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1.1 Publications - A.M. harko

A.M. Marko and R.V. Osborne - History of Canadian Regulations, Invited
Paper at the Canadian Radiation Protection Association 6th Annual
Conference, Saint John, N.B., 1985 June 11-13. Presented by K.V. Osborne.

1.2 Verbal Presentations

Presentation to Mr. Stephen Probyn, Advisor to Energy Minister, Mrs. Pat
Carney - CRNL, 1985 January 10.

"Overview of Health and Safety Work at CRNL", presentation to member of
TECHNISA, France - CRNL, 1985 January 29.

Discussions with Ms. Sandra Bars, bcience Dimension - CRNL, 1985 April 25.

Presentation to members of the Atomic Energy Control Board, E. Rabin, K.P.
Ho, P. Duport, C. Lgtourneau and G. Poirier - CRNL, 1985 April 29-30.

Presentation to members of Corporate Business Development Committee - CRNL,
1985 Aug. 20-21.

Hosted Nuclear Medicine Tomorrow Workshop - CRNL, 1985 August 20-22.

"Overview of Health Sciences Division", presentation to University of
Ottawa medical residents - CKNL, 1985 Sept. 4-5.

"Overview of Health Sciences Division", presentation to New Canadian
Ambassador to Austria, Michael Shenstone accompanied by Stephen Heeney,
Director General, Energy Resources and Environment Bureau, Externa. Affairs
- CRNL, 1985 September 25.

"Radiation Risks and Standards", presentation to 27th Annual Radiation
Protection Course - CRNL, 1985 Oct. 4.

Welcome address to attendees of the 31st Annual Conference on Bioassay-
CRNL, 1985 October 8.

Discussions with H. Umezawa and M. Kumada, Japan Atomic Energy Research
Institute - CRNL, 1985 October 17.
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Topical Summary

ENVIRONMENTAL ISOTOPES - MEASUREMENT AND APPLICATION

R.M- Brown

Investigation of variations of the concentrations of stable and
radioactive isotopes in the natural environment can give knowledge of the
chronology and mechanisms of environmental processes. Within 10 years of the
discovery of radioactivity studies of the variability of the U/Pb ratio in
minerals were giving new information on the age of rocks. Steady advances in
the techniques of radioactivity measurement and mass spectrometry facilitated
environmental isotope studies greatly, first with improved geological dating
based on the various U, Th and Pb isotopes and the TC- Ar pair, then with the
ability to observe significant isotopic variations in the H, C, 0 and S of the
biosphere and hydrosphere. The sciences of geology, geochemistry, hydrology,
archaeology and climatology have all been profoundly affected by results
obtained in studies of isotopic variations in the natural environment.

Environmental isotope studies have the advantage that the isotopes occur
naturally and have been affected by the environmental processes of interest for
long times and over wide geographic regions, hence they give information that
cannot be obtained from localized physical measurements or study of short term
tracer injections. On the other hand, they suffer from the facts that the
variations are small requiring highly sensitive measurement techniques and the
"source term" or the causative agent is beyond the control of the investigator.

Over the years, environmental studies at Chalk River have derived
valuable information from a number of environmental isotopes. Applications have
been primarily to hydrology studies with emphasis at present on identifying and
characterizing deep groundwaters.

TritiuM

Tritium occurs naturally as a product of cosmic ray interactions with
the upper atmosphere, but most of the tritium in the environment during the past
30 years originated from atmospheric thermonuclear tests in the period 1952-62.
Measurements at CRNL of tritium in precipitation and river water from a number
of sites across Canada provided a continuous record of tritium deposition and
runoff in the 1950's and 60's; this record has served as the important input
term for subsequent study of surface and groundwater turnover. Other workers,
starting measurements later, have used this record to derive complete deposition
information for their own sites by correlation of data for later overlapping
periods. Studies of tritium profiles in groundwater at WNRE and CRNL have given
information on the nature and rate of groundwater flow in recharge areas. At a
landfill site in Gloucester, Ontario, the rate of movement of water along a
contaminated aquifer has been derived from the present-day location of the 1963
peak tritium concentration. In groundwater studies related to the Nuclear Fuel
Waste Management Program, tritium is measured to detect leakage of recent (i.e.
of past 30 years) surface water into deep groundwater systems either naturally
or in the course of drilling and sampling. At Chalk River, the sensitivity of
this test is enhanced by the presence of reactor tritium in surface waters. The
background information and high sensitivity measurement techniques used for the
study of global tritium have contributed to our capability for monitoring the
release to the environment of tritium from our reactor facilities.
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Deuterium

Variations in the stable isotope content of water result from
fractionation in the evaporative and condensative processes of the hydrologic
cycle. The degree of fractionation is temperature dependent so storm-to-storm,
seasonal and climatic variations are established, higher concentrations of the
heavy isotopes H and 0 occurring in precipitation formed under warmer
conditions. Short term fluctuations are smoothed out in the course of
infiltration and the concentrations of heavy isotopes in groundwater
approximates the mean annual concentrations in precipitation. These
concentration differences allow one to distinguish groundwater from summer or
winter precipitation. This has been used to study the proportions of
groundwater and surface water in streamflow during the spring melt period or
intervals of high summer precipitation when one might expect much of the runoff
to by-pass the groundwater reservoir. In common with others we found that a
high percentage (72-95%) of the augmented flow is in fact groundwater rather
than direct surface runoff of the melting snowpack or the current
precipitation. Thus, a large fraction of the input goes into the groundwater
reservoir and the augmented flow is primarily displaced groundwater. The fact
that only a small part of the streamflow by-passes the groundwater system means
that any waste buried in the catchment area is subjected to a greater leaching
flux than would otherwise be the case.

Natural deuterium labeling has also been used to study the spring
melting process in the snowpack. Storm-to-storm fluctuations in deuterium
concentrations during the winter are preserved as strata in the snowpack which
persist through the melt period. Rainfall percolates through the snowpack with
relatively little isotopic exchange.

The deuterium content of a groundwater gives an indirect indication of
the age of the groundwater. A low deuterium content relative to present-day
mean concentrations indicates recharge at a time of cooler climate, e.g. a time
of partial glaciation. Deep groundwaters in Manitoba have very low deuterium
content relative to present day precipitation whereas deep groundwaters at
Chalk River do not, suggesting the latter have been recharged since the time of
glaciation.

Uranium Series Isotopes

Disruption in the state of radioactive equilibrium between the various
members of the uranium decay series may occur as a result of some chemical or
physical separation of the members in the environment. Study of the degree of
disequilibrium and its progress to recovery can give age information for the
system if we can understand the physical and geochemical processes involved.
Studies to this end have been underway for Pb dating of lake sediment cores
and 2 3 V 2 3 8 u disequilibrium as a potential means of groundwater dating.

Pb is generated in the atmosphere by the decay of Rn emanated from
uranium-bearing rock and is deposited by fallout and precipitation washout. In
lakes it settles to the bottom with the normal sediment. Being separated from
its uranium parent it decays with a 20 year half-life, providing a means of
dating the accumulation of the sediment bed if the sediment is undisturbed by
either mixing or resuspension. The accumulation of " Pb in sediment cores from
seven lakes in the Chalk River area has been studied to relate it to the
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dep sition and resuspension of fission product nuclides. It has been found that
16-80% of the Pb input from direct fallout and drainage from the lakes'
catchment areas was retained in the lake sediment. Thus, using only the
accumulation in sediment cores could seriously underestimates the input to a
lake. It is believed the Pb is incompletely deposited and retained in these
lakes because the annual rate of Pb sedimentation is slow relative to the
flushing rates of the small lakes studied.

Disequilibrium in the 2 3 V 2 3 8 u isotope pair is often observed in
groundwaters and is attributed to processes resulting from the ordecay process -
recoil of the decay product from a fracture surface site into the water and/or
preferential leaching of U because of its location at the end of a damage
track created by decay of its precursors. The build up and decay of the excess

U is a function of time and geochemical reactions and may provide a means of
determining the age of the system. A study of the disequilibrium in groundwater
and fracture-filling minerals from boreholes at CRNL and WNRE was undertaken to
test its value for dating purposes. In general the degree of disequilibrium was
observed to increase with depth and C age initially, then level off or
decrease. The study indicated that although uranium isotope data can contribute
to characterization of groundwaters, the system is too complicated to afford a
straightforward dating tool.

1 4
C, like tritium, is in the environment as a result of generation by

cosmic rays and releases in bomb tests of the 1950's and 1960's. The 5730 year
half-life of C and the central role that carbon plays in the biosphere make

C of great value for archaeological dating. Our interests are primarily in
using it for groundwater dating. Atmospheric-derived C is released to soil
water as CO2 by plant respiration. In the course of filtration to and through
the groundwater system, the original weak carbonic acid solution has the
opportunity to dissolve rock carbonate which is free of C, thus complicating
the dating interpretation. The amount of this dilution of the original C is
estimated on the basis of C content and/or the overall chemistry of the
water.

In view of the uncertainties in the interpretation of groundwater C
data, the high sensitivity measurements (1% of modern C) done for
archaeological samples is usually not warranted and we use a simpler method
based on the absorption of 0.7 g carbon (as CO 2) by a quarternary amine for
liquid scintillation counting with a sensitivity of about 8% modern. Such
measurements are done on waters from boreholes and wells in the CRNL area where
we have seen ages up to 7000 years.

In recent years we, in collaboration with personnel of the Nuclear
Physics Branch, have developed the technique of Accelerator Mass Spectrometry
(AMS) for 14C measurement using the MP Tandem Van de Graaff. This technique has
the great advantage of requiring only a few mg of carbon, 1/1000 that needed for
a radiometric measurement. Carbon ions are generated and accelerated to an
energy of 40 MeV, then the C ions are selected with very high resolution and
counted - a mass spectroraetric method rather than a method of radioactivity
measurement. We have used this technique for measuring the **C content of small
samples in a variety of applications: dating bone samples associated with man's
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entry to itorth America, determining the time since fall of meteorites found on
the Antarctic ice sheet, dating the time of occurrence of a geologic fault from
a charcoal stratum, dating fracture-filling calcite from rock cores and
carbonate from 1 L groundwater samples taken downhole to avoid surface
contamination. Usually deep groundwater from crystalline rock has low carbonate
content so that a radiometric measurement requires a prohibitively large
sample. After a shut-down period of three years while the accelerator facility
was being rebuilt, we are about to resume AMS work. The small sample
requirements make new studies feasible, e.g. dating of organic carbon from
groundwaters, dating of soil core organic constituents, identification of the
origin of atmospheric organic pollutants.

3 6C1, 1 2 9I

Small accelerators designed specifically for AMS C measurements are
now operating routinely in a number of laboratories including the University of
Toronto. It is appropriate that routine 4C measurements be done on these
machines and the larger machines such as the CRNL TASCC facility concentrate on
measuring isotopes which cannot be done on the small machines.

6C1 is such an isotope of particular interest for hydrology dating
purposes. It is expected to be much more conservative in hydrological systems
than C and has a half-life (300,000 years) appropriate for very old water.
Only three laboratories in the world are measuring Cl at the present time.

I is another isotope of particular interest for hydrology and waste
management studies. As a long-lived fission product its migration in the
subterranian environment is of direct interest. It is expected that it will
exist in nature associated with uranium ores as a result of spontaneous
fission. Studies of its migration from uranium deposits are of direct relevance
to the NFWM Program. It has been measured by the University of Rochester HP
Tandem.

Up to the present we have not measured these isotopes. During the
coming year we will be investigating the feasibility of measuring Cl with our
present facilities. I measurement would be a further step, probably
requiring more sophisticated detection equipment.

