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INTRODUCTION - J.C.D. Hilton

Some Highlights from our Activities

The screening assay for inherited variations in radiosensitivity has been
tested on over 200 blood samples from anonymous healthy donors. The next
test on an equal number of samples from patients at cancer clinics is
underway and expected to be completed within the coming year. The object
is to determine whether those individuals whose cells are abnormally
radiosensitive are in fact prone to cancer.

Follow-up of the health of radiation workers at AECL continues. As noted
in the Hare report (Ontario Nuclear Safety Review), "<?j/idemiological
analysis of the exposed workers of AECL ... shows cancer mortality to be
below that in tha general public". Similar results are noted for Ontario
Hydro's atomic radiation work force. As recommended by F.K. Hare, these
studies are being extended in order to ensure that the initial conclusions
remain valid with up-to-date information.

A new, very sensitive thermoluminescent material, about 20 times more
sensitive than the old, has been adapted for use in AECL dosimetry. Work
is now in progress to determine what problems, if any, would be encountered
in scaling up to full scale usage. The new material results in a much
improved performance for measuring small doses and in addition, for
accurate dose estimates of low energy beta rays.

Much of the work of the Environmental Research Branch concerns modelling.
Very considerable progress has been made in this regard in all three areas
of the biosphere: atmosphere, surface water and groundvater. In the
atmosphere, our work on atmospheric plume dispersion and metabolic
modelling has led naturally to AECL staff contributing to the high profile
international study, BIOHOVS, which evaluates models for predicting the
movement of radioactive contaminants through the biosphere. The study is a
significant advance in such modelling. AECL and the AECB will jointly host
the 1989 meeting of the participants in BIOMOVS, which will be held in
Ottawa. Activity in BIOMOVS at present consists largely of making use of
the Chernobyl incident to test and improve the models. Similarly, the
release in December of a small quantity of tritiated heavy water from NRU
provided an excellent opportunity to test our model of surface water flow
in the Ottawa River. This rather simple model provided a surprisingly
accurate prediction, and gave the best estimate of the total release.
Finally, continuing analysis of Twin Lakes tracer data is making
significant contributions to our very sophisticated model of groundwater
flow in porous, heterogeneous media. Conversion of this model to run under
NOS/VE on the new Cyber 990 computer is essentially complete. Modelling is
the subject of the topical review in this report.
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Publications and Talks

Despite serious budget cuts and the consequent dissolution of the Medical
Biophysics Branch, productivity as measured by publications and talks
remained high, being essentially unchanged since since 1987, as can be seen
from the table below.

Calendar
Year

1986

1987

1988

Full
Publications

44

45

44

Unrestricted
Reports

29

6

7

Scientific
Talks

129

158

166

Public Affairs

44

33

44

Lectures

General talk on CRNL and the nuclear industry to the Rotary Club of
Eganville
J.D. Hepburn
1988 September 22

"AECL: Vho Ve Are and Vhat We Do", Talk presented at the 30th Annual
Radiation Protection Course, J.D. Hepburn, 1988 September 26

J.D. Hepburn participated in six question and ansver sessions for Public
Affairs, with groups of new employees and various visiting groups.
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1. HEALTH SCIENCES - TOPICAL REVIEW AND SUMMARY

1.1 TOPICAL REVIEW - RESEARCH AND MODELLING APPLICATIONS

1.1.1 Introduction - R.J. Cornett, Environmental Research Branch

The behaviour of pollutants in the environment is controlled by a
diversity of processes operating on different scales of space and time. Few
environmental processes are as invariant such as the radioactive decay constant
of an isotope. Environmental processes depend upon both specific properties of
the system and the properties of the contaminant. To integrate this diversity
of information two things are needed. First, a common denominator or scale is
needed to compare the relative importance of the different processes. This can
often be provided by a rate constant that estimates the rate of movement or
transformation of the pollutant within or between different parts of the
environment. Second a method of integrating quantitatively the various
processes occurring simultaneously at different rates is required.

One method of integration is provided by a mathematical model. Often
the model is a formulation of the conservation of mass law. Usually the model
relates the temporal and/or spacial changes in contaminant concentration at one
location to the inputs to, the outputs from and the transformations of the
contaminant at that location. In addition to integrating scientific
information about pollutant behaviour, a model can also provide a prediction of
how a contaminant will move if it is discharged into the environment. This
latter function of a model often provides a link between research on the
processes or their interaction which is of interest to the scientist and the
answers to practical or applied questions such as those posed by a release of a
radionuclide into the environment.

To predict the behaviour of a contaminant such as a radionuclide two
types of information are required. First the important processes and their
individual rates must be defined. Secondly an appropriate model is needed to
perform the calculation and integrate the diversity of processes to calculate
the required information.

Research by members of the Environmental Research Branch at CRNL focuses
upon many important environmental processes within groundwaters, lake and
rivers, the atmosphere and the biota. During this work, mathematical models
are often constructed to synthesize the observations and to provide the
capability to solve applied, practical problems that arise during waste
management and during emergencies.

The most recent example of the utilization of a predictive model occurred
when HTO was discharged into the Ottawa River. We wished to know the transit
time of the radionuclide to points downstream and the rate that the HTO present
in the river was dispersed and diluted by water containing lower HTO
concentrations. To estimate these values, a surface water transport research
model was employed and it is described in more detail below. This is only one
example of the practical application of our research models. There are several
more and they are described in each of the sections within this brief review.
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1.1.2 Atmospheric Dispersion Modeling - E. Robertson and P.J. Barry,
Environmental Research Branch

A gas released to the atmosphere is carried in the direction and at the
speed of the mean wind. It is dispersed or diluted by the turbulence of the
atmosphere. Some material is lost from the plume by deposition processes.
Atmospheric turbulence is caused by mechanical and buoyancy forces. Mechanical
forces are due to friction between the atmosphere and ground surface and are
increased by rough topography, vegetation or buildings. Buoyancy forces are
due to heating of the ground surface which causes air parcels to expand and
rise and are thus a function of vertical temperature gradient. The atmosphere
is said to be neutral when the temperature decrease with height is adiabatic
(cooling is due only to pressure decrease). When the temperature near the
ground is higher than that above, the atmosphere is said to be unstable and
conversely when it is cooler near the ground it is stable. Increasing wind
speeds tend to mix the air and result in neutral conditions.

The original atmospheric dispersion experiments conducted by Fasquill
resulted in the Gaussian plume model for atmospheric dispersion. This model is
still widely used. The basic assumptions of the model are:

1) the plume travels in the direction of the mean wind
2) a homogeneous atmosphere exists with steady state conditions

over the time and space of the plume dimensions
3) the horizontal and vertical concentration distributions

within the plume are Gaussian
4) the dispersion parameters (i.e. the standard deviation of the

crosswind and vertical concentrations) are functions of
atmospheric stability and are adequately defined by empirical
equations.

Six stability classes are most often inferred from wind speed and insolation.
Equations for dispersion parameters for each class as a function of distance
have been derived from experimental data collected at CRNL.

A Gaussian plume model of the form described above (PLUMDOS) is used
during radionuclide releases into the atmosphere at CRNL. Real-time
neteorological data are available for input to the code. The model is used to
estimate the position and width of the plume front, and the dilution factor.
If the source term is known, the concentration and dose distributions due to
the release can be calculated.

Two recent practical applications of PLUMDOS were the calculations
performed during HTO and 1^5I releases into the atmosphere. During the recent
controlled atmospheric HTO venting from NRU, this model was used to estimate
the plume path and potential doses. Alternatively, if the source term is not
known, the model can be used to estimate the relative distribution of exposure
and the source strength from measurements of concentrations in air and
vegetation. This application was used after the bunker fire in disposal area B
in July 1987 when a release of l"j was suspected.
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Monitoring conducted following the iodine release showed that the
predicted dispersion and concentration distribution pattern were consistent
with concentration measurements in air and on vegetation samples taken at three
distances from the source. Both the observed and predicted concentrations were
constant within a factor of two along areas subtended by 60°. The source term
was estimated from air concentrations and vegetation concentrations. The two
estimates agreed within a factor of ten, consistent with the inherent
uncertainty in atmospheric dispersion modeling.

1.1.3 Surface Water Transport - R.J. Cornett, Environmental Research Branch

When a radionuclide is discharged into surface waters, several different
processes act upon the nuclide. First the nuclide is diluted in the immediate
discharge zone. Then the centroid of the plume is transported in the direction
of flow at the mean water velocity. As the plume moves, nuclide concentrations
decrease as the plume is diluted or dispersed by mixing with surrounding waters
containing lower nuclide concentrations. Simultaneously, the nuclide may
exchange across the boundaries of the system into the atmosphere
(volatilization) or into the bottom sediments (deposition). Its properties may
also change as its chemical speciation is altered by biotic and abiotic
chemical reactions.

The fate of the nuclide depends upon the relative rates of these
processes. In small lakes, nuclides usually are rapidly mixed in hours or a
day throughout surface waters and then the other processes described above
determine their concentration. In larger lakes and in rivers, such as the
Ottawa River, advection of the nuclide downstream, and transverse and
longitudinal dispersion occur more rapidly than other processes and the
temporal distribution of the nuclide changes hourly. When these physical
processes dominate, the behaviour of a nuclide in flowing water can be
simplified and described by analogues with a tracer flowing down a pipe. Based
upon work in pipe flow by Taylor, nuclide transport may be modeled by
formulating the conservation of mass equation as a one dimensional Gaussian or
Fickian model. Then nuclide concentrations at points downstream can be
calculated from a knowledge of the river's cross sectional area, volumetric
discharge rate and the dispersion coefficient. Inherent in this calculation
are assumptions that the tracer is rapidly mixed vertically and longitudinally;
that dispersion can be described by analogy with Fick's second law of diffusion
and that the width, depth and roughness of the river are uniform so that there
are no backwater areas (e.g. bays). Rivers are rarely so simple; yet this
approach is very useful both as a research tool and in emergencies after a
nuclide is discharged into the river.

We have modelled the transport of nuclides discharged into the Ottawa
River from NPD and CRNL operations to study individual processes influencing
1^'Cs; to close the mass balance and show that all of the HTO in the river
originates from either atmospheric weapons testing or monitored discharges at
NPD and CRNL; and to provide information during anomalous releases of activity
into the river. During December 1988 when HTO was discharged into the Ottawa
River we used this model to forecast the arrival time and the peak
concentrations of HTO at points downstream, integrated doses at each site and
to provide an independent estimate of the quantity of HTO discharged into the
river. Predicted concentrations were within about 2x of measured
concentrations. The principal uncertainty in the calculations was the
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selection of an appropriate dispersion coefficient. A comparison of measured
and computed concentration profiles at each site suggests that we overestimated
the dispersion and underestimated the mean cross sectional river velocity. The
experience and data collected during this study will be useful in future
modelling work.

1.1.4 Terrestrial Systems and Dose - S-R. Peterson, Environmental Research
Branch

Dose is calculated by summing an individual's exposure via different
pathways from ingestion, inhalation and external exposure. The Canadian
Standards Association's "Guidelines for Calculating Derived Release Limits for
Radioactive Material in Airborne and Liquid Effluents for Normal Operation of
Nuclear Facilities" (CAN/CSA-N288.1-M87) is used worldwide as the basis for
modeling pathways and calculating radiation dose. At CRNL. the CSA Standard
N288.1 has been integrated into a user friendly computer program and is
available on the mainframe as RITE (Radionuclides in the Environment).
Although the CSA Standard is a steady-state model for chronic situations, it
can be adapted to emergency use since dose is proportional to the integral of
the exposure. Parameters used to calculate doses include the transfer
functions which describe the movement of a nuclide between different
environmental compartments. Often these transfers involve generic processes
(e.g. ingestion of drinking water) which are conceptually simplified in the
model. Rates of some processes are defined poorly or require extrapolation
from other sites. Thus tests of a model's predictions and model validation are
necessary. The identification of differences between predictions and
observations is also useful scientifically because it highlights those areas
where more research is needed.

In 1987 a fire caused a release of radioiodine from a CRNL waste
management area. Using RITE, inhalation doses during the release at the site
were calculated from measured deposition. Doses to infants (the critical
group) from ingestion were calculated at 9 km from the site. Independent dose
estimates were obtained using CHERPAC, a dynamic model developed for studies of
radioiodines on the air-forage-milk/meat pathways after the Chernobyl accident.
Since models very rarely can meet the needs of any one situation, some
adjustment to both models had to be made to arrive at a good estimate of dose.
Planned improvements to CHERPAC's predictive capability will provide a faster
response in emergencies.

1.1.5 Global Cycling - P.J. Barry, Environmental Research Branch

The largest spacial and longest temporal scales are involved in
calculating radiation exposures integrated over the whole earth. Transport of
nuclides within and between the stratosphere, the troposphere, oceanic surface
waters and profundal zones and terrestrial biosphere must be considered. In
addition the recycling of nuclides and chemical transformations are also
important over these long time scales. We have focused our experiments upon
HTO and •*• C behaviour and transformations since CANDU reactors produce
significant quantities of these isotopes and doses from these two nuclides are
dependent upon the chemical compound containing the radioactive atom.
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Problems on the global scale include assessing the effects of testing
nuclear weapons in the atmosphere, releases of C-14, Kr-85 and HTO from nuclear
reactors and disposal of radioactive waste in the deep ocean. Tritium gas and
its oxidation to tritiated water acquire special significance in the planning
for the development of fusion.

Models of global transport must integrate knowledge of the spacial and
temporal behaviour of nuclides. Global transport models can be tested using
data collected during the monitoring atmospheric weapon testing fallout, by
studying natural isotopes (e.g. 222Rn) which do not have a uniform source
distribution over the earth's surface, and by following the distribution of
point source emanations such as emissions from the Chernobyl reactor explosion.
We are involved in the BIOMOVS program (Biosphere Model Validation £tudy) which
is an international program designed to integrate scientific research and
modeling to improve predictions of the effects of radionuclide releases on
human health. Our expertise in the r deling of radioactive contamination on
the global scale has lead to an involvement in modeling the geochemical cycles
of other pollutants (e.g. mercury and cadmium).
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1.2 SUMMARY - A.M. Marko

1.2.1 DoslmetvJ.c Research Branch

Work on improved understanding and use of CR-39 for personnel neutron
dosimetry is continuing. Two aspects were concentrated on this half. Firstly,
an investigation was undertaken to determine the utility of CR-39 dosimeters to
accurately quantify neutron doses as high as a few Gy. This could be useful in
the event of a criticality accident. While these high doses can indeed be
measured, it appears unlikely that the present techniques can give a satisfactory
energy response.

The other important aspect of the CR-39 work was further development of
an automatic reader. The reader is an adaptation of equipment and software
originally developed for the counting of biological colonies. The software has
been modified to decrease the counting time and the hardware has been modified
to allow viewing of the etched dosimeter through a low power microscope. The
performance of the automatic counting is entirely satisfactory and is now being
used routinely in the branch's neutron dosimetry service.

It was recently decided that there was no need to develop more complex
neutron dosic.eters (three mutually perpendicular planar elements, for example)
tc compensate for the anisotropic response of a single piece of CR-39. This is
because the required angular response of a neutron detector for measuring the
dose equivalent quantities recently defined by the ICRU has been determined and
it is found that the resultant angular errors are now comparable with other
errors in neutron dose equivalent measurements. In view of this, and of the
rarity of significant neutron exposures at AECL, it does not appear justifiable
to adopt a more complex and bulky neutron dosimeter.

Further evaluation of LiF (Mg.Cu.P) TLDs from the Beijing Radiation
Detector Works has continued. This evaluation has shown that this material can
be essentially directly substituted into the current CRNL "filmbadge" system
without any major mechanical or operational change. Thus the substantial
advantages of using this material can be obtained while still preserving the
investment in our current system. The principle a intages of this material are
increased sensitivity and lower material costs. The only negative concerns
worries about security of supply. The increased sensitivity of this material
allows the construction of the TLD element used to measure the skin dose to be
to be made much thinner and thus provide a better estimate of the true skin dose.

The comparison of the utility of MOSFET (Metal Oxide Semiconductor Field
Effect Transistor) detectors and silicon diodes in active warning beta dosimeters
has been completed and it has been concluded that the silicon diode can be used
in this application but that the MOSFET detector is not suited to it. Both
detector types are limited by thermal drifts, but the effect is less limiting
for the silicon diode. Furthermore, the MOSFET cannot be read and register dose
at the same time.

Skin dose has been calculated for the important case of beta contamination
on the surface of the skin. These dose are different than those found in
currently available compilations, such as AECL-7617, due to differences in the
source geometry. Specifically, for the skin dose case, the source is infinitely
thin and there is therefore no backscattering within the source. The current
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calculations, with backscattering correctly accounted for, are usually within
7% of the previous calculations but differ up to 18% in some cases. These
calculations will soon be extended to about 100 beta emitters of importance in
radiation protection.

A new series of animal experiments designed to further improve our
understanding tritium doses resulting from contact with metal surfaces previously
contaminated withe HT has begun. Previous work has shown the potential
importance of skin dose from this intake route, but there still remain large
uncertainties in the origin, distribution and metabolism of the Organically Bound
Tritium (OBT) observed in urine.

Passive samplers have shown themselves to be a useful and convenient
technique for the measurement of HTO in air concentrations. A large field trial
of these samplers has been undertaken around the CRNL site (in co-operation with
the Radiation and Industrial Safety Branch) in order to determine the
practicality of using passive samplers exclusively instead of the more
coi ventional bubbler technique. The initial results are encouraging. The field
trial had just got under way when there was an unexpected tritium release in the
NRU reactor. Passive samplers were quickly deployed around the site and more
extensive tritium measurements were collected than if only bubblers had been
used.

A passive sampler that is sensitive to HT as well as to HTO would be very
useful in tritium extraction and fusion facilities. Some further work on such
a sampler has proceeded and we are confident that a practical sampler can be
developed.

The software for the new control computer for the reactor stack effluent
monitor is close to completion. The monitor has been running for over three
weeks using the new control computer without any obvious difficulties. There
are currently no known problems with the system and commissioning of the entire
system should begin early in the new year.

Most of the effort on quality assurance during this half has concentrated
on contributing to the company wide Total Quality Management (TQM) program. A
quality assurance manual appropriate for "measurement science" is available in
draft form. This manual will serve as a defining document for the QA program
of the CRNL dosimetry program.

Dose conversion factors for the models used in the waste management
assessment program were calculated for a large range of different radionuclides
and published (AECL-9825).



1-8

1.2.2 Environmental Research Branch

The emergency response meteorological measurement and data acquisition
system has continued to operate without interruption over the last six months.
Both of the Perch Lake aerovanes have been serviced and re-installed. The IBM-
PC version of the emergency response atmospheric dispersion code, PLUMDOS, was
tested during the evacuation exercise held in July. Turn-around time was better
than that for the mainframe computer. A menuing option has since been added to
the code to make it more user friendly and to reduce the possibility of input
errors.

A stochastic Gaussian plume model that performs Monte Carlo
simulations of concentrations using as input data drawn from the observed
frequency distribution of the meteorological variables :as previously
validated for Chalk River using observed Argon-41 concentrations. In
fulfillment of a contract with the Ontario Ministry of the Environment the
same model has been applied to predict SO2 concentrations due to emissions fi.om
Sudbury and Falconbridge stacks at 13 sites in the Sudbury region. Predicted
annual average concentrations agreed with observations within a factor of two.
Furthermore, the predicted frequency of occurrence of concentrations greater
that 15 pphm agreed with the observations within a factor of three.

At a meeting in Cadarache, France, September 25-28, to assess results
from HT dispersion studies in France and Canada, there was good agreement of
the results of various participants and between the two experiments. It is
well established that HT oxidation in the atmosphere is very slow and that dose
received in the open environment from an HT release arises primarily from HTO
re-emitted from soil and vegetation during several weeks after plume passage.

Measurement of HTO profiles in soil cores taken immediately after the
HT release of 1987 June indicated a deposition of 232 Bq/cm2 at 50 m distance
from the release point. The HTO content of the soil column at this site
decreased to 4.6 Bq/cm2 by 1987 October, 2.8 Bq/cm2 by 1988 May and 1.6 Bq/cm2

by 1988 September. Thus, by 1988 September less than 1% of the initial deposit
was retained within the soil column. HTO profiles in soil cores from the
unsaturated zone at three other locations around the CRNL property have been
measured with a view to correlating the tritium distribution with the
deposition, measured in precipitation, resulting from the emission of HTO from
the CRNL reactors. It has not been possible to reproduce the HTO soil profiles
in detail from the deposition data. Input by vapour exchange may be an
important factor that has not yet been taken into account.

Preliminary results support the hypothesis that the saline seeps of
the Nipigon region of Ontario are related to the Precambrian sedimentary rocks
in that region and not to deep brines characteristic of the Precambrian Shield.
In the spring and summer of 1989 we would like to obtain results that are more
defensible than those we have at present. A memo was written to enlist
collaboration of other AECL personnel and financial support for field work and
analytical effort in 1989/90.
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A series of in-situ field column experiments to assess the transport
of long-lived radioisotopes in overburden sediments is continuing. Experiments
were conducted in two wells using stringers of five columns in each well.
Using this technique tracer experiments are conducted under nearly natural
hydrogeochemical conditions of the bedrock-overburden interface. Phase two of
the program began with injection of mixed solutions containing ^-^Np, 239pu a n d

24lAm onto three columns. Only a small "spike" (<0.1%) of the sctinides eluted
with the ^H peak followed by a slow, continuing release.

During the past half-year, work on the Twin Lake Tracer Test Site has
focused on three areas: reduction and analysis of the tritium plume migration
and dispersion data generated in the 1987-88 experiment, definition of the
major ion geochemistry of the study aquifer, and research into alternative
methods for defining the structure of hydraulic conductivity heterogeneities.

A manuscript describing theoretical and experimental studies of
dispersion processes in a natural (heterogeneous) geologic environment has been
prepared. The basic idea of this manuscript is to provide an understanding of
groundwater flow and mass transport in porous media having more than one
natural scale of motion. Modern scaling and hierarchical methodologies in
conjunction with multiscale field experiments are emphasized.

During the visit of representatives from the Japanese Atomic Energy
Research Institute (JAERI) to CRNL for review and discussions of the downhole
column study, a proposal for a joint program between JAERI and CRNL on the
glass block plume was submitted. The proposal covers updating the data base on
the Glass Block site, addressing not only the more abundant fission products
but also seeking new data on actinide behaviour. As well as studying the
distribution and quantities of radionuclides downgradient of the blocks, this
program would extend the study of aqueous speciation and of modes of
radionuclide retention by the sands making up the aquifer matrix.

Our ing the past half year, presentations have been made to staff in
the pesticides divisions of Agriculture Canada and Environment Canada, along
with follow-up discussions. From these meetings, it appears that atrazine,
which because of the antiquity of the license approval database and the
extremely widespread use across Canada, is coming under a major review over the
next three years and is the pesticide of primary concern to both agencies.
Both groups have indicated support for the proposed program. We are following
this up by specifications of the preferred proposal format and some indication
of the magnitude of financial and resource support that could be expected.

The federal Inter-Council Program Directorate has sponsored a
competition for the establishment and four-year funding of a series of
"networks of excellence", intended to promote the development and linkage of
(primarily) academic research across Canada. One submission to this
competition is the "Canadian Network of Centres of Excellence on Groundwater
Research". Because of the academic focus of the program and a restriction
against directly funding any non-academic institution already receiving more
than 40% of its research support from government sources, CRNL has participated
in the proposal as an industrial associate, with roles in several study areas.
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A simple mass balance model has been completed to describe the
behaviour of trace metals and radionuclides in Perch Lake. Our results show
that in short term experiments the most important parameters are the fluxes of
particles and the diffusive flux of the element in the soluble form. However,
in the long term the most important variable is the ratio of the distribution
coefficient in the water column to that in the sediments. Elemental
concentrations in the water column are much higher than might be expected
because in the sediments more tracer is found in the porewater and less is
found sorbed to the particles.

A team Strategic grant was awarded by NSERC to support a Trent
University/CRNL collaborative program to develop a new technique of monitoring
pollutant concentrations in aquatic systems. We propose to use mussel shells
as records of environmental change. Each year the animal adds a new layer to
its shell. During the formation of that layer, information about contaminant
concentrations in the mussel's environment is stored. We believe that
individual annual layers of aragonite within the shell contain a reliable
record of pollutant concentrations in the system. To test this hypothesis we
have initiated a series of experiments in which mussels have been transferred
from one lake to another. In a series of reciprocal transplants we have moved
animals from uncontaminated environments into contaminated environments and
vice versa.

As part of the model intercomparison for BIOMOVS, the time-dependent
performance of our model, CHERPAC, in the A4 Scenario was analyzed using 4
statistical tests prepared by David Breshears of Colorado State University.
The dynamics for iodine and cesium in forage are quite good although the
concentrations may be over or underestimated. The dynamics for milk, however,
are wrong in that the peak concentration is late and the activity is not lost
fast enough, i.e. the modeling of the metabolism is too slow.

A program was initiated in the Spring of 1987 to estimate the
groundwater recharge from Lake 233 to the aquifer beneath the lake. This
aquifer is of interest because the Intrusion Resistant Underground Storage
(IRUS) waste disposal site is planned for construction over the aquifer and
downgradient from the lake. For modeling and site assessment purposes, the
flow from the lake may be equivalent to the flow into the aquifer. A first
draft report has been written which summarizes the recharge from the lake to
the underlying aquifer. The report contains estimates of infiltration made in
three different ways.

A revised analytical procedure incorporating microwave dissolution has
been developed, tested and implemented for the Pb-210 determinations. This
technique has decreased the time required for the analyses, simplified the
handling of samples and improved the accuracy and precision of our method.
Simultaneously, improved quality assurance techniques have been incorporated
into the analytical procedures.



1-11

Streamflow measurements of Main Stream at the Poverline Road weir were
resumed in August, following receipt, assembly, and calibration of pressure
transducers and data logging equipment. Monthly flows have been measured and
forwarded to the monitoring group for the stations at the Powerline Road,
Inlets 1 and 2, East Swamp Stream, and Lower Bass Creek. During December we
have assembled, tested, and installed a similar level measurement and recording
system at the Perch Creek weir.

Samples were collected on 88-09-20 from ten CRNL liquid effluent
streams and one intake for chemical characterization analysis by ZENON
Environmental Inc. Duplicate samples from four of these streams were collected
at the same time and on 88-09-27 for analysis by the Wastewater Technology
Centre of Environment Canada. Results from these analyses will assist in the
development and implementation of an on-site monitoring program that will
comply with Ontario's Ministry of the Environment MISA regulations.
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1.2.3 Radiation Biology

Amalgamation of part of the previous Medical Biophysics Branch with the
Radiation Biology Branch has been successfully completed. This has involved
transfer of three persons from the Whiteshell laboratories plus one from the
University of Mar oba to the Chalk River laboratories in Ontario, and new
projects have been initiated. One new project involves the screening of various
cell lines for protooncogene and oncogene expression; this technique will be of
considerable value in studies on the mechanism of cancer induction by radiation.
Other new projects at Chalk River involve fluorescence lifetime studies of normal
and leukemic cells in culture, and the study of the response of drug-resistant
and drug-sensitive leukemic cells to radiation and hyperthermia. These projects
are just getting underway.

In the area of business development, Hypercell Biologicals was launched
in August 1988 in collaboration with Fisher Scientific. The first product is
a kit containing one strain of hypercompetent bacterial cells for use in DNA
transformation assays in molecular biology. Other related products are being
developed. This initiative developed out of procedures used to study the ability
of human cell extracts to catalyse recombinational repair of DNA damage in vitro.

Development of a screening assay to look for inherited variation in
individual sensitivity to radiation and related agents is progressing well.
Lymphoblastoid cell lines (LCL's) from 181 Chalk River workers and 67 other
apparently normal persons (from the U.S. and Saudi Arabia) have now been tested
in the laboratory; the distribution of observed responses to radiation is being
examined in detail. Tests have also been completed on 36 I.CL's from cancer
patients, and the collection of further samples from cancer patients is in
progress. Three of the most radiation-sensitive lines tested in the laboratory
were derived from patients who proved to be clinically hypersensitive to
radiation during cancer therapy. Responses of various LCL's to cisplatin end
carboplatin, two chemicals used in cancer therapy, are also being examined.
Three other endpoints which could be used in a screening assay are being studied.
One is scoring the number of micronuclei observed after the division of
irradiated LCL's is blocked by cytocholasin B; this technique has now been
established in our laboratories and tests are proceeding. The second endpoint
studied is the rate of growth of stimulated peripheral blood lymphocytes after
irradiation. Tests on lymphocytes from about 100 normal persons have been
completed and comparative data on lymphocytes from cancer patients are being
collected. A multiwell cloning assay with LCL's before and after irradiation
is also being tested.

A number of experimental studies were concerned with the interaction of
radiation, hyperthermia and chemical agents in the multi-step process of
carcinogenesis. Previous studies on the mouse skin tumor system have been
extended to look at effects of hypertherroia and $-radiation on tumor promotion.
Hyperthermia caused only a modest reduction in the number of skin tumors
developing following subsequent treatment with chemical promoting agents, in
contrast to the more striking effects on tumor initiation observed previously,
while £-radiation did not appear to act as a tumor promoter in this system. A
cell transformation assay using rodent 10TH cells has been set up to determine
whether the initiation and promotion responses previously observed in the mouse
skin tumor system can be reproduced with this in vitro assay. One of the final
defenses in the body against tumor development is "natural killer" (NK) cells
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which will attack cancer cells and other foreign cells; high doses of radiation
caused an irreversible inactivation of NK cells. Hyperthermia temporarily
inhibited NK cell function but in addition caused increased radiosensitivity of
the NK cells. These data suggest that cancer therapy by hyperthermia and
radiation combined may increase the loss of NK activity. Other studies in this
area have included the role of hydroxyl radicals and of topoisomerases in the
induction of radioresistance in yeast, modification of heat-induced responses
by manipulation of the lipid composition of cell membranes in yeast, and
differences in the effect of hyperthermia on repair of DNA damage induced by
radiation and by bleomycin.

Other projects were concerned with practical assessment of radiation
hazards. These included a study of the relative biological effectiveness (RBE)
of tritium /9-rays for induction of myeloid leukemia in mice. Preliminary data
suggest that the RBE of tritium compared to X-rays will be close to one, but this
study is far from complete. An extensive review of the effects of radiation and
radionuclides on environmental organisms has been prepared in draft form, and
we have been involved in assembly of data for a collaborative followup of the
mortality of past AECL employees.
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1.2.4 Seminar Speakers - Health Sciences

RADIATION RESPONSE OF HUMAN TUMOR CELLS
S.M. Lehnert
Dept. of Radiation Oncology, Montreal General Hospital, Montreal,
Quebec, 1988 August 12

NEUTRON TRACK COUNTER by Kaladhar Voruganti
DETERMINING THE RADIOSENSITIVITY OF STIMULATED HUMAN PERIPHERAL BLOOD
LYMPHOCYTES by Andrea Pollock
TESTING FOR INCREASED UV SENSITIVITY AMONG CANCER PATIENTS by Craig
Simon
Summer Student Lectures, 1988 August 12

GLOBAL CHANGE AND CANADA
M. Dence
Executive Director, Royal Society of Canada, Ottawa, Ontario, 1988
August 26

DOSIMETRY PROBLEMS IN RADIATION ONCOLOGY
Ken Shortt, National Research Council Canada, Ionizing Radiation
Standards, Ottawa, Ontario, 1988 November 22
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2.1. STAFF

Branch Manager

Secretary

Professional Staff

W.G. Cross
R.M. Holford
A.R. Jones
E.S. Lamothe
S. H. Linauskas
A. Trivedi (4)

Draftsman

B.A. MacDonald (7)

Lab Attendant/Clerical

H.M. Power (PT)

Students

K. Voruganti
A.J. Rlstau

(8)

National
Local

R.G.C. McElroy (1)

C.A. Butler (2)

Technical Staff

A.R.
J.D.
N.O.
R.G.
S.E.
J.W.
E.D.
J.F.
A.H.
W.F.
J.M.
R.A.
C.E.
M.J.

