
,
- *

.

# = .- . ]9
. . '' .,

, . . . , - *
.

..g' .

, _
,L. '* . $- * *

'

O .

\.
* . - - ,_. .. ,

, ;, ' '

-s. . . _. . . , .
_ _

f,.,.'
.

1 .. .. ." .
.

' ' *
-

'. - -~
_

"" . . . _e,,

.n ' . ~ , - | *?.'t' . ft-
'' ' * *- . , ' ''* ''o " ' . * ' ' -

.

' "
" ', ;.

D '. . ,

- ' _ . . ' , '
'

' _
. .

.

...

.? ._
- : '-

* - ~

I
-

" . ' ,
.- ,,,e

' *. - '
,

'

',',?.
'

. . . . . . . gi
.- . ' , . .; . 1,-7. ',

'

. d ;' .7.1 f '. ' . . ': ,
, , ,

g

p
' ' ' .: . e : . , - -

,'

' ' .$ ' '. .1, e, .'.. ',. 9 Y,'.,- .

s'-

,s ( f. ' , . I' . S'a
- , .

. ..._
-

,.-, -

- .. . . , .*

.

- $ ' ' '

4~. .

.'' ' ' , ' , ' ,. 3
- : *g " ''

.f , , ,a . .

e '' , ' , '*'.,*4 . , k' ' ' .. '_ ,
= - -

_ ,

,' '
" ''

.

,i/% '

. : ", #{
. > ' * * 9,- . .. .', . ' . . . , .

,
,

_*/.
,

'
-

'y'..',,. W
. a,,'

- p_
. ts -

'

_ ,

;
,

; ..s .

. '. ' ' '' Y 'y' ' '

. ' , ' ' ' '. . -
.

:, , ,' . >, ' . '- ' '
.- . b , y ,

,- . . ;' , .

M, . 4:. , .
-

, 4,.

4 s- 4 .. ' , .

-
.

3
.

'

,'.' .''< ;./ . .- ' '
' '

4 g-

' ' *. ' .. 7, g ' ; .'
,

. .. ,{'Q . . . ' ,
* g ,,, .. . ' - ' .,

, . r .,.

.

. | * f .4 ,g *...;. - . . . . 3
*

*
. .

'
- * s . ', ' : I.i . i ,

-
4' . i :- ,
'') , , -

[, f. . . ' A',' . [ ' . ', ; . , ,
.

'I' j|,,' _'. , '; ' ' .O , . , ' , - - ' ''
'

, ,

..
'

. y,
.

'

,.

't. * g ,. g." ' 1 ",* ' d' s
C

,

. , . " / [. . .* . , - " .'' , , .

'
.

~

% ,,._ _,

' '

'

. , , -
'' 2 $ -I

' '
; , ,' , ,,1,._g .

'5
. . q

'

'

, >' . ' ' ' . , ' , ,
, ,

' gd,4 *'s,,
,

- -.~ . ,
-

-
#. - -

~

. .('|?. . = ,-
i, . . +

g''

i - . ' || . ,s., . . .

' '
'

', . '_f_ , _ '., .. '

'.,,'....,..: .* , '.
. ,

,f. . . -

. ,,
.

- '

.. , , , , . ,
.?- '. * *:. :

a - _. _ _ y.
*

-

, . , . ' . ' - 'g ' j

[.d.. ,4
,

'

. . . ,. .q .
', .

.
- .

,* ,

. .. -' - {' . , ' . . g 4
:# i 9.*

='4 i' g
i:

;
'

*
2,' , ' . , 4.- . g. . . . .

, , . ._ . ..)-
*' ;- .. s

' ~ ''

.'.....h '
a9.

. e
. . 4

- . ' -
t, .'

,.. .
. 3 - L ,.;

',' 's.d. . ' E "',_
'-

.
. ,. -', .$ -

g

. .s
.

.- ..;.... .

8. ;. i

''
'

. .

. 'E ' , . ' 4'
'

h, ,,

p's 7.. > . , . .

- - m:, . .. - .. . :.. .
.

, ' :1 - - 4.
,

..
* t ' $.i

' . '.i . 5.
'

y

'

h, , ;' .' ,
...,'#, ,' M. ,_- '

i - , ,
=. .

'3.,
* '.. . . , , ' '.[4 , . ,e ,' '

., .. ' . . , J..., ,
, , , , , . -

- 'v. ,.

' .
. ,'

',
'

7., .
.

. ' . . '' d .. ' a' - - ' ' : ?} . ,i , - ,
. ^'.. , , . . ..

'
.

. . .g ' . .. - - . .r ... . . - . . - . ,.
' s . . 6 ,

. *=
_

*4 ..

* '

s
.

. ,, ,

,

.
4'' .% . . .- ., . , , g.f a, y -

- '
,J. i.:,' ,' . , J,s ,

.*
. .. av

" * -

'. .
-

. . .
- .; .. .

*
-

,

4|'
*

-
'

.... , Q% ' ' Q |,'-.. ... . . - '. Q-.- . '

*'
'

' ' '
'

[._ _ '.i - Q%;> ' '_- : . . .. . - ; ; , yo -;, ' .

,, _ ,g 5 . .. . ,,

. _

-

' '
_ .'

'
-

, _. u . .

. . . . .. .

: . . . ,, .. .. :\ : . ..; '..);. ,_., i ' . . . . ,

.'
'

* . y%;

-. .
, ; .

.,.

' - ' '

) *
.

' * ' '

$ h h' * 4 %
,

,.

, .. - h. . x _ ,. r. - _ . _ e. . p . . . .
. ,..- -. 6 . ,-:. :

,
v

-
.; - ..

'

. ' . ,, ; ' ' } ")', - d.,'- ' '

~ : [ ' g.
'

'

:
'

> ; y ; y ; q g, g; .: :. , .. p y . ,g
,

.

.

.

.
.. ;



# ' *

.
$-

'

q ,
', ' |.

*
'

~ - '

...
*

.

*
_

o..
,

s
-

'#'

'
v. s p.. r

3 .z . ' . . . , , " , .. . . ; -

* *) \ . ,, L ** . g .7 . hF. . , ' , . . .".:.
*q, , ' * ,

, . (,

, g; ' ,...
N

4' , ; ; , ' , , . . .j. . :.y ,. . . , , , , . .
<

r
-

- ; - , , . ,
-

,
*

, 9,

4,.. 9;.e4, Q).
< ov.

~ A
-

a , d ,",Q '.u . ns . ? ' , *
_)

. c .t ,% ;. *> ;,
^ . > -

, ,'e ,';,.,g, p . ,'
?

,
, $_ I,; - , . ' . j, A * * 4?

_

g*\
' , , ' . " ,

,i q *
g. * / . , * , , , . , , ' o,_ . , , , '

:
_

,
, * -' ' -

$s i . . j e '. # - ,.; ,
r"

*. ,..

; . . .

. , *>, . ,, $ r; , *

-*$..,<, _ ,''.',*'',,....t-. ' ..- ..
, - ',

p , , . - .. ..,y. -
, , ' . . . .

. ,

. .
,

' 1,4 + *s.. s s j ; , .e , ; *
s. .- :, -

-

e. , . , .- --

*i:, '.. 4,y,. Y

,. ' , ' . . . *- ;, S ' J 's . - ' '.
.%

_

e
* ,

' . . . . < ,'
,[ - , ',4.,',8

, c. ,
.s y.. ,

. ., ,:
t

_

.

.s.
. ,f

i .,. s. s . ,

.

,
. , f ' ,* '"' y," # i(

., ,' ' ?.
', *-+6 3., .

. . ' , , .- .' < .',',p,.* ,,. '
, ., .. y

'
,

M * '' . ' '- 4 '. '* . , , , (.. .,.
"

., +- . .. ,

.,''-4 '3
, -(3'

.

;1 (, }.v-
: '+ - 4 .

.

t,
.

..

r4 4 '*
, , . - j.

'

P
' '

..
% ,a. '

'3 .
'" - - '

'

l. ',"rc.. er . ^; v
.

.

, ' J [. r . 1'. d*<L.g..p ? , .j .
.

, .Y.- + T '' ' '.

>

.O., ' %' -

s -[['
'' '

- i 4i
- . ,- : ' . * l ' ' f . ', . .. . , , ,

.

,..o
.

., ,

,? ( . ~. _ o_ .f [* 5 | ' |||j '. Q ',' ~ ., ." ;; ' . . . ' |A.Y,c,.
,_,

. .c : ,- i. . s

. '.27 *.t {. ) g .. A , ,)*, :* .
,

*
. ,.

a
'

}- ' y_

'

s q g .

.' ' . , \ . , } f ''. .;|. ,J.*'. #* 'Y<
'

*l*;. .
\ sY ;. . [, . , .. ,u

3
.

.
, . . . .

.

. '
.

.

, ,
.

,,n

'Q i .. ': .' .. [ ' s ..\ , _ ; ,; ;i . j _ ..,we i,: j . , , - -,. , -. . , . .. . . , . . ..- , '_ t ,' _ - ', ' h .s , - L ' _. 4'','
i' ' *

.-
^ ,.* -

..

yg
- .,- ,.,... o,a:Vc . . . ,. ,- . s,

. ,

.7, ,
.

'

..,

- . , ..
._ .

' ;' . ', * ~ '

' '. '
[

'

| :.,
. ._

.
*

.
, _ . [ . ' ..

>_&|y , - (, n 'a , ,. . x i,..;. - -
-c. sab. -

.. .h.. [: .. ; ' s- ..* a - ,' ' 'c,- . - - - 1Lf . N.

; 4_ . '. '' f n ," . ._. ; c ' . x.' . -
.

, . ' . . . n .. J. :
,

a- . , . . , 's. ' .'F.'.[.. ;_: ( ;
. -.

: :: ,, ,;; _ . ..;.. , ,2,.U st _: , , , . * . .; . . - .
, ., . .,- g 3 - p. . . .,- . , . ,. - 4

| . :| ' . Nf N- V .. ' '
; : . h.h. ~ ;. : | '., . [ | . , . . . a .-. .

: ,' . L ' - . , '
[. < |': e' -': )

''

, ',..,q' '*

_

,

.. .. . . . . . , , .

._s_ _ .. . ., . :..}:. ,.; ,; . ._
..;- . ,._ . ; .

. ...
c.

.

.4 .. 4. . , ' , , ; ;
t . ,- .. .

J 3 '. ,, ' , . . . - ;g *
. 33 . .f . ..,''.3 . y 4 ' ~ ',

**

'. . . , ., ,
' * u . ,

,

; ++ .

. ' . ' . t

,sg
'

' s

,. ,, \ ,. g
.

.

{. ", . 4
.

.; ' ' .
, , , y - 8 . - . n. ,.

'

..
.

-

., j - . !

34 . . . ' ,' g -
.,

. . . , .. . .,.

# *
,

t , .'$

y.'.y. 3, c..
. .,

, 'gW ,', 'l b'.. ; [ , | 3, . "
.

. i4 .' .. ( . .

: ;- ;c
, .

v; _
., g - ~ :,.;y.,..

,,

d 5.o $ ). , .
.

~ .. ; . ,. .
^

.. (.y + , .
- y L; ? '. - - 1'.'~

q.. 7. t.<.
q.- ) . - )( . K . .1; . .9., g_ g g .: ,; '. , - .:

_ ;
. .. ; . . ,

.

'-[...vj.4Yp. - ' ' ; . .
g. . , .. ,,.,

f- (j j % J .

m. . . 79 < . . . . ..v ,
. , .v . ..

e
. ' < . , - h.. ..* *

, .,,.p .?'. .r*
. .

, d :|
_

.

' %

.:
. ,. . . .j)<s '[ Ym.&.

-

y .m- , , y~,1
.

-
. . . -|

'

h ' '~. ''

g , , | * f . j,
. . |..: . . . , .,j. . :-: ...,'n .y; .~- - - ..o ,p 7., . .

p.. y k ' , y _ v ' - &-
..

.' :: . 4 :'[[3._; ,;
-

- 7
. . ..,

Q M ';. ,
.

~.
- x 1,

- V ' '
3 4-

$. Ni .{. .&. .L,', .

'
.

'- g,y. L' 't . ,;
*

k J- +. 5g ,,
-

,'f't,
''.; n%- . , . - __ f .j N .y. , . ,; ,

:. f , _._ . S .' [ ' ' . . . ; ,.
, s ..t

. .; A,} ;; f. . [g < y , , _ . . . ;94 . , <- .-y.' ..g ;-. ;y -4; Q
%.[ , J, , .; .y * . .. ' z; ', .

.

-

+
.

.:

! ,.,.y,..<,, 7
.e2. .

. . . ..

c A. ; :. , - .

...-
< s

. . 3 . . 4, .. , , . , .w,e .. : . . . . . .
.

s '. - . '' '~ - 't - hGYpf.y.4
-

,.

.R+, . ..\,;Q f . J '
.

b ', c:

1, , n. . e h,.p.

3,,% . e
- . , ' . .,.4. | . 3. - :..p .,- . f .1: <, ., , .. ,d i-

s y, ' , %;g', 4 'r ' : _.i
.9

.

: / +3
'

'~M.,, ,

- ' W4 . g
. _,.: ,;

t ) ". g,
.

, . . . . . . .. . . . .. . .

=.a
- mg ,

;p , ,y , ,i . ,,_

- - - (, aLy .

.~,;fg
"., . , . - .

9

.

;. .: .; .
1 . .-

. , ~
. . . .$. y , 7:.,. . . . , , . .

g, .a x. , .
. e. . . ~

.:.. 9.,

. . ' .
., - . . " . . -.- Q v o. .,

p , ,,. .+.o

c..'*, p3 ' . u.J.
.

';od.O
'

.
.;. .'*.

.

r .
y..'- ;. - .s-

. 4 g
..?

' J- . . . :
^ ' - -- ' ' ' . , .. +

y,". f F; )f. .:. . y;f , f ;? k - ' ' . ' . ' . ' . '
'b ' .,.

i .i
s-

. . '. -
'%','~,.'* ' ' + . ' - ** *

';

'. / . ' . '.: A : .-
, - <

-
' - -

.- ; : . _ ,' .' 9 '.'''k;;:: '. - :. ..'....;..'.+. ,

, |
...n

-

* ' ' %;
g. . y [. ..., .- .. . c .. -

,,

; - ..t . .; . . - x.o : , . , . ,. . b , - .. . :,,n e,...

.i g . sa ,. . , . , - .,.i

. 1,d. . . - . . - a
v. : . ,,

-

, . -..,a . O, , - . cc . , . . .
, . . .

-

, . . . 1 . q 1.c - - .

.s
.

.
3

'. , y *.
.

- *
,',p

,l .' {' ' '., ' *.
c. , . ,

(. .. .. ,

,I, - ".. f , , i ..,. '
''...,'!

. , d; ' .,.J: - ;, ''. g ..g ,. . J.

m;y' . .;,q],'.''..y,
. r ; .; .y .. .

y

., . , _

9}y. . ,. ,. ' ' ' . -7f.,_
;,.. ._ y ....,*.

.,

W.;'(
,

'

0,, . c.,;.
.

;i _. ; -(.' , . . '. , - s . y f . .g. . _ ; y*

:. .s. ~ . .y~F . .- ,. y-^ _._: ..
-

, ,

;
' '

3.,.,a}v ; 7..,m..;. ;... : . ,' p y,y. . .g 3 n.9
.

.;,;z, .. a .-, . q:g , ._,,..;,;4; e, . .
.. ; . 3 . *; c . .c.7 .. %. . 3 .

*.. ;. :, . w(f . .. p.3,,:. j., . .
n; . e 7 c..;c : .-.

J. . .. .. .
. .. .. , . ,~ . . . . . .. ~. .. ' , q ..; . . : . ' ' " 4 , . . . . . . .

, ..

.. - ;,

. . :

, , '- .' . .,. _

,%,..-
.

'

' -..T,m, ; ' .]'. ' n
h. c y ,,'; . .y , g ,

.',c , y .. gg .. }3 - ,.j ,_

4

.-
_.

t ; , j; . ,s...
.

...,y . . . . ,. ..
g, . . : , w

: . ~ : .1.
. ;.,z , '. _. )..

. . . .

-

,

.

..j.,. . .. ., . ; . 7. . , ..,, ,,, .

.y.;3....c....~, . . . , ,;
.

.

. ,. ... g. , : . . .c,-.... . , . . - ; ;; .. .. ;g
,

,. .. c. , .
.

' h. . . ' 'g$ ,' ~

I'. '
. '. , ; ' . . * ' . ,. .

s. a ... . ..~.+: , , . . . ~ . . .. . ~ . .- . . . . , . - + s. - . . . .-

. . ' . ' ' .
' .1,\*

, ,. . , .g .- , . . . . ,

; - ..
n. e; w, h : J y< .. ; , m. , . k

b; -
:. o ,: m.. .

;w.w..~. y,,c,.; m. ,.e. g.6y
-

v.3. *3 i. w, . . , -.y
: .

-

y - y . .

. .; ...

. y. ,. x
.. - s. ' .

'y[k . cg :. 3.2' f'. . ,7.. .

f ;[ t
.o

''.'5..,*. |M 1 .' :).f M . .1 h. ; , ~, . ' ;. g. .y .,',',S
. . .. . .

,

,'
~

- i
. ;,. %t . ~ , ". ..

?. .c . .; ; _ ., .. .c.: .

n
. . h , h .. :

. ,,
'

u.;, . ..r . g .... ry n ..a..: A,+|e.,
.

I

:;...g a.ne .. :;'.
.

v,:.,
m.a.w,. . m.n. m..w.m., ny.v, u . m. - s .- . .

y
-

.

.. rs. r o

' '

,
; .



_ -

. .

AVAILABILITY NOTICE

Availabihty of Reference Materials Cited in NHC Pubhcotions

Most documents cited in NRC pubbcations ndl be available from one of the follomng
sources:

1. The NRC Pubhc Document Room. 2120 L Street, NW., Loner Level. Washington. DC
20555

2. The Superintendent of Documents. U.S. Government Ponting Office, P.O. Box 37082,
Washington. DC 20013 7082

3. The National Technical Information Service, Springhold, VA 22161

Although the listing that follows represents the majority of documents cited in NRC pubhca-
tions, it is net intended to be exhaustive

Referenced documents avai'able fer inspection and copying for a fee frorn the NRC Pubhc
Document Room include NkC correspondence and internal NRC memoranda; NRC bu!!ctins,
circulars, information notices, inspection and investigation notices; bconsee event reports;
sendor reports and correspondence: Commission papers' and apphcant and hcensco docu
ments and correspondence.

T,,e fonowing documents en the NUREG senes are availab!e for purchase flom the GPO Sales
Program: forma! NRC staff and centractor reports, NRC sponsored conference proceed--

'
ings, international agreement reports, grant pubhcations, and NRC booklets and brochures.
Afso avadabte are replatory guides, NRC regulations in the Code of Feceral Regulations,
ano Nucler Regulatory Commission Issusnces.

Documents availeb|o from the National Technical Information Service include NUREG senes
reports and technical reports prepared by cther Federal agencies and reports prepared by
the Atomic Energy Commission, forerunner egency to the Nuclear Regulatory Commission.

Documents avaHaMe from pubhc and soccial technical hbraries includo all open hierature
items, such as books, journal articles, and transactions. Federal Aegister notices, Federal
and State legislation, and congressional reports can usually be obtained from these
hbranes.

Documents such as theses, dissertations, foreign re rts and translations, and non NRC
conference proceedings are evailable for purchase fror :no organization sponsoring the
pubhcation cited.

Sing!e copies of NRC draf t reports are available free, to the extent of supply, upon written
request to the Office of Administration, D:stribution and Mail Services Section U.S. Nuclear

'
Regulatory Commission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory
process are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, for
use by the pubric. Codes and standards are usually copyrighted and may be purchased
from the originating organization or, if they are American National Standaros, from the,

American National Standards institute,1430 Broadway, New York, NY 10018.

_



,

. .

ANALYSIS AND
EVALUATION OF

OPERATIONAL
DATA

$7 ~~

/t -

' N

))'L

\ b -
, ; .

r >
-

,f' \
._

N, ~

<
7 ,

.-

.aw

Q p+""muq
1991 ANNUAL REPORT y" "

e,

NONREACTORS $- :$
U.S. NUCLEAR REGULATORY COMMISSION $, gy ,[
AUGUST 1992 4 4*H

The map on the cover highlights in white those States for which NRC continues to
regulate the use of radioactive materialin nc' reactor applications. The other States
have signed agreements with NRC allowing them to perform this role.

. .. . . .

__



. . .

o .

Previous Reports in Series

The following semlannual or annual reports have been prepared by tha Office for Analysis and Evaluation
of Operational Data (AEOD):

Semlannual Report, January-June 1984, AEOD/S405, September 1984*

Semiannual Report, July-December 1984, AEOD/S502, April 1985e

Annual Report 1985 AEOD/SG01, April 1986e

Report to the U.S. Nuclear Regulatory Commission on Analysis and Evaluation of Operationale

Data ~1986, NUREG 1272, AEOD/S701, May 1987

Report to the U.S. Nuclear Regulatory Commission on Analysis and Evaluation of Operationale

Data-1987, Power Reactors, NUREG-1272, AEOD/S804, Vol. 2, No.1, October 1988

Report to the U.S. Nuclear Row'latory Commission on Analysis and Evaluation of Operationale

Data-1987, Nonreactors, NUREG 1272, AEOD/S804, Vol. 2, No. 2, October 1988

Office for Analysis and Evaluation of Operational Data 1988 Annual Report, Power Roactors,e

NUREG 1272, Vol. 3, No.1 Juno 1989

Offico for Analysis and Evaluatio's of Operational Data 1988 Annual Rcport, Nontoactors,e

NUREG 1272, Vol. 3. No. 2, June 1989

Office for Analysis and Evaluation of Operational Data 1989 Annual Report, Power Reactors,e

NUREG 1272, Vol 4. No.1, July 1990

Office for Analysis and Evaluation of Operational Data 1989 Annual Report, Nontoactors,*

NUREG 1272, Vol. 4, No. 2, July 1990

Offico for Analysis and Evaluation of Operational Data 1990 AnnualReport, Power Roactors,* n

NUREG 1272, Vol. 5, No.1, July 1991

Office for Analysis and Evaluation of Operational Data 1990 Annual Report, Nonreactors,*

NUREG-1272, Vol. 5, N- 1991



,
- - - - - . - - - . - - - _ _ _ _ _ _ _ _ _ _ . .._ ,

9

Abstract

The annual report of the U.S. Nuclear Regulatory reports, diagnostic evaluations, and reports to the
Commission's Office for Analysis and Evaluation of NRC's Operations Center. NUREG 1272, Vol. 6,
Operational Data (AEOD) describes activities this No. 2, covers nonreactors and presents a review of

office perf ormed during 1991. T he report is published the events and concerns during 1991 associated with

in two separate parts. NUREG-1272, Vol. 6, No.1, the use of licensed material in nonreactor
covers power reactors and presents an overview of applications, such as personnel overexposures and

the operating experience of the nuclear power medical rnisadministrations. The reports discuss the

industry from the NRC perspective, including incident Investigation Team pro 0 ram and summarize

comments about the trends of some key boththelncidentinvestigationTeamand Augmented

performance measures The report also includes the losnection Team reports issued during 1091. Each

pr8ncipal firxlings and issues identified in AEOD v ;ume contains a list of the AEOD reportsissued for

s''idies over the past year and summarizes 1981 through 1991,

iriformation from such sources as licenroe event

.
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Executivo Summary

One of the activities of tie 0" ice for Analysis and individuals were employed by a licensoo. Most of
Evaluation of Operational Data (AEOD) is the review these overexposures represent exposures that
and evaluation of operating experience of nonreactor exceed NRC's quarterly regulatory limits by a small
programs involving the use of materials licensed by amount.
the U.S. Nuclear Regulatory Commission, such as
source material, natural and enriched uranium, and
byproduct materials. Our review and evaluation The 16 Agrooment States reported 67 oarexoo-
id erttifies safety.significant events and concems, their sures. Of these,13 individuals were reported to havn
causes, and the trends indicated by the events. When receNed exposures of less thari 1.85 rem in a sir gle
we identify a safety concem, the AEOD staff event. Most ol the 54 remaining exposures exceeded

recommends agency actions to rosolve the pr oblems the quarterly regulatory limits by a small aoount.
undertying the safety concern. Sorne of the exposures may be attributable to

materials not licensed by the NRC.

Many of the States have entered into agreements
Mth NRClo manage the use of byproduct materials, The ctaff estimates that about 7 mdlion diagnostic
natural uranium, and small amounts of enriched procedures, 30,000 radlopharmaaeutical therapy
uranium or other special nuclear materials. These procedures, and 50,000 brachytherapy procedures
States, known as Agreement States, oversee the are performed annually in the United States. In
progrt.ms run by their licensees. NRC licensees addition, about 100,000 patients receive cobalt-00
comp *ise about 30 to *0 percent of the total number teletherapy treatments each year.'The staff estimates
of licer, sees. that Agrooment State licongees perform about 60

percent of these treatments and that NRC licensees
perform the remaining 40 percent.

Approximately M00 licensees are authorized by the
NRC to possess and use licensed materials outside
of reactors. The majority of licensees (about 5500) The NRC received 463 misadministration reports
are authorized to use byproduct materiats for such during 1991 from NRC regGated States, which
applications as radiography, gauges, and well- Involved 520 patients. Of these reports, 444
logging. Approximately 2200 licensees are author- concemed diagnostic mlwdministrations and 19
ized to administer byproduct materials or radiation concerned therapy misadministrations. Inaddition
from byproduct materials to individuals for medical to the 19 therapy misat1 ministrations,2 diagnostic
diagnosis or therapy, The comparable numbers for misadministrationa of lodine 131 in 1991 involved
the 28 Agrooment States are about twice the patients who receivoa thyroid doses of more than
numbers for NRC regulated States. Sixteen 1000 rado each, a dose far in excess of the dose for
Agreement States provided data to the NRC in 1991. the diagnostic procedures for which they were
These States have a population of licensees that is scheduled.
about equal to that of the NRC-regulated States.

The dominant health concem associaled with the use
of licensed materials is the possible damage that can 'U.S. Nuc'9ar negulatoiy Com'rssion *10 CFR Part 3s, Basic

occur from overexposure to radiation. In 1991, NRC OuWy Assue m c% yam, Records and Reports of
Msa$nWsuab m r Ewna Mabng to me N> cal Use oflicensees reported 21 nonreactor events in which 26

" "# "' " *
lodividuals recolved exposures that were greater '

January 16,1990, pp 1G1449.
than those permttled by NRC regulations. All of the

lx NUREG-1272
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| The number of therapy misadministrations reportod theoshold 1o be classiflod as one of four classos 01 an
j by the NRC licensees durin) 1991 was about the omorgoney.
1 same as that in 1990 atxt about two times the

average number reportod in 1981 through 1989. Tho
j number of diagnostic reports was about the samo as During 1991, an incident investl9ation Toam

evesti ated an ovent at the General Electric! that in 1990 and 10 porcent higher than the average 0
rato ci the 9 previous years. However, despito theso Company Nuclear Fuel and Component ,

increases in the numbers of reportablo events, the Manufacturing facility, in Wilmington, North Carolina.
orror rat e f or all types of misadministrations rcmained An estimatod 150 kilograms (320 pounds) of utanium
very low. woro inadverton!!y transferred to an unfavorable

geometry wasto treatment tank. Because of tho tank
configuration and typo and quantity of fissile matorial

During 1991,16 Agreement Statas submittod roports available, the potential for a nuc! oar criticality
from 103 licensees to the NRC of 8 therapy and 112 accident was created. In investigating this event, the

;

diagnostic misad ministrations tnvolving 148 patients. tearn noted shortcomings with rospect to the NRC's

AEOD ovaluated misadministration data from regulations and regulatory guidanco, licenso and
Agrooment States in 1991 for the first timo. licensing process, and inspection program.

The N RC's Operations Conter in Bothosda, Mary 1and, AEOD is in the process of producing a videotapo on
provides a focal point for NRC communications with good practicos in cobalt 40 tolotherapy. This j
Commission licensoos, Stato agencies, and other vndootape will uso data from reported medical

'

Fedotal agencies, Of the 23G5 notif! cations that woro misadministrations to identify thoso practicos that
reportod to the NRC Operations Center in 1991,138 result in the most imquent types of errors. The video
involved nonpower reactor events. A ' Site Area will illustrato good practicos that are designed to
Emergency" was declared - as a result of a avoid otrots whilo - performing tolotherapy
trancportation ovent, and an ' Alert * was dociarod at procedures. The staff will prepare the vidoo with
a fuel fabrication facility. The remainder of the support from Argonno National Laboratorlos.
notifications involved events that did not moot the

!

l

2

|

|
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1 Introduction

The NRC bcenses the use of reactor produced in May 1987, AEOD also became responsiblo for the

isotopes, the milling of uranium, and the subsequent U S. Nuclear Regulatory Commission's incident
processing of either natural or enriched uranium and R e sponse, Diagnostic Evaluation, T echnical Training,

special nuclear materials (SNM). Several States, and incident investigation Programs. Incidents of
known as Agreement States, have entered into potentially major safety significance are investigated
agreements with the NRC to rnana00 the use of by incident investigation Teams (llT) directed by
byproduct materials, natural uranium, and small headquarters offices. Incidents of less significance
amounts of enriched uranium or other special are investigated by Augmented inspection Teams
nuclear materials. In 1991,28 States participated in directed by the NRC regional offices-

the NRC Agreement States program. Appendix A to
this report gives information on the location and
population of AS and NRC-regulated Statns by NRC AEOD tracks the recommendations and staff actions

region. contained in its studies and ilT reports until they are
resolved. The appropriate NRC program office or
regional office acts on these recommendations and

The dominant number of these materials licensees actions. The office to which the recommendation or ,

are authorized to use byproduct materials for such action is addressed is responsible for resolving it.
applications as radiography, gauges, and well
logging and to administer byproduct materials or
radiation from these materlais to individuals for AEOD keeps inf ormod of studies undertaken by other

medical diagnosis or therapy. A relatively small organizations within the NRC and normally will not
number of licensees use uranium or SNM in other duplicate a study unless a particular need or special
operations. Generally, these latter licensed circumstance exists Thus, the nonreactor staff of
operations have little negative impact on public AEOD does not review in depth all nonreactor events
health and safety, or operating problems.

The Office for Anatyrvis and Evaluation of Operational AEOD also coordinalt s the overall NRC operational
Data (AEOD) was created in 1979 to provide, as one data program and serves as the central point for
of its primary roles, a strong, indepe~ient capability interact!on with domestic and foreign organizations
to analyze operational data. This role was performing similar work.
strengthened and expanded In 1987 in accordance
with the Commission's emphasis on operational
safety matters. The 1991 AEOD Annual Report is published in two

separate parts: Power Reactors and Nonreactors.
AEOD implements this role in the nonreactor area The report on Nonteactors, Vol. 6, No. 2, is an
through the analysis and evaluation of operational ovei view of events reported by nonreactor licensees
safety data associated with the use of radio- during 1991, together with a report on the activities of
active materia! sin nonreactor applications. AEOD an llT in the nonreactor area.
publishes studies of spocific operational events and,
as appropriate, recommends agency actions to
reduce the probability that these events will recur More detall on the events reported by nonreactor
with the same frequency or will lead to more serious hcensees will be found in the following appendices;
events.

1 NUREG 1272 Section 1
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Apperxfix A. Report on 1991 Nonreactor Appendix E, Reports issued From 1981. .

Events Through 1991

Appendix B. Report on 1991 Licensee Appendix F, Status of AEODi . .

Misadministrations Recommendations

Appendix C, Report on 1991 Agreement Appendix G, Status of NRC Staff Actions for. .

State Licenseo Nonreactor Events and Events investigated by incident investigation
Misadministrations Teams

Appendix D, Summary of 1991 Abnormal.

Occurrences
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2 Feedback Frorn Nonreactor Licensee Operational Experience

During 1931, the NRC receind reports on a large special nuclear material (SNM) (prodominantly in
number of events th r invvivnd NRC and Agreement support of the reactor fuel cycle) and byproduct
State licensees. This section provides an overview materialsof SNM.Of theselicensees,about5500are

and summary d these reported events involving authorized to use byproduct materials for such
nonreactor f acilities and medica misadministrations. applications as radiography, gauges, and well

logging About2200medicallicensocsareauthorized
to administer byproduct materials or radiation from

2.1 Overview of Operating these materials to individuals f or medical diagnosis oi

therapy. A relative'y small number of licensees use
perienCe o,,miom ,, ss u in ,,,, cyc,, ,,,,,,,,,s.

The dominant health concern associated with tho use Because the 16 Agreement States for which 1991
of licensed materials for nonmedical uses is the data has been reviewed have about the same
possible damage that can occur from overexposure population as NRC-regulated states, the number of
to radiation. Lost or stolen radioactive materiais are licensees in the two groups is estimated to be about
sometimes a source of exposures. Data on leaking the same. Although the number of licensees may be
sources can provkje inforrmation on dc31gn about the same, the number of licensees in certain
deficiencies or end of life problems with spe.ific categories in Agreement States may differ from that
sources, both of which might lead to personnel n NRC-regulated States.
exposures. Events that involve release of radioactive
materials or result in the introduction of radioactive
material into consumer products can also t asult in 2.1.1 Radiation Exposures
unplanned exposureto radiation The overexposures
that NRC licensees reported are discussed in
Appendix A to this report.

2.1.1.1 Radiation Exposures From Reactors and
Nonreactors

The dominant problem with the 'Jse of radioactive
material in medicine arises when a stati member wh

Sources of Radiation Exposure
delivers the radioactive material or radiation dose to
a patient does not follow physician's directives. The
misadministrations that NRC licensees reported are

The six main sources of radiation exposure to people
discussed in Appendix B to this repart.

are natural;adiation (82 percent) and radiation from
the followirg five man-made sources (18 percent):

al uses, ocwpahnal acmes, near po
In t ddition to events NRC licensees reported by

duction of electricity, miscellancous environmental
April 30,1992, the NRC was provided information on ,

sw s, aM consumor products. According to the
all nonreactor events and misadministrations adonal Cmnd. on Radadon Rotedon and
received by 15 Agreement States. In addition, NRC

su e s, h Mal amage de&O ese
received reports from Maryland for part of the year.

equ; valent to a person in the United States is approxi-
These data are discussed in Appendix C to this

mately 360 mrom per year. /* bout 100 mrem per year,
report.

:

lonizing Radiation Exposure of the Populat,on of the United
The NRC has approximately 8000 licensees DMes, CRP Nport h 93. National Cooned on Radiation
authorized to possess and uso natural uranium and Protection and u asurements, september 1987

3 NUREG 1272, Section 2
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AECJ Annual Report,1991

per year comes from natural back round excluding involved with industrial radiography, manufactuilng0
radon. Tho lmportanco of environmental radon as the and distribution of materials, low level radioactNo
largest sourco of human exposuro (about 200 mrom waste disposal, independent spunt fuel stora0P |
por year) has only recently roceivod public attention. Installations, fuel fabrication and processin4 e.ado

The averago person in the United States recolves an reactor operators aro requirod to provido annual
offoctive doso equivalent of about 50 mrem por year summaries of exposuro data for individuals for whom
from medical applications. The wholo fuel cycle, personnel monitoring had boon required.
Including operation of reactors, contributos foss than
1 mrem por year All tho other manmado sources of
radiation cornbined add up to approximately 0 mrom The most recent data readily availablo for this group
por year effectivo dose equivalent. of licensees ato for 1990, Data for tho licensoes for a

'
5-year porlod from 1986 threugh 1990 are glvon in
Tablo 2.1. Roactors monitor about 10 times as many

Almost all of the radiation dose from nuclear power individuals, have about 10 times as many IndMduals
plants is occupational doso, that is, the doso to the with measurable dosos, and are responsible for
nuclear powor plant employoos and their contractors about 10 times as much collectivo dose as the other
who work at the plant. Because the economics of categories of licensees. Operations that directly

.

operating a plant create a strong impetus to lower support the operation of reactors (i.e , independent -
exposuros and achiovo ALARA objectNos (As low As spent fuel stora00 and fuel fabrication and
Reasonably Achievable), utility violations of NRC processing have collectNo dosos that are about one
limits on personnel exposure are raro, and the vast percent of that of reactors),
majority of nuclear power plant personnel have
annual exposures far below NRC regulatory limits
specified in Part 20 of Title 10 of The Code of Todotal Of the six catogorios of licensoos that are requirod to

'

Regulations (10 CFR Part 20).The rulo of-thumb for report collective exposures for monitored individuals,
;

occupallonal exposuro is i person-rom /MW.yr. The industrial radiography has the highest averago
actual moan valuo has boon roduced from 1.91n 1973 measurablo dose por worker. In each yor except

'

to 1 in 1985, and to 0.55 in 1990. The reduction is 1986, tho average doso to workers in industrial
believed to be primarily the result of the licenseos' radiography exceeded that to workors at reactors.
extensive doso reduction efforts and improved fuel For each category of licensoo, the average

'.
performance. Somo mcasures that roduco collectNe measurable doso per worker is far below the
exposure are the licenseos' offorts to have an allowablo limits established in 10 CFR Part 20.
offectivo maint enanco prog ram, ex porloncod a nd well Reactor licensoos, by virtuo of the large number of
trained personnel, a good water chemistry control employcos, had the highest collectivo exposuro

'

program, effoctive decontamination and cleanup (36,947 rom to 203,434 people) for 1990, followed by '

practices, good fuel cladding integrity, offectNo radiographors (2120 tem to 6523 peoplo),
radiation exposuro control programs, and an alert manufacturers and distributors 1693 rom to 4195
health physics staff. The performance of reactors is people), and fuel fabrication and processing (287

L
discussed in NUREG 1272, Vol. 6, No.1, rom to 13,756 peoplo). Low lovel wasto disposal (26

|. rom to 784 pooplo) and' independent spent fuel
| .

