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L'ENERGIE ATOMIQUE DU CANADA, LIMITEE

Suivi des employés de Chalk River
ayant participé au nettoyage du r&acteur NRX*

par

M.M. Werner, D.K. Myers et D.P. Morrison

Résumé

Les données relevées juscu'a présent au sujet de la mortalité
des employ8s actuels ou retraités des Laboratoires nucléaires de
Chalk River sont en accord avec 1'effet du "travailleur en bonne
santé" noté lors d'&tudes semblables effectuées dans d'autres
installations nucléaires. Suite 3 un accident survenu en décembre
1952, 1e réacteur de recherche NRX a dG &tre en grande partie
démont& et reconstruit en 1953-54. Ces opérations ont amené un
bon nombre d'employ&s 3 &tre passablement exposés § des rayonnements.
Le suivi des 850 empioy&s de 1'EACL ayant participé & Chalk River
au nettoyage du NRX a révE&l& qu'il n'y avait rien d'anormal dans le
taux de mortalité de ce groupe en comparaison de ceux s'appliquant
3 la population générale de 1'Ontario.

* Rapport présenté & la troisi2me assembl&e annuelle de 1'Associatizn
canadienne de protection contre les rayonnements, Vancouver, 1982 mai 4.

Laboratoires nucléaires de Chalk River
Chalk River, Ontario K0OJ 1J0

Juiliet 1982
AECL-7760



ATOMIC ENERGY OF CANADA LIMITED

FOLLOW-UP OF CRNL EMPLOYEES INVOLVED IN THE NRX REACTOR CLEAN-UP*

by

M.M. Werner, D.K. Myers and D.P. Morrison

ABSTRACT

Data available to date on the mortality of continuing and
retired employees of the Chalk River Nuclear Laboratories are
cornsistent with the "healthy worker” effect that has been observed
in similar studies at other nuclear facilities. Because of an
accident at the NRX research reactor in December 1952, the reactor
was largely dismantled and rebuilt in 1953-54. These operations
involved appreciable radiation exposures to a number of employees.
The follow-up of the 850 on-site AECL staff involved in the
clean-up has indicated that there were no unusual patterns in the

mortality of this group when compared with those of the general

population »f Ontario.
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FOLLOW-UP OF CRNL EMPLOYEES INVOLVED IN THE NRX REACTOR CLEAN-UP

by

M.M. Werner, D.K. Myers and D.P. Morrison

(Text of talk presented by Mary M. Werner at the Third Annual
Meeting of the Canadian Radiation Protection Association,
Vancouver, B.C., 1982 May 4)

1. INTRODUCTION

Nearly 30 years have passed since the NRX reactor accident at
Chalk River. Detailed descriptions of this accident have been
published elsewhere (1-5). A combination of human error and a
mechanical design fault allowed the 30 megawatt research reactor
to undergo a brief power surge to 100 megawatts. This occurred on
1952 December 12 during a start-up procedure when the reactor was
scheduled to operate at low power with reduced cooling to some of
the fuel rods. The accident damaged the reactor and left the
basement of the reactor building filled with 1 000 000 gallons of
water contaminated with fission products. The building itself was
highly contaminated but the surrounding plant area was not. Most
of the Chalk River staff were evacuated from the site at the time
of the accident on a Friday but resumed work on the following
Monday. Since the reactor was badly damaged, it was decided to
replace rather than repair the reactor vessel. The initial
clean-up operation required personnel to work in radiation fields
of up to 10 R/h in certain areas. To accomplish reconstruction in
a reasonable time and keep exposures within the accepted limits
(15 rem per year at that timej, staff resources had to be utilized
carefully and extra personnel brought in from outside. However,

the majority of the personnel involved in cleaning up the



accident were on-site AECL staff. This paper is concerned with

the follow-up of AECL staff involved in the 1953 NRX clean-up

operation.

2. CLEAN-UP PERSONNEL

Table 1 shows the number of persons involved in the 1953 NRX
clean~up operations for whom radiation exposure records are
available. Twenty people were from a construction company working
on site. Both American and Canadian military services sent some
of their staff to assist in the clean-up and to gain some
additional experience with the handling of radioactive material.
About 150 men came from the United States. These people are not
included in our current follow-up since we do not at present have
access to U.S. mortality data. The Department of National Defence
1s currently conducting its own study on the health of Canadian
military personnel who were exposed‘to radiation during military
service. Those involved in the 1953 and the 1958 clean-up
operations at Chalk River will eventually also be included in the
AECL Health Study (7). The total number of Canadian military who

were at Chalk River in 1953 is probably about 170.

TABLE 1

Number of persons known to be involved in 1953 clean-up*

ON-SITE AECL STAFF MILITARY CONSTRUCTION
. U.S.A. CANADA COMPANY
862
V150 v170 ~v20
860 MALES 2 FEMALES
(both alive in 1982)
850 10
TRACEABLE** UNTRACEABLE

* Data largely provided by G. Cowper (6).
*% This report ir concerned with the follow-up of this group of

persons.