Arnej a
Brunette
Freedman
Gallagher
Gardner (3)
Leon
Long (5)
Moore (6)
Ohno
Richter
Robertson (PT)
Surette
Thibeau
Wood

Alberta from 88.05.03 to 88.08.30
from 88.05.16 to 88.08.26

(1) Acting Branch Manager.
(2) Name changed from Yuke to Butler due to marriage.
(3) Absent on maternity leave effective 1988 November 10.
(4) Transferred from Radiation Biology Branch effective 1988 October 17.
(5) Seconded from Mathematics & Computation Branch.
(6) Short-term replacement for S.E. Gardner effective 1988 December 9.
(7) Retired effective 1988 October 31.
(8) Terminated effective 1988 September 15.
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2.2. NEUTRON DOSIMETRY

2.2.1. Measurement of High Neutron Doses with a CR-39 Dosimeter - W.G. Cross
and A.R. Arneja

Attempts are being made to measure neutron doses as high as a few Gy
with CR-39 dosimeters, so that these dosimeters could be useful in the event of
a criticality accident. Various chemical and electrochemical etching techniques
have been investigated, with the objective of producing very much smaller tracks
without seriously affecting the good energy response given by the normal etching
method. Tracks are observed under a microscope with a magnification of about
400. Although high doses can be measured, it appears unlikely that the
techniques studied so far will give a satisfactory energy response.

2.2.2. Automatic Counting of Tracks in CR-39 Neutron Dosimeters -
A.R. Arneja, K. Voruganti (National Summer Student) and W.G. Cross

The initial adaption of a reader designed for the automatic counting
of biological colonies to counting recoil proton tracks in CR-39 neutron
dosimeters was described in PR-PHS-HS-5. The video camera now views the tracks
through a low-power microscope rather than on a microfiche reader, since this
gives better contrast and sharper definition. The software has been modified
to increase the reading speed. Counting a typical viewing area takes 5-7
seconds, depending on the number of tracks. A preliminary attempt to
discriminate against tracks having unusual shapes was only partly successful,
but further work on this feature is planned. Such tracks are not a serious
problem at present. To get good reproducibility, it is necessary to etch the
CR-39 on only one side since tracks on the "wrong" side are still sufficiently
in focus that some of them are counted. Neutron doses up to about 10 mGy can
be counted without requiring corrections for non-linearity. Track densities
counted by automatic and manual counting agree to better than 10%.

2.3. THERMOLUMINESCENCE DOSIMETRY

2.3.1. LiF (Mg.Cu.P^ TLDs - A.R. Jones, A.H. Ohno and W.F. Richter

Laboratory testing of LiF (Mg.Cu.P) TLDs obtained from the Beijing
Radiation Detector Works has shown that they can be used in the CRNL dosimetry
system. Further, they can be substituted for the existing TLDs (LiF TLD-100 and
TLD-700) without major modifications to the system and with considerable
improvement in the detectability of small gamma doses and in energy and angular
independence for beta rays. Another improvement is a significant reduction in
the cost of the TLD material. Preliminary discussions with the manufacturer of
the existing TLD plaque indicate that the transfer of know-how from laboratory
to large scale manufacture is feasible.

The response of the whole body and skin TLD elements to photon doses,
over the energy range 33 - 1250 keV, at 10 mm and 7C /im depth in tissue
equivalent material, were measured. The maximum deviations of the response from
the given dose were within -19 and +17%. When the skin TLD element was exposed
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to beta rays with maximum energies ranging from 0.23 to 2.3 MeV, the variation
in response to the dose at 70 /wn varied from -15 to +8%.

The directional response to gamma and X-rays showed little variation
for small angles of incidence and overestimated the 10 mm dose for larger
angles.

Since dosimeters are used for many years with individual calibration
performed yearly, tests were made to simulate this service. Up to 47 cycles,
the dosimeters showed a coefficient of variation of about 3% when calibrated.
(Forty seven cycles would correspond to four years service at CRNL.) A small
increase in average sensitivity with reading cycle was observed.

2.3.2. Extremity Dosimetry - A.R. Jones and W.F. Richter

A new type of commercial extremity TLD has been evaluated both in the
laboratory and the field. Its attractions lie in the thinness of the sensitive
layer and cover which permits measurement with relatively low beta energy and
large angles of incidence. Also it is much simpler to prepare for use than the
LiF in the teflon discs presently used.

In a field test, workers used both the new and old dosimeters on
adjacent fingers. The doses recorded with the new dosimeters were much greater
than those with the old, suggesting the presence of low energy beta rays in the
workplace. The users were equally divided on the subject of relative comfort
of the two dosimeters.

Although the manufacturer offers a reader for these dosimeters, it was
found that they could be used in another intended for the teflon TLDs. With
this reader, a lower limit of detectability of 70 /iSv (7 mrem) and a coefficient
of variation of 2.7% were observed, both of which are better than specified.
Thus it may not be necessary to buy a special reader, although one will be
loaned by the manufacturer for evaluation.

2.3.3. Acid Treatment of LiF (Sensitized TLD-100) - A.R. Jones

It has been observed that by treating unsensitized LiF with HC1 or HF
acid that the lower limit of sensitivity can be reduced. Tests were therefore
made on sensitized TLD-100, both in the form of chips (both mounted and
unmounted on the plaques) and encapsulated in teflon. These were treated in 1
normal concentration HCl acid for 1 minute at room temperature. It was found
that this treatment produced a significant reduction in the level of
detectability (3 * S. Devn. when unexposed) as follows:

Controls Treated

LiF in Teflon (new) 103 /iSv 45
LiF in Teflon (used) 149 93
TLD chips in hot N2 gas reader 9.3 3.1

However, no reduction was observed when the TLD chips were mounted on
TLD plaques.
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2.3.4. Second Source of LiF TLD-100 - A.R. Jones

Until recently, the Harshaw Chemical Company has been the sole source
of TLD-100 material which makes the user vulnerable to interruption of supply.
Since the Victoreen company has made similar material, it was decided to test
it from the viewpoint of sensitization (the one aspect that the manufacturer had
not studied). There was no significant difference observed between the two
materials from the viewpoint of sensitization, limit of detectability or in the
form of the glow curves. It is concluded that we now have two sources of
supply.

2.4. BETA DOSIMETRY

2.4.1. Active Beta Dosimetrv - A.R. Jones

The comparison of MOSFETs and silicon diodes as detectors in warning
beta dosimeters has been completed.

From the viewpoint of beta energy dependence, both are acceptable
because both are less energy dependent than the TLDs presently in use.

The silicon diode is operationally more satisfactory. Since it uses
a counter, it is easy to reset to zero. The MOSFET has to be off-set by an
applied voltage and after a certain dose must be replaced. More serious, it has
to be switched between "read" and "irradiate" modes. In the first, the detector
is insensitive and, in the second, cannot be read. Coupled with the need for
settling after switching between modes, these are serious drawbacks when applied
to active dosimetry.

Both devices are limited in their sensitivity by thermal drift,
although in different ways. Using a matched pair of MOSFETs, the drift is
typically + 5 mGy in + 20°C. Since the administrative limits at CRNL for skin
and extremities are 16 and 40 mSv, respectively, this amount of drift is too
great for skin dosimeter. The silicon diode exhibits a drift of + 0.8 mGy/h or
- 0.4 mGy/h in + 20°C. It exhibits no drift in terms of dose as such and
therefore, if the time over which the dose is absorbed is less than six hours
it is more stable than the MOSFET. This is probably the case with most
radiation work in which substantial dose occurs. A second advantage of the
silicon diode is that it can be used to simultaneously monitor the dose rate
and, if needed, set an alarm on this quantity.

In principle, silicon diodes can be switched to a pulse counting mode
when the dose rate falls too low for good stability. The particular diodes
studied in this project were too noisy for this, but others which have been
studied previously can be used to provide pulses proportional in number to the
dose.

In sum, despite the limitations noted, the silicon diode can be used
in the warning application. The MOSFET is not suited to it.
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2.4.2. Calculated Skin Doses from Beta Radiation - W.G. Cross and P.Y. Wong
(Mathematics & Computation Branch)

Currently available tables of the beta-ray dose in tissue as a
function of distance from the source (e.g. AECL-7617) were calculated for
sources in an "infinite" volume of tissue. They are therefore not directly
applicable to the important problem of dose to the sensitive layer of the skin
(nominal depth 7 mg/cm2) from a layer of beta-emitting contamination to the
surface, since there is no tissue behind the source to provide backscattering.

The dose has now been calculated for a plane isotropic source of
electrons on the surface of water (for which the beta attenuation is within 1%
of that of tissue), with no backscattering, as a function of distance from the
surface. Calculations were made for monoenergetic electrons at 14 energies
between 25 keV and 4 MeV, using the SANDYL Monte Carlo code. From these
results, the dose at 7 mg/cm* was obtained as a function of electron energy,
with statistical errors of about 1.5%. These results have been averaged over
the spectra of 25 beta emitters to give the skin dose from beta surface
contamination, and these calculations will shortly be extended to about 100 beta
emitters of importance in radiation protection.

The results have been compared with previously calculated doses that
included backscattering (using the same code) and show that the backscatter
factor increases smoothly with average beta energy from 1.12 to 1.38, the
highest value applying to maximum beta energies of 1 MeV or more. The doses
without backscatter differ from those calculated by Rohloff and Heinzelmann
(Rad. Prot. Dosim. 14 (1986) 279) by up to 18%, although most are within 7%.

2.4.3. Empirical Analytic Expressions for Beta Rav Dose Distributions -
W.G. Cross

The dose as a function of distance from a point beta-ray source
provides the basis for calculating doses from sources distributed over areas or
throughout volumes. Although the point-source dose distribution can be
calculated accurately by Monte Carlo methods, and tables of such results are
available for many beta emitters, it is still useful to have an analytic
expression that approximates these distributions, in order Co simplify
integrations over distributed sources. In addition, provided that the
parameters of this expression are known as functions of the parameters of the
beta spectrum, dose distributions that have not been tabulated are easily
approximated. Of several such expressions that have been proposed, the most
widely used is that of Loevinger, who gave values of the parameters as a
function of beta end-point energy. This expression fits accurately-calculated
dose distributions to about + 20% out to 50% of the maximum range, but differs
widely from them at larger distances.

We have fitted a modified form of Loevinger's expression to point-
source dose distributions for 60 beta-emitting nuclides, selecting parameters
for each distribution to optimize the fit. Between a certain minimum distance
and 65% of the maximum beta range the RMS error of these fits is 2.4%, averaged
over all nuclides. About 99% of the total beta energy is absorbed within this
region. The minimum distance depends on the shape of the low-energy end of the
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beta spectrum and varies from zero for high energy beta emitters to a few
percent of the maximum range for low energies. The three adjustable parameters
of the expression can be related to end-point energy and spectral shape, but the
RMS errors of fits that use predicted parameters are 5-10%, and are larger for
some spectra of unusual shapes. Expression using either fitted or calculated
parameters permit the simple calculation of dose distributions from thick planar
sources and other source distributions of importance in radiation protection and
medicine.

2.4.4. The Anpular Variation of Directional Dose Equivalent for Beta
Radiation - W.G. Cross and P.Y. Wong (Mathematics ana Computation
Branch)

The angular variation of the directional dose equivalent, H'(0.07,a),
was calculated previously for monoenergetic electrons at 8 energies (PR-PHS-HS-
5). By averaging these values over a beta spectrum, the angular variation of
H'(0.07,a) can be calculated for any beta emitter, although the number of energy
points is undesirably small for such a calculation. As a check on the accuracy
of this procedure, the SANDYL Monte Carlo code was used to calculate H'(0.07,a)
directly for an ^ beta ray spectrum. The angular distribution agreed within
a few percent with that calculated from monoenergetic electron values and also
agreed to + 3% with extrapolation chamber measurements of this distribution.

2.5. TRITIUM MONITORING

2.5.1. Evaluation of the Radiological Hazard Posed by Tritium on Metal
Surfaces - A. Trivedi and J.W. Leon

Interest in tritium extraction plants and in fusion reactor facilities
has led to increased concern about the handling of tritium. The storage of
tritium in metal containers suggests a possible source of skin contamination
from HT contaminated surfaces. For evaluation of the potential radiation
hazards of tritium on metal surfaces to man, information is required on the
metabolic behaviour of these compounds after their entry into the body.

A review of the past work has been completed and experiments have been
designed to demonstrate the uptake and metabolism of tritium following the
subcutaneous contamination of skin with contaminated metal surfaces. These
experiments are planned to demonstrate whether the area of skin contamination
and duration of skin exposure with contaminated metal surfaces will affect the
biokinetics of the tritium uptake. The study will be useful, not only to
assess the possible radiation hazards, but also to obtain further knowledge of
the metabolic characteristics of HT uptake and its assimilation in the body.
Information obtained will be used in assessing and modelling the internal dose
from tritium uptake via skin contamination.

2.5.2. HTO/HT Discriminating Monitors - M.J. Wood

A manual for the discriminating tritium monitor (AEP5376A), designed
and built for CRNL's Tritium Extraction Plant (TEP), is in progress. The
AEP5376A is a species specific tritium in air monitor, capable of discriminating
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between HT and HTO. This monitor has been designed as a diagnostic tool, to be
used in the case of a tritium leak in the TEP. The monitor could be used to
help locate the source of the leak and evaluate the health hazard posed by the
leak.

The performance of the monitor has been determined experimentally at
typical humidities, and estimated for extreme conditions.

This manual will be a complete operating and maintenance manual. The
manual will also discuss the sampling manifold designed to be used in
conjunction with the AEP5376A.

2.5.3. Summary of Nafion Studies - M.J. Wood

The Dosimetric Research Branch has used Nafion tubing to separate HT
and HTO, both in tritium monitors and in laboratory experiments over 8 years.
The high permeation rate of HTO (relative to that of HT) through Nafion
membranes make this material useful for separating HTO from air samples
containing both HT and HTO. However, the permeation rate of HTO through Nafion
is highly dependent on temperature, humidity and various flow parameters. A
report is in preparation that will discuss the effects of these variables on the
HTO permeation rate of Nafion membrane.

2.5.4. Passive HT/HTO Samplers - M.J. Wood and K.H. Whitlock

Further tests have been conducted on our first set of passive HT/HTO
samplers. The prototype samplers are capable of detecting both HT and HTO in
air. Results from these experiments, although very promising, have indicated
areas in which we can improve the performance of the samplers. A second
generation HT/HTO sampler has been designed and one has been fabricated.

Some deficiencies were identified in the exposure chamber used to
expose the passive HT/HTO samplers to tritium. A new exposure chamber has been
designed and built for further tests on the experimental passive samplers.

2.5.5. Diffusion of Tritium Samples Through Counting Vials - M.J. Wood

A short study was started investigating the diffusion of prepared
liquid scintillation samples through glass and polyethylene liquid scintillation
vials. The results of this study will indicate the reproducibility of prepared
samples as a function of time for various vial/cocktail combinations.

A new biodegradable cocktail that we are currently using was found to
permeate through polyethylene vial significantly slower than the pseudocumene
based cocktail previously used in the Dosimetric Research Branch.

2.5.6. Cvtrigen HTO in Air Sampling Program - M.J. Wood

Dosimetric Research Branch has prepared an HTO in air sampling program
for Cytrigen Energy Products Ltd., of Summerside, P.E.I. Dosimetric Research
has provided Cytrigen with the necessary sample preparation and air sampling
equipment to monitor their plant for HTO in air. Dosimetric Research has been
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performing weekly analysis of the Cytrigen air samples and providing them with
a weekly report on the analysis. The sampling program has been designed so
that Cytrigen will eventually be able to perform their own sample analysis.

2.5.7. CRNL Passive Sampler Field Trial - M.J. Wood and B.E. Heinmiller
(R & IS Branch)

Passive HTO samplers have been in use at Ontario Hydro sites for some
time. The OH sampler is a simple diffusion sampler based on a standard liquid
scintillation vial. The Dosimetric Research Branch has used OH-designed and
some CRNL-designed passive samplers for several years in specialized
applications. Samplers of this design were found to be an accurate, simple, and
inexpensive way to measure HTO in air.

Our experience with passive samplers has indicated that in some
situations they could replace normal HTO water bubblers for routine tritium
sampling. Replacing bubblers with passive samplers could reduce HTO monitoring
costs significantly.

The standard sample preparation and sampling procedure used with
passive samplers at Ontario Hydro is not suitable for our sampling requirements.
We have, therefore, designed a different sampling protocol, but based on the
Ontario Hydro passive sampler, that we felt is suitable for our requirements.
A field trial, which is presently in progress, has been designed to evaluate the
new sampling program.

In our passive sampler field trial, passive samplers are operated at
nine different HTO water bubbler stations and serviced in parallel with the
bubblers. The first phase of the field trial ended in late 1988 December, and
the results have been analyzed. A status report is being prepared. The second
phase of the field trial is scheduled to start in 1989 January. At the end of
phase two, a report will be written on the field trial and a passive sampler
program may be recommended. Phase two is scheduled to be complete in late 1989
March. The results to date are very encouraging. There has been good
correlation between the bubbler results and the passive sampler results.

2.5.8. Analytical Tritium Monitors for BEATRIX-2 - R.A. Surette, S.R. Bokwa,
J. Miller (Chemical Engineering Branch) and N. Issid (CANDU-OPS MTL)

Construction of the BEATRIX-2 ion chambers was completed and the
assembled chambers were shipped, along with the remaining tritium recovery
apparatus, to Westinghouse. The package included an operating manual which
detailed the disassembly, cleaning, assembly and testing, fault diagnosis and
proper operation of the monitors and recommended electronics.

2.6. STACK EFFLUENT MONITOR

2.6.1. Filter Change System - R.A. Surette and R.G.C. McElroy

The iodine and particulate filter change mechanism for the stack
effluent monitor operated as expected during the half. The Sonotek controlling



2-11

processor has been replaced with a new unit (see Section 2.6.3). Because of
this change, the operation of the filter changers was frequently interrupted
with testing and debugging of the new computer.

2.6.2. Particulate and Iodine Detectors - R.A. Surette and R.M. Holford

The particulate and iodine detectors of the stack effluent monitor
were tested with the new controlling computer. No faults were identified and
operation of these detectors appears to be as originally designed.

2.6.3. Control Computer - R.G.C. McElroy, R.A. Surette, E. Long and
R.M. Holford

The Prolog System 2 computer has been installed in the stack building
and connected with the existing noble gas, iodine, particulate, and stack flow
sampling equipment.

The system has operated without interruptions for the last three weeks
of this report period and first impressions of the measured noble gas releases
are that these are in agreement with expected values calculated from given NRU
power levels.

Problems were encountered with cascading two 16 bit counters to make
one continuous 32 bit counter. Thirteen of these counters are used to count the
pulses from the iodine, particulate, and noble gas subsystems of the stack
effluent monitor. This problem was fixed with software to ensure that the
counters are initialized and read properly. Difficulties with the communication
between the processor controller and the remote terminals have been solved and
the system communication rate of 1800 baud is the same as the original Sonotek.

The "test bench" computer software occasionally stopped for no
apparent reason. The cause of this "crash" has been narrowed down to
incompatibilities between the Microsoft C compiler used to generate the code and
the communication library used in the test bench system. This communication
software library was purchased from a third party (Greenleaf Software) and an
updated library has been ordered. The software library used with the target
system is sold by the same supplier as the hardware (Prolog) and was stated as
compatible with the compiler being used.

During the past three weeks, the stack effluent monitor has been
operating on all three subsystems; that is, noble gas, iodine and particulate,
without interruption. All releases appear to be measured and recorded properly.
All known problems or flaws have been fixed.

2.7. METABOLIC STUDIES AND MODELLING

2.7.1. Genmod-PC Development - R.M. Holford, S.H. Linauskas and D.W. Dunford
(Mathematics & Computation Branch)

A strategy has been developed for the creation of an operations
version of GENMOD-PC with completion of the operations version scheduled by 1989
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October. Head Office marketing personnel will assume the marketing role for the
product which will be presented to the iarge U.S. utility market.

2.7.2. Fetal Uptake and Metabolism of Radioisotcpes from a Maternal Intake -
E.S. Lamothe

The final report has been sent to the AECB for comments. A review of existing
literature has shown that most radioisotopes cross over the placenta to the
developing conceptus. However, there is very little experimental data involving
humans. The available animal studies are useful in predicting and describing
distribution trends.

2.8. MISCELLANEOUS

2.8.1. Quality Assurance - E.S. Lamothe and R.G.C. McElroy

Work on implementing ' v° cormal quality assurance program for CRNL's
dosimetry program is continuing. The documentation describing this program will
follow the standard three-tiered system with the level 1 document being the most
general and the level 3 document more detailed and specific.

Most of the effort this half has concentrated on contributing to the
company-wide total quality management (TQM) program. Result of this effort is
an imminent first draft of a quality assurance manual for all measurement
activities. This manual will provide the framework for the level 1 document
pertaining to the CRNL dosimetry service.

A first draft of a level 2 document specific to tritium dosimetry has
been prepared and submitted to the AECB for comments. The format of this
document will be used for all of the other required level 2 documents for all
personal dosimetry, both internal and external, at CRNL.

Because of the recent acquisition of new counting equipment, new
personal computers -IBM-compatibles as opposed to Apples - and the imminent
change of operating system on the site's mainframe computer, much of the
currently existing level 3 documentation will have to be rewritten. However,
even without these changes, most of the level 3 documentation would still have
had to be revised with respect to format.

2.8.2. Calculation of Dose Conversion Factors - R.M. Holford

Dose conversion factor calculations were completed for the models
needed in the Waste Management Assessment program and a report was issued
(AECL-9825). Since then, an extended file of nuclide decay data was obtained
from Oak Ridge. This contains data on all the isotopes included in ICRP
publication no. 38, nearly twice as many as in the original database. The code
EDEFIS, used in the dose conversion factor calculations, has been successfully
transferred to the new NOS/VE computer system and this project will be continued
in that environment.
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2.8.3. Doorway Monitor - A.R. Jones, A.H. Ohno and W.F. Richter

The drawings for the conversion of the CRNL doorway monitor are
complete and a work order was issued for its implementation.

The conversion does not affect the detectors (50 * 50 nun Nal
scintillators) nor the basic principle of detection - the response to a
significant increase in detector counting rate when the passage of a person is
detected. However, the following changes have been made:

* the replacement of obsolete components
* the substitution of analog circuits by microprocessor based decision making

circuits with more sophisticated background compensation
* the addition of a stationary mode to the walk-through one to improve

sensitivity and to provide quantitative data about the location and magnitude
of the detected source

* the provision of a display visible to those walking through.

A prototype converted aisle has been in use since 1987 September. The
following table shows the size of the smallest sources which will be detected.

Source Activity in kBq (/iCi)
Walking Through Standing Still

Co-60 31 (0.85) 1.1 (0.031)
Cs-137 115 (3.1) 2.4 (0.064)
Na-22 37 (1.0) 0.87 (0.0235)

These apply when the source is carried at the centre of the waist.
If the source is to one side, the monitor becomes more sensitive.

A manual is being prepared.

2.8.4. Conversion Factors for ICRU Dose Equivalent Quantities - W.G. Cross

The International Commission of Radiation Units and Measurements
(ICRU) is preparing a report to facilitate the implementation of the new dose
equivalent quantities described in ICRU Report 39. As part of this report, we
hasre compiled and tabulated values for various conversion factors that relate
fluence, air kerma and exposure to ambient and directional dose equivalents, as
a function of energy. These are required both in calculations of dose
equivalents and to show how to modify existing instruments or correct their
readings so that they measure accurately the new dose equivalent quantities.

For photon radiation, these conversion factors relate fluence, air
kerma and exposure to H*(10) and H'(0.07) for monoenergetic photons from 10 keV
to 10 MeV, or over a more restricted energy range when appropriate. Values were
derived using a weighted mean of all available calculations of these factors.
Factors are also given for many of the standard filtered X-ray spectra specified
by the International Standards Organization. The dependences of H'(10,a) and
H'(0.07,a) on angle of incidence a are also given.
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For neutrons, factors relating H*(10) to fluence are given for
neutrons from thermal energies to 20 MeV and are taken from the compilation of
Wagner et al. (Rad. Prot. Dosim. 11 (1985) 231). The angular variation of
H'(10,a) is given.

For electrons, graphs are given relating H'(0.07) and H'(10) to
fluence, and showing the angular variation of H'(0.07,a). Numerical values are
not given since these are not sufficiently well established.

2.9. RADIOCHEMICAL ANALYSES

2.9.1. Promethlum in Urine - E.S. Lamothe, S.H. Linauskas, S.E. Gardner, J.W.
Leon, J.M. Robertson

Work is continuing on the development of a quick screening method for
promethium in urine without using multi-solvent extraction steps. In a recent
series of measurements, a method described in progress report PR-PHS-HS-5 failed
at the liquid scintillation counting step. It is felt that this was most
likely due to scintillation cocktail/precipitate incompatibility.

Three methods are currently being examined. The first involves
resolving the scintillation cocktail/precipitate problem mentioned above. The
second in a re-examination of our existing multi-solvent extraction method for
promethium in urine. Finally, in collaboration with General Chemistry Branch,
a third method consisting of ion exchange followed by liquid chromatography is
being evaluated.

2.10. EMPLOYEE MONITORING PROGRAM

2.10.1. Internal Contamination - S.H. Linauskas

The distributions of whole body doses due to internal tritium
contamination are listed in Tables 2.10.1.1 to 2.10.1.3.

Two employees were placed on removal status following tritium intakes
during the 1988 December 8 heavy water spill in NRU. Their committed effective
dose equivalents were 286 mSv and 252 mSv. The cumulative tritium dose for the
incident for all exposed employees was estimated to be 52 person-mSv.

One employee exposed to Pm-147 may have been internally contaminated
with Pm-147. The method, which was under development, for bioassay of the
Pm-147 proved unreliable for internal dose estimation.

Three employees exceeded the bioassay laboratory recommendation level
for removal because of high thoron-in-breath results. Monitoring continues in
order to refine intake estimates.

Three employees of Rio Algom Ltd. underwent a series of in vivo and
in vitro monitoring for thorium body burden estimates. No thorium was detected.
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2.10.2. Data Processing - R.M. Holford and D.W. Dunford

Data from WNRE for inclusion in the Chalk River Dosimetry Data Base
(CDD) are now being sent to CRNL via the satellite link and procedures have been
written to facilitate the transfer from the CRNL VAX computer to the CDC
machines. The CDD is being transferred from the NOS/BE system, due to disappear
in March 1989, to the NOS system. This transfer requires numerous changes to
file-handling procedures, but the bulk of the FORTRAN codes implementing the
database will be unaffected by the changeover. No decision has yet been reached
as to where the CDD will reside once the NOS system also disappears, an event
scheduled for 1991.

2.10.3. Body Radiation Doses - C.E. Thibeau and R.G. Gallagher

Since the last report (PR-PKS-HS-5) there have been no whole-body
radiation doses exceeding the 600-mrem two-weekly administrative control limit,
no skin doses exceeding the 1600-mrem two-weekly administrative control limit
and one extremity dose exceeding the 4-rem two-weekly administrative control
limit.

Distributions of whole body and skin radiation doses in the third and
fourth quarters of 1988, and for the whole year, are given in Tables 2.10.3.1.
to 2.10.3.6.

2.10.4. Extremity Radiation Doses - C.E. Thibeau and R.G. Gallagher

Distributions of extremity radiation doses in the first and second
quarters of 1988, and for the whole year, are given in Tables 2.10.4.1. to
2.10.4.3.



Table 2.10.1.1

DISTRIBUTION OF TRITIUM EXPOSURE OF CRNL

3RD QUARTER, 1988

* * * * * * * * * * * * * * * * * * i

NUMBER OF TESTED PERSONS IN GIVEN DOSE RANGE

* * o- * 50- * 100- * 200- * 300- * 400- * 500- *
* * 49 * 99 * 199 * 299 * 399 * 499 * 999 *
* BRANCH * MREM * MREM * MREM * MREM * MREM * MREM * MREM *

* * * * *
1-3 * 3-5 * >5 * TESTED * TOTAL *
REM * REM * REM * PERSONS * MREM *

*
* PRCl
* PRC2
* PRC3
* PRC4

CO
* NRU
* NRX
* RIS
* EIP
* MS
* WEP
* SSSC
* RCC
* WNRE

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
9 *
0 *
10 *
3 *
17 *
45 *
16 *
37 *
0 *
0 *
0 *
78 *
0 *
1 *
*

*
0 *
0 *
0 *
0 *
5 *

41 *
0 *
7 *
0 *
0 *
0 *
3 *
0 *
0 *
*

*
0 *
0 *
0 *
0 *
0 *
14 *
0 *
7 *
0 *
0 *
0 *
0 *
0 *
0 *
*

*
0 *
0 *
0 *
0 *
0 *
0 *
0 *
1 *
0 *
0 *
0 *
0 *
0 *
0 *
*

*
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
*

*
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
*

*
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
*

*
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
*

*
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
*

*
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
*

*

9 *
0 *
10 *
3 *
22 *
100 *
16 *
52 *
0 *
0 *
0 *
81 *
0 *
1 *
*

*
19 *
0 *
41 *
0 *

761 *
5901 *
75 *

1980 *
0 *
0 *
0 *

1323 *
0 *
9 *
*

* TOTALS
* % OF
* PERSONS

* 216 * 56 *
* * *
* 73.5 * 19.0 *

2 1 * 1 * 0 * 0 * 0 * 0 * 0 * 0 * 294 * 10109 *
* * * * * * * * * *

7.1* . 3 * . 0 * . 0 * . 0 * .0* .0* .0* 100.0 * *

NOTES TO ABOVE TABLE:
(1) NUMBERS REPRESENT TESTED PERSONNEL ONLY.
(2) THE METHOD OF DOSE ESTIMATION IS DESCRIBED IN AECL-5507 AND AECL-7744.
(3) THE NUMBERS IN THE LAST COLUMN ARE THOSE THAT ACTUALLY RESULT FROM THE METHOD OF DOSE

CALCULATIONS AND ARE NOT INTENDED TO REPRESENT A NUMBER OF SIGNIFICANT FIGURES.
(4) SSSC DOES NOT INCLUDE BRANCHES LISTED SEPARATELY.



Table 2.10.1.2

DISTRIBUTION OF TRITIUM EXPOSURE OF CRNL

4TH QUARTER, 1988

*******************************************************************
* * NUMBER OF TESTED PERSONS IN GIVEN DOSE RANGE *

* * 0- * 50- * 100- * 200- * 300- * 400- * 500- * * * * * *
* * 49 * 99 * 199 * 299 * 399 * 499 * 999 * 1-3 * 3-5 * >5 * TESTED * TOTAL *
* BRANCH * MREM * MREM * MREM * MREM * MREM * MREM * MREM * REM * REM * REM * PERSONS * MREM *
**************************************************************************************************

*
*
*
*
*
*
*
*
*
*
*
*
*

PRC1
PRC2
PRC3
PRC4
CO
NRU
NRX
RIS
SSSC
RCC
WNRE

*
*
*
*
*
*
*
*
*
*

*
*

*
15 *
15 *
7 *
10 *
18 *
26 *
18 *
37 *
63 *
0 *
0 *

*

*
0 *
0 *
0 *
0 *
6 *
31 *
0 *
9 *
18 *
0 *
0 *

*

0
0
0
0
0 *
40 *
0 *
8 *
0 *
0 *
0 *

*

*
*
*

0
0
0 *
0 *
0 *
3 *
0 *
2 *
0 *
0 *
0 *
-v

*
*
*

0
0
0 *
0 *
0 *
1 *
0 *
0 *
0 *
0 *
0 *

*

*
0 *
0 *
0 *
0 *
0 *
1 *
0 *
0 *
0 *
0 *
0 *
*

*
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *

*

*
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *

*

*
*
*

0
0
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
*

*
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
0 *
*

15
15
7
10
24
02
18
56
81
0
0

*
*
*
*
*
*
*
*
*
*
*
*
*

73
26
38
4

778
10067
112
2760
2154

0
0

*
*
*
*
*
*
*
*
*
*
*
*
*

to
I

* TOTALS * 2 O 9 * 6 4 * 4 8 * 5 * 1 * 1 * 0 * 0 * 0 * 0 *
* % O F * * * * * * * * * * *
* PERSONS * 63.7 * 19.5 * 14.6 * 1.5* . 3 * . 3 * . 0 * .0* .0* .0*

328 * 16012 *
* *

100.0 * *

NOTES TO ABOVE TABLE:
(1) NUMBERS REPRESENT TESTED PERSONNEL ONLY.
(2) THE METHOD OF DOSE ESTIMATION IS DESCRIBED IN AECL-5507 AND AECL-7744.
(3) THE NUMBERS IN THE LAST COLUMN ARE THOSE THAT ACTUALLY RESULT FROM THE METHOD OF DOSE

CALCULATIONS AND ARE NOT INTENDED TO REPRESENT A NUMBER OF SIGNIFICANT FIGURES.
(4) SSSC DOES NOT INCLUDE BRANCHES LISTED SEPARATELY



Table 2.10.1.3

DISTRIBUTION OF TRITIUM EXPOSURE OF CRNL

1988 (WHOLE YEAR)

*•*
*

*
**
* BRANCH

*
•L 1
X*
*

*

*

a , 1 , , ! , J i . t i 1

fXX XX «

0 -
49

MREM
*******************
*
*
*
*
*
*
*
*
*
*
*
*
*

PRC1
PRC2
PRC3
PRC4
CO
NRU
NRX
RIS
SSSC
RCC
WNRE

*

*

*

*

*

*

*

*

*

*

*

*

*

37
15
10
14

7
7

18
35
71

0
1

: * • *

• Jl ]
trCT

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

r****4

fXXXXTl

50-
99

MREM
txXXXlJ

0
0
2
0
2

10
7
9

17
0
0

:*4

*

*

*

t**
*
*
*
*
*
*
*
*
*
*
*
*
*

:*****

rxx XTTV

100-
199

MREM
t****i

0
0
0
0
9

20
2
8

22
0
0

r * - *:*****
NUMBER
.4.4.J.J.J.J •
fXir

*

*

*

t**
*
*
*
*
*
*
*
*
*
*
*
*
*

200-
299

MREM
CXXXX7

0
0
0
0
5

25
1
6
7
0
0

OF

*
*
*

I r * *

*
*
*
*
*
*
*
*
*
*
*
*
*

* * * * * :**
TESTED

xxxxnr
300-

399
MREM
*****

0
0
0
0
4

26
0
7
0
0
0

*
*
*
t**
*
*
*
*
*
*
*
*
*
*
*
*
*

* * * * *:*** * * * *

PERSONS IN
xxxxx
400-

499
MREM
*****

0
0
0
0
1
9
0
2
0
0
0

*
*
*

r*4

*

*

*

*

*

*

*

*

*

*

*

*

*

,7* » n*t ?

