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ABSTRACT

Measurements of airborne radionuclide emissions and associated
environmental concentrations were made at, and in the vicinity of, two
urban and one suburban facility where radiolabeled chemicals for biomedical
research and radiopharmaceuticals are manufactured. Emission,
environmental and meteorological measurements were used in the EPA COMPLY
code and in environmental assessment models developed specifically for
these sites to compare their ability to predict off-site measurements. The
models and code were then used to determine potential dose to hypothetical
maximally exposed receptors and the ability of these methods to demonstrate
whether these facilities comply with proposed radionuclide emission
standards assessed.

In no case did the models and code seriously underestimate off-site
impacts. However, for certain radionuclides and chemical forms, the EPA
COMPLY code was found to overestimate off-site impacts by such a large
factor as to render its value questionable for determining regulatory
compliance. Recommendations are offered for changing the code to enable it
to be more serviceable to radionuclide users and regulators.

INTRODUCTION

On December 15, 1989, the U.S. Environmental Protection Agency (EPA)
issued a final rule on radionuclide emission standards (USEPA 1990a) which
applies to facilities licensed by the U.S. Nuclear Regulatory Commission
(NRC) and Agreement States. During and subsequent to the public comment
period, the EPA received many, mostly adverse, comments concerning these
regulations. The main concerns of commentators were:

1. The EPA regulation is not necessary because radionuclide emissions
from NRC and Agreement State licensees are negligible and "the public
is already protected by an ample margin of safety" (USEPA 1990b).

2. The EPA regulation unnecessarily duplicates NRC and Agreement State
regulations providing an extra burden of measurement protocols,
reports and regulatory inspections without any benefit.
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3. The need for licensees to redirect limited resources to this redundant
compliance activity is expected to cause more important activities to
be curtailed which interferes with the licensees' ability to reduce
radiation exposure to workers and the public to as low as reasonably
achievable (ALARA).

4. The risk basis of the regulation is invalid, according to scientific
consensus (ICRP 1977), (Lindell 1985), due to extrapolating radiation
effects two to three orders of magnitude beyond the range where they
are plausible and due to summing tiny hypothetical risks over large
populations.

5. The EPA was unable to provide a full technical basis for the
regulation acceptable to scientific consensus and instead substituted
"policy" statements in an attempt to justify their position (USEPA
1990a). In particular the policy statement concerning the assumed
residence time of a maximally exposed receptor of 70 years was
considered unrealistic and non-beneficial to society.

6. Although the EPA recognizes that most licensees already comply with
the standard, they have underestimated the difficulty and cost
licensees will have in demonstrating compliance.

7. The costs and difficulties in demonstrating compliance are expected to
adversely affect the manufacture and use of biomedical research and
radiopharmaceutical products. Hence, by overestimating risks and
prescribing duplicative and over-conservative methods to demonstrate
compliance, the EPA regulation is expected to increase the cost of
health care with a consequently negative net impact on society.

In this paper we have focused on the difficulty licensees are finding
in demonstrating compliance since this appears to be the issue of greatest
practical consideration.

The EPA has prescribed several methods for licensees to test for
compliance. These include:

1. Evaluation of the quantities of radionuclides in possession, their
physical forms and control techniques employed.

2. Using EPA-prescribed protocols to measure the concentration of
airborne radioactivity in exhaust stacks and vents that is released to
the environment.

3. Assessment of quantities of airborne radioactivity released to the
environment measured in exhaust stacks and vents by EPA-prescribed
protocols and the use of prescribed environmental dispersion models in
conjunction with facility, demographic and meteorological data to
determine the annual effective dose equivalent to hypothetical
maximally exposed receptors.
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The EPA's intent is to allow licensees whose emissions cause off-site
doses which are small compared with the standard to be able to rapidly
demonstrate this without resorting to costly methods and specialized
technical expertise. The COMPLY code (USEPA 1989a) was developed to
quickly meet these intentions by providing a sequence of tests to
demonstrate compliance. At the first level the test is very conservative,
in that it will tend to greatly overestimate the potential for off-site
dose, but it requires very little data input.