Conclusion

Environmental isotope studies have made significant contributions to our
knowledge of dispersal in the general environment. New and improved methods of
measurement and utilization of other isotopes will make the technique of
increasing value in the future.



-5-

2. DOSIMETRIC RESEARCH BRANCH

by

J.R. JOHNSON

2.1 STAFF

2.2 NEUTRON DOSIMETRY

2.2.1 Use of Damage Track Detectors for Neutron Spectrometry
2.2.2 Status of Nuclear Data for Radiotherapy with Neutrons
2.2.3 Comparison of Neutron Doses to Personnel in the Oil-Well Logging

Industry

2.3 THERMOLUMINESCENCE DOSIMETRY

2.3.1 Laser Heating of TLDs
2.3.2 TLD Readings Resulting from Storage
2.3.3 Linearity and Precision Measurements
2.3.4 TLD Glow-Curve Plotter
2.3.5 Packaging of Environment TLDs
2.3.6 External Dosimetry for Photon Irradiation from Behind
2.3.7 Measurements of Temperature Distribution in a TLD Chip While

Heated on a Hot Anvil
2.3.8 Measurement of Heating Time of the Anvil-Heated TLD
2.3.9 Quality Assurance Tests
2.3.10 Radiation Dose Monitoring

2.4 BETA DOSIMETRY

2.4.1 Use of MOSFET Transistors for 3-Dosimetry
2.4.2 Calculated Distributions of Beta-Ray and Conversion Electron

Doses

2.5 TRITIUM MONITORING

2.5.1 Electrometer Development

2.5.2 Tritium Monitor Development

2.6 STACK EFFLUENT MONITOR

2.6.1 Filter Change System

2.7 RADIATION INSTRUMENT DEVELOPMENT

2.7.1 Health Physics Sealer Rate Meter AEP-5341

2.7.2 C-14 and H-3 Surface Detector
2.7.3 1-125 Area Monitor
2.7.4 Passive Radon Daughter Personal Dosimeter Survey
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2.8 RADIOCHEMICAL ANALYSES

2.8.1 Tritium Bioassay

2.9 METABOLIC STUDIES

2.9.1 Metal Ion-Amino Acid Studies

2.9.2 Dosimetry of Tritium Uptake Due to Handling of Metal Surfaces
Exposed to T2

2.9.3 Carbon-14 Particulates in the Rat Lung
2.9.4 Au-198 Particulates in the Rat Lung

2.10 DOSIMETRIC MODELS

2.10.1 Dynamics of Chemically Inert Radioactive Gases

2.11 EMFLOYEE MONITORING PROGRAM

2.11.1 Distribution of Tritium Exposure at CRNL

2.11.2 Body Radiation Doses
2.11.3 Extremity Doses
2.11.4 Bioassay Laboratory
2.11.5 Ferroferric Oxide Colloid
2.11.6 Commercialization of Bioassay Services
2.11.7 Bioassay Database System

2.12 PUBLISHED PAPERS, REPORTS AND FORMAL PRESENTATIONS

2.12.1 Published Papers
2.12.2 Reports
2.12.3 Formal Presentations



-7-

2.1 STAFF

Branch Head

Secretarial

Professional

Technical

Draftsman

Lab Attendant/Clerical

National Summer Students

J.R. Johnson

L.A. Kaden
L.M. Kranz (1)

W.G. Cross
R.M. Holford
H. Ing (2)

A.R. Jones
G.H. Kramer

R.G.C. McElroy
B.F. Peterman

A. Arneja
J.D. Brunette
P.J. Bunge (3)
K. Cundari (2)

D.W. Dunford
N.O. Freedman
R.G. Gallagher (4)
S.M. Galipeau
S.E. Gardner
A. Hesketh (5)

S.C.E. Maggs (6)
A.H. Ohno
W.F. Richter
J.M. Robertson (7)
E.F. Seguin (8)
R.A. Surette
C. Thibeau

J.M. Vincent (5)
M. Wood

B.A. MacDonald (9)
J.H. Sneddon (5, 9)

H.M. Power (Part-time) (10)
S.A. Broome (11)

P.M. Bouchard - University of Chicoutimi, supervisor, G.H. Kramer, started 1985 May
08, terminated 1985 August 27.

K.C. Chu - University of Saskatchewan, supervisor, R.M. Holford, started 1985 May
01, terminated 1985 August 30.

M.G. Ross - Acadia University, supervisor, A.R. Jones, started 1985 May 09,
terminated 1985 August 22.

Junior Summer Student

J.A. Heal, supervisor, A.R. Jones, started 1985 May 08, terminated 1985 August 29.
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NOTES

(1) Temporary, six-month appointment, started 1985 January 21, terminated 1985
July 26.

(2) Transferred to Bubble Damage Technology Unit, 1985 November.

(3) Transferred to Accelerator Physics, 1985 December 19.

(4) Started in Branch, 1985 September 16.

(5) Retired, 1985 August 15.

(6) Started in Branch, 1985 August 12.

(7) Temporary, replacing H.M. Power (maternity leave), started 1985 March 25,
terminated 1985 November 04.

(8) Started in Branch, 1985 September 30.

(9) On Loan from Drawing Office.

(10) Returned from maternity leave, 1985 November 04.

(11) Temporary, four-month appointment on commercial work order, started 1985
April 22, transferred to Math and Computation, 1985 August 29.
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2.2 NEUTRON DOSIMETRY

2.2.1 Use of Damage Track Detectors for Neutron Spectrometry - W.G. Cross

Faermann et al. (Proc. Sixth Inter. Congress of the IRPA, 1984, p. 1123)
have combined CR-39 damage track, detectors with hydrogenous radiators of various
thicknesses to obtain neutron spectral information. Each combination gives a dose
response that is approximately constant up to a certain neutron energy and then
falls rapidly to zero at higher energies. We have calculated the variation of
response with neutron energy for a different arrangement - thin metal absorbers
between thin radiators and the CR-39 detector. For equal absorber and radiator
thicknesses the responses are relatively narrow, pseudo-Gaussian functions of
energy, with the peak energy increasing with thickness. Such combinations appear
to provide the most reliable, simple way of obtaining spectral information with
these detectors for neutrons between 3 and 20 MeV.

2.2.2 Status of Nuclear Data for Radiotherapy with Neutrons - W.G. Cross

In connection with an International Atomic Energy Agency Advisory Group
on Nuclear and Atomic Data for Radiotherapy and Related Radiobiology, a survey has
been made of the nuclear data required for determining doses in radiotherapy with
neutrons up to 70 MeV and of the current status of these data. Data considered
were those for kerma calculations in tissue and tissue-equivalent chamber
materials, for neutron transport calculations in tissue and for measurements with
activation and scintillation detectors. Over the last five years there have been
considerable improvements in data for carbon and oxygen at neutron energies above
20 MeV, in the total and scattering cross sections and particularly in the energy
spectra of emitted charged particles. Most of these results are not readily
available for applications because they have not yet been compiled in a standard
format. The most urgent need is for an evaluation of all carbon and oxygen data
for neutrons from 20 to 70 MeV and their compilation in ENDF/B format. New
measurements are required, of elastic and inelastic scattering in oxygen at
energies above 30 MeV and of the ^^C(n,n'3a) reaction, from its threshold
energy to 40 MeV.

2.2.3 Comparison of Neutron Doses to Personnel in the Oil-Well Logging Industry
- W.G. Cross and A. Arneja

At the request of the Atomic Energy Control Board and in collaboration
with the Radiation Protection Bureau, measurements of neutron doses from portable
neutron sources used for oil-well logging, by photograohic nuclear track emulsions
and by CR-39 damage track dosimeters, are being compared. Selected individuals who
handle these sources are provided with both types of dosimeters for periods varying
from one to six months. Preliminary results indicate that the CR-39 dosimeters
routinely indicate doses below the level of detectability of the emulsions.
However, nearly all the dose equivalents measured are below 20 mrem/month and the
results give no indication that neutrons provide a significant hazard in this
industry.
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2.3 THERMOLUMINESCENCE DOSIMETRY

2.3.1 Laser Heating of TLDs - A.R. Jones and W.F. Richter

Work on this project has been delayed because of laser failure.
Following repair, by the manufacturer, investigations were resumed and a major
problem was found.

The problem arises from the fact that it is desirable to heat the TLD
rather uniformly over its surface (3.2 x 3.2 mm) for a number of reasons. This
means that the power density incident on the polyimide support immediately
surrounding the TLD approaches that at the centre of the TLD. Because the heat
capacity of the support is lower than that of the TLD its temperature rises more
quickly and becomes incandesent when the TLD is read.

The basic solution examined was to substitute an aluminum foil for the
graphite granules on the support. This conducts heat away from the hot region
around the TLD and reduces incandescence by reason of low emissivity. An
alternative which has been studied uses an adhesive aluminum foil over the graphite
layer on the CRNL dosimeter. Because of the investment in the stock of dosimeters,
it is important to be able to use the existing dosimeters with minimum
modification. Also, for reasons of costs, it is desirable to be able to use the
same TLDs in both laser and hot anvil readers.

The following parameters have been measured using the alumized TLD
plaques: (a) the time, and its reproducibility, needed to read the TLDs; and (b)
the reproducibility of the TLD readings both when exposed and unexposed.

These measurements demonstrate that it is technically feasible to read
slight modified CRNL dosimeters with a 5 Watt CO2 laser. It will take more
comparative tests with the hot anvil reader to decide whether the development
effort needed for the laser is economically worthwhile.

2.3.2 TLD Readings Resulting from Storage - A.R. Jones and W.F. Richter

The accuracy of measuring small doses is affected by the apparent dose
acquired by the control TLDs stored in a low background shield. This apparent dose
is made up of components due to (a) cosmic rays (b) radioactivity on the dosimeter
and within the shield (c) non-radiation induced effects- The total apparent dose
rate was measured over a period of about 30 days, which is the reading interval
used for personal dosimetry at CRNL. The average values were 3.9 + 1.8 and 3.3 +
2.0 mrem for the whole body and skin dosimeters respectively. These are not
unexpectedly high but they do show the value of zeroing the control dosimeters at
the same time as those used to measure small doses (< 10 mrem). For this reason a
practice has been instituted of reading a particular set of controls at the same
intervals as a corresponding set of personal dosimeters*

2.3.3 Linearity and Precision Measurements - A.R. Jones and W.F. Richter

One type of quality assurance test is the reading of dosimeters exposed
at an unknown level by an independent agency. The ability to perform in such a
test depends upon the dosimeter-to-dosimeter reproducibility as a function of dose
and the linearity of response in dose range of interest.
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These two quantities were measured with a sample of TLDs exposed in the
range 10-640 mR. No non-linearity was detected and from the spread in individual
results it is concluded that, on the average, 95% of exposed dosimeters will give a
true reading within the following limits:

Dose Range Whole Body Surface

mrem Dosimeters Dosimeters

0-20 + 8 mrem + 9 mrem

200-1000 + 11% + 7%

It is assumed that there is no discrepancy in the dosimetry in the
testing and tested agencies.

2.3.4 TLD Glow-Curve Plotter - R.M. Holford, K. Chu and W.F. Richter

Timing problems with the "AIM 65/40" thermal printer have been solved by
the design of an interface board to be connected between the COSMAC microprocessor
and the printer. The interface includes a 128-byte buffer, and this makes it
possible to permit "interrupts", for data accumulation, during printing.

