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HEALTH PHYSICS PROBLEMS ASSOCIATED.WITH RECENT
ACCIDENTS AT OAK RIDGE NATIONAL LABORATORY*

By

Karl Z. Morgan

Perhaps there is no laboratory in the country that has a greater diversity
of radiation problems than is found at Oak Ridge National Iaboratory. Some of
our radiation problems have become routine and static, but many of them are
unique and dynamic and change continually with the changing conditions of
research experiments and with operating procedures. Because of this situation
radiation problems or incidents of varying magnitude occur many times each
day in various parts of our Laboratory. Some of the problems or incidents
are "near misses" or "close calls" and do not actually result in radiation
contamination, measurable exposure, or damage of any kind; however, we learn
valusble lessons from these experiences. Some of the more serious incidents
result in local contamination or in a high flux of ionizing radiation in a
limited area, and usually the situation is rectified without appreciable
personnel exposure or property damage and without any awareness on the part
of most Laboratory employees.

There is no sharp distinction or suitable definition of when a radiation
problem becomes an “"incident" or when an incident becomes a radiation "accident".
Tt always becomes a serious accident if it results in radiation damage to
personnel or in radiation exposure in excess of the maximum permissible ex-
posure limits. In addition and according to my definition, a radiation
"incident" is a radiation accident if it results in a situation where there

is potentially a large exposure to a few individuals or where there is potentially

*
Presented at Health Physics Division Seminar, Oak Ridge National Laboratory,
January 20, 1960.
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a small but appreciable exposure to a large number of individuvals. T am
using this latter definition when I state that we had three radiatvion acci-
dents at Oak Ridge National Iaboratory in the latter part of 1959. Table I
gives the date of occurrence and principal radionuclides involved in each of
these accidents.

One cannot discuss the subject "Health Physics Problems Associated with
Recent Accidents at Oak Ridge National Laboratory" without referring repeatedly
to the very fine work by almost everyone in the Applied Health Physics Section.
Some of these persons have shown great skill in the manner in which they have
performed their functions, and many have worked 80 to 100 hours a week during
this accident period without any reward other than the knowledge of a job
well done. For fear of failure to give proper recognition to some of these
men, I refer with pride to the 1959 orgenization chart of the Applied Health
Physics Section, Table IT.

Both accidents 1 and 2 resulied in the release of Ru106 into the environ-
ment. On October 28, 1959, unusually high levels of gross P activity were
noted in the ORNL process waste water. This level increased progressively,
and by November 1, 1959, it had reached the Health Physics emergency level of
1000 dis/m/ml (k.5 x 1o'l*uc/m1) at the outflow from White Oak Creek Dam to the
Clinch River, and as a result, Health Physics closed the gate of the dam. This

gate was opened again on November 3, 1959, after assurances were made as follow

1. Numerous samples of the impounded water indicated that essentially
all the radioactive contamination was due to RutC0,
2. The source of RulO6, i.e., certain operations in Building 3019, had

been cut off.

3. The process water to Building 3019 was cut off.
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L. A pump was installed to pump waste water from Building 3019
directly to the hot waste system.

5. Predicted flow of Clinch River was sufficient to reduce the con-
centration of radiocactive material discharged from White Oak Creek
below 7 x lO'6 uc/cc. This value was the calculated MPC value
applicable in the neighborhood of our controlled area for the
experimentally determined radionuclide mixture that would be dis-
charged from White QOak Lake to the Clinch River.
At the time the gate of White Oak Dam was opened the gross activity of
the impounded water was about 5000 dis/m/ml (2.3 x 1073 pc/ml), but the dilution
available, assuming uniform mixing in the Clinch River, was such that the
total activity in the river would not exceed about 10% of the tolerance level
or T x lO-7 pe/ml as indicated by the experimental data plotted in Figure 1.
It is interesting tc observe also the relative contribution to the total con-
tamination of the river by Sr9o, Csl37, and a-emitting radionuclides. It
should be noted also in Figure 1 that the flow rate of the river is an important
factor in determining the quantities of radioactive material that can be dis-
charged safely into the Clinch River. As shown in Figure 2, the MPC follows
primarily the Sr9o curve and is influenced very little by the RulO6 because
the MPC for Sr90 is 1/100 the MPC for RulO6. In Figure 2 it is to be observed
that, in spite of accident 1, Ru106 contributed only 22% toward the MPC or
less than 10% of 22% of the MPC for the radioactive contamination of Clinch
River during November¥ and that the principal contributor was Sr9o.