The procedure states that licensees who are unable to use LEVEL 1 to
demonstrate compliance must use higher levels which are successively less
conservative, each requiring more data, until they find a level which will
demonstrate compliance or confirm the inability to comply.

The efficacy of this scheme depends critically on the clarity of
instructions, the degrees of conservatism in each level, the form and type
of data requested, and the ease of inputing data. In this paper, we
describe our experiences using the COMPLY code to determine the annual dose
to the hypothetical maximally exposed receptor at two urban and one
suburban facility and compare the results with evaluations using models
developed specifically for these sites and finally compare with actual
environmental measurements.

SITE CHARACTERISTICS

Most NRC and Agreement State licensees are hospitals and educational
and research establishments located in urban and suburban areas in close
proximity to residences. It therefore appeared particularly appropriate to
select radionuclide facilities which were of similar configuration and
location to test the EPA COMPLY code.

Two urban sites were selected in adjacent city blocks, the first is a
three-building complex of one, three and five floors where terabecquerels
(hundreds of curies) of 3H, 14C and 35S are used to manufacture labeled
chemicals for biomedical research and, the second site, a smaller two-floor
building where gigabecquerel (curie) quantities of 3H, 14C and 3 5S labeled
compounds are dispensed and packaged for international shipment.

Adjacent and downwind from the two urban sites are light industrial
areas with a few residences and many wide open spaces for a major highway,
roads and extensive car parks. Upwind are residential tenements. There is
very little space in the vicinity of these urban facilities that can be
utilized for growing food. This condition extends north, south and
westward for several kilometers and eastward to the Atlantic Ocean.
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A third 80 hectare (200 acre) site was selected in a suburban area.
On this site were two one to two floor building complexes where
radiopharmaceuticals and radiochemicals are manufactured, dispensed and
shipped. In one of these buildings several to hundereds of terabequerels
(hundreds to tens of thousands of curies) of i33Xe, 9 9 M O / " " ' T C ,

 67Ga and
201Tl are processed. In the other building up to several terabequerels
(hundreds of curies) of about fifty different radionuclides are processed,
tens of terabequerels (thousands of curies) of primarily 201Tl and 67Ga
produced on cyclotrons and several terabequerels (hundreds of curies) of
1 3 1I and 1 2 5I used to manufacture labeled research chemicals. Other
buildings on this site are used to store radioactive waste and conduct
research or processes with smaller quantities of radionuclides.

This suburban site occupies mostly flat land covered with deciduous
trees and grass and surrounded by low hills. There are several mostly
single family residences in the vicinity of the site. It would be
necessary to clear extensive areas and consolidate property to provide a
growing area that could produce a significant fraction of the annual food
consumption for local residents.

During much of the year all three sites experience a prevailing wind
direction, periods of calm, temperature inversions and unstable atmospheric
conditions.

The three manufacturing facilities are equipped with air handling
systems to protect workers from inadvertent airborne releases, and with
activated charcoal adsorber beds and water scrubbers appropriate to control
emissions of the radionuclides in process. The air handling systems are
exhausted through roof top stacks which mostly project above the buildings
in the immediate vicinity but which are not higher than the two and one
half times the building height thought necessary to avoid plume entrainment
in building wakes.

Each exhaust stack is continuously sampled and samples collected on
membrane filters, TEDA impregnated charcoal canisters, by water and/or
sodium hydroxide impingers, as apnropriate to the radionuclides being
handled. Continuous environmental samplers utilizing similar sampling
principles are located, periodically, off-site adjacent to the urban sites.
Five permanent sampling stations are located near the boundaries of the
suburban site.