_

st orage (6 tom to S6 poople) licensoos havo rolative'y
! NRC regulates both reactors and nonroactor low colloctive dosos.
'

; applications of nuclear materials. All NRC licensoos
are required to supply- appropriate personnel-
monitoring equipment to, and roquiro tho usc of such Over this 5-year period, the average measurable
equipment by, each Individual who receives or is dose has declined for independent spent luol
likely to recolvo a dose in any calendar quarter in storage, . fuel fabrication and processing,- and
excess of 25 percent of the allowablelimits specified commercial light-water reactors. The avera00,

l

in 10 CFR Part 20. Cortainlicensees, namely those measurablo dowe has romalnod constant forlow level

Nureg 1272, Section 2 4

. . _ , _ _ _ __ _. _ , ,u, - _ . _ _ _



-. _ .- _ - - . - _ . . . - . .

Nonreactors-Operational Exporlence

waste disposal and has increased slightly for period 1986 through 1990 represents a rato that is
industrial radiography and manufacturing and small; In no case was the overexposuro rate more
distribution. than 0.3 percent of the number of workers with

measurable doses.

A second measura of the control of exposure of
personnel is the number and extent of 2.1.1.2 Radiation Overexposures at
overexposures. A summary of the data on the Nonreactors
number of reports from and the number of individuals
overexpostd in NRC-licensed facilities fo: reactors
and nonreactors for the years 1986 through 1990 is in 1991, the NRC recebod reports of events in which

given in Table 2.2. Data for Agreement Stato 20 ind!viduals received exposures in excess of ono
licensees are not included in this table because they of the regulatory limits specified it) 10 CFR Part 20.

are not readily available. Every year the number of Licensees of the 16 Agreement Statos that provided
events and the number of individuals overexposed in data to the NRC reported overexposures to 07
nonreactor applications exceeded those exposed at individuals. Most of the overexposures wero whole

roactor sites. body overexposures of employees recolved in the
courso of their employmont.

Data on the number of individuals with measurable
exposures are not readily avaltable for all groups of Table 2.4 shows the type and number of
NRC and Agreement State nonroactors; but they are overexposures reported in 1991.
available for NRC41 censed radiographers, .the
licensee category having the largest number of
overexposures of employees. The number of Whole body overexposures. The majority of whole
crverexposures and the number of workers with body overoxposures ~ reported by both NRC-
measurable doses for personnel working at reactors regulated licensees and Agreement States !! con-
and NRC-licensed radiographers are shown in Table sees are quarterly overexposures between 1.25 rem /
2.3. As can be seen, the rate of overexposures of calendar quarter and 3 rem / calendar quarter. Both
radiographers is greater by more than a factor of 10 NRC licensees and Agroomont States reported
than that for personnel working at a reactor site. The severaloverexposuresinexcessof the3 rem / quarter
special radiological problems of industrial limit. NRC licensees reported 4 cverexposures above

radiography have been recognized for a long timo. 3 rem / quarter and the Agreement State licensees
The NRC has provided a special guidance / training that provided data to the NRC reported 26. The
document, NUREG/BR-0024, '' Working Safety in highest overexposuro an NRC licensee roported was
Gamma Radiography / for radiographers for the 10 rom; the highest overexposure an A0reement
purpose of reducing over exposures. State reported was 19.2 rem. However, in two events

reported by a Loulslana licensee, the radiographors
recolved both a whole body and an extremity doso

Data are also available for fuol fabrication and that exceeded rogulatorylimit s.These overexposures

processing licensees. These categories of licensees have been counted only as wholo body over-
report rotatively few overexposures (from 0 to 3 exposures.

annually between 1986 and 1990) but had an
exposure rate that, in general, exceeded that of
reactors. Nonradiation Workers. Two members of the public

recolved extremity exposures ~ In the course of
the roccNery of a source lost on a public roadc A

The number of overexposures reported annually by New York licensee reported that a worker of the
Industrial radiography, fuel fabrication and hospital housekooping staff was in the therapy room

processing. and reactor licensees over the 5 year whiletwo portal filmsweretaken. ATexaslicensee

5 NUREG 1272. Section 2
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, . f Table 2.2 Overexposure events reported by reactor licensees and NRC nonreactor Ilcensees, 1986-1990 m |

4 8
i M > !

,;j Type of Licensee 1986 1987 1988 1989 1990 5
5

u>
g No.of No.of No.of No.of No.of No.of- No.of No.of No.of No.of 5

Reports People Reports People Reports People Reports People Reports People y '

{
| Reactors -4 4 4 4 10 14 2 4 2 2" -

8 |
4 -

t-

Medical & academie 2 2 4 4 6 6 10 17 7 8

N

Radiography . 7 9 2 2 3 3 11 14 9 12 .

t

Commercial & industris; 3 3 2 2 3 3 0 0 4 4 ;

Fuel cycle 1 1 1 2 I I O O I 3

Other 3 3 2 2 3 4 4 4 0 0
J,

,

i

ca

:

:

Table 2.3 Overexposure rates reported by reactor licensees and NRC radiography licensees, 1986-1990 <

Reactors Radiography Licensees
4

:

No. of Employees No.' of Workers No. of Employees No. of Workers

Year Overexposed w/ Measured Doses Rate 0,erexposed w/ Measured Doses Rate,

6

1986 4 100,922 0.00004 9 5,130 0.002
4

1987. 4' 104,330 0.00004 2 4,454 0.0005

1988 14 103,227 0.00014' 3 4,223 0.0007

1989 4 103,253 0.00004 14 4,352 0.003

a90 2 109,702 0.00002 12 4,458 | 0.003

:

!

'
_ _ _ _ _ _ _ _ _ _ _ -. . _ . . _-. _ _ _ _ _____ ____ _ ____ _ ___ _ __ ._ __ _ _ _ _ _ _ _________
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Nonreactors--Operational Experience

Table 2.4 Personnel exposures regmrted in 1991'

No Reported by No. Reported by
Type of Esposure NHC IJecnsees Agreement States

Whole txxty
1.25 - 3 rems / quarter 14 30

5 rems / quarter 3 153 -

5 - 7 rems / quarter 0 5

7 - < 12 rems / quarter 1 3

> = 12 rems / quarter 0 4

Unspecified dose 0 3

Nonradiation workers 2 2

Skin 1 0

Internal 1 2

Extremity 4 2

Eye 0- l __
'

reported that a nonradiation worker entered a sixth individual has worked with materlats regulated
barricaded and posted work area during by the NRC during the period when he roceived the
radiography, extremity overexposure from X-rays.

Skin. An N.. licensee reported a single over. The 16 Agreement States that provided data to the
exposure of the skin of an individual. The acttr NRC reported two extremity exposures - that
overexposure was recolved in 1981, but was exceeded the quarterly limits,
discovered in 1991 during recalculation of doses .
prior years

2.1.1.3 Compar! son of NRC Licensee and
Agreement State Data

Internal. An NRC licensec reported an intemal
exposure that was about twice the regulatorylimit,
and an Agreement State ilconsee reported two The 16 Agreement States that submitted data to the
individuais with elevated uranium concentrations in NRC reported the overexposure of 67 people in
their urine. .1991, None of the whole body exposures exceeded

20 rem. In one event reported, as many as 13 people
received overexposures with the maximum exposure

Extiemity. NRC licensees reported six extremity being 1.84 rom. NRC licensees reported 25 over.
exposures. Three of these were occupational exposures, with the maximum overexposure being
exposures that exceeded the quarterlyllmits, and two 10 rem. Although the population for NRC and
were exposures to members of the public during ' Agreement State licenoces are relatively equal, the
recovery of a lost source. None of these exposures Agreement States remrtM more overexposures than
r3sulted in0pparent damage.The sixth overexposure NRC licensees. Becease most of the overexposures
was cited by the NRC although the extremity _ reported by Agreement States were to radiographers,
exposure had resulted from X-ray equipment. The and two Agreement States, Loulslana and Texas,

9 NURYG-1272, Section 2
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I

havo large rediography programs that aro included in 2.2 Medical
this review, possibly the number of radiographers

MISadminISifallOnSemployed in the Agreement States is farger than the
number empoyed in the NRC regulated States. In
the years 1987 through 1990, NRC licensees reported The NRC and Agreement States regulate cortain

from 12 to 35 overexposures annually. Although the aspects of the uses of reactor-produced
number of overexposures voorted by the 16 radioisotopes in nuclear medicina and therapeutic

Agreement States is relativ6 nighor, enough data radiology. Modical tnisadminist rations a re reportod to

are not available over time to draw any conclusions NRC to comply with 10 CFR Part 35, * Medical Use of

at this time. Byproduct Material,* which became effective on
November 10, 1980. The definition of a

misadministration that was in effect in 1991 is in
'

Norr of tho overexposures reported in 1991, either Appendix B to this repcrt.

by NRC licensees or by Agt cement States resutted in
'

any near term effects on personnel.

'requirements originally became effective on
November 10,1990, and were rovlsed in 1987, all2.1.2 Other Types of Events -

Agreement States were not required to report
misadministrationsuntilMarch1990 Medicalfacilitlos

AEOD eviewed other classes of events. These
Ucmsod by the NRC to uso radioisotopos in nuclear
med,cino and radiotherapy for humans have beenievents included lost or sto|en sources, abandoned ,

"9 "P '" * *"""#8sources, leaking or contaminated sources, consumer
s nce G8L

products, and f uel cycle f acility events. Of the various
types of fuel cycle facilities, only mills are located in
Agreement States. Generally, none of the twents had
any reported adverso impact on public heath and A revision to 10 CFR Part 35 that includes reporting

of misadministrations became effective ong
January 27,1992. As part of this revision, the deft-
nltion of misadmints'ation has changed. As a resutt,
very few diagnostic misadministrations will beThe State of Washington reported that contaminated

steel f encing parts woro discovered when a truck wa s rep riedintholuture.However proceduresinvolving

the misadministration of either lodine-125 (1125) orleaving Hanford Reservation. The fencing,

exceeding 30 microcun%(um W in amomts
n ascontaminated with cobalt 00 (Cof>0), had been

es pCI) will still have to beimported from india. .All Agroomont Stahs and NRC reported. Also, fewer therapy misadministrationswill
licensees cooperated to identify items of fencing that - have to be reported under the revised regulation,
were contaminated so that the material would bo ,

isolated and would not be sold.

Agreement States regulate both reactor- and -
accolorator-produced radioisotopes whereas the

An event that occurred at an NRC-licensed fuel cycle NRC rogulates only reactor produced radioisotopes.
facility, the subject of enhanced investigation, is Thus, misadministrations reported by. Agreement
discussed' in Section 3, * Incident Investigation States that involved the use of accelerator produced
PrograrC isotopes are not included in this report.

o

Nureg 1272, Section 2 10-
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Nonreactors-Operational Experience

An estimated 7-million diagnostic nuclear medicine pele Of thesereports,444 concemeddiagnostic
procedures, 30,000 radiopharmacc >tical therapy Em n.s *ations and 19 concerned therapy
procedures (the ingestion or injection of radioactive i..mdmir& ations. As shown in Table 2.5,

compourHs for patient therapy treatment), and appre e v.ely 103 Agreement Stato licensees
50,000 brachytherapy procedures (the insertion or reponed one or more misadministrations, a total of
implantation of scaled sources containing radioactive 118 reports involving 148 patients. Of the 118 reports,
material for patient therapy treatment) are performed 112 involved diagnostic misadministrations and 6
annually in the United States. In addition, about involved therapy misadministrations.
100,000 patients receive Co-60 teletherapy
troatments (extemal use of radiation for patient
treatment) each year.' The NRC estimates that about 2.2.1.1 Therapy Misadministrations
40 percent of all these procedures are performod by
NRC licensees and 60 percent byall Agrooment State
licensees. The 16 Agreement States that provided NRC . sees reported 19 therapy misadminF
data to the NRC together w!th the NRC-regulated trations in 1991. Of these misadministration
licensees account for approximately 75 to 80 percent involved telethorapy,111nvolved brachytherap3,
of all medical procedures invoMng NRG-regulated S involved radiopharmaceutical therapy. The numtL
materials. of therapy misadministrations reported by NRC

licensees was about twice the average number of
therapy misadministrations reported from 1981

Thc.apy misadminis'sations are associated with through 1990.
procedures in which large doses of ra ation aren

adm'.nistered to patients to achieve a tnerapeutic
effect. Diagnostic misadmin;strations are associated Of the three teletherapy misadministrations, two
with proceduros designed to permit a diagnosis with involved an inadequate t. 'ew of the patient's chart
little exposure to the patient. An exception to the and one involved an erroneous computer
usual diagnostic procedure is the use of I-131, which programming entry.
may deliver to the thyroid or other organ a dose of
several hundred to several thousand rads.

NRC licensees reported 11 brachytherapy misad-
ministrations in 1991 that wero caused by (1) error in

2.2.1 Misadministrations Reported the dose calculation, (2) error in identifying the

During 1991 treatment, (3) lack of training of involved personnel,
(4) error in identifying the strength of implanted
brachytherapy sources, (6)' error in verifying the

For 1991, approximately 348 NRC licansees, placementof thebrachytherapysourcesinrelationto

authorized to perform nuclear medicine studios or the treatment site, and (7) inadequate patient
restraint.radiation therapy, reported one or more misadmin!s.

trations, a total of 463 reports involving 520

The five radiopharmaceutical misadministrations--

' O.e r .4, ear ra guatory Commission. *10 CFR Part 35, Rasic were caused by (1) enor in verifying patient
Oushty Assuu.nce Program, Fhx.ords and Reports of Misadmin. Identification, (2) defective equipment, (3) wrong
htrations or Emt:, Wiating to the Medical use of Dyproduct dosage, (4) lack of verifying prescribed dosage, and
M*to'l*l' J<d'ral Regurer, Wlume 55, No.10, January 16, (5) misreading of the dose calibrator.
1990, pp.1439-1449.

11 NUREG 1272, Section 2
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Table 2.5 Aledical misadministrations reported in 1991 by NRC and Agreement States'

i

Alisadministrations-

== t
4

, Diagnostic Therapy Total
4

|
'

NRC AS NRC AS NRC AS
i

| No.of reports 444 112 19 6 463 118
i

| No. of licensees

{ reporting 329 97 19 6 348 103

j No. of patients
involved 489 132 31 16 520 148

_

j * Data from only 16 Agreement Statss arc included in this sabic.

>

i

The Agreement State licensees reported six throunh 1989. The causes reported by NRC,

: therapy misadministrations for 1991. Of these mis- and Agreement 3 tate licensees are genera:ly the

| act"nistrations, one involved teletherapy, three same as those reported in the past by NRC
i involved brachytherapy, and two involved radio- licensees, that is, simple errors associated with
| pharmaceutical therapy. The reports on these mis- procedures for (1) ordering nuclear medicine

administrations contained insufficient information scans, (2) preparing radiopharmaceutica!a, and.

: to independently determine the primary cause and (3) admin | storing radiopharmaceuticais.
i contributing factors that lead to the misadminis-

trations.;

*

Of the reports of diagnostic misadministrations
received in 1991 from both NRC licensees and

The therapy misadministrations reported by NRC Agrcement State licensees, about 65 to 70 percent
licensees could have been avoided if licensees involved the administration of the wrong radio-
had followed departmental procedures or had pharmaceutical to a patient and 17 to 20 percent
improved their existing procedures. involved the administration of a radiopharmaceu-

,

3 tical to the wrong patient. For NRC licensees, these
fractions have remained relatively constant over

'

2.2.1.2 Diagnostic Misadministrations time.
i

For both NRC and Agreement State licensees, included in the remaining NRC and Agreement,

! - essentiaHy all of the diagnostic misadminis- State licensee diagnostic misadministrations were -
trations for 1991 involved either the administration misadministrations . involving _-(1) a diagnostic"

of the wrong radiopharmaceutical or the adminis- dosage of a radiopharmaceutical that differed from
j tration of a radiopharmaceutical to the wrong ' the prescribed dosage by greater inan 50 percent

patient. The number of the NRC diagnostic and (2) the wrong route of admbstration (i.e., a
i misadminstrulons in 1991 is about the same as in route of administration other than that intended by

1990 and about 10 percent higher than the average the prescribing physician).
numbe received overtheprevbus 9 years,1981

,

Nureg-1272, Section 2 12
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Nonteactors-Operational Experience

Of the 444 NRC and 112 Agreement Statelicensee tration reports involving the wrong radiopharma-
reports of diagnostic misadministrations,14 were ceutical ordered f rom radiopharmacies is the same
NRC licensee reports and 8 were Agreement State as that for Agreement State reports. The primary
bcensee reports t hat involved the misad ministration causes of these misadministrations were about the
of I-131, furthe: d;scussed in the next paragraph. same as the diagnostic misadministrations

reported by hospitals: (1) mistabeling syringes
conta!ning radiopharmaceuticals, (2) selecting the

2.2.1.3 Diagnostic Mis-administrations of wrong vial when drawing a dosage, (3) misunder.
lodine standing the radiopharmaceutical or dosage order,

and (4) mislabeling a vlal or a vial shield.

Of the 14 NRC licensee and 8 Agreemet t State
licensee diagnostic iodine misadministrations 2.2.2 Trends in Misadministration
reponed in 1991,2 NRC and 3 Agreement State Reports from 1981-1991
cases resulted in thyroid doses of more than 1000
rads. In the first NRC licensee case, the nuclear
medicine technologist misunderstood the referring For 1981 through 1991, NRC licensees reported
physician's request; and in the second case, the

117 therapy misadministrations or an average of
nuclear medicine technologist misread the dose

11 therapy misadministrations per year. Over this
calibrator arvi did not verify the dosage label period, 53 ' involved telethorapy, 41 involved
before administration. One Agreement State event brachytherapy, and 23 involved radiopharma-
was due to patient chart mix-up with a patient who

ceutical therapy. In general, the causes of a|| of the
could not speak English. The Agreement Sta'c did therapy misadministrations were human errors
not provide the cause of error for the other two

involving dose calculations, review of patient's
cases. The highest dose delivered to the thyroid chart, patient setup or treatment, and patient
was about 6500 rad for the NRC cases and about identification.
20,000 rad for the Agreement State events.

In each of the 11 years from 1981 through 1991, a
Causes of the 1-131 misadministrations for both small number of diagnostic misadministrations
NRC and Agreement State licensees were similar;

involvedthemisadministrationof t-131. Anaverage
(1) misunderstanding the referring physicians's

of 6 such events has been reported annually; the
request, (2) not checking the directive requesting range is from 2 to 13 reports per year. A few of
a thyrod procedure, (3) not checking the dosage

these misadministrations involved the adminis-
label, (4) misreading the dose calibrator, (5) tration of large amounts of I 131.
selecting the wrong syringe containing Ihe dosage,
and (6) failure to identify a patient.

The number of therapy events reported during
1991 was about two times the average number

2 2.1.4 Diagnostic Misadministrations That
reported in the previous 10 years; and the number

involve Commercial Radiopharmacies of diagnostic reports was about the same as for
1990 and about 10 percent higher than the
previous 9 years. Nonetheless, the error rate for all

Mislabeled doses received from radiopharmacies types of misadministrations remained low. The
were responsible for 36 clagnostic misadminis-

estimated error rate ranged from 0.0002 per
trations by NRC licensees and 36 diagnostic procedure for brachytherapy and radio-
misadministrations in the Agreement States. The

pharmaceutical therapy to 0.0003 per patient for
number of NRClicensee diagnostic misadminis-

teletherapy.

13 NUREG-1272, Section 2
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AEOD evaluated misadministration data from A summary of 1991 nonreactor and medical
Agreement States in 1991 for the first time. misadministration AOs (reported by both NRC and

Agreement State licensees) is provided in
Appendix D to this report. A summary of 1991 AOs
at nuclear power plants and research reactors is

2.3 50 porting of Abnormal provided in Appendix B to the companion volume

g of this report (NUREG 1272, Vol. 6, No.1. Power

Reactors).

AEOD prepares the quarterly Report to Congress 2.4 Videotape on " Good
on Abnormal Occurrences (NUREG4090 series)
and the associated Federa/ Register notices. After Practices in Cobalt 40
staff coordination of each quarterly abnormal Teletherapy"
occurrence (AO) report, it is sent to the Executive
Director for Operations and, subsequently, to the
Commission for review and approval. An AO may AEOD is in the process of producing a videotape -
be an individual incident, a recurring event, a on good practices in cobalt teletherapy. This
generic concem, or a series of incidents that the videotape will use data from reported medical
Commission determines is significant from the misadministrations to identify those procedures
staidpoint of public health or safety. that result in the most frequent types -of

misadministrations. The video will illustrate good
practices that are designed to avoid errors while

The quarterly AO reports issued in 1991 included performing cobalt teletherapyprocedures. The s'aff
14 events from NRC licensees and 6 events from will prepare the video with support from Argonne
Agreement State hcensees.

National Laboratories.

Nureg-1272, Section 2 14
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3 Incident investigation Program

The incident Investigation Program (lip) en$ures that uranium to produce a criticality.) Because of the tank
NRC investigations of significant events are timely, configuration and type and quantity of fissile material
thorough, well coordinated, and formally available, the potential for a nuclear criticality
administered. The scope of the llP includes accident was created Such an accident would yleid
investigations of significant operational events a burst of neutron and gamma radiation that would
involving reactor and nonreactor activities Fcensed probably be fatal to anyone within 10 feet of the burst
by the NRC. Under the llP, the NRC responos to an and cause radiation exposures of approximately 5
operational event according to its safety significance. rads at 45 feet from the burst. However, no offsite
For an event of potentially major safoty significance, radiological impact would be expected.
the Executive Director for Operations (EDO)
establishes an incident Investigation Team (llT) te
it'.vestigate the event, and, fo an event of less safety The licensee advised the NRC of the incident on
significance, the cognizant NRC Regional May 29,1991. Because of the nuclear criticality safety
Administrator may establish an Augmented significance of the incident, the NRC upgraded the
inspection Team (AIT) to investigate the event. Both agency's response mode f rom * Normal * to ' Standby"
llTs and AITs are assigned to determine the and actNated both headquarter's and regional
circumstances and causes of an operational event incident response centers and the 1;censee's site.
and to assess the safety significance of the event so NRC formed and dispatchod a responst team to the
that appropriate followup actions can be taken. Of site. /fter extensive communications with NRC, the
the approximately 300 reported nonmactor events Ucensee declarad an ' Alert," implemented provisions
d uring 1991, one event, involving the General Electric of the emergency plan, and notified Federal, State,
Company in Wilmington, North Carouna, was judged and local offsite authorttles about 6:40 a.m., on
to have a sufficiently high level of safety significance May 30,1991.
tn warrant an llT invastigation.

On May 31,1991, the NRC's EDO established an
The findings and conclusions of the llT report are eight member ilT, directing them to (1) fact find as to
discussed in this section. The status of staff actions what happened, (2) identify orebable causes, and (3)
that the EDO assigned to various NRC offices make appropriate findings and conclusions.
associated with the General Electric investigation is
gNen in Appendix F.

The llT arrived in Wilmington, North Carolina, on
June 2,1991. The team was selected based on its

incident investigation of the Potential Criticality broad knowledge of facility event analysis, with
Accident at the General Electric Nuclear Fuel and individ ual members having specific knowledge of fuel
Component Manufacturing Facility, Wilmington, fabrication operations, chemical operations,
Notih Carolina. !nstrument and controls, maintenance, human

factors, radiological emergency preparedness, and
nuclear criticality safety.

On May 29,1991, at the General Electric (GE)
Compa y Nuclear Fuel and Component
Manufacturing Facility, approximately 6 mies north The llT concluded that there were three interrelated
of Wilmington, North Carolina, an estimated 150 root-causes which contributed to the incident.
kilograms (320 pounds) of uranium were
inadvertently transferred to an unfavorable geometry There was a pervasive licensee attitude that.

waste treatment tank. ("Unf avorable geometry"ref ers a nuclear criticality was not a credible
to a container or vessel that can hold enough occident scenario. While the licensee

15 NUREG-1272, Section 3
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understood and recognized that a nuclear The team also concluded that NRC regulatory
criticality with low-enriched uranium was _ oversight of the fuel facility _was deficient in some
technically possible, and that there were respects. The team noted shortcomings with respect
regulatory requirements to estabilsh to the NRC's regulations and regulatory guidance,
measures to guard against such an license and licensing process, and inspection
accident, the licensee's perception was that program. This lack of sufficient oversight had the

' the risk was so lowthat a critical!!y inherently effect of contributing to a situation where safety
would not happen. - margins eroded to the extent that the licensee had

little or no latitude to accommodate operator errors
Licensee management did not provide or equipment failures..

,

effective guidance and oversight of licensed
activities to assure that facility operations
were conducted in a safe manner. NUREG 1450, " Potential Criticality Accident at the'

Gonoral Electric Fuel and Component Manufacturing
Therewa s a deep-seated prod ucIlon-mirxfed Facility, . May 29, 1991," dated August '1991,

'

.

orientation within the licensee organization documents the results of the team's investigation.
-that was not sufficiently tempered by a
" safety first* attitude, particularly regarOg
nuclear criticality safety, !

|
NUREG 1272, Section 3. 16
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4 Data From the Nuclear Regulatory Commission's
Operations Conter for 1991

The N RC's Operations Center in Bethesda, Marytand, event and an ' Alert" declared at the General Electric
provides a focal point for NRC communications with Fuel Fabrication Facility in Wilmington, North
Commission licensees, State agencies, and other Carolina. An " Unusual Event" represents a condttion
Federal agencies about operating events in the that is of no immediate threat to the public health,
commercial nuclear sector. The Operations Center is and an ' Alert * indicat es actual or potential substantial
staffed 24 hours a day by an NRC Headquarters degradation of plant safety. An event classified as a
Operations Officer (HOO), who is trained to receive, " Site Area Emergency" or a " General Emergency"
evaluate, and respond to events reported to the indicates a major failure of one or more systems
Operations Center, required for public safety or an event with the

potential for a major offsite radio!ogical release.
Exercises are held periodically to ensure that

Of the 2365 notifications that were reported to the NRC's and thelicensee's response organizations are
NRC Operations Center in 1991 under NRC's prompt proficient in dealing with each type of emergency. In
notification requirements, 138 events involved 1991, NRC headquarters and regional offices partici-
nonpower reactor events. Of the 138 nonpower pated in emergency planning exercises with Nuclear
reactor events, 43 involved fuel facilities, 9 involved Fuel Services, Erwin, Tennessee (June 19,1991).
research reactors,14 involved hospitals,27 were
radioactive material events,22 were transportation
events, and 23 involved events not fitting into one of Actions taken by the NRC HOO in response to these
these categories. A small subset of these notifications notifications of events ranged from a computer or log
involved events that licensees classified as one of the entry, followed by appropriato notifications, to
four classes of emergencies: " Unusual Event," establishing emergency conference calls among the
" Alert," * Site Area Emergency,' and * General HOO, the licensee, and the senior NRC regional and
Emergency * The remainder of the notifications headquarters staff members. For very significant
involved events that did not meet the threshold to be events, these conference calls would result in
classified as an emergency. activation of the agency's incident Response Play. In

1991, the NRC was placed in " Standby" during the
General Electric Fuel Fabrication Facility * Alert" event

Table 4.1 provides information on the " Site Area in accordance with the NRC incident Response Plan
Emergency * declared as a result of a transport &iion (NUREG4728, Revision 1).

17 NUREG.1272, Section 4
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i

Table 4.1 * Site Area Emergency" and * Alert" events reported in 1991
at nonreactor facilities'

vsg:

Name of Facility Event No. Date Description Duration
1

Site area emeroency

General Electric 22468 12/16/91 Truck carrying new fuel involved in 65 hours
Fuel Fabrication, a traffic accident 11 minutes
Wilmington, NC

Alerts

General Electric 21103 05/29/91 Loss of process control in the 44 hours
Fuel Fabrication, solvent extraction portion of the 42 minutes
Wilmington, NC nitrato waste treatment system

* The licensee is currently revising its procedures concerning criteria for declaring a "Sete Area Emergency? Under the proposed
criteria, this incident would be classified as an " Unusual Event?

NUREG-_1272, Section 4 18
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5' Summary

Our review of the data on nonreactor events and facturing Facility, in Wilmingtun, North Carolina An
misadministrations that were reported to the NRC estimated 150 kilograms (320 pounds) of uranium

and a group of 16 Agreement States in 1991 did not were inadvertently transferred to an unfavorable
show any significant events. The number of geometry waste treatment tank. 9acause of the 'ank
diagnostic misadministrations reported by the NRC configuration and type and quantity of fissile material

licensees was about the same as in 1990 and about available, the potential for a nuclear criticality
10 percent higher than the average rate for the accident was created. In investigating this event, the

previous 9 years. The number of therapy team noted shortcomings with respect to the NRCh

misadministrations reported in 1991 by NRC regulations and regulatory guidance, license and
licensees was about 2 times higher than the average licensing process, and inspection program for this
number reported in the prior 10 years. AEOD event.

evaluated misadministration data from Agreement
States in 1991 for the first time.

The most recent readily available collective
exposures for NRC licensees in the categories of

The NRC's Operations Center in Bethesda, Maryland, industrial radiographers, manufacturing and
provides a focal point for NRC communications with distribution of rnatorials , low level waste disposal,'
Commission licensees State agencies, and other independent spent fuel storage, and fuel fabrication
Federal agencies. Of the 2365 notifications that were and processing showed that, in 1990, all of these
reported to the NRC Operations Center in 1991,138 operations maintained the awrage exposure of their
involved nonpower reactor events. A " Site Area personnel well below the annual limits specified in 10

Emergency" was declared as a result of a CFR Part 20.
transportation event, and an " Alert" was declared at
a fuel fabrication facility. The remainder of the
notifications involved events that did not meet the Although the number of overexposures reported by
threshold to be classified as an emergency. Agreement State licensees was proportionally larger

than that reported by NRC licensees, no significant
overexposures from operations were reported in

During 1991, an incident investigation Team 1991, and the numbers of reports oflost material arxl
investigated an event at the General Electric leaking sources was comparable for both groups of
Company Nuclear Fuel and Components Manu- licensees.

19 NUREG-1272, Section 5
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| 1 Nonreactor Event Report Database

The Nonreactor Event Report (NRER) database for transportation events into the NRER database
the Office for Ana;ysis and Evaluation of Operational because the Department of Energy funds a
Data (AEOD) contains information on events transportation incident file, which is maintained by
involving licemed nuclear rnaterials, fuel cycle Sandia National Laboratories. The Sandia report,
operations, and personnel radiation exposures. Tbe Transportation Accidents / Incidents Involving
NREFi database management system provides for Radioa ctive Ma teriais 1971- 7989 (SAN D -90-7025C)'
input, storage, retrieval, and computer-assisted summarizes data from 1971 through 1989.
analyses cf operational event data. AEOD sometimes y

uses the system to identify trer.ds in operational
safety events that may signal a need for remedial * Cheryl E. Cashwell, Transportation Accidents / incidents

actions by the NRC, licensees, or both. AEOD Involving Radioactive Materials 1971 1989, (SAND 90-702SC)
A72), en imgererally does not incorporate information on

A-1 NUREG 1272, Appendix A

- - - - - . . . . - . . . _ . . .



2 Review of 1991 Nonreactor Events
|

2.1 Events That Occurred During 1991

The NRER database includes 386 records of events industrial measuring systems (exciuding well-
NRC licensees reported that were ordered !nto the logging); and other,
database during 1991. This number is equivalent to
approximately 8 reports per 100 licensees. Infor.
mation on these events was included in reports 2.1.1 Radiation Exposere
nonreactor licensees submitted to the regional
offices or in other documents, primarily in reparts af
inspections the NRC conducted. The N RER database The criteria the.t define the exposure limits are in 10
does not include information from certain fuel cycle CFR 20.101(a) and (b),20.103(a), and 20.105. The
licensee reports, such as those related to routine limits that were in effect during 1991 are as follows :

*

effluent releases, and does not include information
from reports from NRC licensees of medical
misadministrations, which are included in Rettricted areas:
Appendix B to this volume of it AEOD Annual
Report. Teb'e A 1 provides information on the types whole body 1.25 rem / calendar quarter, or 3
of licensees for which information was entered into rem / calendar quarter, if the
the database. More reports were received in 1991 individual's prior occupational
from radiography licensees than in previous years exposure is obtained in writing,and
because of revised reporting requirements in theaccumulated exposuredoes not
! vt 34, Section 30, of Title 10 of the Code of Federal exceed 5 (N 18), where N is the
Regulations (10 CFR 34.30) which became effective individual's age.
on January 10,1991. In addition, more reports were
entered from uranium hexafioride (UF ) and special extremity 18.75 rem / calendar quartere

nuclear materials licensees. The increase in the
number of reports from UF and special nuclear skin 7.5 rem / calendar quartere

materials licensees may be attributable to incident
Investigation Team (IIT) or Augmented Inspection inhalation 40 maximum permissibie
Team (AIT) inspections at these categories of

concentration (MPC) hours / week
facilities in 1990 and 1991. for 13 weeks; MPC is given in 10

CFR Part 20, Appendix B, Table 1,
Col.1

An NRER database record may be associated with
more than one category of event. For example, a minors 10 percent of abovelimits
report from a radiography licensee concoming a
personnel radiation exposure would be entered as a
radiation exposure event as well as an event Unrestricted areas:
Involving radiography. The nonreactor licensee
reports were cataloged as entries in the following individuals 0.5 rem / year, subject to rate
areas: personnel radiation - exposures; lost, limitations
abandoned, and stolen material; leaking sources;
release of material; fuel cycle (e.g., mills, source
material, UF facilities, special nuclear material); The int revision of 1o CFR Part 20 will not become effective

*

s

industrial radiography; manufacturing and until 1993 or later.

distribution (including medical); commercial arxi

A-3 NUREG-1272, Appendix A
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Table A-1 Types of licensees that submitted nonreactor reports,1991

Type of Licensees No. of Reports
Received *

Academic , . . . 11
Medical . 74.. .. .... . . . . .. . ,

Commercial and industrial measuring systems . B6. . . ,

Well-logging .18. . .

Cther measuring systems . 68. . . . .

Manufacturing and distribution (excityfing medical) 20. . . .

Industrial radiography . . 37.. . . . . . .. . .

Fixed she .O. . .. . . . . . .. ,, . .

Multiple locations (field) . , . . 37.. .. .. . . . .

Irradiator 2.. , , . . ..... . .

Research and oevelopmer t 36. ., ,. . . ,, ,.

Scorce materials" . . .. . . . , , . .. . 33. .

Mills . . . . . . , .. .,,..O

UF, facilities . ,. . . . , .. . . 28e .. .

C4her. . . . . . .5.

Special nuclear material" (including plutonium) 49. ,,, , ,, ,

Other 38.. .. . .. .. ... .. .. ,,, ... ..

Total .. . .. . .. . . . . . 386

*

Medical misadministration reports are not included.
" Routine environmental effluent release reports (o g., reports required t y 10 CFn 40 6s and 10 CFR 70 s9) were not included in the

totals for source martials and special nuclear material heensees.

Five categories of nonreactorlicensees are required The NRC received 21 reports of events during 1991
to report collective exposures of their personnel: in which an overexposure occurred.- Twenty-six
industrial radiography, manufacturing and indMduals received exposures in excess of one of
distribution, low-level waste disposal, independent- the regulatory limits given in this section. Information
spent fuel storage, and fuel = fabrication and on the exposure reports is provided in Tables A-3

-processing. Table A-2 shows the number of and A-4.
Individuals badged during 1990 (the most recent data
readily available when this report was prepared) and -
their collective dose. The average individual dose Medicaland Academic
ranged from 0.02 rem per person at fuel fabrication
and processing licensees to 0.33 rem per person at Six events were reported in which a singie individual
industrial radiography licensee facilities. All of these was overexposed. and one report was received that
average doses were far below the Part 20 annua! reported the overexposure of two nurses while
exposure limits. Data from badges is one measure of restraining a patient. All of- the overexposures
the control of exposure of personnelf A second reported by medical and academic licensees

| rreasure is the number and extent of overexposures. represented exposures in excess of qua.-terly limits to

NUREG-1272, Appendix A - A-4
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Nonreactors-Events

Table A-2 Collective exposmrs at nonrtactor facilities, 1990

__
_

No. of No. of Worten Collwthe Average Average Measurah'.e-

No. of %mitored With Measurable IWe Indhidual the per
Categor'y 1.icem Individuals IAws (penon-ma) the-mu wo:Ler-mu

,

Industnal
radiography 258 6.523 4.458 2,120 033 0 48

Manufacturing
& dstribution 55 4,195 2.272 (M3 0.17 0.31

tow-level
waste disposal 2 784 115 *% 0.03 0.23

Independent
spent ruct

ste age 2 56 22 6 0.11 0.27

l'uc t

rabncation &
processing 10 13,776 3,233 287 0.02 0.09

--- _ .