The data-processing algorithm has been modified to reduce the number of
time points in a glow-curve, which improves the appearance of the curves by
reducing the noise level, and it also reduces the amount of computer memory needed
to store a curve. By careful design of the microprocessor program, it is possible
to have subroutines for data accumulation, data processing (normalization of the
glow-curve) and plotting all running concurrently. An internal buffer holds up to
80 glow curves for plotting so that, under most circumstances, it is very unlikely
that operation of a TLD-reader will be slowed down by the addition of glow-curve
plotting.

When the glow-curve plotter is used with a standard TLD-reader, there
will be an auxiliary data link which will convey the Identification Number of the
TLD-plaque from the reader to the plotter. The link will also allow the reader to
control the plotter by sending a special character to request plotting of a
glow-curve. The plotter will accumulate data for all curves, but only plot them if
this character is received. The criteria for choosing to plot a glow-curve will
probably be a dose over a specified threshold or any detected abnormality in the
reading process.

2.3.5 Packaging of Environmental TLDs - A.R. Jones

During the airborne release of radioactivity on July 10, TLDs held in
brown paper envelopes downwind of CRNL indicated higher than anticipated doses.

Following this a comparison was made of TLDs, so wrapped, with control
TLDs mounted in their proper holders. Both sets were exposed to sunlight but were
not irradiated. Those in brown paper envelopes indicated an increase of 9 and 30
mR with respect to the controls.
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2.3.6 External Dosimetry for Photon Irradiation from Behind - A.R. Jones

Earlier measurements have shown that serious underestimates of effective
dose equivalent occur when a dosimeter is worn at the front of the body and the
photons are incident from behind. (The underestimates range from 1.5 to 6
depending upon photon energy.) The most serious situation arises when the dose Is
substantial and the photon direction is unknown.

One solution, for those where this situation is anticipated, is to wear a
second dosimeter at the back. By comparing the two dosimeters the principal
direction of irradiation can be found.

Measurements have been made of the energy dependence of a CRNL dosimeter
mounted on the back of a phantom with the photons incident on its back. The results
show thac the effective dose equivalent can be measured independent of energy to
within + 11% above 70 keV photon energy using the back mounted dosimeter alone. If
both dosimeters (front and back) are used the energy dependence is reduced (+ 5%
above 45 keV). At lower energies the dosimeters overestimate the effective dose
equivalent.

2.3.7 Measurements of Temperature Distribution in a TLD Chip While Heated on a
Hot Anvil - A.R. Jones and W.F. Richter

It is difficult to measure or calculate the temperature distribution in
the TLD chip while being heated although the lower side is always hotter. It is
desirable that the temperature difference from top to bottom is small.

To obtain an estimate of this difference two dosimeters were irradiated
with .:-rays of low penetration (Pm-147), one from on top and one below. They were
then read in the automatic TLD reader, without annealing the TLDs so that low
temperature (120 and 170°C) peaks are observable. There was no detectable
difference between the two glow curves so that the temperature difference between
top and bottom at least in the range 100 to 200°C is small. This is important
because it means that the thermocouple probe at the top, and cooler, surface of the
TLD is a useful indicator of temperature throughout its thickness.

2.3.8 Measurement of Heating Time of the Anvil-Heated TLD - A.R. Jones and
W.F. Richter

The heating period in the automatic TLD reader is not set by a timer but
by the temperature of the probe. Thus, there is no requirement that the heating
periods be uniform. This is not important when measuring relatively large doses
(-• 1 mSv) but non-uniformity of the heating time leads to non-uniform response when
measuring small doses.

Measurements were made on the times to reach temperatures between 85 and
205° and standard deviation was 10%, which is quite satisfactory.

2.3.9 Quality Assurance Tests

The quality assurance method which had been under trial was based on a
quarterly test. The basis of this test is the comparison of the dose measured with
an unmounted TLD in the dosimeter badge read at quarterly intervals with the summed
doses from the bi-weekly (standard) dosimeter readings.
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A similar test has been carried out over an 11-month period and it was
found that only 90% of the tested sets of dosimeters met the test criteria. This
relatively poor rate of agreement may be caused by fading and/or higher chance of a
mismatch occurring because of the amount of handling required. It is concluded
that the quarterly period provides a better and more useful test.

2.3.10 Radiation Dose Monitoring - R.M. Holford

Now that the TLD-dose-calculators are being used routinely, there is less
need to maintain a copy of the file of TLD-plaque calibration factors on the
central-site computer. One possible circumstance that might require a copy of the
calibration file would be a need to recalculate the doses in order to eliminate a
systematic error or some sort in the original data. However, the "Communications
Controller", which is used to transmit data to the central-site computer, is
actually a CP/M-based computer specifically designed to be able to read the same
floppy discs as are used by the dose-calculators. A dose calculation program has
therefore been written for this computer (in the "C" language for portability) and
this should cover the occasional requirement for recalculation, without needing a
separate edition of the calibration file. The calibration file on the central
site computer will be maintained for the time being, since it provides a back-up
copy of the data. This requirement will be reviewed, along with other policies
concerning the archival storage of raw data, once confidence in the local system
has been established.

Experiments have been carried out to compare alternative methods for the
transmission of data to the central-site computer. As a result, the XMODEM
protocol was selected as the best method currently available for routine use with
the dosimetry data. This protocol provides for error detection, with automatic
retransmission of bad data blocks, and can operate at speeds up to 9600 bps.

2.4 BETA DOSIMETERY

2.4.1 Use of MOSFET Transistors for 6-Oosi.netery - A.R. Jones

When irradiated, the threshold voltage of a MOSFET transistor is altered
because of charge stored very close to the surface of the SiO2 layer. This
suggests its application to 3-dosimetry. Measurements have been made of the
response to 8-rays of end point energies 0.23, 0.77 and 2.2 MeV when covered with
various thicknesses of aluminum and polycarbonate. With a 5.4 mg/cm^ cover of
polycarbonate the variation of response to three (B-ray spectra is within + 10%.
The dependence on direction has also been measured. For angles of incidence up to
45° the variation is less than 20%.

The energy response to photons has also been measured. The response to
45 keV X-rays is about three times greater than its response to (3-rays (in terms of
the skin dose). In these measurements the response to Co-60 y~rays was similar to
the 3-ray response but this was fortuitous because electronic equilibrium is not
achieved at 5.4 mg/cm. Measurements of the threshold voltage stability are
continuing because it is this quantity which determines the smallest dose
detectable.
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2.4.2 Calculated Distributions of Beta-Ray and Conversion Electron Doses
- W.G. Cross and N.O. Freedman

Since publication of "Tables of Beta-Ray Dose Distributions in Water, Air
and Other Media" (AECL-7617) we have received a number of requests for dose
distributions from other beta-emitting nuclides and from conversion electron
emitters. The latter, of which Ga-67, Tc-99m, In-Ill, 1-123 and Tl-201 are
examples, are of particular importance in nuclear medicine. Point-source and
plane-isotropic-source dose distributions in water have now been calculated for 13
additional beta-emitting nuclides and for 6 conversion electron emitters, including
those listed above, using the methods described in AECL-7617. Calculations for at
least another 20 nuclides are planned. Dose distributions from plane-parallel
beams of beta rays in water have been calculated for the 95 nuclides treated in
AECL-7617.

2.5 TRITIUM MONITORING

2.5.1 Electrometer Development - M.J. Wood and R.G.C. McElroy

We have written an AECL propriety report documenting Dosimetric Research
Branch electrometer expertise. The primary purpose of the report is to assist our
licensee. The report is currently in the review process.

2.5.2 Tritium Monitor Development
2.5.2.1 Modification to Scintrex 209 Tritium-in-Air Monitor to Provide HTO

Response Suppression - M.J. Wood and R.G.C. McElroy
(Funded in part by CFFTP)

We have designed and built two different silica gel desiccant cartridges
that affix easily and quickly to the input filter assembly of the Scintrex 209
portable tritium monitor. (The Scintrex 209 is the commercial version of the CRNL
developed AEP-5321 tritium monitor.) The smaller of the two drying cartridges was
found to be the more appropriate design. Our tests indicate that this cartridge is
effective in suppressing the monitor's response to HTO by at least 99% for up to
five hours of operation. Our experiments also show that the drying cartridge
assembly will prove to be a useful option for the Scintrex 209 in those situations
where it is necessary to make a rough discrimination between HT and HTO.

We are about to ship a sample drying cartridge to Ontario Hydro for their
evaluation.

We are in the process of writing a report on the drying cartridge design.
The first draft is expected to be completed in late January.

2.5.2.2 Modulated Flow Tritium-in-Air Monitor - R.G.C. McElroy, M.J. Wood,
B.A. MacDonald and R.A. Surette (Funded in part by CFFTP)

The construction of the prototype monitor suitable for field testing is
underway but not complete. The detailed design of one component cannot be
completed until after we receive delivery of a mass flow controller from Brooks
Instruments. This unit is now overdue by six months. The manufacturer continually
promises delivery "next week". This component is not readily available fro*', other
sources. We are considering alternative strategies that will eliminate the need
for this unit, but they involve untested concepts.
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2.5.2.3 Calibration Check of Scintrex 209B Tritiura-in-Air Monitors for Ontario
Hydro - M.J. Wood and R.G.C. McElroy (100% Ontario Hydro Funded)

We received and accepted an unsolicited request from Ontario Hydro to
check the calibration of two Scintrex 209B tritium-in-air monitors. We conducted
the calibration experiments, analysed the results and forwarded them to Ontario
Hydro.

2.6 STACK EFFLUENT MONITOR

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

Installation of the filter change system for the reactor stack effluent
monitor's iodine and particulate detectors has been completed. The shielding for
the detectors has been completed except for the subsidiary shielding which is to be
placed outside the building if the cost is reasonable. A design request has been
placed with Civil and Mechanical Design Branch. The lack of this shielding will
not affect the testing and commissioning of the system but could compromise its
operation in the event of a very large release. The sample delivery system is also
completed and no faults were found during preliminary testing.

The complete system has been tested to the extent possible and appears to
function as expected. Testing with the Sonotek processor/controller has not been
possible because the unit was being repaired.

The electronics associated with the detectors have been tested and
adjusted. The counting and collection system has been tested but proper evaluation
was not possible because of the missing processor/controller which has just been
returned from the manufacturer, who took six months to repair an intermittent
fault.

A draft of the sections of the manul dealing with the filter changer and
delivery system has been completed.

2.7 RADIATION INSTRUMENT DEVELOPMENT

2.7.1 Health Physics Sealer Rate Meter AEP-5341 - A.R. Jones

Construction of an engineering prototype continued.

2.7.2 C-14 and H-3 Surface Detector - R.A. Surette, A.R. Jones and R.G.C. McElroy

We have begun investigation into the use of multi-wire proportional
counters for detecting C-14 and H-3 on surfaces. A preliminary literature review
has been conducted on present proportional counter technology pertaining to C-14
and H-3 surface detector. Our preliminary experiments will involve some
mulitwire counters previously developed in the Nuclear Physics Branch.
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2.7.3 1-12 5 Area Monitor - R.M. Holford with K. Chu

Most of the parts for the prototype of this instrument have now been made
or bought, and the instrument has been partially assembled. Completion is being
held up by financial constraints and lack of technical assistance.

This instrument is microprocessor-controlled, and the program for it is
relatively complex since it is required to perform several different tasks, some of
them concurrently. The code for the individual tasks was written last summer, and
these sections have now been combined to make the complete program for operation of
the instrument. A slightly modified version has been successfully tested and
de-bugged using the COSMAC development system, and the production version is ready
for testing once the prototype has been assembled.