500-
999

MREM
; * * * * • )

0
0
0
0
0
6
0
2
0
0
0

t** •****
GIVEN

[--tn,t -1- • • •

rxx
*
*

*

t**
*
*
*
*
*
*
*
*
*
*
*
*
*

i ARK7

1-3
REM

0
0
0
0
0
0
0
0
0
0
0

rxxxx
DOSE
• I , 1, t 1

rxxxx
*
* 3-

**r**: * * * * .

RANGE
A i l * • • • • ' • • - - ' • *

X*r

5
* REM

t * * * *

*
*
*
*
*
*
*
*
*
*
*
*
*

•ki

0
0
0
0
0
0
0
0
0
0
0

i TUTU

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

>5
REM
r***V

0
0
0
0
0
0
0
0
0
0
0

:**

rxw
*

*
*

*
*
*
*
*
*
*
*
*
*
*
*
*

• A^Jtinti Ai.l.-Aut
'XXXXXXXW

TESTED
PERSONS

37
15
12
14
28

103
28
69

117
0
1

:**

.Xln

*

*

*

t**
*
*
*
*
*
*
*
*
*
*
*
*
*

: * * * * * * *

• • • 1 1 1 1 1

.«Xw»XTB

TOTAL
MREM
rxxxxx*

224
107
188

14
4725

26408
1338
8289
6662

0
9

*

rx
*
*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

**************************************************************************************************
* TOTALS * 215 * 47 * 61 * 44 * 37 * 12 * 8 * 0 * 0 * 0 * 424 * 47964 *
* X OF * * * * * * * * * * * * *
* PERSONS * 50.7 * 11.1 * 14.4 * 10.4 * 8.7 * 2.8 * 1.9 * .0* .0* .0* 100.0 * *

NOTES TO ABOVE TABLE:
(1) NUMBERS REPRESENT TESTED PERSONNEL ONLY.
(2) THE METHOD OF DOSE ESTIMATION IS DESCRIBED IN AECL-5507 AND AECL-7744.
(3) THE NUMBERS IN THE LAST COLUMN ARE THOSE THAT ACTUALLY RESULT FROM THE METHOD OF DOSE

CALCULATIONS AND ARE NOT INTENDED TO REPRESENT A NUMBER OF SIGNIFICANT FIGURES.
(4) SSSC DOES NOT INCLUDE BRANCHES LISTED SEPARATELY



Table 2.10.3.1

DISTRIBUTION Of WHOLE-BODY DOSES AT AECL

3RD QUARTER, 1988

***********************
*
*
*
*

* NUMBER OF MONITORED PERSONS IN GIVEN DOSE RANGES (MREM) *
******************************************************************************************************

PRC1
PRC2
PRC3
PRC4
CO
NRU
NRX

* RIS
* SSSC
* RCC
* WNRE
* OTHR
"A* 'K X 'K 'A 'K 'K'

* TOTALS
*

* X PERSONS

*
*
r * *

*

*

*

*

*

*

*

*

*

*

*

*

*

:**

*

*

*

0-
20

386
26
143
245

7
6
8

23
820
140
1078
120
*****

3002

79.9

21-
50

58
4
14
28
8
2
3
11
121
85
16
5
***

355

9.5

51-
100

13
9
2
6
10
7
5
14
27
57
4
1

155

4.1

101-
200

10
5
1
1
8
7
3
15
25
22
0
0

97

2.6

201-
500

0
0
0
0
6
63
5
21
16
2
0
0

113

3 0

501- 1001- 2001- 3001- 4001- 5001- >10000 NUMBER
1000 2000 3000 4000 5000 10000 PEOPLE

0
0
0
0
0
16
3
4
9
0
0
0

32

.9

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
1 0 0 0 0 0
1 0 0 0 0 0
0 0 0 0 0 0 306
0 0 0 0 0 0 1098
0 0 0 0 0 0 126

TOTAL *
MREM *

****************
*

467 6969 *
44 1752 *
160 1685 *
280 2993 *
39 3774 *
101 33672 *
27 4687 *
89 14983 *

1019 27693 *
11305 *
2463 *
933 *

*********************************
0 0 0 3756 112909 *

*
.0 .0 .0 100.0 *

******************



Table 2.10.3.2

DISTRIBUTION OF WHOLE-BODY DOSES AT AECL

4TH QUARTER, 1988

*
*
*
*

* NUMBER OF MONITORED PERSONS IN GIVEN DOSE RANGES (MREM) *
******************************************************************************************************
* 0- 21- 51- 101- 201- 501- 1001- 2001- 3001- 4001- 5001- >10000 NUMBER TOTAL *
* 20 50 100 200 500 1000 2000 3000 4000 5000 10000 PEOPLE MREM *

*****************************************************************************************************************

PRC1
PRC2
PRC3
PRC4
CO
NRU
NRX
RIS
SSSC
RCC
WNRE
OTHR

*********

* TOTALS
*

*
*
*
*
*
*
*
*
*
*
*
*
*

356
25
139
231
8
4
7
19
796
182
893
127

53
4
11
27
7
5
8
9

135
52
124
4

26
10
2
5
10
4
5
11
25
45
12
1

13
3
1
1
11
13
2
20
33
22
1
0

0
2
0
0
3
50
2
22
22
2
0
0

0
0
0
0
0
27
3
7
9
0
0
0

0
0
0
0
0
3
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

448
44
153
264
39
106
27
88

1020
303
1030
132

*
7231 *
1863 *
1407 *
2622 *
3518 *

41928 *
3658 *
16510 *
29160 *
9573 *
8678 *
830 *

*****************************************************************************************************
* 2787 439 156 120 103 46 3 0 0 0 0 0 3654 126978 *
* *

* XPERSONS * 76.3 12.0 4.3 3.3 2.8 1.3 .1 .0 .0 .0 .0 .0 100.0 *
*****************************************************************************************************************



Table 2.10.3.3

DISTRIBUTION OF WHOLE-BODY DOSES AT AECL

1988 (WHOLE YEAR)

* * * * * * * * * * * * * * * * * * * * * * • v * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * NUMBER OF MONITORED PERSONS IN GIVEN DOSE RANGES (MREM) *
* ******************************************************************************************************
* * 0- 21- 51- 101-201- 501- 1001- 2001- 3001- 4001- 5001- >10000 NUMBER TOTAL *
* * 20 50 100 200 500 1000 2000 3000 4000 5000 10000 PEOPLE MREM *

*

*

*

*

*

*

*

*

*

*

*

*

*

TV i

*

*

*

PRC1
PRC2
PRC3
PRC4
CO
NRU
NRX
RIS
SSSC
RCC
WNRE
OTHR

l--4"*-t'4"4-«i"4"*"
BrTvTvTVTvTvTvTvTv .

TOTALS

%PERSONS

*
*
*
*
<

*
*
*
*
*
*
*

JV"A'TVT'

*

*

*

152
11
67

130
2
0
4
6

341
126
739

83
vTvTvTvTvTVTV7

1661

40.7

188
13
73

116
2
4
2
9

400
41

218
56

t"4*4"A"A"A"4—J
V TV TV TV TV TV TV T>

1122

27.5

86
4

20
40

3
3

CM

6
198

55
122

13
f TV TV TV TV TV TV TV

552

13.5

40
4
6

15
3
2
6

11
75
60
70

3
•4-«i"4*'4**4">l"Ai

Tv TV TV TV TV TV TV

295

7 . 2

23
11

2
6

17
8
7

13
44
62
19

0
TV TT TV TV TV TV TV

212

5 . 2

6
3
1
0
9

16
6

21
28
15

2
0

-A. 4> JL J - *i« *&• •&.
T V X T V T T T V T V T V

107

2 . 6

2
0
0
0
4

51
4

20
14

0
0
0

•4-"i"1J"i--4--t"i*1
TV Tv TV TV TV TV TV T

95

2 . 3

0
0
0
0
0

17
2
5
7
0
0
0

Jr'i-'i* Si* •*••!'«*"J"
T Tv TV Tv TV Tv TT X

31

.8

0
0
0
0
0
5
0
1

CM

0
0
0

"4-**"4--4">--it"J-
fC <K TV TV TV TV Tv

8

.2

0
0
0
0
0
0
0
0
0
0
0
0

••4-•*••*••*• •*••**•+
Tv Tv Tv Tv TV T* Tv

0

.0

0
0
0
0
0
0
0
0
0
0
0
0

•*"4"i"A"4--*"Jt-
TV T* TV Tv J\ Tv TV

0

.0

0
0
0
0
0
0
0
0
0
0
0
0

'•&"*• •&••*"£
Tv Tv Tv TV TV

0

.0

497
46

169
307

40
106

33
92

1109
359

1170
155

•4-•*••*'-4--4-+St
TV TV Tv TV TV TV Tv

4083

100.0

31789
7271
6391

11883
18319

146282
19251
67098

121475
43642
37505

3836
Jr-Je-i-Jc •&• • * • + -
TV TV TV TV TV TV TV i

514742

*
*
*
*
*
*
*
*
*
*
*
*
*

&*
*
*
*

TV T V TV T V TV T V T V T V TV TV TT T V > f TV « TV TV TC T V TV TV >V T V TV TT TV Tl



Table 2.10.3.4

DISTRIBUTION OF SKIN DOSES AT AECL

4TH QUARTER, 1988

*
*
*
*

*
*
*
*
*
*
*
*
* RIS
* SSSC
* RCC
* WNRE
* OTHR

* NUMBER OF MONITORED PERSONS IN GIVEN DOSE RANGES (MREM) *
******************************************************************************************************

PRC1
PRC2
PRC3
PRC4
CO
NRU
NRX

*
*
**4
*
*
*
*
*
*
*
*
*
*
*
*
*

0-
20

356
25
139
231
8
4
7
19
796
181
893
127

21-
50

54
4
11
27
7
5
8
9

129
51
122
3

51-
100

25
10
2
5
10
4
5
11
28
47
12
2

101-
200

12
3
0
1
9
12
2
18
28
21
3
0

201-
500

1
2
1
0
5
50
2
20
30
3
0
0

501- 1001- 2001- 3001- 4001- 5001- >10000 NUMBER
1000 2000 3000 4000 5000 10000 PEOPLE

0
0
0
0
0
26
3
11
9
0
0
0

0
0
0
0
0
5
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

448
44
153
264
39
106
27
88

1020
303
1030
132

TOTAL *
MREM *

*********
*

7483 *
1870 *
1563 *
2622 *
3639 *
43024 *
4032 *
17570 *
31220 *
10096 *
9015 *
887 *

*****************************************************************************************************************
* TOTALS * 2786 430 161 109 114 49 5 0 0 0 0 0 3654 133021 *
* * *
* XPERSONS * 76.2 11.8 4.4 3.0 3.1 1.3 .1 .0 .0 .0 .0 .0 100.0 *

K'K'JC'K'K'X'IC'K'K^K'yC



Table 2.10.3.5

DISTRIBUTION OF SKIN DOSES AT AECL

3RD QUARTER, 1988

*****************************************************************************************************************
* * NUMBER OF MONITORED PERSONS IN GIVEN DOSE RANGES (MREM) *
*
*
*

******************************************************************************************************
* 0- 21- 51- 101- 201- 501- 1001- 2001- 3001- 4001- 5001- >10000 NUMBER TOTAL *
* 20 50 100 200 500 1000 2000 3000 4000 5000 10000 PEOPLE MREM *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * r i r * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

*

* PRC1
* PRC2
* PRC3
* PRC4
* CO
* NRU
* NRX
* RIS
* SSSC
* RCC
* WNRE
* OTHR

*
*
*
*
*
*
*
*
*
*
*
*
*

384
26
143
245
7
6
8
23
818
140
1078
120

57
4
14
26
8
2
3
11
120
85
15
5

13
9
2
8
10
6
5
14
26
57
4
0

12
5
0
1
8
7
3
15
25
20
1
1

1
0
1
0
6
64
5
19
20
4
0
0

0
0
0
0
0
14
3
6
9
0
0

0
0
0
0
0
2
0
1
1
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0

467
44
160
280
39
101
27
89

1019
306
1098
126

-*
7385 *
1788 *
1879 *
3086 *
4115 *
34970 *
4970 *
16440 *
28612 *
11498 *
2606 *
974 *

*****************************************************************************************************************
* TOTALS * 2998 350 154 98 120 32 4 0 0 0 0 0 3756 118323 *
* * *
* XPERSONS * 79.8 9.3 4.1 2.6 3.2 .9 .1 .0 .0 .0 .0 .0 100.0 *
*****************************************************************************************************************

CO



Table 2.10.3.6

DISTRIBUTION OF SKIN DOSES AT AECL

1988 (WHOLE YEAR)

***********
*

*

f 1 I I I A l l l l j l l i l l i l l J l l
* * * * * * * * * * *

*

* PRC1
* PRC2
* PRC3
* PRC4
* CO
* NRU
* NRX
* RIS
* SSSC
* RCC
* WNRE
* OTHR
i i l j A | t X nli iii 1 li

* TOTALS
*
* XPERSONS

:***
*
***
*
*

|lljnjl.ll

*

*

*

*

*

*

*

*

*

*

*

*

*

a. • | . . |

*

*

*

* * * * * * x

* * * * * * *
0-
20

•ii • j , ji ii t j

151
11
68

131
2
0
4
6

340
126
739
83

1--1--I -I--I- 1 Oa•

1661

40.7

!VCTKTt*t'XTKTI

21-
50

I--J—J- J—J~il"ilr-J

188
13
72

113
2
4
2
9

400
38

218
56

r-tnii iii I. ii i -

1115

27.3

•mmnfn

iTBrwWTTirH

51-
100

, •• j JiJiJ I

82
3

20
41

3
3
2
6

189
56

117
13

k'k'frk'k'k',
535

1 3 . 1

:*******
NUMBER

1 0 1 -
200

UX I^TJ.Q--1«.1»»|

40
5
6

15
3
2
6

10
72
61
67

2
k'k'k'k'k'kit',

289

7.1

:*********************
OP MONITORED PERSONS

rjrUTTCtRrXWwi
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• •liiili iii nlii^i iti 1
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11

2
7
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8
7
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5 . 5
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4
3
0
0
5

14
6

20
36
15

3
0

"k'k'kk'k'ki
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2 . 6
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2000

• O > O > O > J i l l

4
0
1
0
7

51
3

17
15

1
2
0

It******!
101

2 . 5

'7C «mT7PT» JI' 'X A » I F 7T7T x 7t

IN GIVEN DOSE
• •1 it iii i l i i l 1 I " * * * " * *

2001-
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.1 i l 1 1 i l l 1 1 -%

0
0
0
0
0

14
3

10
9
0
0
0

kirkirkick}

36

.9

3001-
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• ilufcili ill ill liiil

rKcxxxxwHi

0
0
0
0
0
7
0
2
5
0
0
0

krk'k'kick'k'.
14

.3

:*******
RANGES

• •Ink A ilnA iii il

4001-
5000

Li i l n i l i -ill- i t , i l r - i l i ' - l

0
0
0
0
0
3
0
0
0
0
0
0

kicieieie^kk1}
3

.1

*******
(MREM)

^'k'k'k'k'k'k'H

5001-
10000
i ln l i L l I, JL ij

rxTCxiticicn

0
0
0
0
0
0
0
0
0
0
0
0

• • • • • • • > . * . - • • •

0

.0

:*******

r * * * * * * *

>10000

• Oiili •!• lli ••••tail

rxwxxxxx

0
0
0
0
0
0
0
0
0
0
0
0

l l l l 1 1 l l l l 1

0

.0

• * * * * * * * 1

r*******i
NUMBER
PEOPLE
luti ilnL il fc In

497
46

169
307

40
106

33
92

1109
359

1170
155

1 il ti t 1 it il 1

4083

100.0

********

Ar******4
TOTAL

MREM
Ii i l ill l u l l i l l i t il

35495
7609
6942

12097
19440

157971
20346
75519

139745
44943
41158

3929
O , O*O> O* O>Or O> •
J? X T K T C W X X I

565194

r *

*

r *

*
*
i

r *

*
*

*

*
*

*

* V
* £
*
*
*
*
*

*>o*

*

*

*

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *



Table 2.10.4.1

DISTRIBUTION OF EXTREMITY DOSES AT AECL

3RD QUARTER, 1988

*
*
*
*

* NUMBER OF MONITORED PERSONS IN GIVEN DOSE RANGES (MREM) *
******************************************************************************************************
* 0- 21- 51- 101- 201- 501- 1001- 2001- 3001- 4001- 5001- >10000 NUMBER TOTAL *
* 20 50 100 200 500 1000 2000 3000 4000 5000 10000 PEOPLE MREM *

*****************************************************************************************************************
*
* PRC1
* PRC2
* PRC3
* PRC4
* CO
* NRU
* NRX
* RIS
* SSSC
* RCC
* WNRE

*
*
*
*
*
*

*
*
*

3 2 1 2 5 4 2 0 0 0 0 0 19 7177
0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 1 0 0 0 0 0 0 0 0 0 2 7 6 *
0 0 1 0 0 0 0 0 0 0 0 0 1 6 7 *
2 3 1 3 1 1 0 0 0 0 0 0 11 1843 *

* 1 10 11 8 12 5 3 0 0 0 0 0 50 12604 *
* 0 0 0 2 3 0 0 0 0 0 0 0 5 1129 *
* 3 6 3 2 4 1 0 0 0 0 0 0 19 2554 *
* 6 9 4 0 4 2 0 0 0 0 0 0 25 3101 *
* 4 4 5 9 16 4 4 0 0 0 0 0 46 15185 *
* 9 2 8 5 5 3 2 2 0 0 0 0 36 12573 *

* OTHR * 0 0 0 0 1 1 0 0 0 0 0 0 2 9 4 8 *
*****************************************************************************************************************
* TOTALS * 29 36 35 31 51 21 11 2 0 0 0 0 216 57257 *
* * *
* XPERSONS * 13.4 16.7 16.2 14.4 23.6 9.7 5.1 .9 .0 .0 .0 .0 100.0 *
*****************************************************************************************************************



Table 2.10.4.2

DISTRIBUTION OF EXTREMITY DOSES AT AECL

4TH QUARTER, 1988

NUMBER OF MONITORED PERSONS IN GIVEN DOSE RANGES (MREM)
*****************************************************************************************************************

*
********
TOTAL *
MREM *

0-
20

21-
50

51-
100

101-
200

201-
500

501-
1000

1001-
2000

*
* *
* *
* * * * * * * * * * * * * • ) !

* *

* PRC1 * 2 4 1 4 6 6
* PRC2 * 2 1 2 0 0 0 0
* PRC3 * 1 0 0 0 0 0 1
* PRC4 * 0 0 0 0 0 0 0
* C O * O 2 3 1 2 O O
* NRU * 3 6 1 1 1 1 9 2 2
* N R X * 0 1 1 1 1 1 0
* R I S * 4 2 3 1 5 1 1
* S S S C * 3 9 6 3 5 3 0
* R C C * 1 7 4 6 8 7 4
* WNRE * 5 3 8 6 1 1 6 3
* OTHR * 1 1 1 0 0 1 0
*****************************
* TOTALS * 22 36 40 33 47 27 12
* *

5.4

2001-
3000

3001-
4000

4001-
5000

* XPERSONS * 9.9 16.2 18.0 14.9 21.2 12.2

0
0
0
0
0
0
0
0
0
1
2
0

1.4

0
0
0
0
0
0
0
0
0
0
0
0

.0 .5

5001- >10000 NUMBER
10000 PEOPLE

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

*

8042
203

0
0
0
0
0
0
0
0
0
1
0
0

1

.5

0
0
0
0
0
0
0
0
0
0
0
0

24
5
2
0
8
44
5
17
29
39
45
4

*
*

1500 *
0 *

1054 *
9957 *
1424 *
3767 *
4880 *
25480 *
21454 *
733 *

0 222 78494 *
*

.0 100.0 *

ro



Table 2.10.4.3

DISTRIBUTION OF EXTREMITY DOSES AT AECL

1988 (WHOLE YEAR)

*****************************************************************************************************************
* * • NUMBER OF MONITORED PERSONS IN GIVEN DOSE RANGES (MREM) *

*

*
*
*

0-
20

2 1 -
50

5 1 -
100

101-
200

201-
500

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

*

*

*

*

*

*

*

*

*

*

*

*

*

ici

*

*

*

PRC1
PRC2
PRC3
PRC4
CO
NRU
NRX
RIS
SSSC
RCC
WNRE
OTHR

t •*••*•*•*•**•**+•
> A A A A A A A A i

TOTALS

ZPERSONS

*
*
*
*
*
*
*
*
*
*
*
*
*

A A A A A i

*

*

*

- I n ! , - * - - • - • • - - • - • - • - - i * • - - « . . # • • • - i . .

A X X A A A A A A X KKTCTCTC,

3
2
3
1
0
1
1
3

10
6
5
5

40

9 .3
******

5
1
0
0
0
2
0
8

14
3
4
1

PT J T T T T T TnTTTlT •

38

8.8
********

4
3
0
2
2
4
0
9
8
4
4
1

J--4--Jti-A--A-i4-"i
IT « 1 % TBT TT « «

41

9 . 5
*******

7
0
0
0
3
8
0
3
7

10
7
0

, TT>f TTTTTTTTTK

45

10.4
r * * * * * * *

10
0
0
0
7

22
1
8

15
8

13
0

• A- -A- rA--X- -&..1- - 1 -

UTTTTTTTWTTX

84

19.5
;******•*

501-
1000

*******

10
0
0
0
3

14
1
6

14
10
23

0
1 *4- *!• «4* •!• *i* •*• *
TTTT7TTT Yir(.

81

18.8
: * * * * * * •

1001-
2000

r******y

4
0
1
0
0
9
2
2
3

10
19

2
A- •!• •!« «!• •!• iX> *1- •
UTAXT; A A A '

52

12.1
*******

2001-
3000

********

4
0
1
0
0
4
0
0
1
4
9
0

A. J , J, ̂  A J . ̂ L..
)T if JT « « JT VT "

23

5 . 3
********

3001-
4000

r * * * * * * *

2
0
0
0
0
4
0
0
0
4
5
0

15

3.5
*******

4001-
5000

r * * * * * * *

0
0
0
0
0
0
1
0
0
3
0
0

ts r* iT « ™ « ™ .

4

.9
*******:

5001-
10000

r A A A 7 T A A 7

1
0
1
0
0
0
0
0
0
1
2
0

V « « 3T TTTTX i

5

1.2
********

>10000

T/v A 7» y* yv *v 7

0
0
0
0
0
0
0
0
0
1
2
0

PT*TJTJCTT^V/V I

3

.7

NUMBER
PEOPLE

t * * * * * * * :

50
6
6
3

15
68

6
39
72
64
93

9
A, #* /\ /viT'Cin%

431

100.0
********

TOTAL
MREM

********

41797
289

10955
127

5222
53351

9157
11388
22809
80152

134889
2657

-!"*-+•*"*••*••£•'
A A A A n A A i

372793

********
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! • *

*

*

*

*
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2.10.5. In Vivo Facility - S.H. Linauskas

2.10.5.1. Counting Systems

New equipment was received at the end of the period to replace the MCA.
The equipment is currently being commissioned and software to transfer the
spectral data to the mainframe cyber has been completed.

2.11. TRAINING

2.11.1. Tritium Safe Handling Course - R.G.C. McElroy, M.J. Wood, R.A. Surette,
and other branches (Sponsored by CFFTP)

Members of the Dosimetric Research Branch contributed to f"he CFFTP-
sponsored Tritium Safe Handling Course in earlv October. Branch personnel
contributed a lecture and a laboratory session on tritium monitoring.

2.11.2. Radiation Protection Course 1988 - W.G. Cross, N.O. Freedman,
E.S. Lamothe, S.H. Linauskas (Course Chairman), R.G.C. McElroy,
A.H. Ohno, M.J. Wood and other branches

Short practical sessions were prepared and made to the participants
of CRNL's annual Radiation Protection Course. Lab displays and demonstrations
of the TLD service, tritium monitors, and radiation protection instrumentation
were given.

In addition, branch personnel provided various formal lectures, and
also participated in a panel discussion.

2.12. PUBLICATIONS AND PRESENTATIONS

2.12.1. Publications

CYTOLYTIC TOXINS EXTRACTED FROM PLEUROTUS OSTREATUS
J. Anderson, A. Trivedi and J.H. Toogood
J. Allergy Clin. Immunol. 81 (1988) 274.

DOSE CONVERSION FACTORS FOR AIR, WATER, SOIL AND BUILDING MATERIALS
R.M. Holford
AECL-9825 (1988 October).

2.12.2. Lectures. Presentations. Abstracts

A HIGHLY SELECTIVE MONITOR FOR AIR-BORNE IODINE-125
R.M. Holford
Presented at the IEEE Nuclear Science Symposium, Orlando, Florida, 1988
Nov. 7-11.
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BIOASSAY TECHNIQUES
E.S. Lamothe
Presented at the 30th Annual Radiation Protection Course, CRNL, 1988
September.

CALCULATION OF BETA RAY DOSE DISTRIBUTIONS
W.G. Cross
Lectures at Health Physics Society Summer School, Yale University, 1988
July 11-15.

CYTOLYTIC TOXINS EXTRACTED FROM PLEUROTUS OSTEREATUS SPORES
J. Anderson, A. Trivedi and J.H. Toogood
Presented at the American Academy of Allergy and Immunology, USA, 1988
January.

DNA TOPOISOMERASES AND THE INDUCTION OF YEAST THERMAL AND
RADIORESISTANCE
D.R. Boreham, A. Trivedi and R.E.J. Mitchel
Presented at the 4th International Congress of Cell Biology, Montreal,
Canada, 1988 August 14-18.

DOSIMETRY OF IONIZING RADIATION PARTS I & II
R.G.C. McElroy
Presented at the 30th Annual Radiation Protection Course, CRNL, 1988
September.

IN VIVO MONITORING
S.H. Linauskas
Presented at the 30th Annual Radiation Protection Course, CRNL, 1988
September.

PASSIVE SAMPLERS AND THE CRNL PASSIVE SAMPLER FIELD TRIAL
M.J. Wood
A talk given to R.&I.S. staff who would be involved in the CRNL passive
sampler field trial. Presented 1988 November 22 and 23. The talk
dealt with the theory of passive HTO samplers and technical details
of the implementation of the HTO passive sampler field trial.

RADIATION-INDUCED ADAPTIVE RESPONSE TO MNNG INITIATION OF TUMORIGENESIS
IN MOUSE SKIN. BLOCKING BY HYPERTHERMIA
A. Trivedi and R.E.J. Mitchel
Presented at the 5th International Congress of Hyperthermic Oncology,
Kyoto, Japan, 1988 August 28-September 4.

RADIATION MEASUREMENT
A.R. Jones
Presented at the 30th Annual Radiation Protection Course, CRNL, 1988
September.
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ROLE OF DNA TOPOISOMERASES AND CELLULAR RESPONSE TO STRESS
A. Trivedi, D.R. Boreham, P. Unrau, and R.E.J. Mitchel
Presented at EMBO workshop on Enzymology of DNA Replication, Weggis,
Switzerland, 1988 September 18-23.

ROLE OF YEAST DNA TOPOISOMERASE IN HEAT-INDUCED THERMAL AND
RADIORESISTANCE
A. Trivedi, D.R. Boreham, P. Unrau and R.E.J. Mitchel
Presented at the 5th International Congress of Hyperthermic Oncology,
Kyoto, Japan, 1988 August 28-September 4.

THE DOSIMETRY QUALITY ASSURANCE PROGRAM \T THE CHALK RIVER NUCLEAR
LABORATORIES
E.S. Lamothe
Presented at the 34th Annual Conference on Bioassay, Analytical and
Environment Radiochemistry, Las Vegas, Nevada, 1988 October 16-20.

TRITIUM MONITORING
R.G.C. McElroy
Presented at the CFFTP-sponsored Tritium Safe Handling Course,
1988 September, CRNL.
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3. ENVIRONMENTAL RESEARCH BRANCH

by

D.R. Champ
(Edited by E.L. Cooper)

3.1 STAFF

3.2 INTRODUCTION

3.3 ENVIRONMENTAL PROCESSES

3.3.1 ATMOSPHERIC PROCESSES
- Meteorological Measurements for Atmospheric Dispersion
Studies

- Stochastic Modelling of Dispersion
- Tritium Dispersal and Deposition from a Release of HT

3.3.2 UNSATURATED ZONE, GROUNDWATER AND STREAMFLOW INTERACTIONS
- Streamflow Generation
- Groundwater Recharge Chemistry
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3.2 INTRODUCTION - D.R. Champ

In this report the work of the Branch is presented in three main
sections; Environmental Processes, Environmental Assessment, and Analysis and
Monitoring. There is considerable interdependence between projects in the
different sections, particularly between the fundamental studies in the first
section and the applied projects in the second, and between both of these and the
analytical and instrumental work described in the last section. For example, the
motivation for fundamental work and technique development often arises from
requirements discovered in attempting to solve applied problems.

In the Environmental Processes section, the emphasis is on
investigations of the fundamental nature of environmental processes, particularly
those controlling the movements of air, water, and dissolved and particulate
materials.

In the Environmental Assessment section, the research described is
directly related to estimating or predicting the potential doses to human
populations from past, present and projected sources either by the development and
use of models or by locating and monitoring the actual distributions of
contaminants that have been placed in the environment. Such work provides the
basis for advice and assistance in defining strategies for the management and
disposal of all radioactive and other wastes. Accordingly, research in this
section involves:

1) developing models to describe the fluxes of radioactivity through
environmental media to human populations,

2) adapting our understanding of environmental processes to transport
calculations; for example, identifying the important properties and
processes that have to be considered,

3) determining the distribution of radionuclides in the environment;
for example, in the neighbourhoods of the various waste management
areas at CRNL,

4) developing the laboratory and field techniques to determine the
parameter values needed in the transport equations and models, and

5) working towards establishing appropriate criteria for assessments.

The third section, Analysis and Monitoring, comprises the reports of
developments in the various techniques - chemical, radiochemical, instrumental and
environmental measurement - that support the research and monitoring program of the
Branch. The results of the Branch's measurements of current releases of
radioactivity from CRNL to the environment are reported, as are the activities of
the Branch in other monitoring programs in industry, research and resource
development.