While discussing accident No. 1 and the problem of RulO6 in liquid waste,
T would like to divert your attention momentarily to another Ru106 problem
at ORNL. Table 3 indicates the RulO6 that is discharged to our earthen pits.
Here we observe the startling fact that we discharged to the pits as much

Ru106 in the first part of 1959 as in all previous years, and in the month of

¥Since the time of this report (January 20, 1960), the values of percent
contributing to the MPC in the Clinch River has been determined f?66December
and plotted in Figure 2. During December 1959 and January the Ru~ contrivbuted
about 15% more to the MPC than did Sr90. Since tnen the contribution of RulC
to the MPC has diminished and now (September 1961) the contribution of Rul0b is
about 50% less than that of Sr90.
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September alone we discharged over twice that in all the previous period.
Until 1959 we had always regarded Rulo6 as a very valuable asset to our pit
program, because it served as a reliable tracer to indicate the direction of
flow of water into the sampling wells that surround the pits. Now,-however,
this protective "instrument" has become one of the potential hazards and
modifications in pit operation, e.g., the addition of iron to the pits, are
being made to minimize this problem. Although in November probably 75% of
the RulO6 activity in the Clinch River resulted from seepage from the pits,
there is evidence that a considerable fraction - probably 16% - resulted from
the delayed contribution of accident 1 and that a substantial contribution -
probably 5% - resulted from accident 2.

As stated above, accident 2 on November 11 and 12, 1959, was also a Rulo6
accident, but in this case it was occasioned by the fallout of radioactive
particulates from the Isotope Area stack following maintenance operations on
the fan and ducts of the air cleaning system. On November 11 these particles
were showered in the east parking lot, resulting in Health Physics recommending
a free car wash for those employees who had cars parked there; and on the
morning of November 12 the Isotope Area fan was run again, this time for about
30 minutes, resulting in contamination extending a short distance to the west
of the stack. Figure 3 shows the distribution of the Ru106 in the laboratory
area (the numbers on the curves correspond to the location numbers on the map
at the top of the figure) and its disappearance since then due primarily to
wash-off by rain. It is this wash-off that is competing with the seepage
from the pits to bring about the sharp rise in the RulO6 concentration in the
Clinch River. Although some persons have estimated this Ru106 faliout at no

more than 0.3 curies, there is good reason to believe it was much greater for

reasons as follow:

e e e e e -
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The calculations yielding the low fallout estimates were made
assuming the contamination was contained on a plene surface, i.e.,
using a first order E function, and there was no correction made

for soil attemuation. Burial of the RulO® in the grass and soil

and the washing of it into the storm sewers could make such estimates
too low by an order of magnitude.

The level of Rulo6 activity in the White Oak Creek draining the
ORNL area rises considerably following each rain. Some of this
rise seems to be due to rain run-off from the ORNL area.

In case of accident No. 2, once the Ru106 particle source, i.e., the

fan, was cut off, the only effective Health Physics measures were as follows:

1.

2.

Restrict persons from entering the more contaminated areas.

Require protective clothing in certain areas.

Wash streets, walks, buildings, cars, etc., with copious quantities
of water. In some cases a detergent (Tide) was used to free the
contaminant from greasy surfaces.

Seal-off doorways and close ventilators in certain areas.

Place blotting paper on the floors of low background facilities.

Tncrease the number of urine and fecal analyses of samples furnished
by the employees.

Although from the standpoint of low background counting accident No. 2

resulted in a serious conbamination problem anrd presented a number of difficult

public relations problems, it did not, according to present estimates, cause

any serious radiation hazards to Laboratory personnel. This resulted from the

following:

1.