Table A-3 Categories ofIlcensees case, one radiographer received an exposure of
associated with oserexposures,1991 10 rem, an exposure in excess of the annual limit.

The extremity exposure to an employee of Diamond
No. of H Testing, cited by NRC as a violation, involved an

Type of No. of Indhlduals exposure of 1000-4000 rem to the fingers from an X.
Licensee Reports (herexposed ray device. For this employeo, less than 1 rem whole

body exposure was attributable to NRC-regulated
Medical & academic 7 8 materials

Radiography 6 9 %

Commercialand Industrial
Commercial & industrial 7 8

NRC received seven reports from commercial and
Fuel cycle 1 1 Industriallicensees. Each of five reports represented

the overexposure of an individual in excess of the
quarterly limits. A sixth report involved an extremity

personnel while performing their duties. Four of the overexposure exceeding the annuallimit of 75 rem;

overex posures represented whole body exposures of the seventh report involved two extremity exposures

3.1 rem or less; two were extremity exposures of 56 that were incurred by members of the public in the

rem or less; and one was the accidental ingestion of course of recovering a lost source.

iodine-131 (1 131) in an amount that was 2.2 times the
limit.

Fuel Cycle

Radiography The exposure to the employee of a fuel cycle
licensee exceeded the quarterly limit to skin 'the

NRC received six reports in which nine radio- overexposure, which actually occurred in 1981, was

graphers or radiographer assistants were discovered during recalculation of doses for prior

overexposed in excess of quarterly limits. In one years using a new dose correction factor.

A-5 NUREG-1272, Appendix A
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|

Table A--4 Personnel radiation overeximures, 1991

Number of
Ucense lhent Individuals Type of

Ucensee Number lecation Date Overexposed Oteresposure

Allegheny Gen. Ikup. 370131701 Pabburgh, PA 07/28/89 2 Whole Nx!y

Alt & Witzig ling., Inc. 131kA501 Indianapohs, IN !!/01/88 1 Who'e luly

Aultmann llospital 130131205 Canton, Oil 07/15/91 1 Whole txx!y

Dlatosky Assoc.,Inc. 372850701 State College, PA 02/27/91 1 Whole tuly

Cleveland C1. l'ound. 340046601 Cleveland, Oli 64/12/91 1 litremity

Coaldale St. Gen. linsp. 371752201 Coaldale, PA 1 litremity

Combustion !!ng., Inc. 70 1100 Windsor, CI' 03/31/81 1 Skin

Cotton flouston Scr.,Inc. 422682301 Ilufrman,TX 11/04/91 1 Wholc iuly |
|

Diagnostic Photon Corp. 521611502 Carolina, PR 12/20/90 1 Whale body I

' Itast Fed. I ands llwy, Div. 452300001 sterkng, VA 10/07/91 1 Whole body

Diamond 11 Testmg Ca ID 191 Chubbuck, ID 01/29/91 1 lixtremity

Indiana Unnersity 130275203 Indianapohs, IN 01/22/91 1 Internal

Inspection Serv. and Test. 502325701 l'airbanks, AK 05/21/91 1 Whole txnly

Intermoun'ain Testing Co. 050787201 linglewocd, CO 10/24/91 1 Whole body

Matenals Insp & Testing i31696102 Fon Wayne,1N 10/01/86 1 Whole body .

Muskogee Reg Med. Ctr. 351315701 Muskogee, O K 02/01/91 1 Whole body'

Plant inspection Co. 632103201 Diablo Canpi, CA 09/19/91 2 Whole txx1y

Space Science Services,Inc. 090755001 Jacksonville, Il 12/02/91 3 Whole luxty

Syncor 221917401 St. Paul, MN 08/15/91 1- thtrenuty -

Uniwrsity of Oklahoma 350317601 Oklahoma City, OK 08/09/91 1 Whole txxty

West. Atlas Int'l., Inc. 4202 W 01 llouston,TX 09/05/91 2 lhtremity
_

2.1.2 Lost, Abandoned, and Stolen (to CFR 20.402(a)(1)). During 1991, licensees

SOurCOS reported 75 events that involved lost or stolen
licensed materhl that was not recovered and 16
events in which welldogging sources were

Ucensees are required to report the loss or theft abandond Tades A-5 and A-6 present a list of -
of licensed sources that have occurred in such - these events. Only one event indicates that a lost
quantitles and under such circur,arances that it source resulted in any overexposure. A source was

appears to the licensee that a sut stantial hazard lost by Western Atlas on a public road, and two

may result to persons in unrestricted areas members of the public received extremity exposures
in the course of its recovery.

NUREG-1272, Appendix A -A-6
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Table A-5 Imt or stolen sources,1991

Probabic
1.icensee Ultimate

isotope * Location 1.icensee Number" Dent Date Disposal
_

Am.241 lombard, IL Prof. Sc rt Ind., lac. 242615401 07/17/91 unknown

Am-241 Indianapohs, IN Atec Associates,Inc. 13t773201 01/20/91 unknown

Am-241 W. Lafayette.IN Indiana Dept. of Trant 13ff>68902 12/02/92 unknown

Am-241 Farmington. MI ND I Consultants, l.:J. 2114 pt01 06/12/91 unknown

Am-241 I~ ort liragg, NC Dept.of the Army 12tXC2213 10/01/89 unknown

Am-24 i New York, NY Kupper & Company 292&l3901 08/22/91 unknown

Am.241 Columbus, Oli 111tCAM Engince rms Inc. 34188%801 08/22/91 unknowls
,
|

Am-241 l' on, Oil Westmghouse Ens. 322118301 11/20/90 unknowna

Am-241 West Point, PA Merck Sharp & Dohme Res 370153108 10/30/91 unknown

Am-241 Pierre, SD Sa Dakota Dept. of bns. 40fNWol 07/23/91 unknown

Am-241 Manawss, VA VA Dept. of Trans. 451338001 06/12/91 unknown

Am-241 Oshhh, W1 Gl. Cu rwood, Inc. 482580401 03/01/90 unkno*x

Am-241 Mdwaukee, W1 W.ll, tirady Cn. 4S2011501 comm. waste

C-14 FM Carson, CO Dept.of the Army 052685401 02/27/91 comm. waste

C-14 llor> Ism, PA Rhone-Poulene 291014402 02/11/91 unknown

Co ul Pcrth Amboy, NJ Rantan Ilay Medical Ctr. 291191501 unknown

Cs-137 Ilartford, CT Mdistone Nuclear Power St. 50-245 01/17/91 other

Cs-137 Coshocton, Oil Stone Container Corp. 340955202 06/12/91 unknown
|

fe-55 Paulsboro. N.i Mobil Res. & Devel Corp. 2WO50502 09/17/91 unknown

iI-3 San Diego, CA GL City of San Diego Gl. 07/27/91 unknown

11-3 lowa City, IA Dept.of Veterans Affairs 140082201 12/14/90 unknown

II_ -3 Worceste r, MA Cembndge thoscience Corp. 2020(6101' 06/19/91 unknown

11-3 Ann Arbor, MI KM S Fusion, Inc. 211541601 08/04/91 comm. waste

11-3 Offutt, NE Dept.cf the Ai- Force 422353901 06/14/91 unknown

11-3 lirooks AIT1,TX Dept.of the Air Force 42253590L 07/23/91 comm. waste

11 3 IlttxAs AIT1,TX Dert.of the Air Force 122515901 09/12/91 other

1125 Washirigton, DC Dept.of the Navy - 452 % 501 09/26/91 unknown

1-12.5 Mett,aen, MA 1101 Fam. Ilosp. A Med. Cir. 201391602 08/02/91 unknownf

1125 St. louis, M O Washington University 210157003 mknown

Footnotes at end of tabt:

A-7 NUREG-1272, Appendix A

: .



__ -.- . - - . - . . _ . - . .. _ - . - -

AEOD Annual Fleport,1991

Table A-5 (cont.)

._

Probable
Licensee Ultimate

isotope * Location Licensee Number" Event Date Disposal

1-125 Monroeville, PA Forbes Regionalllcalth Ctr. 371810401 12/17/90 unknown

I-131 Washington, DC Distnet of Columbs General 08042WO6 06/18/91 comm. wiiste

1-131 Minneapolis, MN Riverside Medwal Ctr. 220325101 02/25/91 comm. waste

1-131 Billings, MT Deaconess Med. Ctr. 250105101 incineration

1 131 tong 11 ranch, NJ Monmouth Med. Ctr. 290811303 incineration
L

I-131 Younptown, Oil St. FJizabeth llospital M0113101 06/06mi mmm. waste

1-131 Lancaster, PA lancaster General llospital 37118t401 09/25/91 ,:meration

Ir-192 l'on Dragg. NC Dept.of the Air Force 422353901 05/29/91 unknown

Kr 85 Dept.of the Army 290102214 08/05/91 other

Ni43 Milford, MA Millipore Corporation 201835802 11/11/90 unknown
._

Ni-63 Rahway, NJ Merck, Sharp & Dohme Res. 290011706 07/31/91 comm. waste

Ni43 De nville, NJ First Env. labs /CWM 292i4 0201 06/07/91 unknown

Ni43 Avondale, PA llewlett Packard Co. 370700202 N/N/91 unknown

NM3 Avondale, PA - llewlett-Packard Co. 370700202 unknown

P-32 Ann Arbor, M1 University of Michigan 2100215N N/10/91 unknown

P-32 Ann Arbor, MI University of Michigan 2100215N 11/05/91 comm. waste

Pm-147 Ilutchinson, MN GL ilutchinson Tech,, Inc. GL 06/11/91 comm, waste

Po-210 Shelton, CT GL TIT Corporation GL unknown

Po-210 Needham, MA GTE Gov. Sprems Corp. 200685202 unknown

Po-210 Andover, MA llewlett-Packard Co. GL 07/03/91- unknown

Po-210 Evart, M1 GL Uvart Products Co. GL 08/01/89 unknown

Po 210 Bronson,A OL Solvay Automotive Inc. GL 08/06/91 comm. waste

Po-210 St. Clair, MI ' GL Plastech Eng. Prod. GL unknown

Po-210 Ilopkins, MN GL Iloneywell, Inc. CL 01/09/91 comm. waste

Po-210 Chiton, NJ . GL Permanent Label GL 07/25/91 unknown

Po-210 Columbus, Oil GL Menasha Corp. 211492201 ~02/27/91 unknown

Po-210 Fremont, Oil GL Automotive Ind , Inc. GL 06/13/91- unknown

Pu-238 Pittsburg, PA Allegheny General llospital 70-1395 07/11/91 other

S-35 Waltham, MA flrandeis University 200195805 01/15/91 unknown

i

rootnotes at end of table

NUREG 1272, Appendix A A-8
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Table A-S (cont.)

. Probable

Licensee Ultimate
Isotope * tocation Licensee Nu mber** Event Date Disposal

'lh Ikthel, CT Amhel Precisiou Manf. 40-8972 02/27/91- unknoam

U-235 Cambridge, MA liarsard University 70-83 06/12/91 unknown

U(depleted) Geneva, Oli Advanced Medical Sys. lac. 3419CE901 08/06/91 unknown

Y Dept.of Agreutture 190091506 10/31/91 comm. maste

~

Y NewItaven Cr Yale University 060018303 10/16/91 comm, waste

Y Dcner Aill DE - Dept. of tbc Air Force 422353901 10/22/90 comm. waste

Y Minneapohs, MN Univeruty of Mmnesota 220018746 02/08/91 incineration

Y Kansas City, MO Kansas City, MO 241132>1 II/13/W unkncmm

Y St. Iouis, MO VA Medical Ctr. 240014105 08/16/91 comm. waste

Y Martin, PA Roanoke I:lectric Co. NL 03/26/91. scrap metal

Y MacDill AfRTX Dept. of the Air l'orce 422353901 08/02/91 comm. waste

Y liouston.TX -V.A. Medical Ctr. - 42000M06 05/31/91 incineration

Y Suffolk, VA Peanut City Scrap Metal NL 03/06/91- : scrap metal

Z Terre llaute,1N GL Accurate Glass, loc. GL unknown
_

Z Ravenna, Oil OL1hc Oak Rubber Ca GL 10/09/89- onknomm

' 17abcih, PA Charles Bluestone Co.,Inc. 371M8301 scrap metalZ I

Z Pachmond, VA County of Ilenrico, VA 431729302 '08/01/90- unknown

* Y more than one isotopc

Z unspecified
" GL general leense

NL no license

A-9 .NUREG-1272, Appendix A
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Table A4 Abandoned well-logging sources,1991

License
isotope * Location Licensee Number Event Date

Am-241 Offshore, IA Schlumberger Technical Corp. 4200W003 1t/14/90

Am 241 Offshore, I A flaliburton logging Semcc 42010M07 12/23/91

Am 241 Taneytown, MD Appalachian Geophysical Survey 371979501 10/03/11

Am-241 Bilhngs, MT Reich Gen-Physical, Inc, 25183Gl01 07/30/91

Am-241 Offshoir,TX Schlumberger Well Services 420009003 05/28/91

Am-241 llorun. TX Schlumberger WeII Scrvices 420009003 08/29/91-

Am-241 llovston,TX . Western Atlas International,Inc. 4202 % l01 07/09/91
_

Am-24l Arlington, TX Sperry-Sun Dntbng Services 422st401 10/26/91

Am-241 Oakwel, VA Marshall Mller anj Asuriates 451719501 12/24/90_

CMO Offshort, IA . Western Atlas International,Inc. 4202 % 101 03/26/91

C4-137 Anchorage, AK Cameo Wircline, f r. $021'k%01 11/01/91

Cs-137 &a Oricans,IA llaliburton logging Semcc 42010M07. 01/09/91

Cs-137 Oklahoma City, OK IlP11 l'sstruments, Inc. 352M9501 05/29/91

Cs-137 1louston TX 1labburton logging Service - 42010207 C6/05/91

11-3 Ilouston, TX Wester +. Anas inic.mational, Inc. 4202 % 01 05/20/91 ;

Z Offshore,'DC Sperry-Sun D6thn@Nces 422M4401 06/11/91

* In renst cases, when an ame ricium sourcs is abandoned, a CA-137 source is also abandoned.

Z unspccafied

Lost or Stolen Sources

Americium-241 (Am-241) - Of the 15 reports of lost
sources containing Am 241,11 involvedlost or stolen

Of the 80 reports of lost or stolen sources that were gauges; 2 involved lost generaNicensed devices; 1
not recovered,17 sources were sent to commercial report was about lost chemical agent rnonitors; and. -
waste disposal,3 were sent to scrap processors,5 1 was about the loss of a liquid scinti!!ation counter,
were incinerated, and the location of 47 is unknown.

In addition, another four have been disposed of in
other ways:_ one source was lost from an aircraft Carbon-14 (C-14) - One licensee reported a
over rugged terrain, one source was probably package containing 250 microcurie (pCi) of C-14
disposed of with radioactive waste, one source was missing, and in a second report, the Army reported
disposed of with normal trash outside of the United having disposed of C-14 to commercial waste. - d'
States, and one pacemaker source was interred with_-
a body, Generally the lost sources consisted of
sealed sources,lsotopes used in tesearch or medical Cobalt 40 (Co-60)- A Co-60 sourco,0.03 millicurie
treatment, or tritium exit signs. (mCl), in storage awaiting disposal, was lost.

NUREG11272, Appendix A A - 10
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Cesium-137 (Cs-137) - Four cesium sources of Nickel-63 (Ni-63) - The NRC received five reports of
various strengths were lost: one 8 mci source was lost Ni-63 sources from electron capture devices or
contained in a lost moisture density gauge; one gas chromatographs.
1 mCl source was lost by a licensee of a nuclear
power plant; a 1.5 mci source was reported lost on
board a ship following damage to a shipping Phosphorus-32 (P-32) - The NRC received two
container; and a gauge containing 13 mci was reports of lost P-32. In onc event, vials containing
reported lost. In addite to these lost sources that P - 32 were stolen; in the second, material was either
have not been recovered, a lost Cs 137 calibration not received or was disposed of with the packaging.
source was recovered, and two members of the

public received extremity exposures in the process.

Promethium-237 (Pm-237)- A dmail Pm-237 source
was reported lost.

Iron 55 (Fe-55)- Aless of a scaled source of 50 mci
of Fe-55 was discovered when the instrument in
which it was conta!ned was dismantled revealing an Polonium-210 (Po-210) - Ten reports were received
empty instrument. involving the loss of general-licensed devices

containing Po-210.

Tritium (H-3)-Sevenlosses of tritiumwerereported.
Three of the reports concemed lost or stolen tritium Plutonium-238 (Pu-238) - A plutonium-powered
exit signs and one concerned lost or stolen pacemaker was !nterred with the body of a deceased
compasses. The Air Force lost a tritium light over individual who had a pacemaker implanted.
rugged terrain. Two events concerned the loss of 3.5
and 5 mci of tritium, respectively.

Jultur-35 (S-35) - One report was received of lost
S-35 that was part of a labeled chem cal.

todine (1) - There were two events reported in which

lodine-125 (1-125) seeds were lost and two events in
which vials of I 125 were lost. In one of the events Thorium (Th) - Fourteen drums containing about
involving lost vials of I-125, one vial was found at a 4 mCl of Th were reported stolen.
Federal Express facility.

The NRC received six reports of missing 1-131 Uranium-235 (U-235) - An ionization chamber
material. All reports were received from medical containing a small amount of U-235 was reported
licensees and represent the inadvertent incineration lost.
of contaminated items or the disposal of
contaminated items before a decay period of ten half-
lives. Uranium U (depleted) - A rotor containing depleted

uranium was reported lost.

Iridium-192 (Ir 192) - Iridium seeds containing
14.7 mCilr-192 werelost at a military medical facility. Other materials - The NRC received ten reports of

the loss of material containing more than one
isotope. Generally the leports involving the loss of

Krypton-85 (Kr-85)-The Army reported disposing of more than one isotope involved the disposal of trash
some test samples containing Kr-85 outside of the from laboratories or medial licensees. Two reports
United States. involved radioactivity found in trash.
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The four reports that did not identify the isotope Generally, the events had little effect on any area
involved the loss of two general-licensed devices, the beyond the immediate area of ine release.
loss of a gas chromatograph containing a radioactive
source, and the rejection of a load of scrap steel that
was contaminated. 2.1.5 Consumer Products

Abandoned Well-Logging Sources An additional category of events, ' consumer
products," was defined and included in the database-

j in 1985. Reports of this category of event describe
NRC licensees are required to report the location of those events in which radioactive material was found

'

abandoned well-logging sources to the NRC. The in, or had a reasonable probability of being
17 events reported during 1991 did not result in any introduced into, nonficensed consumer products.'

known releases of radioactive materials. (See NRC received information from several sources
Table A-6-) stemmingfromoneeventof thistypeduring1991. All

of the report s involved the detection ci contaminated
fencing materlais imported from India.

2.1.3 Leaking or Contaminated
Sources

2.1.6 Fuel Cycle Facilities

Some licensees are required toleak-test sources and I
to report leaking ones under 10 CFR 34.25; others The NRC entered information on 49 fuel cycle events I
are required to leak-test sources and to report into the nonreactor database in 1991. Of these
leaking ones as a condition of their license. In both events,16 involved the manufacture of uranium
cases, a removab;e contamination exceeding the hexafluoride, and 33 involved fuel fabrication.
most common test limit for removabic contamination
(0.005 pCl) is considered evidence of leakage,
Licenseea are required to report to the NRC Manufacturing Events
removable contamination exceeding the amount
specified in 10 CFR 34.25 or in a license condition.

Sequoyah fuels, Gore Oklahoma, reported 16.
events. They declared the first an " Unusual Event *

Twenty.one occurrences of leaking or conwminated when a mechanical coupling on a fire water pipeline
sources were reported during 1991. Table A-7 that serves a cable tray sprinkler system failed. This
includes information from reports of these events. failure caused several hundred gallons of water to be
None of the events resulted in a radiatica sprayed into the main process building in the vicinity
overexposure. The isotopic sources found to be of the denitration area and washed some built-up
leaking or contaminated contained americium. uranium contamination from behind . some
barium, cobalt, cesium, tritium; iodine, nickel, and equipment. No breach of uranium containment
strontium. systems occurred.

2.1.4 Release of Materials in the second event, the licensee declared 'an
" Unusual Event" when visible accumulations of dried
raffinate sludge were fou'd outside of the restricted

During 1991, the NRC received reports of 29 events area surrounding a raffinate pond The licensee-
_

in which radioactive materials were released. ' believed that high winds dried some of the raffinate,

NUREG-1272, Appendix A A -. - 12
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Table A-7 leaking sources,1991

1.icense
*

Isotole lecation Licensee Nutulwr Esent Date Manufacturer
_

Am.241 Waltham, MA Paname tnes, Inc, 200718101 06/03/91 Monsanto

Am-241 Twinsburg. Oil Reuter-Stokes Inst , Inc. M182 W I1/05/91 New England

Nuc./NI.R479C

Co 60 Manon, PA lierthold Systems,Inc. 372122n01 10/14/91 llerthold lab 3a0 IRI

Cs 137 Ikston, Ma Ikxton Unnersity 200080511 09/27/91

11 3 ti. lanUng. MI Michigan State Umveruty 210002129 Varian GC

1-125 New lisven, CI' Yale Unwemty Or710lH303 07/23/91

Ni43 Augusta, MIi State of Mame 180225401 12/29/91 llew%tt-Packard

Ni 63 1psilanti, M1 Canton Analytical tab. 211929502 05/08/91 Shimadiu

Ni- 63 St. Inuis. MO Anheuser Busch Co.,Inc. 2403847N 05/07 91 Pe;Lin-12mcr/ Sigma 2000/

NM3 Kansas City, MO Midwest Research 24025M02 12/31/91
lastitute

NM3 Saratoga, NY State of New York Om213508 09/14/90 Perkintimer/ ECD
(Perkin 12mer)

NM3 Avondale PA llemlett.Packard Co. 370700202 03/15/91

Ni43 Avondalc, PA 1lewlett-Packani Ca 370700202 N/N/91

Ni43 Avondale PA Ilewlett-Packard Co. 370700202 01/01/91

Ni43 Avondale, PA IIcwlett-Packard Co. 370700202 03/06/91

St-90 Redondo Ucach, CA TRW, Inc. 0923N301 01/18/91 IsotoPc Products Lab

SrJJO Duchanan, NY New York Power 50-286 08/09/91 D> crime /DAl-8
Authority

Z Tulsa, oK Ol'ST 352681501 N/16/91 Amersham /A424-9

Z Amndale, PA licwlett-Packard Co. 370700202 06/25/91

Z Avondale, PA llewlett Packard Ca 370700202 09/09/91

Z Avondale, PA Iteslett-l'ackard Ca 370700202 10/09/91

Z unspecified

allowing it to become windblown and dispersed from process material from a leaking tank flange onto an
the pond. No overexposures occurred. adjacent concrete pad.

In a third event, liquid having a high uranium The licensee discovered a light dusting of UO /UF2 4

concentration was discovered inside the facility's powder on the fourth floor and roof of the

restricted area. Rainwater apparently washed some hydrofluorination (HF) building in the fourth event.

A - 13 NUREG-1272, Appendix A
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The powder was leaking around the seams of an air opened up the line. The UF be0an vaporizing as its
cooling duct off an HF reactor The leak indicated a reacted with the air, and a small cloud began forming .
leak in the vessel wall from a crack around the upper in the area. The licensee classified this event as an
half of the circumference of a weld. '' Unusual Event."

in the fifth event, a lightning strike caused a in the eleventh event, the licensee reported that a
temporary power failure to all plant operations. No facility-owned pickup truck was accidentally pulled
licensed material was involved, and the power was into a sludge settling pond. The pickup was removed
restored. and cleaned. The licensee stated that additional

decontamination would be performed in conjunction
with the repair of the truck.

The licensee observed uranium in the area around
the feed to an HF reactor in the sixth event. The
uranium had been discharged from the reactor in the twelfth event, fixed surface contamination was
cooling exhaust line to tha soof of the main y ocess discovered on the asphalt surface of the warehouse
building. The leak was attributed to a crack in the yard east of the facluty. The licensee belioves that the
reactor shell that extended down the shall about one probable source of the surface contamination was
and one-half inches. due to the major UF, selease that occurred in 1986.-

The asphalt was scraped off and the contamination
was reduced to a levol well under NRC's release

in the seventh event, two workers in the depleted limits.
uranium tetrafluorkfe (DUF ) plant were contami-

nated. The contamination measured on one. worker
was 1! 30 cpm on the skin of the neck and 20,000 h the thirteenth event, surveys identified removable
epm on the hands. The contamination of the other alpha radioactivity that exceeded a license action
worker's hands averaged 8000 cpm with a maximum level on some surfaces. The licensee implemented
measurement of 25,000 cpm. radiological- controls- to prevent spread of the

_

contamination.- Nc overexposures occurred.

An ' Unusual Event" was declared when a small" puff"
of DUF powder was discharged from an enclosure in the fourteenth event elevated uranium4

during packaging. The licensee determined that the concentration levels were being released from the
powder level in the dust collector was too high for hydrogen fluoride offgas scrubber _-system _that
this eighth event. discharges its treated gas stream through the main

plant effluent stack. The licensee initiated numerous
measures to determine- the -source of elevated

in the ninth event, the licensee reported that the UF, uranium levels.
reduction plant, including the dust collector blower,
was shut down to allow the dust collector hopper to
be emptied and the rotary valve below the hopper to in_the fifteenth event, the licensee failed to ensure '

be repaired. An " Unusual Event * was declared 'and . that a. sealing gasket was in place on the front
the plant was placed on a full-face respiratory mainway hatch of a tanker trailer being used to
protection. transport raffinate sludge. As a result, slurry. leaked

Juring' the shipment of the material from the
licensee's facility to a disposal site in New Mexico,

in the tenth event, the licensee reported that during
work on tha Jpture disk downstream of a relief valve
on a c~ : trap, workers unexpectedly encountered a . In the sixteenth event. a tank experienced a boilover
very _ small amount of solidified UF when they during routine boildown operations and releaseds
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approximately 70 gauons of molten uranyl nitrate In the fifth event, while testing a new evacuation
hexahydrate (UNH). The molten UNH quickly alarm system, the licensee discovered that the
solidified on floors, walkways, stairs, and various system alarms could not be heard inside three
equipment surfaces. No personnel contamination buildings. The licensee evacuated the three buildings

was noted as a result of the incident. The most and roped thom off until the evacuation alarm system

significant contributing factor to the bollover involved was operational,
a decision by control room personnel to provide
steam to the tank to boil off what was falsely
assumed to be excess water to increase the uranium Babcock and Wilcox fB&W), Commercial Nuclear
concentraticn. Fue/ Plant, Lynchburg, Virginia, declared WUnusual

Event" related to a potential problem with their
criticality alarm system. The potential problem was

Uranium " ' Cycle Events related to the possible saturation and resulting
inoperability of detectors at high-energy fission
release levels. B&W stopped all handling and

Babcock and Wilcox (B&W), Naval Reactor Fuels, processing of fissile material until the problem was
Lynchburg. Virginia, reported five events. The first corrected.
event was related to a potential problem with their
criticality abrm system. The potential problem was
related to the possible saturation and resulting B bcock and Wilcox (B&W), Apollo, Pennsylvania,
inoperability of detectors at high-energy fission : ported that a fire occurred in a pain? storege area,
release levels. The 'icensee declared an " Unusual No radioactive material was involved and the B&W
Event" and discontinued transfers of fissile material facility was not affected.
within the facility until the preblem was corrected.

Combustion Engineering (CE), Windsor, Cont.ec-
In the second event, the licensee declared an ticut, iaentified a small ammonia leak from a tank in
" Unusual Event" when approximately 30 percent of the fuel fabrication yard. No odor was detectable
the audible alarms did not actuate during a routine offsite.
test. They did not actuate because an electrical wire
had been severed during the installation of other
wiring. Combustion Engineering (CE), Hematite, Missouri,

experienced an unplanned release of UF . A steam3

valve failed, resulting in the incompf ete hydrolysis of
In the third event, a worker was exposed to and UF and its- concomitant release. Most of thes

inhaled radioactive contaminated acid fumes in the unreacted UF reacted with limestone in the offgass

uranium recovery dissolver area when an enclosure scrubber, but a small amount was released from the
door was opened and the ventilatic system failed to stack. No release limits were exceeded in inis event.
provide adequate air flow to prevent the fumes
escape f rom the enclosure into the workers breathing
zone. No overexposure resulted from this event. General Electric (GE) Company, Wilmington, North

Carolina, reported 15 events. In the first event, a
tanker truck pumped sulfuric acid into a tank

in the f ourth event, the ticensee declared an * Unusual containing hydrochloric acid neceas:tating t:
Event" when an inline monitor in a waste stream line, evacuation of the fabrbation building because of
which carries waste solution from the scrap recovery fumes,

facility to the waste treatment facility, went into
continuous alarm and shut a valve, te minating the
flow.
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A process controf problem occurred with the spectrometer, normally useo in conjunction with the
consequent release of enriched uranium into in first, was out of service.
unsafe geometry tank. GE declared an * Alert" during
this event. This second event was the subject of an
NRC llT inspection. Additiona. Information on the In a ninth event, the licensee reported that incorrect
event and the NRC findings can be found in information was entered on a form for a non-like-kind
Appendix G and Section 3, incident investigation valve replacement, a quality assurance breakdown.
Program, of this report.

Uranium contamination was reported below the floor
'

in a third event, about 400 ga|lons of liquid containing in a slab tank area at an expansion joint; the
small amounts of uranium were transferred to an contamination could have resulted from a spill of 200
ur' safe geometry tank. The transfer was made before - gallens of nitric acid. The licensee was concemed>

obtaining all required analytical results. that damage to the floor could affect the stability of
the slab tanks, compromising criticality control. A
large volume of earth was removed from beneath the

A timer for a pellet press was reset so that three times spill area to remove contamination from this and
the aHowable volume of pellets could have collected previous spills in this ter;th event.
before the press would have been shut off
automatically in a fourth event.

Fifty-eight kilograms of uranium - dioxide were
detected within the enclosure of a slugger press in an

in a fifth event, a waste tank was discharged without eleventh event. A die broke and allowed the powder
the operator being aware of the' correct to fall to the bottom of the enclosure. The
concentration of material in the waste. An operator accumulation of powder represented a failure of the
stated that he observed that a waste tank dumprad its nuclear criticality safety geometry control, but the
contents without intervention, but G E determined that second nuclear criticality safety control involving
the operator responded to the wrong item on the control of the mass in the enclosure was maintained.
computer screen.

A component in the criticality waming system failed,
a ponion of the contents of a rad waste tank was - rendering the system inoperable in a thirteenth event.
improperty discharged to a lagoon in a sixth event. Temporary detectors were deployed and wired into
An operator transposed sample results of two tanks, the system.
and the independent verification process failed to
ensure that the proper value had been used.

In the course of a licensing review of the uranium
recycle unit (URU), GE determined that two work

in a seventh event, a process pump that supplies stations and one piece of equipment in a section of
cooling water to a recovery unit tripped. but an the URU had been approved only for enrichments of.

automatic backflow feature prevented backflow of 4.025 percent or less although enrichments of 4.4
uranium to the nc 1 favorable geometry cooling tower. and 4.8 percent had been J.aessed in that section.

In this fourteenth event, GE revoked the approval for
enrichments greater than 4.035 percent in that part of

A device used to measure the uranium concentration the URU and evaluated the criticality of the subject
in waste streams malfunctioned in an eighth event. stations and equipment. On the basis of ' the
The malfunction was believed to have begun 3 hours reevaluation, GE approved the URU for use with
before its discovery. The cause was the blockage in enrichments up to 4.8 percent.
the atomizer of a plasma spectrometer. A second
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I A hose clamp failed, resulting in the release of 82 The licensee found an inadequate procedure for a -

| l' grams of uranium powder to the confinement nondestructive assay (NOA) station that was not

,
atound the press. The nuclear critical!!y safety being used as cesigned after the NDA station alarm

j geometry control failed, but the nuclear criticality sounded. The alarm was unexpected because the

] r..oderation safety controf was maintained in this amount of fissile materialin the station was below the
;- fifteenth event. Ilmit set for the station. The NDA stativn detector was
j- inaccurate, causing the alarm to sound although the
j controllimits of the station had not been reached

in addition to these 15 events that occurred at their*

| facility, GE reported that a car struck a truck carrying
j_ a shipment of fresh fuel from the Wilmington, North

Carolina, facility to Vermont Yankee Nuclear Power A broken PVC pipe released 300 gaitons of water.:

; facility in Vemon, Vermonti The outer wooden The water was . collected in 55 gallon drums, all =
} packaging bumed, and the inner metal packaging except one of which contained plutonium solution in -

j- was damaged. GE declared a * Site Area Emergency" concentrations that were below the limit for release to
; for this event No releases of radioactive material unrestricted areas. The contents of the one drum
} occurred. were retained for further cleanup.

'

I
i

I Nuclear Fuels Services, Inc., Erwir:, Tennessee, Siemens Nuclear Power Corporation (formerly
experienced six events. In the first event, an operator Advanced Nuclear fuels Corporation), Richland,
cut the tip - of his finger with some resulting ' Washington, reported a fire inside a rubber transfer
contamination with plutonium. The injury resulted boot in the UNH dissolver glovebox. Uranium dioxide
from the use of an ultra-high pressure jetting system. had ignited causing the rubber boot to bum, which in
Medical treatment was provided after consulting the turn, Ignited a Lexan hood. No exposures occe.Ted,
Radiation Assistance Center / Training Site (REAC/ and the high. efficiency-particulate air filters held.
TS) in Oak Ridge. Contamination was limited to the dissolver hood.

In a second event, four people were moving a glove UNCI inc 's Uncasville. Connecticut, facility
box when it slipped and ruptured. Three movers were experienced one_ event: zirconium fines in a filter
wearing positive pressure respirators and the fcurth housing ignited and caused a fire in the filter material,
was wearing an incompletely sealed bubble suit. No - Air samples from the area showed no significantly
one was overexposed as a result of the incident,- elevated levels of radiation.

The criticality monitoring signal failed to transfer to Westinghouse E9ctric Corporation's Commercial
the uninterruptible power supply (UPS) when power . Nuclear Fuel Division,: Columbia, South CarrJina,
to the plant was lost in a third event. The monitors experienced two events: In the first, a 6-inch city
were connected to the emergency power generator water line failed, resulting in the release of 30001
until the UPS was available. The UPS was lost gallons of water to the contamination controlled area.
becmse of a loose connection; No water was released outside of the building and no ,

exposures resulted from the event, in the second-
event, circulation was lost in the concentration

-

_in the fourth event, an improper discharge of liquio to monitoring loop on an unfavorable geometry tank;
an unsafe geometry tank occurred when sample' One pump was- discovered to be leaking Jand-

numbers were mixed up, smoking.The pumpwastumed off and the redundant -
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pump was started. Bocw;o no flowmoter was in shop that manufactures the fitting All of the
the line, downstmen prensure was usod to indicate American customers that rnight be affected
flow in tra ncep The flow in tho kop was tost becauso by the problem have boon notified. The
a nut was iudged in the Guetion side of the moni- defective cameras will hav- ' returned
tority loop line. The inck of t!ow causod overheating ior roplacement of the f'
aid concentration of the ilquid, which triggered a
high concontration alarm. (ho concentration moni
toring loop is not a critica! ty safety contingency. Edwards Pipolino Testing, Inc., reported a.

disconnoct with a SPEC 2T camera. The
assistant radiographer fallod to properly

2.1,7 Hadiography connect the source pigtall to the drivo cablo.

Globe X Ray reported that a source couldDuring 1991, licensees reported 30 events that .

involvtd radiography. All of these occurrod at romoto not be fully retracted into an Arnershar!.
sites. Tatie A-6 provides information on these Modol 600 camera. T ho locking slide bar had

reported events. All of the events involved overerpo. fallon back into the locked position and
surcs or potential crvorexpt.,sures, transportation would not allow the source to be fully
events, or lost or leaking sources. NRC requires in retractod. The Amersham operation and
10 CFR 34.30 that licensees report to tho NRC ovents maintenance manual describes the
such as those and certain defects in radiography potsibility of this type of ovent with a fix to
equipment. avoid it.