Samples are collected on a doily, weekly or biweekly schedule and
analyzed for the possible radionucMdes. The air-sampling systems are
frequently checked and serviced, and flow rate meters are regularly
calibrated. Periodically sampling systems on the stacks, where the largest
emissions occur, are comprehensively evaluated for sampling efficiency and
have been found to be sampling representatively, well within recommended
accuracy guidelines (USNRC 1980).
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Emissions from all stack systems are predominantly caused by numerous
low-level releases from routine operations. Passage through the
air-handling system tends to dampen these releases resulting in continuous
low-level emissions. Superimposed on this continuum are infrequent
short-term emissions mostly associated with breaches in containment of
inert gas systems. These short-term emissions usually do not contribute
significantly to the annual release and, from an environmental dispersion
perspective, emissions can be considered continuous without, significantly
compromising the accuracy of these evaluations.

ENVIRONMENTAL DISPERSION MODELS

During the past decade site-specific models have been developed to
determine off-site concentrations from emissions and meteorological data.
These have been periodically tested by using them to predict the
concentrations at environmental sampling stations and comparing these
results with environmental measurements at these stations. Due to releases
of most radionuclides being too difficult to measure, these comparisons
have only been carried out for water soluble 3H at the urban sites and for
1 2 5I at the suburban site. It is conspicuous that the ratios between
measured and estimated concentrations at specific sites do not vary much
from year to year.

The dispersion models used to estimate these concentrations are based
on a model promulgated by the NRC (USNRC 1987). The application of this
model to the urban sites has been enhanced by modifications designed to
improve the characterization of building wake and cavity effects and plume
entrainment enhanced by upwind buildings (Spengler 1983). The main
drawback to using these models is that they have not been fully
computerized and entail a considerable quantity of manual calculations and
manual searches for the location of maximally exposed receptors. On the
other hand, the models are slightly conservative and quite accurate in
predicting environmental concentrations. These are desirable qualities
difficult to achieve with readily available codes designed to model
isolated stacks on large open sites.

The suburban and one of the urban sites are equipped with
meterological stations which are useful for emergency preparedness but are
inferior to local stations recommended by the EPA. Consequently, we used
meteorological data supplied by the National Climatic Data Center collected
from local airfields. The station used for the urban sites (NOAA 1978) is
about five kilometers away. The station used for the suburban site (NOAA
1989) is at about seventy kilometers distance.
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In order to use a site specific model to test for compliance with the
standard of 100 /zSv (10 mrem) effective dose equivalent per year from all
radionuclides it is necessary to use dose conversion factors to estimate
off-site doses to hypothetical receptors. For this purpose dose conversion
factors were determined by analyzing "reference level" concentration values
in the proposed NRC regulation 10 CFR 20 (USNRC 1988). It should be noted
that the values in (USNRC 1988) are for the inhalation, skin absorption and
submersion pathways only. The NRC values were conservatively derived from
ICRP 30 data (ICRP 1979) for occupational exposure of reference man by
adjusting for non-occupational occupancy time and breathing rate and
dividing the concentration values by two to allow for infants in the
general population. For 3H-gas the dose conversion factors were derived
directly from ICRP 30 (ICRP 1979).

RESULTS

Tables I to IV show the results of our comparisons for the three
sites. The data has been expressed as a factor of the environmental
measurement. One set of environmental measurements and calculations were
used to validate a model for the two urban sites, it not being possible to
separate their contributions. The ratios between measurements and
estimates using the site specific dispersion models were assumed to apply
to the immediate vicinity of the environmental sampling stations which
includes areas where critical receptors hypothetically reside. Only
measurements for water soluble 3H were available. Environmental
measurements of 125I were available for Table IV.

In Table I the second line shows how the site specific model
overestimates the 3H concentrations and this same value is assumed in
Tables I, II and III for 3H and other radionuclides where emissions were
too lew to give statistically significant environmental measurements. The
third to seventh lines show the corresponding estimates made by the four
levels of the EPA COMPLY code.

Table I applies to the large urban facility, FACILITY 1. The 3H, 1 4C,
and 35S conservative factors were obtained by using the COMPLY version 1.4
just as instructed. 14C was used for all forms of 14C in COMPLY whereas
the site-specific model was permitted to distinguish between 1 4C0 2 and
other "organic" 1 4C.