Most of. the Ru106 was contained on large particles greater than

5 to 100 p in diameter. This was evidenced from the fallout pattern
which was localized close to the stack and from autoradiograms of
gun paper collectors (Figure L4). Iarge particles such as those
shown in Figure U4 cannot enter the lower respiratory tract where
most of the damage ordinarily would be expected to result. If

large particles should be inhaled, they would be held up in the
upper respiratory tract and swallowed where the estimated hazard

to the @I tract is less than 1/7 the hazard to the lung.
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2. The probability of inhaling these particles was very low as witnessed
by the fact that during the entire period of the accident none of
the very large and extremely radiocactive particles happened to fall
on any of our Th fallout trays; yet a number of these particles
were found with our survey meters on cars, on the roads, and in the
grass, vis., our fallout trays presented a small cross-section for
the collection of these large and widely scattered particles. Also,
although the 10 constant air monitors we have in the area were run
continuously, with few excgptions, they did not pick up particles
containing sufficient Rul®® o produce large black film spots (such
as shown in Figure U4t) during a 2Lk-hour exposure to a naked X-ray film.
Figure 5 shows some of the many CAM autorad%ographs. Particles
containing as little as 3.5 x 10-6 pe of Rul% can be detected by
this 24-hour exposure technique.

3. The Ru106 excreted in the feces and urine of the ORNL employees
was relatively low. Figure 6 indicates the urinary excretion of
Rul0® by the ORNL employees having the highest excretion rates,
and with one exception these values are less than 1/2% of the maximum
permissible excretion v%%ue for occupational workers subjected to

chronic exposure to Rul

Figure 7 is a microphotograph of one of the RulO6 particles made by
Ted Willmarth. Studies of some of the particles with polarized light
and by X-ray diffraction made by R. L. Sherman indicated that they
have a crystal structure and are composed of NHANO3.

Figure 8 is a plot of the background radiation level as measured in
the cantrol area by aerial surveys at about 400 feet elevation above
thioéaboratory. The survey made November 11, 1959, was prior to the
Ru

accident No. 2 and may be compared with the more recent survey
made January 15, 1960. From this it can be seen that the general
level of background radiation in the laboratory area has returned to
a value not far from that prior to the accidents in 1959.
From the point of view of potential radiation hazards, I consider the
accident on November 20, 1959, as the most serious we have had in <he history
of the Iaboratory. At 10:58 p.m. on November 20, 1959, a small chemical explosion
in cell 6 of the Thorex Plant in Building 3019 blew plutonium out into the
street and into various buildings; especially into Buildings 3019 and 3001.
A Health Physics surveyor was at the site of the explosion within minutes

following the explosion. He made B and y surveys and took smear samples,

neither of which indicated a serious radiation hazard, e.g., the B + y survey
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reading in the middle of the road in fromt of cell 6 was only 15 mrad/hr.
Unfortunately there was a lag of about 1-1/2 hours before it was discovered

that there was O contamination associated with the accident. This delay was

occasioned by the following:

1. Personnel who had been working with the operation in cell 6 of
Building 3019 did not indicate the ¢ contamination was present.

2. There were only two Health Physics surveyors on duty at that time
of night, and following the accident they were unusually dbusy with
many other assigmments occasioned by the accident.

3. Health Physics surveyors do not ordinarily have Q-survey meters with
‘them when surveying in the general area of the laboratory because

(a) alpha-survey meters are not as fool-proof as B + y survey
meters. This is especially true when it is very damp outside
as on this night of accident No. 3, and

(b) in most situations in the past ¢ corntamination has been associated
with fission products so that its presence can be determired best
by B + 7 surveys.

The first suggestion that there was an @ problem came when one of the
Health Physics surveyors was rcubtinely checking his shoes with an Q-survey
meter and found them badly contaminated. Shortly afterwards filter paper from
air monitors and from smear sampling indicated high levels of & contamination.
Once it was recognized that & coantamination had beer involved in this explosion,
Health Physics supervisors, surveyors, and others were telephoned and were soon
on duty throughout the Laboratory area. At first it was feared there might
have been a nuclear explosion. The only information that mitigated this fear was:

ot

1. There was no evidence of the presence of large amounts of the short-
lived fission products, e.g., Srdl, sr92, cell3, Mo99, 1133, v,
Bal#0, 12140 etec,

2. There was the rise of radiocactive contamination measured by the CAM
located on the north side of Building 3025 and a short dissance from
cell 6, but this rise occurred some minutes after the explosion and
was characteristic of airborne activity. There was no instantansous
rise indicated by the CAM's and various other recording mesers operating
in the area at the time of the explosion.