2.7.4 Passive Radon Daughter Personal Dosimeter Survey -
R.C.C. McElroy and J.R. Johnson (Funded by AECB)

We have undertaken a review of the potential of passive radon daughter
personal dosimeters. We are evaluating these dosimeters with respect to their
accuracy and precision of working level measurement, their reliability in a mine
environment and their cost, comfort, and acceptance by workers.

The first part of this task was a literature review from 1975 to the
present. The review included both passive and active, radon and radon daughter
dosimeters. We have performed a preliminary evaluation of this literature and
are now conducting a more thorough review. Early in the new year we will be
visiting Elliot Lake and Toronto to talk with researchers and users.

2.8 RADIOCHEMICAL ANALYSES

2.8.1 Tritium Bioassay - G.H. Kramer

The bioassay laboratory was contracted by LaPrade Heavy Water Plant to
provide them with a method to perform tritium bioassay and train their personnel in
its use. The relevant documentation and associated tritium standards were prepared
at CRNL. The training of two of their personnel took approximately four days and
was performed at LaPrade Heavy Water Plant.

2.9 METABOLIC STUDIES

2.9.1 Metal Ion-Amino Acid Studies - G.H. Kramer
2.9.1.1 The uranyl-alanine reaction.

This work has progressed little since the last report (PR-HS-19) due to
staffing difficulties and equipment malfunctions. The potentiometric determination
of the protonation constants has just begun again and results indicate that there
are still malfunctions with the experimental apparatus.
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2.9.2 Dosimetry of Tritium Uptake Due to Handling of Metal Surfaces Exposed
To T? - B.F. Peterman (Funded in part by CFFTP)

The objective of this work, is to study the distribution and retention of
tritium taken up by handling metal surfaces previously contaminated with tritium
(T2) gas. The experimental part of this project has been completed and a report
on this subject is being prepared. The results indicate that when skin comes in
contact with HT contaminated surfaces labelling of organic molecules with tritium
takes place on the skin surface. Labelled compounds then diffuse across the skin
into the body fluids and are excreted via urine. These labelled compounds also
result in increased concentration of tritium in liver and other tissues. The
analysis of the activity distribution within the skin indicates that the basal
layer (where the cancer is believed to occur) is exposed to 70 to 90% of the skin
surface activity.

2.9.3 Carbon-14 Particulates in the Rat Lung - G.H. Kramer
(Funded by Ontario Hydro)

Two preliminary experiments were performed using carbon-14 particulate
material obtained from Ontario Hydro. The radioactive particulates were suspended
in sterile saline solution prior to instillation. The results indicated that the
instillation technique was unable to place the particulates in the deep
(non-ciliated region) lung. Only 50% of the rats showed an appreciable retention
of activity in the lung at 14 days post instillation. The instillation techniques
were investigated further as described below.

2.9.4 Au-198 Particulates in the Rat Lung - G.H. Kramer

Radioactive gold-198 colloid was used to investigate the efficiency of
instillation of colloids in the rat lung. Nine rats were instilled with
approximately 9 x 10^ Bq. After 160 hrs two rats retained about 80% of the
original activity - the other seven cleared the activity, indicating that the
activity was not reaching the non-ciliated region of the lung.

The experiment was repeated on a further five rats using different
instillation procedures. Two rats retained greater than 90% of the original
activity after 120 hrs and the other three rapidly cleared the activity. However,
the results are encouraging because the rats that retained the activity were
subjected to very similar experimental protocols. These successful protocols will
be repeated to see if a consistent deposition into the deep lung can be obtained by
this method.

2.10 DOSIMETRIC MODELS

2.10.1 Dynamics of Chemically Inert Radioactive Gases - B.F. Peterraan

A paper on this subject is being prepared.
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2.11 EMPLOYEE MONITORING PROGRAM

2.11.1 Distribution of Tritium Exposure at CRNL - G.H. Kramer

See Tables 2.11.1.1 to 2.11.1.3.

2.11.2 Body Radiation Doses - C. Thibeau and R.G. Gallagher

Since the last report (PR-HS-19) 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 no extremity
doses exceeding the 4-rem two-weekly administrative control limit.

Distributions of radiation doses in the fourteen-week period ending 1985
December 27 and in the calendar year to this date are given in Tables 2.11.2.1 to
2.11.2.4.

2.11.3 Extremity Doses - C. Thibeau and R.G. Gallagher

In the fourteen-week period ending 1985 December 27 and in the calendar
year to this date the following distribution of extremity doses were measured by
finger-tip TLDS.

1
• DOSE RANGE

(rem)

CRNL
Fourteen ! Calendar
Weeks

less than 0.99
1.00 - 1.99
2.00 - 2.99
3.00 - 3.99
4.00 - 4.99
5.00 - 5.99
6.00 - 6.99
7.00 - 7.99
8.00 - 8.99
9.00 - 9.99
Greater than

2.11.4 Bioassay
2.11.4.1 Personal

67
20
3
4
0
0

! 0
0

10.00

0
0
0

Laboratory - G.
Air Samolers

Year

193
49
16
10
4
1

; i
0
0
0

j ° 1
H. Kramer

Radiocheraical
Fourteen |
Weeks !

13 !
7
10
7
2
1
0
0
0
0

0 j
1

Company
Calendar
Year

1

38 :

4 •
8 •

4 ;
4 ;
5 :
1 •

3 !
o ;
2 •:3 1

The addition of Personal Air Samplers (PAS) as a new test in the bioassay
laboratory has increased the workload and the utilization of the counting
equipment.

The PAS's are assembled and tested in the bioassay laboratory prior to
being sent to Building 375. On receipt from Building 375, they are dismantled, the
filters counted for alpha activity and the filter holders washed in an ultrasonic
bath before being resassembled and sent back for reuse.



Table 2.11.3.1

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1985 July 01 - September 30

ARD
CO
CP
EIP
MS
MSC
NRU
NRX
RES
RIS
WEP

TOTALS

% of Persons

0-49
mrem

17
20
0
39
55
13
71
36
10
54
1

316

82.7

50-99
mrem

0
6
0
1
3
0
30
1
0
7
0

48

12.6

100-199
mrem

0
3
0
0
0
1
6
0
0
4
0

14

3.7

NUMBER

200-299
mrem

0
1
0
0
0
1
2
0
0
0
0

4

1.0

OF TESTED

300-399
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

PERSONS It

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

I GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

17
30
0
40
58
15
109
37
10
65
1

382

100

Total
mrem

25
1381

0
439
970
416
4919
281
3

1480
0

9914

NOTES TO TABLE ABOVE

(1) Doses are estimated from tritium concentrations in urine of individuals who have submitted one or more samples,
and so 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.



Table 2.11.1.2

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1985 October 01 - December 31

ARD
CO
CP
EIP
MS
MSC
NRU
NRX
RES
RIS
WEP

TOTALS

% of Persons

0-49
mrem

6
12
3
34
29
1
32
30
3
44
2

196

61.3

50-99
mrem

0
4
0
7
19
1
33
0
0
6
0

70

21.9

100-199
mrem

0
6
0
0
5
0
29
0
0
9
0

49

15.3

NUMBER

200-299
mrem

0
2
0
0
0
0
2
0
0
0
0

4

1.3

OF TESTED

300-399
mrem

0
1
0
0
0
0
0
0
0
0
0

1

0.3

PERSONS It>

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

I GIVEN DOSE RANGES

500-999
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

6
25
3
41
53
2
96
30
3
59
2

320

100

Total
mrem

11
2116
11

1267
2327
56

7740
458
2

2382
6

16376

NOTES TO TABLE ABOVE

(1) Doses are estimated from tritium concentrations in urine of individuals who have submitted one or more samples,
and so 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.

i
ro
o
i



Table 2.11.1.3

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1985

ARD
CO
CP
EIP
MS
MSC
NRU
NRX
RES
RIS
WEP

TOTALS

% of Persons

0-49
mrem

51
27
4
26
55
31
21
38
27
57
16

353

59.1

50-99
mrem

1
6
0
12
11
1
11
8
0
9
3

62

10.4

100-199
mrem

0
4
0
12
16
1

29
0
1
12
0

75

12.6

NUMBER

200-299
mrem

0
3
0
1
9
0
18
0
0
6
0

37

6.2

OF TESTED

300-399
mrem

0
2
0
0
5
2
30
0
0
4
0

43

7.2

PERSONS IN

400-499
mrem

0
3
0
0
1
0
7
0
0
4
0

15

2.5

GIVEN DOSE RANGES

500-999
mrem

0
4
0
0
0
1
4
0
0
3
0

12

2.0

1-3
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

3-5
rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Above
5 rem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

Tested
Persons

52
49
4
51
97
36
120
46
28
95
19

597

100

Total
mrem

380
6488
11

3393
8189
1464

26654
1269
111
9508
417

58045

I

NOTES TO TABLE ABOVE

(1) Doses are estimated from tritium concentrations in urine of individuals who have submitted one or more samples,
and so 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.
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Table 2.11.2.1

CRNL - Whole Body Dose

DOSE RANGE
(rem)

no radiation
0
0.50 •

1.00 -
1.50 -
2.00 -
2.50 -
3.00 -

- 0.49
- 0.99
- 1.49
- 1.99
- 2.49
- 2.99
- 3.49

Fourteen Weeks
No. of

monitored
persons

Total
Dose
(rem)

Calendar Year
No. of
monitored
persons

Total
Dose
(rem)

3.50 - 3.99

508
2180
60
21
1
0
0
0
0

0
91.83
40.76
25.19

,53

53
2414
114
74
47
15
27
13
13

0
131.39
83.17
91.39
80.16
34.05
73.45
41.90
48.43

j Average dose
! per monitored

person

Average dose
I per exposed

person

58 mrem

70 mrem

211 mrem

215 mrem

Table 2.11.2.2

Radiochemical Company* - Whole Body Dose

I

DOSE RANGE
(rem)

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of |
monitored j
persons

155
306
2
0
0

i

32 mrem

48 mrem

Total
Dose
(rem)

0
13.29
1.39
0
0

1
Calendar Year

No. of
monitored ;
persons

84
357
14
6
2

119 mrem

145 mrem

Total
Dose
(rem)

0
34.43
9.54
7.43
3.56

•

I
* Including Medical Products
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Table 2.11.2.3

CRNL - Skin Dose

DOSE RANGE
(rem)

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49

1 1.50 - 1.99
2.00 - 2.49
2.50 - 2.99
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49
4.50 - 4.99

Averaee Hnsp

Fourteen
No. of
monitored
persons

508
2168
74
16
4
0
0
0
0
0
0

Weeks
Total
Dose
(rem)

0
89.99
51.29
18.38
6.81
0
0
0
0
0
0

Calendar
No. of

monitored
persons

51
2412
102
77
48
29
23
14
10
2
2

Year
Total
Dose
(rem)

0
135.17 !
75.01 i
94.65 '
80.15
65.08
62.52
45.59
37.62
8.42
9.47

per monitored
; person

Average dose
per exposed
person

60 mrem

74 mrem

222 mrem

226 mrem

Table 2.11.2.4

Radiochemical Company - Skin Dose

DOSE RANGE
(rem)

no radiation
0 - 0.49
0.50 - 0.99
1.00 - 1.49
1.50 - 1.99
2.00 - 2.49
2.50 - 2.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of
monitored
persons

155
307
1
0
0
0
0

35 mrem

52 mrem

Total
Dose
(rem)

0
15.22
0.89
0
0
0
0

Calendar Year
No. of

monitored
persons •

84
344
23
9
1
2
0

147 mrem

179 mrem

Total
Dose
(rem)

0
34.02
15.78
11.63
1.92
4.63
0
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If a filter exceeds 5 DAC-hr further action is taken: the filter is
counted in an alpha spectrometer to determine the identity of the radionuclide(s)
and then the number of radioactive particles are determined using the track damage
detector (CR-39). This information can be used to modify the ALI used in the
calculation of DAC-hr (default ALI is 300 Bq) and hence the recorded result.