H & G Inspection reported an event in whichNRC receked tho following 19 reports of defects as *

requirod by 10 CFR 34.30 in 1991. Reports of this a 'J" source assembly hung up inside the
typo were not recotved in previous years unless the exposuro device, an Amersham Model
information was transmitted with the report of a 89911 source assemtJy, and the cable -
personnoi o"eroxposure, connector broke loose. A pin in the pigtall

connector caused the hangup.

AlY. (Alaska industrial X ray, Inc.) toportod a in a second event. H & G reported that a.

source disconnect with an Amersham sourco could not be retracted into a Gulf
Century S camera because the sourco tube Nuclear 20N device, it became stuck in the

was not connected to tho exposure device. guide tube, which had become crimped.
When a new guide tube was connected to
the device, the unit worked properly.,

Amersham Corpore.lon reported a dofoct in.

a component used in the manufacture of
the Amorsham Mode 1920 camera. A dlmon. MOS Inspection, Inc., reported a source
sional defect in the male fitting on the front disconnect with a Magnaflux Model MX-IC-

end plate of the camera may prevent a 100 exposure device. The exposuro device

so:ureconnectionof theguidetubo Aguido had been disconnected from one guide tube

tube that engages the bearings on ne quick and had not been connected to the other
disconnect is not properly located on some - guide tubo when the source was exposed.

of the defectke parts so that the guide tube The source was able to be cranked out
cotJ1d becomo disconnected white the further than expet..ed so that the-
source is exmsed. Amersham provided radiographer retracted the source but was

incomplete specifications to the machine
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Table A-8 itadiography egents,1991

,_ _

. - . . -

IAcuse Type of
Isotog# 1xation IJcensee Nutuber 1: vent Date Egent"

f r-192 Globe X-Ray Services, int 35151M01 08/07/91
-

f r 192 lia G lh5fection Co., Inc. 422am01 07/29/91

Ir192 Anchorge, AK Alada induttnal X Ray. Inc. 50luiM01 06/18/91

Ir192 l'airbarb. AK tropertion Serv. & Test. 302325701 05/21/91 EXP

f r-192 thablo Canyon, CA Plant lnycetnoa Co. N2103201 W/19/91 liXP

tr 172 Chut tuk, ID thamond 11 Testing Co. ID 191 01/29/91 EXP

1r-172 Ilirth Run. M1 TI:1. Inc. 37?N O401 10/24/91

Ir192 Gaylord, MI TEl, Inc. 3730M01 06/27/91

f r 192 Cimiuct MN lwin l' orts Testint Inc. 482347(41 05/18/91

f r IV2 Grand Rapids, MN IMwards Pipchne Testing. Inc. 352119301 02/16/91

f r-192 Tre nton. NJ MQS Inspc ction. Inc. 120u62207 02/W/91

1r .192 Ikirde ntown, NJ lira n-Shon, Inc. 291415ml 11/03/91 TRS
>

lt192 Minncyh, M N IMwards Pipchne ler ting, Inc. 220137602 12/1%/91
_

Ir,192 Cancinnati, Oil MOS Inspection, Inc. 12t% 2201 12/V)/91

Ir.192 Dee rfield. Oli firan-Shon. Inc 312SRMrJ1 0K/24/91 IAS

11192 Tulsa, OK IWwards P pchne Testmg. Inc. 352319V)1 10/22/91 IXS

Ir192 Tutsa, O K 015r 352681501 05/17/91 1 KS

Ir 192 Cha rkston, SC Ind ust rial .*ilft Co , Inc. 3124hKR01 03/N/91 IAS

lt-192 Gester, VA Old Dominion l bncators 451558101 OH/23/91

It-192 Newrort Nems, VA Ncmport News Shi;ouilding 45U>42802 12/19/91

It IV2 Rohcris, WI loin City'lesung 220137t42 10/W/91

Ir192 Kaukauna, WI Profcuional Welding Atmc. 481Wr41 06/23/91

Ir 172 Carter Crcck, WY ll&G Inspection Co , Inc. 422t.83801 10/07/90

Z l egicm o.=J. CO Inte rmountain 1 csting Co. 050787201 10/24/91 EXP

Z Jubononc,11 Space Scichce Services,Inc. WO755ml 12/02/9 EXP

Z Ilurhngt on. MA Amenh m Corp, 2Ol2RV41

Z St. louis, MO St. louis Testing labs., Inc. 24001FRi2 08/05/91

Z licmcit. NJ C< rtified Lsting labs 291415001 11/M/91 TRS

Z lluffman. TX Conon llouston Se rv., Inc. 422682301 11/04/91 11XP

Z Mills, WY liigh Mountam insp. Scrv., Inc. 492680H01 J /08/91 TIG

* Z means unspecified
" EXP Expc5ure

IAS Inst, Abandoned or Stolen Lurce
ILS leaung Sourte
Tits Transportation
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St. Louis Testing Laboratories reported theunable to return it to the shleided position. .

The source had become disconnected. failure of a lock box on a TECH / OPS 600
camera when an attempt was being made to

unlock it. The camera had an automatic lock
A second event was reported that occurred assembly and the source, therefore, was
when a Gamma Century S device was being locked in place. The camera was returnod to

used. Thc source guide tube had become TECH / OPS for repair,

partle.Ily unscrewod from the quick
disconnect fitting, forrning a gap inside the

TEI Analytical su.+, m . reported twoguido tube that permitted the sourco .

assembly to 'jackknifo* and restricting the events in which a incarce could not be
flexibility of the connection. The source retracted to its fully shleided position in
jammed in the exposed position and could Automation Industrios Model 520 Iriditrons.
not be retracted into the fully shioided The licensoo believes the cause of both
position. ovents was the failure of the radiographer to

property connect the drive connector to the
sourco assembly before making an

Newport New , Shlobuilding reported that exposure..

their personnel were unable to retract the
ir - 192 source into the fully shielded position

Twin City Testing Corporation reportt<1 inin an Amersham Model 000 camera. .

Examination of the equipment lod to the one event that the lock cylinder on ane

conclusion that the pigtail had not been Amertest Model 600 exposure device pulled
property connected to the drive cable. The out of the lock housing. Tho springs and .
selector ring on the Model 000 could be tumblers of the lock mochanism were
moved 1o the ' operate" position without the damaped and the key cylinder would not go
proper connection of the drive cable and back into the lock mechanism. The device
source. Although Amorsham knew of the was to be returned to Amersham for repair,
possibility of such failures and had
distributed detalls of a test todetoct problem In a second event, the licensee reported that

- equipment in March 1991. Newport News a 20,000 pound vessel fell on the exposure
had not been fumished with the Information. device, Amertest Model 600, crushing the
Newport News performed the test on all handle and bending the end plates. The lock
6quipment and found four other defective mechanism ring on the damaged device
Units. These were removed from service. could not be tumed manually. The source

was in the safe position when the accident
occurrod.

Old Dominion Fabricators reported a sourco.

disconnect with a Gamma industries
Century SA camera; the disconnect was Twin Ports Testing, Inc., reported a source.

related to a defect in the drive cable. disconnect with a Gamma Industries
Century SA device. The quick disconnect-
coupling was not properly connected to the

ProfessionalWolding Ascociatos reportod an camera, ca using the source a ssembly/ guide.

unintentional disconnect of the source cable connector to como apad when it
assembly from the control cable with an passedthroughthetube/camerat. acetor,4

SOEC Model 2T. The cause of the
disconnect was operator error.
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Six reports from radiography licensees involved includes information f rom theso reports. Nono of the
overexposures, and two involved leaking sources. events by itsett was significant.
These reports have been discussed in Sections 2.1.1
and 2.1.3 respectively. NRC received two reports of
lost sources that were recovered, and three reports 2.2 Abnormal Occurrences :

of transpoitmen events involving radiography
devices thai Gid not result in any damag9 to the
device. In the 1991 Report to Congress on Abnormal

Occurrences (AO) (NUREG 0000), three events at
NRC licensees and four events at Agreement State

2.1.8 Manufacturing and DIStributlOn licensees were determined to be AOs. The AOs at
NRC licensees involved the following:

The NRC roceNed 46 reports of events that involved significnC -Jagradation of plant safety at.

manufacturing and distribution during 1991. Nue; o fuel Services in Erwin, Tennessee
Table A--9 provides information about these events.

,

These licensees have no unique reporting potential criticality accident at the General.

requirements for events involving health and safety Electric Nuclear Fuel and Component
' unless the requirements are incorporated into a Manufacturing Facility in Wilmington, North

license condition or an Order, None of the events Carolina
was significant.

radiation exposures of members of the.

public from a lost radioactive source
2.1.9 Gauges and Measuring Systems

The Agreement State AOs received in 1991 involved
the following:

Holders of specific licenses to possess gauges are
required to report failures of, or damage to, shielding, radiation exposure of a nohradiation worker.

on/off mechanisms, or indicators of the gauge, or (1990 event)
datection of removable contamination on the gauge.
In addition,10 CFR Part 20 requires these licensees radiation overexposure of a radiation worker.

to report lost or stolen materials, releases of material, (1990 event)
and so forth.

overexposure of a radiographer (1990 Event).

Reports of 33 events involving gauges or measuring exposures of nonradiation workers (1990.

systerns were received during 1991. Table A-10 event)
i

i

!

!
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Talile A-9 Manufacturing and distriliullon,1991

- . _ ,

1.ltense l'.s t ui T3 e of
isologe* location IJtensee Numler Date then!"

Am 241 Waltham, MA l'a na me t ncs, Inc. 2W71K101 (W,/01/91 iKS

Cel37 Sagula, MI Iowniana Panfe Corp 4AlW yo2 06/D/91 UAU

C&l37 I est us, MO Union 1.iertric Co 240202(uss OK/02/91 Msc

(4-137 I arrtil, l'A Sharon Sicel Enrp 3716Mfot 07/16/91 1.XP

Cul37 Satersvi!)e. WV Unnin CarNde 47tWW M '2/(Fl/tK) l '.X i'

11 3 Ann Arbor, Mt KM % l'unon. Inc. 211544601 '*AM/91 RI.M

1 125 Washington.1)C Dept. of the Navy 432 %in 09/26/91 IM,lRS

l 131 Chicago, ll, Syntor Corp 131945101 02/25/91 IRS

l 111 Maryland Ilcights, MO Nl. I cdc ral l'.npren 11/lR/91 1 R5
_

It 1v; Tub a. OK Ame rsham forp. 2012RVol N/16/vl RAD,1.KS
.

It 192 Milne Point, AK Alaska Ind. X Ray,Inc, $01(oM01 06/lk/91 RAD

1r 192 Alden. KA Cot, llouston & rv., Inc. 422tA2V)1 09/0K/91 l'.XP, RAD

1r.192 llurbrigion, M A Amersham Corp. 20128 W il RAD

lt-192 Grand Rapidi, MI I dwards Pipe Testing. Inc. 15D19101 02/16/91 RAD,liXP

tr 192 Cbquet, M N Twin Ports'lcstmg, Inc. 4%2M7601 0$/18/91 RAD

lt192 'l re nton, NJ MOS insp., Inc. 12inv.2207 02/09/91 RAD

tr 192 l uisa,0K laardS Pipc Testing. Inc. V2319Vil 10/D/91 IKSRAD

lt192 l uisa. OK 0151' U2 MIS 01 'l RS

Ir192 Nemport News,VA Newport News Ship. 45(P42802 12/19/91 RAD

lt lV2 Cheste r, VA Old Dominion I abncators 4515581(11 08/23/91 RAD

tr.192 Kaukauna, WI Prof. Welding Anor. 4825Mx01 06/U/91 RAD

tr-192 Robe rts, WI Twin oty 'I csting 220137(02 1G/w/ul RAD

Ir 192 Superior, WI Twin Ports'Icsting. inc. 4RM7(01 05/1R/91 RAD

tr 192 Carter Cseek, WY Ila G Inspection Co., Inc. 422%Wil 10/07/90 RAD

Mc> W St loum, MO Malhnck rajt. ine 24N 2 fin 01 N/08/91 IRS

mow South Plains, NJ Del-Med, Inc. yniO32018 05/24/91 TRS

:

Footnotes at end of table
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Nonreactors-Events

Table A-9 kont.)

m a = . -

1.ict m e I:sent T pc of3

isot ope * location IJernser Nuniber Date 1:sent"

TvnM lhilt ru a. M 4 I)u Pont Mert k l' hum 202N5 N 1 V1/10/91

'l c N/M Orange, NJ Mathnd eta Inc. 292Mri101 03/07/91 'l RS

'I cN AI () tar.ge, NJ Malbnd iait. Inc. 2 /?NW,111 (4/14/91 1 RN

'I c 9^^1 ()tany, NJ Malhnd rt att. f oc. 292k k.tal (6/(4/91 'I RS

'I th/M Toledo Oll Nyncor Corp MluM01 02/1k/91 'I RS

IcNA1 Cicu land. Oli Syncot Corp. MIM0$0] te/29/91 TRS

IcN>M Philadciphia, PA MPl Phar. Serv , Inc. 3727D 02 01/(N/91 TRS

I c/NM Tu$a County. PA N1 I,uprcu !)cIn. N!. N/m/91 ~lRS

Ic hM Rice lake, w 1 Shared Mcd ~!cch ,Inc. 48174tV11 12/27/91 ~1 RSe

'I c.99M Waumatru,WI Smcor Corp 46,174u hi vi/17/91 TRS
--

l'cNA1 tiluefield, WY llumana i hopital 472131701 VJ/10/91 IILS

U O da, i l>iagnostic Photon Corp $21 G4502 01/21/91 |WP

-4 hw ' , . .,
.-Phy m ,Inc. 291$ w td (4/19/91 TRSXc 135 % di

. . , ~ , , _

Ae-D3 Dev e f. y #.I. DuPont 2at)32019 07/19/91 TRS

Y St Paul, MN S mor Corp 22191780! N/15/91 IWP3

Z Crabrdam .!N Syncor Corp l'W22pl N/VJ/91 'l RS
.

Z Wa rre n. MI Malhnd rodi, Inc. 24N2(610 (6/11/91 'l iLS

Z St. I outs, MO St. I oun. Tc s ting i ab. 2400lM02 Ok/05/91 RAD

Z Clevriand Oli Adv. Med. Spiems, Inc. M 1908' ail 07/lf./91

Z Ca rohna, l'R lhagnosuc Pli un Corp. 521G4502 12/20/'A> IWP
,

* Y other
Z unstweified

" INP c ap surc
U AU gauge

I A% Icst or stolen source
1.KS leaLing source
MSC me,cc!1ancous

RAD radiography
RI.M release of matenal
TRS tranynation
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Table A-10 Gauges and measuring splems,1991

Ikense E5ent T pc of3

l>olopc* laation thensee Number Date I:S en!"

Am 24I Danbury, Cl" Testwe11 Crsig I abs W,lV72001 Oti/24/91 *l RS

Am-211 D mer,Dl! State of Delawatc 071 / 4 701 05/21/91

Am-241 Indianapola, IN Atec Amt, Jr.c. 131773201 06/06/91

Am.24i Nwt, M1 Cil and Aariates 211700701 G4/26/91- 'l RS

Am-24i Plymouth, M1 l'.ng and Testing Serv. 212(J1601 10/13/91

Am-211 Columbus, Oli tillCA M l'riginee nng. Inc. Ml W M01 10/25/91

Am-241 Wilk>ughby, Oli til)P/l rigp Oins., Inc. M2130101 10/29/91

AmJ41 Oncinnatt, Oli 11 C. Nutting Cu M INtM201 01/15/91

Am.241 State College, PA litarmky Amrtates. Inc. 372M91507 02/27/91 l ',X 1' |
1

Am-241 Philadclphia, PA Philadephia, City of 370798307 05/08/91

Am.241 Wincheste r, VA Triad lingmee nng, Inc. 45tB20901 1I/19/91

Am 241 Giarieston, WV WV Dept of II ghways 470'MViol 06/18/91

Am-241 Caspe r, WY Chen.Northe rn. Inc. 491700201 12/09/91 '[
CMo Newark. Dl! Ltwh ling. On /I ruicch 07283Mol (W/16/91 'l RS

Cs-137 Indianapohs, IN Alt & Watrig l',ng. 131W4501 11/01/91 I;XP i

C&l37 Indianapolis, IN Cil. Itevendge Paper Co 01." ILXP
'!

Ck137 kgota.Mi louir.iana Paiific Corp. 48189Wo2 06/25/91

fCel37 Ilillirip, MT Dept. of intenor 251509101 09/16/91 Msc

Cs.137 Raleigh, NC llerthold, Inc. 372122fol 10/03/91 TRS

Ca.137 l'arrell, PA . Sharon Steel Corp. 37161tfoi 07/16/91 !!XP

Ca-137 Rkhmond, VA Gecdyt"ec 06/07/91

Cb137 %stermite, WV Union Carbide 470606703 12/09/90 11XP

Kr# Tamaqua, PA - ICI Americas,Inc. 372827101 06/03/91 Rt.M

Kr45 Wo Rapids, Wi = Conschdated Papert Inc. 480111701 Of,/19/91 - liX P

Ni43 . St Louis, MO Anheuw r-Ilusch Co., Inc. 240V4704 05/07/91 IXS

'lh W. Miffhn, PA Sussman and Illun :nthal 061765Vil 07/0$/91 WAS

l'ootnotes at end of table

>
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Nontcactors-Events

Table A~10 (runt.)

. _ .

1.irtinse lhetti T ;w of3

Isol0|4' l.Awalloti litritset Nuttiler Dale b etil"
7 Harrow, AK North Note ik > rough 502325"A>l 02/lk/vl MsC

7 I ast flattford. Cl Ini Mate nal'Itsting 42Js 01 10/19/'ai

7 livansville. IN Gl. Peu lbrm, Inc. Gl? N/29/91

7 l' ort Wayne,IN Ma'.c nata insp. & 'l cating 1116 % 102 10/01/ % 1;XP

7 Rolla. MI Muouri 1:ng. Corp. 242522An 06/28/91 TRS

7 St Paul, VA W 1. Cons. & l'aving, Inc. 4525m201 05/22/91 'l RS

/ S. Cha rleston, WV Ohn Corp. 472483All 12/1.1/91

*

7 unspecifieJ
~ Gl. generalliterve
~' LXP eipsure

1 -KS IcaLing nou rce

MsC Miscellaneous
Rt.M rencase of rnatenal
114% transportation
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3 Findings

T,'.: .urnoer of events reported to the NRC in 1991 spent fuel storage, and fuel fabrication and
was about 30 percent greater than that in 1990. processing showed that all of these licensees
New reporting requirements for radiography licon- maintained the average exposure of their personnel
sees and increased numbers of reports enternd for well below the annual limits specified in 10 CFR
fuel cycle licensees were responsible for much of Part 20 in 1990. No significant overexposures
theincrease. The most recent readily available resulted from operations by NRC licensees in 1991,
collective exposures for industrial radiographers and the numbers of reports of lost material and
and licensees involved in manufacturing and leaking sources was comparable to the numbers in,

distribution, low-level waste disposal, independent previous years.

,

.
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1 Introduction

The Office for Analysis and Evaluation of Operational t 35 was revised again on January 27,1992, to
Data (AEOD) teviews reports of medical misadminis- include the Ouality Management Rule. As a part of
trations of radiopharmaceuticals or radiation from this revision, the definition of the misadministrations
isotopes regulated by the NRC.* AEOD's review of that are reportable to the NRC so that tha reporting
these reports submitted to the NRC during 1991 is requirements for almost all diagnostic misadminis-
documented in this appendlx. trations will be eliminated.

The revised Part 35 of Title 10 of the Code of Federal However, certain diagnostic and therapy procedures
Regulations (10 CFR Part 35), which became involving the misadministration of either lodine 125
effective on April 1,1907, defines a misadministrat;on (1- 125) or lodine 131 (1-131) in amounts exceeding
to mean the administration of - 30 microcuries (pCi) will still be reportable. In

addition, an increased therapy threshold of more

a radiopharmaceutical or radiation from a than 20 percent difference from the total prescribed.

sealed sourco other than the one intended, dose instead of the existing threshold of more than
10 percent difference from the prescribed dose

a radiopharmaceutical or radiation to the (except for gamma stereotactic radiosurgery where.

wrong patient, the threshold for the total misadministered dose
differs by more than 10 percent from the total

a radiopharmaceutical or radiation by a prescribed dose) will climinate the reporting of some.

route of administration other than that of the therapy misadministrations. For example,
intended by the prescribing physician, about 15 percent of the reported 1991 therapy

misadministrations would be eliminated if Ihe recently

a diagnostic dosage of a radiopharma- revised regulatioa had been in effect..

ceutical diff ering f rom the prescribed dosage
by more than 50 percent,

NRC licensees reported medical misadministrations

a therapy dosage of a radiopharmaceutical to the NRC to comply with the 1991 requir:ments in.

differing from the prescribed dosage by 10 CFR 35.33. This section requires that licensees

more than 10 percent, or report all therapy misadministrations. The reporting

criteria for dia0nostic misadministrations in this
a therapy radiation dose from a sealed section require that licensees report only thos0e

source involving errors in the source diagnostic misadministrations in which (1) radio-
calibration, time of exposure, or treatment active material not intended for medical use was
Geometry that result in a calculated total administered, (2) the administered dosage was five-

treatment dose differing from the final fold different from the intended dosage, or (3) the

prescribed total treatment dose by more patient was likely to receive an or0an dose Greater

than 10 percent. than 2 rem or a whole-body dose greater than 500

millirem (mrem).

* The Atomic Energy Act of 19s4. as amended in 1974, hmits the

NRCs regulat:on of radioactive materials to reactor. produced
isotopes.

B-1 NUREG-1272, Appendix B
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AEOD Annual Report,1991

Approximately 7 million diagnostic proceduros, Generally, the magnitude of the potential or actual
30,000 radiopharma ceutical thorapy proced ur es, and effectof atherapymisadministrationandadlagnostic
50,000 brachytherapy procedures are performed misadministration differ. T horapy misadministrations
annually in the Unitod States. In addition, about are associated with proceduros in tyhich iarge doses
100,000 patients roceive cobalt-60 (Co-GO) of radiation are administercd to patients to achlovo a
telotherapy treatments cach year' The NRC therapeutic effect, whilo diagnostic misadminis-
estimatos that Agreement States licensees perform trations are associated with procodures requiring
about 00 percent of these procedures and NRC smalldosagos of radiation except for tho dlagnostic
licensees perform 40 porcent. Appeadix C presents ad alstration of I 131 or 1125.
a detailed ana!ysis of the Agreement State's
misadministration data.

Licensoos have reported over 4400 diagnostic
misadministrations to the NRC over the 11 year

Diagnostic misadministration, as usod in NRC porlod trom 1981 to 1931, NRC estimates that about
regulations, refers to the misadministration of 3 million procedures are performed annually by NRC
radioisotopes in nuclear medicine studies such as licensees, making the estimated diagnostic patient
renal scans and bone scans. Therapy misadminis- error rate 0.0001 per procedure.
tration, as used in NRC regulations, refers to the
misadministration of radiation in the treatment of
patients from Cof0 tolotherapy (6xternal use of Diagnostic misadministrations that rosatt in the -
radiation for patient therapy treatment), gamma erroneous administration of I-131 may result in
stereotactic radiosurgury (external use of radiation thyroid or other organ dosos that ra..go from several
from about.200 small Co-00 sources for patient hundrod tads to several thousand rads. These dosos
therapy treatment), brachytherapy (insertion or may approximato therapy equivalent misadminis-
Implantation of scaled sources containing radioactive trations,
materlat for patient therapy treatmont), or
radiopharmaceuticaltherapy.Thesignificanceof any
event stems from the potentia! effect of the event on Because both therapy misadministrations and
the public health and safety. Generally, the total risk diagnostic misadministrations have about the same
ascribed to an event is a function of the froquency of estimated error rato, therapy misadministrations and
the event and the magnitude of the potential effect of some I 131 misadministrations as a class, appear to
the event. be individually and collectively more significant than

diagnostic misadministrations. AEOD, thereforo,
reviews in detall reports of therapy misadminis-

Uconsees have reported about 119 therapy trations and misadministrations that involve the
misadministrations to the NRC over the 11-year administration of I 131, Most reports of dia0nostic
period from 1981 through 1991. The estimated error misadministrations are reviewod from a collectivo or
rate per patient is 0.0003 for teletherapy and 0.0002 statistical vlowpoint.
per procedure for brachythorapy and radio-
pharmaceutical therapy.

This appendix is a 00mpilation of data on mis-
~~

administrations reported to the NRC from January
*

U.S. Nuclear Regulatory Commission,"10 CFR Part 35, Basic through December 1991 and is dMded into the -
QuaMy Assurance Program, necords and Repcrts of Misadmin. Iollowing sections: " Therapy and - Diagnostic
ist.ations or Events Relating to the Medical Use of Byproduct

Misadministrations' Reported to NRC During 1991,*Material,' Tcdnal Regn:cr, Volume sS, No.10, January 16,
,

1990, pp.1439-1449, p . ,

' Findings and Conclusions."
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Nonreactors-Misadministrations

2 Therapy and Diagnostic Misadministrations
Reported to NRC During 1991

2.1 General the number for 1990 and about 10 percent higher
than the avorage rate of the years 1981 through 1989.
The 19 therapy misadministrations reported during

From January through December 1991, NRC 1991 was about two timos higher than the averago

licensees involved in radiation therapy and nuclear number reported annually in 1981 through 1990.

medicine reported 19 therapy misadministrations
and 444 diagnostic misadministrations, which is
equivalent to approximately 21 events per 100 Table B-3 provides estimates of the error rate for the

licensees.Tablo B-1 summarizesthet,tatisticsforthe various types of therapy procedures and dir. . ostic

rnodical misadministrations reported to the NRC for procedures.

1991. Of approximately 2200 NRC licensees
authorized to perform nuclear medicino studies or
radiation therapy, 348 reported ono misadminis. 2.2 Therapy Misadministrations
tration or more for a total of 463 reports involving 520
patients. Of the 463 reports on misadministrations,
444 inve'vod diagnostic misadministrations and 19 Licensees reported 19 therapy misadministrations
involved therapy misadministrations. during 1991, Of these misadministrations,3 involved

teletherapy, 11 involved brachytherapy, and 5
Table B-1 Medical tnisadministrat!0ns reported involved radiopharmaceutical therapy. Tablo B-4

to NRC during 1991 presents data on the type and probable cause of
these misadministrations.

Misadministration

Diagnostic Therapy Total 2 2.1 Teletherapy Misadministrations

No. of reports 444 19 463

Ucensees reported three teletherapy misadminis-
No. of patients trations during 1991. Of these, two involved an

involved 489 31 520' Inadequate review of the patient's chart, and one
involvod an erroneous computer programming entry.

No. oflicensees
reporting 329 19 348

In the first of the throo teletherapy misad-.

* The number of pabents is much highet than the number of ministrations reportod during 1991, a patient
reports TNs is due to multiple patients that may be involved
in a single misadministration and are included in one <eport. WaS prescribed a Co@ teletherapy treat-

ment of 250 rads to the brain; however, the
patient received an unintended dose of

Table B-2 lists the number of misadministration 57 rads to the neck area. The two techno,

reports received during 1991 and the previous 10 logists involved in this treatment picked up

years. This table also provides the number of reports the wrong patient's chart and failed (1) to
according to type of misadministration, the number check the identifying picturo, which was in

,

of patients involved, and the number of licensees the chart, (2) to check the patient's iden6fi-

reporting misadministrations. The figure of 444 cation on the daily schedulo, and (3) to
diagnostic reports for 1991 was about the same as communicate with the patient. The licensee

B-3 NUREG-1272, Appendix B j
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Table B-2 Misadministration reports for 1981-1991 !| 7 ,

c- rn ,

O 1A- |

|f Type of . 1931 1902 1933 1934 1935 1986 1937 1983 1989 1990 1991 Total Average >,

m misadministration ~ 5 |-'

$ 5 ,

y Therapy '10 4 4 14 4 7 9 12 10 24 19 117 11 g ,

32. o |

e' Diagnostic 3 !

8- Iodine-131 '2 3 2 3 3 5 5 7 10 13 14 67 6 -" '

!- $' Other 428 414 332 395- 377 433 409 386 397 430 430 4,431 403 y
- .

'

No. of patients $17 451 437 442 410 495 459 470 ;486 573 520 5,260 478

No. of licensees r ;

reporting 351 355 293 318 293 369 343 344 326 350 343 3,695 336 |
.,

i

'I
1p

$ {
i

y
Ii

Table B-3 Erroe rate for misadministrationsj : tn

| (Based on aggregated 11-year data)

i-
S

Estimated Number of
Procedures by Number of No. of f

Type of Procedure NRC Licensees . Misadministrtions Patients Error Rate [
,

!
i
,Therapy i

- Teletherapy 404,800*' 53 137 0.0003 !'

,

$ .

B 202,400 41 41 0.0002,

. rajhytherapy
Radiopharmaceutical 126,500 23 23 0.0002 i

,

"

i
'i
f

Diagnostic s 41,000,000 4,445 5.260 0.0001
i
L

' * This figure represents the estimated numk ci patients that reeerved teletherapy trestreets. .. !
.

i

fT-

r
*

;

(
4

1

n
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Table B-4 Type and probable cause of therapy
misadministrations reported in 1991

Teletherapy

inadequate resiew of the patient s chart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
Error in the computes programming entry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Brachpherapy

Error in t he dose calculation . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Error in identifying the treatment area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Inadequate training of the involved personnel . . . . . . . . . . .................... 1
Inadequate review of the patient's chart . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Inadequate review of the patient's chart . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Error in identifying the strength of

implanted brachytherapy sourecs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Error in verifying the placement of

the brachytherapy sources in relation

to t he t re at m ent sit e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Insdequate patient rest raint . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Radiopharmaceutical therapy

Error in verifying patient identification . . . .. . . . . . . . . . . . . . . . . . . 4 . . . . . ....... 1
Defective equipme nt . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . .
Wr ong d osa ge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1i

.............. 1 !

No verification of prescribed dosage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
Misreading the dose calibrator . . . . . . . . . . . . .

4 ..............................-1

stated that to prevent recurrence of this that. In the future, it will stress to the
misadministration, the picture of the patient radiation technologists the need to carefully
will be relocated to the section of the chart read a patient's chart and to recognize nota-
that contains the tr eatment setup parameters tions of changes in the ficids to be treated,
for identification purposes. Also, when ~ o field -is completed, ti.e

adm;,11stered dose is to be recorded in the
patient's chart, using a different color ink.

In the second misadministration, a patient.

undergoing a teletherapy treatment received

. 287 rads to the thoracic vertebrae instead of . In the third misadministration, a licensee.

300 rads to the cervical vertebrae. The reported that during a review of the hand j- technologist involved in the treatment did - calculations for Co{io teletherapy. treat.
"

not adequately reviev'the patient's chart that _ monts, the licensee discovered that 13
indicated the correct treatment for the patients received radiation doses that varied

s

cervical vertebrae. To prevent recurrence of - more than 10 percent from the prescribed .
- this misadministration. the licensee stated doso. Of the 13 patients,3 ren,elved a doso
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that exceodod 10 porcent of the prescritxd treatment plant before to the implant
doso, and 10 receivod dosos ranging from proceduro.

10 percent to 27 percent below the
proscribed dose. All misadministrations

In the second case, a patient was proscribodrosulted from an erroneous computor .

programming entry into the treatment an erdobronchial brachytherapy treatment

planning computer, using wodge f actors. To using Iridium.192 (tr.192) soods. A dose of

provent recurrence of these misadmints- 3000 rads was proscribal to be adminis-
trations, the licensee stated that, in the tored to the treatment area However, the

future, it wil; nodify the quality assuranco patient focolved a dose of 2045 rads,
program to roquiro tho pedormanco of hand approximately 32 percent loss than the
calculation verifications on all computer. proscribed doso. The misadministration
generated treatmont plans. occurred becauso the treatment doso

calculations the licensoo performod woro
based on a tumor distance of 1 cm instead

2.2.2 Drachytherapy of the proscribed distance of 1.5 crn This

Misadministrations miscalculation occurred because the
licensoo's physicist used a brachythorapy
calculation form with an incorroct algorithm;

Uconsees reported a total of 11 casos of for this procodure. To provent recurrence of .
this misadministration, the licensoo stated -

brachytherapy misadministrations during 1991 that
that it had (1) destroyed all f orms using thewere caused by (1) onor in the douce calculation,
incorrect algorithm in the calculation,(2) error in identifying the treatment area,

(3)lnadoquate trhing of involved personnel, (4) (2) corrected the computor program written

inadoquate or no review of a patient chrrt, (5) error by a formor employoo, and (3) required an
Isodoso line troatment plan, as an

in identifying the actMty oi lmplanted brachytherapy
sources, (6) error in vontying the placement of the independent check, for every procedure,

brachytherapy sources in relation to the anatomical
treatment sito, and (7) Inadequato patient rostraint.

In the third caso, a brachytherapy.

misadministration that occurrod in 1987 was

In the first case, a patient was proscribed reported to the NRC in 1991. A pationt was
.

brachytherapy treatment for ocular prescribed a brachythorapy troatmont of

rnelanoma. The proscription Indicated a 4000 rads, using a cesium-137 (Cs-137)

dose of 30,000 rads to be administered to scaled source implant for a period of 50
hours. H*9vor, the source was notthe base of the tumor and 14,300 rads to the
removed until an additional 22 hours ofapex of the tumor The treatment involved
treatment timo had clapsod because of anthe use of l-125 soods contsined in an eye

plaque. The physicist involved in the error in determining the removal timo. The
additional treatment time resulted in a i

procW ure changed tho coordinatos for each
calculated intracavitary treatment dososood in the computer, but failed to chan00

the associato points for calculation ci;icW differing from the prescribed doso by

to various depths within the eye. As a result, approximatoly 44 percont. To prevent

I the patient received a dose of about 59.000 recurrence, the licensee is planning a now

rads to the base of the tumor and 19,500 quality assurance proceduto for checking

rads to the apex of the tumor. The licensee and recording the proscribed dose, the

stated that to prevent recurrence of this planned and actual source loading and

misadministration, in the future, a second unloading date and time, and the source
,

'

physicist will check each plaque and plaque implant duration in hours.
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in the fourth caso, a patient was prescribed direct supervision of a licensed therapist fore

a dose rato of 19 rads por socorvJ. us6ng a the first year of training, and (3) it will
high dose rate remoto afterloading device. transport containers for evkjence of any
During dosimetry calculations for additional misplaced sources.
treatment, the licenseo discovered that the
patient had only received 13 rads per
second. Owing to magnification distortions In the seventh caso, a patient was.

in the X-ray Image of the target sito, a prescribed f tvo brachytherapy treatments of
correction factor of 1.35 should have been the nasal septum, using a high dose tato tr-
factored into the geometrical definitions of 192 afterloading unit. However, at the fifth
the target boundarios. Failure to use the treatment tho physicist olcked up tho wrong
correction factor caused a 31.6 percent patient chart, failed to verify the patient's
underexposure identity, and tho treatment program

information for the wrong patient was
entered into the computer. As a result, the

In the fifth case, a patient was prescribed a sourco was misposit|oned by bpproximately.

therapytreatmentwhha strontium 90(Sr 90) 5 centimeters and the patient received 73
eye app!!cator. Tho treatment plan provided rads to the lips, an area not intended for
for three troatments of 1000 rads each to the treatment. To pra.ent recurrence of this type
patient's left medial conjunctiva. However, of misadministration, the ticonsco stated that
the first treatment was mado to the lateral in the future (1) the physicist will check each
aspect of the patient's left conjunctiva The patient's identity, using the patient's
licenseo stated the error was due to the photograph or other means of verification,
difficulty in identifying the exact treatment (2) the chart for a patient receiving more
arca bocausc ot tho patient's oyo movement than one troatment will be placed in a
limitations following surgery for removal of a specified location, and (3) the training will
nonmalignant tumor. To prevent recurrence, includo a general section on high doso rate
the licensee stated that, in the future, afterloading devices.
pa*lents not fully recovered from anesthesia
or who have a hmited range of motion of the
eye would not be treated until the next In the eighth caso, a patient was schedulod.

workingdayIollowingthedayof the surgical 1o roccivo a telethorapy treatment to the
procedure. head and neck area, using a linear

accelerator. The patient spoke minimal
English and the oncology physician dki not

In the s'xth case, a patient was proscribed a speak the patient's tanguage. The oncology.

brachytherapy treatment of 2400 rads using physician asked tne patient which area of
Ir-192 and Cs 137 scaled sources. the body was being treated, and the patient
However, because the onco!ogy resident pointed toward his head Without reviewing
involved in the procedure was inadequately the patient's chart, the physician bolleved
trained and a licensed therapist was not that the patient was scheduted for St-90
present during insertion of the sources, only treatment, and administered a dose of 1000
thelr-192 sources wero used. As a rosult,the rads to the surface of the right eye. To
patient received a radiation doso to the prevent recurrence of this type of
treatment area of 1000 rads instead of the misadministration, the licensee stated that
prescribed 2400 rads. To prevent recurrence (1) each physician will bo handed a patient's
of this misadministration, thelicensee stated chart diroctly by an akio, (2) a patient's chart
that (1) it will train the oncology residents on will include a photocyaph of the patient,
the uso of brachytherapy tools (2) all (3) access to Srea beta applicator will be
residents will perform implants under the limited to the physics department and the
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chief technologist, (4) a roomber of tho In the oloventh caso, a patient was.

physics staff will accompany a phyiacian proscribod a brachytherapy gynocological
during all Sr 90 treatments, and r5) h will treatment, using a mold containing 109
conduct addhlonal staff traitsing- millicuries (mci) of Cs-137. Two days lator,

the radiation therapist in charge chocked the
placement of the mold and found that it was

in the ninth case, a patient was prescribed a dislodged by about 8 contimotors, Addition-o

brachpherapy treatment, using a Cs-137 ally, the licensee found the strap used to
source. After an applicator-a Dolclos hold the mold in place and the strap used to
cylinder-was loaded w;th a 20 milligram rostrain the patient were loose. The mold
(mg) and 15-mg equ valont Cs 137 source, was roplaced. The licensee estimated that
it was to be inserted into the pationt to troat the normal tissues 8 cm away from thG troat-
cancer. However, the wrong sources were ment area would have received 200 rads
loaded and inserted into the patient, which during the course of the treatment. It also
led to a 29 percent patient underdoso. To estimated that, in the worst caso, owing to

- prevent recurrence, the licensoo stated that, the movement of the mold, the dose was
in the future, it will modify the procedures to apptoximatoly 350 to 400 rads. The licensoo
requito inat a technician verify that the stated that to prevent recurrence if this
sources are the ones to- deliver the misadministration, the strap normally used
proscribod dose beforo Ic ding them and - to hold the mold in place will henceforth be |

will instruct technologists what actions to tapod unless contraindicated by other condi-
tako should they discover a discropancy. tions of the pationt.