3. The NTA films worn by the emplcyees in Building 3019 did not contain
any proton tracks.

M T A . 3
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b, There was no activation of the In or Au in the badges of employees
of Building 3019.

5. The threshold detector fission foils contained in a boron ball

and the associated sulfur and gold samples which were 20 feet
from cell 6 did not indicate any activation.

In spite of the above evidence strongly suggesting no criticality accident,
it was not completely convincing since the explosion took place inside a cell
that is shielded by 5 feet of concrete. The shielding provided by this concrete
would greatly diminish the value of evicence of items 2, 3, 4, and 5 above.
Also, the person in charge of the chemical operation pointed out the Health
Physics several hours after the explosion that a rough and preliminary exami-
nation of the plutonium balance from past operations in cell 6 indicated that
there might have been as much as 1200 g of Pu239 in the cell at the time of
the explosion. (Note: It has since been established that 1100 g of Pu239
were in the cell at the time of the accident. See ORNL 2989 and CF 60-90-7.)

On the night of accident No. 3, many important measures were taken for

personnel protection and to prevent the spread of radiocactive contamination.

Some of the measures taken by health physicists or at their request were as

follows:

1. Blocked off entrance to the contaminated portion of Hillside
Avenue (point 2 in figure 3).

2. Set up a clothing checking station on 3rd Avenue below the
cafeteria.

3. Required all persons entering the contaminated area to be garbed
completely in protective clothing.

b, Checked skin and clothing of everyone leaving the contaminated
area.

5. Made numerous checks of many areas down wind from the Laboratory.

6. Obtained hundreds of smear samples, air samples, fallout samples, etc.,

for analysis by photographic and counting techniques.

NPT SRt p* o=t o g KT N AL B (e R T T Y ey AL W



10.

11.

12,

13.

1k,

15.

16.

17.
18.

19.
20.

=20

Set up personnel monitoring stations at the east and west portals
and at the cafeteria.

Notified all ORNL Laboratory Directors of the accident.

Checked cafeteria thoroughly several times before its use in the
preparation of food. n

Checked for radioactive contamination on cars and trucks leaving the
Laboratory.

Maintained with the help of the Security Department a complete log
on all persons entering and leaving the Laboratory during the night
of the accident.

Placed paper in halls and doorways of all buildings in the Laboratory.

Obtained urine and fecal samples from exposed persomnel and started
the Health Physics urine analysis laboratory operating on a 2k-hour
basis.

Requested that tar and gravel be placed on Hillside Avenue (road
surface was later removed to burial ground).

Requested that a heavy coat of paint be placed on sidewalks,
grass, fence, cement blocks, etc., that were just oubside cell 6
at time of accident. (These objects were later removed to burial

ground. )
Requested a new tar and chip-roof coating be placed on Buildings
3025 and 3022. (Later a similar roof coating was placed on

Building 3019) (Note: Building 3024 was taken down in sections
in 1961 and removed to burial ground.)

Requested painting of north side of Buildings 3022 and 3025.

Required all persons entering Buildings 3022 and 3025 to wear
shoe covers.

Closed a number of air vents to buildings near site of accident.

Requested that all roads and walks (except Hillside Avenue) be washed
with copious quantities of water.

On the night of accident No. 3, Health Physics found some contamination

tracked

into the west side of the OR Reactor (Building 3042) and in the area

of the LITR, but we had this contamination blccked off and cleaned up; then

directed that entrance to these buildings be made only along uncontaminated
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pathways from the east side. This action made it possible to continue the
unabated use of these facilities.

Unfortunately, on the night of the explosion large amounts of airborne
Pu239 were blown into Buildings 3019 and 3001 necessitating the evacuation
and shutdown of these facilities. Following this shutdown, entrance was
permitted only by persons completely garbed in protective clothing and wearing
full face masks. Monitoring and clothing checking stations were set up at
entrances to these areas and since one of the greatest hazards in the handling
of Pu239 is getting it into the body through wounds, no one was permitted to
enter these areas if he had open wounds and a number of precautions were
taken to avoid accidents tﬁat might lead to contaminated wounds.