Table II was obtained after contacting the EPA and learning that
COMPLY LEVEL 4 allows the input of certain radionuclides with specific lung
clearance patterns or other specific biokinetic characteristics. Note that
this information is not yet available at COMPLY LEVEL 1, 2 or 3. We are
not aware that this information is published yet. The value for 3H (Gas)
was estimated using (ICRP 1979) in the site specific model but was treated
as HTO in COMPLY 1.4, there being no other option.

Table III applies to the small urban facility, FACILITY 2. Again 14C
was used for all forms of 14C in COMPLY as in FACILITY 1.

Table IV applies to the suburban facility, FACILITY 3.
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CONSERVATIVE FACTORS IN EPA COMPLY CODE WHEN COMPARED
WITH MEASUREMENTS AT FACILITIES

Table I: Urban Facility 1

RADIONUCLIDE
CATEGORY

ENVIRONMENTAL
MEASUREMENT

SITE SPECIFIC
MODEL

COMPLY LEVEL 4

COMPLY LEVEL 3

COMPLY LEVEL 2

COMPLY LEVEL 1
CONCENTRATION

COMPLY LEVEL 1
POSSESSION

3H
1

2

8

30

500

10,000

2,000,000

2

40

200

8,000

500,000

200,000

35S

2

100

600

200,000

3,000,000

100,000,000

Table II: Urban Facility 1

RADIONUCLIDE
CATEGORY

SITE SPECIFIC
MODEL

COMPLY LEVEL 4

COMPLY LEVEL 3

COMPLY LEVEL 2

COMPLY LEVEL 1
CONCENTRATION

COMPLY LEVEL 1
POSSESSION

14C-1

2

10

50

3,000

200,000

200,000

14C-3

2

20

*

*

*

35S-2

2

20

*

*

*

3H(gas) +

2

200,000

800,000

10,000,000

300,000,000

50,000,000,000

* No access at these levels.

+ Estimated, see text.
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CONSERVATIVE FACTORS IN EPA COMPLY CODE WHEN COMPARED
WITH MEASUREMENTS AT FACILITIES

Table III: Urban Facility 2

RADIONUCLIDE
CATEGORY

MODV P E C I F I C

COMPLY LEVEL

COMPLY LEVEL

COMPLY LEVEL

COMPLY LEVEL
CONCENTRATION

COMPLY LEVEL
POSSESSION

4

3

2

1

1

3H

20,

1,000,

2

.4

5

70

000

000

14C

200,

400,

2

1

20

900

000

000

14C-

100,

400,

1

2

.7

8

400

000

000

14C-3

2

5

*

*

*

*

Table IV: Suburban Facility 3

RADIONUCLIDE
CATEGORY

ENVIRONMENTAL
MEASUREMENT

SITE SPECIFIC
MODEL

COMPLY LEVEL 4

COMPLY LEVEL 3

COMPLY LEVEL ?.

COMPLY LEVEL 1
CONCENTRATION

COMPLY LEVEL 1
POSSESSION

1 2 5 J

1

2

50

80

900

400,000

800,000

* No access at these levels.
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Although we have not presented an error analysis of the data it should
be understood that there is considerable uncertainty associated with these
estimates. The models are sensitive to minor changes in input data and
values from similar calculations could change by a factor of four.

DISCUSSION

It is clear that most models and levels are conservative in estimating
off-site doses compared with measured environmental concentrations. EPA
COMPLY code procedures tend to be more conservative than the site specific
model designed to represent the sites. The lower levels of COMPLY are
extremely conservative for some radionuclides. At all levels COMPLY will
tend to grossly overestimate off-site doses for radiochemicals with low
potency, unless these are treated as a specific low potency category.