The AECL staff who received appreciable radiation exposures
during the 1953 clean-up numbered 8§62; 2 of these were women, both
currently living (Table 1). Of the remaining 860 males, 6 were
attached staff, mostly from outside Canada, and 4 are currently
untraceable because no further information on them could be found
_other than presumed surname, initlials and radiation exposure. Of
the remaining 850 male AECL employees, 5€2 remained associated
with AECL (most with the Chalk River Nuclear Laboratories,
although some have moved to other sites) through continuing
employment and eventually, in many cases, retirement. These 562
persons are indicated as group B in Table 2. An up-to-date
listing of current and retired employees 1s available at CRNL, as
18 a listing of CRNL employees who have died during employment or
after retirement. With the help of these listings plus invaluable
assistance from CRNL Plant Administration and Operations in
tracing persons who had moved from CRNL to other AECL sites, we
were able to trace all of the 562 persons in group B of Table 2.

The remaining group of 288 males presented more problems.
This group, indicated as group A in Table 2, were AECL employees
in 1953 but subsequently left AECL to work elsewhere. Although we
do know where some of these people are currently employed (e.g.,
with the federal government in Ottawa, Ontario government in
Toronto, and with Ontario Hydro), we have no means of knowing
either the whereabouts of all of these persons or if they are
still living. From personnel files at CRNL it is possible to
obtain a certain amount of identifying information on these
people. As part of the overall AECL Health Study (7), an Employee
Identity Summary form (Fig. 1) was filled in for all past CRNL
employees. With the information (usually incomplete) available
from this form, it was possible to conduct a manual search for
people from group A in the Canadian Mortality Data Base at
Statistics Canada in Ottawa (8,9). The Canadian Mortality Data
Base currently contains a computer and microfiche record of all
deaths occurring in Canada up to the end of 1979. The primary

cause of death as derived from the death certificate is listed on



the Mortality Data Base by ICD code - an international
classification of diseases established by the WHO (10~-12).
Statistics Canada releases the information from the Canadian
Mortality Data Base in tabular form only. Although 1t is believed
that most of the deaths that occurred among persons in group A
between 1953 and 1979 were located during this manual search of
the Mortality Data Base, it is not certain that all deaths were

recorded. For example, persons in group A who left Canada and

died elsewhere would not be recorded.

TABLE 2

Subdivision of identifiable AECL male staff involved in clean-up

operations at NRX

reactor in 1953

Group A Group B
Subsequent employment Left AECL Remained with AECL
Number of persons 288 562
Collective recorded clean-up dose
in rem (Sv)* 542 (5.4) 1479 (14.8)
Collective recorded lifetime

*% 9400 (94.0)

occupational dose in rem (Sv)*

* Note: 100 rem equals one sievert (Sv).

** Although some information on lifetime occupational doses received at
AECL is available, it is known that some of the persons in group A
have moved into non-AECL jobs associated with additional radiation

exposure.,

For this reason, no attempt has been made to estimate

cumulative lifetime dose for persons in group A.

3. RADIATION EXPOSURE RECORDS

The original dosimetry records for this clean-up were lost in

February 1956 when a fire in the laundry destroyed the dosimetry section
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Fig. 1

CRNL-3150 (Rev.-11/79) EMPLOYEE IDENTITY SUMMARY RESTRICTED STAFF INFORMATION

PLEASE PRINT

1. SUMame. ..ottt e

Any other surname(s) you may have had . .

Firstgivenname.................cuvn

Secondgivenmame. ............ . ...,

Usual name or nickname . .............

X, it e e O Mate [J Female

2

3

4

5. Third given name {ifany)..............
[

7

8

Bar Month (spell out) Day
9. Birthdate. ...............cccvuneann.

10. Birthcountry......... ... cioeiinn.
Village/Town/City , County Ercvince

11. Birthplace . .. ..oy ieiiinn..

12. Father'ssurname ....................

13. Father’sfirstpame...................

14. Father'ssecondname.................

Province Country
15. Father'sbirthplace ..................

16. Mother's maiden surname ........... ..

17. Mother's firstname ..................

18. Mother'sserondname ................

Province Country

19. Mothersbirthplace..................

20. Spouse's birthsurname ...............

21. Spouse's firstname ..................

22. Spouse'ssecondname ... .......... ..

FOR OFFICE USE ONLY

23. Badge Number................... e
24, Employee Number...................

25, Social Insurance Number . .............

26
27. Superannuation Number ..............

Province Number
Provincial Health Insurance Number .. ...

Year Month {spell out} Day

28. Startingdate ..........ciiiininiannn

Year Month {speil out] Day

29. Terminationdate........... e

Year Month {speil outl Day

-City Province Country
31. Placeofdeath ...... et L

32. Lastknownvyearalive ................




toused above 1it. However, much of t*z information for the 1953

clean-up was retrieved. Dosimeter readings for non-AECL personnel

were kept in separate files and were believed to be essentially
complete (6). Because of the notification system used to inform
AECL workers and their supervisors of doses in excess of 0.3 rem
per week, 1t was possible to recover most of the data on AECL
employees with individual exposures greater than 0.3 rem during the
clean~up. The data recovered are not complete but are believed to
include the significant exposures received by AECL employees at
that time (6,13).