As a consequence of accident No. 3 very little radicactive contamination
was added to the Clinch River. By quick action on the part of members of
the Operations Division, the water into Building 3019 was cut off and the liquid
waste was impounded in the holding basin rather than let it enter White Oak
Creek. Health Physics recommended that the waste water from the Laboratory
be kept as low in volume as possible and that this waste should be pumped to
the waste pits wvhere we could expect 100% removal of the Pu239. Our estimates
indicated that there were about L4 mg of Pu3? impounded in the holding basin
and it d4id not seem wise to send this through the process waste treatment plant
where we could expect no more than 80 to 90% removal of the 239,

In the clean-up operations in Building 3019 and 3001 two types of zones
were established. Table 4 indicates the maximum and average levels used for
the Technically Contaminated Zone. When the surfaces were cleaned down to
or below these values, they were painted with several coats of paint. In the
3019 Building, the first coat was red, the second coat was white, and the

outer coat was green. In the 3001 Buillding only the inner white coat and outer

3
3
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green coat of paint were used. Thus in the future when an inner coat (white
and/or red) shows through the outer green coat of paint, we have warning that
a new paint job is required to retain this plutonium that has a half life of
24,000 years. A Technically Contaminated Zone differs from an ordihary
contaminated zone in that protective clothing 18 not required after the
surfaces have been painted as indicated above. Most of the areas in Building
3019 are being cleaned down to the levels shown in Table 4 and this clean-up
operation is still underway. (All areas except cell 6 have now - 1961 - been
cleaned to the Iaboratory levels.) After a month of hard work the contami-
nation in Building 3001 was reduced to within the Clean Zone limits listed
in Table 5 and the surfaces were painted with the two coats and colors of
paint as specified ab§ve.

Table 6 indicates the results of the shoe checks for gross & contamination.
Here it is observed that during the spot checks over the 3 day period 11
persons were found with o contamination on their shoes. This of course does
not mean these were the only employees with @ contamination on their shoes,
for the efficiency of counting under these conditions, i.e., dirty shoes,
rain, mud, etc., ranges between 0.1% to 5%. Only one person was found with
extremely high & contamination from Pu239 and apparently he had violated the

clearance procedure from Building 3019. There were four other persons with

239

slight ¢ contamination that was thought to be Pu . Two persons were found
with Am.g)+l contamination and three with uranium contamination. Thus these

spot checks of shoes were useful notv only in indicating the degree of compliance
of Laboratory personnel with the zoning procedures established for the clean-up

of Pu239 following accident No. 3 but also for indicating how well the zoning
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procedures are followed in other areas. Perhaps spot checks of the radio-
active contamination of clothing should be made periodically at the cafeteria
and portals. However, any such measures can at best be only poor substitutes
for an enlightened supervision that enforces the zoning regulations~in each
area of the Iaboratory.

During the clean-up operations in Buildings 3019 and 3001 there have
been many complaints regarding the difficulties of wearing full face masks,
the discomfort of wearing shoe covers, the low levels (Tables 4 and 5) required
before painting, the time consumed in changing clothing, the rules prohibiting
eating and smoking in contaminated zones and the number of urine and fecal
samples that must be submitted to Health Physics, etc. However, I believe
in the long run these measures will pay big dividends and we will be happy
these precautions were taken.

Regardless of the care with which the various Health Physics protective

. measures are carried out the proof of the success of the program is the lack

of any resulting radiation damage. Since it may require 20 to 50 years for
certain types of radiation damage to manifest themselves, the best immediate
evidence of a successful Health Physics operation during the clean-up following

accident No. 3 is the absence of any cases in which persons have large fecal

239

and/or urinary excretion of Pu Figure 9 gives the first (which is in

239

each case also the highest) and the most recent Pu urinary excretion rates
of the ORNL employees having the highest urinary excretion of Pu239. A1l of
these values initially exceeded the maximum permissible excretion rate (assuming

the Pu239

is being eliminated primarily from the bone) but for the most recent
urine analyses most of the values fell below 50% of this rate. (Note: In 1961

only 2 of these persons have 20 to 50% of the maximum permissible body burden. )
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Figure 10 is a plot showing the fecal excretion‘of Pu239 by ORNL employees
having the highest fecal excretion of Pu239. This figure shows also the
urinary excretion of Pu239 by some of these same individuals. It is rather
surprising that there is such close correlation in these data because fecal
excretion of Pu239 indicates primarily that Pu239 has been taken into the
body within 2 days prior to sampling and that some of the Pu239 entered the
body in a relatively insoluble form - probably on large dust particles. In