2.11.4.2 Quality Control

The quality control program has shown that the bioassay laboratory

equipment has been performing satisfactorily and that all methods are performing as
expected.

New QC procedures have been introduced for the PAS service to ensure that
the PAS units function correctly prior to use and that the counting equipment used
to monitor the filters is also working consistently.

2.11.4.3 Gamma Spectroraetry System

The transfer software has been modified to include an empirical peak
search routine that will detect small amounts of a gamma emitting radionuclide and
hence assist the operator in identifying peaks. The system is presently being
tested.

2.11.5 Ferroferric Oxide Colloid - G.H. Kramer

This work was performed under contract to TRIUMF. A batch of colloidal
concentrate was prepared for shipment by mixing ferric and ferrous chloride and
precipitating the mixed oxide in the presence of sodium oleate as a surfactant.

2.11.6 Commercialization of Bioassay Services - G.H. Kramer

Work was begun on producing a commercial brochure advertising the
services of the bioassay laboratory. A prototype was distributed at the 31st
Annual Conference on Bioassay, Analytical and Environmental Chemistry. Currently a
mailing list of possible Canadian customers is being compiled as a database file.

2.11.7 Bioassay Database System
2.11.7.1 Sample Scheduling

No further scheduling information has been added since the last report
(PR-HS-19).

2.11.7.2 External Users

The database has been made accessible to certain external users. No
problems with this use have been reported.

2.11.7.3 Database Expansion

As previously reported (PR-HS-19) the database has been expanded to
encompass both the bioassay database and the personnel radiation reporting system
into one database. The new databse consists of six primary files and three
alternate key files. Final testing is currently underway.
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2.11.7.4 Customized Software for Radiation Biology Branch - G.H. Kramer

Software was created to enable the series 35 MCA (connected to the
Coulter counter) to transfer its information to an Apple lie microcomputer and have
the information stored on diskette. Subsequent software was created to allow the
stored information to be analysed at a convenient time.

It is estimated that cell sizing productivity has been increased by about
a factor of five due to these changes.

2.12 PUBLISHED PAPERS, REPORTS AND FORMAL PRESENTATIONS

2.12.1 Published Papers

Johnson, J.R. and Dunford, D.W. - "Comparison of the ICRP and MIRD Models
for Iron Metabolism in Man", Atomic Energy of Canada Limited, Report
AECL-8786, Health Physics 49_, (2), 211-219, 1985.

Johnson, J.R. - "The Relative Effect of Ventilation on the Potential
Energy from Rn-222 and Rn-220 Progeny", Atomic Energy of Canada Limited,
Report AECL-8823, Health Physics _49_, (5), 996-998, 1985.

Peterman, B.F., Johnson, J.R. and McElroy, R.G.C. - "HT/HTO Conversion in
Mammals", Presented by B.F. Peterman at the ANS 2nd National Topical
Meeting on Tritium Technology in Fission, Fusion and Isotopic
Applications, Dayton, Ohio, 1985 April. Published in Special Edition of
Fusion Technology, ̂ , (2), September 1985.

McElroy, R.G.C. and Wong, K.Y. - "Tritium Monitoring: Canadian
Experience and Instrumentation". Presented at the ANS 2nd National
Topical Meeting on Tritium Technology in Fission, Fusion and Isotopic
Applications, Dayton, Ohio, 1985 April. Published in Special Edition of
Fusion Technology, j3, (2), September 1985.

McElroy, R.G.C., Wood, M.J. and Surette, R.A. - "A Modulated Flow
Tritiated Water Vapour Monitor". Presented at the ANS 2nd National
Topical Meeting on Tritium Technology in Fission, Fusion and Isotopic
Applications, Dayton, Ohio, 1985 April. Published in Special Edition of
Fusion Technology, 8^ (2), September 1985.

2.12.2 Reports

Kramer, G.H., Dunford, D.W. and Robinson, P.A. - "Calibration of a 2" Nal
Detector and Software for the Analysis of Gamma Spectra", Report CRNL-
2943, 1985.

Dunford, D.W. and Kramer, G.H. - "Data Transfer Packages for a Hewlett-
Packard HP-85 and an Apple lie Microcomputer to the Central Computing
Facility at CRNL", Report CRNL-2904, 1985.

Wood, M.J. - "Manual for AEP-5359 Xenon-133 Monitor", Report CRNL-2848,
1985.
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2.12.3 Formal Presentations

Cross, W.G. - "Requirements for and Status of Nuclear Data for
Radiotherapy with Neutrons". Presented at an IAEA Advisory Group Meeting
on Nuclear and Atomic Data for Radiotherapy and Radiobiology, Delft, 1985
September 16-20.

Cross, W.G. - "Characteristics of Track Detectors for Personnel Neutron
Dosimetry". Presented at the 13th International Conference on Solid
State Nuclear Track Detectors, Rome, 1985 September 23-27.

Cross, W.G., Arneja, A. and Ing, H. - "The Response of Electrochemically-
Etched CR-39 to Protons of 10 keV to 3 MeV". Presented by W.G. Cross at
the 13th International Conference on Solid State Nuclear Track Detectors,
Rome, 1985 September 23-27.

Jones, A.R. - "Personnel Dosimetry and the Role of TLD". Presented at
Ispra Course on Technical and Management Aspects of Thermoluminescent
Personnel Dosimetry, Ispra, 1985 September 16-20.

Jones, A.R. - "Chalk River TLD Service". Presented at Ispra Course on
Technical and Management Aspects of Thermoluminescent Personnel
Dosiraetry, Ispra, 1985 September 16-20.

* Peterman, B.F. - "Measurement of Thoron-in-Breath - A Technique to
Estimate Internally Deposited Thorium". Presented at the 31st Annual
Conference on Bioassay, Analytical and Environmental Chemistry, CRNL,
1985 October 08-10.

* Kramer, G.H. and Johnson, J.R. - "The Anatomy of a Pm-147 Contamination
Case". Presented at the 31st Annual Conference on Bioassay, Analytical
and Environmental Chemistry, CRNL, 1985 October 08-10.

* Kramer, G.H. and Dunford, D.W. - "A Microcomputer Based Gamma
Spectrometry System - Software Problems jand Solutions". Presented at
the 31st Annual Conference on Bioassay, Analytical and Environmental
Chemistry, CRNL, 1985 October 08-10.

* Johnson, J.R. - "GENMOD - Its Development, Current Status and Uses".
Presented at the 31st Annual Conference on Bioassay, Analytical and
Environmental Chemistry, CRNL, 1985 October 08-10.

* Kalos, F. and Johnson, J.R. - "Personal Air Sampling at an Experimental
Fuel Fabrication Line". Presented by F. Kalos at the First DOE Workplace
Aerosol Monitoring Workshop, Napa, Californa, 1985 October 28-30.

Unrau, P. and Johnson, J.R. - "Analysis of Mitotic Recombination with an
Excision-Resynthesis Model and Implications for Meiotic Recombination".
Presented by P. Unrau at the Genetical Society London Meeting, 1985
November.

* Abstract published in conference proceedings
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- Groundwater Studies

3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER
- Groundwater Systems Analysis
- Groundwater Contamination at the Nitrate Disposal Pit Site
- Model Identification and Estimation of Parameters
- Stochastic Analysis of Groundwater Flow
- Surface Area Control on Radionuclide Migration
- Lake 233 Field Column Desorption Experiment
- Chemical Speciation of Contaminant Plumes at CRNL
- Microbial Mediation of Radionuclide Transport
- Fractured Rock Tracer Studies
- Downhole Column Studies with Long-Lived Radionuclides

3.3.4 LAKE AND RIVER PROCESSES
- Mixing Processes in Lakes
- Nuclide Mass Balances
- Tracer Cycling Between Lake Water and Sediments

3.3.5 BIOLOGICAL PROCESSES
- Trace Metal Bioaccumulation
- Rooting Depth of Trees

3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 INTRODUCTION

3.4.2 ENVIRONMENTAL DISPERSION MODELLING

- RITE
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3.4.3 ASSESSMENT CRITERIA AND STANDARDS

3.4.4 FIELD STUDIES
- Groundwater Discharge
- Electrical Conductance and Temperature Anomalies in

Groundwater Discharge Zones
- Borehole Dilution Techniques
- Iodine and Uranium in Peats
- Trace Metal Accumulation in Fresh Water Nodules
- Shallow Land Burial Program
- Contaminant Transport from Waste Management Area A
- Tritium Distribution beneath the Perch Lake Swamp
- Tritium in Atmospheric Hydrogen

3.5 ANALYSIS AND MONITORING

3.5.1 INTRODUCTION

3.5.2 INSTRUMENTS AND METHODS
- Accelerator Mass Spectrometry
- Determination of Anions and Cations by Ion Chromatography
- Determination of Sulphur Hexafluoride in Air
- Development of Radiochemical Methods
- Microwave-Aided Dissolution of Sample Matrices
- Electronic Instrumentation
- Software Development for ND 6700

- Data Management

3.5.3 SITE MONITORING
- Gamma Exposure Kates in Public Areas near CRNL
- Gamma Exposure Rates at CRNL
- Radionuclides in Precipitation and the Ottawa River
- Radionuclides in Liquid Effluents
- Radionuclides in Surface Water
- '4lAr in the CRNL Stack. Effluent Argon
- Tritium Deposition by Precipitation near CRNL
- Tritium in Surface Waters near CRNL
- Hydrometeorological Measurements
- Meteorological Monitoring for Atmospheric Dispersion Studies
- CRNL Climatological Report
- Meteorological Support of Hybrid Heating Experiment
- Hydrologic Data at Perch Lake
- CRNL Management of Non-Radioactive Wastes

3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES
- Canadian Air and Precipitation Monitoring Network (CAPMON)

3.5.5 COMMERCIAL APPLICATIONS
- Techniques and Instrumentation for Industrial Flow

Measurements Using Radiotracers
- Development of Radiotracer Technology
- Transfer of Radiotracer Technology
- Development of a Nuclear Level Sensor
- Carbon-14 in Pickering Retubing Workers
- As and Ni Geochemistry in Lake Sediments

3.6 PUBLISHED PAPERS, REPORTS, PRESENTED PAPERS, INFORMAL TALKS
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3.2 INTRODUCTION - R.V. Osborne

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.

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 environment.

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 monitoring the actual distributions of radionuclides that
are already dispersed in the environment. Such work provides the basis for
advice and assistance in defining strategies for the management and disposal of
all radioactive wastes. Accordingly, research in this section involves:

developing models to describe the fluxes of radioactivity through

environment media to human populations,

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

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

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

- work towards establishing appropriate criteria for assessments.

The third section, Analysis and Monitoring, comprises the reports of
developments in the various techniques - chemical, radiocheraical, 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 and in commercial exploitation of the use
of radioactive sources and related technologies 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.
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3.3 ENVIRONMENTAL PROCESSES

3.3.1 ATMOSPHERIC PROCESSES

Atmospheric Dispersion - P.J. Barry, E. Robertson

Gaussian plume model estimates of ground-level concentrations of a gas
released from a stack are very sensitive to the choice of stability class.
There are several schemes for determining stability class and the choice of
class may vary depending on the scheme used. For example we have previously
reported that there is a significant difference between the frequency
distribution of Pasquill weather classes determined from wind speed and vertical
temperature gradient measured at CRNL and that generated by the STAR model for
Petawawa data.