The locations of the various research facilities and areas mentioned
in the report and the monitoring points are shown on Figure 3.2. Station 6 is off
the figure in Mountain View subdivision.
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FIGURE 3.2 LOCATION MAP.

CHALK RIVER NUCLEAR LABORATORIES PROPERTY



3-8

3.3 ENVIRONMENTAL PROCESSES

3.3.1 ATMOSPHERIC PROCESSES

Meteorological Measurements for Atmospheric Dispersion Studies -
E. Robertson, F.C. Brown, W.J. Beattie

The emergency response meteorological measurement and data acquisition
system has continued to operate without interruption over the last six months.
Both of the Perch Lake aerovanes have been serviced and re-installed.

An eprom has been programmed with the data acquisition software that
runs the data acquisition system. When it is installed the system will have the
capability of re-booting itself in the event of back-up battery failure during
a prolonged power failure.

Data from the Perch Lake tower and Bldg 456 are routinely checked,
transferred to the mainframe computer and compiled for monthly records.

The IBM-PC version of the emergency response atmospheric dispersion
code, PLUMDOS, was tested during the evacuation exercise held in July. Turn-
around time was better than that for the mainframe computer. A menuing option
has since been added to the code to make it more user friendly and to reduce
the possibility of input errors.

A version that includes 2 and 3-dimensional dose contour plots,
REP-DOS, has been tested with several sets of real time meteorological data
during periods when elevated levels of ambient radiation were observed on one
of the available monitors. Predicted and observed times of increased radiation
levels were in good agreement.

Stochastic Modelling of Dispersion - E. Robertson, P.J. Barry

A stochastic Gaussian plume model that performs Monte Carlo
simulations of concentrations using as input data drawn from the observed
frequency distribution of the meteorological variables was previously
validated for Chalk River using observed Argon-41 concentrations.

In fulfillment of a contract with the Ontario Ministry of the
Environment the same model has been applied to predict SO2 concentrations due
to emissions from Sudbury and Falconbridge stacks at 13 sites in the Sudbury
region.

There are several complicating features about the Sudbury site that do
not apply at Chalk River.

1) At Chalk River the sampling sites are all less than 10 Km
from the stack whereas the distances between sampling
sites and stacks in the Sudbury region range from 3-90
km.
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2) There is only one source at Chalk River whereas there are
three major sources of SO2 in the Sudbury region.

3) The Chalk River stack is 65 m tall whereas the Sudbury
super stack is 381 m tall, and the IORP and Falconbridge
stacks are 194 and 93 m tall respectively.

4) There is no buoyant plume rise of the Chalk River release
whereas plume rise is significant for the Sudbury
releases.

The Ontario Ministry of the Environment provided some of the necessary data
including:

1) the co-ordinates of the three stacks and the sampling
sites.

2) monthly emissions from the three stacks.
3) effluent temperatures and velocities for the three stacks
4) wind speeds and directions and temperature gradients

measured at the Sudbury tower for 1983 and 1984.
5) concentrations of SO2 in air at 13 sampling stations in the

Sudbury region for 1983 and 1984.

Additional data used included:

1) Climatological records of wind speed and direction for the
Atmospheric Environment station at Sudbury.

2) STAR program output for Sudbury.

The CRNL code was modified to include a plume rise routine and to
accumulate concentrations due to the three sources at each of thirteen sampling
sites. The code was run with frequency distributions of both the Sudbury tower
and the climatological data.

Results for the two data sets were very similar. Predicted annual
average concentrations agreed with observations within a factor of two.
Furthermore the predicted frequency of occurrence of concentrations greater
that 15 pphm agreed with the observations within a factor of three. Predictions
based on Tower data were marginally better in that they showed,on average, no
bias while those based on climatological data, on average, underestimated
average concentration by 30%.

These results show the usefulness of a simple Gaussian plume model for
air pollution regulation which requires predictions of both long term averages
of concentrations and the frequency distribution of hourly average
concentrations. The results were presented in a poster session at the Ministry
of the Environment Technology Transfer Conference, November 1988.

Tritium Dispersal and Deposition from a Release of HT - R.M. Brown

At a meeting in Cadarache, France, September 25-28, to assess results
from HT dispersion studies in France and Canada, there was good agreement of
the results of various participants and between the two experiments. It is



3-10

well established that HT oxidation in the atmosphere is very slow and that dose
received in the open environment from an HT release arises primarily from HTO
re-emitted from soil and vegetation during several weeks after plume passage.
Deposition and re-emission parameters were in reasonable agreement. Four
modelers, using these parameters in their independent dispersion models,
reported they could reproduce the tritium distributions observed in time and
space in the two experiments reasonably well.

The group recognized tb need for further work to:

1) Establish the sensitivity of dispersion parameters to conditions of
weather, soil and vegetation in order to be able to use models
predictively for site assessment. Such work is best done in
exposure chambers before further open field experiments are
considered.

2) Assess possible hazards of tritium associated with graphite dust
and volatile organics emitted from fusion test facilities.

3) Assess the role of organically-bound tritium in long-term dose
considerations.

4) Gather and analyze past emission and monitoring data from existing
tritium-emitting facilities for testing models to be used for
setting chronic release limits for fusion facilities.

3.3.2 UNSATURATED ZONE, GROUNDWATER AND STREAMFLOW INTERACTIONS

Streamflow Generation - P.J. Barry, E. Robertson, J. Buttle,
D. Steele, A.G. Price

In preparation for next spring melt, new experimental facilities have
been installed in the headwater basin. These include:

1) 10 piezometer nests to give a 3 dimensional picture of the
hydraulic gradients and distribution of major anions and cations
in the wetland section.

2) A vertical array of 6 tensiometers in the vadose zone of the
experimental site.

3) A number of recording wells of which 4 are now equipped with water
level sensors and radiotransmitters to send the signal to a
centrally located data logger.

4) A new stream flow gauging weir at the lower end of the wetland and
at the head of the stream channel. This was made necessary by
losses to groundwater from the stream channel due to the previous
weir being 500 m downstream of the new location.

Groundwater Recharge Chemistry - K.J. Inch

In 1985, selected sediment samples from Chalk River and Sault St.
Marie were assessed for their ability to neutralize acidic precipitation.
Sediment samples from different depths were analyzed to determine their acid
neutralizing capacity (ANC). These data were used to help characterize the
sediment samples of both sites within a larger groundwater data base. The data
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are now being reworked to assess the use of ANC values as a broad scale,
indicator of a watershed's potential sensitivity to acidic precipitation.

Correlation of HTO Profiles in the Unsaturated Zone with Deposition -
R.M. Brown, K. Tanaka-Miyamoto, W.J. Workman

Measurement of HTO profiles in soil cores taken immediately after the
HT release of 1987 June indicated a deposition of 232 Bq/cm2 at 50 m distance
from the release point. The HTO content of the soil column at this site
uecreased to 4.6 Bq/cm2 by 1987 October, 2.8 Bq/cm2 by 1988 May and 1.6 Bq/cm2

by 1988 September. Thus, by 1988 September less than 1% of the initial deposit
was retained within the soil column. The content continued to decrease in
spite of the fact that the concentration peak was at a depth of 80 to 90 cm
from the surface during the summer of 1988. Evidently there is emission of
so.-.i HTO to the atmosphere even from such depth. The rate of downward movement
of the peak was only 0.1 cm/day from June to September 1988 compared to 0.21
cm/day from June 1987 to June 1988. The rate of downward movement is
decreasing as the deposit gets to greater depth.

HTO profiles in soil cores from the unsaturated zone at three other
locations around the CRNL property have been measured with a view to
correlating the tritium distribution with the deposition, measured in
precipitation, resulting from the emission of HTO from the CRNL reactors. The
rate of downward movement of HTO observed at the HT release site was used to
relate depth from the surface to time since deposition. The sharp fluctuations
in emission (daily records) and deposition (monthly composite precipitation)
were not observed even in the upper sections of the soil cores where one might
expect dispersion processes to be minimal. The deposition data were smoothed
by taking running means and using seasonal adjustment of the
infiltration/evapotranspiration ratio. The upper 2 m of soil contains
approximately 20% of the annual deposit in precipitation under the more or less
steady state conditions existing at these sites. It has not been possible to
reproduce the HTO soil profiles in detail from the deposition data. Input by
vapour exchange may be an important factor that has not yet been taken into
account.

3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER

Chemical Geography - Saline Seeps in the Nipigon Region -
D.R. Lee, G.M. Milton, R.J. Cornett, S.J. Welch

Preliminary results support the hypothesis that the saline seeps of
the Nipigon region of Ontario are related to the Precambrian sedimentary rocks
in that region and not to deep brines characteristic of the Precambrian Shield.
In the spring and summer of 1989 we would like to obtain results that are more
defensible than those we have at present. A memo was written to enlist
collaboration of other AECL personnel and financial support for field work and
analytical effort in 1989/90.
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Results are based on (1) samples from 4 saline seeps, one of which was
sampled with a piezometer installed in crystalline bedrock beneath the local
clayey soil and (2) water from an abandoned exploration borehole (SO-3) sampled
with a 325 m-long tube equipped with a check valve at its lower end. The hole
penetrated 29 m of overburden and 295 m of sedimentary rock (Sibley Formation).

Water collected from the saline seeps contained predominately Na, Ca,
and Cl. Major ion concentrations in bedrock beneath one seep were
Na+ (3300 m g L " 1 ) , CB++ (1010 mg-I/1), Mg"1"1" (15 mg-I/1) and Cl" (6900 mg-L'1).
Sulphate concentrations were generally less than 1 mg-L' .

Water from below 240 m in borehole SO-3 also contained mainly Na, Ca
and Cl in concentrations of 49000, 22000 and 155000 mg-L"1, respectively. The
sulphate content was about 500 mg-L'^.

A striking feature of the Sibley borehole salinity profile is the
relatively shallow depth (200 m) of the saline-freshwater "transition" compared
with vertical profiles measured by others elsewhere on the Precambrian Shield.

Cation ratios of water in the saline seeps and in the brines collected
from the exploration borehole appeared to be similar:

Site Ca/Na Ca/Mg

Saline seeps in Nipigon Basin 0.013 to 0.71 7.6 to 67

Exploration borehole through the 0.44 7.9
Sibley Formation (Hole # SO-3)

Deep brine in the Subury Basin 1.6 761

Surface water in the 2.4 3.7
Nipigon Basin

The existence of saline seeps exhibiting similar major ion ratios suggests that
the seeps are derived from a similar and relatively shallow brine. Deep saline
waters probably circulate slowly because of the lack of elevation head
sufficient to drive the high-density saline waters to a point of discharge. At
shallower depth, circulation is more rapid and it is not unreasonable that some
of the relatively shallow saline water from the Sibley is discharged in mineral
springs characteristic of this area.

Our tentative interpretation of the major element chemistry of the
Sibley (borehole) groundwater and the saline seeps is that the major salts in
these waters have a similar origin. However, the concentrations of major
cations in the seeps is 10 times lower than values measured in the Sibley
groundwaters. This difference could result from the dilution of saline water
in the Sibley formation by near-surface groundwater. This near-surface
groundwater has been tentatively identified from analyses of oxygen 18 and
deuterium to be of early postglacial origin (Slackmer, 1984, unpublished
M.Sc. thesis).
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Better sampling and further analytical work are required to confirm
these preliminary observations and to confirm the hypothesis that the saline
seeps are not only geographically limited to the Nipigon region, but that the
seeps are derived from a shallow and geochemically-distinctive groundwater
characteristic of the Sibley Formation.

Speciation of Radionuclides in the Chemical Pit Plume -
E.L. Cooper, J.F. Mattie

This project is a continuation of work which was carried out in the
early 1980's and was reported last in PR-HS-15 (AECL-8105). The earlier work
had shown that the ""Co in the plume from the Chemical Pit was predominantly
anionic. A technique was developed to preconcentrate the anionic species on an
anion exchange column and then selectively elute individual species from the
column. Cobalt-57 was added to the groundwater before loading so that inert
complexes could be distinguished from labile ones. The earlier work indicated
that up to seven anionic species could have been present and only one of these
exchanged with added 57Co.

Refined equipment has been set up for this study. The equipment
consists of a pump, a chromatographic column, a gas removal system, a gamma ray
spectrometer with a flow cell and a fraction collector. One of the refinements
is the automatic gas removal system which removes gas bubbles ahead of the
column and also prevents air from being pumped through the column if an eluent
runs out.

Twenty litres of groundwater were collected and stored in a cold room
in the dark. Aliquots of 3 to 4 litres have been loaded onto the column and
the anionic species cf ^ C o have been separated using the same elution scheme
as that employed earlier. The results show that the concentration of °®Co in
the sampling well has declined about 10 fold since 1983 (although this may be a
seasonal effect) and the species present have changed as well.

Further work using different ion exchangers and elution schemes is
planned.

Downhole Column Radiotracer Test Program - D.R. Champ, J.L. Young,
J. Jirovec, G.L. Moltyaner, J.F. Mattie, I.H.K. Cheung, G.M. Milton,
E.L. Cooper

A series of in-situ field column experiments, described in
PR-PHS-HS-5 (AECL-9759), to assess the transport of long-lived radioisotopes in
overburden sediments is continuing. Experiments were conducted in two wells,
WP-1 and WP-3, using stringers of five columns in each well. Using this
technique tracer experiments are conducted under nearly natural
hydrogeochemical conditions of the bedrock-overburden interface.

Current status of experimentation, involving l^I, 99 T C j and 85Sr, is
as follows. Effluents from columns 4(WP-1), 7(WP-3) and 8(WP-3) are still
being monitored for tracer elution. Analysis of effluents for Sr (only column
4) and Tc (all 3 columns) indicates that 59% of the Sr inventory remains on the
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column while 100%, 88% and 31% of the Tc remains on columns 4, 7, and 8
respectively. The volumes of groundwater passed through the columns ranged
from 24.5 to 27.5 L by the end of November. Approximately 37% of the Sr on
column 4 eluted following the first 3.2 L of groundwater in contrast to the
complete recovery of Sr from columns 5, 7 and 8 in a peak at approximately 3 L
of elution. The difference may be due to the much longer contact time of the
tracer because of a low initial flow rate. Monitoring of the effluent is
continuing.

As noted in the previous progress report (PR-PHS-HS-5, AECL-9759),
column 5 was recovered from WP-1 and the Tc distribution profile was determined
by chemical desorption. Sediments from three sections were submitted to more
detailed analysis by sequential extraction to define sorptive mechanisms.
Sixty-two to seventy-eight percent of the Tc was found to be "ion exchangeable"
while the balance was associated with carbonates and crystalline iron
oxyhydroxides. Insignificant amounts were associated with goethite and
haematite. The large exchangeable fraction was unexpected given the strong
retardation observed on the columns.

Batch sorption and laboratory column experiments with technetium were
run under anaerobic conditions to determine whether the resulting redox
environment mimics better the strong retardation of Tc observed in the in-situ
column experiments. Batch sorption reached apparent equilibrium in less than
one hour with a calculated distribution coefficient (K^) of 0.38 mL/g, in
contrast with field observations. Alteration of the sediment because of
exposure to atmospheric oxygen may control the sorptive properties and re-
equilibration under anaerobic conditions may be relatively slow. The batch
test is continuing for longer contact times to simulate the longer
equilibration of in-situ columns. Two laboratory columns operating under
reducing conditions in an anaerobic chamber have been loaded with Tc and are
being eluted with equilibrated groundwater from the field site. Results are
similar to those observed in the field experiments. No significant release of
Tc has been observed in the first 5.5 L of effluents.

Size and charge speciation tests for " S r at the Sr breakthrough peaks
for columns 7 and 8 were completed. Batch ion exchange tests indicated that
the Sr eluted as cationic species. The Sr was totally removed from solution by
both cation exchange and chelating resins but insignificant amounts were
removed by anion exchange resin. The Sr was not removed from solution by 0.05
fim filtration. However, 46 and 75% removal was observed using an
ultrafiltration membrane with a nominal exclusion limit of 300 - 500 MW
(approx. 10"-^m). These results were comparable to those for the tracer load
solution.

Phase two of the program began with injection of mixed solutions
containing 2 3 7Np, 2 3 9Pu and 2 ^ A m onto three columns, l(WP-l), 3(WP-1) and
9(WP-3). Only a small "spike" (<0.1%) of the actinides eluted with the 3H peak
followed by a slow, continuing release. Total recovery of 3H injected with the
actinides indicated that the injection procedure worked well. The experiments
are continuing as effluents are collected and monitored for released actinides.
Preliminary results from size and charge speciation tests of the actinides in
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the region of the ^H breakthrough indicate that all three of the actinides pass
through an 0.05 /ira filter but are significantly retained by a 300 - 500 MW
ultrafiltration membrane. All three actinides appear to sorb to anion, cation
and chelating resins. This suggests that they may be in weak anionic complexes
that would sorb to the anion exchanger and would dissociate in the presence of
the strong cation and chelating exchangers. Alternatively, the sorption to the
resins may be due to some mechanism other than ion exchange. As the actinides
continue to elute approximately half of the Np, Pu and Am is associated with
particles removed by 0.40/jm filtration.

Batch sorption tests of these actinides under aerobic conditions
indicated that equilibrium was reached within 24 hrs. K^'s for Np, Pu and Am
were calculated to be 0.35, 874, and 38.2 mL/g respectively. Again, batch K$
results for Np and Am did not agree with the strong sorption observed in field
results.

In addition to continued monitoring of tracer elution profiles, two
key experiments will be performed during the balance of this program: (1)
alteration of in-situ column biogeochemistry by introduction of antibiotics to
both an actinide and a technetium column in order to learn more about the role
of micro-organisms in the transport of these elements in an aquifer and (2)
recovery of an actinide and a technetium column for analysis, including grain
size and mineralogical examination, and desorption tests to determine
radioactivity profiles and sorptive mechanisms.

The Twin Lake Tracer Test Site - R.W.D. Killey, G.L. Moltyaner,
A. Wills, I.H.K. Cheung, C. Neville (University of Waterloo),
Y. Imahori

During the past half-year, work on the site has focused on three
areas: reduction and analysis of the tritium plume migration and dispersion
data generated in the 1987-88 experiment, definition of the major ion
geochemistry of the study aquifer, and research into alternative methods for
defining the structure of hydraulic conductivity heterogeneities. Progress on
the analysis of the tritium plume data is presented in the section "Analysis of
Tracer Tests Data" below. Results of the aquifer geochemical studies are
summarized under section 3.4.3. A brief discussion of work undertaken by a
graduate student, Chris Neville, to assess methods for mapping aquifer
heterogeneities follows.

From the results of the tracer tests conducted at the Twin Lake Site,
and from the results of studies elsewhere, it is now clear that the control on
large-scale contaminant spreading in groundwaters is aquifer permeability. To
evaluate the effect of heterogeneities, one needs to know not only the
magnitude of the variations in hydraulic conductivity, but also their spatial
configuration. Such data can be derived from in-situ tracer tests, but for
many sites of concern, large scale tracer experiments are a technique of last
resort. In many cases, the velocities of groundwater movement: are so low that
useful experiments would take many years to complete.
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Two alternative approaches have been attempted or proposed. One used
a very closely spaced soil sampling network, coupled with detailed analyses of
soil permeabilities, to determine both the magnitude and spatial structure of
the heterogeneities. This is still a brute force method that requires
extensive (and expensive) soil sampling and testing. The second proposed
approach uses spatial variations in the hydraulic response of an aquifer to
pumping to map the magnitude and configuration of hydraulic conductivity
variations. This latter technique still requires the installation and
measurement of a detailed network of observation wells, but it has the
potential of being the lowest-cost approach to the problem and one that
provides results relatively quickly. The Twin Lake site is seen as an
excellent area to test these methods, since the aquifer heterogeneity is
already defined by the previous tracer migration studies.

During the summer, eight boreholes were added to the existing
monitoring network. Specific features of these holes were: the collection of
continuous cores of aquifer sediments, sectioning the sands in cy cm depth
increments, and analyzing the grain size distribution of each of the 2000
samples collected. From previous studies, and from some comparative testing
this fall at the University of Waterloo, we know that at the Twin Lake site
grain size distributions can be used to obtain satisfactory estimates of
hydraulic conductivity. Analysis of the grain size distributions could not be
completed during the summer, and the remaining samples were returned to
Waterloo for completion of that testing.

The initial stages of a program to test pumping methods for collecting
data on aquifer heterogeneity were also completed during the summer. A 10 cm
diameter well, screened over the full thickness of the aquifer, was installed
in August. In addition to the existing monitor network, three additional
boreholes were drilled and instrumented with multilevel piezometers. Following
acquisition of a high-capacity submersible pump and installation of equipment
for continuous measurement of well production rates, a pumping tesl was run on
1988 September 6. Water was pumped at 450 L'min'l for 8 hours, and aquifer
drawdowns were measured at 9 locations at various distances and bearings from
the production well. A fault with the power supply generator led to a
premature termination of the pumping test, which had been scheduled for 2 day;;,
but sufficient data were collected to provide an initial assessment of the
aquifer analysis technique. That analysis is currently in progress.

Theoretical Treatment and Experimental Studies of Dispersion -
G.L. Moltyaner

A manuscript describing theoretical and experimental studies of
dispersion processes in a natural (heterogeneous) geologic environment has been
prepared. The basic idea of this manuscript is to provide an understanding of
groundwater flow and mass transport in porous media having more than one
natural scale of motion. Modern scaling and hierarchical methodologies in
conjunction with multiscale field experiments are emphasized.
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Transport in soils and rocks may be viewed on many scales of motion.
The scale of observation to some extent determines the allowable mathematical
models that can be applied to the transport problem. The porous media have a
natural hierarchy of distinct spatial and temporal scales (molecular,
hydrodynamic, pore, macroscopic, laboratory, field, etc.). The contaminant
transport problems require coupling phenomena over multiple natural scales of
motion (molecular to hydrodynamic, laboratory to field, etc.) and, in addition,
coupling natural scales to measurement (experimental) scales. On the other
hand, geologic media may have no natural scale of motion, but rather a
continuum of scales. Such media require currently evolving mathematical and
statistical tools to adequately quantify heterogeneities and transport. The
manuscript presents theoretical, numerical, and experimental procedures for
modeling and understanding multiscale transport in porous media.

Analysis of Tracer Tests Data - G.L. Moltyaner, A. Wills, I. Cheung

1983 Tracer Test - Prediction of sliced and averaged plan view and
cross-sectional views of the plume using 2 and 3 dimensional solutions of the
advection dispersion equation have been plotted and compared with the actual
data. Using time moment analysis and breakthrough curves, the velocity of the
plume has been calculated for all boreholes at each 3 cm of depth. These
values were then used to calculate the corresponding hydraulic conductivities.
The values of hydraulic head which were measured in 1983 have been added to the
data base.

1987 Tracer Test - Data from the 267 m line are being analyzed.
Breakthrough curves have been constructed for all points of data collection.
Cross-sectional contour plots have been produced and spatial moments calculated
for each time of collection. Estimates of the total mass of the plume from
data collected at the 267 m line are about 40% of the estimates of total mass
made closer to the injection well.

"SMART" Updating - (Simulation Models for Analyzing Radionuclide
Transport). Many files have been transferred from NOS/BE to NOS/VE. Some
programs have been tested on the new system and the main work in conversion
involves those that produce plots or use magnetic tapes. A package of programs
to solve and fit the advection-dispersion equation in 1 and 3 dimensions with
or without retardation and radioactive decay for various initial conditions is
being tested. For ease of use, the input to these programs is user-friendly
and common output routines are used throughout the package. A procedure will
be written to initiate execution of the appropriate program depending on the
user's needs.

Waste Management Area A - K.J. Inch, R.W.D. Killey, J. Munch

In order to more accurately define the distribution of *°Sr along the
west side of the contaminant plume, two more boreholes were drilled. The cores
were logged, centrifuged and analyzed for ^ S r £ n both the aqueous and sediment
phases. In situ K^'s were determined.
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CRNL-JAERI Collaborative Study of Radlonucli.de Release and Migration
at the Glass Block Site - R.W.D. Killey, D.R. Champ, K.J. Inch

Seventeen years have elapsed since the last comprehensive mapping of
the plume of 90Sr (the most mobile relatively long-lived radioisotope) from the
glass blocks buried in the Perch Lake basin in 1961. Nine years have elapsed
since the much more restricted ^^7Cs plume was mapped. Within the last five
years, the only study of the site has been the work carried out by D.R. Champ
and members of Battelle Pacific Northwest Laboratory on the speciation of
various fission products, activation products, and actinides at three sampling
poincs downgradient of the blocks.

We believe that it is time to update the data base on the Glass Block
site, addressing not only the more abundant fission products but also seeking
new data on actinide behaviour. As well as studying the distribution and
quantities of radionuclides downgradient of the blocks, this program would
extend the study of aqueous speciation and of modes of radionuclide retention
by the sands making up the aquifer matrix. All of these data would be cast
within an updated hydrogeologic framework, so that the information can be used
for the evaluation and development of predictive models of subsurface
contaminant transport.

During the visit of repressntatives from the Japanese Atomic Energy
Research Institute (JAERI) to CRNL for review and discussions of the downhole
column study, a proposal for a joint program between JAERI and CRNL on the
glass block plume was submitted. At present, the proposal covers the tasks
outlined above; retrieval and direct analysis of another glass block was
presented as an optional undertaking that could be considered following the
development of a method to recover a block and the surrounding sand without any
disturbance of the interface between the two materials.

Part of the proposal to JAERI also states that the evaluation of
surface areas from selected samples will be used as a determinant of long-term
radionuclide retention by soils. Correlations between surface areas,
mineralogy, concentrations of sorbed radionuclides, and in-situ k^'s, will be
looked at.

Sequential leaching procedures have been extensively used in various
studies of contaminant sorption. There are problems associated with the
specificity of leaching protocols and we propose to develop improved leaching
methods as part of the JAERI contract also. We anticipate a clear indication
of JAERI interest in supporting the program by 1989 March.

In Situ Studies of the Movement and Degradation of Pesticides in
Groundwater Flow Systems - D.R. Champ, R.W.D. Killey, G.L. Moltyaner

During the past half year, presentations have been made to staff in
the pesticides divisions of Agriculture Canada and Environment Canada, along
with follow-up discussions. From these meetings, it appears that atrazine,
which because of the antiquity of the license approval database and the
extremely widespread use across Canada, is coming under a major review over the
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next three years and is the pesticide of primary concern to both agencies.
Both groups have indicated support for the proposed program. We are following
this up by specifications of the preferred proposal format and some indication
of the magnitude of financial and resource support that could be expected.

Groundwater Networks of Excellence Proposal - D.R. Champ,
R.W.D. Killey, R.J. Cornett, D.R. Lee

The federal Inter-Council Program Directorate has sponsored a
competition for the establishment and four-year funding of a series of
"networks of excellence", intended to promote the development and linkage of
(primarily) academic research across Canada. One submission to this
competition is the "Canadian Network of Centres of Excellence on Groundwater
Research". Because of the academic focus of the program and a restriction
against directly funding any non-academic institution already receiving more
than 40% of its research support from government sources, CRNL has participated
in the proposal as an industrial associate, with roles in several study areas.
These are:

1) the development and provision of tracer expertise in studies of the
movement of water and contaminants in fractured rock flow systems,

2) the study of the behaviour of pesticides in groundwater flow
systems in sandy terrains (the areas of greatest susceptibility to
contamination by agricultural applications and accidental spills),

3) the development and testing of mathematical and chemical methods
used to design aquifer decontamination systems,

4) location and evaluation of the direct discharge of groundwater-
borne contaminants from point and nonpoint sources into rivers and
lakes, and

5) the development of accelerator mass spectrometric measurements of
naturally occurring long-lived radioisotopes and their application
to studies of groundwater movement and dating in low-permeability
materials.

The government review of the letter of intent submitted in October
encouraged the participants to proceed with preparation of a detailed proposal;
this proposal was submitted to the Inter-Council Program Directorate on
1988 November 30.

3.3.4 LAKE AND RIVER PROCESSES

Hydrologic DaCa at Perch Lake - P. Jay

The stream gauging weir at Perch Lake Outlet is routinely surveyed and
water levels are taken manually twice a week and correlated with the recorder
charts at the weir. The recorder chart is sent to Water Survey of Canada
(Environment Canada) for integration and estimation of flows. Routine checks
are done at # 1 inlet, # 2 inlet, Main Stream and East Swamp Stream to prevent
nuisance beaver from damming the streams, check heaters which are used to
prevent ice build-up at the weir plates, and to remove beaver and debris which
will interfere with water levels in the stilling-wells.
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Modelling Nuclide Behaviour In Lakes - R.J. Cornett, A.F. Vezlna
(Unlversite du Quebec), L. Chant.

A simple mass balance model has been completed to describe the
behaviour of trace metals and radionuclides in Perch Lake. We developed the
model using measured concentrations and fluxes of Fe and other elements
reported in PR-PHS-HS-4 (AECL-9681). Recently we have examined the sensitivity
of the fluxes and concentrations to different relationships describing the
transport of metals between water and sediments.

Our results show that in short term experiments the most important
parameters are the fluxes of particles and the diffusive flux of the element in
the soluble form. However, in the long term the most important variable is the
ratio of the distribution coefficient in the water column to that in the
sediments. Elemental concentrations in the water column are much higher than
might be expected because in the sediments more tracer is found in the
porewater and less is found sorbed to the particles.

The generality of these conclusions was further tested by simulating
the transport of 60Co in Perch Lake. If the K,j in the sediments is about 100
times less than that in the water column then the agreement between the
predicted and observed ^®Co concentrations in the lake water is excellent.
Further tests utilizing cores of Perch Lake sediments are currently underway.
We hope that a general empirical assessment model that improves upon existing
descriptions of the partitioning of trace contaminants between water and
sediments will result.

Measurement of Groundwater Flow Velocities through Lake Sediments -
R.J. Cornett, A. Metcalfe, B. Risto, D.R. Lee

The development of a simple method of estimating low rates of
groundwater inflow and outflow through the bottom sediments of surface waters
was documented in PR-PHS-HS-4 (AECL-9681). The technique uses a one
dimensional advection - diffusion model fitted to measured porewater profiles
of a non-reactive solute, and the advection rate is calculated by a nonlinear
least squares technique. To test the validity of this technique and to test
the assumptions inherent in the advection diffusion model a series of
simulations and experiments was performed using this new technique and two
other methods of estimating groundwater flow through lake sediments, i.e.
measures made using seepage meters and calculations based on Darcy's Law.

The simulations confirm that the calculated advection rate is
sensitive to the rate of solute diffusion that is used in the calculations. An
error of 2x in the value of D will cause a similar error in the calculated rate
of advection. To date all analyses have assumed that diffusion can be modelled
using Fick's law, ignoring bioturbation and convective mixing and assuming that
diffusion is a molecular process. The first test of this assumption was
performed by adding Br" to enclosures and measuring its rate of transport into
the sediments. These experiments confirm that Br" was transported at the rate
of molecular diffusion. Additional tests are planned to determine whether this
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conclusion Is sensitive to the necessity of enclosing the sediments within a
container.

The groundwater flow rates estimated from our profile technique
compare well with measurements made using seepage meters. However, under some
conditions the meters appear to give values that are about 2x higher than the
flow rates calculated from the cores. This discrepancy is small compared to
that found in most comparisons of groundwater flow techniques. Comparison of
the seepage meter and profile results against calculations using Darcy's law
show that flow is in the correct direction but the range of flow rates
estimated from Darcy's law is lOx larger than flows determined by the other two
techniques. Better estimates of the hydraulic conductivity of lake sediments
are needed before the cause of the wide range of flow rates can be determined.

Using Bivalve Shells as Monitors of Aquatic Contaminants -
R.J. Cornett, B. Risto with D. Evans, B. Bourgoine (Trent University)

A team Strategic grant was awarded by NSERC to support a Trent
University/CRNL collaborative program to develop a new technique of monitoring
pollutant concentrations in aquatic systems.

We propose to use mussel shells as records of environmental change.
Mussel shells are unique. Each year the animal adds a new layer to its shell.
During the formation of that layer, information about contaminant
concentrations in the mussel's environment is stored. We believe that
individual annual layers of aragonite within the shell contain a reliable
record of pollutant concentrations in the system.

To test this hypothesis we have initiated a series of experiments in
which mussels have been transferred from one lake to another. In a series of
reciprocal transplants we have moved animals from uncontaminated environments
into contaminated environments and vice versa. The long monitoring records of
nuclide concentrations in the Ottawa River and in Perch Lake provide ideal
experimental systems where these ideas can be tested. During the next year we
will also develop methods of measuring nuclide concentrations and stable
element concentrations in the clam shells to support the experimental work.