Most licensees are expected to be able to demonstrate compliance
simply by using the LEVEL 1 possession option. This, however, is
necessarily a very conservative approach and appears to be based on the
assumption that the user consumes radioactive materials and a significant
fraction is released to the environment. This assumption is unrealistic
for manufacturing practices. Manufacturers contain radionuclides in
process so that they can be sold to customers. In the manufacturing, and
especially the distribution process only very samll fractions contribute to
emissions.

Unless more realistic and smaller emission fractions are provided for
manufacturers and distributors it appears that many of these licensees will
be forced to use air concentration measurements to demonstrate compliance.
In most cases this will involve installing air exhaust and air sampling
systems, providing for extra air conditioning, consumption of energy and
expertise necessary to design, install and maintain these systems. This
will be commonly necessary to demonstrate compliance unless the regulators
provide for alternative routine methods.

Licensees can only use LEVEL 4 of COMPLY to adequately evaluate
emissions of specific chemical forms. At LEVEL 3 we chose to use the
default wind speed option. Had we not chosen this option there would have
been little difference between LEVEL 3 and LEVEL 4 in many cases. This is
due to COMPLY not using wind-rose data or building wake and cavity escape
when receptors are close to the facility or when stacks are less than 2 1/2
times the building height. The site specific model, however, considers
these realities and consistently gives more accurate but still conservative
estimates.

71



The EPA COMPLY code incorporates food-chain pathways which can easily
dominate dose estimates when adhering strictly to EPA guidelines. This may
be a relevant procedure when applied to large sites with terabequerel and
petabequerel (kilo and megacurie) releases in a rural area. When applied
to small urban sites it is unlikely that an individual will obtain a
significant amount of food locally such that the dose commitment from
ingestion will be the dominant exposure pathway. The irrelevance of the
food pathway is further emphasized in New England, where the sites in this
study are located, where the growing season is short and the climate only
suitable for a limited fraction of the foods commonly eaten. It should
also be recognized that the majority of food bought in the vicinity of
these urban sites is from supermarkets which draw from distant sources.
During the growing season substantial irrigation is practiced in farm areas
using water from more distant sources. Drinking water sources also tend to
be from sources several miles away from these sites. Hence, if the
food-path should be considered it is probably more realistic to consider
actual measurements of concentration in the dominant foods and apply these
as a national average which must be added to any local contributions.

COMPARISON OF CHARACTERISTICS OF THE EPA COMPLY CODE AND SITE SPECIFIC MODELS

EPA COMPLY 1.4 SITE SPECIFIC MODELS

1. Can be run on a personal computer.

2. Allows multiple methods to enter
data.

Alerts user of potential errors
resulting from unusual input data.

Provides a screening process to
save time for certain licensees.

5. Does not require a high level of
expertise to operate at the
lower levels.

6. Calculation steps are not
documented for user. No ability to
assess the effect of individual
input parameters.

Has not been fully computerized
yet.

Is designed for specific data
generated and obtained for the
site.

Has limited error recognition
capability.

The urban model is complex and
time-consuming to use. The
suburban model takes one or two
hours to use.

Requires good understanding of
methods especially to minimize
time in completing an assessment.

Is documented by user. Allows
analysis of the effect of
individual input parameters.
Provides effective feedback to
allow licensees to select changes
to reduce off-site dose.
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EPA COMPLY 1.4 SITE SPECIFIC MODELS

7. Requires minimal input data
at lower levels.

8. Does not use Si units.

9. Assumes maximally exposed receptor
is continously exposed at the
annual level for 70 years.

10. Permits input for a large number of
radionuclides at LEVEL 4 but omits
important radionuclides such as
210Pb. Has few radionuclides in
lower levels, this not being
apparent to user prior to input.

11. Input parameters are insufficiently
recorded. User must re-key in
information for each run including
name, address, stack parameters,
emissions, building dimensions and
food distances.

12. Cannot progress from possession
input to concentration input at
LEVEL 1 without making separate runs.

13. Can correct most inputs at a
particular level prior to
progressing to a higher level.
Cannot return to a lower level to
make corrections.

14. User guide and COMPLY prompts do not
inform user that the code
accommodates different inhalation
classes for radionuclides.