Using the argon-41 concentration and meteorological data from 1967 and
1968, the cumulative frequency distribution (c.f.d.) of concentrations occurring
in each stability class has been calculated to determine the contribution of
occurrences during each class to the c.f.d. of the ensembles of observed and
predicted concentrations. The Gaussian model predicts that the highest
concentrations occur during the most stable weather classes, but most of the
observed concentration events occur during weather class B which is moderately
unstable. It has been found that stability classification based on CRNL data
gives a higher frequency of Class B than is given by the STAR program for
Petawawa and that predictions using the CRNL weather class distribution gives
mean concentrations closer to observed mean values. It seems that although we
are able to predict mean concentrations and c.f.d. reasonably well, we are
getting the right answers for the wrong reasons and the generally-accepted
stability classifications are not applicable at CRNL. For this reason the
following approach has been tried.

The fluctuations about a mean wind that result in characteristic wind
chart traces have been categorized into 5 wind trace classes based on the width
and distribution of the trace about the hourly mean. The contribution of
concentrations observed during each of these wind classes to the overall c.f.d.
has been calculated for the 1967 and 1968 data. This has shown that the major
contribution to the c.f.d. occurs during wind trace D condition which is a very
narrow line on the chart that occurs during all stability classes with almost
equal frequency.

The same data has been used in the Gaussian plume model to predict the
argon-41 concentrations. Each wind trace class was assigned an appropriate
value for ag, the standard deviation of the wind direction, and the Pasquill
function relating ag and distance was used to determine oy, the horizontal
dispersion parameter. Pasquill stability class based on DT/DZ, the vertical
temperature gradient, was used to determine <%, the vertical dispersion
parameter. Both the overall predicted c.f.d. and the contribution for each wind
trace agreed well with observations.
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From this result we conclude that our ability to predict the horizontal
component of atmospheric dispersion will improve when we acquire the capability
for on-line computation of 09. Similarly, continuous measurement of 0^, the
standard deviation of the vertical wind component, may improve estimates of
vertical dispersion. The latter measurement requires more delicate instruments
and is difficult to achieve on a routine basis.

Heated Plume Studies - W.N. Selander (M.ith & Computation Branch),
P.J. Barry, D. Wildsmith

The plume centrelines measured for various burner soutce configurations
have been correlated with their experimental parameters. The behaviour appears
to be consistent with the observations of the small-scale plumes measured in the
water plume at the University of Waterloo. Three main stages of plume
development, and the underlying physical processes in each of these, have been
identified from the data. The first stage is governed by the initial momentum
of the burner jets. In the second stage, the plume centreline rises linearly
with downwind distance. This is an essential characteristic of a ground-based
distributed source and is consistent with the early observations on line
sources. Since the plume also spreads linearly with distance in this stage, it
remains in contact with the ground for some distance downwind until significant
entrainment can occur from its sides and bottom. In the final stage of plume
lift, the centreline is proportional to the 2/3 power of the downwind distance,
which indicates that the plume is free of the ground. A model of the plume
cross-section is being devised and will be tested by comparing it with the
observed axial temperature profiles.

3.3.2 DRAINAGE BASIN STUDIES

Introduction - P.J. Barry

The overall objective is to develop a model of basin drainage and
transport of chemicals that is physically deterministic but of relatively low
spatial and temporal resolution so that it is not unreasonably demanding of
computer time and memory. The model consists of four main sections:

a) Input sub-models for either snow melt in late winter and spring or summer
storms. The former will include meteorological controls on snow melt rates
and the kinetics of infiltration of rain through the snowpack. The summer
storm sub-model will include the effects of canopy interception, throughfall
and stem-flow;

b) A one-dimensional sub-model of infiltration through the unsaturated zone;
c) A two-dimensional sub-model of groundwater flow with discharge occurring

wherever the computed watertable intersects the surface, and
d) An evapo-transpiration sub-model.

The modelling is being supported by field studies of the processes involved in
the transport.
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Inputs to Forested Water Sheds - A.G. Price and R. Watters (University
of Toronto), P.C. Jay

This program was seriously curtailed when the old research contract
ended and a new one was not forthcoming because of budget restraints. Samples
were collected from seven individual storms during the summer but only the
samples from one have been analysed for common cations and anions. Apart from
budgetary restraints, a difficulty has arisen because of the very low
concentrations of cations found in the samples. This means that analysis by the
relatively slow Atomic Absorption methods will probably be needed rather than
the faster ion chromatography technique originally planned.

The three dimensional grid of tension meters was operated during the
summer with tensions being logged every five minutes. A large amount of data
has been collected and is being analysed. Preliminary analyses have shown that
infiltration rates into the forest floor are very variable over quite short
distances (=25 cm). This has confirmed expectations based on the observed
stratigraphy. A recent paper published in the literature reports a similar
result for a study in England. Further work is planned for the spring-melt
period and next summer.

Groundwater Studies - P.J. Barry, P.C. Jay

Over a hundred new observation wells, several pieEoraeter nests and
multilevel sampling devices have been installed by hand-auger. These are mostly
in the neighbourhood of the stream draining #3 sub-basin and will provide
information on the geochemical and hydrological processes controlling the
discharge of chemicals and water from the groundwater to the stream system.
Routine observations on these wells are being made. Bi-weekly water samples for
tritium analyses from Perch Lake Outlet, Perch Creek Weirs, Main Stream, East
Swamp Stream and #1 and #2 Inlets have continued.

3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER

Groundwater Systems Analysis - G.L. Moltyaner

The research described in the following sections (Groundwater
Contamination at the Nitrate Disposal Pit Site, Model Identification and
Estimation of Parameters, and Statistical and Stochastic Analysis in Groundwater
Modelling) is related to groundwater contamination analysis through the use of
conceptual mathematical models. The first two sections deal with structuring
and analyzing the real world processes through deterministic mathematical
models, while the third section focusses on the situations occurring under
highly variable conditions that cannot be accounted for deterrainistically. The
third section also deals with the uncertainty in the groundwater systems
analysis.
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Groundwater Contamination at the Nitrate Disposal Pit Site -
G.L. Moltyaner

The assessment of risks arising from groundwater contamination at the
Nitrate Disposal Pit (NDP) site by 90Sr requires the capability to forecast the
behaviour of strontium in flowing groundwater at future times. The forecasting
of strontium movement is based on the solution of groundwater flow and solute
transport equations under initial and boundary conditions specific for the
site. The forecasting problems cannot be solved unless the groundwater system
is well defined. The required information is obtained by solving the
calibration problem by which the appropriateness of the model and parameters are
estimated from observations. The solution of the calibration problem also
enables us to evaluate the amount of information about the site needed for
adequate characterization of the spatial variability of model parameters.

The flow system of the NDP site aquifer is studied using profile and
areal models. The profile models compute hydraulic head t,..d streamfunctions
along the mean direction of flow in the vertical cross section. The areal model
provides vertically-averaged data of hydraulic head distribution. The solution
of the calibration for one of the profile models has been completed.

Model Identification and Estimation of Parameters - G.L. Moltyaner

In evaluating the effect of underground disposal of radioactive wastes
on the environment, mathematical models that adequately describe the transport
of radionuclides in shallow groundwater systems must be identified. That is,
given a class of groundwater system models and the actual processes occurring in
the environment, the best model must be determined through the observations of
the input and output to the groundwater system. Once the form of the model is
tentatively chosen, the objective of parameter estimation is to determine the
"best" values of the parameters in the model by comparison of model predictions
with field observations.

An example Is the estimation of model parameters using data from the
tracer tests we have carried out over the last few years. The huge amount of
information collected during the tracer tests which had been put aside for later
scrutiny is currently being transported to the computer mainframe. A database
management set of programs has been developed for data storage and retrieval.
The developed software provides a variety of means for plotting, modifying,
deleting and controlling the contents of the data file. The data retrieval
capabilities of the set enable me to interface easily with the computer programs
developed to evaluate the dispersive properties of the aquifer. The evaluation
of transport parameters using a "full-aquifer" scale modelling approach is
completed. It was found that the mean full-aquifer scale longitudinal
dispersivity is equal to the longitudinal macrodispersivity obtained from an
analysis of the stochastic properties of the hydraulic conductivity process.
Two ways of averaging the experimental data, flow-weighted and depth-weighted
averaging, resulted in different values of transport parameters indicating the
fundamental importance of the concept of flow-weighted concentration. The
flow-weighted concentration can be thought of as the mass of solute per unit
volume of fluid passing through the given cross-section per unit time. The
results of the analysis will be presented in the form of a report.
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Stochastic Analysis of Groundwater Flow - G.L. Moltyaner

In the last 10 years, the theory of stochastic processes has exerted a
profound impact on the modelling and analysis of groundwater contamination
problems. Just as classical differential equations are the major means of
deterministic characterization of transport processes, random differential
equations are essential for the stochastic analysis of problems in groundwater
contamination. The study of these problems using stochastic partial
differential equations was initiated this spring in a collaborative research
program with the Department of Systems Design Engineering, University of
Waterloo (principal investigators S.E. Serrano and T.E. Unny). As a first step
of this program, the attempt was made to incorporate the water table fluctuation
in modelling groundwater flow through the use of the white noise process. The
resulting stochastic groundwater flow equation with the random non-homogeneous
term has been solved by constructing the stochastic Green's function. The
sample approach to the analysis of random differential equation and the
mean-square calculus were used.

The key to empirical work with random processes is in finding a
sampling function which is typical of the process, so that time averages provide
suitable approximations to the corresponding probability averages. In case of
the white noise processes, two parameters completely determine the character of
the process: the mean value and the variance. These parameters were determined
from the observed water table fluctuations. This is based on the assumption
that the deviations from the mean simulated groundwater level can be thought of
as the parallel water table fluctuations with random independent increments in
time. The results of the study will be described in a journal paper.

Surface Area Control on Radionuclide Migration - K.J. Inch, NHRI,
R.W.D. Killey

A draft paper on results of this study has been completed and is being
reviewed, initially by NHRI staff. The study has shown that, in CRNL aquifers
with constant aqueous chemistry, radionuclide sorption can be confidently
predicted from sediment surface area data. It has also confirmed that micaceous
minerals, which have long been known to be the strongest radionuclide sorbents
in CRNL sands, owe their high capacities to their large surface area. Sediment
mineralogy determines surface area, but there appears to be no other influences
on sorption resulting from chemical or physical differences between minerals.
Sorption capacity of a sediment can be determined from a measurement of sediment
surface areas, greatly reducing the need for time-consuming detailed mineralogic
analyses.

