program for maintaining accountability for reactor-created 
radioisotopes is written in the FORCOM programming lan- 
guage. A minimum amount of bookkeeping is required by the 
reactor operating staff. The United States Atomic Energy 
Commission regulations specify that records be kept. This 
system provides detailed records for each container of radio- 
active material purchased and/or created in the Triga reactor 
indicating the amounts received, used, and/or transferred to 
the health physicist for disposal. Consolidated records contain 
total amounts received, used, and/or disposed of for any 
specified period of time. Purchased radioisotopes are reported 
in millicuries; reactor-created radioisotopes in microcuries. 

Introduct ion  

The Radioisotope Service of the VA Hospital, Omaha, 
Nebraska, used a manual system of radioisotope aeeount- 
ability [t] for three years. The procedure which was satis- 
factory but time-consuming was converted from manual to 
a fully automated computer system in January, 1963. The 
program for purchased radioisotopes is written in FOR- 
MAT FORTRAN (Figure 1) for the IBM 1620 computer. A 
second program for maintaining accountability for reactor- 
created radioisotopes is written in the FoncoM program- 
ruing language (Figure 2). A mininmm amount of book- 
keeping is required by the reactor operating staff. The 
United States Atomic Energy Commission regulations 
specify ttmt records be kept.. This system provides detailed 
records for each container of radioactive materiM pur- 
chased and/or created in the Triga reactor iadieating the 
amounts received, used, and/or  transferred to the health 
physicist for disposal. Consolidated records contain total 
amounts received, used, and disposed of for any specified 
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period of time. Purchased radioisotopes are reporled it, 
inillicuries; reactor-created radioisotopes in microeuries. 

Methods and Results 

When a radioisotope is purchased, the information 
shown on the container label and the User's Report (l:igure 
3), indicating use or disposal, is punched into cards attd 
verified. All computations are done by the 1620 Computer 
thus eliminating human errors in arithmetic. 

All manual posting is eliminated attd all computations 
are printed by the IBM 1620 console typewriter. A com- 
plete detailed history of each container of radioactive 
material with remaining activity indicated is shown in the 
listing (Figure 4) which includes three types of entries; 
namely, receipt, usage and disposal. 

Each purchased isotope is identified by name, lot mnn- 
bet, assay and date of assay. The type of the isotope is also 
defined--Cr-51 and 1-131 could be defined as 51 1 for 
Raehromate and 131 3 for Radiocaps, respectively. The 
"1" arid "3" were arbitrarily assigned to these types of 
isotopes. 

Receipt. The first entry of the detailed record repre- 
sents the receipt of the isotope and the date it is received. 
The information from the isotope container label is re- 
corded in eolmnn 1, the total amount in millieurics re- 
ceived in column 6, and tim total amount in milliliters re- 
ceived in column 7. 

Usage. The second type of entry represents informa- 
tion gained from the User's Report (Figure 3). The date 
and patient's identification number appear in column 1. 
The patient's name and the test performed is punched into 
the card and is available for listing purposes. The amount 
in millieuries used is indicated in column 4, and the amount 
in milliliters withdrawn in column 5. The previous milli- 
liter balance (column 7) minus the milliliters used (column 
5) gives a new milliliter balance (column 7), and ~he prod- 
uct of this multiplied by the assay is the new balance 
which is shown in column 6. In each entry the total of 
column 6 and column 8 subtracted front the previous entry 
of column 8 reveals the amount of decay, which is entered 
in column 3. I t  is possible to know at all times the amount 
on hand and the millicurie strength of that amount. 

Disposal. When a radioisotope is kept in active status, 
the listing will indicate that updating of the record is con> 
plete up to the last entry date. When the remaining 
amount of radioactive material is sent to the health physi- 
cist for disposal, the User's Report is filled out by the user 
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VE~EKANS ADMINISTRATION HOSPITAL 
Ovaaha, Nebraska 

and the words :'for disposed" writtetl o]1 lho form. The 
third type of entry it~dieale.s the dato, the :~moun( which 
has de(',~cyed slime previous 1.18age, lh(, remaining amounl5 in 
t~fillieut'ies ai~d rcmai~fi1~g an~ot.~l i~l ~lfillililers. Then the 
next line of the record it~di(',ales (he chile the isotope was 
transferred for disposal, the milliliter amount~, the micro- 
c u r i e  ~ tnotm~,  grad (he  ze r o i ng  of c o l u m n s  (i ~uld 7. 