In the tenth caso, a patient was prescribed a 2,2.3 Radiopharmaceutical Therapy.

brachpherapy treatment of the brain, using MISadministratlOnS
1125 soods implanted in the inner cathotor
of a double catheter system. The prescribed
dose was 3150 rads. However, upon Uconsees reported a total of five radiopharmacou-
completing the treatment and removing the tical therapy misadministrations during 1991. Those
cathetor, the licensee noted that one of the

casos of misadministrations were raused by (1) error -
sood s was not fully inserted into the catheter in verifying patient identification, (2) defectivo equip-
as specified in the treatment plan. As a ment, (3) wrong dosago, (4) no verification of the
result, the dose dollvored to the patient was proscribed dosage, and (5) mistoading of the dose
about 20 porcent loss than what was calibrator.
proscribed. To prevent recurrence of this
misadministration, the licensee stated that -
(1) Implant proceduros will be changed to In the first caso, a patient was proscribed.

mark the innor catheter at the approximate 10 mCl of I 131 for the treatmont of hypor.
level of the skull, (2) the catheter entrance thyroidism. The administering physician did
and end coordinates will be written down, not cross-check the patient's identification
(3) a computerized tomography scan will bo and administered the dosage to a patient-
taken immediatdy post operatively to verify who was scheduled for a lung treatment.
the position of the soods, and (4) the Flvo minutes after administration, the error
treatment planning computer wl'l be used Io was discovered and the patient was adminis;
ovaluate the actuallocation of the soods.

'

,

(

l

NUREG 1272, Appendix B B-8

_. .,. _. _ _ __. - _ _ __ , , _ _



- _ _ _ _ _ _ _ -

. ..

Nonreactors-Misadministrations

terod potassium lodide (KI), a thyroid blocking agent. The radiopharmacist and supervising nuclear
The licensee stated that to prevent recurrence of this medicine physidan involved in this procedure f ailed
misadministration, it will preparo a check list so that to noto the prescribed dosage and administerod the
cach person administering the dosage will chock, as patient the dosage received from a commercial
a rninimum, the namo of the patient and the patient radiophamucy. To prevent recurrence, the licenseo
number. It will also requiro this persori to notify the stated that the radiopharmacist was reinstructed
nursing staff if a patient is undergoing about proper dosage verification techniques and
radiopharmaceutical therapy. safeguards, Also the nuclear modicine physiclan

must visually check the dosage of the prescribed and
administered radiopharmaceutical before

in the second caso, a patient was prescribed administration.
a 10-mCl dosage of I-131 for a thyroid
treatment. However, the patient received
only 8,7 mCl of I-131. The licensee stated In the last caso, a patient was prescribed 10.

that this misadministration was in part due to MCI of I 131 for thyroid treatment. However,
the defect of the rubber stopper in the vial the patient was administered a 12 pCi
supplied by the radiopharmacy that caused Josage of I 131. The licenseo reported that
the I 131 to be trapped in the vial. To prevent a 10 mCl capsule was orderod from the
recurrence, the licenseo stated that it (1) distributor, but the distributor shipped a 12-
notified the commercial radiopharmacy not pCi capsule. The licensee personnel that
to supply them with | 131 in a vial with a received the dosage did not note the error.

rubbor stopper, (2) provided inservico Beforo administration, the dosage was
training to all the staff technologists, and (3) assayed in a doso calibrator. Expecting a 10-

in the future, v5111 require that the residual mCl dosage, the dose calibrator was
activity in the vial be measured before misroad as mci rather than pCl, and the
discharging the patient. wrong & sage was aMnisWmd to h

patient. The licensee attributed the cause of
this event to human error. To prevent
tecurrence, the licensoo stated that the

In the third case, a patient was prescribed a.

dosage of 5.75 mci of I 131 to be adminis- procedures relating to the use of I 131 will be
re ed and u@tdtered in the form of a capsule for the

treatment of Grave's disease. The dosage
was assayed in the dose calibrator at 5 mci
before it was administered to the patient, 2.3 Diagnostic.

The licensee stated that because it receives Misadministrations
unit dosages from a radiopharmacy, it
doesn't always get the exact dosage
prescribed. However, to prevent recurrence. Of the 444 reports of diagnostic misadministrations
in the future, the licensee will instrvM all received in 1991, 66 percent involved the adminis-
technologists to inf orm the nuclear medicine tration of the wrong radiopharmaceutical to a patient,
physician in attendance of any discrepancy and 20 percent 'nvolved the administration of a
between w%t is preswlbed and what is radiopharmaceutical to the wrong patient. Included
administered. In the remaining diegnostic misadministrations,35

misadministrations involved a diagnostic dosage of
a radiopharmaceutical that differed from tho

In the fourth case, a px.cnt was prescribed prescribed dosage by more than 50 percent, and
.

a dosage of 15 mci of 1 131 for the troatment 5 involved the wrong route of administration (that ic,
of Grave's disease. However, the patient was a route of administration other tiun the cao intended
administered a dosage of 28.6 mCl of I 131. by the prescribing physician). The number of
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diagnostic reports for 1991 was about the samo as the patient's identification bracolet note

the number in 1990-10 percent higher than the chocked,
average rate of the previous 9 years. The annual
number of diagnostic reports from 1981 through the patient's chart not checked,.

1991 ranged from 334 in 1983 to 444 in 1991, an
average of about 400 por year. The types and causes the patient's requisition not checked,.

of the diagnostic misadministrations were about the
a new employoo involved, andsame as those reported in previous years. In effect, e

all of the diagnostic misadministrations involving the
wrong radiopharmaceutical or the wrong patient a student technologist invoivod..

stem from human error. The primary errors
associated with the administration of a radio-=

pharmaceutical to a patient were errors during the Relatively simple quality management procedures
preparation oradministration of radiopharmaceutical (checking the patient's identification against the
dosages, such as - study and the patient's medical history, asking the

patient to state his or her name) might reduce the
selection of the wrong vial when drawing a frequency of these events..

dosage,

selection of the wrong syringe from the 2.3.1 Diagnostic Misadministrations of.

dosage cart, lodine :
I

misinterpretation of the physician's order, |.

Of the 444 diagnostic misadministrations reported
reconstitution of the wrong reagent kit, and to the NRC in 1991,14 involved the administration.

of I-131 in amounts that resultod in delivering of
misunderstanding the radiopharmaceutical doses to the thyroid or other organs that range from

.

or the dosage order. 7 millirads to G500 rads. Causes of the 1131
misadministrations included (1) misunderstanding
the ref erring physician's request, (2) not checking the

The primary ottors assoc!atod with the administration directive requesting a thyroid procedure, (3) not-
of a radiophat maceut| cal to the wrong patient were - checking the dosage label, (4) misreading the doso

calibrator, (5) selecting the wrong syringe containing
the patient's identity was not correlated with a dosage, and (6) falling to identify a patient.

.

the correct study,

the study was requestod for wrong patient, Two of these misadministrations resulted in thyroid
.

doses of more than 1000 rads. In the first, a patient
the wrong patient was delivered to the was prescribed a diagnostic thyroid proceduto that

.

nuclear medicino department, and required the administration of a 50-pCi dosage of
i - 131, instead, the patient was administered a 5-mci

the patient answered to the wrong name. dosage of I-131 An NRC coruuttant estimated that.

the patient received a dose of approximately 6500
rads to the thyroid instead of the prescribed 50 to 70

Licensees stated that contributing factors for those rad s. T he licensee stated that the original prescription
primary errors were- for the procedure prepared by a physician's assis-

tant at the direction of the referring physician
a heavy work'oad, was modified as a result of a %cussion between the.

,

I
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physician's assistant ard the nuclear medicine trations resulted from use of radiopharmaceuticals
t echnologist.Tho licensee, subsequently, e stablishod ordered from radiopharmacies.
new procedures requiring an authorized physician 1o
specifically approve a dosage of more than 50 pCl of
I 131 before Its oral administration. The causallactors associated with these misadminis-

trations included (1) mis:abeling a syringe containing
a radiopharmaceutical (2) selecting the wrong vlal

in the second r. % administration, a patient scheduled when drawing a dosage, (3) misunderstanding the
to receive a diagnostic dosage of I 131, was radiopharmaceutical or dosage order, and (4) mis-
mistakenly administered a dosage of l 131 in the labeling a vial or vial shield. However, because
therapy range. The misadministration occurred when radiopharmacios can supply many hospitals, a single
a nuclear medicine technologist misread the dose mislabeling event could result in the administration of
calibrator and administered 6.2 mCl rather than the wrong radiopharmaceutical to many patients.
6.2 pCi. The patient was administered Kl solution to Licensees reported that 20 patients recolved
reduce the uptake of radioactNo lodine. The licensee misadministrations as a result of errors that occurred
estimated, based on 24-hour uptake measurements, at radiopharmacies. As previously indicated in this
that the uptake of radioactive iodine in the thyroid appendix, the calculated error rate for dia0nostic
was approximately 5 percent, resulting in an misadministrations from reported data is very low,
eatimated dose to the thyroid of 1612 rads. The 0.01 percent; however, radiopharmacy practice
licensee attributed the cause of the misadmints- appears to be an area in which efforts expended to
tration to human error, and the technologist not reduce human errors could be productive.
verifying the dosage by reviewing the printed dosage
label before administering it

2.4 Abnormal Occurrences
Additionally, in 1991, a diagnostic l-131 event
occurred that involved the dministration of 2 mCl of

In the Report to Congress on Abnormal Occurrences1131 for a thyroid prw. dure instead of the
(AOs) (NUREG -0090) for 1991,13 medical misadmin.

prescribed 300 pCl of I 123. As a result, the patient
Istrations were AOs. Of these,11 occurred in the

received a dose of approximately 1554 rads to the
thyroid. This event was caustd by a misunder- NRC-regulated states and 2 in Agreements States.

Tho AOs for NRC licensees included -standing of the referring physician's request and the
inadequate review of the referring physician's order
requesting the thyroid procedure. The NRC is two teletherapy misadministrations that.

currently twiewing this event to determine whether involved inadequate review of the patient's
t'it meets the criteria for the definition of a misadminis-

tration under 10 CFR 35.2.
a t elethera py misadministration that involved.

an error in the computer programming entry,

2.3.2 Diagnostic Misadministrations
two brachytherapy misadministrations that.

That involve Commercial involved inadequate review of the patient's
RadiopharmacleS chart,,

a brachytherapy misadministration that.

Of the 444 reports of diagnostic misadministrations involved an error in the dose calculation,
received in 1991,66 percent involved the adminis-
tration cf the wrong radiopharmaceutical to a patient. .. a radiopharmaceutical misadministration
About eight percent of these diagnostic misadminis- that involved a failure to follow departmental

procedures for patient identification,
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a radioptwmaceutical misadministration- - a diagnostic misadministration of tech-. .

that invoivod a technician not verifying the netium-99m MDP (Tc-99m MDP) that
prescribed dosago, involved an error in the dosago calculation,

and
a diagnostic misadministration of I 131 that.

involved a technologist mistoading the doso a diagnostic misadministration that involved.

calibrator and not verifying the dosago, misunderstanding of the referring physi-
clan's roquest for an 1131 procoduro.

_ _
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3 Licensoo-Proposed Corrective Actions

To prevent recurrence of misadministrations that implemented new procedures for patient.

occurred in 1991, licensees took the following identification.
corrective action; most frequently:

reinstructed personnel. As the corrective actions and their effectiveness are|
.

licensee-specific, a meaningful deermination of
reprimanded the technologist or other whether corrective actions were effect, <e would have.

personnel, to focus on the trend in misadministrt 'lon rates for
each licensee that reported several misadminis-

Implemented new radiopharmaceutical trations. Because the reported misao ninistration.

labeling and handling procedures, rate estimated for a sample of licenso s was 0.1
percent - a very small number - NRC hat not made

implemented new procedures that require a detailed evaluation of these rates -ind theire

the technologist to check the patient's associated corrective actions.
directNo, and:

i

:
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4 Findings and Conclusions

Licensees reported 19 therapy misadministt- wrong patient. Th number of diagnostic reports for
during 1991, a number that is about two times h(.... 1991 was about the same as the number in 1990 and
than the average number reported in the prior 10 about 10 percent higher than the average rate for the
years. These teletherapy, brachytherapy, and previous 9 years. The causes reported by licensees
radiopharmaceutical therapy misadministrations for 1991 are, genera!!y, simple errors associated with
might have been prevented by quality management preparing and administering radiopharmaceuticals a

procedures that demanded patient chart review, and selecting the correct patient, such as (1)
verification of patient dose calculations, verification of processing nucleat medical requisitions, (2) reading
thetypeof prescribedtreatrnent,identrfication of the dosa00 and viallabels, and (3) identifying patients. In
correct anatomical treatn ont area, and patient addition, for misadministrations involving 1-131, the
identification. primary causes included (t) misunderstanding the

referring physiclan's directive, (2) not checking the
directive requesting a thyroid procedure, (3) not

Most diagnostic misadministrations for 1991 involved g iocking the dosage label, (4) misreading the dose
either administering the wrong radiopharmaceutical calibrator, (5) selecting a syringe containing the
or administering a radiopharmaceutical to the wrong wrong dosage, ard (6) falling to identify a patient.
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1 introduction

The NRC licenses the use of reactor-produced United States, and that the population encompassed
isotopes, the milling of uranium, and the subsequent in NRC-regulated States is about 35 percent.
processing of either natural or enriched uranium and According to the *NRC Information Digest,' 1991
spee!al nuclear material (SNM). Several States,- Edition, NUREG 1350, Voi,3, the Agreement States
known as Agreement States, in Section 274 of the issue about 13,000 new, renewal, or license
Atomic Energy Act, as amended, have entered into amendments each year while the NRC lssues about
agreements with NRC to regulate the usw of 5400 such actions On an aggregated basis, the
byproduct materiaM, natural uranium, and small Agreerr,ent States regulate about two-thirds of the
amounts of enriched uranium or other SNM. Of these actMties involving byproduct and SNM licenses in
nonreactor licensees, the dominant number are < s Mited States, each regulating approximately the
authorized to use byproduct mat '21s for such of licensees proportional to the population of*

applications as radiography, gauges, and well- mtes.'
,

logging and to admhister byproduct materials or
radiation from these materials to individuals for
medical diagnosis or therapy. A relatively small On December 26, 1991, NRC's Office of State
number of licensees use uranium or SNM in other Programs and 'AEOD informed the Deputy Director
operations Generally,theselicensedprogramshave for Operations of their intent to request the
|ittle negative impact on public health and safety, in Agreement States to submit summaries of all
1991,28 States participated in the NAC Agreement incidents involving radioactive materials, including
States program. Table C-1 shows the location and medical misadministrations, which the AEOD staff
popuhtion of Agreement States and NRC-regulated would review . This appendix contains a review of a

*

States by NRC region. subset of all Agreement States data. The subset
comprises the 16 States that submitted data by
April 30,1992.

The regional population of licensees regulated by the
NRC in each of NRC's five regions exceeds that of
the Agreement S'.ates only :n NRC regions I and Ill, ' Memorandum for Hugh L. Thompson Jr., Deputy Director for

NRC-regulated States are generally located in the Nuclear Materials Safety, Safeguards and Operatiortal Support,

northeastem and norti, central parts of the United fr m Carleton Kammerer, Director, Office of State Programs,

States; virtually all of the southem and westem States and Edward Jordan, Director, Office for Anatysis and Evaluation

of Operational Data," Procedures for Receiving and Analyzing
are Agreement States. From Table C-1, one can see Masadministration Data From the Agreement States."
that the population encompassed in Agreement (Reference M910612B)

Statesis about 65 percent of the populationof the

C-1 NUREG-1272 Appendix C
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Table C-1 Agreement and NRC-regulated States by NRC region

Agreement States NRC-Regulated States

Region State Population State Population
in Millions in Millions

I * New York 18.0 Pennsylvania 12.0
" Maryland 4.7 Naw Jersey 7.7

New Hampshire 1.1 Massachusetts 5.9
' Rhode Island 1.0 Connecticut 3.2

Maine 1.2

Delaware 0.7
District of

Columbia 0.6
Vermont 0.6

TOTAL 24.8 31.9

11 * norida 12.7 Virginia 6.1
North Carolina 6.7 West Vir0 nta 1.9i

Georgia 6.4
* Tr .inessee 4.9
Alabama 4.1

* Kentucky 3.7
* South Carolina 3.5
* Mississippi 2.6

TOTAL 44.6 8.0
=

111 * lilinois 11.0 - Ohio 10.9
lowa 2.8 Michigan 9.3

Indiana 5.6
Missouri 5.2
Wisconsin 4.9
Minnesota 4.4,

TOTAL 13.8 40.3

Footnotes at end of table
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Agreement State Licensee-Events and Misadministrations

Table C-1 (cont.)

Agreement States NRC-Regulated States

Region State Population State Population
in Millions in Millions

IV " Texas 17.0 Oklahoma 3.2

* Louisiana 4.4 Idaho 1.0

* Colorado 3.3 Montana 0.7

Kansas 2.5 South Dakota 0.7

Arkansas 2.4 Wyoming 0.5

* Utah ' 1.7

! Nebraska 1.6
'

New Mexico 1.5

North Dakota 0.5

TOTAL 34.9- 6.1
<

V California 29.0 Hawall 1.1

* Washington 4.8 Alaska 0.5
* Arizona 3.6 -

' Oregon 2.8-

Nevada 1.1

TOTAL 41.3 1.6 -|

TOTAL
POPULATION 159.4 87.9

* Agreement States that submitted data to the NRGin 1991 by April 30,1992.
**

The State of Maryland submitted only partial data for 1991.

C-3 NUREG-1272, Appendix C
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2 Nonreactor Licensee Operational Experience

This appendix contains a review of the data that Events that inutve release of radioactive materials or
Agreement States submitted before Apnl 30,1992. result in the introduction of radioactive material into
Section 2 provides an overview and summary of consumer products can also result in unplanned >

reported events involving nonreactor facilities that t" - exposure to radiation.
following 16 States reported in 1991: Arizona,
Colorado, Florida,11inois, Kentucky, Louislana,
Marpand (partial data), Mississippi, New York 2.1.1 Radiation Exposures
(excluding New York City), Oregon, Rhode Island,
Sout,h Carolina, Tennessee, Texas, Utah, and
Washington. The regulations in all Agreement States must be

compatible with NRC's Standards of Protection
Against Radiation, Part 20 of Title 10 of the Code of

These 16 Agreement States have a combined FederalRegulations (t 0 CFR Part 20) and must track
population of about 87 million, about the same as the the requirements of 10 CFR Part 20 closely. In
NRC-regulated States. These States are located addition to regulating exposure from byproduct and
among all of the NRC regions and have populations SNM, Agreement States also regulate exposures
ranging from large (Texas) to small (Rhode Island). from X-rays, accelerator-produced isotopes, and
The operating data from these States should provide naturally occurring radioisotopes (e g., radium) that
a representative picture of the Agreement States as NRC does not regulate. In 1991, the 16 Agreement 3a whole, because by their very nature, the number States that submitted data to the NRC reported 67
and type of operating events that are reported, Oter over-exposures (Table C-2).
in Agreement States or NRC-regulated States, my
statistically from year to year. This large sample,
composed of a wide range of individual State Thirteen individuals were reported to have been
populations and representing all areas of the United overexposed in a single event, as a result of the
States, can be considered representative of the failure of the shutters in the open position on two of
nature and type of events experienced by all five gauges on a furnace burden bin at Occidental
Agreement States in general. The number of certain Chemical Company. The maximum ( cposure was
categories of licensees in Agreement States may be 1.84 rem, and several of the 13 individuals may not
disproportionate to the categories in NRC-regulated have received an overexposure. Probably the
States because of the differences in industry, backflow of hot gases from the furnace melted the

shielding.

2.1 Nonreactor Events Reported Of the remaining 54 exposures, licensees reported

in 1991 2 ptremity exposures that exceeded the quarterly
limit; 1 exposure to an eye with no estimate of the
exposure given; 2 Intemal exposures from uranium;

The dominant health concem associated w!!h the use
2 reports of exposure of nonradiation workers to

of licensed materials for non-medical uses is the ses m 12 aM W mm aM
w cmpah.onal upsums. O mepossible damage that can occur from overexposure
w sums, O wem in umss of

to radiation. Lost or stolen radioactNe materials can
"" #" O * * "also be a cause of exposures. Data on leaking *

em memxWsums of 12 mm or modme ww-sources can provide information on design
upsum Ws W nd main inbmadon on Ndateiencies or end-of-life problems with specific

sources that might lead to personnel exposures. amoun@e manposua he he upsums

C-5 NUREG-1272, Appendix C
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Table C-2 Penoanel radiation overexpmeres, 1991

Event Number of Type of
IJcensee location Date Exposures Exposure

ll All X-Ray Se mee CO 09/16/91 1 Whole ikdy
CO 12/16/91 1 Og

City of Cape Coral!!ngineermg Department Cape Coral, IL (N/01/91 1 Whole Ikx!y

C aal X-Ray & Testing Corporation liarvcy. I A 06/20/91 1 Whole ik>dy

X Ray Insgetion,Inc. Sulf ur,IA 05/13/91 1 Whole Ikdyh

Global X Ray & Testieg Corporain>n Gulfport, MS 03/29/91 2 Whole ikdy

Good Samaritan Ilospital Suffem. NY 03/14/91 1 Whole ikxty

Occidental Chemical Corporation Columbia,'IN 13 Whole ikdy

111X Testing laboratory llaytown. TX 3 Whole IkMy

D-Arn= Inspection, Inc. Ilouston, TX 2 Whole Ikxty

Eagle X-Ray Mont Ikhieu TX 1 Whole Ikx!y

I"our Seasons Industnal X Ray Ikenile,TX 19 4 . I Whole ikWy

I2rench Well Surveys, Inc. Ilouston, TX 17 0 2 Whole ikxly

GAG X-Ray,Inc. Corpus Chnsti, TX 1990 1 Whole ikxly

General Inspection Semee llauston, TX 19'M 1 Whole ikxty

Global X-Ray & Testing Corporation llouston, TX 1 Whole IkWy

ll&G Inspection Co., Inc. Sabine Pass, TX (M/14/90 1 Whoic Ikidy

II AG Inspection Co., Inc, llouston, TX 1 Whole ikdy

II&G inspection Ca,Inc, llouston, TX 09/28/91 1 Whole ikxty

u IIolmes Wircline Senice Odessa,TX 1990 1 Whole Ikdy

llumana licspital Medical City Dallas, TX 1 Whole Ikwiy

longview Inspection Co, l.ongview, TX 2 Whole Ikxly
)

Memonal Northwest llospital llouston, TX 1 Whole Ik4y

Midland Inspection and Engmeering Midland.TX 17M 3 Whole Ikxty

Non-Destructive Inspectnin Clute,1X 1990 4 Whole Ikxly

Professional Semce Industnes, Inc. Ilouston,TX 07/27/91 1 Whole ikdy

Ouality Industrial X Ray,Inc. Odessa, TX 1 Whole Ikdy

R/A Se' vices Midland, TX 1990 1 Ihtremity

RfA Services Midland.TX 1 Ihtremity

Racon Tyler,TX 1990 1 Whole Ikx!y

Southwestern laboratories llouston, TX 1990 1 Whole Ikx!y

The Methodist ilospital llouston, TX 1 Whole Ikily

NUREG-1272, Appendix C C-6
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Agreement State Ucensee-Events and Misadministrations
l

Table C-2 (cont.)
_

_

Event Nunnber of Type of
Ucensee 1mation Date Espmures Expmure

Traect Service Kilgore, TX 1 Whole ikWy

USX/ Texas Uranium George West, TX 2 Internal

Ultrasonic Specialties, Inc. licuston, TX 1 Whole Iknfy

Via NDT Enginecnng and Testing Channchicw, TX 1 Whole Dady

X Ray systerns Arlington, TX 1987 1 Whoic Dody

X-Cel N,D E. Odessa TX 2 Whole Iksty

Met-Chemical Testmg laboratories Salt lake City, UT 03/16f)1 1 Whole ikx5y

Qual 4ty Testing and inspection Lindon, UT 08/15f>l 2 Whole Body

listed in Table C--1 may be attributable to X-rays lost or Stolen Sources
and accelerator-produced products, materials not
licensed by the NRC. Of the 63 reports of lost or stolen sources that were

not recovered,13 sources were sent to commercial
waste disposal,9 were sent to scrap processors, and

2.1.2 Lost, Stolen, or Abandoned the location of the remaining 38 is unknown. In
Materials addition, another three have been lost or disposed of

in other ways, in one event, radioactive material was
included with biomedical waste; in another, material

Several of the Agreement States submitted reports was lost at sea; and in the third, a human body

on the loss or theft of licensed sources. In addition to containing lodine 125 seeds was released for burial,

losses of materials regulated by NRC, some Generally the lost sources consisted of sealed
Agreement State licensees reported the loss of sources, isotopes used in research or medical
naturally occurring materials, such as radium 226, or treatment, or tritium exit signs.

accelerator-produced materials. Data on materials
not regulated by the NRC are not included in this Americium-241 (Am-241) - The 10 lost Am 241
report. sources were sealed sources; 5 of them involved the

loss or theft of moisture density gauges.

Of 70 events reported during 1991, 63 events Carbon 14 (C-14) - Of three events reported, one

involvediost. abandoned orstolenlicensed material event involved the inadvertent disposal of'

that was not recovered, and 7 events involved commercial waste contaminated with C-14; a second
-

abandone( well-logging sources. Tables C-3 and event involved material containing C-14 lost at sea;

C-4 provide summaries of these events. None of the and a third event involved the disposal of biomedical

events resulted in a known radiation overexposure. waste contaminated with C-14.

C-7 NUREG-1272. Appendix C
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Table C-3 Lost or stolen sources, 1991

Licensee
isotope Location Licensee Number Dent Date Disposition

Am 241 lake Worth, it Ardamaan & Associates 9728 03/17/91 unknown

Am-24i Plamfield, IL Testing Servie Corporation 860117801 08/29/91 unknown

Am-241 Siemens Medical Sptems MD3310201 02/07/91 unknown

Am-24i Drooklyn, NY Kupper & Company (NJ)/NYC Police 8/22/91 unkn(nyn

Am-241 Maspeth, NY Independent Testing Labs 10/16/91 unknown

Am-241 El Paso, TX Sergent,llauskms & Deckwith 08/14/91 unknown

Am-241 llouston TX Western Atlas international unknwn

Am.241 Round Rock,TX TN Technologies, Inc, 01/21/91 comm. mastc

Am-241 Scattie, WA Swedish Ilospital 02/12/91 unknown

Am 241 Seattic.WA Swedah Medical Center 48/29/91 unknown

g Old IL Searic laboratory, Research & 860146901 04/01/91 comm mute
Development

C-14 OR 9139 sea

C14 San Antomo,H Cancer Therapy & Research Center 03/25/91 bio-med waste

Co-57 IL St. Elaabeth's Ikapital 8601IM01 07/05/91 unknown

Cr51 El Paso,n Un:wrsity of Texas - Il Paso comm waste

Cs-137 - IL Dow Chemical U.SA 01/31/91 unknown

Cs-137 louisville, KY Alliant IIcalth System 09/11/91 unknown

11-3 Orlando, il Walt Dancy World 2731 02/01/91- unknown

11-3 Jolict, IL GL Red Roof Inn 4-Jolict 11/05/91- -unknown

11-3 Dallas, TX Isolite Corporation - 07/10/91 unknowm

11-3 llouston, TX Schlumberger Well Services unknown;

I-123 IL touis A.Weas Memonalliospital 120241801 06/18/91 unknoam

I-125 Miami, I'L Baxter llcalthcare Corporation 1362 09/30/91 comm. wuste

1-125 IL St. Joseph Ilospital 86012o801' 05/24/91 unknown

1-125 Suffern, NT Gmd Samaritan llospital 02/07/91 interred .

1-125 Memphis,TN Regional Medical Center-Memphis R79160 . 03/28/91 unknown

1125- Ilouston, TX llaylor College of Mcdicine 05/13/91 comm. waste

1 131 Temple,TX Scott and White Clmic comm. m aste

NUREG-1272, Appendix G C-8
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Agreement State License > Events arx! Misadministrations

Table C-3 (cont.)

Licensee
isotope Location 1Icensee Number Esent Date Dispostilon

Ir-192 El Paso, TX Pnwidence Memorialllespital 05/23/91 comm. nste

It-192 Fort Worth TX Monenef Radiation Center unknown

It192 Pasade na, TX Technical Welding laboratory 08/28/91 unknown

Na-22 IL Amersham Corp; ration O!/25/91 unknown

P-32 IL Amersham Corporation 121283601 41/23/91 unknown

P 32 IL Elmhurst Memorialllapital 120628902 09/12/91 comm. waste

P 32 OR 9141 comm. nste

Po-210 St. Petersburg, l'L E-Syste ms, Inc. Gl. 07/03/91 unknown

I o-210 IL GL Arrem Plastws VM20M74 07/29/91 unknown

Po-210 IL GL Arrem Plastics 9'N200574 12/19/91 unknown

Po-210 IL GL Jefferson Smurfit Corporation 999203662 05/08/91 unknown

Po-210 IL GL 7enith Elec;ronics 9N10N70 04/01/91 unknown

Po-210 Rockford. IL GL Adapt Plastics Yn211228 09/20/91 unknown

Pr>210 Dallas, TX Gl. PcSprems unknown

Po 210 Dallas, TX GL Texas Instruments, Inc. unknown

Po 210 Gartand, TX GL Varo. Inc. unknown

Po 210 Irving, TX GL Boeing Electronics unknown

Po-210 Lubtuk, TX Industnal Moldmg Corporation unknown

5 35 llouston, TX Baylor College of Medicine 10/24/90 comm. w aste

S-35 Salt take City,IJP University of Utah IJP180)o01 10/09/91 comm. waste

St-90 Austin, TX Eye Center of Austin 05/18/91 unknown

11-204 Dallas, TX GL Texas Instruments, Inc, unknown

Y* Brookhaven, NY Drookhaven Ntion' laboratory 08/09/91 scrap

Y Chattanooga, TN Erlangen County limpital R3Y20 unknoam f

Y Gabr.ston. TX Unrversity of Texas Medical comm. waste
!

Z" Grand Junction, CO NL Lewco Iron & Metal, Inc. 9100143 01/11/91 scrap

Z Lewiston, NY Mount St. Mary's llespital unknown #

Z Ogdensburg, NY Champlain Vancy Phpicians llospital 01/23/91 comm. mute

i
* Poutnotes at end of table
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Table C-3 (cont.)

,
_

Licensee

Isotope Location IJcensee Number Event Date Disposition

Z" Plymouth, Ur Nucor Steel NL 01/D/91 scrap

Z Plymouth. Ur Nucor Steel NL N/05/91 scrap

7. Plymouth, Ur Nucor Steel NI N/08/91 scrap

Z Plymouth, UT Nucot Steci NL N/lt/91 scrap

Z Plymouth, Ur Nucor Stect NL 05/03/91 scrap

Z Flymouth. Ur Nucor Stect NL 05/23/91_ scrap

Z Seattic, WA Salmon Day Stect 11/26/91 scrap

* Y other
" Z unknown

Cobalt-57 (Co-57; - A sealed source used in nuclear Phosphorus-32 (P 32) - Three events involving the
medicine was lost. A search through linens and trash loss of P-32 were reported. One involved the loss in
for the Co-57 source was not successful. shipping, and two involved the inadvertent disposal j

of ordinary waste contaminated with P-32. Polonium- 1

Cesium 137 (Cs 137) - In each of the two events 210 (Po-210) - There were 11 reports of lost general-
reported, a Cs-137 sealed source was lost. licensed devices containing Po-210.

Tritium (H-3) - Three reports discussed exit signs Sulfur 35 (S-35) - Two events were reported in which
that were stolen, and one report discussed a lost ordinary trash contaminated with S-35 was disposed
sealed tritium source whose content was below the of,

exempt limit.

Strontium 90 (Sr-90) - A medical licensee reported
lodine - There were seven reports of lost iodine Sr-90 eye applicator stolen.
Isotopes. The iodine 123 isotope was lost in a
capsule; three of the events in which lodine-125 Thallium-204 (TI 204) - A general licensed device
(1-125) was lost _ involved lost seeds, and two containing 0.1 mci of TI-204 was reported lost,
involved material contaminated withl-125. One of the
events involving lost seed s resulted when a body was Other (Y) - Three reports were received of events in -
released for burial before the I 125 seeds were which mixtures of isotopes were lost. In one event,
removed. The report of the event of loss of iodine-131 copper contaminated with various isotopes was
(1-131) involved the loss of material contaminated . stolen from Brookhaven National L.aboratory. u
with |-131. another event, three check sources used for quality

control tests could not be located when a hospital
Iridium-192 (Ir 192) - Two reports were of events in changed ownership; and in the third event, waste
which medical licensees lost f r-192 seeds. The third contaminated _ with a_ mixture of - Isotopes was
report concerned a lost. radiography camera disposed of as regular trash.
containing an Ir-192 source of 86 Cl.

Unknown (Z)-in reports of 10 events, the isotope
Sodium-22 (Na-22)- A package containing 1 pCi of was not identified. Eight of the events involved the
Na-22 was lost in shipping from Illinois to Texas. detection of radioactive material at a scrap dealer. in -

NUREG-1272, Appendix C C - 10
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four of these, the radioactive material was scale on reported did not result in ar y known releases of
pipe and could have been naturally occurring radioactive materials (See Table C4).
radioactive material not licensed by the NRC. In three
of the other events, a scrap dealer identified
radioactive material in a shipment, and the material 2.1.3 Leaking or Contaminated
was retumed to the ve:idor or to the State authorttles. SOUICOS

Three other events involved loss of a sealed marker Eighteen occurrences of leaking or contaminated
source and disposal of a radioactive pacemaker to sources were reported during 1991. Table C-5
normal trash, reportedly on the advice of the includes information from reports of these events,
manufacturer. None of the events resulted in a known radiation

overexposure.

Abandoned Well-Logging Sources

2.1.4 Release of Materials

In the data that the 16 Agreement States gave to the
NRC in 1991, licensees reported the abandonment of

in the data that the 16 Agreement States gave the
7 well-logging sources. In addition, two other Am-241

NRC were reports of 26 events in which material was
sources, one in Maryland and one in Texas, became

released. None of the events resulted in any known
disconnected down-well; however, recovery

overexposures; generally, none of the events had any
operations have not been completed yet.The events

effect on any area beyond the immediate area of the
release.

Table C-4 Abandoned well-h>gging sources,1991

License
Isotope Location Licensee Number Event Date

Am-241' llouston, TX Computalog 01/16/91

Am-241 llouston, TX llalhburton Company 09/08/91

Am-24i Wilkerson, MS SchlumNrger Well Services MS46301 10/01/91

CM4 Rankin City, MS Shell Development Company MS2M01 11/08/91

CMA Gulfport, MS Shell Ibelopment Company MS28401 12/11/91

CM4 Ihmton, TX l'rench Well Surveys 12/11/90

U-238 flouseon, TX Western Atlas

* In most cases, when an americium source is abandoned. a Cs-137 sourre is also abandoned.