Other program priorities and limited available time on the surface area
analyser have led to a decision to drop plans for evaluating oxide stripping
procedures for the near future.
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Lake 233 Field Column Desorption Experiment- G.L. Moltyaner,
D.R. Champ

In our recent report [Champ et al. 19tt5j, we have demonstrated the
usefulness of the downhole column technique for field measurements of
transport parameters. The radionuclides of interest included ^ and Sr.
The analysis of experimental data showed that the migration of trace amounts
of Sr in a short field column may be described using the equilibrium
transport model with a linear adsorption isotherm. The experiment was
performed over a relatively short period (-0.5 year). The results of the
experiment showed that for very short contact times, (~ one day), for
laboratory batch testing, essentially all tracer Sr was retained by ion
exchange. With increasing contact times the proportion of Sr retained by
the ion exchange mechanisms decreases from 85 to 8b£ at five days to
approximately 75% at 31 through 50 days. It was suggested that the
equilibrium transport model may be not an appropriate mechanism for
description of strontium migration over significantly longer periods. The
suggestion was supported in batch experiments performed by Killey and Munch
using sediments from the Lake 233 aquifer where a plume of Sr has been in
contact with the sediments for 30 years. Because of the necessity to have an
appropriate transport model for simulation of the long-term radiotracer
behaviour in groundwater flow system for the High and Low Level Waste
Management Programs, we propose to run a field column experiment with the
cores extracted from the 'Sr plume area. The results will be extremely
useful for understanding the long-term radiostrontium behaviour in groundwater
system which is of utmost importance for Low Level Waste Management Program.
The results will also be useful in considering remedial activities at
contaminated sites.

Chemical Speciation of Contaminant Plumes at CRNL - D.R. Champ,
J.L. Young, D. Robertson (Battelle, PNL)

Analysis of the remaining samples from the Nitrate Plant plume and the
A-Uisposal plume for (—emitting radionuclides has been completed. These
analyses complete this collaborative program whose objectives were to test for
the presence of long-lived radionuclides in existing contaminant plumes at
CRNL and to conduct some preliminary chemical speciation measurements on those
radionuclides observed.

From the results obtained on groundwater samples from the Nitrate
Plant plume it can be concluded that, in addition to Sr, small amounts of

Co, Cs and " ' Eu have likely been transported in the aquifer. Sampling
was carried out at 6 wells located on the presumed centre line of the plume.
Not all 3 radionuclides were present at all sampling points. Only To was
detected (30 mBq.L"1) in a well 10 m from the pit. * \ u (74 mBq.L"1) and

Cs (218 niBq.L" ) were detected in groundwater samples taken « 40 m and
» 100 m, respectively, downgradient of the disposal pit. Cs (3 raBq.L )
together with 60Co (110 mBq.L'1) was detected again at the sampling point
furthest downgradient, * 450 m; intervening wells contained no detectable

Cs or Co. On the basis of the results we conclude that either we missed
the actual plume for these radionuclides or we are observing a pulse that
passed through the system from the disposal pit or another unidentified
source. All three radionuciides were present predominantly (>ti0X) as
cations. No a-emitting radionuclides were detected in samples from this
plume.
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Three additional wells were sampled downgradient of A Disposal Area.
One is located closer and two more distant (50 & 100 m) than previously
sampled wells. Three features of the data for y-emitting radionuclides are
notable. First, isotopes of Eu were detected (148 to 555 mBq.L ) in only the
closest well. Second, Cs was not detected in either of the more distant
wells; dissolved Cs has not been observed beyond 70 ra from the pits.
Third, Co is the only y~elnitter detected beyond previously sampled wells;
the solution concentrations at the most distant wells (26 mBq.L" ) are higher
than those at upgradient wells (2 to 20 inBq.L"1). Cationic forms of all
radionuclides predominate; however a small portion (5 to 10%) of the Co was
anionic and several percent of the Cs at the closest well was particulate.
The latter results contrast with data from intermediate wells where >95% of

137
the Cs was particulate.

As part of this program the effect of changing the form (Na+ vs H+) of
the cation exchange resin on the observed speciation using the Battelle large
volume water sampler was tested. From the results we conclude that the form
of the resin can significantly affect the results, specifically, in the
observed ratios of anionic to cationic species. The effect also appears to be
very dependent on the specific radionuclide. For example for the three
radionuclides Co, Ru and Sb the percentage cationic and anionic was:
28/.:69%, 14%:82% and, 3%:9U respectively using the K+ form of the resin.
Comparatively the Na + form yielded the following results for 60Co (13%:82%),
I06Ru (1%:95%) and, 125Sb (2%:91%). The results confirm that the designation
of species is operationally dependent and that caution is needed in
interpreting the results.

Microbial Mediation of Radionuclide Transport - D.R. Champ,
J. Schroeter (Kiel University)

The experimental phase of our program to assess the potential for
bacteria to survive and migrate in fractured rock masses has been completed.
A series of tracer injections were made into packed off intervals at a depth
of approximately 33 m in 3 boreholes at the fractured rock site near
Maskinonge Lake. The tracers employed were: 0.8 |jn and 2 jjm fluorescent
beads to simulate "non-reactive" particulates; unlabelled and P-labelled E.
coli as the test bacterium and the reference "conservative" tracers "Br,
stable Br and floresceine. Nitrate was also employed as a tracer in one
experiment to assess whether it behaved conservatively.

The preliminary experiments with inert beads, approximately the same
size as the bacteria, confirmed that non-reactive particles could be
transported over the maximum fracture distances tested (=40 m). Recoveries
of several percent of the beads injected in a pulse were observed and the
recovered beads appeared in the very leading edge of the elution peak for the
conservative tracers. On the basis of these two observations we concluded
that significant filtration, as predicted, occurred in the rock fractures.
Complementary pulse injection experiments with E. coli yielded the same
results, i.e. rapid transport of a small fraction of the injected bacteria.
In subsequent continuous injection experiments, where bacteria were injected
for 48 hours, the bacteria again appeared rapidly but the concentrations
continued to increase throughout the injection phase. Although filtration
obviously occurred in some of the smaller fractures, transport continued to
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occur through the larger fracture throughout the experiment. On the basis of
these results we have concluded that the probability is high that bacteria
resident in a vault or fractured rock environment will be transported if there
is any water movement.

In the program on microbial effects on radionuclide transport in a
simulated Nuclear Fuel Waste Disposal vault we have fabricated and will begin
testing a prototype polyethylene column- In these experiments the vault will
be simulated by packing these columns with buffer-backfill. Following
equilibration of the column material with saline waters the transport of
long-lived radionuclides of interest to the Nuclear Fuel Waste Management
Program will be followed under diverse microbiological conditions. The
raicroflora will be obtained not by the use of selected strains but by the use
of precolumns of material from diverse environments which will contain
different suites of micro-organisms.

The problems of preparing suitable columns using the heterogeneous
buffer materials (ranging from clays to gravel) has also been solved. A
method has been developed whereby the fine clay components are fixed to
polyethylene beads which can then be used as column packing. We anticipate
using columns in series, one packed with granitic sands and the other packed
with the clay coated beads. This method will be tested in January 1986.
Progress on the overall project will accelerate in the next period when a
graduate student joins the program.

Fractured Rock Tracer Studies - D.R. Champ, J.L. Young, K. Raven
(NHRI), J. Schroeter (Kiel University)

In addition to studies on bacterial transport in fractured rock
a series of other tracer experiments were run to compare the behaviour of
various "conservative" tracers, ( 2Br, stable Br, floresceine dye, Cl and n),
nitrate, a heavy metal (Cd) and, two organic chemicals (lindane and
siraazine). A series of analytical techniques were employed for the various
tracers. The techniques included liquid scintillation counting ( TI), gamma
counting ( Br) using both downhole probe assemblies and an auto-y counter in
the laboratory, Zeeman-Effeet Atomic Absorption spectroscopy (Cd), gas
chromatography (simazine and lindane), ion chromatography and specific ion
electrodes for stable Br. At least one hundred and fifty samples were
collected during each experiment. Analysis of the samples is almost complete
and data analysis is underway. Our analytical capabilities in terms of
detection limits for simazine in water samples was as good as that reported by
a major organic analytical laboratory at Braunschweig in Germany which
performs organic analysis for the University of Kiel and others. Using ion
chromatography we were able to detect Br at concentrations of 10's of ppb. In
the range from 0.1 to 3 mg.L"1 comparison of ion chromatography results with
specific ion electrode measurements confirmed the suitability of the electrode
method for measuring Br in the water samples taken from the fractured rock
site.
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Downhole Column Studies with Long-Lived Radlonuclides - D.R. Champ,
J.L. Young

Work on this project is temporarily stopped because of a mechanical
failure of the diesel generator that provides the electrical supply for that
field site. When replacement parts are received and installed (expected in
January 1986) permanent installation of the columns will be completed and the
columns re-equilibrated in preparation for radiotracer experiments.

3.3.4 LAKE AND RIVER PROCESSES

Mixing Processes in Lakes - P.J. Barry, E. Robertson

Air and water temperature profiles from two locations on Perch Lake
were logged almost continuously throughout the open water season. Problems
due to high humidity and condensation in the data logger were eliminated by
passing a stream of dry nitrogen through the data logger case. Shore line
water and air temperatures were recorded on a second data logger. The wind
data needed to complete a study of lake mixing is available but it must be
manually entered on computer files. Work on this project will continue when
time is available.

Nuclide Mass Balances - R.J. Cornett, L. Chant, B. Kisto, D. Link

During the past six months, four manuscripts have been prepared or
revised for journal publication. These papers describe the behaviour of
131*Cs, 239> °Pu, 60Co and stable lead. The manuscripts emphasize the
similar behaviour of these trace contaminants in shield lakes. Our analysis
of the measured concentrations supports the use of a simple first order
chemical kinetic model to describe changes in contaminant concentrations. The
analysis of the Co data collected over 22 years from Perch Lake also
supports the use of constant, time-independent parameters to describe the
movement of Co through the lake system.

Tracer Cycling Between Lake Water and Sediments - R.J. Cornett,
B. Risto, L. Chant, D. Link

Many assumptions are made in most activity-balance models used to
describe nuclide movement through lakes. The main ones are that periodic
resuspension of nuclides from the bottom sediments is insignificant; that the
chemical form of a nuclide does not influence its behaviour in a lake and that
remobilization of nuclides from the sediments is very slow. During the past
summer we performed a number of experiments to determine the magnitude of
errors inherent in these simplifying assumptions.

We first simulated the resuspension of particulate material from the
bottom sediments. When sediment containing isotopes of Ce, Co, Cs, Fe, and Mn
are resuspended and mixed into the lake water we can mimic a natural episode
of resuspension. Almost all of the resuspended material and the resuspended
nuclides were rapidly redeposited in the bottom sediments in less than three
days. Clearly resuspension is a short term phenomenon.
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Three isotopes of cobalt were added to experimental enclosures in
Perch Lake to compare the rates that different chemical species of the same
element were transferred from the water to the sediments. Co as cobalt
chloride, Co as anionic cobalt potassium cyanate and Co as a
naturally-occurring anionic organic complex were all added to the same water
sediment systems. The inorganic Co isotope was removed more rapidly from the
water column than the other two isotopes. However the exchange of any one
isotope between different fractions (dissolved anionic, dissolved cationic and
garticulate species) was very rapid. A substantial loss of all fractions of the

Co and Co isotopes was observed in both experiments. A draft manuscript
describing these results has been prepared.

During 1984, Cs and Co were added in situ to isolated columns of
Perch Lake water and sediments- Initially the cationic isotopes were rapidly
deposited in the sediments. Then we removed the overlying water and replaced it
with clean lake water. Both Cs and Co reappeared in the water column.
However the rates of release were very slow. Measurements made during the
summer of 1985 confirm that 134Cs and Co continue to desorb from the
sediments. Simulations to determine the rate of release show that this rate has
decreased from those measured the previous year by about 5 times. A draft
report of this work has been prepared. It emphasizes that most of the nuclides
that are deposited in the sediments will remain there where they will decay.
They will not be remobilized into the water column.