In 1953, ICRP recommendations permitted radiation workers to
receive up to 0.3 rem per week or 15 rem per year. Table 3 shows
the distributicn of recorded doses received by the AECL clean-~up

participants. All except one were below the annual limit and 86%
of all recorded exposures were below the 5 rem per year limit
adopted by CRNL in 1956 (13), two years before the ICRP
recommendations (l4). The maximum doae received by any non—-AECL

participant was 6.2 rem.

TABLE 3

Distribution of recorded doses accumulated by AECL staff
during NRX clean-up¥*

Dose range in c - 4,99 5.00 - 9.99 16.00 - 14.99 16.2
rem (Sv) {0 - 0.05) {(0.05 - 0.1) (0.1 - 0.15) (0.16)
Number of

traceable males 730 107 12 1
Number of

untraceable males 10 0 0 0
NMumber of females 1 1 0 (o}

* Dpata provided by G. Cowper (6).

Problems involved in measuring radiationm exposures have been

discussed elsewhere (13). The dosimeters in general use in 1953



is thus good reason to believe that the actual doses received
during the NRX clean—-up were smaller than those recorded, probably
comewhere between 50 and 100 percent of the recorded doses given
in Tables 2 and 3.

The total recorded doses accumulated during the entire claan-
up period from December 1952 to the end of February 1954 amounted
to 542 rem for AECL staff 1in group A and 1479 rem for group B.
About 600 additional rem were accumulated by the non-AECL
personnel involved. According to the widely accepted estimates of
risk provided by various committees (15, 16, 17), the total recorded
dose of about 2600 rem received by all clean-up participants

together would probably not be sufficient to cause a single fatal

cancer.

4, MORTALITY OF AECL CLEAN-UP PERSONNEL

Almost all the deaths occurred in Ontario. Therefore, the
control population used for this study was the general population
of Ontario from 1953 to 1978 - the last year for which vital
statistics data were available at the time this report was
prepared (18). To calculate the expected number of deaths 1in any
given year, the numbter of people in each 5-year age category
during that year was multiplied by the fraction of Ontario
residents of the same age and sex who died during that same year.
The data for each year were then summed to give the total expected
figure for a given time period.

In group A, eight deaths or 22.2% of the total for this
group were due to cancer; 19 deaths or 52.8% of the total for this
group were due to cardiovascular diseases (Table 4). These
propcrtions are similar to those found for adult males in the
general population. None of the cancer deaths were of the types
(e.g., leukemia) that are associated with exposure to high doses
of radiation (15-17,19-21). Because it seems improbable that all
deaths in group A have been located, standard mortality ratios

(SMR = ohserved:expected deaths) were not calculated.




TABLE 4

Mortality among AECL clean-up participants

Cause of Group A Group B Group B
death 1953 - 1979 1953 - 1965 1966 - 1980 1953 - 1980
Obs./Exp Obs./Exp. SMR *
Cancers 8 5/ 7.2 23/26.7 0.83
Cardiovascular
diseases 19 21/20.3 63/61.6 1.03
Accidents 5 7/ 6.5 3/ 8.0 0.69
Other 4 5/ 6.5 13/19.3 0.70
Total . 36 38/40.5 102/115.6 0.90

* GSMR is the standard mortality ratio, 1.e.,
(0BS) to expected {(EXP) numbers of deaths.

the ratio of observed

For group B, there were 140 deaths up to the end of 1980,
The causes of death were ascertained from the Canadian Mortality

Data Base and also from records in the 0Office of the Registrar

General for Ontario as described in another publication (22). The

data were subdivided
and 1966-80 in order
with increasing time

trends were observed

into two groups covering the years 1953-65
to see if there were any trends in the data
after the clean~-up operation. No unusual

(Table 4).

Fcr the period from 1966 to 1980, 23 cancer deaths were

observed where 26.7 were expected. Special attention was paid to

certain types of cancer that might be of interest in view of

reports on the mortality of hanford workers (23-25). Of the 23

cancer deaths in this time period, 10 were from lung cancer where

8.7 were expected, 2 were from cancer of the pancreas where 1.6

were expected, 0 were from leukemia where 0.9 were expected, and

there was | observed lymphatic cancer where 1.3 were expected+.

t Of the 5 cancer deaths that occurred during the years
1953-1965, '1 was from cancer of the pancreas and 1 from

lymphatic cancer.



None of these data suggest a highly unusual pattern of caccer
mortality as a result of participation in the NRX clean-up. The
overall SMR for the 562 persons in group B was 0.90, which means
that these people are on average living a year or so longer than
expected by comparison with the general population of Ontario.
The number of deaths from caidiovascular disease is slightly
higher than might be expected. The SMR for cancer deaths was
0.83, with no excess in those types of cancer that might be
associated with radiation. It would appear therefore that
participation in the 1953 NRX reactor clean-up did not have a
harmful effect on the health of those involved.

Work is just underway on a follow-up of those persons
involved in the 1958 NRU clean-up operation. The radiation
exposure to all personnel during the major part of the 1958 clean-

up was between 800 and 900 rem (26) as compared with about 2600

rem for the 1953 NRX clean-up.
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