239

some cases the fecal excretion of Pu has given evidence that certain of

the employees have not worn the masks properly or have otherwise been careless
in the clean-up operation. The urinary excretion rate data indicate that

some of the Pu239 has been incorporated into the body, perhaps as small
particles deposited in the lower respiratory tract and in the pulmonary

lymph nodes or it has been incorporated into the bone. The maximum permissible
rate of excretion of Pu239 is not known. If the excretion comes primarily
from the soluble fraction of P11239 deposited in soft tissue, the rate should
be about 7 d/m/24 hrs; it it comes from Pu239 incorporated in the bone, the
rate should be about 0.8 d/m/24t hrs; and if it comes from insoluble pu=39
incorporated in the lymph nodes, the rate should be essentially zero. Figure 11
is typical of the 14 ORNL employees for whom the urinary excretion rate of
Py was originally in excess of the 0.8 d/m/24 hrs value. We have rather
arbitrarily decided to follow the Pu239 urinary excretion rates of all ORNL
employees for whom the urinary excretion rate has exceeded 0.2 d/m/24 hrs.
Since accident No. 3 (until January 1960), 80 employees or about 30% of all
those potentially exposed by accident No. 3 that submitted urine samples have

exceeded this action level of 0.2 d/m/24 hrs. Figure 12 is typical of the

urinary excretion of this group.
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Six persons who are considered to have been subjected to rather high
Pu239 exposures as a result of accident No. 3 have been checked on the total
body counter at ¥-12. We are grateful to Y¥-12 and especially to C. M. West
and R. E. Cofield for this assistance. Measurements on the six persons with
the total body counter have indicated a detectable body burden of Pu239 in
only one of these persons. 1In this case the intensity of the gamma spectrum
of the Zr95 + Nb95 is so high that it is impossible to make direct measure-
ments of the Pu239 from the weak, low energy gamma radiation it emits.

95 239

to Pu in the man as in

However, assuming the same ratio of Zr95 + Nb
the smear samples collected from Building 3019, his body burden would be
between 0.002 and 0.003 pc. Further measurements must be made to confirm

39

these results. At present we cannot say whether this Pu2 is delivering an

insignificant dose to the TOO0 g of bone or a very large dose to a few grams
of lymph nodes. If the Pu=3? is fixed in the bone, it represents 5 to 8% of
the maximum permissible body burden (0.04 pc) for the occupational worker.
However, if it is fixed in only 10 g of lymph nodes it represents a much higher
percent of the maximum permissible body burden. It is not surprising that
the total body counter revealed traces of Pu239 in this one person for we
found more & contamination on his skin ( klolL d/m/100 cu® on his face) on
the night of the accident than on anyone else who was surveyed for « contami-
nation.

There is no question in our minds of the necessity for the wearing of
complete face masks during the early clean-up operation following accident
No. 3. Figure 13 is a radiocautograph of one of the respirator filters worn
by a person who was engaged in the early clean-up work in Building 3019. This

X-ray film was exposed to the filter for 24 hours. Figure 14 is more typical
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IN BLDG. 3019 CLEAN-UP OPERATIONS

RESPIRATOR FILTER USED

Fig. 13.
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of what we find on a respirator filter that has feen worn after the initial
clean-up. In most cases no Pu239 particles or only a few of them are found -
as in this case - following a 24 hr exposure of a respirator filter to an
X-ray film. The largest spot on this film (Figure 1&) seems small and indeed
it corresponds to a particle containing only 5 x lO—6 pe of Pu?39. However,
in this case the average RBE dose within the range of the & particles is
2.4 x 100 rem/week. No one knows the significance of such exposure other
than that body cells within the range of ¢ radiation (45u) from such a particle
would be destroyed. This is just one more reason why Health Physics has been
very insistent on the enforcement of rather rigid and restrictive regulations
during this clean-up operation following accident No. 3.

Measurements made by B. R. Fish of the Health Physics Research group
indicate that these Pu239 particles are very insoluble in water and in blood
serum; <cherefore, it is not impossible that the urinary excretion of Pu239
by the 94 ORNL employees who have excreted at a rate in excess of 0.2 d/m/2k hrs
reflects the very slow solution of "insoluble" particles in the lower respiratory
tract and pulmonary lymph nodes.