15. COMPLY LEVELS 2 and 3 reference
calculations in NCRP Commentary
Number 3. This however was found
to be out of print.

The urban model requires
extensive meteorological,
facility dimension and
demographic data. The suburban
model does not need facility
parameters.

Can use any units.

Estimates dose commitment from
annual emission. Can allow for
occupancy factor and
site-specific correction factors.
These options were not used in
this paper.

Is specified for actual
radionuclides emitted from the
site.

Input parameters are recorded
for repeated application.

N/A

N/A

Inhalation class and any other
relevant characteristic of
emissions are available for
inclusion.

N/A
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EPA COMPLY 1.4 SITE SPECIFIC MODELS

16. Is unable to sum doses from
multiple stacks while considering
their relative location.
Recommends conservative or time-
consuming alternative methods for
summing doses from stacks.

17. Does not define "significant"
quantity of food.

18. Can use many sources of weather
data. However, some of these
are not in the correct format to
input data.

19. Vigilance is needed to ensure
correct wind direction is used.

20. At higher levels the food sources
are automatically assumed to be
in the maximum frequency wind
direction sector. For these urban
sites this was in the Atlantic
Ocean!

21. The choice of a less conservative
inhalation category does not
permit a user to access LEVEL 1,
2 or 3.

22. The "EPA USER" mode to obtain more
information on the exposure pathway
is not specified in ar
instructions or prompts and does
not specify particular sources of
ingestion dose.

Is able to sum doses from
multiple stacks in different
locations. This is, however, a
time-consuming process.

Does not use a food pathway
model since this pathway is not
relevant to these sites.

Can use many sources of weather
data. However some of these are
not in the correct format.

Vigilance is needed to ensure
correct wind direction is used.

Uses actual demographic data
chosen.

N/A

The user specifies pathways and,
when more than one is used, their
relative significance is obvious.
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EPA COMPLY 1.4 SITE SPECIFIC MODELS

23. LEVEL 4 is supposed to be usually
less conservative than LEVEL 3.
However, unless the wind speed
default value was used at Level 3,
there was no significant difference
for the sites, receptors and
radionuclides in this report due
to food paths being mostly
irrelevant, stack heights being less
than 2 1/2 times building heights,
wind rose ignored for receptors
close to the source and
disqualification of plume rise.

24. LEVEL 4 was found to be extremely
sensitive to changes in source-
receptor distances for receptor
locations close to a building.

25. Recommends use of qualified
meteorologist if level 4 output is
close to the limit. "Close" is not
defined.

26. Assumes specific activity in air
and food for 14C to be identical.
Does not provide for local
conditions where C02 concentra-
tions are elevated. For 3H the
model allows only for average
conditions and not for high humidity
in short growing season and use of
distant sources for farm irrigation.

27. Claims to be based on NCRP and ICRP
dosimetry but appears to use dose
-onversion factors which are higher
than those in (USNRC 1988), which is
based on (ICRP 1979) with correction
factor for infants, and (ICRP 1989).

The urban model makes full use of
building meteorological and
receptor parameters to obtain
realistic evaluations. Permits
plume rise and estimates
frequency of building cavity and
wake escape for short stacks,
the suburban model does not need
complex facility and terrain
characterization to obtain
realistic predictions.

The use of frequency of plume
entrainment in building cavity
and wake provides a more smoothly
varying and realistic
concentration prediction close to
urban buildings.

The Urban model was designed by
qualified meteorologists. It is
difficult to use but can be used
by persons who are not
meteorologists. The suburban
model is comparitively easy to
use.

Uses environmental dispersion
model relevant to specific site.
Food chain model is not relevant
for small emissions and distant
food sources.

Uses dose conversion factors
based on proposed 10 CFR 20
which are high compared with
population-age weighted dose
conversion factors in
(ICRP 1989).
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EPA COMPLY 1.4 SITE SPECIFIC MODELS

28. Gives dose estimates at LEVEL 4
which are about 100 times higher
than estimates made by the EPA from
site specific data (USEPA 1989b).