C - 11 NUREG 1272, Appendix C-
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I

l
Table C-5 leaking sources reported,1991 I

li
License Esent

"

Isotope Location Licensee Number Date Manufacturer

llouston. TX Valco Instruments 06/I'/91

Am-241 l' art Worth.TX Computalog Wirtline Products 05/15/91

Am-241 Graham, TX Phoerux Su:veys, Inc. OR/23/91

Am 241 llouston, TX 5 perry-Sun Dnthng Semees Gammat ron

C4 109 West Palm Deaeh,l'L United Technolopes-Pratt & 901 02/25/91 Kevcx/0102
Whitney

Ca @ llouston. TX llouston Northwest Radrothervpy

Co-60 t ongvicw, TX Pn6 asional Service, Inc.

(b l37 Natchet, MS International Paper Co. 02001 08/19/91 GRP/850233

Cs-137 Tesas City.TX Amoco Oil Company 09/17/91

Fe-55 IL Amersham Corporation 11/13/91

I e 55 IL Amersham Corporation 121283601 04/01/91

Fc-55 Austin, TX Asoma Instruments, Inc

l'c-55 Austin, TX Asoma Instrurnents. Inc. 07/24/91

li-55 Austin, TX Asoma Inst ruments, Inc. ID2788 05/30/91 Amersham /IP.C.D1

f r-192 5Llhwe,LA kurce Prculucts & Iquipment Co. IA29(4tBI 10/28/91

Sr-90 Tallahassee,11, ilumana llospital 12'Lil 02/15/91

Sr-90 Dallas, TX Tamko Asphalt Pruducts,Inc.

Z* Austin. TX Asoma Instruments Inc. 06/17/91

'Z means unspecified

2.1.5 Consumer Products 2.2. Medical Misadministrations

Several Agreement States reported contaminated Agreement States issue licenses and currently
fencing that arrived from India. The radioactive regulate about 4000* Institutions (e.g., hospitals,
items, which were contaminated with Co40, had clinics, or physicians in private practice). Of the 28
been manufactured by a firm in India and had been Agreement States, only 16, who issue about 2200
Imported into the United States through two firms in licenses, provided readily availab(o data on 1991 mis.
California and Texas. administration events. One of these States, Maryland,

' U.S. Nucleat Regulatory Commission, *10 CFR Part 35, Qualiy
Management Program and Misadministrations,* Federal
Register, Vol 56, No.143,1991, p.34104.

|
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Agreement State Licensee-Events and Misadministrations

submitted misadministration data for only a portion 118 reports involving 148 patients,103 licensees
of the year. reported one or more misadministrations. Of the 118

reports on misadministrations for 1991,112 involved
diagnostic misadministrations, and 6 involved

Medical misadministrations are reported to the NRC therapy misadministrations.
as required in 10 CFR Part 35, " Medical Use of
Byproduct Material." Although the requirements
for reporting misadministrations became effective 2.2.2 Therapy Misadministrations
on November 10,1980, and were revised in 1987,
licensees in Agreement States were not required to
report misadministrations until March 1990 (matter The 16 Agreement States. reported 6 therapy
of compatibility). misadministrations for 1991. Of these

misadministrations, one involved teletherapy, three
involved brachytherapy, and two involved

The definition of a misadministration that was in offect radiopharmaceutical therapy. Most of Ihe reports on
in 1991, as stated in the revised 10 CFR Part 35 these misadministrations did not contain sufficient
which became effective on April 1,1987, is given in information to independently determine the primary
Appendix 3 to this report- cause and contributing factors' of the

misadministrations.

2.2.1 General
2.2.2.1 Teletherapy Misadministrations

Approximately 7 miiHon diagnostic procedures, The one teletherapy misadministration involved an
30,000 radiopharmaceutical therapy procedures, error in the treatment planning. The licensee involved
and 50.000 brachytherapy proced ures are performed possessed two accelerators and a Co-60 teletherapy
annually in the United States. In addition, about unit. During one fraction of a treatment using the
100,000 patients receive Co-60 teletherapy Co-60 unit, the technologist accidentally used the
treatments each year. The NRC estimates that accelerator source-to-skin distance (SSD) in the
Agreement State licensees perform about 60 percent treatment planning instead of the Co-60 SSD. This
of these procedures and NRC licensees' perform caused the patient to receive a dose of 396 rads
about 40 percent. Instead of the prescribed 250 rads. The licensee

developed new procedures to prevent recurrence.

From January through December 1991, an estimated

2200 licensees involved in radiation therapyand 2.2.2.2 Brachytherapy Misadministrations -
nuclear medicine in the 16 Agreement States that
provided data to the NRC reported 6 therapy misad-
ministrations and 112 diagnostic misadministrations, Agreement State licensees reported a total of three
which is equivalent to approximately 5 misadminis- brachytherapy - administrations for 1991. The first
trations per 100 licensees. Table C-6 summarizes the misadministration involved the implantation of the
statistics for the medical misadministrations for 1991 wrong radioisotope.Two patients were scheduled for
reported by Agreement State licensees. In a total of brachytherapy treatment of the prostrate. The first

patient was implanted with I-125 seeds. Not all the
* U.S. Nuclear Regulatory Commission "10 CFR Part 35, Basic Seeds were used, so the unused seeds were returned

QuaMy Assurance Program, Records and Reports of Misadmin- to the magazine and secured in the carrying case
istrations or Events Relating to the Medical Use of Byproduct

tg
MaterW,* rederal Reginer. Vol s5, No.10, January 16,1990,
pp.1439-1449.
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Table C-6 Medical misadministrations checked. Afterwards, the patient wasadministorod 15
reported by Agreement States,1991 mCl of P-32, using an intraperitoneal cathotor.

However, the next day it appeared that radioactivo
nagne nerapy Tu*i material had been infused into the colon, an area not

intended for treatment. The licensee estimated theNa or repnra u2 o its
dose rate delivered to the bowel between 1250 to

No.or panena 3000 rads. Tho licensoo rovised the existing protocols
mwwd in it, ;48 to avoid future errors. The licenseo provided no

additional information about the details of this
**'

misadministration.W 6 m

secoM case MN aMnhahn d a $l.ater in the day, the second pationt, who was to be
implanted with palladium-103 (Pd-103) seeds, was mCl dosage of I-131 to patient "A" instead of to

implanted with the Pd 103 seeds plus the flvo patient "B * The licensee stated that both patients had

o samo kst aM last names aM M Weadditional 1125 seeds remaining from tho earlier
patient. The licensee did not provide any information administration took place without the responsible

as to the cause or effects of this misadministration
physician present, a violation of the State's radiation
control regulations. The patient was scheduled for
and underwent surgery 3 days after the

The second case involved a computerized treatment misad ministration without any regard for the possibio

planning error. The licensee stated that in two lung exp sureof thesurgicalroomstaff. Asaresultof this

treatments and nine gynecological treatments the misadministration, a consultant estimated that the

patients received doses which ranged from 13 to 69 patient received 3000 rads to the thyroid.

percent more than the prescribed dose. Tho licensee

stated that the cause of these misad ministrations was
physician error. Addltional information was not 2.2.3 Diagnostic Misadministrations
provided in the report.

Of the 112 reports of diagnostic misadministrations

In the third case, the administered dose varied from received in 1991 from Agreement State licensees. 66

the prescribed dose by more than 20 percent. The percent involved the administration of the wrong g
licensee did not provide any additional information. radiopharmaceutical to a patient, and 17 percent

involved the administration of a radiopharmaceutical .
to the wrong patient. Included in the remaining

2.2.2.3 RadiopharmaceuticalTherapy diagnostic misadministrations,7 misadministratloas

Misadministrations involved a diagnostic dosage of a radiopharma-
coutical that differed from the prescribed dosage by
more than 50 percent. For the diagnostic misadminis.

Agreement States submitted two events involving tration reports that contained information regarding
radiopharmaceutical misadministrations in 199 t . One the cause of the misadministrations, Agreement
of the misadministrations involved phosphorus-32 States reported that the licensees Dave the following

(P -32) while the other involved 1 131. causes:
,

selecting the wrong syringe from dosage.

in the first misadministration, a patient was to be cart,

administered 15 MCI of P-32 in a colloidal form. The
patient was injected with 2 MCI of Tc-99m sulfur selecting wrong vial when drawing dosage,+

colloid, and the distribution across the abdomen was

NUREG-1272, Appendix C C - 14
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selecting wrong patient, 15-MCI of I-131. No additional information was.

provided in thoi:ensee's report.
misunderstanding the referring physician's.

request, and

in the third case, a patient prescribed to receive a
misunderstanding the radiopharmaceutical thyroid procedure using Tc-99m was administered 2.

or dosage order. mci of I 131. The licensee did not report the cause of
the error.

2.2.3.1 Diagnostic Misadministrations of lodine
2.2.3.2 Diagnostic Misadministrations That

involve Commercial Radiopharmacies
Of thediagnosticmisadministrationsthat Agreement
State licensees reported in 1991,8 cases involved the
administration of I-131 Reports of three of these Of the 112 reports of diagnostic misadministrations
ca ses provided sufficient information to ascertain that that were provided to the NRC by Agreement States
each of the three patients received a thyroid dose of in 1991,70 percent involved the administration of the
more than 1000 rads. wrong radiopharmaceutical to a patient. About 32

percent of these diagnostic misadministrations
resulted from rediopharmaceuticals ordered from

in the first case, a patient prescribed to receive a radiopharmacies and involved 45 patients. The
5 - mC) diagnostic dosage of I-131 was administereo causal factors associated with these misadminis-
a 20-mci dosage of I-131. The licensee stated that trations included (1) mislabeling a syringe containing
this was caused by a chart mix up and miscommuni- a radiopharmaceutical, (2) se|ecting the wrong vial
cation with a patient who could not speak English. when drawing a dosage, (3) placiag a reconstituted

vial in the wrong shleid, and (4) setting the dose
calibrator improperly.

In the second case, a patient was prescribed 15 pCl
of I-131. However, the patient was administered

C - 15 NUREG-1272, Appendix C
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3 Findings

The nonreactor events that 16 Agreement States thyroid dose in the therapy range. However, the
reported in 1991 showed no significant prescribed dose for one of these misadministrations
overexposures from operations in 1991, and the also would have produced a thyroid dose in the
types of lost material and leaking sources was similar therapy range.
to those NRC licensees reported.

Although the therapy misadministrations submitted
The 16 Agreement States reported 118 by Agreement States did not provide aufficient
misadministrations in 1991, including 6 therapy mis. Information about the circumstances that lead to the
administrations. The six therapy misadministrations misadministrations, in general, the reports indicated
consisted of one teletherapy, three brachytherapy, that the errors that occurred while preparing,
and two radiopharmaceutical therapy. In addition, handling, and administering the radiophar-
licensees reported eight diagnostic misadministra- maceuticals were similar to the errors reported by
tions involving iodine, three of which resulted in a NRC licensees.
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Abnormal Occurrences for 1991
(Nonreactors)

NRC Licensees November 28, 1990, revealed that the uranium
concentration in the liquid was well below the
authorizeddiscardlimit;hence thequantityof U-235

NUREG 0090, Volume 14, No,1, was below the safety limit of 350 grams. The liquid
Report No. 91 1 waste was then pumped to another tank where it was
Significant Degradation of Plant Safety at mixed again, sampled for material accountability
Nuclear Fuel Services, Inc., in Erwin, Tennessee purposes, and then pumped to the Waste Water ,

Treatment Facility (WWIF).

Nuclear Fuel Services, Inc., is a fuel production
facility that produces nuclear fuel for the U S Navy. On November 30,1990, the laboratory reported that
On November 30, 1990, licensee personnel the results of the accountability sample were above
discovt red that on November 28,1990,395 9 tams of the authorized discard limit. This higher
uranium-235 (U-235), contained in liquid waste, had concentration was confirmed by analysis of another
been processed through the waste water treatment sample, which had been obtained when the liquid
system for collection and disposal of the uranium. was received at the WWTF. All discharges were
This quantity was above the administrative criticality halted as a special licensee investigation team
safety limit of 350 grams for the unfavorable initiated a review to determine the causes and
geometry tanks used to hold the waste. (A favorable corrective actions needed. At about 4:15 p.m., the
geometry f ank is one having dimensions specifically licensee reported the incident to the NRC.
designed to prevent criticality of its fissile material
contents. An unfavorable geometry tank can be used,

however, if the amount of fissile material is kept The NRC issued written confirmation on
below that r eeded to achieve criticality.) November 30,1990, that the licensee would refrain

from transferring liquid waste until certain actions had
been completed (Letter from J. Philip Stohr, Director,

While the amount of U-235 was well below the Division of Radiation Safety and Safeguards, NRC
amount needed for criticality, highly concentrated Region 11, to Charles R. Johnson, President, Nuclear
uranium solutions in an adjoining part of the process Fuel Services, Inc., forwarding a Confirmation of
were available in quantities that were more than Actior Letter, Docket No. 70-143, License No.
sufficient to have caused a criticality accident in the SNM - 124, November 30,1990). NRC dispatched an
unfavorable geometry tank. The hydrostatic head inspector to the site on December 1,1990, and two
associated with those highly concentrated solutions other NRC personnel arrived on December 2,1990,
would have forced those solutions into the to perform a special NRC team inspection.
unfavorable geometry tank if the set of normally
closed valves were faulty or were not fully closed.

The licensee identified the probable causes of the
November 28, 1990, event to be (1) less than

Filling of storage tanks with liquid waste from the adequate piping layout that allowed uranium
solvent extraction system in the high enriched solutions to flow into the unfavorable geometry tank
uranium recovery process began on November 27, and (2) personnel-related inadequacies in that
1990. When the tanks were full, the contents were operators had no knowledge of the potential for
recirculated before sampling. An operator collected crossover of highly concentrated uranium solutions
two samples of the liquid and submitted them for into unfavorable tanks as a result of open valves or
analysis. The analytical results, received on other anomalies in the piping systems.

D-1 NUREG-1272, Appendix D
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Following a review of the incident, the NRC Administrator, NRC Region ti, to Charles R. Johnson,
concluded that other root-causes may exist in President, Nuclear Fuel Services Inc., forwarding a
addition to those given by the licensee. These root Letter of Authorization to resume operations in the
causes include (1) a documented safety analysis was Recovery Facility, Docket No. 70-143, License No.
not available; (2) the design basis of the plant was SNM-124. December 18, 1990). NRC held an
less than adequate and the system drawings lacked Enforcement Conference with the licensee on
adequate detail; and (3) absent a detailed safety January 18, 1991. On March 20, 1991, the NRC
analysis, equipment important to safety, such as forwarded a Notice of Violation (for the violations
valves, were not properly identified, protected, identified during the special NRC team inspection)
emphasized in plant control documents and training and proposed a civil penalty of $1C,000 (Letter from
sessions, tested and maintained appropriate for their Stewart D. Ebneter, Regional Adm!nistrator, NRC
safety function, and did not possess positive closure Region 11, to Charles R Johnson, President, Nuclear
indication. Fuel Services, Inc., forwarding Notice of Violation

and Proposed imposition of Civil Penalty -
$10,000, Docket No. 70-143, Uconse No. SNM 124

The licensee missed an opportunity to preclude the March 20,1991.) The licensoo has paid the cMI
problems several years earlier when modifying the penalty,
piping system. The licensee's reviews of the
modifications failed to identify the significant potential

for uranium solutions to flow into unfavorable in early 1991, the NRC prepared an action plan for
geometry vessels. the licensee's facility. This plan is updated quarterly

and tracks the completion of the licensee's PIP 11 ems,

quarteriy NRC and licensee management meetings
The special NRC team inspection identified two on the PIP status, and NRC technical reviews of PIP.
violations: (1) failure to adaquately evaluate A full-time resident inspector was assigned to the
equipment joined by piping for the possibility of facility on April 22,1991,
siphoning and (2) failure to adhere to the
administratrve criticality safety limit of 350 grams of
U-235 in unfavorable geometry tanks, NUREG-0090, Volume 14, No.1,

Report No,912
Medical Diagnostic Misadministration at Hutzel

Correcth/e actionsinchKlod modtfication of the piping Hospitalin Detrcit, Michigan
system to prevent highly concentrated uranium
solutions from flowing into the unfavorable geometry
tanks. GE initiated a review of the fuel recovery On January 24,1991, the licensee, Hutzel Hospital,
facility to identify the nuclear safety features and Detroit, Michigan, notified NRC Region lli that a
controls for each unfavorable geometry vessel. A medical diagnostic misadministration had occurred
nuclear criticality safety (NCS) perfom.ance at its facility on January 17,1991, when a patient was
improvement program (PIP), which had been administered a dosage of lodine-131 (1 131) that was
instituted before the incident, was accelerated and 100 times greater than that prescribed. Region lit
expanded to address the root-causes. GE also received a written report about this misadministration -
trained the fuel recovery personnel to make them on February 1,1991.
aware of the problem.

On January 16,1991, a 37-year-old female patient
The NRC inspected the actions completed and, (who had given birth to a baby 2 days earlier) was
following the licensee's identification of the safety scheduled to have a thyroid scan to determine if she
features and controls, issued a letter authorizing had a substemal goiter (beneath the breastbone).
resumption of solution transfers on December 18, The licensee's normal procedure for such a thyroid
1990, (Letter from Stewart D. Ebneter, Regional scan usually involves administration of a 50-
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Nonreactors-Abnormal Occurrences

microcuries ( Cl) dosage of I-131, resulting in a - misadministration and determined that the hospital
thyroid dose in the range of 50 to 70 rads. The had not provided training in the proper ordering and
prescription was prepared by a physician's assistant administration of radiopharmaceuticals toindividuals
at the direction of the referring physician. The nuclear working under the supervision _ of a physician
medicine technologist subsequently discussed the designated on the NRC license.
procedure with the physician's assistant and asked
whether the thyroid scan was the appropriate
procedure. The technologist Indicated a whole body The hospital adopted new procedures requiring
scan to identify thyroid tissue throughout the body . specific approval by an authorized physician before
would be the appropriate test. The shysician's the oral administration of more than 50 pCi of I-131.
assistant submitted a new order for the W ole body This authorization is to be obtained immediately
scan. The 1-131 was administered to the patient on before the planned administration. The hospital also -
January 17, 1991, and the whole body scan was reaffirmed that the technologist and physician's
performed on January 18,1991. assistants are not permitted to change an order given ,

by an attending physician.

The whole body scan involved a dosage of 5 milli-
. .

. ..

( curies (mCA of I-13t instead of the 50 pCl used for The hospital recommended that the patient be placed
; the diagnostic procedure prescribed by the referring on a thyroid hormone to inhibit the growth of thyroid

] physiciani nodules and that she be monitorod for possible
:
' '

development of hypothyroidism or other compil-
cations.

| Because the patient's baby was not breast fed and
was with the patient for only 30-minutes, the baby's

-

exposure was only about 0.5 millitads. After the The February 19,1991, NRC inspectionidentified two
misadministration was discovered, con.act between apparent violations associated with the incident: (1)_

the mother and baby was restricted for two days to failure to insiruct supervised individuals on the
avoid further radiation exposure to the infant. -principles of radiation safety and (2) use of NRC-

licensed material by unauthorized individuals. The
NRC is still reviewing these inspection findings and -

The NRC retained a medical consultant to evaluate enforcement action is pending.
the circumstances of this case. The consultant
estimated that the patient received a dose of -
approximately 6500 rads to her thyroid. This NUREG 0090, Volume 14, No.1,
exposure would carry a slightly increased risk of - Report 91-3

_ _

developing hypothyroidism or thyroid ' cancer. Medical Therapy Misadministration at
B eca use the patient was lactating, thus concentrating Washington Hospital Center in
the radioactive lodine in the breasts, there would also - Washington, D.C.
be an increase in the patient's risk of breast cancer.
The consultant recommended periodic monitoring of
the patient for hypothyroidism and for breast and On February 1 - 1991< the licensee, Washington
thyroid cancer. Hospital Center, Washington, D.C., notitled NRC

Region I, that a therapeutic misadministration
This misadministration was caused by modifying the _ involving a teletherapy unit had occurred at its facility.
Intended diagnostic procedure after a discussion - earlier that day.
between the physician's assistant and the nuclear
medicine technologist. This modification was not .
reviewed by or approved by the patient's physician. A 74 year-old patient was to have received 250 rads
The NRC staff conducted a special inspection on to the brain for cancer treatment. The technologist
February 19,1991,toreviewthecircumstancesof the . correctly identified the patient; however, the tech-
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nologist used another chart without verifying the A radiotherapy physician prescribed a therapeutic
name on the chart or the picture of the patient on the dose of 30,000 rads to the base of the tumor and
chart with the patient treated. No patient treatment 14,300 rads to the apex of the tumor from an
area markers, such as tattoos, were used. Using the lodine-125 (1-125) custom designed eye plaque.
wrong chart, the technologist initiated treatment of While the physicist was designing the eye plaque, he
the patient's tarynx. The thyroid of the patient was not decided to change to an eye plaque with a different
blocked from exposure to the teletherapy beam. radius of curvature. The physicist changed the
While the patient was undergoing treatment, the coordinates for placement of each | 125 seed used in
technologist realized that the wrong organ was being the plaque but failed to change the associated points
treated and terminated the treatment. It was for calculation of doso to various depths within the
estimated that 57 rads were delivered to the larynx eye.
and about the same number to the patient's thyroid.
After termination of the larynx treatment, the patient
was given the proper treatment. On February 18,1991, the physicist suspected that

an error had occurred while planning a treatment for
another patient with a similar tumor. He retrieved

An NRC medical consultant reviewed the event, pat!ent data from the computer far the treatment
noted that no acute symptoms were present ard that started on February 14,1991, reviewed the data and
no long term medical implications were expected confirmed that an error had been made. The patient's
during the lifetime of the p&Jent. eye plaque was then removed. At that time, a

treatment dose totaled about 59,000 rads to the base
of the tumor and 19,500 rads ~ to the apex of the

The technologist failed to follow proper identification tumor. The licensee stated that the dose received by
procedures.The licensee provided additional t raining the tumor was within acceptable medical treatment
for the technologist in the proper identification protocols for that type of t, nor and that no actes
procedures for treatment plan verification. effects were observed in the patient.

The Region i staff wlil examine the circumstances NRC Region I contacted an NRC medical consu! tant
behind the incident during the next inspection of the to review the event. The consultant stated that there
program at the licensee's facility. was an increased risk of long-term adverse effects,

(e.g., cataract, tissue damage).

NUREG-0090, Volume 14, No.1,
Report No. 91-4 The causes are attributed to human error on the part
Medical Therapy Misadministration at of the licensee's staff physicist, lack. of written
Hahnemann University Hospital in Philadelphia, procedures, and lack of dual verification of dose
Pennsylvania calculations before administration.

On February 22, 1991; the licensee, Hahnemann The licensee's planned corrective actions include
University Hospital, Philadelphia, Pennsylvania, establishing written protocol for this procedure,
notified NRC Region - I that a therapeutic including a second verification of the treatment

' osages tomisadministration had occurred at its fecility during calculations before administering d
the period from February 14 to 18,1991, while a patients.
patient was undergoing radiation therapy for a tumor
in the eye.

I
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An NRC Region I inspector conducted a speclat The physician who administered the dose picked up
inspection of the circumstances surrounding this the request form and the I 131 dosage and went to
misadministration on February 25, 1991. The the nursing station on the floor of the patient with the
inspection report was forwarded to the licensee on lung problem. The physician did not inform the
March 11,1991. One violation of NRC requirements nursing staff that he was about to administer a
was identified, (i.e., failure to notify the NRC of the therapeutic dosage to one of their patients and went
therapy misadministration within 24 hours of to the lung patient's room. There, he asked the
discovery). The inspection report also noted that the patient's name and verified the name on the wrist
inspector suggested that the licensee establish a band but did not cross-check the patient number on
written protocol for the procedure and the licensee the wrist band with the patient number on the request
agreed. NHC Region I and licensee managers mot on form. The physician completed the request form and
March 21,1961, to review the licewe's actions to returned the patient folder to the nurses' station.
prevent recurrer ce. Within 5 minutes of the administration of the

radiopharmaceutical, the nurses discovered the error

and informed the physician and the radiation safety
NUREG-0090, Vo ume 14, No.1, officer (RSO). The licensee administered a thyroid
Report No,91-5 blocking agent of 1000 milligrams of potassium
Medical Therapy Misadministration at Clara iodide immediately, with 3 subsequent doses of 1000
Maass Medicai Center in Belleville, New Jersey milligrams each given at 4-hour intervals.

On March 28, 1991, the licensee, Clara Maass The licensee determined that the thyroid of the
Medical Center, Belleville. New Jersey, informed NRC patient received an uptake of between 80 and
Region I that a therapcutic misodministration, 100 pClof I 131,which would give a dose of between
involving administration of I-131 to the wrorig patient, 112 and 140 rads. An NRC medical consultant, who
had occurred earlier that day. reviewed the event, concurred with these figures. The

licensee advised the NRC that no adverse effects
y were anticipated during the lifetime of the patient as
( A radiotherapy physician prescribed a therapeutic a resutt of the misadministration.

dosage of 10 mCl of I-131 to a patient for the
treatment of hyperthyroidism The physician, who
was familiar with the patient, was not able to The causes were attributed to failure to fo'!ow the
ad minister the thera peutic dosage and ask ed another hospital protocol- of checking the patient
physician to_ administer it. In the meantime, a identification number and failure to inform the head ~
transporter noted that the patient was listed in a bed nurse of the floor of the therapeutic procedure before
that she believed was occupied by another patient administration.
The tra nsporter asked the nuclear medicine secretary
to check the discrepancy. The secretary referred to
a patient list for the patient's name, noted the area of The licensee's planned corrective action includes
the hospital where the patient's room was, and establishing a check list that must be completed by
changed the request _ form. The secretary did not individuals administering thera peutic dosages. Other
know that there were two patients in the hospital with actions include changing the computer program so
the same names. (The secnnd patient was in the that all of the information is printed out on the patient
hospitalfor alung condition.) Also,the secretarydid - list and reinstruction of personnel regarding patient
not know the computer program that generated the ' verification procedures.
patient list did not print duplicate entries. The
patient's name who was to undergo treatment for On AprH 1,1991, a Region I inspector conducted
hyperthyroidism was not printed on the list. a special inspection of the misadministrationf The

D-5 NUREG-12 z, Appendix D



---
.

. .. .

i

AEOD Annual Report,1991

inspection report, which identitled no violailons of - Region 11 incHent response contors. The site team
regulatory requirements, was sent to the licensee on arrived early during the morning of May 30,1991. At

t

April 17,1991. The licensee's corrective actio is are 6:38 a.m., et t., on May 30,1991, after discussions
considered satisfactory. with the NRC response centers, tho licensee declared

an ' Alert' in accordance with its Radiological
,

Contingency and Emergency Plan.
NUREG-0090, Volume 14, No. 2,
Repor1 No. 91-6
Potential Criticality Accident at the General On May 31,1991, the NRC Execut ve Director for
Electric Nuclear Fuel and Component Operations (EDO) requested that the site team be
Manufacturing Facility in Wilmington, North upgraded to an eight-member NRC incident
Carolina investigation Team (llT). Also on May 31,1991, the

NRC issued a letter confirming the licensee's
agreement to refrain from transferring material in

On May 29,1991, higher than expected amounts of certain portions of the waste streams, refrain from
uranium in a process tank of the waste treatment using the solvent extraction system, and cooperate
system posed a potential criticality safety problem at with the llT (' Confirmation of Action Letter" from
the General Electric Nuclear Fuel and Component Stewart D. Ebneter, Regional Administrator, NRC
Manufacturing facility. Wilmington, Larth Carolina. Regionll, to William Ogden, Acting Manager, Nuclear
The amountwas approximatoly 2300 parts per million Fuel & Components Manufaeturing, General Electric
(ppm) or 150 kilograms total uranium (about Company, Docket No. 70-1113, License No.
4 percent enriched in U-235). The administratNe SNM- 1047, May 31,1991). The licensee continued
criticality safety limit for transferring uranium into the to remove uranium by centrifuge from the tank
process tank vessel (an unfavorable geometry tank) through June 1,1991. By this date, the licensee had
was 150 ppm. (Unfavorable geometry tank refers to transferred sufficient amounts of solution containing
a process vessel that can hold enough uranium to uranium from the tank via the centrifuge process to
produce a criticality.) other nearby tanks to reduce the uranium in the tank

to an amount less than the criticality safet y limit. The
licensee then terminated the " Alert" status and the

- During the moming of May 29,1991, the hcensee NRC went to a normal response mode in both its
identified higher than expected amounts of uranit.m headquarters and regional response centers.
In a favorable geometry vessel in its solvent
extraction system as a result of earlier problems with
controls and equipment in that system The licensee The llT, which arrived on site on June 2,1991, was
shut down the solvent extraction process and directed to determine the circumstances associated
discoveredhigherthanexpectedamountsof uranium with the event; identify the probable causes of the
had been improperly transferred into an unfavorable eventi and make appropriate findings and
geometry waste tank. Licenseo mana0ers were conclusions that would form the basis for any
notified, and a technical evaluation team was necessary follow on actions. The IIT left the site on
convened. Sparging (i.e., mixing) was initiated in this June 13,1991. A Region Illnspection tcam continued
tank to minimize the criticality pot ential by preventing - to monitor the licensee's followup actions at the si'
an accumulation of material in the bottom of the tank. from May 30 through July 10,1991,
During the afternoon of May 29,1991, the licensee .
notified NRC Region 11 of the incident. Later, the
licensee began uranium recovery ' operations from On June 25,1991, the licenseo met with the NRC in

'

this tank via a centnfuge linked to the tank. the Region 11 office to discuss the status of the
systems shutdown as a result of the event, the
corrective actions needed before restart, and the

On the same day, the NRC dispatched a Region 11 longer term corrective actions at the facility. The
site team and activated the - headquarters and - licensee certified in letters dated July 4 and
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July 7,1991, that the corrective actions for restart of ' revising procedures; retraining of operators;
the waste systems, including a procedure for revamping sampling to ensure adequacy for
reporting all types of events to the NRC, were measurement of uranium; sensitivity tralning of all
complete (Letters from William Ogden, Acting plant personnel to follow procedures and report
Manager, Nuclear Fuel & Components Manu- pcoblems; documenting a scheme for reporting
facturing. General Electric Company, to Steward D. events; instituting additional management oversight
Ebneter, Regional Administrator, NRC Region 11, of operators; establishing an audit system; and
Docket No 70-1113, License No. SNM - 1047, July 4 establishing a long-term plan to improve
and July 7,1991). performance in staffing, emergency response,

equipment reliability, and engineered systems to
replace administrative criticality controls. The

The NRC Region 11 onsite inspection team verified licensee reports the status of short and long-term
that these actions were complete. The NRC corrective actions to NRC Region 11 on a biweekly
authorized the licensee to restart certain waste basis.
stream systems on July 7,1991, and confirmed this
in a July 11, 1991, letter (* Modification of Confir-
mation of Action Letter," from Stewa:3 D. Ebneter, The licensee presented an outline of its corrective
Regional Administrator, NRC Region 11, to William actions for restart of the solvent extraction system to
Ogden, Acting Manager, Nuclear Fuel and the NRC in an August 9,1991, letter (Letter from -
Components Manufacturing. General Electric William Ogden, Acting Manager, Nuclear Fuel &
Company, Docket No. 70-1113, License - No. Components Manufacturing,' General Electric
SNM -1047, July 11,1991). Company, to Steward D. Ebneter, Regional

Administrator, NRC Region 11, Docket No. 70-1113,
License No. SNM-1047, August 9,1991).

The llT identified numerous problems at the plant,
including inadequate management oversight, design
deficiencies, procedural noncompliance, inad equate The NRC llT formal report was publisned in
incident investigation, and a general deterioration of August 1991 as NUREG-1450, *Potentla! Criticality
criticality controls. The llT concluded that the Accident at the General Electric Nuclear Fuel and
problems can be summarized by three interrelated Component Manufacturing Facility," May 29,1991.
root causes that contributed to the incident: (1) a On the basis of the llT's findings, the NRC EDO
pervasive licensee attitude existed that a nuclear issued a memorandum on _ August 13, 1991,- to
criticality was not a credible accident scenario, identify and assign NRC staff responsibility for facility-
(2) licensee- managers did not provide effective specific actions, generic issues, and areas for
guidance and oversight of licensed activities to regulatory improvement (Memorandum from James
ensure that operations were conducted in a safe M. Taylor, NRC EDO, to Edward L Jordan, Director,
,aanner, and (3) a deep-seated, production-minded NRC Office for- Analysis and Evaluation of
orientation existed within the licensee's organization Operational Data (AEOD), et al., " Staff Actions-
that was not sufficiently tempered by a ' safety first* Resulting from the Investigation of the Potential

<

attitude, particularly regarding nuclear criticality Criticality Accident at the General Electric Nuclear
y safety. In addition, - the llT identified various Fuel and Component Manuf acturing Facility, May 29,

weaknesses in NRC regulatory guidance, and 1991," NUREG 1450, August 13,1991). In response
licensing and inspection programs that had the effect to the directive, the Office of Nuclear Material Safety
of contributing to the incident. and Safeguards (NMSS), AEOD, and Region 11

developed action plans and established milestones.
Some of the short-term actions involving the plant

The licensee's corrective actions included the were completed during the latter part of 1991. Some
following: system walkdowns and verifying that longer term actions that involve regulatory changes
documentation matched current plant configuration; may take several years to complete. The resolution
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status or disposition of each IIT staff action will be in addition, NMSS established a Materlaf s Regulatory
included in the annual reports issued by the NRC Rwiew Task Force. The purpose of the task force
AEOD (NUREG 1272 series). was *q conduct a broad-based rwiew of the

Commissionh current licensing and wersight
programs for fuel cycle and large matertal plants. The

The llT team briefed the Commission on the content task force was requested to define the components'

of the IIT report on September 9,1991, and briefed and subcomponents of an ideal regulatory evaluation _ j

the Advisory Committee for Reactor Safeguards system for these types of licensed plants and
(ACRS) on October 10,1991. The licensee and the compare them to the components and
NRC shff presented their views of the incident and subcomponents of the existing regulatory waluation
actions in a formal Commission briefing on system. The task force prepared a report that
October 18,1991, discusses the findings from this comparison and.

proposes recommendations on the basis of the
findings. This report was issued for public comment

Significant NRC inspector presence was mL ntained during February 1992 as Draft NUREG-1324,
at the site during Aut t through mid-October 1991. " Proposed Method for Regulatory Major Materials
The inspectors rwiewed operations in progress as Licensees?
the licensee restarted the solvent extraction process
and rwiewed actions taken by the licensee to
imprme Ith t Formance In criticality safety The NUREG-0090, Volume 14, No. 2,
solvent extractu process has been operated safely Report No. 91-7
since the NRC authorized operation nn October 16, Multiple Medical Telethorapy
1991. In an emergency e)ercise on December 18, Misadministrations at St. John's Regional
1991, the licer'see oemons: rated effective corrective Medical Center in Joplin, Missouri
actions for the problems in he licenseeb emergency
response program. These problems were identified
by the llT and NRC followup inspections. On April 12,1991, the licensee, St. Johnh Regional

Medical Center, Joplin, Missouri, notified NRC I
Region Ill. that a number of cobalt 40 (Co40)

The NRC issued NRC Bulletin 91 -01, * Reporting loss teletherapy misadministrations - had occurred
of Criticality Safety Controls,* October 18,1991, to all between September 1989 and March 1991. The
fuel cy:le and uranium fuel research and develop- misadministrations (defined as therapeutic _ doses
ment licensees. The bulletin requested the licensees varying more than 10 percent from prescribed doses),

to evaluate their criticality safety criteria and were discwered during a rwiew of past treatment'

procedures, modify them as appropriate to ensure data in March and April 1991. On April 25,1991, the
that emnts involving degradation of controls will be licensee formally reported that 12 misadministrations
promptly evaluated and reported to licensee had occurred.
managers and the NRC as appropriate, and provide
a description of their criteria and procedures to
the NRC. On Nwember 19, 1991, the NRC staff Of the 12 patients. 3 received doses 10 percent to 18
sponsored a workshop on Bulletin 91-01. Responses percent higher than the prescribed doses, and 9
to the bulletin are due by the end of January 1992. patients received doses from 10 percent to 27
These responses will be reviewed by NMSS; then the percent below 'the prescribed doses. All
licensees' implementation of any needed misadministrations resulted from erroneous
imprwements - will be rwiewed during NRC information in the treatment planning computer
inspections. program. All treatments, with one exception, involved
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the use of wedges,which consist of compensating verification of treatment pi before Peatment. On
material such as lead, placed in the radiation beam t o April 15,1991, Region lit apprwed the amendment.
more evenly distribute the prescribed dose of The licensee must maintain records of the dual
radiation to appropriate tissue, verification.