We hope that this work will demonstrate that mussel shells provide a
simple passive monitor of environmental conditions suitable for industries and
governments that are required to keep such records.

3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 INTRODUCTION

Environmental assessment requires a model of transport processes
linking a source and an impact, usually dose. The magnitude of that dose will
be one of several factors which may have to be considered when the
acceptability of a given operation is to be judged. To use the models, it is
necessary to identify and quantify the transport processes of importance for a
specified operation and site and to be able to measure the parameters used in
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the transport equations. Many of the field techniques and methods co obtain
this information in a form that can be used remain to be developed. To this
end, hydrogeotechnical skills are being developed and extensive site-specific
information is being gathered in geologically heterogeneous settings to assist
in improving and validating three-dimensional models used for waste management
assessment. In addition, validation studies, with one-dimensional models such
as those participating, in BIOMOVS, using large data bases of actual
measurements for model performance evaluation and model intercomparison studies
are helping to clarify what experimental data are needed to improve the
performance of assessment models;.

3.4.2 ENVIRONMENTAL DISPERSION MODELLING

RITE - ?-R. Peterson, R.V. Osborne

Kug-Chan Kim, attached staff (KAERI) , used RITE to gain an
appreciation of the relationship between source term and dose for various
radionuclides, particularly 90Sr and 60Go.

BIQMOVS - S-R. Peterson, P.J. Barry

The time-dependent performance of CHERPAC in the A4 Scenario was
analyzed using 4 statistical tests prepared by David Breshears of Colorado
State University. The dynamics for iodine and cesium in forage are quite good
although the concentrations may be over or underestimated. The dynamics for
milk, however, are wrong in that the peak concentration is late and the
activity is not lost fast enough, i.e. the modeling of the metabolism is too
slow.

We were asked by JJIOMOVS to be one of three teams investigating the
comparative performances of the eleven models with time-dependent results.

First, the observed data were checked to see how complete they are and
how much can be learned about processes from them. Most data sets are too
incomplete to shed light on all the processes, but the following
generalizations can be made: there is a one day delay between a peak in air
concentration and a peak in forage concentration; there is a 1 or 2 day delaj
between forage peaks and peaks in milk concentration; and effective loss rates
have not yet been calculated. Several errors in the observations were found
and have been corrected. Iodine (decay corrected to the day of the
accident)/Cs ratios were examined for air, forage and milk. The proportions of
iodine and cesium varied significantly during the passage of the plume. In
forage the ratio varied (36-140) until the first rain, after which it
stabilized at 8.54 + 3.55 (n=85). Japan is the exception. It is also the
farthest site from Chernobyl with measurable cesium. A similar low but more
variable ratio is found in milk.

Predicted to observed (P/0) ratios were calculated using each model
for each day when there were observations. These were graphed to show
cumulative frequencies; a perfect set of predictions would show all P/0 ratios
equal to 1. In reality, a good model has a cluster of P/0 ratios around 1.
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A poor model will show considerable scatter and extreme P/0 ratios. Under or
overestimations will accentuate scatter. Scatter is useful in drawing
attention to problem areas (variable interpretation of input data, difficulty
with the first predictions, etc). There are some sites at which all models do
poorly. Is there something wrong with the observations or are the models
missing important processes? In general, cesium is better predicted than
iodine. No one model is uniformly successful. It should be determined what
makes one model succeed where another otherwise successful one does not.

A visual comparison was made next. Model output was graphed and
models were grouped according to peak height, dates of peak concentrations and
order of peak heights. The predictions of models with the best fit to the
observations were graphed against the observations. There is no such thing as
a perfect fit between any of the predictions and the observations. This
analysis of the time-dependent performances of the 11 participating models was
presented at the 7th BIOMOVS Workshop at JAERI in Japan in November.

CHERPAC was calibrated for cesium based on the A4 Scenario
observations. A number of adjustments in the time-integrated P/0 ratio were
made. The dynamics of the milk predictions were repaired by trebling the rate
at which the model cow processes the forage. The fit of milk predictions to
the observations becomes very good after these adjustments.

LEGGO - S-R. Peterson, P.J. Barry

Two models were developed to handle the changing conditions of Twin
Lake, Colorado over the course of the year" After the first set of runs the
project was abandoned because of the time involved (both human and computer)
and because of the probability of mistakes being introduced when output from
one run had to be manually transferred to the input of the next run.

TIME-ZERO® *-, a software package purchased from Quaternary Software
Inc., Fort Collins, Colorado, will probably replace LEGGO. It is an integrated
set of software tools for use on IBM-PC's or compatibles which simplifies the
process of writing simulation models. The programming aspects (using Basic or
Fortran) of model construction are reduced to the entry of only essential
information about the model. Quite complex models can be constructed.
Although knowledge of a programming language is essential for use of TIME-ZERO®
and not needed at all for LEGGO, TIME-ZERO® has more flexibility and features
(graphs, Monte Carlo uncertainty analysis, etc) than LEGGO. It is more user
friendly and does not use expensive mainframe time.

Tritium Data for Model Validation - S-R. Peterson, R.M. Brown

Tritium (HTO) release data for Buildings 163, 250, 210, 468, and 150
have been entered in the STACDX file so that records are complete from
1980 January 02 to 1988 December 6.

TIME-ZERO is a registered trademark of Quaternary Software Inc.
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3.4.3 FIELD STUDIES

Determination of Seepage Flux from Lake 233 to the Underlying Sand
Aquifer - S.J. Welch, D.R. Lee, R.W.D. Killey, J.H. Munch, K.J. Inch

A program was initiated in the Spring of 1987 to estimate the
groundwater recharge from Lake 233 to the aquifer beneath the lake. This
aquifer is of interest because the Intrusion Resistant Underground Storage
(IRUS) waste disposal site is planned for construction over the aquifer and
downgradient from the lake. For modeling and site assessment purposes, the
flow from the lake may be equivalent to the flow into the aquifer.

A first draft report has been written which summarizes the recharge
from the lake to the underlying aquifer. The report contains estimates of
infiltration made in three different ways.

The direct measurement of infiltration, employing seepage meters, was
found to be 5.2 x 10^ m -year . The individual seepage measurements were
contoured and the infiltration rates were integrated over the contoured areas.
Seepage measurements in a small depression on the west side of the lake and
around the perimeter were not included in the above estimate. Another attempt
is being made to recontour the lake and to include the additional data in this
estimate.

The second method for calculating infiltration used the available
precipitation for runoff and infiltration over the area of the lake 233
drainage basin. The mean annual infiltration was calculated to be
approximately 2.1 x 1(H m^-year" .

The third method for calculating infiltration used Darcy's Law, which
states that infiltration is equal to the product of the hydraulic conductivity
of the upper restricting soil lens, the hydraulic gradient across that lens,
and the area represented by the restricting lens. This method yielded a mean
annual infiltration of 5.3 x 10' TIT -year" . This method, which appears to
indicate an unusually large infiltration, is being looked at in detail and the
one probable source of error would be the estimate of hydraulic conductivity.
A laboratory permeameter has been set up, using the restricting material, to
test the original estimates of hydraulic conductivity.

In an attempt to obtain large-scale measurements of hydraulic
conductivities of materials underlying Lake 233, a 10 cm diameter well
(screened in the main sand aquifer) and a series of observation wells with
multilevel piezometers was installed on the lakebed in September. In early
October, a high capacity submersible pump and equipment for continuous
measurement of well production were installed, and a one-day pumping test (at a
rate of 180 L-min"-'-) was performed. Drawdowns in the adjacent piezometers and
in the water-filled dugout that provided part of the water supply system for
the former Nitrate Plant were measured throughout the test.
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Analysis of the drawdown data for piezometers screened near the
pumping well in the main sand aquifer has provided a hydraulic conductivity of
1.9 x 10*^ curs"!, which is very similar to previous borehole dilution and
grain size estimates of hydraulic conductivity of the same stratigraphic unit.
Analyses of data from piezometers more remote from the pumping well are
continuing, but it is clear from the radially non-uniform field observations
that there are appreciable lateral heterogeneities in the sands.
Unfortunately, because of the extremely low water tables of this summer and
fall, we were unable to obtain data to calculate vertical hydraulic
conductivities in the interstratified sands and silts that lie between the
lakebed and the underlying sands. At the time of the test, Lake 233 was
essentially dry and the water table lay at the base of the sand and silt unit.
The test will be repeated in the spring when the lake is flooded and when we
anticipate being able to measure hydraulic responses in the interstratified
sands and silts.

Flow System Aqueous Geochemistry and Mapping using: Chloride in the
Lake 233 - Twin Lake Area - R.W.D. Killey, K.J. Inch, J.H. Munch,
D. Varvaresos

This project has the combined goals of providing data on groundwater
chemistry in the areas of the Twin Lake Tracer Test Site and of the region
under consideration for new facilities for low level waste disposal.
Associated with the collection f.nd analysis of a suite of water samples for
complete major ion chemistry was the sampling and analysis of a much larger
number of piezometers for Cl". Lake 233 is labelled with chloride as a result
of runoff which in the spring is contaminated with road salt from the Plant
Highway. By mapping the distribution of chloride in the study area aquifer, we
can map the distribution of Lake 233 recharge and hence refine our knowledge of
the 3-dimensional configuration of the groundwater flow field. Measurements of
major ion chemistry and calculations of speciation and mineral saturation of
the Twin lake Tracer Site are complete. Thermodynamic modelling of the aquifer
chemistry in the Lake 233 - Twin Lake area is under way. Collection and
analysis of the chloride distribution samples is complete, and application of
the results to definition of the flow system is also in progress.

Based on geochemical data (and supported by physical hydrologic
information), groundwaters at the Twin Lake Tracer Site can be classified into
three groups: direct infiltration, waters initially recharged from Lake 233,
and waters originating from sources north and possibly east of Lake 233.
Water from direct infiltration (precipitation entering the aquifer through the
sands downgradient of Twin Lake) forms the zone immediately below the water
table. The zone thickens with distance from Twin lake. The direct
infiltration groundwaters are low in total dissolved salts, chloride, and iron,
and relatively high in dissolved oxygen. Lake 233 recharge is found at mid-
depth in the aquifer and is characterized by elevated total dissolved solids
and Cl" (averaging 6.5 ppm versus less than 1 ppm for uncontaminated
groundwaters), reduced levels of dissolved oxygen, and generally elevated
concentrations of dissolved iron (inversely correlated with dissolved oxygen).
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Groundwaters at the base of the Tracer Site flow system are similar to
the Lake 233 waters in terms of total dissolved solids, dissolved oxygen and
iron but differ in that chloride concentrations average 2 ppm. This
intermediate chloride concentration is interpreted as the result of mixing of
Lake 233 recharge and groundwaters originating north and/or east of the lake.
The elevated alkalinity and Ca'+ in these basal waters indicates at least some
contact with the local till and may be interpreted as diagnostic of the
presence of some shallow bedrock discharge.

Taking a look at the broader picture of flow as defined by the
chloride mapping, results confirm that Lake 233 water discharges into Twin Lake
through the seepage area located along the east central shoreline. If waste
management facilities are located between Lake 233 and the central section of
Tvin Lake, any mobile contaminants released from those facilities will surface
in Twin Lake before re-infiltrating at the north and south ends of the lake.
Such surface emergence can be prevented by filling the Twin lake depression.
The chloride mapping also confirms that groundwaters from Lake 233 do not
discharge into Dewdrop lake, which is supplied by seepage from Twin Lake.

3.5 ANALYSIS AND MONITORING

3.5.1 INTRODUCTION

The Branch provides a broad range of routine analytical and monitoring
services in support of other programs within the Branch, with external
agencies, and within CRNL. The methods, techniques and facilities in use are
continually being developed and expanded to meet changing demands.

3.5.2 INSTRUMENTS, METHODS AND ANALYSIS

Electronic Instrumentation - W.J. Beattie

Miniature Radiotelenetry System: Radiotelemetry is a cost effective
means of collecting information from a number of points over a wide area and is
generally less expensive than using cables where distances between sensors and
recorders exceed 400 m. A system employing very small transmitters (initially
developed for animal tracking) has been developed, with the initial application
being measurement and recording of water levels from observation wells. The
system is currently installed at a site near Perch Lake and is recording data
from four observation wells. Modifications have been made to the radio
receiver circuitry to improve the signal-to-noise ratio. The housings for the
input circuitry have been re-designed to provide improved environmental seals
at a lower cost.

Meteorological Data Acquisition System for Perch Lake: A
microprocessor-based data acquisition system was designed in 1985 to replace
the existing unreliable instrumentation at Perch Lake. A real-time clock board
has been designed, fabricated and tested. A battery-packed power supply has
been fabricated and installed in the system. Some software development has
been carried out on the Temperature Monitoring Subsystem.
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Anbient Radiation Monitoring System at CRNL: The radiation monitoring
system currently consists of four monitoring stations, one of which is located
at the base of the stack and is an effluent monitor. There are two ambient
monitoring stations along the Mattawa Road and one outside Building 513. The
ambient monitoring instruments were designed in 1958 and are presently
considered obsolete. The outputs from t'le monitors are connected to chart
recorders in Building 513. Recent attempts to digitize and store the
information were unsuccessful due to high common-mode electrical noise on the
Bell lines. An ambient radiation monitor, based on a Model AEP 5302A Survey
Meter, has been fabricated and tested. The design of a data acquisition and
transmission system is well underway.

Weatherproof Multi-Channel Analyzer System: Work on a weatherproof
version of the soil moisture measurement computer is underway. A heat
exchanger has been installed in the cabinet.

Analytical Instrumentation - P. Jay

Analytical work is continuing in conjunction with the study on
infiltration processes and snowmelt which characterizes the spatial variability
of concentrations and water equivalent in snow cores and spring melt water.
More than 1700 samples from soil cores, lined and unlined plots, multilevel
samples, precipitation and various lake and creek samples have been analyzed
for pH, major anions, and monovalent and bivalent cations. Similar analyses
have been done on 200 borehole and adjacent surface water samples from the
Sibley formation in the Nipigon area.

With the installation of a new system of columns in the Dionex^ ̂  ion
chromatographs it is now possible to analyze samples in System 1 for the major
anions, F'^, Cl'^, N02"1-, PO4"3, Br"l, NO3"*, and 8 0 4 ^ and simultaneously
analyze the same samples for either the monovalent cations Na"1"-*-, NĤ"1"-*- and K +

or the bivalent cations Ca + + and Mg++.

A shutdown of System 2 occurred due to the failure of the analytical
pump which is used to pump the eluents through the system. It was found that
the problem was caused by one or more check valves on the pump that are needed
to stabilize the pressure and ensure a smooth flow of eluent throughout the
system. New parts have been ordered to replace the faulty ones.

Analytical Quality Assurance - P.Jay

Participation in interlaboratory comparison studies as a means of
ensuring the quality of our analytical methods has been continued. Samples
from the 18th interlaboratory comparison have been analyzed and the results
reported to the National Water Research Institute, Burlington, Ontario for
comparison with other participating laboratories. Results showed our data

Dionex is a registered trademark of Dionex Corporation
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ranked with the top 6 laboratories of the 54 laboratories participating in the
study. Samples from the 19th comparison study have been received, analyzed,
and reported to N.W.R.I.

Studies Related to the Sudburv Neutrino Project - G.M. Milton,
E.D. Earle, R.J.E. Deal (in conjunction with Neutron & Solid State
Physics Branch)

Thorium and Uranium in Acrylic - Recovery and background activity for
the revised chemical procedures for uranium, thorium and radium procedures
outlined in PR-PHS-HS-5 (AECL-9759) have been measured. Mean values were as
follows:

Background in
Region of Interest Recovery

2 3 8U < .0001 cpm 40 + 10 %
2 2 8Th < .0001 cpm 63 + 5 %
2 2 6Ra < .0003 cpm 8.5 + 3 %

A repeat vaporization of 9.8 kg of acrylic permitted further
comparison of a-spectrometric measurements with those of ICP-MS and thermal
ionization MS.

Method 232Th 2 3 8U
in pg/g in pg/g

ICP-MS 2.8 + .10 1.1 + .06
(at NRC, Ottawa)

TIMS (CRNL) 4.5+0.2

a-Spec (CRNL) 2.6 ± .06 2.1 ± .08
3.9 + 0.8 (228Th)* 0.8 + 0.2 (23OTh)*

1.2 ± 0.8 (226Ra)*

^Assumed Th or U concentration from measured activity of the daughter
indicated in parenthesis.

No statistically significant disequilibrium was observed in either
chain. Very low recoveries of radium have required further changes in the
purification procedure for this element (see below). The necessary additional
checks of recovery and background activity are now underway.

The a-spectrometric data acquired for acrylic have been presented at
two poster sessions of the Canadian Association of Physicists Congress (1987,
1988) and in a paper delivered to the International Congress of Geochemistry
and Cosmochemistry held in Paris, September 1988.

Following the completion of the additional checks of the revised
radium procedure it is planned to write up the work for publication as an AECL
report.
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Electroplating Losses - Low recoveries of U and Ra noted in ultra-
trace measurements of these elements in acrylic (see section above) have been
traced primarily to losses during electroplating procedures. Recoveries of 70-
80% for uranium are the norm in this laboratory. The inability to flame off
trace organics following solvent extraction, when working totally in Teflon, is
almost surely the cause of the reduced yields in acrylic analyses. A similar
but much more serious loss of radium is also due to the presence of trace
contaminants (both organic and inorganic) in the plating solution. Yields
> 85% have been obtained when plating from either isopropyl alcohol (Koide, M.
et. al; Anal. Chem. Acta Z5 (1975) pp. 1-19) or buffered ammonium acetate
(Roman, D.; Int. J. Appl. Radiat. Isot. 35, No. 10 (1984) pp. 990-992) so long
as the solutions are residue free. Consequently it has been necessary to
purify further the solution containing Ra by uptake on carefully pre-washed
Dowex 50 followed by elution in 8N HCI after all contaminants are washed from
the resin.

Recent electroplating yields for plutonium and neptunium from buffered
NaHS04 solution have all fallen between 75 and 83%, considerably below the 99%
Pu recovery claimed by Kressin (Anal. Chem. 49, No. 6 (1977) pp. 842-845) for
this method. It is possible that trace contaminants in some of the reagents
used may be responsible for these reduced yields also.

Pb-210 Analyses - B. Risto, R.J. Cornett

A revised analytical procedure incorporating microwave dissolution has
been developed, tested and implemented for the Pb-210 determinations. This
technique has decreased the time required for the analyses, simplified the
handling of samples and improved the accuracy and precision of our method.
Simultaneously, improved quality assurance techniques have been incorporated
into the analytical procedures. Standard procedures for whole process blanks,
duplicate determinations and the use of internationally accepted standard
reference materials have all been incorporated into the work on a routine
basis.

Measurement of Organically Bound Tritium - R.M. Brown, W.J. Workman

In an effort to speed up the drying-combustion procedure for low level
OBT/HTO measurement, the combustion of samples which have been dried by toluene
azeotropic distillation followed by removal of the toluene from a number of
samples simultaneously in a vacuum oven has been tried. No problems were
encountered in the combustion, but toluene removal is slow and not a great deal
of time is saved.

Contamination problems have been encountered in OBT measurements after
analyzing some high concentration samples. Seemingly, tritium is retained in
the metal components of the combustion bomb. Contamination was eventually
reduced by heating the combustion cups to 900°C in a muffle furnace and doing
repeated combustions of low tritium material.
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Software Development for Radioactivity Counting Systems - F.C. Brown

The IBM-AT-PC dedicated to radioactivity counting systems has been
programmed for data collection and storage (automatic and manual) and to act as
the counter control unit. This software will be developed further when
requirements for the counting system have been clarified by the monitoring
group.

Improvements to the Nuclear Data 6700 Data Acquisition System and its
Data Handling Capabilities - T.J. O'Kane, P.C. Beaulieu, A.E. Docherty

An IBM compatible personal computer was purchased to allow
communication and transfer of data between the ND6700 and the mainframe, to act
as a terminal for the ND67OO and to increase the data handling capability of
the Environmental Monitoring Group. SmarTerm® •* 240 communication software was
used to make dependable communication possible.

Difficulties in the past with the Pertec disk drives have been
eliminated with the purchase of a Mini Winchester disk subsystem to be used as
the primary data storage facility for the ND67OO with the Pert.sc drives to be
used as a backup drive system only.

3.5.3 SITE MONITORING

Streamflow Measurement on the CRNL Site - R.W.D. Killey, J.H. Munch,
W.J. Beattie

Streamflow measurements of Main Stream at the Powerline Road weir were
resumed in August, following receipt, assembly, and calibration of pressure
transducers and .ata logging equipment. Monthly flows have been measured and
forwarded to the monitoring group for the stations at the Powerline Road,
Inlets 1 and 2, East Swamp Stream, and Lower Bass Creek. During December we
have assembled, tested, and installed a similar level measurement and recording
system at the Perch Creek weir. Upgrading of the weir on Duke Stream so that
continuous measurements of flow can be made has been delayed due to the
unavailability of Site Support Services personnel. With no approval of the
necessary funds, there has been no progress on the installation of a continuous
flow measurement facility on the discharge from Maskinonge Lake.

At the time of writing this report, we have partially completed a
series of dilution gauging measurements on the monitored streams as a check on
the accuracy of the weir level flow measurements. At the Powerline Road, a
substantial discrepancy between the weir and dilution gauging data has been
observed; reasons for this discrepancy are under investigation. Weather
permitting, we plan to complete dilution measurement at all stations before the
end of the calendar year.

SmarTerm is a registered trademark of Persoft Inc.
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Radlonucltde Migration and Releases from Waste Management Area B -
R.W.D. Killey, A.E. Selkirk, J.H. Munch

Since 1957, 90Sr has been released to a wetland west of Area B as a
result of leaching from buried wastes and subsequent transport by groundwater
through the sandy aquifer underlying the site to an area of seepage discharge.
During the past summer, the magnitude of this release and the rate of
radiostrontium accumulation in the wetland were assessed using historical data
from the ERB's monitoring records of inputs to and outputs from the wetland,
coupled with a survey of radiation fields and soil and vegetation contamination
in the swamp. A report on results of the study has been circulated for
comments prior to publication as a technical record.

Spring B, the main discharge area for groundwaters contaminated with
"°Sr, has been sampled weekly since 1957. The waters are analyzed for gross
beta activity, and quarterly composite samples are tested for gamma emitters.
Throughout the monitoring period, negligible quantities of gamma emitting
isotopes have been detected, and the beta activity has been attributed to
radiostrontium. Concentrations of *^Sr have continued to rise over the
monitoring period. Using measurements of discharge rates from Spring B
collected this summer, the total radiostrontium release to surface (decay-
corrected to 1988) is calculated to be 161 GBq.

The wetland receiving discharge from Spring B (hereafter referred to
as the Area B Swamp), normally drains to Perch Lake via Inlet 1. Weekly beta
concentrations at Inlet 1 have been measured since 1972, and streamflows
through the inlet have been recorded since 1968. Using the historical data
(and back-extrapolating to 1957 using the correlation between Spring B and
Inlet 1 contaminant fluxes for the past 15 years), we calculate that the decay-
corrected ^ S r release to Perch Lake has totalled 53 GBq. The difference,
108 GBq, has presumably accumulated in vegetation and soils in the Area B
Swamp.

An independent check on radionuclide retention in the Area B Swamp was
obtained from a field study that combined the mapping of surface radiation
fields with the collection and analysis of soil and vegetation samples at four
sites in the swamp. A correlation between radiation fields and the
concentration of ^ S r in soil and vegetation was established, and based on that
data we estimate the current Area B Swamp radiostrontium inventory to be
180 GBq. Given the uncertainties in the input-output estimate (and
particularly the lack of flow data for Spring B), the agreement between the two
data sets is satisfactory.

Since the Area B Swamp is in an area of restricted access, the current
surface contamination does not pose any immediate threat to public health.
Because of the relatively long half-life of ^Sr, and because of the continuing
rise in the rates of radiostrontium release to the swamp, however, we believe
that corrective actions are necessary. To provide the database for corrective
actions we are embarking on a detailed mapping and inventory estimate of ^ S r
(and possibly other radionuclides in the aquifer beneath and downgradient of
Area B). This information will be used in the development of methods to both
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minimize future additions of contaminants to the local ground and surface
waters (by controlling infiltration through the Area B wastes), and to remove
contamination already present in the aquifer but which has not yet reached the
discharge area. This latter program is currently part of the CRNL involvement
in a hydrogeologic research proposal to the federal Networks of Centres of
Excellence program sponsored by the Intercouncil Program Directorate (see
Section 3.3.3).

Gamma Exposure Rates in Public Areas near CRNL - A.E. Docherty,
P.C. Beaulieu, T.J. O'Kane, W.M. Hartwick

Thermoluminescence dosimeters placed at the perimeter of the CRNL
exclusion area (see Figure 3.2) and beyond are used to measure quarterly
exposures that are the sum of contributions from CRNL and natural gamma
radiation. The exposure rates averaged over the second and third quarters of
1988 and the last two calendar years are given in Table 3.5.3A.

In 1986, additional stations were set up to provide more extensive
monitoring outside CRNL property. Results from these stations are now
included.

These measurements include the background dose due to natural
radioactivity in the environment and the contribution from CRNL. The
background dose depends on the amount of natural radioactivity, soil moisture
and snow cover and varies monthly and yearly.

Gamma Exposure Rates at CRNL - A.E. Docherty, P.C. Beaulieu,
T.J. O'Kane, W.M. Hartwick

Indoor (shielded) and outdoor (unshielded) gamma ray exposure rates
within the CRNL exclusion area are given in Table 3.5.3B.

Stations 17 and 18 are part of the monitoring coverage for the NRU
heat recovery program.

Station 26, inside the Public Information Centre, and Station 27,
outside the Centre were introduced in the first quarter of 1988 as part of the
planned expansion for the TLD network.

Radionuclides in Precipitation and the Ottawa River - A.E. Docherty,
P.C. Beaulieu, T.J. O'Kane, W.M. Hartwick

Precipitation samples collected at Deep River were analyzed
radiochemically for ^Sr anrj spectrometrically for *-̂ 'Cs an(j other
gamma-emitters. Monthly composite samples of water from the Ottawa River,
collected at Rolphton, Deep River, Pembroke and CRNL were also analyzed for
gamma-emitting nuclides, tritium and 90Sr. The results for 90Sr and *37Cs
concentrations in the Ottawa River at Pembroke, Deep River and Rolphton are
shown in Figure 3.5.3A.
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Table 3.5.3A Gamma Exposure Jlates^ In Public Areas

Location !

1 - see Figure 3.2

2 - see Figure 3.2

3 - see Figure 3.2

4 - see Figure 3.2

5 - see Figure 3.2

6 - Mountain View

7 - See Figure 3.2

8 - See Figure 3.2

12 - Deep River

132- Quebec, CRNL

15 - Harrington Bay-*

192- Quebec, Oiseau

20 - Gutzman Rd. Petawawa

21 - Portage Rd. Petawawa

22 - Lloyd Dr. Pembroke

234- Ft. William

24 - Deep River Hydro

252- Quebec, Schyan

1 Natural background (excluding cosmic radiation) and airborne contamination
from CRNL
2 These TLD locations are across the river from CRNL and are'not accessible for
much of the year. Thus the. TLD's are changed less frequently and the

exposure periods do not correspond to those of the other TLD locations.
•* Harrington Bay, P.Q., 9 km south east from plant stack.
4 Fort William, P.Q.. 11 km south east from plant stack.
* 1 R - 2.58 x 10'4 C-kg'1

** for the period 1987 October 01 to 198C July 06

>nd Quarter
1988

5.0

4.6

2.8

6.0

3.7

3.7

2.8

5.0

1.8

12.3**

4.5

3.9**

3.7

4.2

3.7

2.8

3.2

4.2**

Third Quarter
1988

4.3

2.9

1.9

2.9

0.5

1.9

1.4

5.3

4.3

6.9

8.6

3.7

3.8

2.8

2.8

3.8

4.3

7.9

li'f.
Average

7.1

4.8

3.9

6.0

4.2

4.8

4.6

6.8

6.3

9.2

6.3

--

--

--

--

--

--

1987
Average

7.2

6.2

3.7

6.5

5.8

5.9

6.2

7.5

6.2

7.1

6.7

4.8

4.6

5.3

4.2

3.7

4.2

6.0
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Tritium in Surface Waters in the Vicinity of CRNL - R.M. Brown,
W.J. Workman, T. O'Kane

The annual survey of tritium in 50 small streams and lakes on and
around the CRNL property was completed. No instances of tritium appearing at
new discharge points occurred. The tritium concentration in the Bulk Storage
Stream, which showed a sharp rise three years ago due to drainage from "C"
Waste Management Area, has stabilized at 25.4 kBq/L, probably as a result of
the application of a water-shed on the east end of the Waste Management Area.

On 1988 December 08 an accidental discharge of heavy water from NRU
resulted in a pulse of tritium being released to the Ottawa River. Peak
concentrations downstream were much lower than the maximum acceptable
concentration in drinking water recommended by Health and Welfare Canada.
Since monitoring is not yet complete the results will be reported in the next
progress report.

Table 3.5.3B Gamma Exposure Rates1 within the CRNL Exclusion Area

Location Second Quarter Third Quarter 1986 1987

9

10

11

16

17

18

26

27

- see Fig. 3.2

- First floor office,
Building 513

- see Fig. 3.2

- Office in CRNL cafeteria

- Bldg. 400 & 401
steam condensate

- Bldg. 400 basement

- Public Information
Centre (Inside)

- Public Information
Centre (Outside)

1988

15

8

8

8.

7.

9.

14.

24.

.4

.7

.7

.2

.3

,5

0

0

1988

19

5

5,

5,

7.

9.

11.

18.

.2

.1

.3

.2

,0

4

2

7

Average

17.7

9.9

8.6

lc.O

8.5

9.9

--

--

Avera

20.0

9.7

9.7

10.3

8.9

11.0

--

--

of gamma natural background (excluding cosmic radiation) and airborne
contamination from CRNL.

* 1 R - 2.58 x 10"4 Ckg'1
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CONCENTRATION OF CESIUM-137

Bq/m3

0.3 %
TARGET

0.2 CONCENTRATION

5 - - 0.1

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC

CONCENTRATION OF ST ,1-90

Bq/m3
30

20

10

%
TARGET
CONCENTRATION

JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT NOV DEC

E3 PEMBROKE
• DEEP RIVER
• ROLPHTON

FIGURE 3.5.3A: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1988.

••'' Health and Welfare Canada's recommended target concentrations
for Cesium-137 and Strontium-90 in drinking water are
5 x 103 Bq-m'3 and 1 x 1O3 Bq-m"3, respectively. The target
concentrations have been derived to correspond to 0.1% of the ICRP
recommended annual occupational dose-equivalent for continuous
exposure.

1 Bq = 27 pCi
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NOMINAL ß "Sr
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FIGURE 3.5.3B: Daily Releases of Radionuclides in Liquid Effluents. 1988
1 GBq - 27 mCi 1 MBq - 27 /*Ci 1 kBq = 27 nCi
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Radlonuclldes in Liquid Effluents - A.E. Docherty, P.C. Beaulieu,
T.J. O'Kane, W.M. Hartwick

At CRNL, three liquid effluent streams discharge radionuclides to the
Ottawa River from the Inner Area. They are the Process and Sanitary Sewers
plus the 04 Storm Sewer combined with 04A seepage. Each of these is sampled
regularly and analyzed for individual nuclides. In the Outer Area, Waste
Management Areas A and B are drained by Perch Creek which flows into the Ottawa
River. Waste Management Area C is drained by Duke Stream, Bulk Storage Stream
and Lower Bass Lake Inlet Stream. The former two combine and flow directly
into Maskinonge Lake; the later flows into Lower Bass Lake first before flowing
into Maskinonge Lake. All are sampled regularly.

The mean daily releases from the Process Sewer are given in Table
3.5.3C for the second and third quarters of 1988. Most of the radionuclides
are measured by gamma-ray spectrometry. Other releases are shown in Figure
3.5.3B. The daily releases have been calculated from the measured flow rates
and radionuclide concentrations in individual streams.