I would like to say one final word about the maximum permissible occupationa
exposure levels that are used by our Health Physics Division. These levels
‘are established by the National Committee on Radiation Protection, NCRP, and
the International Commission on Radiological Protection, ICRP, while the
operating levels we set in the Laboratory are designed by us to make certain
that the official levels are not exceeded. Table 7 sumarizes the maximum

permissible occupational exposure levels for the various body organs as

specified by the NCRP and the ICRP. In the case of Pu239 and cther bone-seeking
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radionuclides the RBE dose rate to the bone is 3Q/n rem/yr in which n, the
radiation hazard factor, is equal to 5 for Pu239. Thus the dose limit for
Pu.239 in the bone is about 6 rem/yr while for RulO6 in the gonads and total
body it is 5 rem/yr. Some of you may believe, and in fact several of you have
stated, that these levels are inordinately low. We can argue this issue but
I doubt if at the present time I can convince you that you are wrong. As you
well know there have been conducted many animal experiments at low dose rates
of exposure to ionizing radiation, some of which seem to indicate damage at
any dose rate (no matter how low) and others which might suggest a threshold
dose or even a benefit from exposure at low dose rates.

The total body dose at the maximum permissible occupational dose rate
for 50 years of occupational exposure would result in an accumulated dose
of 250 rem. Although 250 rem is the maximum permissible dose for 50 years
of occupational work such accumulated dose should be avoided, especially when
a large number of employees is involved because it would most certainly pro-
duce some damage. The level of maximum permissible dose was established on
the basis that any resulting damage would not be readily detectable in a single
individual and the total expected damage would be no greater than that commonly
accepted from other ordinary industrial hazards. I cannot be a Health Physicist
and not recognize and point out to you the wisdom and prudence of avoiding all
unnecessary exposure to ionizing radiation. The average accumulated RBE dose
of all ORNL employees is 5.99% of the maximum permissible value or it is
only 0.3 rem/yr/person, and we as health physicists intend to do all we can to
maintain this good record. For comparison this average RBE dose rate of ORNL

employees is only 2 to 3 times the natural background dose or 3/5 the value
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TABLE 7

Unclassified
ORNL-LR-DWG. 52761

PRESENTLY RECOMMENDED PERMISSIBLE DOSE TO BODY ORGANS OF OCCUPATTIONAL
WORKERS EXPOSED TO IONIZING RADIATION

Maximum RBE Dose

Average RBE Dose

Accumulated RBE Dose

Body Organ in any 13 weeks in one year to age N218 years
(rem/13 wk) (rem/yr) (rem)
Blood forming organs | 3 ICRP NCRP FRC |5 ICRP NCRP 5(N-18) ICRP NCRP FRC
Total body 3 ICRP NCRP FRC |5 ICRP NCRP 5(N-18) ICRP NCRP FRC
Head and truck 3 NCRP FRC 5 NCRP 5(N¥-18) NCRP FRC
Gonads 3 ICRP NCRP FRC |5 ICRP NCRP 5(N-18) ICRP NCRP FRC
Lenses of eyes 3 ICRP NCRP FRC |5 ICRP NCRP 5(N-18) ICRP NCRP FRC
Skin 8 ICRP 30 ICRP 30(N-18) ICRP
10 NCRP FRC 30 NCRP FRC 30(N-18) NCRP FRC
Thyroid 8 ICRP NCRP 30 ICRP NCRP FRC 30(N-18)) NCRP ICRP
10 FRC FRC
Feet, ankles, hands [20 ICRP 75 ICRP NCRP FRC 75(N-18) NCRP ICRP FRC
and forearms 25 NCRP FRC

Bone

30/kn ICRP NCRP

30/n ICRP NCRP

30/n(N-18) NCRP ICRP

Other single organs

4 ICRP
5 FRC

15 ICRP NCRP FRC

15(N-18) NCRP ICRP FRC
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suggested by the ICRP as a maximum permissible dése rate for members of the
population-at-large. Figure 15 shows the accumulated dose of the 10 ORNL
employees who have accumulated the highest doses. Only one of these has
exceeded the age prorated dose given in the equation 5(N-18) in which N is

the age of the employee. This good record can be maintained only with your

full cooperation and active support.
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