The treatment discrepancies were first discwered in On April 18, 1991, NRC Region 111 conducted a
March 1991, when a therapy technologist pulled the special safety inspection at the medical center
fdes of prwlously treated patients to practice hand- in response to the Co-60 misadministrations.- On
calculated dosimetry for an upcoming board May 10,1991, Region til issued a violation that cited
certification test. The technologist informed liceneee the licensee for falling to notify the NRC within
managers that her results did not match the wedge- 24 hours of disemery of the initlaf misadministration.
related tmatment doses indicated in the patient files. The NRC was not notified of the misadministrations
On March 22,1991, the RSO was asked to investi- until April 12,1991, een though the first misadminis-
gate the apparently conflicting results. On March 25, tration was identified on March 29,1991.
1991, the radiation oncology staff began hand
calculations of the doses to all patients who received
wedge-related treatments since the inception of that- NUREG-0090, Volume 14, No. 3,
type of treatment in August 1989. The licensee also Report No. 918
initiated reruns of the original computer calculations. Radiation Exposures of Members of the Public
By March 29,1991, the reruns shmed that actual From a Lost Radioactive Source
administered doses had dwlated significant!y from
prescribed - doses. All of the patients' referring
physicians were subsequently notified of the dose On September 5,1991, Western Atlas intemational
dif'erentials, except for one physician who had left (the licensee) notifioc me State of Texas that a
the area. In the laiter case, the patient was notiGod 2 - curie (Cl) cesium-137 (Cs-137) sealed well-logging
directly. Subsequently, the patients haw been seen source had been lost that moming from the
by their physicians for folimup care. The licensee licenseet vehicle en route from the licenseet Yukon,
stated that no adverse effects have been observed to Oklahoma, facility to its Houston, Texas, facility The
date licensee initiated a search for the source, using

radiation detectors, and retraced the route of the
vehicle. Meanwhile, at approximately 5:30 p.m. on'

In 11 of the 12 misadministrations, the licensee failed the - same day, a citizen spotted the shipping
to calculate a computer programt % edge normall- container lying on the gravel shoulder about 30 feet
zation factor" in making initial dose calculations. The from the southeast comer of the intersection of the
wedge norm 42ation factor is described in the Interstate 45 Exit 118 road and underpass road near
manufacturerb computer program instruction Huntsville, Texas, and notified the Huntsville Police
manual. Instead of using this factor, the licensee Department. A police officer was ' dispatched to the T
used different measured wedge factors that were not scene.
compatible with the computer program. A twelfth
misadministration resulted from the licenseet failure
to correct the computer program as directed by the The radioactive sourco was found approximately
manufacturert sease notes. 7 feet from its shipping container. The police officer

picked up the source and is bellwed to have held it .

for about 5 seconds before dropping it approximately
On April 12.1991, the licensee requested an amend- 6 to 12 inches from the container. The area was -
ment to its NRC license to require independent closed to the public until a member of the cityk
verification of Co-60 teletherapy tmatment plans. In emergency management services retrieed the
addition, the licensee has implemented an intemal source at approximately 6:15 p.m. The source was
procedure, which also requires independent replaced in the shipping container .which was
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missing its shield plug. Licensee personnel placed On September 6, 7, and 11,1991, NRC Region IV
the source in a complete shipping container at invectors conductod a special, announced radiation
approximately 7:30 p.m. safety inspection of the licenseet byproduct material

program. The inspection included the review of
organization, management, tmining, radiation

A large pin that is supposed to be attached to M protection independent measurements, r'otification,
safety bar securing the shipping container shield plug andtransportationactivities Theinspectorsidentified
was determined to be missing. With at this pin, the sean apparent violations of NRC reguations.
safety bar could slide out of position, and the plug
and source could come out of the shipping
container. On December 20,1991, the NRC issued a Notice of

Violation and Proposed Imposition of Civil Penalty in
the amount of $10,000. The proposed civil penalty

in addition, the bed of the truck from which the was based on two of the apparent violations: (1)
shipping container fell was a flat steel deck with no failure to block and brace the source container
obstructions at the rear of the truck except for a adequately and (2) failure to ensure the containerk
canvas emer held in place with four elastic straps, closure device was adequate.
During transportation, several shipping containers
were fastened on the truck bed by locks attached to
the containers and to the links of a slack steel chain
attached to structural members of the truck. The NUREG-0090, Volume 14, No.3,
shipping containers could mwe on the truck bed. Report No. 919
Apparently, the slack allowed the shipping container; Medical Diagnostic Misadministration at St.
to accelerate when the whicle tumed comers, John's Mercy Medical Center in St. Louis,
breaking a lock and alicwing the subject shipping Missouri
container to fall off the back of the truck.

A bone scan diagnostic study was scheduled by the
The police officer who held the source received an licensee, St. Johnh Mercy Medical Center, St. Louis,
estimated exposure of appra<imately 5 rem to his Missouri, for September 9,1991, for a 15-month-old
fingers. The individual who retrieved the source male child with possible osteomyelitis (bone
received an estimated exposure of approximately 150 inflammation) of the ankle. The child was given an
millirem (mrem) to his fingers. adult dose of technetium-99m MDP (Tc-99m MDP),

the radioactive pharmaceutical used for a bone scan.
The normal dose for a child of his weight would be

The event was attributed to human error. Ucensee - 1.91 mCl. The standard adult dosage used for the -
personnel did not follow the licenseet procedures or diagnostic study was about 21,96 MCI, more than 10
managerial instructions in correcting shipping times the intended dosage to the child.
container deficiencies and in property securing the-
shipping containers to the transporting vehicle.

The licensee uses a computer system as an aid to
determine the appropriate amounts of the radiophar-

On September 6,1991, the day a# tar the incident, the maceutical to use in the bone scan. Pediatric patients

licensee issued a memorandum to all their North are identified on the licenseek treatment list with an
American facilities conceming corrective measures asterisk, accompanied by a handwritten notation of
that were effective immediately. Subsequently, the the patienth body weight.
licensee took additional corrective actions to preant
such losses.
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The radiopR rmacist who prepared the Tc-99m MDP NUREG-0090, Volume 14, No. 4, $
for the bone scan failed to note the asterisk and Report No. 91 10
handwritten body weight on the computer printout of Medical Diagnostic Misadministration at 1.
scheduled diagnouie studies and prepared the Gonzalez Martinez Onnologic Hospital in
standard adult dosage. Hato Rey, Puerto Rico

The nuclear medicine technician checked the On June 17,1991, a patient scheduled to receive a
paHenth name on the dose ticket accompanying the diagnostic dose ofI 131 was mistakenlyadministered
syringe, but did not verify the radiopharmaceutical a dose of I-131 in the therapeutic range. The
and dosage, as required by hospital policy After the inisadministntion occurred when a nucWr medicino
administration, the technician noted the volume of technologist misred the dose calibrator and
the Tc-99m MDP was greater than expected, administered 6.2 mci rather than 6.2 pCl. The
rechecked the dose ticket, and discwored the error. technologist realized the error 9 minutes after the

dose was administered when the printed dose label
from the dose calibrator was checked. The physician

The error did not negate the results of the diagnostic in charge promptly administered potassium lodide
study and the bone scan was completed. Although solution to the patient to reduce the uptake of the
the amount of radiation the child received was radioactive Mine. The licensee estimated, based on
greater than intended, the licensee determined the 24-hour uptake measuremente that the dose to the
increased risk of biologic effects was not significant. thyroid was 1612 rem.
The calculated radiat:on dose for the study was
about 4.4 rads to the bone and 1.3 rads to the total
body Had the correct dosage been administered, The licensee continues 70 folls Uie patienth
the child would haw receted about 0.38 rads to the condition and has ad',hti the NRC that the patient
bone and 0.11 rads to the whole body has not experienced any adverse effects because of

the misadministration.

The cause is attributed to human error on the part of
the radiopharmacist and the nuclear medicine The cause is attributed to human error by the nuclear
technician. The hospital has counseled the two medicine technologist. The technologist did not verify
employees involved in the errot Hospital manarjets the dose by rwiewing the printed dose label before
met with the nuclear medicine department staff on administering the dose.
September 17, 1991, to rwim the impact of the
errors in this incident, to stress the importance of
checking oneh own work as Ni as the work of The licensee's corrective actions included taking
others, and to point out the need to follow disciplinary action against the technologist and
department policies. requiring that the nuclect medicine supervisor check

each dose before the dose is administered to a
patient.

The NRC staff has rwieved the circumstance of the
misadministration and will evaluate the licenseet
corrective actions in a routine inspection to be NRC Region 11 conducted an inspectio,is rwiew the
conducted in the next several months. circumstances associated with the event ard

identified no violations of NRC requirements.
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NUREG-0090. Volume 14, No. 4, The mJiopharmacist and consulting nuclear
Report No. 91 11 medicino physician were counso' lod and reinstructed
Medical Therapy Misadministration at William about the proper drawing techniques and
Deaumont Arrrry Medical Center in El Paso, safeguards. For future therapies using radio-

'
Texas pharmaceuncais, the counselling nuc5ar medicine

physician must visually check the amount of dran
radiopharmacotedcal, as measured by the

On August 30,1991, a patient referred to the Medical radiopharmacist or technologist, with the physicianh
Center for therapeutic mdiolodine treatment of written prescription. The licensee also intends that
Gravos' disease mistakenly recoNod a 28.0 mCl oral the consulting nuclear medicine physician be f amiliar
dosage of I 131 Instead of the prescribcd oral dosage wittaho patient's caso history boloro administering a
of 15 mci of I 131. As a result, the patienth thyroid therapoutic radiopharmaceutical dose,
recelvod about 31,900 rads instead of tho 16,7m rads
5 tended.

Also, the licenseoh RSO will conduct a training
session in which all nuclear medicino personnel will

Before administering the dosago, the radio- be required to rwim the videotapo entitled, ' Good
pharmacist involwd was informed that a radiolodino Practices in Preparing and Mministering Radiophar-
treatment for Graves' disease had been rmuested. maceuticals," prepared by the NRCh AEOD.
He asmmed that it was a 29-mCl treatms.,; rather
than a i5-mci treatment. (At the Medical Center, a
15 mCl dose is routinely used for Graves' disease NRC Region IV conducted an inspection to rwitw
while a 29-MCI dosage is used for thyroid disorders the wont and identified no violations of NRC
such as muttinodular toxic golters) He then requiremonts.
roquested a 29-mci doso from a commercial
radiopharmacy The actual doso receivc4 was
28.6 mci and was labeled as such. When the NUREG-0090, Volume 14, No. 4,
radiopharmarN, logged the dosago into the Report No. 91-12
computer, after it had been measured by the dose Medical Therapy Misadministration at St.
calibrator, he failed 1o note the intended therapy dose Joseph's Hospital and Medical Center in
in the referring physiciant proscription. In addition, Paterson, New Jersey

- tne counselling nuclear medicino physician did not
verify the dosage to be administered with the
intended dosage.Tho 20.6-mCl incorrect dosago was On Nommber 13,1991, the licenseek acting RSO

s then administered to the patient. notified NRC Rogion i by a letter dated October 30,
1991, that a therapeutic misadministration Irwolving
a strontium-90 (Sr 90) beta applicator, with a nominal

The mlerring physician was notified on the day of the activity of 95.5 mCl, had occurred on October 25,
misadministration. The licensee stated that no 1991. The therapeutic treatment had been
adverso offects on the patient were notod. The administered to the wrong patient,
patienth condition will be appropriately foncwed in
the licenseeb Endocrine Clinic.

The misadministration involwd a 52-year-old mate
$ who was scheduled for a simulation for external

The event was attributed to human error as a result of beam therapy from a linear accelerator to the head
the radiopharmacisth and consulting nuclear and neck. This misadministration occurred when the

'

t medicino physiciank Inattentiveness and brief radiation oncology department secretary directed the
experlence at the facility patient to wait in the wrong treatment room without
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his chart. The patient spoke minimal En01ish. and the NRC Ro0 on I conducted a special inspection oni

radiation oncologist did not speak the patienth Nwombor 15, 1991, of the circumstancos sur.
language. The physician askod the patient more than rounding this misadministiation. On December 26,
once which area of his body was being treated The 1931, the NRC transmittod to the licensoo a Notice of
patient pointed toward his head as the area to be Violation and Proposed imposition of Civil Ponalties
treated. On the basis of this poor exchange of in the amount of $6,250. Two violations vero
information and without bonolit of a rwiew of the identiflod; (1) the failure to twlw the patio...,
pationtb chart, the oncology physician then prescription, which resulted in the misadministration
adminletored a St-00 dose to the patienth eg The ($3,750); ard (2) the failure to - report the
licensee estimates that about 1000 rads were misadministration to the NRC within 24 hours of its
delWrud in 11 seconds to the surface of the right discwory ($2,500). Both violations were classified as
eyo. The licensee estimates that no harmful effocts Swority unel 111 on a scale in which Swerity Lumis I
occurred to the patient as a result of this cent. through V rango from the most significant to least

significant, respectively The licensee admitted the
violation and paid the civil penaltios.

An NRC medical consultant was retained to twiew
the went. The consultant agreed with the licenseoh
estimato of dose to the patienth eye and concluded NUHEG-0090, Volume 14, No. 4,
that the possibility of catamets is icn Report No. 91 13

Medical Therapy Misadministration at University
of Pittsburgh Presbyterlan-University Hospitalin

The cause was attributed to failure to folltw the Pittsburgn, Pennsylvania
hospital protocol, which requires twiewing the
patienth chart before administering treatment.

On Nwember 22,1991, the licensooh RSO notifkd
NRC Region I that a therapeutic misadministration

The licensneh plannod correctivo actions included involving a Co-60 tolotherapy unit had occurred at
the following: their Presbyterian University Hospital facility on

Nwomber 21,1991. The thempeutic treatment had
Patler , will only be directed to the been administered to the wrong part of a patienth1. e

treatmont area by an aide who will hand the body
treatment charts directly to the physician.

2. Each patienth chart will include a polaroid The technologist had looked at the patienth chart but
photograph of the patient. sot up the wrong treatment field. The pationt recetvod

287 rads to the thoracic vertebrae (uppor back)
3. Access to the Sr-90 beta applicator storage instead of the proscribed 300 rads to the cervical

area will- be limitod to the Physics vertebrae (lower nock). Because the patient had
Department and the Chlof Technologist. prwlously undergone thoracic vertebrao treatment,

the technologist otroneously assumed that the
4. Physics staff will accompany the physicians thoracic treatment was continuing and administered

during all St 90 beta applicator treatmonts the treatment without adoquatoly twiewing- the
and assist in dotormining the treatment pationth chart, which indicated the correct treatment
times. area.

5. Staff training and reenforcement of
appropriate patient processing procedures The licensoo has determined that the treatment
and NRC requiremants will be conducted. will not have any adverse offects on the patient. Tho
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pationt is suffering from metastatic cancor of the mont be stoppod immodlatoly Subsequently, it was
breast and was recolving palliative radiation discworod that the physicist had used the chart for
treatments to tho sp;no. the wrong patient and, therefore, entered incorrect

treatment program information into the computer.
The correct trmtment Information was then ontored

The causo was attributed to failure to folkw the into the computer and the treatment serios
written prescription in the patienth chart. complottd

CorrecttA etions included stressing to the radiation The erroneous treatment information positionod the
technologists the nood to carefully road patients' ir-192 sourco so that the patienth lips recoNod an
charts and to recognizo notations of changes in the exposure for about 1 minuto. The doso calculation by
fields to be treattd. When a liold is completed on a the licensee indicated the patient recolved
patient, the administered doso is to be recorded in approximately 73 rads to the lips. According to the
the patienth chart, using a diffemnt color ink. licensee, the radiation exposure recolved by the lips,

for a correctly administered treattnent to the nasal
septum, would be abot.t 25 rads. The licensoo does

NRC Region I will examino the licensoot prwention not expect any consequences resulting from the
and corrective actions at the next scheduled additional exposure to the patienth lips from whis
inspection. misadministmtion.,

NUREG-0090, Volume 14, No. 4, The causes of the went woro the physicisth failure to
Report No. 91 14 verify the identity of the patient and the physicisth
Medical Therapy l@Jministration at University assuming inconectly that the chart at the control
of Wisconsin Hospitalin Madison, Wisconsin panel was for the patient undergoing treatment.

A patient was undergoing a series of flvo treatments Tho licensoo has directed that the operating physicist
for a cancor of the nasal septum, using a high<ioso- chock the identity of each patient boforo treatment,
rate Iridium 192 (Ir 192) attorioading unit. The initial using pF'ent photographs or other means of
four treatments were completed without incident. verificatis . .. Patient charts for treatment series will be
Hcwwor, before the fifth troatment on Nwomber 27, placed in a speciflod location. No exceptions will be
1991, the operating physicist plcked up the wrong made to the training requirod of a user. In the futuro,
pationth chart located next to the devicot control training will include a gororal section on high dose
panel and ontored the program information into the rato aftertoading devices.t

computerlied dwice. While the treatment was
underway, a stt.Jent technologist inquired about the
longth of time to cornplete the treatment. The NRC Rogion ill conducted an inspection on
prescribing physiclan and the operating physicist December 17, 1991, to rwkw the went and
Indicated dt'forent longths of time. The physician, identified no violations of NRC requirements.
realizing there was an error, directed that the treat-
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Agreement State Licensees receNod radiation to the larynx region) reported
hoarsonoss ard pain on swallowing. The licensoo
stated that these symptoms are t'c' unusual for

NUREG 0090, Volume 14 No.1, patients undergoing radiotherapy, and, in fact, thoso
Report No. AS911 same symptoms were mentioned to the patients as
Medical Therapy Misadministration at Good possible sido effects of the treatment.
Samaritan Medical Center in Phoenix, Arizona

A consulting physicist was retalnod to rwlow patient
The following account is based on information the records and the hospitalb handling of this caso.
Agreement State of Arizona prwided the NRC during Among the findings were (1) the number of hospital

ute 1990. staff was inadequato for the patient load, (2) the
departure of one physicist and the hiring of another
physicist caused a loss of continuity in physics

On July 26, 1989, the licenseo, Good Samaritan service, and (3) poor communication (documen-
Modical Center, Phoenix, Arizona, reported to the tation) occurrod about the use of the computer.
Arizona Radiation Regulatory Agency (State Agency) generatod treatment plans.

a sor'es of three misadministrati ns Irwolving the use
of a Co&l tolothorapy unit in thelicenseek Radiation
Oncology Department. The misadministrations The licensee has h, rod a full-timo qualified therapy
occurred from February to June 1989. physicist and a technical administrator. These

IndNidus' will not have responsibilitios outside of the
therapy department. All_ computer-generated

The three paQnts received exposures of treatment plans will use hand calculations to verify
approximatt,,y 14 percent,1; porcent, and 12 the computer readings. Procedures for use of this
portent greater than the prescribed dosos of 6200 computer to generate patient treatment plans have
rads,6480 rads, and 5000 rads, respectively, from an boon rwised.
AECL Theratton-80 unit containing 5529 Cl of Co-60
assayed on September 10,1988. A beam correcting
wedge had boon usod along with a treatment A civil penalty of $3,000 was proposed by the Stato
planning computer. Although the computer already agency on January 19,1990, after it conducted a
contained a vedge correction f actor, the technologist thorougn rwiew of the llconseet Radiation Safety
and dosimetrist added a second vedge correction Committoeb activilles on December 22,1989. The
factor after checking with the consulting physicist basis of the violation centered on the Radiation
and being told that a wedge factor would be Safety Committeeh fallure to adequately conduct its
required. ctivities and supervise the use of therapy sources.

While preparing to treat an additional patient Litigstion continues on this went, and the State
assigned the same treatment protocol, a hand Agency has not received all records at this time.

calculation of the treatment time indicated a wide
discrepancy with the computer generated treatment NUREG 0090, Volume 14, No. 2,
time. This discrepancy led to a comprehensNe Report No. AS912.
search of past cases to rweat the subject three Overexposure of a Nonradiation Worker
werexposures.

The follcwing account is based on information the
All three pationts sho,ved signs of skin erythema Agrefrnent State of Texas prwided the NRC during
(roddoning), and the first two patients (who had late May 1991.
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During radiography operations, an unmonitored, dosimotors (TLDs) wore mailed in for immcdiato
nonradiation worker emplopd by the Exxon processing.

,

Corporation received a whole body exposure;

estimated to be between 1.8 and 3.9 rem from a
radicacthe soutco that was not properiy shioldod. The TLDs indicated that Radiographors A and B
This exceeds the abnormal occurrenco reporting receWd about 7.7 rom and 1.3 rem, respectively

threshold of 0.5 rom in one calendar War for a Because the nonradiation worker was not wearing I-

member of the general public. In addition, a any radiation dosimetry, his exposure was estimated
iradiographor received a whole body exposure of by a rocnactmont of the wont and calculations; these
!about 7.7 rem. (1his excoods the licenso limit for indicated he recolved a whole body exposure

whole body exposure to a radiation worker in one betveen 1.0 and 3.9 rom.
calendar quarter; hwever, it is bolcw the abnormal
occurrence reporting threshold of 25 rom whole
body) Thore were three root-causes for the wont. The first

cause was the camera locking with the soutco in the
unshiolded position. (The licenseo stated that this is

On July 14, 1990, two emplyes of the licensee, a design flaw in the lock bcx and ir not an unusual
H & G Inspection Compary incorporated. Houston, occurrence with the Gulf Nuclear Model 20 V ,

Texas, woro performing rou&w radiogmphy of wolds camera. The manufacturer of this camera is no |
at Exxon % Texas Well #1, located in Sabino Lake. longer in business.) The second causo was the
They were located on a barge near Port Arthur, failure of the radiographer to perform an adequate
Texas. They were using a Gulf Nuclear Model 20 V survey to determino whether the source was in the
camera containing 60 Cl of Ir 192. After completion shloided position. Appamntly, the radiographor went
of a radiograph, Radiographer A cranked in the thruugh the motions of performing the survey,
sourco, approached and surveyed the camera and became cornplacent while reading the meter, and
guido tube, and locked the camera. Ho remmed the failed to perceive what his meter was indicating. The
exposed film and took it to the darkroom for third cause was uso of inadequate procedures |

'Radiographer B to develop. Radiographor A retumod regardirg unmonitorod personnel ontoring a
to the wold to set up for the next exposure. During restricted area.
this proceduro an Exxon employeo approached the
radiography camera inside the res'ricted area to
discuss the next shot. Radiograph?r A had problems The radiographers and the Ex)on emplope woro
setting up the next shot and obtalnod Radiographor notiflod of. their exposures. All licensoo employees
Bh assistance. The Exxon employoo left the area at were notified of the incident by memorandum. The
this time. Incident was discussed during the next safety

meeting. N w procedures were dweloped portaining
to unmon!!orod personnel entering rostricted areas.

The two radiographors completed the set up and The requirements for performing a proper survey.
were leaving to make the radiograph when were roomphasized to ensure that a source has been
Radiographer D noticed that the lead radiographerb property rotracted into its shielded position. When the
surwy motor was off scale on the high side. This camera la mwed to a different job site, the guide
Indicated that the source was not in the shielded tube will bo disconnected and the safety plug
position. They mcwod - away - from the camera, inserted. Anyone not following the nm procedures
unlocked the camera, and retracted the crank-out will be fined $100.
handle one-half tum. The camera was relocked and
pocket dosimeters were checked. The pocket
dosimeters were off scals ano the RSO was notified The licensee was cited by the State agency for
of the incident. The employees were ordered to allcwing an unmonitored individual to receive an
return to the shop and their thermoluminescent exposure greater than 2 mrom in an hour, for the
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exposures of the two radiographors, and for the hand tools After about 25 percent of the crimp was
failure to perform adoquate surwys to determine poelod back, the cylindor containing the source
whether the mdiation source was secured. separated from the base of the source holder. The
Additionally, because of omrexposures that occurred worker retrieved the cylinder containing the source
more recently, tho State agency is conducting a and continued the extraction process. Following the
twiew to determine whether escalated enforcement uncrimping of the broken source holdor, the workor
is necessory triod to extract the sourco twice, being successful on

his socorx1 attempt. Tho sourco was then placed in a
lead pig for centualloading into the new dwice. The

NUREG-0090, Volume 14, No. 2, total timo reported by tho workorb supervisor for the
Report No. AS913 entiro procodure was 4 minutes and 45 seconds.
Extremity Overexposure of a Radiation Worker

Prwlous recorded extremity doses to employees
The following account is based on information the inmived with source changes on 10.Cl Cs.137
Agreoment State of Illinois prwided to the NRC sources from stainless stool source hold 3rs were
during June 1991. apprculmately 3 to 4 rom. Hmeer, because the

source manipulation was unusual in this caso, the
While extracting a 10-C1 Co-137 source from its . supervisor suggestod that the workort ring TLD be
housing, a radiation worker emple/od by the processed. On July 12,1990, the results Indicated an
!icensee, Kay-Ray /Sonsall DMslon, Mt. Prospect, exposure of 714 rom to the left hand.
Illinois, recolved an cuorexposure to his left hand.
The actual exposure is not precisely known but was
probably between 200 and 714 rom. Because the A physician examined the worker on the evening
higher va!ue, which was indicated by the workort of July 12,1991. This includod a physical examina.
dosimetry, could not be disprwed,714 rum to tho loft tion of his hand as well as a blood test. No unusual
hand was entered into the workort radiation records. results were reported bythe physician. Thoworker
The cent was inwstigated by the Illinois Department showed no visible signs of acute radlation
of Nuclear Safety, referred to below as tho State werexposure to his left hand. He stated that there
agency was no discomfort, roddoning, swelling, or other ill

offects suffomd as a result of this cent, On July 20,
after f urther blood tests and physical examination, an

On July 10, 1990, the worker was romming the oncologist/ hematologist informed the workor that all
sourco from a source housing so that the source tests woro normal and that he could find no sign of
could be transferrod to a different housing for resale. damage to the workerb hands or forearms. On the
Operating on this particular source holder basis of those findings, the doctor bolimed that the
(constructed of stainless stool and holding a larger worker had not been exposed to the high leel of
than usual actMty of Cs-137) requirod direct radiation reported.
observation and timing of operations by the workerk
supervisor. The State agency Inspectors witnessed a

roonactment of the source extraction procedure,in
which a blank stainless stocl source holder was used.

The remmal of tho source / source holder assembly On the basis of these observations and
from the sourco housing was routine in every aspect. measurements and data prwided by the licensoo,
Using iongs, the source / source holder assembly was the State agency conc'uded that, while possible, it is
then moed to an area behind a lead. shielded work unlikely that the verker received an exposure to his
station and clamped into place. Extraction of the left hand of 714 rem. Hweer, the agency concluded
source from the source holder then began by pooling that an extremity aeroxposure did occur, estimated
back the crimp on top of the source holder, using to be approximately 200 to 300 rem.
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After completing the investigation, the following NUREG-0090, Volume 14, No. 2,
findings were discussed in an exit interview: (1) Repori No. AS91-4
insufficient wkjence existed to discount or to prose Overexposure of a Radiographer
whether the worker received a dose of 714 rom to his

left hand and (2) the licenseo should continuo The following account is based on Information the
medical followup observation and treatment if Agreement State of Texas provided the NRC during
necessary and nottfy the Stato agency of any May 1931.
physical changes that occur.

During radiography operations, a radiographer
The following recommendations were offered during emplogd by the licensee, Big Stato X-fby. Eastland,
the Interview; (1) the licensco should contact the Texas, at Prido Refinery in Abilene, Texas, received
processor and haw them check the TLD chip and an estimated crposure of 35 rom to his right thigh
reading system for proper responso (quality from a radioactbo source that was not locked in its

assurance) and (2) the licensco should consider shioided position.
engineering or proceduro changes to the procedures
to inemase the distance between the source and the
source removerk hand. In the absence of this On November 7,1990, two licenseo radiographors
chango, the licenseo should consider discontinuing woro performing radiography outsido the Prido
the reuso of h!gh activity sources because of the Refinery when it started to rain They mo/od their
potential for a radiation userexposure of this kind. operations inside a building so they could continue

working. At the completion of the first series of
racographs. Radlographer A proccoded to move the

Tho causes are attributed to inadequate procedures camera to the next wold for tie next serios of
and supervision during operations involving a high exposures. He stated that he survegd the camera,
activity source. Greater uso of remoto handling got 'no reading,' locked the camera (but did not
equipment could considerably reduce the potential remoso the key from the lock), and carried the
for overexposure. camera to the next wold Ho stepped osor some

obstacles and belieses the key turned in the lock and
released the sourco, which mwed outsidu the shield.

The licensee proposed the following corrective
actions: (1) no source capsulo larger than 2 Cl will
be uncrimped from its holder, (2) no source capsule At the next weld, t esurveyed the camera and set
larger than 0.5 Cl will be uncrimpod from its holder up the next exposure. [It was later determined that
without direct supervision of the operation, and the survey meter was not operating correctly
(3) all sourco loaders' dosimotors (body badges, TLD because of internal moisturo from the rain.] After
rings, etc.) will be kept under lock and key when not completing the set up, ho noticed that the camera
in uso. was unlocked and checked his pocket dosimeter it

was off the scale. He went to the crank-out handlo
and retracted the source about one and one-hall

On July 31,1990, the Stato agency Issued a notice of turns. He then notified Radiographer B of the
violation for the oserexposure. The licenso was incident; Radiographer B stopped operations and
amended to include the licenseeb proposed had Radiographer /t film badge sent in for
corrective actions and the letter transmitting the immediato processing. Howwer, the film was
amendment included a strong suggestion that damaged during shipment and could not be
remote handling equipment be considered more processed. His exposure was estimated by a
often in the interest of keeping exposures as low as reenactment of the event and calculations indicated
masonably attainablo, he received a 35-rem eg>osure to the right thigh.
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The primary cause of this incident was the failure of days later This individual placed the envelope in his
the radiographer to lock the source in the camera private car and drwu to Methodist Hospital, which
and remos the key before mwing the camcra. The took approximately 25 minutes.
radiographer also falkxl to determine whether his
surwy meter was operating correctly after it became
wel in the rain. When the inserts were recotved by Methodist

Hospital, the envelope was opened immediately and
the sources vere discwored inside. They were

The incident was discussed with all radiographic placed in a lead transport container and remwed to
personnel of the company and all were cautioned of the storage safe by staff of the hospital.
the consequences of falling to follow proper
procedures.

San Gabriel Valley Medical Center hired a medical
physicist to waluate and determine the extent of

The hcensee was cHed by the State agency for the exposures that individuals had received as the result
oserexposure and failure to property lock and of this incident. Extensive time and motion studies
remos the key from the radiography camera before were conducted, as well as the processing of
relocating it. personnel monitoring dwices, to determine doses

received. The Individual who had transported the
sources from one hospital to the other was a

NUREG-0090, Volume 14, No. 4, nonradiation worker and, therefore, did not wear a
Report No. AS915 personnel monitoring dwice. Estimates are that he
Exposure of a Nu . idiation Worker received about 106 rom to his right hand and 0.168

rem whole. body exposure. All others who came in
contact with the sources wore personnel monitoring

The follouing account is based on infortr#0n the dwices. Estimates of their exposures were within the
Agreement State of California provkfed the NRC in occupational dose limits specified by the Stateh
December 1991. Radiation Control Regulations.

On August 1,1989, an intracavitary procedure was The medical conter was cited for causing the delivery
performed at San Gabriel Valley Medical Center, San man to roccive 106 rem to his right hand as a result
Gabriel, California. Two Cs-137 sources 42.2 mCl of this went. He was notified in writing by the
each, were loaded into colpostat dwices and hospital of the nature and extent of his exposure and
inserted into the patient for treatment. After the was prwided a medical review. A medical
procedure was completed, the physician remmed examination of his hands on the day after the
the dwices and placed them in a lead container. The exposure, and three weeks later, did not tweal any
container was then transported to the room where widence of skin changes or other symptoms. Also,
the ceslum storage safe was located; howwer, the his blood count showed no significant abnormalities.
sources were not remmed from the inseits and
placed in the safe as they should haw boon. On
September 1,1989, an employee of the medical The apparent cause of this exposure was the failure
center remoed the Inserts still containing the of hospital employees to follow proper procedures
sources from the lead transport container and, for storing of brachytherapy sources following their
thinking they viere empty, placed them in an use. The individual who transported the sources f rom
envelope to be transported to Methodist Hospital of the patienth room to the ceslum storage location at
Southom Califomla in Arcadla, Califomia, where they the medical conter did not remo e them from the
were intended to be used. The envelope was placed colpostat source hoMors and place them in the

'

In the Radioiogy Department where it was picked up storage safe. By leavin0 the sources in the holders,
by an emme 0 a prheto medical group a few other personnel were easlly exposed because the8
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sourcos were invisible and could only be detectod by Federal Express pickod up the package on
careful examination or uso of a surwy meter. Ncuomber 2,1 EGO and first took it to the Fullerton,

Cahfomia, sort facility and then to the los Angeles '

Airport (LAX) Hub sort laclitty. At LAX, the packago
The medical center purchased a bench top Geiger- came opon whilo desconding 8 foot on a 45-dogroo
Mueller detector equipped with an audible alarm and anglo convepr bolt. At the bottom of the descent, all
installed it at their ceslum storage location. The contents of the packago becamo separated and
detector will alarm If sources are not secured inside scattered on the conwpr bolt and around the work

,

'

'the storage safe. Also, a refresher training was hold area.
for all staff ccworing the proper handling of
brachytherapy sources hold under the license. This
training included remcNul and replacement of A Federal Express employeo noticed that the
sources from the. storage safe as well as quarterly packago had a radioactiw label and immodlately
inwntories. Methods for surwylng dwicos that ropacked the 5-gallon containor; howwor, ho did not
containod ceslum sourcos before taking them out of realize that the sources had fallon out. The employee
service was emphastzed. reported tho incident to his supervisor who callod in

a hazardous materials specialist to examine the
container. The specialist used a surwy motor and

The inspection agoney cited the modical contor determinod no radiation feel at the surface of the
licensee for six itoms of noncompliance, drum. Rather than question why he did not register

any reading, ho assurned that all itoms insido the
package had boon properly secured, and he allcmod i

NUREG 0090, Volume 14, No.4, it to continue on to its destination.
Report No. AS916
Exposures of Nonradiation Workers

The package arrived at Therapoutic Nuclidos on
Monday, Ncuomber 5,1990, but it was not oponod

The following account is based on information the until tho following day. When the paclego was
Agreomont State of Califomia prcuided tho NRC in opened and disccuered empty, the RSO for
Docomber 1991. Therapoutic Nuclidos immodlately notiflod the los

Angeles County Radiation Control offico (agency)
and an inwstigation was begun. An agency inspector

On Ncwomber 2,1090, Anaholm Memorial Hospital, contactod Federal Express in an attempt to
Anaholm, Califomia, shipped swon Cs-137 sources backtrack the routo the package took from the time
that had boon used for a brachytherapy lmplant back it was picked up at the hospital. Sho was able to
to the supplier, Therapeutic Nuclidos, Inc., Valencia, focus her search on the Hub facIltty at LAX and
Califomla. The sources consisted of two 50 mCl, discworod the sources thoro as soon as she entomd
three 25-mCl, and two 12.mCl sizes. the facility

The Type 7A packago used for shipment consisted of The inspector locatoi all swon sources in various
a plastic source retalnor, litted into a load pig that places throughout the- facility. This inspector
was then placcd insido a metal can. This metal can intervicwed Federal Express personnel who came in
was placod insido a 5-gallon metal container and was contact or worked near where the sources vero
surrounded on all sidos by a high density poly, found. Those lndividuals who came ln close contact
urothane foam. The inside container was secured with the sources were sont for modical waluation
with a lid and a snap ring The outsido container was and followup. Doso estimates were established for
socured with a lid and lowllock ring. a:iworkers, and all wore notifkd of their estimated
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doses. IndMdual dose estimates for the 24 Department for a preoperational chest X-ray instead
employees involved ranged from 10 mrem to 1810 of reporting to her doctorb private office as she was
mrom, whole bMy Also, three individuals who said instructed. Patient X was scheduled to receive a
they touched the sources had estimated extremity hyperthyroldism treatment that same moming.
doses that ranged from 90 to 200 rem.