29. Does not allow for releases timed
for optimum dispersion conditions
and curtailment of operations
during adverse conditions.

30. Reference (Col 1 i et al 1990) implies
that user times of only a few minutes
are needed to demonstrate compliance.
This is misleading because they did
not evaluate the time necessary to
read and understand EPA regulations,
support materials, instructions,
changes in these, collection of data,
reformatting of data, ensurance that
measurements and QA procedures meet
specifications and installation of
sampling systems to meet new
requirements.

31. At LEVEL 1, indicates failure to
demonstrate compliance by stating
that emissions are multiples of
"Allowable Amount". The regulations
do not specify an "allowable amount".

32. When evaluations are below 10% of
the standard, output states that the
user "may or may not be exempt from
reporting" instead of giving
specific feedback.

33. Generates a compliance report which
is acceptable to the EPA.

34. Refers to regional compliance
offices for inquiries. Questions
already submitted have not been
responded to in four months to date.

35. Users are not informed of frequent
updates to COMPLY.

Gives dose estimates that are
slightly hiaher than EPA
estimates (USEPA 1989b) and
environmental measurements.

Can allow for timing of weather
conditions and emissions but was
not done due to the complexity of
this approach.

Have been developed iu make use
of data normally generated by
licensees who already need to
demonstrate compliance with
Nuclear Regulatory Commission
emission and non-occupational
dose standards.

Is however difficult and slow to
use to locate the maximally
exposed receptor.

Has no unacceptable legal and
perceptual difficulties. The
procedure produces realistic
evaluations which are unlikely
to seriously overstate the impact
of a site.

N/A

Has not been submitted for
approval by the EPA. Is
expected to be costly to fully
document for regulatory approval

N/A.

N/A.
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RECOMMENDATIONS

The comply LEVEL I possession option should include smaller more
realistic release fractions for manufacturing and distribution and other
facilities which are not end-users of radionuclides.

COMPLY LEVEL 4 should be radically revised to allow for a more
realistic ingestion pathway and more detailed and accurate dispersion
model. It should be possible to input actual direction of food sources.

All levels of COMPLY should include, and specify, inhalation
categories and other categories which have a significantly different
potency than the default radionuclides. COMPLY should be revised to
include ICRP age-weighted population dose conversion factors as these
become available (ICRP 1989).

Users should have access to proper documentation of the COMPLY code.
They should be able to determine where and how radionuclides, sources and
pathways contribute to a critical receptors dose in a way that informs them
of how to make any necessary improvements in site operations and facilities
to reduce off-site doses.

COMPLY LEVEL 4 should be modified to allow doses to be summed from
multiple sources with due consideration of their relative locations. This
would require users to input the relative location of these sources.

COMPLY should also accomodate the input of receptor occupancy factors
at the higher levels. Generally receptors need to be more clearly defined.

COMPLY should preserve the very valuable features including
flexibility in the format of input data, flagging of unusual input data,
and the sequential accumulation of input data as the user progresses to
higher levels. The code should be developed further to permit users to
return to lower levels to make corrections and to store and reuse data
which currently must be re-keyed for each run.

Fir-O1y the EPA should develop a proper documentation of the COMPLY
code and ^tailed tables showing how each step in the calculation is
effected for each category of radionuclide. This method of presenting
information, practiced by the ICRP (ICRP 1979), should be effective in
removing user objections to making reports on their operations based on
unverifiable data and protocols.

FURTHER STUDIES

The EPA has expressed interest in receiving suggestions from users for
improving methods to demonstrate compliance and, in our experience, has
accepted suggestions and incorporated them into more recent updates to the
program. It is clear from the results of this study that this process
needs to be continued for COMPLY to be accepted by NRC licensees as a
useful addition to their radiation protection programs.
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Anticipating this, it is our intent to continue testing future
versions of COMPLY and any equivalent materials against environmental
measurements and other models.