The total of columns 3 and 4 must e(lual lhe first: enlry 
in eoIunm 6, i.e. lhe total of decay plus (tisposal plus used 

USER'S REPORT 

NAME OF ISOTOPE 1-13E 
(CC 7-13) 

LOT NO. RC 415-0 
(cc 14-23) 

ASSAY -- .048 me/cap 

DATE OF ASSAY 11-6-63 

DATE USED 11-12-63 
(cc 1-6) 

DECAY FACTOR .5977 
(cc 61-65) 

ASSAY USED ~0286896 me~ca Y 
(co 48-53 

bff, REMOVED -- 1 cap 
(cc %-60) 

MC REMOVED .0286896 

PATIENT'S U-NO 12598 
(cc 24-29) 

PATIt~qT'S NAME I, bl. ~LDEb~R 
(CC 30-47) 

EXPERIME:NT OR TEST Thyroid Uptake 
(ec 73-80) 

USED BY [ .  Elam Quick~ >~. _ 

F'[(:L 3. User 's  l~ei)ort fiil'm is eotElpleted :l,t, t, he t ime an ist)t(tpe 
is used for test  ()r exl)erimel~t. It, is cl)ml)lcted :it I,he t inle relnain- 
i l fg isotope sent to health iihysieisL for (lispos:d with wi!rds (FOIL 
[ ) [ S I ' ( ) S A L )  w l ' i t , t e n  o n  " E x l l e r i m e H L  o r  l e , ~ t  l i n e .  

I 2 3 
OlSP DECAY 

Hi/CAP HC 

I SOTOPE PURCtlASEO MILL I CURl ES REPORTED~ 

OATE ISOTOPE 

.1105.3 131 ~'*'{ I )  
LOT ~O, 415,00 
SP ACT. ,00 
CONC. .000~ 
EXP OAT ,O 
ASSAY ,4003300E-~1 AS OF 11(16.3 
COSI 17.0~ 

ASSAY .5229897E-01 AS 0F. 

DATE PT UNO 

1 1 1 2 . 8  .12598 
1 1 1 8 , 3  .00000 
1 1 1 8 . 3  .12598 
1 1 1 9 . 3  .12356 
1 1 1 9 . 3  .~8268 
1 , 2 0 . J  .00000 
I l Z l . 3  .1Z356 
1 1 2 1 . 3  ,¢8E68 
1 2 ~ 2 . 3  .00000 
1 2 ~ 1 . ]  OEOAY 

1 23.1 -3 FOR DISPOSAL 

5 6 7 
USED USE O BAL BAL 
MC ML/CAP MC HI/CAP 

I 23 l  .~. TOTAL ''{3) 

(2~. 1045979E +~I 2~.00~ 

1105.3 DATE RECO 

.4721875E-0¢ .286096aE-01 1.000 .5451@24E-00 19.000 
.2193360E-00 .1714560E-01 1.0~0 ,308620~E-00 18.000 
.OOO0000E-99 .171456~E-01 I.O00 .2914752E-00 17,000 
• 2399f14OE-Ol .IS73440E-01 1.000 .251750fiE-00 16.000 
.DOO00~OE-g9 .1573~40E-01 1.000 .236016~E-0~ 15,flO0 
.193680~E-01 .1444320E-01 I.~00 .2022S48E-00 14.000 
,1666560E-01 .2650560E-01 2.O0O .1590336E-00 12.0~0 
.0000000E-99 .265~560E-01 2.000 .1325280E-00 10.000 
.8092800E~01 .1548000E-01 8.000 .3612000E-01 7.~00 
.31~3392~E-01 .1780800E-02 7.00~ 

7.000 ,1780800E-02 .00~0000E-99 .00¢ 

7.000 .8685955E-0fl ,1773040E-0~ 13.000 

IRRADIATION 
REQI~ST 

L. Isotope Committee Approval # 55 

2, Charge TO OCDM 

3. Target Material NA2C03 

4. Target Form 

5. Flux Desired I X 1O" 

SerEal No, 

Fee 

RADIATION 
FACIT, ITY 

00800 

K.W.N. 15,5 

Quantity 

K.W. 15,5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6. Period DE Irradiation 60 min ~ Date 27 Jan 64 