When her name was called, Patient *B* answorod atd
The U.S. Departmont of Transportation (DOT) signed the consent form. She askcd questions of her
Inwstigated whether the package of sources was technologist about thyroid disorders and was given
properly secured boloro pick-up by Federal Express. answrs. The doso of 15 mCl was administered.
Strong widence exists that the package was not
properly sealed; therefore, when it fell down the
conveyor bolt it easily spilled open. The hospital staff later that same day Patient X presented horself for
supplied swom statements to the Radiation Control the treatment. It was then that the hospital
Program staff that they had followed all proceduros discworod that they had administered the dose to
when they packaged tho sources; howwer, DOT has the wrong patient. Patient *Bh* doctor was
run extensive tests on the container and has contacted, and he consulted with the Chief Nuclear
concluded that if it had boon sealed properly, it Medicino physician. They dockled to glvo Patient *B"
would not have spilled its contents. 15 drops of a potassium lodine solution three times

daily for 3 days plus forced fluids to reduce the
uptake of the radioactive lodino. She underwont the

The State agency cited the licenseo for failure to prwiously scheduled surgical proceduro 3 days after
report the incident and for the exposure to personnel the dose was administorod without any regard for the
in excess of permissible twels. possible exposure of surgical room staff from the

patient.

Therapeutic Nuclides has redesigned their container
to prwer,t this typo of spill in the future. This incident was reported to the wrong unit of

Califomlah Department of Health Services by the
NUREG-0090, Volume 14, No. 4, hospital 5 days after it occurred. Not realizing the
Report No. AS917 significance of the error, Radiologic Hea!!h was not
Medical Therapy Misadministration at contacted until May 31,1991,28 days after the error
Northridge Hospital Medical Center in occuired. The Radiologic Health Unit of the los
Northridge, California Angeles County Health Department, the inspection

agency for this licensee, be0an an investigation. The
inspector disemered that the hospital had originally

The following account is based on information the estimated the patienth thyroid dose to be much
Agreement State of Californla prwided the NRC in lower than it actually was. The agency retained a
December 1991. consultant who performod a complete workup of the

patient. The patienth dose was established at 3000
rom to the thyroid, and she was informed of this in

On May 3,1991,15 MCI of I-131 Intended for Patient writing by the hospital. She was placed into a
X was administered in error to Patient "B,* who had treatment followup program.
the same first and last names as Patient *A." The
administration was made by the hospitalb Certiflod
Nuclear Medicine Technologist without the An evaluation of exposures to the surgical room staff
responsible physician present, which is a vlotation was also made by the consultant. Their exposures
of the Califomia Radiation Control Regulations. were determined to be minimal, and they were hiso
Patient *B* had reported to the hospitalt Outpatient notified in the hospital.
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The cause of this misadministration was due to the Control Program staff. The hospital presented an
administration being mado by the hospitalk Certified ext::milvo correctivo action plan and explainod now
Nuclear Medicine Technologist without _ the controls that would be implemented. -
responsible physician present. i

An enforcement conference was held at the los Representattws of the Radiologic Health Branch
Angeles County Health Departmont between accepted the plan, and the case was referred to the
members of the hospital adrninistratlw staff and city attorneyh office to determine whether to file
representatives of the County and State Radiation charges.,

.

4

,

1
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Nonreactor Reports issued From 1981 Through 1991

Nonreactor Reports issued in 1991

Engineering Evaluations
Date Title No. Author

-

01/91 Brachytherapy incidents involving a Hand- N91-01 H Karagiannis
Loading. Endobronchial Technique

'
07/91 Report on 1990 Nonteactor Events K. Black

#
07/91 Medical Misadministration Report-Medical H. Karagiannis

Misadministrations Reported to NRC From
January 1990 Through December 1990

Nonreactor Reports issued in 1990

Engineering Evaluaticas
Date Title N o. Author

'06/90 Report on 1989 Nonreactor Events K. Black

'06/90 Medical Misadministration Report-Medical H. Karagiannis
Misadministrations Reported to NRC From
January 1989 Through December 1989

Nonreactor Reports issued in 1989

Engineering Evaluations
Date Title N o. Author

06/89 Usa of Radioactive lodine for infrequent N901 H. Karaglannis
Medical Studies and Those Performed Under
an FDA Investigational Exemption of a
New Drug (IND)

506/89 Report on 1988 Nonreactor Events K. Black

606/89 Medical Misadministration Report-Medical H. Karagiannis
Misadministrations Reported to NRC From
January 1988 Through December 1988

) Published as Appendix A of NUREG-1272, Vol. s, No. 2, 'AEOD 1990 Annual Report."
Published as Appendix B of NUREG-1272, Vol. 5, No. 2, 'AEOD 1990 Annual Report?3

, Published as Appendix A of NUREG-1272, Vol. 4, No 2, 'AEOD 1989 Annual Report."
Published as Appendia B of NUREG-1272, Vol. 4, No. 2,'AEOD 1989 Annual Report?3
Published as Appendix A of NUREG-1272, Vol. 3, No 2. "AEOO 1988 Annual Report?e
Pubilshed as Appendix B of NUREG-1272, Vol. 3, No. 2, *AEOO 1988 Annut Report?
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Nonreactor Reports issued in 1989 (cont.)
-

Engineering Evaluations
Date Title No. Author

05/89 Review of Therapy Misadministrations T908 K. Black

That involvtd Mult4Ao Patients and the
Use of Computer Programs

Nonreactor Reports issued in 1988

Special Study Reports
Date Title No. Author

09/88 Review of Events at Largo Pool Type S807 E. Trager
irradiators (NUREG-1345, March 1989)

10M8 Report on 1987 Nonreactor Events N801 K. Black

10/88 Medical Misadministrations Reported to NRC N802 S. Pettijohn
for the Period January Through December 1987

Nonreactor Reports issued in 1987

Special Study Reports
Date Title No. Author

10/87 Radiography Overexposure Events involving S703 S. Pettijohn
industrial Field Radiography

Engineering Evaluations
Date Title No. Author

01/87 Diagnostic Misadministrations involving the N701 S. Pettijohn
Administration of Millicurie Amounts of lodine-131

03/87 Diagnostic Misadministrations Reported to N702 S. Pettijohn
-

NRC for the Period January 1986 Through
December 1986

03/87 Report on 1986 Nonreactor Events N703 K. Black

,
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Nonreactors-Reports, 1981 1991

Nonreactor Reports issued in 1987 (cont.)

Technical Review Reports
Date Title N o. Author

11/87 Review of Data on Teletherapy Misadministrations T711 S. Pettijohn
Reported to the State of New York That Were the
Title of PNO 1-87 74A

12/87 Distribution of information Notices and Other T714 S. Pettijohn
* Mass Malbog"Information to Licensees That

Have Users at Locations Remote From the
Headquarters Locations

Nonreactor Reports issued in 1986

Case Studies
Date Title N o. Author

08/86 Rupture of an todine-125 Brachytherapy CG01 S. Pettijohn
Source at the University of Cincinnati
Medical Center

Engineering Evaluations
Date Title No. Author

06/86 Report on 1985 Nonreactor Events and N001 K. Black
Five-Year Assessment for 1981-1985 Reports

06/86 Medical Misadministrations Reported for N602 S. Pettijohn
1985 and Five-Year Assessment of 1981-1985
Reports

Nonreactor Reports issued in 1985

Case Studies
Date Title N o. Author

12/85 Therapy Misadministrat;ons Reported to NRC C505 S. Pettijohn
Pursuant to 10 CFR 35.42

05/85 Summary of the Nonreactor Event Report N501 K Black
Data Base for the Period January-June 1984
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Nonreactor Reports issued in 1985 (cont.)

Engineering Evaluations
Date Title N o. Author

06/85 Summary of the Nonreactor Event Report N502 K. Black
Data Base for the Period July-December 1984

07/85 Report on Modical Misadministrations for NS03 S. Pettijohn
January-December 1984

-

Nonreactor Reports issued in 1984

Case Studies
Date Title No. Author

09/84 Breaching of the Encapsulation of Scaled Woll- C405 S. Pettijohn
Logging Sources

a

05/84 Report on Modical Misadministrations for January N204D S. Pottijohn ,

Through June 1983

06/84 Nonreactor Event Report Database for the N401 K. Black
Period July-Docember 1983

06/84 Events involving Undetected Unavailabl!!ty N402 E. Trager '

of the Turbino-Driven Auxiliary Feedwater Train

07/84 Report on Medical Misadministrations for N403 S. Pettijohn
July-Docomber 1983

Nonreactor Reports issued in 1983

Engineering Evaluations and Technical Reviews
Date Title No. Author

01/83 Nonreactor Event Report Database for the N209A E. Trager
Period January-June 1982

03/83 1125/l 131 Effluent Releases by Material N301 S. Pettijohn
Licensees

.

06/83 Mound Laboratory Fabricated PuBe Sources N302 K. Black

NUREG-1272, Appendix E E-4
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Nonreactx Reports issued in 1983 (cont.)

Engineering Evaluations and Technical Reviews
Date Title No. Author

06/83 Americium Contamination Resu| ting From N303 K. Black
Rupture of Well-Logging Sources

06/83 Nonreactor Event Report Database From N2090 K. Black
July through December 1982

07/83 Americium-241 Sources N304

07/83 Report on Medical Misadministrations for N204C S. Pettijohn
January 1981 Docember 1982

12/83 Potentially Leaking Americium 241 Sources N306 S. Pettijohn
Manufactured by Amersham Corporation

12/83 Nonreactor Event Report Databaso for the N307 K. Black
Period January-June 1983

03/83 Internal Exposure to Am 241 NT301 K. Black

04/83 Kay-Ray,Inc., Reports of Suspected Leaking NT302 S. Pettijohn
Scaled Sources Manufactured by General
Radioisotopo Products

08/83 Possession of Unauthorized Scaled NT303 S. Pettijohn
Source / Exposure Devico Combinations
by MidCon Inspection Services, Inc.

Nonreactor Reports lasued in 1982

Engir.cering Evaluations
Date Title No. Author

02/82 Report on Medical Misadministrations for the N201 S. Pettijohn
Period November 10,1980-September 30,1981

01/82 Buildup of Uranium-Bearing Sludge in Waste Tanks N202 K. Black

02/82 Lost Plutonium-238 Source N203 K. Black

03/82 Report on Medical Misadministrations for CY 1981 N204 S. Pettijohn
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Nonreactor Reports issued in 1982 (cont.)

Engineering Evaluations
Date Title N o. Author

04/82 Preliminary AEOD HrWw of lodino-125 N205 E Trager
Soated Sourco Leake ; incidents

05/02 Ebertino instrument Corporation Part 21 Report N200 K Black

05/82 AEOD Review of lodine-125 Scaled Sourco N207 E. Trager
Leakago incidents

08/82 Potentially Leaking Plutonium-Beryllium N208 S. Pettijohn
Neutron Sources

08/82 A Summary of the Nontoactor Event Report N209 K Black
Data Base for 1981

11/82 Leaking Hosos on Self-Contained Breathing N210 K. Black
Apparatus (SCBA) Manufactured by MSA

Nonreactor Reports lasued in 1981,

Engineering Evaluations
Date Title No. Author

03/81 Interim Report on Brown Bovert Betatron N101 E. Tra0er
Calibration Check Source

.

03/81 Irradiator Incident at an Agreement State N102 K. Black
Facility (Becton-Dickinson, Broken Bow, Nebraska)

04/81 Interim Report on the October 1980 Firo N103 E. Trager
at the Licensee's Sweetwater Uranium Mill

04/81 Interim Report on the January 2,1981, Fire N104 E. Trager
at the Atlas Uranium Mill

05/81 Interim Report on Tailings impoundment N105 E. Trager
Liner Falture at the Sweetwater Uranium Mlil

08/81 Review of Reports of Leaking Radioactivo Sources N106 E. Trager
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Nonreactor Reports issued in 1981 (cont.)

Engineering Evaluations
Date Title No. Author

12/81 Engineering Evaluation of Fire Protection at N107 E. Trager
Nonreactor Facilities

12/81 Notes on AEOD Review of Emissions From Tritium N108 E. Trager
Manufacturing and Distribution Licensees
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Status of AEOD Recommendations

The Office for Analysis and Evaluation of Operational Data (AEOD) tracking system ensures that all formal
AEOD recommendations are tracked untu resolution. At this time, no issues involving AEOD
recommendations are unresoived that warrant the attention of the ExecutNo Director for Operations.

Formal recommendations are tracked and listed Iri this section. Aetitionally, actions based on AEOD g
suggestions contained in engineering evaluations and special reports vs routinely implemented by NRC M
program offices. These AEOD suggestions are not formally tracked or cased out by AEOD.

AEOD Recommendation Tracking System

Outstanding Recommendations *

Recornmendation
Gource: Case Study AEOD/C505

Responsibie
AEOD Engineer: K. Black (Author: S. Pettijohn)

Title or Subject: " Therapy Misadministrations Reported to the NRC Pursuant to 10 CFR 35.42"

Recommendation 4: In addition, to the extent that the NRC implements Recommendation 3, the action
should be made an item of compatibility for Agreement States.

'
Responsible Office /Div/Br Contact Priority

OSP/ SAP V Miller N/A

Status: The Implementation Plan and Agreement State Compatibility Section of the Quality
Management Program and Misadministrations (Federal Register, Volume 56, pp.
34104-34122, 7/25/91), states that the requirement for a quality management
program is a matter of compatibility for the Agreement States. This requirement
satisfies the above recommendation.

Disposition: Resolved.

* The number :f the recommendstion is tne same as the number of the original case study.
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Status of NRC Staff Actions vor Events investigated
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Stt* 2s of NRC Staff Actions for the Events
Investigated by incident investigation Teams

in accordance with NRC Manual Chapter 0513, *NRC implemented through the nonnal organizational
Incident investige.tlon Program,* dated May 14,1990, structure and procedures.
upon receipt of an incident investigation Team (llT)
report, the ExecutNo Director for Operations (EDO)
shall identify and assign NRC office responsibility for This appendix prwides a written disposition or
generic and plant specific actions resulting from the status, along with appropriate refemnces, for each of
investigation that are safety significant and warrant the NRC staff action items that the EDO assigned to
add:lonal attention or action. Office directors the various NRC offices associated with the lli report
designated by the EDO as having responsibility for on the 1990 event at Amersham Ccuporaton and the
resolving issues or concerns are responsible for 199; went at General Electric Nuclear Fuels and
providing written status reports on the disposition of Component Manufacturing Facility
assigned actions. In addition, followup actions
associated with the llT report do not necessarily
include all licensee actions, and they do not cover For each action item, the entry for its * Disposition *
NRC staff actMties associated with normal event Indicates whether action for the item is resolwd or
followup such as authorization for restart, plant ongoing. For ongoing actions items, the NRC office
inspections, or possible enforcement actions. assigned the actions item is designated.
These actMtles are expected to be defined and

G-1 NUREG-1272, Appendix G
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AEOD llT Action Tracking System

Action Source: llT Report on Amersham Event of March 9,1990 (Reference 1)

ltem 6:

=

Action: Evak2 ate whether NRC and DOT regulations should be amended to include requirements
to report the receipt of sh!pments of radioactive materials that were improperly prepared, L

labeled, identified, or classified, or had improper contents. (Responsible Offico: NMSS) 6

Disposition: Ongoing

On August 13,1990, the NRC requested that DOT prwide comments on the need for a _-

requirement for consignees to report improperly labelod or prepared packages upon __

receipt. A formal responso from DOT is not expectod until mid-1992. .

-

The staff performed an waluation of NRC and DOT reporting requirements (Reference 2)
and concluded that requiring licensees to report all mislabeled or misidentified packages

,

would requito both the licensees and NRC staffs to expend significant resources in
reporting and responding to problems that are of little or no safety concern. Hcwwer, the
staff also concluded that tho NRC should be informed and should respond to any situation
similar to the Amersham incident. The NRC staff determined that because the ncw 10 CFR
Pan 20 requirements will only apply to labeled or damaged par' ges, the prwlousa
situation in which Amersham roccived a cropped source in a package thought to be empty ,

may not be comred. The NMSS staff will recommend to the Office of Nuclear Regulatory
Ansearch that Section 20.906 of 10 CFR Part 20 be amended 1o require licensees to notif y
the NRC if the licensee determines that it has rocolved an untabelod packago containing
radioactive materials that should have been labeled in accordance with DOT requirements.

Item 9a:

Action: Meet with DOT and determine the purpose and expectation of actions on the part of
forwarding agents at the place of United States entry for shipmer:ts of mdioacthe
materials, whether such agents am informed of the pertinent DOT mquirements, and
whett'ar such requirements are malistic and important to the handling of radioactive
material shipments and should be enforced. (Responsible Offico: NMSS)

Disposition: Ongoing, pending completion of the DOT investigation.

On August 13,1990, the NRC requested that DOT prwido comments on this issue. DOT .

is still rwiewing the Arnersham incident, and the investigation is not expected to be
completed until mid 1992. NRC licensees were informed of the need to comply with DOT
import / export requirements in NRC Information Notice 90-56 (Reference 3). If appropriate,
NRC will notif y licenseos of the DOT investigation findings in a supplemental information
notice.

P
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item 9b:

Action: Pending the results of action item Da, initiate action to ensure that Amersham has taken
appropriate correcttw measures to ensure the completeness and accuracy of information
prtuided to forwarding agents. (Responsible Office. RI)

Disposition: Ongoing, pending completion of the DOT investigation.

Lpon completion of the DOT investl ation, NMSS and RI will follow up to ensur90
compilance ty Amersham.

References: 1. NUREG-1405, " Inadvertent Shipment of a Radiographic Source from Vorea to
Amersham Corporation, Burlington, Massachusetts,* dated May 1990.

2. Memorandum from J. Glenn to J. Hickey (NRC), " Evaluation of NRC and DOT
Reporting Requirements; NMSS Followup to inadvertent Shipment of a
Radiographic Source from Koica to Amersham Corporation (NUREG 1405),* dated
October 31,1990.

3. NRC Information Notice 90-50, " inadvertent Shipment of a Radioactive Source in
a Container Thought To Be Empty." dated September 4,1990.
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Action Source: ilT Heport on General Electric Nuclear Fuels and Component Manutacturing
Facility (GE-Wilmington) Potential Criticality Event of May 29,1991.
(References 1,2,3)

_

ltem 1: Mequacy of Criticality Safety Rwiews.

Action: (a) Evaluate existing regulatory requirements, guidance, and twi(w stardards for
criticality saf ety analyses f or f uels f acility licensees to make process, procedura! and
facility changes, and dwetop ocw regulatory guidance, requirements and twi(w
standards (Responsible Office: NMSS)

Disposition: Ongoing

The statt will evaluate existing regulatory requirements, guidance, and twnw standards
for criticality safety analyses at fuel facilities regarding the licensees' process, proceduml,
and facliity changes. This waluation will include the twicw of 10 CFR Part 70; Regulatory
Guide 3 52," Standard Format and Content for the Health and Safety Sections of License
Rentwal Applications for Uranium Processing and Fuel Fabrication," the NMSS Stardard
Rwiew Plan for Fuel Facilities; ANSI standards; ard other regulatory requirements,
guidance, and rwitw standards. If those existing documents do not prwide adequate
guidance, requirements, and rwitw standards, more comprehensive guidance,
requimments, and rwitw standards will be dcwloped. Expected completion date is
September 30, t993.

Action: (b) Evaluate the use of safety operating specifications for radiation and nuclear safety
, instruments and controls (Responsible Office: NMSS)

Disposition: Ongoing

The staff wl!! waluate the use of safety operating specifications for mdiation and nuclear

safety instruments and controls. Tha waluation will include a rwiew of Regulatory
Guide 3.52, " Standard Format and Content for the Health and Safety Sections of License
Renewal Applications for Uranium Processing and Fuel Fabrication;" the NMSS Stardard
Rwkw Plan for Fuel Facilities; and the existing Branch Technical Position on
Requirements for Operation for Fuel Cycle Faclitties, which applies to all fuel cycle facility

*

activities where nuclear criticality safsty, radiation safety, process safety, and confinement
of both hazardous and radioactive materlafs must be ensured. Regulatory Guide 3.52 and
the Standard Rcview Plaa will be twised fol'cWing the tvaluation. Expected completion
date is September 30,1993.

Action: (c) Evaluate the need to change the licensing practice of incorporating a license
condition by reference in fuel facility licenses. Ensure that the resultant licensing
practico is mutually understood by all invoNtd in the process. (Responsible Office:
NMSS)

Disposition: Ongoing

NUREG 1272, Appendix G G-4
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The staff will waluate the need to change the licensing practice of incorporating a licenso
condition by reference in fuel facility licenses. After the evaluation is completed, the staff
will ensure that the resultant licensing practice is mutually understood by all involved in the
process by issuing a NUREG. series report or conducting a fuel cycle workshop. Expected
completion date is September 30,1993.

Action: (d) Evaluate the existing NRC programs for the inspection of changes to criticality
safety cornrols at fuel fabrication f acilities and dwetop ncw guidance. (Responsible

Office: NMSS)

Disposition: Ongoing

The staff will waluate the existing NRC programs for the inspection of changes ta criticallty
safety controls at fuel fabrication facilities. This evaluation will include a twicw of
Regu!atory Guide 3.52, " Standard Format and Content for the Health and Safety Sections
of Ucense Renewal Applications for Uranium Processing and Fuel Fabrication,' and
inspection Manual Chapter 2600, * Fuel Cycle Facility Operational Safety inspection
Program,' including inspection Procedures 88015, " Criticality Safety," and 88025,
' Operations Rwlow." These documents will be rwised as appropriate after the waluation
is completed. NRC expects that inspector training will be prwided under Action 1.e below.

Expected completion date is September 30,1994.

Action: (e) Evaluate the adequacy of the NRC training and qualification programs to effectNely
support criticality safe; ' inspections at fuel facilities and dwelop enhancements to
the training program. (Responsible Office: NMSS)

Disposition: Ongoing

The staff is presently obtaining contractor assistance to support the criticality safety
program. Part of this support will be to waluate the status of training and qualifications for
criticality safety inspectors. An objectiw is to dwetop enhancements to the program,
including training where Indicated.

A rwiew of Inspection Manual Chapter 1245 and related documents will be included in the

waluation. Pending upon completion of the evaluation, the NRC staff will rwise training
and dwelop new tralning to support enhancements to the existing program.

Expected completion date is September 30,1993.

Action: (f) Evaluate GEh response to the ilT report with respect to the site spectfic corrective
actions. Include in this waluation, the adequacy of (a) the current license, (b) the
Facility Change Request process and its implementation, and (c) the criticality
safety margins. (Responsible Office: NMSS)

Disposition: Ongoing '

3
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The staff will waluato GEis msponse to the ilT report with respect to the site-specific
correctle actions. This waluation will inclLKj0 the adoquacy of the current nconso, the
facility change request process and its imptomentation, and criticality safety margins. NRC
will conduct inspections to verif y that correctivu actions have been mado.

Expected completion date is September 30,1993.

Item 2: Moquacy of Facility Operational Safety

Action: (a) Upgrado existing inspection guidanco related to management controls and
cwrsight, including audits, personnel training and, procedural adequacy and
cornplianc3 for major materials licenst.as. (Responsible Offico: NMSG)

Disposition: Or. going

The staff will waluate th*, existing inspection guidanco related to management controls
and omrsight, inchding audits, personnel training, and procedural adequacy and
compliance for major materials licensees. This waluation will includo guidanco presently
in Inspection Manual Chapters 2600 and 2800. If the waluation determines that nm
guidance is appropriate, NRC will issuo na nuidanco.

Expected con,pfotion date is September 30,1994.

Action: (b) Determine the need for regulatory requirements, guidance, and standard rwiew
plans regarding management controls and omrsight to include audits, personnel
training, and procedural adequacy and compliance for major materials licensees.
Conduct rwicws or inspections at selectoJ licensees to collect additional

I infnrmation on management controls and practices. The staff will, if necessary, on
the basis of these assessmer.ts, dwelop nu guidance, requirements, and
standards as appropriate. (Responsible Office: NMSS)

Disposition: Ongoing

The staff will waluate the need for regulatory requirements, guidance, and standard twlow~

plans for management controls and omrsight, including audits, personnel tmining, and
procedural adoquacy and compilance for major materials licensees. This waluation will
include the rwim of 10 CFR Parts 30, 40, and 70, applicable regulatory guides and

*

standard rwiew plans, and other applicable regulatory requiromants. The NRC staff will
rwise existing requirements, guidanco, and twiew plans as appropriate.

Expected completion dato is September 30,1993.

NUREG 1272, Appendix G G-6
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Action: (c) Examine the overall inspection process for monitoririg and collecting fuel facility safety
performance information. Include in the waluation the merits of (a) a resident inspector
program, (b) more frequent inspections, including use of team inspections, and (c)
establishment of a systematic performance appraisal and feedback program analogous
to the SALP program for 10 CFR Part 50 licensees. (Responsible Office: NMSS)

Disposition: Ongoing

The staff will examine the merall inspection process for monitoring and collecting fuel
facility safety performance information, including the merits of (a) a resident inspector
program, (b) more frequent inspections, including the use of team inspections, and (c)
establishment of a systematic performance appraisal and feedback program analogous
to the SALP program for Part 50 licensees.

Expected complewx date is September 30,1994.

Actioa: (d) Evaluate the adequacy of the NRC tra!ning and qualification programs 1o effectiwly
support fuel cycle facility inspections and to dwelop enhancements to the training
program. (Responsibk Of' ice: NMSS)

Disposition: Ongoing

The NRC is waluating the NRC training and qualification program with the support of
contractors. The staff will subsequently twise the existlNining program, if necessary.
A rwiew of Inspection Manual Chapter 1245 and related documents will be included in the

waluation. After completing its evaluation, the staff will twise existing training and will
dwelop new training to support enhancements to the existing program. See also actions
planned for 1.E abme.

Estimated completion is September 30,1992,

Action: (e) Evaluate GEt response to the llT report with respect to the site-specific corrective
actions for management practices and controls. Include fa this waluation the
adequacy of actions taken to address deficiencies identified in the areas of
management presence, safety attitude, quality assurance oversight, supervisory
and operator training, and procedura' adequacy and compliance for operations
during normal and potential critice'ity conditions. (Responsible Office: Ril)

Disposition: Resolved
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Region 11 advised GE by letter dated August 13,1991 (Reference 5), that the region had
lead for followup of site-specific actions. The region rwiwmd and authorized restart

; activitios for the Uranium Recycle Unit (less soient extraction). A summary of the regional
restart inspection activities is presented in inspection Report No.701113/91-03
(Reference 6). Many of the correctiw actions already taken by GE pertained to
management practices and controls in general. GE presented their specific plans for
startup of the solwnt extraction process in September 1991 (Reference 7), inspection of
licensed actQities were scheduled at least wery other week through October 1991, The
focus of the inspections were management controls, procedural compliance, and tralning
programs. The region was to monitor licensee Intermediate and long-term correctNe
actions, which were incorporated into a performance impromment prograrn. NRC and GE
managers were to meet (generally on a quarterly basis) to review performance
improvement program status and accomplishments.

GE responded specifically to the llT report in writing by letters dated August 26,1991
(Reference 8) and August 27,1991, (Reference 9). These letters discussed general issues.
In addition, GE conducted their oNn investigation of the e ent, dweloped conclusions,
and initiated correctiw actions. NMSSh and Rllh rwiew of their investigation shows no
significant differences on facts or technical issues between GEh investigation and the llTh

(References 10 and 11).

The specific GE actions to improm the safety of operations have been communicated in
a se.ies of meetings and correspondence that outline actions to be completed. GE
identified the corrective actions and divided them into short-term items to be completed
before restart of the solvent extraction system and longer term actions to be completed
on an established schedule. At a management meeting on September 25,1991, GE
outlined the actions to be completed before restart of the solvent extraction process
(Reference 7).

The actions outlined included impromments in management presence, safety attitude,
quality assu.ance omrsight, supervisory and management training, and procedural
adequacy and compilance. An onsite inspection team reviewed the licenseek correcttw
actions as they were implemented. On the basis of these actions, Region 11 authorized
restart of the solwnt extraction process on October 18,1991 (Reference 12).

The licensee is continuing program impromments through implementation of a
Peiformance Impromment Program (PIP). The PIP inclades, among other items, a
criticality re-rwiew of specified systems, impro ements to the audit program, assessments
of organizatl > and staffing, and imprwoments in the configuration management system.
The licensee is also conducting a twiew of NUREG-1450," Potential Criticality Accident at
the General Electric Nuclear Fuel and Component Manufacturing Facility,' and identifying
those findings that should be incorporated into the PIP. The additional items haw not wt -
been submitted to the NRC but will be by late January 1992. GE will also incorporate items
identified b/ an intomal lrrestigation group that was independent of the Wilmington facility.
The staff wi!I continue to monitor GEh progress through f requent inspections and quarteriy
management meetings.
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! Item 3: Moquacy of Emergency Preparedness.

Action: (a) Ensure the proposed final Regulatory Guide DG-3005, * Standard Format and
; Content for Emergency Plans for Fuel Cycle and Material facilities,' addresses

potential criticality events. (Responsible Office: RES)

Disposition: Resdved

The staff add ressed potential criticality wents in final Regulatory gen DG-3005, Appendix
A, * Examples of Initiating Events.* This final guide was issueu December 1991 as
Regulatory Guide 3.67, " Standard Format and Content for Emergency Plans forFuel Cycle

and Materials Facilities" (Reference 1M.

Action: (b) Rewaluate the adequacy of the GE fuels facility Radiological Contingency and
Emergency Plan (RCEP) and implementing procedures for emergency planning
and emnt classification and notifications. Ensure the RCEP and implementing
procedums are rwised as necessary (Responsible Office: NMSS)

y Disposition: Ongoing
Mp

y The NRC staff twieved GEb rwised RCEP against Regulatory Guide 3.67, Issued in
f? December 1991. On January 7,1992, the NRC staff requested additional information from
$# - - GE (Reference 14).

1

Expected completion date September 30,1992.

Item 4: Adequacy of Operating Experience Rwiews
-

Ac <on: (a) Rewaluate regulatory requirements and guidance for emnt reporting for fuels
facilities as it relates to potential criticalities and failed contingencies (barriers).
Dwelop additional guidance and requirements as appwapriate. (Responsible Office:

NMSS)

Disposition: Ongoing

The staff is continuing to reemluate the regulatory requirements and guidance for event
reporting for fuel facilities as it relates to potential criticalities and failed contingencies
(barriers)._

The staff issued NRC Bulletin 91-01, " Reporting loss of Criticality Safety Controls * on
October 18,1991. On Nwember 19,1991, the staff conducted a 1-day workshop for all
fuel cycle and uranium fuel research and dwelopment licensees. The workshop was to,

assist licensees in their understanding of the bullet'n. Alllicensees were required to submit

their responses to the bu!!etin by January 10,1992. The staff is presently reviewing
licensee responses (Reference 15).

_

.
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The staff will rewaluate regulatory requirements and guidance for cent toporting for fuel
faclittles. The rewaluation will include a critical twiew of existing licensee reports to
determine what information is required 1o determine the nood Ior additional guidance and
reporting regulements. After completing the rewaluation, the staff will dwelop additional
guidance as appropriate.

Expected completion date is September 30,1992.

Action: (b) Reevaluate NRC operating experience twiew and feedback program for fuels
facilities. Rwise the program as appropriate. (Responsible Office: NMSS)

Disposition: Ongoing

-

The staff will reevaluate the NRC operating experience twiew and feedback program for
fuel facilitisc,. After competing the waluation, the staff will rwise the program as
appropriate.

Expected completion date September 30,1994.

Action: (c) Develop NRC inspection guklance for licensee ownt reporting arxi rwlows for fuels
facilltles, issue nw guidance as appropriate. (Responsible Office: NMSS)

Disposition: Ongoing

The staff will evaluate the need to develop NRC inspection guidance for licensee went
reporting and twiews for fuel facilities and will issue new guidance. This evaluation will
primarily include the guidance presently in Inspection Manual Chapter 2600, " Fuel Cycle
Facility Operational Safety Inspection Program."

Expected completion date September 30,1994,

Action: (d). Extend the independent NRC operating experience program to nuclear fuel
fabricatloc. facilities Examine the existing operating experience rwim program for
other licensee groups not in the scope of AEOD activities. Rwise the program as
appropriate. (Responsible Office: AEOD)

.

Disposillon: Ongoing

AEOD cunently twieus reports from fuel fabrication facilities as well as inspection reports
to obtain information on operating events. The AEOD Annual Report of Nonreactor Ewnts
(NUREG 1271, Volume 2) includes a brief dis' ssion of the eventt The NRC is revising
the reporting threshold. New reporting requirements (Part 70 rwision and the bulletin on -
criticality reports) will provide additional Information to identify precursors.

3
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The staff (contractor)will visit fuel fabrication plants and audit licensee internal event
reviews for adequacy The audit will also include the adequacy of reporting requirements
to prwide NRC with the information necessary to assess important safety significant
wents.

AEOD rwiens went reports and inspection reports for all licensee groups licensed by
NRC. Efforts are currently underway to obtain reports of wents from Agreement States on
a timely basis so that they can be added to the operating experience base. This program
was in place in late 1991.

AEOD will twlen Agreement State data, in conjunction with Non Agreement State data,
to determine whether the AEOD review program needs rwision to include classes of
licensees that exist only in Agreement States.

The fult implementation of this item requires completion of Action 1.A. and implementation
of reporting of incidents pursuant to 10 CFR Part 70 and agreements with State Programs.

Expected completion date is September 30,1994.

Action: (e) Evaluate GEh response to the llT report with respect to the licenseek program for
determining the causes of incidents and corrective actions and determine the
programb adequacy (Responsible Office: Ril)

Disposition: Resolved

The startup inspection team twised in detail the procedures and instructions GE used for
incluent investigation before the May 29 incident. The site-lwel procedure used to classify
and .westigate incidents at the facility vwas being rwised at the time of the twiew to
include instructions on problem-cause analysis. Two lour-level instructions contained
guidance for investigating and documenting incidents and guidance on analysis
techniques that could be used for incident investigation.

The team twiewed the training provided to individuals who were designated as leaders of
investigation teams and found that each had received training in at least one type of
problem solving / root-cause analysis technique. In addition, the team rwiewed
investigation reports that the licensee had prepared before and following the May 29
incident.

On the basis of this rwiew, the team concluded that although some weakness still existed
in the licensesh program for root-cause analysis, GE had sufficiently imprwed the
program to permit restart of the solwnt extraction system. The licensee also identified that
additional longer term imprwements in the area of root cause analysis were necessary

At the time of the rwien, the licensee was considering using a contractor to train selected
personnel in courses such as Management Oversight and Risk Tree (MORT) Analysis,
Hazard and Operability Analys s (HAZOP), Failure Modes and Effects Analysis (FMEA), or
some other such course.
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The staff obtained a commitment from the licensee to continue with the implementation
of additional enhancements in their ability to deterrnine the root cause of incidents. These

! additional longer term imprcuements were to be incorporated into the January update of ,

'

the GE Performance impromment Program. These improvements will be tracked to
a completion by the staff (Reference 12).
t

|

Peferences: 1. NUREG-1450, " Potential Criticality Accident at the General Electric Nuclear Fuel

j and Component Manufacturing Facility, May 29,1991,* August 1991.

; 2 Memorandum from J. Taylor to NRC Staff, " Staff Actions Resulting From the
'

investigation of the Potential Criticality Accident at the General Electric Nuclear
Fuel and Component Manufacturing Facility, May 29,1991 (NUREG-1450),"'

| August 13,1991.

[ 3. Memorandum from E. Jordan to J. Taylor, " Staff Actions in Response to the
"

investigation of the Potential Criticality Accident at the General Electric Nuclear

{ Fuel and Component Manufacturing Facility Findings (NUREG 1450),"
September 6,1991.4

.

4. Memorandum from R. Bernero to J. Taylor, ' Staff Action Plan Responding to the -
*

Investigation of the May 29,1991, incident at the General Electric (GE) Nuclear
j Fuel and Component Manufacturing Facility (NUREG-1450)," September 9,1991.

'

5. Letter from S. D. Ebneter to W Ogden, "NRC incident Investigation Team Report
Followup (NUREG-130)," August 13,1991.

4 6. NRC Inspection Report No. 70-1113/91-03, August 12,1991,

7. Letter from J. Stohr to W Ogden, " Management Meeting Summary,"
F October 2,1991.
.

8. Letter from B. Wolfe to J. Taylor, August 26,1991,

i 9. Letter from W Ogden to J. Taylor, August 27,1991.
4

10. NRC Inspection Report No. 70-1113/91-04, December 23,1991.

[ 11. NRC Inspection Report No. 70-1113/91-09, January 15,1992.

- 12. NRC inspection Report No. 701113/9106, January 22,1992.,

13. Regulatory Guide 3.67, " Standard Format and Content for Emergency Plans for

i Fuel CW e and Materials Facilities," January 1992.i

~

14. Letter from G. Bidinger to T.P. Winston, January 7,1992.
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15. NRC Bulletin No. 9141, " Reporting Loss of Criticality Safety Controls,"
October 18,1991.
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marize the incident Investigation Team and Augmented Inspection Team reports for that group of heensees.
NURl!G-1272, Vol. 6, No. 2, covers nonreactors and presents a review of the events and concerns during 1991 asso-
ciated with the use of licensed material in nonreactor applications, such as personnel overexposures and medical
misadministrations. Each volume contains a list of the AEOD reports issued for 1981-1991.
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