We are exploring the possibility of extending our environmental
sampling network in the vicinity of our urban sites to test the
reproducibility of models in different locations and to permit statistical
evaluations of the results. We are also pursuing the possibility of
applying more sensitive environmental measurement systems to allow direct
testing of the dispersion models for 14C.

The EPA, NRC and ICRP have all used a limited number of categories for
radionuclides that can each contain a wide range of potency. This results
in unnecessary conservativism for certain users. In these cases users
should be encouraged to develop alternative categories with more
appropriate dose conversion factors. Examples are the need for a separate
category for 3H gas and a separate category for 14C organic compounds which
are biologically inert, including 14CH3I, and, in fact, most of the
volatile 14C labile compounds typically released during labeled compound
manufacture and generated during storage cr disposal. The dose conversion
factor for the 14C organic category is currently conservatively based on
compounds which are normally solids or which are large biochemical
molecules and are unlikely to be released into the environment. These
compounds should be in a separate category.

CONCLUSIONS

The EPA COMPLY code was tested on one suburban and two urban sites
where radionuclides are manufactured and dispensed. Estimates of dose to
hypothetical maximally exposed receptors were compared with estimates from
a site specific model and with dose estimates based on environmental
measurements.

COMPLY was usually found to give conservative estimates as intended.
The degree of conservatism for commonly used radionuclide categories,
particularly at lower levels of the code, questions the suitability of the
code for demonstrating compliance with emission standards.

COMPLY LEVEL 4 appeared particularly sensitive to receptor-source
distances for receptor locations close to a source. Sensitivity tests on
the code indicated changes in dose estimates of factors of fifty or more
when the receptor-source distance was changed by only one meter. Such
abrupt changes are avoided in the site specific models and are not apparant
in environmental sampling results when sampling is averaged over a year or
more.
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The EPA has stressed its intent to provide simple means for users, who
possess small quantities of radioactive materials, to demonstrate
compliance. They claimed to have achieved this by demonstrations of the
time it takes to make runs (Col 1i et al 1990). However we found these
published times to seriously understate the total time committment
involved. In addition to making a run on the COMPLY code, a user must read
the regulations and support material and then determine what applies to his
facility. A user will also need to gather the information. Because of
insufficient categories in COMPLY LEVEL 1 Possession Table, many small
users will be forced to make stack concentration or annual release
evaluations to avoid unnecessary reporting and/or to demonstrate
compliance. Most small users will not have been doing this and those who
have will need to determine that their measurement techniques and quality
assurance programs meet EPA prescriptions. If they don't they may have to
modify facilities, equipment and/or procedures to meet these requirements.
This will take time and could be costly. Only after these modifications
have been completed can the licensee begin to generate annual release data
acceptable to the EPA. Meanwhile the user may be held to not be in
compliance with the standard and will have used EPA-approved methods to
generate EPA-approved data that shows that members of the public are
exposed to radiation due to emissions from their site potentially orders of
magnitude above the actual off-site impacts. Considering public
perception, this is an unacceptable situation for NRC licensees and
illustrates the need for more realistic screening models and, for complex
sites, accurate off-site dose assessments.

The authors appreciate the intent to have a screening process
utilizing minimum data processed by a user-friendly computer code. We
believe that to achieve this the COMPLY code must be developed to include
categories of radionuclides at all levels, and more realistic dispersion
and food paths at LEVEL 4, and must have the ability to realistically
locate and sum multiple sources. The manipulation and storage of data
should be improved to avoid repetitive re-keying and allow more flexibility
in making corrections.

The code should be clearly documented and the calculation steps
tabulated in detail. The user should have easy access to a complete
description of the calculations for a set of inputs. Output should help
the user to determine the contribution of each source and pathway to a
critical receptor. It should be possible for the user to determine what
practical steps can be taken to reduce off-site impacts. Until these
modifications are implemented we advise that the EPA COMPLY code does not
make a useful contribution to NRC licensees' radiation protection programs
and is wasteful of radiation protection resources.
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