Plutonium discharges are expressed in terms of activity per day rather
than mass per day. Since we do not distinguish ^39pu f r o m 240pu an(j t^e t w o

isotopes have different half-lives, the values for plutoniuiu therefore
represent 239pu pi u s 240pu j^e conversion factor is 1 mCi or 37 MBq equalling
16.3 mg for 2 3 9Pu.

The tritium concentrations, determined by liquid scintillation
counting, are summarized in Tables 3.5.3D and 3.5.3E, together with the
activities released during the second and third quarters of 1988.

These surveys of liquid effluents have shown that in all cases the
radioactivity released either directly or indirectly to the Ottawa River has
been less than 1% of the Derived Release Limit (DRL).

MISA - Pre-regulatory Characterization of CRNL Liquid Effluent Streams
A.E. Docherty, P.C. Beaulieu, T.J. O'Kane, W.M. Hartwick,
W.J. Workman

Samples were collected on 88-09-20 from ten CRNL liquid effluent
streams and one intake for chemical characterization analysis by ZENON
Environmental Inc. Duplicate samples from four of these streams were collected
at the same time and on 88-09-27 for analysis by the Wastewater Technology
Centre of Environment Canada.

Results from these analyses will assist in the development and
implementation of an on-site monitoring program that will comply with Ontario's
Ministry of the Environment MISA regulations.



3-38

Radlonuclldes In Surface Water at CRNL - A.E. Docherty, P.C. Beaulieu,
T.J. O'Kane, W.M. Hartwick

Weekly samples and flow readings were taken at weirs on the surface
streams carrying contaminated seepage water from the Waste Management Areas
into Perch and Maskinonge lakes (see Figure 3.2). Most samples were combined
and analyzed monthly for 3H as well as quarterly for gamma-emitting
radionuclides and ^Sr. Strontium-90, 60Co and 3H remain the main contaminants
in the Perch Lake basin.

Table 3.5.3C Mean Daily Releases from the Process Sewer

Radionuclides Second Quarter 1988 Third Quarter 1988
MEq/d* % of DRL** MBq/d* % of DRL**

90Sr

"zr

" zn

13

180

100

65

92

49

140

27

55

41

22

69

180

3

6

4

3

6

1

1

1

5

3

2

2

1

.1

.6

.9

.8

.6

.2

.5

.5

.6

.3

.3

.5

.4

X

X

X

X

X

X

X

X

X

X

X

X

X

10-3

io-i

10-3

10-3

10-4

10-2

10-4

10-4

10-4

10-4

10-4

lO-2

io-i

14

52

66

64

120

37

460

180

55

40

57

63

190

3

1

3

3

8

8

5

9

5

3

6

2

1

.3

.9

.2

.8

.8

.8

.1

.7

.6

.2

.0

.3

.5

X

X

X

X

X

X

X

X

X

X

X

X

X

10-3

io-i

10-3

10-3

10-4

lO-3

10-4

10-4

10-4

10-4

10-4

10-2

io-i

* Release figures rounded to two significant digits. (1 MBq — 27
** Derived Release Limit. The percent of DRL figures have been calculated

from the DRL values given in AECL-7243.
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Table 3.5.3D Tritium in Streams in the Exclusion Area
Second Quarter 1988

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Lower Bass Lake Inlet

Bulk Storage Stream

Concentration
MBq/m3

2.1

11

17

11

240

3.3

23

Quarterly Release
GBq

2

2

1.

5,

1.

.4 x 10*

531

.2 x 103

.0 x 10*

.6 x 103

191

.2 x 103

Percent of
DRL*

2.8 x

6.1 x

2.6 x

1.1 X

6.4 x

2.2 x

1.4 x

10-2

io-*

10-3

10-2

10-3

io-*

10-3

Table 3.5.3E Tritium in Streams in the Exclusion Area
Third Quarter 1988

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Lower Bass Lake Inlet

Bulk Storage Stream

Concentration
MBq/m3

1.5

1.4

11

11

234

2.2

21

Quarterly Release
GBq

2

2

1.

5.

.0 x 10*

75

.8 x 103

,5 x 103

,1 x 103

118

583

Percent of
DRL*

2

8

3

1

5

1

6

.3 x

.5 x

.1 X

.7 x

.8 x

.3 x

.6 x

10-2

io-5

10-3

10-3

10-3

io-*

io-*

*DRL - Derived Release Limit. % DRL values have been
calculated from the DRL's given in AECL-7243.

1 MBq - 27 /id, 1 GBq - 27 mCi.
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Arpon-41 in The Stack Effluent - D.P. Wildsmith, P.C. Beaulieu,
T.J. O'Kane

Periodic sampling and Measurement of the ^ A r released from the main
reactor stack continues. These results provide a calibration for our
continuous *-*-Ar monitor on the stack. The rate of release of ^ A r depends on
the power levels of NRX and NRU. In NRU, C0£ in the J-rod annulus replaces
moist air to reduce corrosion of the reactor vessel and it also reduces the
^ A r release rate per unit power level. The monitoring results therefore
indicate changes in the operating conditions of the reactors and also provide
an indication of the effectiveness of the CO2 system.

The results obtained to date for 1988 are given in Table 3.5.3F.

TABLE 3.5.3F

Measured 41AR Releases From Main Stack - 1988

Sampling NRU NRX Argon - 41
Date Time Power MW CO2 Power MW TBq-d'^ TBqd'^MW' 1

Feb 08 10:37 124 Normal 42 316 1.9
Mar 21 14:22 125 Normal Not Op 81 0.7
May 27 08:50 115 Normal Not Op 50 0.4
Jun 16 08:37 121 Normal Not Op 37 0.3
Jun 16 14:38 121 Normal 39 238 1.5
Aug 11 08:50 121 Normal 0 59 0.5
Nov 16 10:33 123 Normal 41.8 290 1.8

3.5.4 MONITORING IN ASSO-IATION WITH OUTSIDE AGENCIES

Canadian Air and Precipitation Monitoring Network CCAPMoN) -
D.P. Wildsmith

In December 1983, at the request of the then Environment Minister,
Charles Caccia, five of the CAPMoN monitoring sites were asked to cooperate in
providing precipitation pH values, to be correlated with air-mass movements and
issued as a weekly Acid Rain Report to the news-media. CRNL is one of the
reporting sites and Table 3.5.4A lists the precipitation events and pH values for
the period 1988 July 01 to December 30. During this period there have been 98 pH
measurable precipitation events having a mean pH of 4.2. This compares with a
total of 65 precipitation events having a mean pH of 4.3 for the same period in
1987. The total precipitation amounts for these two periods were 496.1 mm and
384.1 mm respectively.
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CRNL Climatological Report - P. Jay

Monthly meteorological data including maximum and minimum temperatures
and precipitation are sent to the Atmospheric Environment Service in Toronto in
cooperation with other network stations across Canada. The highest maximum
temperature for August in the last 25 years was equaled on 1988 August 3 with a
reading of 37°C. The previous high for August was 1975 August 1. Although 1988
November was the warmest in years (total heating degree - days - 468) there were
3 years when the heating degree - days for November were lower: 1975 (457), 1970
(444) and 1963 (430).

3.5.5 MONITORING OF THE NPD SITE

Environmental Assessment for the Decommissioning of NPD -
R.M. Brown, A.E. Docherty, R.tf.D. Killey, J.H. Munch, T.J. O'Kane,
W.J. Workman

Phase I of the NPD decommissioning environmental impact assessment was
approved by AECL and is now under way. Briefly, the Phase I program involves
compilation and analysis of past environmental monitoring and release data as
well as some sampling and measurement of radionuclides that we know are, or
suspect may be, dispersed in the area around NPD. To date, progress has been
made on the landfill site evaluation, establishment of long-term monitoring
stations, gamma surveys of the environs of the station, and the large-scale
distribution of tritium and beta-gamma fallout. We have begun compiling
information for the historical database.

A limited-scale hydrogeologic assessment of the inactive landfill site
at NPD has been completed and the report forwarded to Ontario Hydro (which
accepted responsibility for this aspect of the program). Groundwater samples
were collected upgradient and at the downgradient margin of the landfill site.
Some groundwaters passing beneath the landfill site may be slightly enriched with
tritium over other local groundwater (one sample yielded 1000 Bq-L"1, versus 350
Bq-L"l in upgradient wells), but all samples are well below the federal drinking
water standard of 40,000 Bq-L'* for ^H. No elevations in alpha or beta-gamma
activity were detected downgradient of the landfill. The landfill is
contributing some major ion contamination to the underlying aquifer. Most
notable are elevations in the concentrations of Cl', SO^2", Ca^+, Na+, and
nitrogen species (NO3", NO2", and Kjeldahl nitrogen). Of these, however, only
nitrogen species were slightly above federal limits. Manganese and phenol
concentrations were above maximum acceptable levels in several wells both up and
downgradient of the landfill site. The elevated Mn concentrations are of natural
origin, and a natural source for the slightly elevated phenol concentrations is
also suspected. Although the drilling and sampling program was restricted to the
immediate environs of the landfill site, data indicate that contaminants
discharge into the tile drainage system surrounding the NPD station. From
limited data on the quantities of tile drain discharge and estimates of
contaminant loadings from the landfill, we calculate that landfill contamination
in the tile drain waters will be undetectable.
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TABLE 3.5.4A

Precipitat ion Events pH 1988

Day

1
2
3
4
5
6
7
S
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Total

Mean

July

Amount

(iim)

11.0

1.0

6.4

7.0

1.4
25.8

11.0

2.4

0.8

66.8

4

4

4

4

4,

4.
4.
4.

4.

PH

.39

.09

.21

.29

.20

.97

.13
24

3

August

Amount pH

(mm)

71.0

17.0

0.2

3.4

7.6

1.6

28.0

0.9

1.0
0.8
6.4

1.9
2.0

9.2
6.0
4.8
0.6

0.4

2.0

1.4

166.2

3.98

3.72
*

3.69

4.12

4.30

3.95

4.29

4.28

3.86

4.00

4.90

4.86

4.11

4.10

4.15

4.24

3.88

3.98

4.00

4.1

September

Amount pH

(mm)

2.0
25.0

0.8

0.2

1.0
1.0

2.4

8.8
2.0

4.0

0.8
8.0
0.8

2.6

59.4

3.60

4.77

*

*

3.83

4.20

3.90

4.10

3.80

3.94

4.43

3.83

*

3.50

4.0

October

Amount pH

(imO

32.2

7.4

8.2

13.2

5.0

1.2

0.9

0.4

2.6
9.0
0.6

2.6
1.6
0.8

4.0
12.0

5.2
1.0

107.9

4.17

4.67

4.28

4.73

4.15

4.78

4.98

*

4.31

3.99
*

3.93

4.63

3.94

4.34

4.50

4.15

4.30

4.4

November

Amount pH

(mm)

0.2

1.6

16.4

4.6
8.2

4.2

0.1

4.8
5.2

0.8

1.0

4.6

0.1

1.8

1.6

0.6
0.8

56.6

3.73

3.55

4.17

4.28

4.03

3.93

*

4.38

4.15

3.83

3.72

4.39

*

3.69

4.27

4.07

3.97

4.0

December

Amount pH

<mm)

0.8

0.4

0.2

0.1

1.2

1.2

1.6

6.8

0.4
1.0
0.6

1.2

0.8

5.8

1.7

1.8

0.4

1.6

9.2

2.4

2.7

4.50

*

5.95
*

4.74

4.42

4.07

4.09
*

3.93

4.06

3.98

4.00

4.41

4.15

4.36

4.33
*

4.63

3.90

5.1

Total precipitat ion 496.1 mm

Mean precip. (monthly) 82.7 mm

Mean pH 4.2

* Insufficient precip. for pH reading
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Long-term ambient exposure monitoring around NPD has been inaugurated
with the installation of thermoluminescent dosimeters (TLD's) at four locations
within a 4 km radius of the station. Monitoring of discharges from the active
sections of the station itself has been coordinated with the Chemical Operations
Branch, which has have accepted responsibility for interior monitoring.

Surveys of gamma radiation fields along NPD access roads and in the
immediate vicinity of the station have been completed. This includes the area
around a shed previously used for storing contaminated equipment that could not
be monitored until the shed was emptied. Results of these surveys show
background levels for surface radiation fields in agreement with previous site
data.

Ten soil samples were collected from within the NPD security fence and
from the external unrestricted area (EUA). These samples are being analyzed by
gamma spectrometry for radionuclide content. Preliminary data indicate that only
one might have *^Co and *-*7Cs concentrations slightly above normal background.

Sampling for the large-scale dispersal of tritium and beta-gamma fallout
from NPD was completed in September. At 36 locations within a 7 km radius of
NPD, samples of surface soils and cores of softwood trees (primarily white and
jack pine) were collected. Analysis of free water tritium in the soil samples
h..s been completed, and Figure 3.5.5A displays the distribution. For comparison,
in areas remote from reactors, the tritium concentration averages about
20 Bq-L'l. Similar sampling in 19C6, while the reactor was still operating,
yielded ^H concentrations about a factor of 5 higher than current levels. The
maintenance of the free water tritium anomaly around NPD more than a year after
final shutdown of the reactor can be attributed to a combination of sources,
including:

1) periodic tritium releases from the station during dismantling and
decontamination operations,

2) discharge and/or exchange with local groundwaters, which will
continue to feature elevated tritium levels for up to 25 years, and

3) release of organically-bound tritium from decaying organic matter.

These soil samples are currently being analyzed for beta-gamma activity.

Cores of trees were collected in order to evaluate the total tritium
loading over the operating life of the station. The wood cores are being sub-
sampled to select wood grown since 1961; this material will be combusted and
water produced will be quantitatively trapped and analyzed for organically bound
tritium.

Tasks remaining in this program in addition to completion of the tritium
analyses are the collection and analysis of river sediment samples adjacent to
and downstream of the cooling water outfall and the compilation of the historical
database. These activities are scheduled for the next quarter.



5000

Soil Free Water Tritium Concentrations (Bq/L) 1988 September
+ Sampling Location

FIGURE 5 . 5.5A
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3.6 PUBLICATIONS AND PRESENTATIONS

3.6.1 PUBLICATIONS

FIELD STUDIES OF HT BEHAVIOUR IN THE ENVIRONMENT. I. DISPERSION AND OXIDATION

IN THE ATMOSPHERE
R.M. Brown, G.L. Ogram and F.S. Spencer (1988)
Fusion Technology Vol. 14, No. 2, Part 2B, 1165-1169

AN OVERVIEW OF EXPERIMENTS AT CHALK RIVER ON HT DISPERSION IN THE ENVIRONMENT
C D . Burnham, R.M. Brown, G.L. Ogram and F.S. Spencer (1988)
Fusion Technology Vol. 14, No. 2, Part 2B, 1159-1164

MEASURING CONTAMINANT SEDIMENTATION AND REMOBILIZATION USING LIMNOCORRALS
L. Chant and R.J. Cornett (1988)
Hydrobiologia, 159, 237-245

ALUMINUM CONTAMINATION OF GROUNDWATER: SPRING MELT IN CHALK RIVER AND TURKEY
LAKES WATERSHEDS - PRELIMINARY RESULTS
K.J. Inch, H. Chew, L.M. Johnston and D. Craig (1988)
Canadian Journal of Fisheries and Aquatic Sciences Vol. 4_5(1), pp. 66-71

TWIN LAKE TRACER TESTS: SETTING, METHODOLOGY, AND HYDRAULIC CONDUCTIVITY
DISTRIBUTION
R.W.D. Killey and G.L. Moltyaner (1988)
Water Resour. Res. Vol. 24(10), pp. 1585-1612

SIX IN SITU METHODS FOR THE STUDY OF GROUNDWATER DISCHARGE
D.R. Lee (1988)
Interaction Between Goundwater Surface Water. Dept of Water Res. Engl., IAHR, the
Int. Assoc. for Hydraulic Res., Lund, Sweden, ISBN-91-797O-375-5, pp. 555-566.

ESTIMATION OF LOCAL AND INTEGRAL DISPERSION PARAMETERS
G.L. Moltyaner (1988)
Proc. of the 6th Congress, the Asian and Pacific Region Division of the
International Assoc. for Hydraulic Res., Kyoto, Japan, pp. 461-469

THE APPROXIMATE ANALYTICAL METHOD FOR GROUNDWATER MODELING
G.L. Moltyaner (1988)
AECL-9254

MASS TRANSPORT IN SATURATED POROUS MEDIA
G.L. Moltyaner and D.R. Champ (1988)
AECL-9610

TWIN LAKE TR JER TESTS: LONGITUDINAL DISPERSION
G.L. Moltya. <tr and R.W.D. Killey (1988)
Water Resour. Res. Vol. 24(10), pp. 1613-1627
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TWIN LAKE TRACER TESTS: TRANSVERSE DISPERSION
G.L. Moltyaner and R.W.D. Killey (1988)
Water Resour. Res. Vol. 24(10), pp. 1628-1637

HYDRODYNAMIC DISPERSION AT THE LOCAL SCALE OF CONTINUUM REPRESENTATION
G.L, Moltyaner (1988)
Proc. of the Conf. on Validation of Flow and Transport Models for the Unsaturated
Zone, Ruidoso, New Mexico, pp. 271-279

MODELLING OF CONTAMINANT TRANSPORT IN POROUS MEDIA: A CASE STUDY
G.L. Moltyaner, D.R. Champ and J.L. Young (1988)
Proc. "Ground Water Geochemistry" Conf., Denver, Colorado, pp. 667-690

FIELD STUDIES OF HT BEHAVIOUR IN THE ENVIRONMENT. 2. THE INTERACTION WITH SOIL
G.L. Ogram, F.S. Spencer and R.M. Brown (1988)
Fusion Technology Vol. 14, No. 2, Part 2B, pp. 1170-1175

FIELD STUDIES OF HT BEHAVIOUR IN THE ENVIRONMENT. 3. TRITIUM DEPOSITION AND
DYNAMIC" IN VEGETATION
F.S. Spencer, G.L. Ogram and R.M. Brown (1988)
Fusion Technology Vol. Ik, No. 2, Part 2B, pp. 1176-1181

A METHOD FOR INSTALLING AND MONITORING PIEZOMETERS IN BEDS OF SURFACE WATERS
S.J. Welch and D.R. Lee (1989)
Groundwater Vol. 2_7(1) , pp. 87-90.

3.6.2 REPORTS

ASSESSMENT OF THE SIGNIFICANCE OF ORGANICALLY-BOUND TRITIUM IN ENVIRONMENTAL
MATERIALS
R.M. Brown (1988)
Prepared for the Atomic Energy Control Board, Ottawa, Ontario INFO-0283

INTERCOMPARISON STUDY IAEA-152 ON THE DETERMINATION OF ELEVATED LEVELS OF FALLOUT
RADIONUCLIDES IN MILK POWDER
E.L. Cooper, J.J. LaBrecque, R. Dekner, F. Reichel and R. Schelenz (1988)
International Atomic Energy Agency Report IAEA/AL/006

INTERCOMPARISON STUDY IAEA-154 ON THE DETERMINATION OF ELEVATED LEVELS OF FALLOUT
RADIONUCLIDES IN WHEY POWDER
E.L. Cooper, J.J. LaBrecque, R. Dekner, F. Reichel and R. Schelcnz (1988)
International Atomic Energy Agency Report IAEA/AL/007

3.6.3 LECTURES, PRESENTATIONS AND ABSTRACTS

TRITIUM IN THE ENVIRONMENT
R.M. Brown (1988)
CFFTP Tritium Safe Handling Course. October 05-07.
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MOVEMENT OF COLLOIDAL PARTICLES IN SATURATED MEDIA AT THE CHALK RIVER NUCLEAR
LABORATORIES
D.R. Champ (1988)
Presentation North Carolina. October 03-06.

NUCLEAR ENERGY AND THE ENVIRONMENT
D.R. Champ (1988)
Talk for Canadian Wildlife Service, Hull. December 01.

ENVIRONMENT AND MAN
D.R. Champ (1988)
Radiation Protection Course, CRNL. September 26-30.

GUIDANCE ON DERIVED INTERVENTION LEVELS
E.L. Cooper, RIAL (1988)
IAEA Consultants' Meeting on Rapid Instrumental and Separation Methods
for Monitoring Radionuclides in Food and Environmental Samples. September 05-09.

THE INTERNATIONAL ATOMIC ENERGY AGENCY PROGRAMME ON FALLOUT RADIOACTIVITY
MONITORING IN ENVIRONMENT AND FOOD
E.L. Cooper and R.Schelenz (1988)
Presented at the Annual Conf. of the Canadian Radiation Protection Assoc,
Montebello, Quebec. May.

QUALITY CONTROL AND QUALITY ASSURANCE - BASIC PRINCIPLES AND RECOMMENDATIONS
E.L. Cooper and R.F.V. Schelenz (1988)
Presented at a training course in Ljubljana, Yugoslavia. June.

ESTIMATING GROUNDWATER FLOW INTO LAKES
R.J. Cornett (1988)
University of Waterloo, Institute for Groundwater Studies. November 08.

GROUNDWATER FLOW INTO LAKES
R.J. Cornett (1988)
Seminar McGill University. October 12.

GAMMA COUNTING TECHNIQUES
R.J. Cornett (1988)
Radiation Protection Course, CRNL. September 26-30.

SEDIMENTS: SINKS FOR AND SOURCES OF TRACE METALS
R.J. Cornett and L.A. Chant (1988)
Int. Conf. on Trace Metals in Lakes, Hamilton, Ontario. August 15-18.

NICKEL DIAGENESIS AND PARTITIONING IN LAKE SEDIMENTS
R.J. Cornett, L.A. Chant and R.D. Evans (1988)
Int. Conf. on Trace Metals in Lakes, Hamilton, Ontario. August 15-18.

TRANSPORT OF Fe AND 59Fe BETWEEN WATER AND SEDIMENTS IN PERCH LAKE ONTARIO
R.J. Cornett and A.F. Vezina (1988)
Int. Conf. on Trace Metals in Lakes, Hamilton, Ontario. August 15-18.
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HANDLING TECHNIQUES OF OPEN SOURCES OF RADIOISOTOPES
R.J. Cornett and J.F. Mattie (1988)
Radiation Protection Course, CRNL. September 26-30.

ISOTOPIC AND GEOCHEMICAL TRACERS OF STREAMFLOW
R.J. Cornett, C. Wels, B.D. LaZerte and C.H. Taylor (1988)
Int. Mountain Watershed Symposium, Lake Tahoe, Ca.

PHILOSOPHIES OF SCIENCE
R.J. Cornett (1988)
Trent University Graduate Studies Program Lectures

A NATIONAL RESOURCE IN THE STUDY, FROM SOURCE TO EFFECT, OF TOXIC AGENTS
N.E. Gentner, D.P. Morrison, R.V. Osborne and D.R. Champ (1988)
Abstract/Summary for the Symp. on "Current Issues in Environmental and
Occupational Health", Toronto, Ontario. May.

GROUNDWATER MODEL VALIDATION STUDIES AT CRNL
R.W.D. Killey (1988)
Presented at the Fall 1988 Meeting of the Joint Panel on Occupational and
Environmental Safety in the Uranium Mining and Milling Industry, Ottawa, Ontario.
November 18.

PESTICIDE MIGRATION STUDIES AT THE TWIN LAKE TRACER SITE: PROPOSED PROGRAM
R.W.D. Killey (1988)
Environment Canada/Agriculture Canada, Ottawa, Ontario. November 07.

ACTIVITIES OF THE MEF ACTINIDE ANALYSIS GROUP AT IAEA-SEIBERSDORF
J.J. LaRosa, E.L. Cooper, M. Matyjek, A. Ghods, J.C. Veselksy and
R. Schelenz, RIAL (1988)
IAEA Consultants' Meeting on Rapid Instrumental and Separation Methods
for Monitoring Radicnuclides in Food and Environmental Samples. September 05-09.

TOUR OF ENVIRONMENTAL RESEARCH FIELD SITES
D.R. Lee (1988)
Radiation Protection Course. September 26-30.

RECONNAISSANCE FOR GROUNDWATER DISCHARGE WITHIN SURFACE-WATER BODIES
D.R. Lee (1988)
Pairies and Northern Region Symp. Water Studies Inst. & Canadian Plains Res.
Centre, University of Regina, Saskatchewan. November 08/09.

EVALUATION OF o-SPECTROMETERS AND DETECTORS FOR LOW-LEVEL MEASUREMENTS
M. Matyjek, E.L. Cooper, J.J. LaRosa and A. Ghods, RIAL (1988)
IAEA Consultants' Meeting on Rapid Instrumental and Separation Methods
for Monitoring Radionuclides in Food and Environmental Samples. September 05-09.

ANALYSIS OF ACRYLIC FOR 232TH AND 2 3 8U DAUGHTERS
G.M. Milton, E.D. Earle and R.J.E. Deal (1988)
iieucnted at Poster Session, Canadian Assoc. of Physicists Congress,
Montreal, Quebec. June.
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ANALYSIS OF ACRYLIC FOR 232TH AND 238u DAUGHTERS
G.M. Milton, E.D. Earle and R.J.E. Deal (1988)
Presented at International Congress of Geochemistry and Cosmochemistry. Paris,
France. August 29 - September 02.

SOIL HTO PROFILES ONE YEAR AFTER THE 1987 CHALK RIVER HT RELEASE EXPERIMENT
K. Miyamoto, W. Workman and R.M. Brown (1988)
Meeting at Cadarache on HT Dispersion in France and Canada, France then Germany.
September 25-28. September 30 - October 03.

FIELD STUDIES OF DISPERSION: RADIOACTIVE TRACER EXPERIMENTS ON SCALES OF 20, 40
AND 260 METRES
G.L. Moltyaner (1988)
Fall Meeting of AGU, San Francisco. December 05-09.

DISPERSION STUDIES ON SCALE 20, 40 AND 260 METRES
G.L. Moltyaner (1988)
Kiel University, West Germany

ESTIMATION OF LOCAL AND INTEGRAL DISPERSION PARAMETERS
G.L. Moltyaner (1988)
JAERI and Agricultural Institute. July 18-25.

THE FATE OF TRITIUM RELEASED AS HT - A FIELD EXPERIMENT
G.L. Ogram, F.S. Spencer and R.M. Brown (1988)
Annual Meeting of Health Physics Society, Boston. July 04-08.

EMERGENCY PROCEDURES
E. Robertson (1988)
Radiation Protection Course. September 26-30.

STOCHASTIC MODELLING OF DISPERSION FROM SINGLE ELEVATED SOURCES
E. Robertson and P.J. Barry (1988)
Ontario Ministry of Environment, Environmental Research Technology Transfer
Conf., Toronto, Ontario. December 05-09.
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4. RADIATION BIOLOGY BRANCH

by

D.K. Myers

4.1 STAFF

4.2 INTRODUCTION

4.3 HYPERCELL BIOLOGICALS

4.4 HYDROXYL RADICALS AND THE MECHANISM OF INDUCED RADIORESI STANCE IN YEAST

4.5 THE INVOLVEMENT OF TOPOISOMERASES AND DNA POLYMERASE I DURING HEAT SHOCK
INDUCED RADIATION AND THERMAL RESISTANCE IN YEAST

4.6 PROTOONCOGENE SCREENING IN RADIATION TRANSFORMED CELL LINES

4.7 SCREENING CANCER PATIENTS FOR ABNORMAL RADIORESPONSE

4.8 THE CHALK RIVER GAMMA-RAY "GROWBACK RATIO" AS A PROGNOSTIC INDICATOR FOR
ADVERSE RADIOREACTION

4.9 VARIATION IN SENSITIVITY TO CHEMICAL CARCINOGENS: MITOMYCIN C VERSUS
CISPLATIN

4.10 CHEMOTHERAPY: COLLABORATION WITH CARBOPLATIN CLINICAL TRAILS

4.11 TESTING THE EFFECT OF TRANSFECTED METALLOTHIONEIN GENES ON
RADIOSENSITIVITY IN PLANTS

4.12 DAMAGE MIGRATION IN HALOGENATED DNA

4.13 FLUORESCENCE LIFETIME STUDIES OF MAMMALIAN CELLS

4.14 RESPONSE OF LEUKEMIA CELLS TO ADRIAMYCIN, RADIATION AND HYPERTHERMIC
STRESS

4.15 SETTING UP A RADIATION BIOCHEMISTRY LAB

4.16 IONIZING RADIATION IN TUMOR PROMOTION AND PROGRESSION

4.17 THE INFLUENCE OF HYPERTHERMIA ON THE RADIORESISTANCE OF HUMAN NATURAL
KILLER CELLS

4.18 BLEOMYCIN DAMAGE IN HYPERTHERMIA TREATED HUMAN CELLS
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4.19 TIME DEPENDENT TUMOR INITIATION AND STAGE I PROMOTION: THE INFLUENCE OF
HYPERTHERMIA

4.20 TUMORIGENESIS IN TISSUE CULTURE

4.21 RADIOTHERAPY TUMOUR TREATMENT EFFICACY IN RELATION TO RADIOSENSITIVITY
IN VITRO: A COLLABORATIVE PILOT STUDY

4.22 INDUCED MUTATION IN HUMAN CELL LINES: THE INTERACTION OF RADIATION WITH
CHEMICAL MUTAGENS

4.23 CONFIRMATION OF THE APPARENT SENSITIVITIES OF LYMPHOBLASTOID CELL LINES
FROM HEALTHY INDIVIDUALS USING A MULTIWELL CLONING ASSAY

4.24 SCREENING HUMAN POPULATIONS FOR ABNORMAL RADIOSENSITIVITY

4.25 TRITIUM RBE FOR MYELOID LEUKEMIA INDUCTION

4.26 ASSESSMENT OF HAZARDS TO POPULATIONS

4.27 HYDROXYL RADICALS AND THE MECHANISM OF INDUCED RADIORESISTANCE AND
THERMALRESISTANCE

4.28 MODIFICATION OF HEAT-INDUCED RESPONSE BY MANIPULATION OF YEAST MEMBRANE
LIPID COMPOSITION

4.29 IN VITRO RECOMBINATION CATALYSED BY CELL-FREE EXTRACTS OF LYMPHOBLASTOID
CELL LINES

4. 30 APPLICATION OF GENE AMPLIFICATION TECHNIQUES TO DETERMINATION OF IN VITRO
RECOMBINATION IN VITRO

4.31 CYTOGENETIC END-POINTS: ASSAY OF MICRONUCLEUS INDUCTION BY IONIZING
RADIATION IN LYMPHOBLASTOID CELL LINES DERIVED FROM DIFFERENT INDIVIDUALS

4.32 FOLLOWUP OF MORTALITY OF AECL EMPLOYEES

4. 33 DEVELOPMENT OF AN ASSAY TO PREDICT RADIATION SENSITIVITY USING PERIPHERAL
BLOOD LYMPHOCYTES

4.34 PUBLICATIONS AND PRESENTATIONS

4.34.1 Publications
4.34.2 Lectures, Presentations, Abstracts
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4.1 STAFF

Branch Manager:

Secretary:

Professional Staff

T.J.
S.M.
N.E.
C.L.
R.E.
D.P.
J.
A.
P.

J-A.
M.M.
H.M.

Blchay
DeToledo1

Gentner
Greenstock*
J. Mitchel
Morrison
Ostrom7

Trivedi9

Unrau
Walker
Werner
Wyatt

D.K. Myers

L.J. Morel

Technical Staff

D.A. Adams
E. Azzam2

M.E. Bahen3

D.M. Cecil5

L.F. Courehesne
M. DeAbreau6

A-M.T. Foley8

K.L. Gale
J. Jackson

L.D. Johnson
L.T. Joyce10

R.A. McCann11

S. Mullen12

J.W. Murphy
L. Paterson10

R. Pilon
M. Plattner
M. Sargent13

B.P. Smith"

Students

Andrea E. Pollock
Caroline Purvis
William C. Simon

Attached Staff

National
National
National

Terminated, 88 Aug. 26
Terminated, 88 Sept. 02
Terminated, 88 Aug. 24

E. Bichay (under contract, P.O. CR38-8376 for 6 wks. started 88 Nov. 14
and terminated 88 December 16)

D. Boreham (Ph.D. Grad. Student, Univ. of Ottsva, started 87 March 01)
D. Heller (under contract, P.O. CR38D-3654 rrom Carleton Unv. Ottawa,

started 88 Sept. 19)
D. Knox (Grad. Student, Univ. of Ottawa, started 88 Oct. 24)
H. Yang (transferred to Univ. of Ottawa, 88 Oct. 01)

Deep River Science Academy (DRSA)

Yvonne Marie Haas
Carolyn K. Ohno

Terminated, 88 Aug. 26
Terminated, 88 Aug. 26
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4.1 STAFF (cont'd)

1 New employee, started 88 Nov. 14
2 Transferred from Medical Biophysics Branch, WNRE, 88 July 01
3 Replacement for Ann-Marie Foley, 88 Nov. 14
* Transferred from Medical Biophysics Branch, WNRE, 88 July 01
5 Short-term replacement for B.P. Smith
6 Casual part-time temporary, 88 Dec. 12
7 Transferred to Project Management Branch, 88 Aug. 01
8 Transferred to Quality Engineering Branch, 88 Nov. 24
9 Transferred to Dosimetric Research Branch, 88 Oct. 17
10 Job sharing 50%
11 Returned from Maternity Leave, 88 Nov. 28
12 Transferred to Fuel & Materials Branch, 88 Nov. 27
13 Transferred from Medical Biophysics Branch, WNRE, 88 July 01
14 Leave of Absence, Riyadh, Saudi Arabia, commenced 87 May 01
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4.2 INTRODUCTION

The primary objectives of research in Radiation Biology Branch are to
contribute to the worldwide bank of knowledge on the biological effects of
radiation and related agents on humans and other living organisms, and to apply
this knowledge to improvements in health protection.