NA2CO 3 ~ Time 1130 

10,4 mg (NA2C03) " 4.513mg NA ~ Poslt ion 

(ACTUAL FLUX I .  1166) ~ Date 27 Jan 6~ 

Time 1230 

Storage Compartment # SC 
........................................ T . . . t  ........................................ 2 
7. Delivery Date Preferred 27 Jan 64 Date 27 Jan 64 

Time 1300 

8, Deliver to John Doe ~ To (Signature) John Doe 

9. Method of Delivery , Pick Up By Sam Brown 
........................................ ; .................................... ~Uaia,~ 

10, Estimated Hicrocuries  10 : mrhm 1.5 at ~urface of transport 
(mtn) 

El, NA 24 Major Isotope 900 Half Llf i Date 27 Jan 64 

12. Remarks Time 1245 

Instrument REAC (SB) 

(Slg) JoDn Doe ,, (Sig) Sam Brown 
Request or Ope rat or ......................................... ~ ............................................ 

User's License No. 12345 

VA Accountability NO. 800 
TONAL AMOUNT IN MILLIORA~ 

NA 24 4. Sl3 : I 

Ft(;. (i. IhrdiaLi(m request forn~ which is el)inDicted i}n Lhc left 
side )/y re(lues(~or. This fOl'ln ,%lh)ws scheduling of ~'(~Ct r('~' time. 
The rig}lI side (if t~his form is (',(lnlllletcd by t'ILdiuJ,i(lll facility s t a l l  

Form Code~ 

~ ~ A  ~ 'Z_o _R P_ _a O_ _~ _U C_ ! ! O_ ~_ 

1 - Liquid 3 - Solid 5 - Gas 
2 - Serum 4 - Container 

Prod Prod Hgm I r r a d  
I so tope  Form LOC DaCe Time Mass Flux Time Fac to r  

1-5 II 21=25 31-36 41-44 51-5fl 71-76 80 

NA 24 l 800 12764 1230 4513 11166 60 

F[ , .  7. This form Clm]l)leted al; the tinle isotope is produced. 
FFom this a card is l)unched, verified, m,d used for e(mlput~tilm 
of (;he : l lnount (if aetivit, y produced. 

.16.9S PERCERT OF RECD HC WAS USED. 

ACCOUNT FOR TFIIS ISOTOPE IS NOW CLOSED. 

{ l~  Arbi trary .~ber  all igned to 1-131 R~dlocapw 

(21 . IW.5979E+O1 - 1.065979 m£11lcurtea 

(3) I~)1.3- Iz-31-63 

FIG. 4. Dettfiled history of 

mate1"i~d. 

one cont~linel' fir radioactive 

TOTALS FOR PERIOO ENDING 12 31 61 

ISOTOPE COST FOR DISPOSAL OECAY" USED RECO 

51 23.5~ .1519751£'-t~1 .6484140E-~ .1219611E+01 .202~0i~E+~! 
13' 17.00 .17811800E-~Z .8668147E+00 .1778840E-00 .I045979E+01 

t:'[c~. 5. Consoli(l:~ted 1'ecord of radioisotopes pur(.,hased 

CONSTANT CAROS FOR REACTOR CREATED ISOTOPES 

ISOTOPE CROSS-SEC HALF-LIFE ATOMIC WT PCT AB 

11 3 5 h ~  644089! 
F 20 | 9 
NA 24 ~536 901 

27 ]2 27 ': 
AL 28 I 0 
Sl 32 pl~l  '151 
P 32 1290 2066: 
S 35 60 I 25281 

S ~7 1140 EL 38 6¢ 3:, 
A 41 30 10! 
K 42 00 1791~ 

~ 4 0  752 

22097 ~0000~0 
24[320 11 2900~ 
2608O '~00~000 
281~90 3¢5~00 
3 ~ 7 5  ao¢0oo~ 
32~066 h 215~0 
32~66 1700 
35th57 2460000 
39I'.~44 39600~.0 
39po~ 691 ~ a  

FIG. 8. This  list rel)resents "constant" ctlrds which are use<] 
in the comlnltat ion of the amounts produced and  disposed of }ly 
using the act ivat iorl  analysis formul,% and/or  the stlinfhir(l decay 
formuhL 
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microeuries equals total received in microem'ies, The L<)ia/ 
of colurrm 5 (milliliters used) plus milliliters disposed o[' 
equals the first entry i. column 7 milliliters received. 

The consolidated record (Figure 5) is obtail~ed for any 
period specified t)y using t;tie swil,eh option of l, he program. 
hi lhis liiannei' only the totals are printed on the 1620 
console typewriler. These totals consist of disposal, decay, 
usage, I'e<'x~ipD alld cosl) for each spcclfied isol;ope. The lime 
SI)Cllil ill nu t in ia in ing  this syst.ent has  been cut  in l-talf and 
hi I i i/all error p<)ssil i i l i ty reduced. 

I{(',[ol'e t t l ly isoix)ties are l/ iait l i [ 'acture(1 l i t the regcl;or, f;ho 
r(~(lli(',slor is re<luired Lo f i l l  otif, 1,he lefg side of l i l le for l i l  
s i iown in lCigure 6. T i l e  r igh t  side is (:olnplei;ed by l)he 
r'~di{tl,ion fac i l i (y  sl,aff and t;he aci;ual f lux  enf0ered. The 
i)ro(:hicl;ion [el ' l i t  (I/' iguce 7) is eonip letcd w i t h  the fol low- 
i l ig i l i [Ol ' l i lai . iOl l :  isotope idel~l,ifical,ion i i i l l i i t )er ,  lo1~ l iUl i i -  
I)er, f<)rni (li<lttid , gas, 'solid, set'Ulll of' {:oniainer),  date,  

1.in,e, mass, £1ux, ra<lial,i<)n l,ime and facf;or. This informa- 
th')ti is punched hi  a car( l  and ver i f ied.  

For each isotope l;here i/ltlSl; l ie 't <<consi;anl; '~ card which 
COli l . t i i is i;he isol)ope ideni, ifical;ion i i t i in t )er ,  cross section, 

MeLhod <)f 
DE :~_~_s a L Cod,:: 

IAES. K'i.2 (211 2LE L' <2{i.L;L Lf! 
I - B u r i a l  I - "l't';lll.qfer 
2 : Sewer 6 - Decay 

I) i sp O [Sp 
I SOt:Ope Form Lee Oak e T ime Mel'hod Name 

1-5 L1 21-25  31-36 41-44 48 73-80 

NA l 800 127611 L300 3 OCDM 

FIG. 9. This [()rlli is c(mllllei.ed al. lhe, l.hne I.he isoi.(ipe is dis- 
p(isod (J[, iI.ll([ l. he niel.liFFd of (IiSlFFiSat iS illdieli, I;e(I ill, t,}iis l.irne. 

0EIAILED PROt)UCTION LINTIHO 
LISTING FOR PERIOD ,JAN 1 FIIRU JAN 31 1964 

ISO DATE AMT TOTAL ANT 
NA 24 I~764 0~00~ ~ 0 ~ 0 ~ 0  
NA 24 10764 000000@0 ~ 0 0 ~ 0 0 0  
RA 24 |a864 00001012 a00~I@12 
lIA 24 12164 0~000001 ~00~1013 
NA 24 12164 00~00J ~0~1016 
NA g4 12164 0200~002 ~0001019 
NA 24 12164 ~0fl~0005 ~ 0 ~ 1 ~ 2 6  
NA 24 12764 f10f100862 fl0~1889 
NA 24 JAN flfl000000 000~1889 

FORM t.OT NO 
I 791 
I 791 
1 792 
I 797 
1 797 
I 797 
, g]~ 
I 

half dire, atomic weighl and I)erconi. a.bunda,/c,e (Figure 
8). The amoul~t, (ff each specific iso0ope is computed by 
i;he activai;i(m at~alysis f'ormuh~ 

.t;{131 

'1 .602lF'b~,oe N (1 - -  e u,~ ) Z g -": :~ 

~ v h e F ( )  

. / l e  - -  a c l , i v i l y  a t  l i l i i e  ( ) [  r e i l / o v a l  [ l ' o l n  i ' e , q , t ! l o r  ( d i s ' s e 0 )  

~v ~ ~ l l t l l i i i )e l '  e l  alo~lis pre, cllrSOl > 
II I f .LSS ( l l l g l l l ) ) ~  percent ~tbtlild[ille(! 

at:orate wcighl; 
77, 

/7 = flux .......... 
ClI'I u - -  s e O  

b = (:ross-secl;ion (bal ' t lS) 

t = i r rad ia t ion  ihnc (n l i nu tes )  
T,,, - hal fJ i fe ( inhul l ;es) 