In terms of mutagenic and carcinogenic hazards, the most critical target
in living cells is DNA, the carrier of hereditary information. We have therefore
studied the nature of DNA damage from exposure of cells to radiation and cancer-
causing chemicals, and the biological control of enzymes that repair most of the
initial DNA damage in living organisms. The biological effects of radiation are
studied in a variety of living organisms ranging from yeast to cultured human
cells to laboratory animals.

Three of the research projects in the Branch are being operated as cost-
shared projects with financial support from outside agencies. The Atomic Energy
Control Board (AECB) is supporting some of the work on the development of a
screening assay for members of the general population who carry inherited
abnormalities in their DNA repair systems and who are presumed to be at increased
risk following exposure to ionizing radiation. Other support for this project
is provided by the AECL Business Development group. The Utilities and the AECB
together are providing 55% of the financial support for the study on relative
biological effectiveness of tritium beta-rays for induction of myeloid leukemia
in mice. The AECB is providing 50% of the financial support for a project on
potential tumor-promoting effects of ionizing radiation for the development of
skin tumors in mice. Research on cancer-prone families and on effects of
hyperthermia is carried out in collaboration with the Ottawa Cancer Clinic and
various universities in the local area.

The Branch continues to function as a source of information on biological
effects of radiation for AECL, other government agencies and students on request.
Branch representatives also participate in the deliberations of national and
international committees concerned with assessment of the biological hazards of
exposure to low levels of ionizing radiation.

4.3 HYPERCEIX BIOLOGICALS
- D. Adams, T. Kimmel1, P. Unrau and E. Bichay

Hypercell Biologicals was launched on 1988 August 24 in Toronto at the
XVI World Genetics Congress. A joint announcement by Fisher Scientific and CRNL
Physics & Health Sciences P.R.C. initiated the new venture. The first product
is hypercompetent E. coli PRD-1 cells, derived from E. coli DH5 and made
hypercompetent by proprietary means. The cells in kit form consist of eleven,
0.1 mL assays, standardizing DNA, and quality controlled medium for maximum
transformation efficiency. A low-cost transfer and storage rack was identified
and is being supplied as a second product, and with the kit for transport and
storage.

Business Development Office, CRNL
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Shipping boxes, styrofoam liners, and other packaging have been designed
and tested. Some cells have been shipped to the USA and have been satisfactory
in transformation assays. First Canadian sales have been made to Montreal and
Quebec. Customers have been satisfied that the cells perform as intended; the
protocol which was written, proofed and internally printed seems to be
satisfactory.

A second cell line, PRD-2, derived from E. coli DH5aF' has been prepared
for test marketing. Our results indicate a 3-8 fold increase in efficiency over
commercially available cells, and the kit concept should make use easier.
Experiments to control important variables continue with this strain and with
NM522 and MM294, two alternative strains being considered for marketing. Further
feed-back from customers is being requested to enable us to meet a wider spectrum
of users' needs in competent cells. Other developments have included tests of
the stability of DNA in frost-free freezers, refrigerators, and at -70°C. We
confirmed that thawing and freezing leads to reduced DNA transformation activity.
The temporary hiring of E. Bichay enabled us to build up stocks of PRD-1 cells
for sale.

Contacts with Fisher USA have been made with a view to entering our cells
in the U.S. market. The viability of our product depends upon the ability of
Fisher representatives to sell and explain our product to the customers. A new
opportunity has been identified in the area of gene reduplication, dicussed
below. An American designed microprocessor-controlled heating and cooling block
is being obtained to learn more about all the technology involved. Assembly by
Hypercell and sales through Fisher respectively make this a product which may
increase the viability of the Hypercell unit.

A transformation experiment was performed with Bill Patterson of Mackenzie
High School, Deep River, Ontario in which 12th grade biology students replicated
the classic experiment of Avery, MacLeod and McCarty (1944). Students showed
that when DNA was absent or digested by endonucleases, transformation did not
happen, while untreated DNA or DNA mock-digested with boiled inactivated
endonuclease leads to transformation. The results indicate that DNA is in fact
usually the hereditary material. The experiment, which used our cells, DNA,
racks and miscellaneous equipment, indicates that such an experiment could be
performed in high school classes, suggesting a new market. Details of the
protocol which were unclear were highlighted by the error-generating power of
the students.

4.4 HYDROXYL RADICALS AND THE MECHANISM OF INDUCED RADIORESISTANCE IN YEAST
- D.R. Boreham, P. Weinberger1 and R.E.J. Mitchel

There is extensive interest regarding the involvement of free radicals
in inducing carcinogenesis, mutation and radiation resistance in cells. The
effectiveness of OH* for induction of mutation, radioresistance to killing, gene
conversion and re combinational repair in 5. cerevisiae was tested by a comparison

1 Univ. of Ottawa, Ottawa, Ont.
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of cells irradiated in N20 versus N2. N20 can scavenge ejq and convert them to
0H». Cells given the same inducing dose in the presence of N20 compared to N2

developed a higher level of induced radioresistance. Scavenging OH* with ethanol
suppressed the maximum level of 7-induced radioresistance in cells irradiated
in N20 and virtually eliminated the response in cells irradiated in N2. These
results show that the radiation induction of radioresistance to killing is
proportional to the amount of OH* generated. However, there was no difference
in mutation frequency when cells were irradiated in N20 or N2 but irradiation in
N20 increased gene conversion frequency. Cells irradiated in N20 versus N2 did
not acquire a greater ability to process MNNG lesions in an error free method,
a measure of induced recombinational repair. These data indicate that the
additional OH* damage produced by irradiation in N20 was not processed by the
error prone repair pathway but could be processed by the error free
recombinational repair process.

4.5 THE INVOLVEMENT OF TOPOISOMERASES AND DNA POLYMERASE I DURING HEAT SHOCK
INDUCED RADIATION AND THERMAL RESISTANCE IN YEAST
- D.R. Boreham, A. Trivedi and R.E.J. Mitchel

Using both a mutagenesis system in yeast and a skin tumor formation system
in mice, we have shown that hyperthermia can alter the risk of various steps in
the multi-step process of carcinogenesis. Our results using hyperthermia and
bleomycin (see 4.18) indicated that hyperthermia treatment temporarily altered
the "openness" of the DNA structure and allowed increased reactivity with the
drug. DNA "openness" or winding is controlled by enzymes called topoisomerases,
and it is possible therefore that some effects of heat on carcinogenic risk may
be related to the activity of these enzymes. We have therefore used our yeast
model system to investigate the response of mutants defective in topoisomerase
activity to the effects of heat and radiation.

Temperature sensitive yeast mutants of topoisomerases I, II and DNA
polymerase I were used to probe the mechanism of heat inducible thermal and
radioresistance. Heat shock induced both resistances while inactivating the
specific enzyme under investigation. The simultaneous absence of both
topoisomerase activities increased the sensitivity of the cells to become
thermally induced for heat resistance, implying that maintenance of correct DNA
topology prevents induction of the response. However, neither topoisomerase I
nor II activity was essential for heat induced thermal or radiation resistance
and thus the induction mechanisms are independent of topoisomerase activity.
Heat shock induced both thermal and radiation resistance in wild type cells but
only thermal resistance in either recombinational repair or polymerase I
deficient cells. Therefore neither recombinational repair nor polymerase I are
involved in the mechanism of induced thermal resistance but both functional
genes are required to confer induced radioresistance in S. cerevisiae.
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4.6 PROTOONCOGENE SCREENING IN RADIATION TRANSFORMED CELL LINES
- S.M. deToledo, L. Courchesne and E.I. Azzam

Protooncogenes are cellular genes which in altered form (oncogene) may
cause neoplastic growth. The objective of the project is to verify if the
process of cell transformations by ionizing radiation involves altered expression
of protooncogsnes.

During the period under review we set basic laboratory conditions for the
establishment of molecular biology techniques. We also started preparing a bank
of different protooncogenes probes to be used during the course of the project.
The radiation transformed cell lines were previously generated at the Medical
Eiophysics Branch at WERE and are currently being cultured.

The same methodology will be used in collaboration with other groups in
the branch to study different systems.

4.7 SCREENING CANCER PATIENTS FOR ABNORMAL RADIORESPONSE
- N.E. Gentner, D.P. Morrison, M.M. Werner, D. Cecil, T.L. Joyce,
K.L. Gale, L.M. Paterson, J. Walker and C. Danjoux1

Some 90 lymphoblastoid cell lines (LCL) derived from blood samples from
volunteer, cancer patient donors have now been established. In the coming year
we expect to establish a similar nuroVier. These are to be assayed
in vitro for abnormal radioresponse as part of Phase III of the joint AECL/AECB
project on "Screening human populations for abnormal radiosensitivity". A
finding of an increased proportion of abnormal responses in the cancer patient-
derived strains relative to the "normal" LCLs may be taken to indicate an
increased risk of cancer developing in people whote cells exhibit an in vitro
abnormal response. To apply this on an individual as opposed to a population
basis, however, may require further work to establish the appropriateness of LCLs
as a surrogate. If such a correlation is seen for spontaneously appearing
cancers, it may be prudent to assume t\.••>. it also holds for radiogenic cancers
as well.

Most of our cancer patient (CP) blood donations are now obtained from the Ottawa
Regional Cancer Clinic (ORCC). (Of our current CP LCL collection, though, nearly
half were obtained from the London, Ontario clinic). Of the blood samples
received from offsite, we were successful in establishing LCL cultures from only
slightly more than 50%. In contrast, our success rate is 90+% in single attempts
on the blood of volunteer, non-patient donors here at Chalk River; we achieved
this same success rate whether fresh blood or blood held for 24h was used. We
suspected that the lower success rate on the cancer patient samples was due to
adverse conditions (e.g. high heat in summer or excessive cold in winter in the
courier service's vans) encountered by samples shipped to Chalk River for work-
up. It was important to establish that no inadvertent selection existed, with
respect to the cancer patient population versus the normal population, at the
level of strain establishment. Consequently, we have embarked on a procedure
whereby we pick up the blood samples ourselves directly from ORCC, transport them

1 Head, Radiation Oncology, Ottawa Regional Cancer Clinic
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to CRNL under controlled conditions, and immediately initiate the LCL
establishment process. Of the first 37 of such samples, from non-selectd cancer
patients, strain formation was achieved in 35 (94% success). It appears that
the earlier high failure rate may be attributed to uncontrolled shipping
conditions, and are unrelated to their being from cancer patients per se.

4.8 THE CHALK RIVER GAMMA-RAY "GROWBACK RATIO" AS A PROGNOSTIC INDICATIOR FOR
ADVERSE RADIOREACTION
- N.E. Gentner, D.P. Morrison, M.M. Werner, D. Cecil, L. Courchesne,
K.L. Gale, J. Walker and C. Danjoux1

To date, 36 cancer patient lymphoblastoid cell strains have been run
through the "growback assay" following B0Co gamma-ray exposure. The four most
extreme hypersensitive responses we have observed (i.e. lowest "growback ratios")
include strains from 3 patients who reacted to radiotherapy so adversely that
treatment had to be suspended for a period or prematurely terminated; typically
this occurred when 30-50% of the conventional dose schedule had been delivered.
No cancer patient donor whose cultured cells exhibited radionormal or "low
normal" response has yet shown such a reaction. These adverse reaction responses
correlate with a range \n our in vitro assay where only 1% of responses of
strains from non-patient "normal" persons occur. The fourth highly sensitive
response was observed for a strain derived from a patient with a seminoma that
was treated surgically.

One notable characteristic of the patients who suffered an adverse
response is that the limited (relative to the normal course) radiotherapy
treatment they received seemed to be very effective in tumour control. We
suggest that this is because these patients, relative to their cells' capability
to repair ionizing radiation induced damage, received effectively a rigourous
treatment.

4.9 VARIATION IN SENSITIVITY TO CHEMICAL CARCINOGENS: MITOMYCIN C VERSUS
CISPLATIN
- N.E. Gentner, D.P. Morrison, L.D. Johnson, D. Cecil, K.L. Gale and
J. Walker

Mitomycin C (MMC) and Cisplatin (CisP) are antineoplastic agents. Their
cytotoxic action seems to be largely due to the formation in the DNA of target
(e.g. tumour) cells of DNA-DNA interestrand cross-links.

CisP is direct-acting, whereas MMC is a pre-carcinogen and is reductively
bioat-tivated in vivo to the DNA-damaging form. Hence apparent differences in
MMC-sensitivity could conceivably arise via two routes: by alterations in
efficiency of bioreduction or by abnormality in the DNA repair pathway(s) that

1 Head, Radiation Oncology, Ottawa Regional Cancer Clinic
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act to restitute the resultant lesions. We have previously reported substantial
variation in the response of lymphblatoid cell line (LCL) strains from various
individual normal (non-cancer) donors. We have now employed CisP as a probe to
sort out DNA repair deficiency versus bioreduction abnormality as an explanation
for MMC hypersensitivity. In 32 'normal' LCL strains assayed for cyto'oxic
response to both agents, one appears to be MMC-sensitive but CisP-normal,
suggesting that the strain can repair interstrand cross-links effectively and
may hyper-activate MMC. This type of abnormality seems to be notably more
prevalent in 28 LCL strains studied that were obtained from cancer patient
donors.

4.10 CHEMOTHERAPY: COLLABORATION WITH CARBOPLATIN CLINICAL TRAILS
- N.E. Gentner, D.P. Morrison and R. Corringham1

The appreciable nephrotoxicity of the antineoplastic agent cisplatin,
which has largely replaced mitomycin C in oncology clinic use, has led to a
search for more suitable replacements. Carboplatin appears to offer considerable
advantage, showing efficacy in control of the same kinds of tumours that respond
to cisplatin, but with lower side-effects. The "North-East Ontario Oncology
Program (Director, Dr. R. Corringham) is one of the centres performing the
clinical trials of carboplatin. They were aware of our work describing
considerable variation in response within natural human populations to the
cytotoxic action of carcinogens, and sought our contribution in this clinical
study. It is of considerable value to see if tumour response in chemotherapy
relates to the "effective dose", i.e. such as may be modified by variation in
DNA repair competence. This gives us a valuable opportunity to be in "on the
ground floor" and possibly influence protocol developments at any early stage.
The principles and goals are similar to those for the radiotherapy pilot study
outlined in Sect. 4.8.

4.11 TESTING THE EFFECT OF TRANSFECTED METALLOTHIONEIN GENES ON
RADIOSENSITIVITY IN PLANTS
- C.L. Greenstock, D. Lefebvre2, J.L. Hawkins3 and S.C. Sheppard3

Several sets of collaborative irradiation experiments have been carried
out on Brassica campestris plants using 10 Gy doses of X- or 7-rays, in which
uninfected plants are compared with those infected with cauliflower mosaic virus
with or without the metallothionein gene. Despite using new transfection
techniques, the viral infection continues to produce serious adverse affects on
plant growth making it difficult to demonstrate, reliably and reproducibly, a
radioprotective effect of the metallothionein gene. The possibility is being
investigated of continuing these experiments at the Petawawa National Forestry
Institute.

1 Director, North-East Ontario Oncology Program, Sudbury Cancer Centre
2 Queens University
3 Environmental Research Branch, WNRE
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4.12 DAMAGE MIGRATION IN HALOGENATED DNA
- C.L. Greenstock

Previous studies have shown that replacement of thymidine by
bromodeoxyuridine (BUdR) in the genetic material of bacterial and mammalian cells
results in radiosensitization. We are studying the underlying molecular
mechanism in synthetic bromonucleic acid derivatives, and exploring possible
clinical applications.

Recent analyses of data collected during the summer 1988, provide more
details about the reactive intermediates and their kinetic fate. The basis for
the increase in radiosensitivity following BUdR-substitution is the selective
reaction of radiation-induced hydrated electrons (ea*q) with the 5-bromo
substituent. There is some indirect evidence that this may be facilitated by
intramolecular electron transfer. In air there is insufficient oxygen to
competitively scavenge ea"q and convert it to the less reactive superoxide radical
anion 0|. However, using hyperbaric oxygen, this reaction could lead to a
differential damaging effect on hypoxic tumor cells, thus producing a possible
therapeutic gain.

4.13 FLUORESCENCE LIFETIME STUDIES OF MAMMALIAN CELLS
- C.L. Greenstock and D.P. Heller1

The fluorescence lifetime instrument (FLI) is being set up and in the
process of becoming operational. Initial results with mammalian cells have been
analyzed, and form part of a research project completed for a M.Sc degree
recently awarded to D.P. Heller. Additional data collected dviring the summer
will be analyzed when the FLI is fully operational.

To assess the usefulness of FLI as a quantitative tool to measure cell
number, a fixed concentration of the DNA intercalant ethicium bromide was used
to stain P388 murine leukemia cells at various cell densities. The fluorescence
decay constant or lifetime was found to increase exponentially with cell density
in a repeatable manner, indicating that the FLI provides a useful method to
measure cell density or the number of cells in a given sample.

4.14 RESPONSE OF LEUKEMIA CELLS TO ADRIAMYCIN, RADIATION AND HYPERTHERMIC
STRESS
- C.L. Greenstock and E.I. Azzam

Several cell lines, transferred under liquid nitrogen from WNRE, have been
successfully reestablished in tissue culture. Adriamycin-sensitive and resistant
clones of P388 murine leukemia cells provided by G. Goldenberg, Manitoba
Institute of Cell Biology, are being cultured and will be characterized

Medical Physics, Carleton Univ., Ottawa
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In terms of cytotoxlclty, radiation sensitivity and hyperthermla response, prior
to screening using monoclonal antibody and recomblnant DNA techniques.

4.15 SETTING UP A RADIATION BIOCHEMISTRY LAB
- C.L. Greenstock and E.I. Azzam

Major pieces of laboratory equipment transferred from WNRE are in place,
and these and other instruments are being tested and calibrated for carrying out
hyperthermia and radiation survival studies of cultured cells, high pressure
liquid chromatography (HPLC) of isolated DNA fragments, and enzyme linked
immunosorbent assays (ELISA) of hybridoma and monoclonal antibody production.

4.16 IONIZING RADIATION IN TUMOR PROMOTION AND PROGRESSION
- R.E.J. Mitchel, A. Trlvedi, S. Mullen, R. McCann and J. Murphy

The mouse skin tumor formation system has been used to examine che effects
of /9-radiation on tumor promotion and progression. Sencar mice dorsal skins were
initiated with a chemical carcinogen and then promoted by exposure to 90Sr/9CY fi-
radiation (0.5 Gy twice/week, 13 weeks). These mice developed no skin tumors
and we conclude that /ff-radiation does not act as a complete promoting agent.
The animals are under observations for carcinoma appearance. We have also tested
0 radiation (as above) for its ability to act as a stage I tumor promoter (using
mezerein as a stage II promoter) or as a stage II promoter (using the phorbol
ester TPA as a stage I promoter). There was no evidence of radiation acting in
either case.

We conclude from this study that radiation has either no or a very low
ability to act as a tumor promoting agent.

4.17 THE INFLUENCE OF HYPERTHERMIA ON THE RADIORESISTANCE OF HUMAN NATURAL
KILLER CELLS
- R.E.J. Mitchel, H. Yang and J.P. Mao

Natural killer (NK) cells are white blood cells which can bind and lyse
other cells. They are involved in "non-self" recognition and as such they have
broad effects which including killing of infecting viruses, rejection of
transplanted tissue and recognition and killing of cancer cells. The activity
of these cells likely plays a major role in determining the risk of radiation
induced cancer and may influence the risk of secondary disease in successfully
treated cancer patients. We had previously shown that hyperthermia treatment
temporarily inhibited NK cell function but that the cells could recover to a
thermotolerant state. We have now shown that prior to recovery, however, a
hyperthermia treatment causes increased radiosensitivity of the NK cell. Unlike
from a hyperthermia treatment, NK cells do not recover activity after a radiation
exposure. The data suggest therefore that cancer therapy using hyperthermia
combined with radiation may increase the loss of NK activity and raise the risk
of secondary tumor formation.
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4.18 BLEOMYCIN DAMAGE IN HYPERTHERMIA TREATED HUMAN CELLS
- R.E.J. Mitchel, R. Pilon and R. McCann

Bleomycin is a cancer chemotherapeutic agent which causes free radical
damage to DNA in a manner similar to ionizing radiation. Hyperthermia sensitizes
cells to killing by radiation because it temporarily inhibits the repair of the
radiation damage to DNA. Hyperthermia also sensitizes cells to killing by
bleomycin but in contrast we have shown that this sensitization is not due to
heat inhibition of repair of the bleomycin induced DNA damage. Rather,
hyperthermia treated cells are much more sensitive to DNA damage by bleomycin.
Two conclusions may be drawn from these results. First, since a hyperthermia
treatment which inhibited repair of ionizing radiation type DNA damage did not
inhibit repair of bleomycin type DNA damage, then there must be different DNA
repair systems which separately recognize the damage produced by these two
agents. This conclusion indicates therefore that the types of damage produced
by the two agents must be different. Second, since hyperthermia increased the
initial bleomycin damage, the hyperthermia must have temporarily altered the DNA
structure allowing a more open genome and easier access of the chemical agent
to the genetic material. This result implies that a hyperthermia treatment may
also alter the access of other drugs to DNA.

4.19 TIME DEPENDENT TUMOR INITIATION AND STAGE I PROMOTION: THE INFLUENCE OF
HYPERTHERMIA
- R.E.J. Mitchel, A. Trivedi and R. McCann

Carcinogenesis is a multi-step process and some of the events which occur
after the initial exposure to the DNA damaging agent are dependent on biological
processes. These processes determine the latent period prior to the actual tumor
formation. We have used the mouse skin tumor model system to separate and
investigate the influence of these processes on different steps in the
carcinogenic process, and to investigate ways by which the probabilities of these
steps may be altered.

Sencar mice dorsal skins were initiated with DMBA and one week later
promoted (2x/wk, 13 wks) with either the complete promoter TPA or the stage II
promoter mezerein. These mice developed, on average, 9.72 and 0.95
papillomas/mouse respectively. Delaying the start of tumor promotion by 14 weeks
increased the number of papillomas after 13 weeks of promotion, to 19.1 and 3.46
papillomas/animal respectively. Carcinoma frequency also increased with
promotion delay, from 0.56 to 0.71 per animal with TPA as thr promoter and from
0.35 to 0.50 per animal with mezerein. Hyperthermia treatments of the dorsal
skin (44"C, 30 min, 2x/wk) during the delay before promotion only partially
blocked the time dependent papilloma increase (14.7/animal with TPA) but reduced
the carcinoma frequency to 0.39/animal, a value lower than either the delayed
or undelayed group. The same hyperthermia treatments given during the delay
before mezerein promotion had very little influence on the time dependent stage
I promotion (3.54 papillomas/animal) or on carcinoma frequency (0.53/animal).
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These data show that there is a naturally occuring, time dependent process moving
damaged cells through the multi-step process of carcinogenesis. Carcinogen
exposed but subinitiated cells become fully initiated, and some fully initiated
cells nr >. past stage I of promotion, with both events increasing progression
probability. Hyperthermia can inhibit the former but not the latter event.

4.20 TUMORIGENESIS IN TISSUE CULTURE
- R.E.J. Mitchel, T. Bichay, R. Pilon and R. McCann

We have been using the mouse skin tumor formation system to investigate
factors which alter the risk of various steps in the multi-step process of
carcinogenesis. While this continues to be a very useful test system, it is
desirable to have a more rapid approach to investigate possible agents. We have
therefore established, in culture, rodent C3H lOTb cells which are transformable
to malignant clones by various carcinogenic agents including radiation. We are
initially in the process of comparing results in this system with those already
obtained in the mouse skin system to verify that initiation and promotion respond
to heat and radiation in the same way in both.

4.21 RADIOTHERAPY TUMOUR TREATMENT EFFICACY IN RELATION TO RADIOSENSITIVITY
IN VITRO: A COLLABORATIVE PILOT STUDY
- D.P. Morrison, N.E. Gentner and C. Danjoux1

The attribution of pronounced in vitro ionizing radiation sensitivity in
those Ottawa Regional Cancer Clinic (ORCC) patients who exhibited adverse
radioreaction in vivo, as well as a tendency for notable efficacy in local
control from the relatively low doses these patients received (see Sect. 4.8),
has led to a request from ORCC that we include within our cancer study a pilot
study aimed at establishing, for the majority of patients who do not present an
acute radiation reaction, whether treatment efficacy and complication frequency
can be correlated with radiosensitivity as assessed by us in vitro. If this
pilot study shows, for example, that tumour response is better in the more-
sensitive compared to the more-resistant responses (using LCL strains as
surrogate), the object is to use this data to support an application for approval
of a randomized clinical trial testing the value of a higher-than-usual dose for
patients whose cultured cells in vitro appear to be relatively more resistant.

The ORCC chose head, neck and throat cancers for this study. Essentially
all are treated by radiotherapy, skin erythemal reaction is assessed as a
potential gauge of in vivo response, and tumour treatment outcome
(success/failure) is available in 1-2 years.

Head, Radiation Oncology, Ottawa Regional Cancer Clinic



4-15

4.22 INDUCED MUTATION IN HUMAN CELL LINES: THE INTERACTION OF RADIATION WITH
CHEMICAL MUTAGENS
- D.P. Morrison, N.E. Gentner, T.L. Joyce and L.M. Paterson

Earlier work (see Sect.4.13, PR-HS-20 and Sect.4. 7, PR-PHS-HS-3) indicated
that MNNG-induced mutation in yeast and tumour initiation in mouse skin were
blocked in a dose-dependent manner by ionizing radiation exposure. Using a human
lymphoblastoid cell line (TK6) that was developed els.ewh.ere specifically for use
in mutation studies, we have endeavoured to investigate such interactions in
human cells. Unfortunately, TK6 has proved to be sensitive to killing by both
MNNG and 60Co gamma-rays in a multiwell cloning assay. This has effectively
precluded its use in our studies of interaction of these agents which require
both high cloning efficiency, which TK6 has, and the ability to induce mutations
without excessive cell death. If other current work on cloning of human LCLs
turns up strains that clone well further efforts to assess the interaction of
MNNG and radiation in the multiwell system will be considered. In the interim,
the possibility of using other less conventional assays for detection of genetic
changes in cultured human cells (such as polymerase chain reaction technology)
will be investigated.

4.23 CONFIRMATION OF THE APPARENT SENSITIVITIES OF LYMPHOBLASTOID CELL LINES
FROM HEALTHY INDIVIDUALS USING A MULTIWELL CLONING ASSAY
- D.P. Morrison, N.E. Gentner, T.L. Joyce and L.M. Paterson

At the AECL/CEC sponsored International Workshop on "Methods for detecting
differential radiosensitivity in humans", held at the University of Sussex on
1988 September 7-9, it became apparent that researchers used to more conventional
assay systems would remain somewhat skeptical of our "growback assay" results
until they were confirmed by other means. To this end we have begun to re-assess
the radiosensitivity, as indicated by the survival of colony forming ability,
of a representative sample of our collection of cell lines derived from healthy
individuals and from people with syndromes known to be associated with cellular
sensitivity to DNA-damaging agents. The assay to be used, a multiwell plate
cloning assay, is not without its share of shortcomings, but it is nevertheless
an "accepted" system. Early difficulties with poor reproducibility of apparent
survival, and with the actual scoring of clones, have been resolved to the extent
that we have now begun to test strains from our collection.

4.24 SCREENING HUMAN POPULATIONS FOR ABNORMAL RADIOSENSITIVITY
- D.P. Morrison, N.E. Gentner, M.M. Werner, D. Cecil, L. Courchesne,
T.L. Joyce, K.L. Gale, L. Paterson and J. Walker

In tho in vitro "grow-back assay" developed as part of the joint AECL/AECB
project on "Screening Human Populations for Abnormal Radiosensitivity", 248
lymphoblastoid cell line (LCL) from healthy, ostensibly normal donors (i.e. not
displaying features indicative of any genetic syndrome associated with abnormal
carcinogen sensitivity) have been assayed 'blind' (coded by a representative of
the AECB) . In addition, LCL strains from 9 donors manifesting the model ionizing
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radiation-hypersensitive, cancer prone disorder ataxia-telangiectasia (A-T) were
included in the blind study, as well as strains from donors with genetic
disorders associated with hypersensitivity to a non-ionizing (ultraviolet light)
but not to an ionizing radiation (xeroderma pigmentosum [XP] and Tay syndrome
[TS]). All A-T strains registered as highly radiosensitive, but none of the UV-
sensitive XP or TS lines did. Additionally, a strain from a donor with an auto-
immune disorder (systemic lupus erythematosus), which is associated with
radiation hypersensitivity, registered in our assay as being hypersensitive.
There thus appears to be a good concordance between our re-growth assay and the
older 'survival of colony-forming ability' assays utilizing primary fibroblasts.

Our 248 'normal' strains represented 23 "GM" LCL strains, purchased from
the Human Genetic Mutant Cell Repository located at Coriell Institute for Medical
Research, Cambden, NJ, 44 "SA" strains derived for us in Riyadh, Saudi Arabia,
at the King Faisal Specialist Hospital and Research Centre by B.P. Smith, and
181 "CR" strains developed in our laboratories from anonymous, volunteer, CRNL
ARV donors. We have now looked at the distribution of radioresponse in these
3 groups separately. The GM sample reveals a very high proportion of abnormally
radiosensitive responses (on a preliminary attribution of abnormality referenced
tc the distribution of A-T responses), in the order of -25% for acute 7-exposure
test. These are markedly higher than the proportions of abnormality reported
earlier for the 'normal population' (PR-PHS-HS-5), and we now recognize that
these were skewed by the disproportionately high contribution from the GM sample
(and, it seems now, from the SA sample as well). This was especially time of
early results where the GM strains, among the first to be assayed, made a large
contribution. The AECB's Review Panel for this project had suggested that, in
lieu of deriving so many LCL strains ourselves for this study, we write to as
many University/hospital laboratories as possible and ask them to send us all
their 'normal' strains for assay. We resisted, because we knew that the various
known carcinogen-hypersensitive disorders were associated with a number of
pleiotropic effects that might lead such persons to seek medical intervention
for a condition unrelated to malignancy, and hence to be 'enriched', over the
population as a whole, in a non-cancer patient hospital/clinic population. The
present results appear to justify the stand we took. Our results also likely
explain why, in a study of the "radiosensitivities of 10 apparently normal
diploid fibroblasts [GM strains] to cell killing, G2-phase chromosomal
aberrations, and cell cycle delay" (Cancer Research 48, 4535-4538[1988]; H.
Nagasewa and J.B. Little), three [30%] showed hypersensitivity by all three
assays.

However, just as the GM sub-population may not be representative of the
general population, so also may the CR group not be, if the "healthy worker
effect" extends to the conditions that may be ancillary features of alleles
leading to abnormal radiosensitivity. Just what combination might be most
representative of society-at-large is under discussion. For an occupationally
exposed population, however, where possible excess risk of radiogenic cancer is
the end-point, the CR results probably best reflect the actual situation.

A more extensive data analysis is in progress on these results from
"normal strains"; this will use a semi-weighting method developed especially for
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survival analyses and a two-tail £ test (and p<0.05) for attribution of
abnormality.