A t  t ime DE disposition, lille h e a l t h  physic, isl; provides lhe 

followirlg hrlforniation (Figure 9): :isotope :identification 
l lu lnbcr ,  lot  number, for l i l ,  time, date, manner  of disposi- 
tion (burial, sewer, transfer or decay), and if lmansfcrred, 
to whom transferred. A card is punched and verified for 
each isotope listed on this disposition form and decay is 
con,pul;ed by l~he standard decay formula. The  ainoulit 
\vlih:h is being disposed of is also oornpui~ed l-il; l,hls l,hne. 

l,istings (Figures 10a, 10b, 10e) are lllade fl'oll:t I;he cards 
which are generated for production and disposition. The 
consolidated record (Fig. 10c) enables us to fulfill l.lle 
record keeping requirement as indicated in [l'it;le 1(), para. 
20.401b, Code of ICederM Regulations. A(; all l,ilnes it is 
possible t.o know the anfounts which have been produced 
as well as disposed of as required by U.S. Al;omic Energy 
(,O i l l  I SSiOII. 

Aclcnowlcdfn,zenl.. I wish to thank R, iehard E. Ogborn, 
M.I)., (~hief, Iladioisol;ope Smvice, and Alan J. ]31oteky, 
lleactor ]'liysieist, for their technicM assistance. 
[ [ECEIVI!H)  S E P T E M B F ] 1 %  1964 

Ftc.  10a. l)ei,aileFl listing(Ff each iSFFIOpe iiroduced 

REACTOR CREATED ISOTOPES ACCOUNTABILITY SYSTEM 
ACTIVITY REPORTED IN MICROCURfES. TIME IN MINUTES. MASS IN MILLIGRAMS. 
AG 21~ IS A G I I ~  METASTASLE 
BR 8~I IS BR 80 METASTABLE 
CODING SYSTEM I LIQUID 2 SERUM 3 SOLID 4 CONTAINER 5 GAS PRODUCTION 
CODING SYSTEM I BURiAt. 2 SEWER 3 IRANSFER 4 DECAY plSPOSAL 
2 DECIMAL PLACES 
ISOTOPES FORM I, 2~ 3, 5 
LISTING FOR PERIOD JAN 1 THRU JAN 31 1964 

ISO DATE UC PROD UC ACCUM DATE FIOW DISP UC OISP FOT DISP POR 
NA 24 10764 ~0~fl0~ ~0~0~ 11364 FE DOSE SWR 00000~0~ 0~0~0fl 1 
HA 24 10764 ~0flflflflOfl 0~00~08~ 11364 FE DOSE SWR ~0000~0~ ~ @ ~ 0 0  1 
NA 24 10864 ~0~01012 0PPOlOI2 1fi864 OCDM TRN flfl~983 0000~984 1 
NA 24 12764 0e00~862 ~e~01874 12764 OCOM TRN 00~0~834 eoeei819 1 
NA 24 JAN TRN ee~e1819 BUR eooeoeee DCA oe00eeoe SWR o~oeee~o lOT 0ee01819 
CL 38 1 164 00~0~03 ~0~3 11364 FE DOSE SWR ~00~0~0 0000~00 1 
CL 38 I 764 00~fl0~01 0flflflflflfl5 11364 FE DOSE SWR 00000000 000flO~fl I 
CL 38 JAN TRN 00~0~ BUR 0 0 ~  OCA 00~0000~ SWR ~ TOT ~0~0000 

lq(~. 10b. l)eL:lJlell listing (Ff each isF)LOlle disposed of 

REACTOR CREATED ISOTOPES FORM I ,  2, 3, 5 
TOTAL DISPOSITIONS FOR ,JANUARY 1964 

I SO MONTH TRAMS BURY DECAY SEWER TOTAl. 
NA 24 JAR 1819 1819 

1819 IBIW, 
EL/ (14 JAR I I 

I 1" 

Fin. 10c. Consolid t ,ed listing of total amounts of o,.i.('|1 l, ype 
of isotope disposed of for any t)eriod Slle.cified. 

RF, FFAIE NCE 

1. ()(retaiN, 1{. E., I)UNN, A. L., LAnNEItS, E . L .  A radioisotope 
aCC(FImt.ahility system. A,~#Lc} 1. . l .  lf, oentgeen, 88 (Aug. 1962), 
355- 357. 
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