There are indications that the 'high normal' side of the radioresponse
distribution might contain strains that display a different sort of abnormality -
- increased radioresistance. A model for this is the Li Fraumeni familial
syndrome of excess soft tissue sarcoma, brain and breast cancer in association
with what has been termed "the radioresistance phenotype". The 7-ray doses used
in our screening were chosen mainly to detect small degrees of hypersensitivity:
resolution is lost in terms of defining increased resistance. We deem it useful
to re-investigate the dose response of representative possible 'high normal'
versus 'radionormal' strains, using a higher series of doses.

At the other end of the distribution, for strains exhibiting highly
radiosensitive responses, we plan to re-investigate these as well, using a graded
series of lower 7-ray doses than employed in the screening procedure. This is
because many strains exhibited an unexpectedly high degree of sensitivity,
reaching very low or negative 'grow-back ratios' where differentiation of the
degree of deficiency is difficult. By obtaining their full dose-response, we
can define their sensitivity in terms of an actual dose reduction factor and
reference their apparent deficiency to the A-T model.

4.25 TRITIUM RBE FOR MYELOID LEUKEMIA INDUCTION
D.K. Myers, J.S. Jackson, H. Wyatt, J.W. Murphy, M.E. Bahen and A.M. Foley

The study continues to progress satisfactorily. The results to the end
of December are summarized below:

Initial number of mice 5336
Total number still alive 819

Confirmed leukemias - controls 1
HTO 74
X-rays 73

A preliminary analysis of the data available to the end of Nov. suggests
an RBE which is slightly less than, but not significantly different front, one.
However the data are still incomplete, will require minor corrections for mouse-
days at risk, and there is a large number of cases where histological examination
of fixed tissue samples is required to confirm the diagnosis of cause of
morbidity. The histological studies have commenced but will require some months
for completion. The final analysis of the data will not be available until the
end of 1989.
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4.26 ASSESSMENT OF HAZARDS TO POPULATIONS
- D.K. Myers

An extensive review on "The general principles and consequences of
environmental radiation exposure in relation to Canada's nuclear fuel waste
management concept" has been prepared following receipt of comments on the first
draft which was prepared early in 1988. This review deals with sources of
radiation in the natural environment, ecological considerations, radionuclide
metabolism in humans and other organisms, potential doses to other living
organisms at ICRP limits for humans, biological effects, and the validity of ICRP
statements on protection of species other than humans. The document is currently
being typed and edited.

Other activities during the past 6 months include assembly of data on
exposure of Canadian uranium miners to various sources of ionizing radiation and
on fatal and non-fatal accident rates. This and other relevant material is being
written up for a report by an AECB working group on the basis for recommendations
on exposure limits for uranium miners.

4.27 HYDROXYL RADICALS AND THE MECHANISM OF INDUCED RADIORESISTANCE AND
THERMALRESISTANCE
- A. Trivedi, C.K. Ohno and R.E.J. Mitchel

Yeast cells are able to alter their resistance to killing by both heat
and radiation. The mechanism and signal system responsible for these inducible
changes is only partially understood. To further characterize this system we
have manipulated various biological compartments in the yeast cell in order to
observe their influence on inducible radio and thermal resistance. This section
reports experiments which altered hydrogen bond strengths and the next section
(4.28) experiments in which the membrane composition was manipulated.

Deuterium bond strengths are usually higher than those of hydrogen and
thus bring about some molecular distortions in polar group interactions. Yeast
cells were grown on media containing heavy water (HW) but tested in light water
to examine these isotope effects in developing radioresistance and
thermotolerance. Gamma-radiation (0-5 kGy) cell survival showed an increased
oxygen enhancement ratio for HW-grown cells (3.0) as compared to normal cells
(2.2). Cells grown in HW showed an increase in both Do and Dq when irradiated
under either oxic or anoxic conditions. The thermal (52°C) cell survival curves
also exhibited an increased thermal resistance for HW-grown cells. However, the
kinetics of heat-induced radioresistance (to 1.5 kGy oxic dose) were different
from the kinetics of heat-induced thermalresistance (to 52"C for 4 min) after
an exposure to a 38°C heat-shock. Both normal and HW grown cells showed the same
magnitude of increase in radioresistance but HW grown cells reached that level
more rapidly and remained induced (at 38°C) for a longer time. The kinetics and
magnitude of heat-induced thermal resistance were not significantly different
in normal and HW grown cells. The data show that altered bond strength by
deuterium substitution produces an enhanced constitutive resistance to both heat
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and radiation but no change in the ability of the cells to be further induced
for resistance to either stress.

4.28 MODIFICATION OF HEAT-INDUCED RESPONSE BY MANIPULATION OF YEAST MEMBRANE
LIPID COMPOSITION
- A. Trivedi, C.K. Ohno and R.E.J. Mitchel

We investigated the influence of altered membrane lipid composition on
heat-induced thermal and radioresistance. Using a series of yeast mutants
defective in phospholipid (PL) biosynthesis, it was possible to manipulate either
phosphatidylcholine (PC), phosphatidylethanolamine (PE) or phosphatidylserine
(PS) in their membranes. Thermal (52°C) cell survival curves exhibited a
different pattern for each mutant. A PS deficiency increased thermal resistance
as compared to normal, PC- or PE-enriched membranes, implying a role for PS in
constitutive thermal resistance. Gamma-radiation (0-5 kGy) cell survival showed
a similar oxygen enhancement ratio (2.5 to 2.8) for these mutants. However,
radiation sensitivity varied with the nature of the phospholipid enrichment.
To examine how membrane PL composition can modify the inducible stress response,
mutant cells were exposed to a heat-shock (38°C) followed by a lethal thermal
(52°C, 4 min) or radiation (1.0 kGy oxic dose) stress. The kinetics and level
of heat-induced thermal resistance were similar to wild-type, suggesting a role
for membrane PL content in influencing constitutive but not inducible thermal
resistance. However, unlike wild-type, these mutants did not exhibit heat-
induced radioresistance regardless of their membrane PL content. Apparently
membrane PL has a major influence on constitutive but not inducible stress
resistances.

4.29 IN VITRO RECOMBINATION CATALYSED BY CELL-FREE EXTRACTS OF LYMPHOBLASTOID
CELL LINES
- P. Unrau, C. Purvis and D. Adams

Data from in vitro recombination assays catalysed by cell-free extracts
of normal, ataxia telangiectasia (AT), and Blooms' syndrome lymphoblastoid cell
lines (LCL) were presented at the XVI World Genetics Congress in Toronto.
Relative to normal cell extracts it was found that Blooms' extracts catalysed
3-4-fold more recombination per mg of protein, for crosses of undamaged plasmids
as well as between cut and uncut plasmids. For the AT extracts it was observed
that while crosses of cut and uncut plasmids yielded specific recombination rates
as high as in the normals, for uncut plasmids specific recombination rates were
lower. While requiring confirmation, these observations suggest that some AT
lines lack the capacity to catalyse recombination in undamaged substrates which
normally would be expected to occur during cell growth. The absence of or
reduction of such a function is not easily related to the greater 7-ray
sensitivity and cancer-proneness of AT individuals. However the normal levels
of recombination between damaged substrates is consistent with reports of normal
double-strand break repair in AT cell lines.
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4.30 APPLICATION OF GENE AMPLIFICATION TECHNIQUES TO DETERMINATION OF IN VITRO
RECOMBINATION IN VITRO
- P. Unrau and D.P. Morrison

Powerful in vitro gene amplification techniques are being devised to speed
up analysis of genetic changes at the level of individual DNA sequences. We. are
developing an in vitro amplification system to measure products of recombination
catalysed by cell-free extracts. At present the recombinants comprise 1/105 to
1/10* of input molecules measured by transformation and scoring of tetR clones,
as described earlier. Such reconibinant molecules, if they arise in vitro and
not on subsequent processing in the E. coli cell, should act as amplification
substrates if the requisite primers are present. We have designed primers
suitable for the in vitro amplification of tetR genes. In preliminary
experiments with control DNA the normal tetR gene has been amplified 20 fold.
A potential 107 to 109-fold amplification may be attained.

Variables identified in manual amplification runs include melting and re-
naturation conditions, DNA concentration, effective Mgz+ ion strength, and pH
changes during DNA synthesis. An apparatus suitable for automated amplification
procedures has been ordered. The testing of this equipment ties in with a
business opportunity for Hypercell Biologicals. Other applications of gene
amplification technology may include in vitro determination of spontaneous and
induced mutation rates; measurement; of spontaneous and radiation-induced deletion
mutations; and measurement of base-pair-specific mutations in human white blood
cells.

4.31 CYTOGENETIC END-POINTS: ASSAY OF MICRONUCLEUS INDUCTION BY IONIZING
RADIATION IN LYMPHOBLASTOID CELL LINES DERIVED FROM DIFFERENT INDIVIDUALS
- J. Walker, M. Sargent, N.E. Gentner and D.P. Morrison

The response of human cells to clastogenic insult, such as from ionizing
radiation exposure, has been studied for a variety of end-points, primarily
cytotoxic, biochemical and cytogenetic. Many of the genetic disorders associated
with carcinogen-hypersensitivity and cancer proneness are also known as
"chromosome breakage syndromes"; this strongly suggests a causal link between
chromosome instability, elevated levels of induced chromosome damage on ionizing
radiation exposure and a predisposition to neoplasia. Tsu, for example, has
demonstrated that a normal (non-cancer patient) population exhibited a wide
range of responses to bleomycin (a radiomimetic chemical) in terms of chromatid
lesions, and that an age-matched cancer-patient population showed a higher mean
number of breaks per cell with the distribution of individual outcomes skewed
toward higher values. The cytogenetic abnormalities consequent to DNA insult
are believed to reflect ineffectual DNA repair attempts. Hence we anticipate
that many, if not all, individual cell lines that show and increased yield of
such end-points would be included in a sample deemed to abnormally sensitive to
the killing effects of the clastogenic agent.

To date the focus of cytogenetic studies has largely been a labour-
intensive and time-consuming analysis of karyotypic aberrations (translocations,
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ring chromosomes, etc.) and scoring for chromatid gaps and breaks. A simpler
method for quantitating chromosome breakage and predicting iri vitro
hypersensitivity to DNA-damaging agents is to enumerate micronuclei, which arise
from acentric fragments or whole chromosomes that have been excluded from
daughter cell nuclei following mitosis. In a proliferating cell population this
simpler cytogenetic system had two drawbacks: (a) micronuclei are only expressed
in dividing cells; and (b) micronuclei are inevitably lost in successive
divisions. In a recent series of developments, these disadvantages are overcome
with the use of cytochalasin B -- a drug that permits nuclear division but not
cytoplasmic division. Cytokinesis-blocked (CB) cells are differentiated and
easily recognizable due to their binucleate appearance, and are considered
synchronized across cell lines derived from different individuals because CB cell
are all in the same stage of the cell cycle.

A repository of lymphoblastoid cell lines (LCLs) derived from normal,
healthy individuals, from cancer patients and from person with known genetic
disorders is available at Chalk River. Our "ostensibly normal" LCL collection
is probably the largest in the world, and represents a valuable resource which
can be exploited for the study of individual variation in response to DNA
damaging agents. We have initiated a study to determine the extent to which an
abnormal radioresponse in the "growback" assay is mirrored by an abnormal
expression of micronuclei under similar treatment conditions. As a valuable by-
product, the micronucleus assay procedures will furnish information about the
timing of certain cell cycle events in exposed cells, and may help elucidate the
nature of at least some of the abnormal responses to ionizing radiation that have
been seen.

The mlcroriucleus assay has been adapted to LCLs strains in our laboratory.
Good discrimination to dose is possible, e.g. 15 micronuclei per 103 binucleate
unirradiated cells versus 170 per 103 binucleate cells following 1.7Gy acute
gamma-ray exposure. Preliminary work suggests that the induced frequencies are
relatively constant over a broad range of post-exposure incubation times. This
may minimize the need to take individual unirradiated growth rates into account
is selecting the most suitable time for analysis.

The next step in this work is to assess micronucleus induction in
unirradiated and irradiated cells from strains representative of 4 groups:
radiosensitive and radionormal lines from the ostensibly normal and from the
cancer patient populations.

4.32 FOLLOWUP OF MORTALITY OF AECL EMPLOYEES
- M.M. Werner, D.W. Dunford1 and D.K. Myers

The second linkage of the AECL Health Study tape with the Canadian
Mortality Data Base was completed in late 1988. As part of the linkage a manual
resolution of doubtful links was required. This task was carried out by CRNL
representatives at Statistics Canada. This resolution allowed a more accurate
weight for the computer-assisted output to be obtained.

Mathematics and Computation Branch, CRNL
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About 10% of all AECL employees originally opted not to participate in
the Health Study. To ensure that exclusion of the doses of these individuals
did not represent a biased selection, a year by year dose tape of the exposures
of these individuals was prepared and sent to Dr. G. Howe, Epidemiology Unit,
University of Toronto, to complement the dose tape previously prepared for the
Health Study participants. None of these tapes contains any personal
identification of employees.

4.33 DEVELOPMENT OF AN ASSAY TO PREDICT RADIATION SENSITIVITY USING PERIPHERAL
BLOOD LYMPHOCYTES
- M.M. Werner, T.J. Bichay, M.D. Cecil, N.E. Centner and D.P. Morrison

In Section 4.3 of rR-PHS-HS-5 a potential assay for radiosensitivity
measurement based on peripheral blood lymphocytes (PBL) was described. As with
the screening assay developed by Gentner and Morrison (see PR-PHS-HS-1 and
following reports) the objectives of these experiments are to determine the
extent to which PBL are an appropriate surrogate for tissue response, to
establish the number of radiosensitive individuals in a normal population, and
to see whether abnormal sensitivity is more frequent in a non-treated cancer
patient population (e.g. to see if abnormality in vitro may be associated with
increased cancer risk). To this end we have now assayed about 100 bloods from
normal persons and about 90 cancer patient bloods. These latter bloods have
been obtained from Cancer Clinics in Ottawa and London, Ontario. However, we
have now identified shipping of blood samples as a confounding variable. Because
of the distance from cancer clinics, most of the cancer patient blood used to
date was 24 hours or more old when it was received at Chalk River. In blood
samples from normal persons the 'age' results in a change in, at least, some
samples. When one sample of blood from a normal individual was isolated and
assayed immediately and another sample was held for 24 hours before the
lymphocytes were isolated and assayed, we have found that the response of PBL's,
both in terms of growth after stimulation and radiation response as determined
by the slope ratios between unirradiated and irradiated lymphocytes, is different
after 24 hours holding. We have also established that the holding temperatuia
is critical. A deviation of 5 degrees either way from room temperature (20°C)
leads to problems in obtaining a clean separation of the lymphocytes and to
erratic growth after stimulation.

A preliminary examination of slope ratios for normal, normal held and held
cancer patient stimulated PBL's indicate that there are significant differences
between normal and normal held distributions and between normal and 'held' cancer
patient distributions but not between 'held' normal and cancer patient
lymphocytes. Since the prior history of our early cancer patient blood samples
was variable and hence could not be appropriately controlled for (in the
ostensibly normal donor population) by employing any particular conditions of
holding time or temperature, we have now gone to the additional step of
transporting blood samples ourselves from the clinic in Ottawa so that they could
be assayed 'fresh' and compared with our exsisting data on fresh normals. We
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are now In the process of assaying the fresh lymphocytes from cancer patients.
When this step is complete we will compare the distributions of slope ratios from
fresh normal and fresh cancer patient lymphocytes. This comparison Is necessary
in order to assess whether this assay is useful in its present form.

4.34 PUBLICATIONS AND PRESENTATIONS

4.34.1 Publications

DETECTION OF INDIVIDUAL VARIATION IN RADIOSENSITIVITY IN HUMAN

POPULATIONS: POSSIBLE CONSEQUENCES FOR RADIOGENIC CANCER RISK AND FOR
RADIOTHERAPEUTIC TUMOUR MANAGEMENT
N.E. Gentner and D.P. Morrison
In: NRC Workshop on Water Calorimetry (C.K. Ross and N.V. Klassen,
Editors), Ottawa: National Research Council Canada, pp.135-139 (1988).

4.34.2 Lectures. Presentations and Abstracts

A RAPID TEST FOR RADIATION SENSITIVITY USING PERIPHERAL BLOOD
LYMPHOCYTES
T.J. Bichay, M.M. Werner, N.E. Gentner and D.P. Morrison
The 14th L.H. Gray Conference, New College, Oxford, England, 1988
September 11-15

DETERMINATION OF THE PROPORTION OF PERSONS IN THE POPULATION-AT-LARGE
WHO MAY EXHIBIT ABNORMAL SENSITIVITY TO IONIZING RADIATION AND EXCESS
RISK OF NEOPLASIA
N.E. Gentner and D.P. Morrison
Abstracts, AECL/CEC International Workshop on Methods for Detecting
Differential Radiosensitivity in Humans. University of Sussex, Brighton,
1988 September 07-09. [Abstract] Also N.E. Gentner was Chairman,
Session on "Biochemical Methods".

DETERMINATION OF THE PROPORTION OF PERSONS IN THE POPULATION-AT-LARGE
WHO EXHIBIT ABNORMAL SENSITIVITY TO IONIZING RADIATION
N.E. Gentner and D.P. Morrison
Abstracts, 14th L.H. Gray Conference, on Low dose radiation and
biological bases of Risk Assessmen. New College, Oxford, session on
"Radiosensitive Persons", 1988 September 12-15

IN VITRO ASSAY FOR DETECTING CARCINOGEN-HYPERSENSITIVE, CANCER-PRONE
INDIVIDUALS
N.E. Gentner and D.P. Morrison
To Dr. Ronald Garson, Metropolitan Life, Ottawa; Chief Medical Officer
for Canada. At CRNL, 1988 July 05

SCREENING FOR CANCER-PRONE INDIVIDUALS
N.E. Gentner
To President and Directors of Research, Collaborative Research, Inc.,
Waltham, MA, 1988 July 11
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RADIATION HYPERSENSITIVITY IN NORMAL VERUS CANCER PATIENT POPULATIONS
N.E. Gentner
To Benoit Legault, Assistant Editor, Ascent Magazine. At CRNL, 1988
July 13

PANEL DISCUSSION ON NUCLEAR ISSUES
N.E. Gentner
Summer Student Lecture Series, CRNL, 1988 July 14

SCREENING FOR RADIOSENSITIVE, CANCER-PRONE PERSONS
D.P. Morrison and N.E. Gentner
To Drs. D. Whilans and K. Craven, Ontario Hydro Health and Safety Div.
at CRNL, 1988 July 19

CANCER SCREENING
D.P. Morrison and N.E. Gentner
To Dr. P. Garvey, AECL Research Company, Head Office, at CRNL, 1988 July
20

DETECTION OF RADIOSENSITIVE PERSONS IN POPULATIONS OF OSTENSIBLY NORMAL
PERSONS AND OF CANCER PATIENTS
N.E. Gentner
Invited Seminar, Environmental and Medical Sciences Division, Harwell
Laboratory, United Kingdom Atomic Energy Authority, Didest, UK, 1988
September 20

DETECTION AND CONSEQUENCES: A SUB-SET OF PERSONS EXHIBITING ABNORMAL
RADIOSENSITIVITY AND EXCESS CANCER RISK
N.E. Gentner
Banquet address, Annual Radiation Protection Course (CRNL), Riverview
Inn, Deep River, 1988 September 29

DETECTION OF RADIATION-SENSITIVE PERSONS: RELATION TO EXCESS RISK OF
CANCER AND TO IMPROVED RADIOTHERAPEUTIC MANAGEMENT OF CANCER
N.E. Gentner
Seminar at Nordion and Theratronics, Kanata, Ontario, 1988 October 4

EXTENDED STUDIES AND FUTURE APPLICATIONS OF THE ASSAY FOR DETECTING
ABNORMAL SENSITIVITY TO IONIZING RADIATION EXPOSURE
N.E. Gentner
To Atomic Energy Control Board Scientific Advisors, Ottawa, 1988 October
05

USES OF A NOVEL IN VITRO FOR MEASURING INDIVIDUAL VARIATION IN
SENSITIVITY TO CARCINOGENS AND CANCER TREATMENT AGENTS
N.E. Gentner
Invited seminar, Sudbury Cancer Clinic and North-East Ontario Oncology
Program, Sudbury, 1988 October 07
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THE SCREENING ASSAY FOR CANCER PRONENESS
N.E. Gentner and D.P. Morrison
Presentation to Mr. Leonard Hopkins, Member of Parliament (Renfrew-
Nipissing), at CRNL, 1988 October 17

THE SCREENING ASSAY FOR ABNORMAL RADIOSENSITIVITY: APPLICATION TO
IMPROVED CANCER TREATMENT AND TO DETECTION OF ADVERSE RADIOREACTION
N.E. Gentner
Invited speaker, 8th Regional Oncology Conference, Skyline Hotel,
Ottawa, 1988 October 21

THE DETECTION OF PERSONS ABNORMALY SENSITIVE TO IONIZING RADIATION:
RELATION TO CANCER RISK AND TO IMPROVED CANCER TREATMENT
N.E. Gentner
Invited seminar, Department of Pharmacology Seminar Series, University
of Ottawa, 1988 October 25

THE PROSPECTIVE CANCER PRONENESS ASSAY
N.E. Gentner
Presentation to President, Vice-Presidents and Research Directors, Bio-
Mlra Inc., Edmonton, Alberta, 1988 October 27

EVALUATION BY AN IN VITRO ASSAY OF THE PROBABLE PROPORTION OF OSTENSIBLY
NORMAL PERSONS WHO EXHIBIT ABNORMAL RADIORESPONSE
N.E. Gentner
Invited seminar, Cross Cancer Institute, Edmonton, Alberta, 1988 October
28

A RAPID IN VITRO ASSAY FOR DIFFERENTIAL CARCINOGEN SENSITIVITY AMONG
INDIVIDUALS: APPLICATION TO THE SUDBURY CANCER CLINIC PILOT STUDY ON
TUMOUR TREATMENT USING CARBOPHATINUM
N.E. Gentner
Invited presentation to Ontario Cancer Foundation, Senior Executives and
Research Advisory Panel, Toronto, 1988 November 07

AN ASSAY TO DETERMINE ABNORMAL SENSITIVITY IN INDIVIDUALS TO IONIZING
RADIATION
N.E. Gentner
To officials and scientists from the U.S. National Institutes of Health,
the Armed Forces Radiobiology Institute, and the Food and Drug
Administration, at Bethesda, Maryland, 1988 November 30

ABNORMAL RADIOSENSITIVTY IN HUMAN: POSSIBLE RELATIONSHIP TO EXCESS
CANCER RISK AND POSSIBLE BENEFITS FOR RADIOTHERAPY
N.E. Gentner and D.P. Morrison
Two presentations to officials of the Department of National Defence
touring CRNL, headed by Rear-Admiral J.R. Anderson, Chief, Submarine
Acquisition, at CRNL, 1988 December 07
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DETERMINATION OF THE PROPORTION OF OSTENSIBLY NORMAL INDIVIDUALS WHO MAY
EXHIBIT ABNORMAL SENSITIVITY TO IONIZING RADIATION POSSIBLE CONSEQUENCES
FOR RISK ASSESSMENT AND CANCER TREATMENT
N.E. Gentner
Radiation Biology Branch research seminar, CRNL, 1988 December 15

CURRENT RESULTS FROM THE JOINT AECL/AECB PROJECT ON ABNORMAL
RADIOSENSITIVITY IN HUMAN POPULATIONS
N.E. Gentner
2 hour presentation to the AECB's external Review Panel for this project
and to AECB Scientific Advisors, at Ottawa, 1988 December 12

FLUORESCENCE LIFETIME ANALYSIS OF DNA CONFORMATION AND ITS APPLICATION
TO RADIATION BIOCHEMISTRY, CARCINOGENESIS AND ONCOLOGY
C.L. Greenstock
Presented to Faculty of Science, York University, 1988 November 2

RADIATION: WHAT IT IS, WHERE IT COMES FROM AND WHAT IT DOES
C.L. Greens tock
Presented to East Pictou Rural High School, Thorburn, NS, 1988 November
7 and Picton Academy, Picton, NS, 1988 November 9

USES OF RADIATION TECHNOLOGY IN TODAY'S WORLD
C.L. Greenstock
Presented to Trenton High School, Trenton, NS, 1988 November 7

BIOLOGICAL EFFECTS OF IONIZING RADIATION
C.L. Greenstock
Presented to Westville High School, Westville, NS, 1988 November 8 and
West Picton High School, Loch Broom, NS, 1988 November 10

ENVIRONMENTAL ISSUES FOR SOCIETY: RISKS AND BENEFITS IN ENERGY
PRODUCTION
C.L. Greenstock
Presented to Stellarton High School, Stellarton, NS, 1988 November 8 and
West Pictou High School, Loch Broom, NS, 1988 November 10

USES OF RADIATION TECHNOLOGY IN TODAY'S WORLD
C.L. Greenstock
Presented to New Glasgow High School, New Glasgow, NS, 1988 November 9

MOLECULAR MECHANISMS OF RADIATION DAMAGE TO CELLULAR TARGETS, AND ITS
PREVENTION BY CHEMICAL AND BIOLOGICAL MEANS
C.L. Greenstock
Presented to Faculty of Medicine, University of Sherbrooke, 1988
November 23
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A FEASIBILITY STUDY ON THE IDENTIFICATION AND DETERMINATION OF EXPOSURE
LEVELS OF NON-RADIOLOGICAL CARCINOGENIC SUBSTANCES AT CANADIAN NUCLEAR
FACILITIES
A. Petkau, C.A. Chuaqui, C.L. Greenstock and C.P. Brown
Abstr. Health Physics Research Abstract, No. 13, 1988 [Abstract] p.219

THE ROLE OF YEAST TOPOISOMERASES IN GENETIC RECOMBINATION
A.M. MacLeod, P. Unrau and G.D. Ferroni
38th Annual Mtg. Can. Soc. Microbiologlsts, U. Windsor, 1988 June 19-
22

IN VITRO RECOMBINATION CATALYZED BY CELL-FREE EXTRACTS OF NORMAL AND
CANCER-PRONE LYMPHOBLATOID CELL LINES
P. Unrau, C. Purvis and D. Adams
16th Int. Congress of Genetics, Toronto, 1988 August 19-26

ROLE OF YEAST TOPOISOMERASES IN HEAT-INDUCED THERMAL AND RADIORESISTANCE
A. Trivedi, D.R. Boreham, P. Unrau and R.E.J. Mitchel
5th Int. Syrap. on Hyperthermic Oncology, Kyoto, Japan, 1988 August 29
to September 3

MUTAGENESIS AND CARCINOGENESIS
P. Unrau
Presented as part of the 30th Annual Radiation Protection Course, CRNL,
1988 September 27

RECENT DEVELOPMENTS IN THE AREA OF RETINOBLASTOMA
P. Unrau
Radiation Biology Branch information presentation, CRNL, 1988 November
18

HYBRIDOMAS AND MONOCLONAL ANTIBODIES DEVELOPED AT WNRE
E.A. Azzam
Radiation Biology Branch information presentation, CRNL, 1988 November
16

POSSIBLE ONCOGENE EXPRESSION IN TRANSFORMED CELL LINES
S. deToledo
Radiation Biology Branch seminar, 1988 December 11

NUCLEO NEWS - Video Tape interview wi«:h Pierre Giguere
P. Unrau
Inverviewed 1988 November 17

JOINT PANEL FOR RESEARCH ON URANIUM MINIGN IN CANADA
D.K. Myers
Atomic Energy Control Board, Ottawa, 1988 November 17-18
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ACRP WORKSHOP ON HAZARDS OF RADON DAUGHTERS
D.K. Myers
Ministry of Labour, Toronto, 1988 July 8

AECB REVIEW PANEL ON THICKNESS OF BRONCHIAL EPITHELIUM
D.K. Myers
Atomic Energy Control Board, Ottawa, 1988 November 29

UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION
D.K. Myers
International Centre, Vienna, 1988 June 6-7

RADON IN HOMES
D.K. Myers
Presented as p--r»- ̂ f the 30th Annual Radiation Protection Course, CRNL,
1988 September 30

FOLLOW-UP STUDIES OF CANADIAN RADIATION WORKERS
D.K. Myers
Presented as part or the 30th Annual Radiation Protection Course, CRNL,
1988 September 30

THE CBA MOUSE AS MODEL FOR RISK ASSESSMENT OF HUMAN MYELOID LEUKEMIA
INDUCTION BY TRITIUM BETA RAYS
N.J. Gragtmans, D.K. Myers, J.R. Johnson and J.S. Jackson
Proc. Amer. Assoc. Laboratory Animal Science, Detroit, 1988 October 11
[Abstract]

CANCER ^ISK ESTIMATES IN UNSCEAR 1988
D.K. Myers
Radiation Biology Branch meeting, CRNL, 1988 June 29

RADIATION BIOLOGY AND PUBLIC CONCERNS
R.E.J. Mitchel
Presented to the Public Information Department, Pickering Generating
Station, CRNL, 1988 August 17

RADIATION-INDUCED ADAPTIVE RESPONSE TO MNNG INITIATION OF TUMORIGENESIS
IN MOUSE SKIN BLOCKING BY FYPERTHERMIA
R.E.J. Mitchel
Presented at the 5th International Symposium on Hyperthermia Oncology,
Kyoto, Japan, 1988 September 2

ALTERING THE RISK OF CARCINOGENESIS
R.E.J. Mitchel
Invited lecture presented at the Institute for Radiation Protection,
Ministry of the Nuclear Industry, Taiyuan, China, 1988 September 8



4-29

THE CYTOTOXIC FUNCTION OF HUMAN NATURAL KILLER CELLS EXPOSED TO
HYPERTHERMIA AND RADIATION
R.E.J. Mitchel
Invited lecture presented at the Institute for Radiation Protection,
Ministry of the Nuclear Industry, Taiyuan, China, 1988 September 9

ALTERING THE RISK OF CARCINOGENESIS
R.E.J. Mitchel
Invited lecture presented at Suzhou Medical College, Suzhou, China, 1988
September 13

THE CYTOTOXIC FUNCTION OF HUMAN NATURAL KILLER CELLS EXPOSED TO
HYPERTHERMIA AND RADIATION
R.E.J. Mitchel
Invited lecture presented at Suzhou Medical College, Suzhou, China, 1988
September 14

RADIATION BIOLOGY
R.E.J. Mitchel
Presented as part of R.&I.S. course on Radiation Techniques, CRNL, 1988
September 27

BIOLOGICAL EFFECTS OF RADIATION
R.E.J. Mitchel
Presented as part of the 30th Annual Radiation Protection Course, CRNL,
1988 September 27

RADIATION AND CANCER
R.E.J. Mitchel
Presented to visiting Terry Fox Scholars, CRNL, 1988 September 28

PROPOSALS FOR JOINT AECL/AECB RESEARCH
R.E.J. Mitchel
Presented to the AECB, Ottawa, 1988 October 5

RADIATION BIOLOGY AND CANCER
R.E.J. Mitchel
A series of lectures given as the course BCH4122, Nucleic acid
Biochemistry in the Dept. of Biochemistry, University of Ottawa, 1988
November 3-10

RESEARCH AT CHALK RIVER
R.E.J. Mitchel
Invited lecture given at the Dept. of Nuclear Engineering, University
of Illinois, 1988 November 29



4-30

ALTERING THE RISKS OF CANCER
R.E.J. Mithcel
Presented at the Dept. of Biophysics, University of Illinois, 1988
November 30

RADIATION AND CANCER
R.E.J. Mitchel
Presented to visiting Ottawa High School students, CRNL, 1988 December
5

HYPERTHERMIC INACTIVATION, RECOVERY AND THERMOTOLERANCE IN HUMAN NATURAL
KILLER CELLS
H. Yang and R.E.J. Mitchel
5th International Symposium on Hyperthermic Oncology, Kyoto, Japan, 1988
August 29-September 3

RADIATION-INDUCED ADAPTIVE RESPONSE TO MNNG INITIATION OF TUMORIGENESIS
IN MOUSE SKIN
A. Trivedi and R.E.J. Mitchel
5th International Symposium on Hyperthermic Oncology, Kyoto, Japan, 1988
August 29-September 3

ROLE OF YEAST TOPOISOMERASES IN HEAT-INDUCED THERMAL AND RADIORESI STANCE
A. Trivedi, D.R. Boreham, P. Unrau and R.E.J. Mitchel
5th International Symposium on Hyperthermic Oncology, Kyoto, Japan,
1988 August 29-September 3
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