3.3.5 BIOLOGICAL PROCESSES

Trace Metal Bioaccumulation - J.W. McMahon

Freshwater fish may accumulate trace metals by absorption from their
food or directly from the surrounding water. Controlled laboratory studies
initially examined the uptake of radioactive Co directly from water by
goldfish (Carrassius auratus). Fish were kept in perforated "lucite" cages
immersed in temperature controlled aquaria at 5, 10, 15 and 20°C. Results
indicated a slight increase in Co body burden in fish acclimated to 20°C after
a 12 day study period. This increase, however, did not account for the observed
loss (approximately 85%) of Co content in the surrounding water.

Determinations of changes in Co activity in chlorinated and raw well
water, at temperatures of 15 and 20°C, over a period of days, coupled with
bacteriological culturing techniques, indicated that a dominant gram negative
bacilli actively accumulated Co from the water. These Co labelled bacilli
subsequently attached to the walls of the lucite cages and were in turn,
probably grazed upon by the goldfish. Current effort is directed towards mass
culturing this isolated "well water" bacteria in nutrient agar for further
studies on trace metal uptake. Raw Perch Lake water samples, labelled with b Co
are being maintained at 20°C in the laboratory to examine the possible role of
natural lake bacteria on radiotracer uptake.

Laboratory findings to date suggest that implied direct uptake of Co
from water at 20°C by goldfish may be due, in part, to ingestion of Co
labelled microorganisms living in the water or attached to the container walls.
Studies on Co uptake by natural lake water bacilli are prerequisite to
assessing the role of these microorganisms in the transfer of radionuclides and
trace metals through the aquatic ecosystem.
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Rooting Depth of Trees - S. Uchida, R.W.D. Killey, J.H. Munch

One of the potential pathways to the biosphere for contaminants leached
from a shallow land burial disposal site is root uptake from the affected
aquifer. There is almost no available information on the rooting depth of trees
on the Canadian Shield, making assessment of the significance of this pathway
very difficult. During the past 3 months, we have studied the distribution of
H in trees overlying a small tritium plume in groundwater leaving one corner of
Waste Management Area B. Depth to the water table along the plume varies from 0
to 7 m. Tritium was measured in free water in cores of trees collected at
different locations along the plume, as well as in groundwater and seepage
samples. Results show that trees derive most of their water from the upper
1.5 m of the soil profile, but that some trees obtain a small amount of their
water from the water table even when it is more than 6 m below ground surface.
Analyses of the data are almost complete and work on a draft report has begun.

3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 INTRODUCTION

Environmental assessment requires a model of transport processes
linking a source emitted as a result of a given operation and some measure of
the impact on a sensitive receptor usually, but not always necessarily, in the
form of a dose. The Branch is devoting a greater proportion of its resources
than previously to the development of these models. The magnitude of that dose
will be one of several factors which may have to be considered when the
acceptability or otherwise of the proposed operation is to be judged. Since
different factors and different aspects of the form of the calculated doses
require different modelling strategies it is necessary to identify them so that
the output of the models can be specified. 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 the
transport equations. Many of the techniques and methods which are to be used in
the field to obtain this information in a form that can be used remain to be
developed. For a waste repository in a consolidated geologic formation
(geosphere) a key step for the modelling is the linkage between the consolidated
formation and those parts of the biosphere most readily accessible to humans.
The receiving body in the biosphere may be water in a lake or river or
groundwater in an unconsolidated geologic formation. This is a relatively new
field of enquiry and little is known about this linkage. Methods for both
finding where such a linkage occurs in practice and observing what happens are
unknown.

3.4.2 ENVIRONMENTAL DISPERSION MODELLING

RITE: S-R. Gentner - The computer code RITE (Radionuclides in the
Environment) has been designed by G.A. Petrovitch (Math and Computation Branch)
and is derived from the biosphere model used in the CSA Standard N288.1
(Guidelines for Calculating Derived Release Limits for Radioactive Material in
Airborne and Liquid Effluents for Normal Operations of Nuclear Facilities). A
comparative check between RITE and N288.1 for all 33 radionuclides included in
the RITE program was the first step in debugging the code.
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Minor errors such as, incorrect default values, spelling mistakes,
equation inconsistency, and incorrect half-life values, are easily correctable.
More serious errors included:

1. Restricted choices available in the food chain when the "alldef"
(execute all transfer paths with default responses) or "allpat"
(execute all transfer paths responding to all prompts) options are
used. In one instance, the dose can only result from either
forage-»animal-»dose ££ crops->dose; in another, dulse, whether in the
diet or not, contributes to the dose.

2. Neglect of committed dose equivalent conversion factors for
radionuclides for which the non-stochastic dose limit may be limiting
(see Table C2, CSA standard).

RITE fails to treat tritium (as oxide) and carbon-14 (as C02) by the
specific activity approach, thus deviating from the guidelines in the CSA
standard. RITE also neglects tritiated hydrogen gas. However, in most cases
RITE follows the CSA standard exactly; it is user-friendly and is convenient to
use in all cases where the use of the standard itself is appropriate.

The CSA standard has also been compared with a draft of the revisions
to IAEA Safety Series 45 "Principles for Establishing Limits for the Releases of
Radioactive Materials to the Environment". The latter document is, on
principles, comprehensive and complete, full of exhortations to consider all
conceivable situations; detailed practical guidance is non-existent. There is,
however, no reason why RITE cannot be used as a tool in following the new
methods for deriving release limits as suggested in the IAEA document.

LEGGO: S-R. Gentner - A generalized computer program LEGGO, was
designed by P.J. Barry to assist beginners in digital modelling of environmental
systems. It is designed to free even experienced modellers from the tedium of
writing programs. It should be user-friendly. However, LEGGO is in its infancy
and needs to be debugged.

Several small environmental models were designed to test different
aspects of the system. This resulted in the discovery of problems in both
structure and programming of LEGGO that required correction. The search for
other problems is continuing. The library of functions is being expanded as
necessary to cope with the diversity of equations.

Eventually LEGGO should be available to check all aspects of
environmental interest, and, in the near future, we shall start modelling the
movement of HT and HTO using real environmental data.
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Revision of the Biosphere Model for SYVAC-3 - R.W.D. Killey,
R.J. Cornett, D.R. Lee, G.L. Moltyaner

There is now general agreement on the mathematical models to be used
for overburden contaminant transport and sedimentation of radionuclides in lakes
in the Biosphere-3 code. This code will be one component of the next assessment
produced by the Nuclear Fuel Waste Management Program (SYVAC 3). A
1-dimensional solution to the advection-dispersion equation that incorporates
the effects of equilibrium sorption of contaminants and multiple-member decay
chains will be used for overburden transport simulations. Information on the
ranges and distributions of parameter values has been compiled and
recommendations for SYVAC-3 inputs have been forwarded to WNRE, and an AECL
report with comprehensive documentation is in preparation.

One inadequacy of the current SYVAC code is its inability to simulate
the spreading and dilution of contaminants caused by transverse dispersion. A
method for simulating transverse dispersion has been proposed, but it cannot be
implemented until the geosphere model provides output data for concentration and
area of contaminant release from bedrock.

NRC Model Codes Validity Study - Battelle PNL, R.W.D. Killey,
G.L. Moltyaner

Regulations in the United States state that any site proposed for
shallow land disposal of radioactive wastes must be modelled. The U.S. Nuclear
Regulatory Commission (NRC) has commissioned Battelle Pacific Northwest labs
(PNL) to assist them in determining the validity and limitations of currently
available codes for simulating movement of radionuclides. CRNL is collaborating
with PNL in this study.

Two contaminant plumes on-site are being studied and modelled in this
program. Modelling to date has addressed the area around the former Nitrate
Plant and has employed existing data. Staff from Battelle visited CRNL in
October and presented the results of their flow modelling, based on a partial
data set intended to simulate the level of information that might be available
from a limited site evaluation study. Fairly good agreement was found between
their results and both the SWIFT model output and measured values of hydraulic
head, a result of the relatively simple hydrogeology of the site. They will now
proceed with modelling using the entire site data base and simulation of Sr
movement.

3.4.3 ASSESSMENT CRITERIA AND STANDARDS - R.V. Osborne

The final editing of an IAEA Safety Series document, "Principles for
limiting releases of radioactive materials into the environment" has been
completed. The document, the work of an IAEA Advisory Group, shows how the
International Commission on Radiological Protection system of dose limitation
should be applied by regulatory authorities in authorizing releases. A key step
is the estimation of the doses to potential critical groups from given
releases. The releases that result in annual doses to the critical group at the
limit for members of the general public can then be determined. Often, in the
past, some arbitrary fraction of such releases (e.g. 1%) has been taken as the
operational or authorized limit. In the new document a more reasoned approach
to determining this fraction is suggested. It involves considering other
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sources of releases that could cause exposure of the critical group, thereby
allowing an "upper bound" for releases from the source in question to be
established. The releases below this upper bound that are reasonably achievable
could then be the final guide as to the releases that should be authorized.

In another IAEA Advisory Group, standards have been drafted for the
underground disposal of high level radioactive waste. The radiological
standards follow closely the principles recommended by the ICRP and include the
idea of a risk limit as discussed in the previous report (PR-HS-19). A major
difficulty is in specifying a reasonable standard for risks in the far future,
i.e., many tens of thousands years hence. Although this is, in principle, a
difficulty for all forms of persistently toxic, materials (e.g. many chemical
wastes) it is generally ignored except for long-lived radioactive wastes.
Resolution of this problem is a key to completing this set of standards.

3.4.4 FIELD STUDIES

Groundwater Discharge - D.R. Lee, R.W.D. Killey, J.H. Munch,
G.M. Milton, S.J. Welch

Very saline groundv/aters appear to be widely present in the Canadian
Shield at depths greater than 500 ra. It is therefore probable that a repository
for high-level radioactive waste will be located at depths where these waters
are present. Techniques to identify locations where these brines discharge to
surface will be very valuable to the Nuclear Fuel Waste Management Program
(NFWMP) both for concept assessment and for site evaluations. There is also a
need to be able to provide defensible statements on the size of pertinent
discharge areas and the water fluxes likely to be available for dilution of
emerging radionuclides. One possible method of locating brine discharge areas
is to identify positive anomalies in the distribution of iodine content in
peats.

We have had considerable success in developing methods for locating
discharges from such deep seated groundwaters. The following four sections
summarize this work.

Electrical Conductance and Temperature Anomalies in Groundwater
Discharge Zones - D.R. Lee, S.J. Welch

Frape et al. (1984) suggested that some mineral springs, although they
are rare on the Shield, may be surface discharges of these deep groundwaters.
In the last month we began an electrical conductance survey to depths of 4 rn in
the sediments of a small lake in the vicinity of a mineral spring. This
revealed the presence of sediments that are 15 times more electrically-
conductive than the overlying lake water. The mineral spring, 20 km north of
Nipigon, contains saline clay through which there is an upward flow of saline
groundwater at about 200 to 500 mL.min . Frape et al. 1984 measured up to
5680 rag.L"1 of chloride in this water. Based on this preliminary data it
appears that saline sediment, and presumably the upward flux of saline
groundwaters, may occur directly to local surface waters and over an area larger
than the moose lick itself.
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A lake.bed sediment drag (Lee 1985a) was further developed and employed
tn surveys of several Atikokan Lakes. This was a joint project between two
branches (Environmental Research, CKNL and Applied Geoscience). The drag
measures sediment temperature, differential temperature between sediment and
overlying water, and _iri situ electrical conductance within the surface sediments
from a slowly-moving boat. Electrical conductivity anomalies on lakebeds were
mapped for future investigation. Areas for instrument improvement were
identified, namely a scale adjustment in the temperature outputs and a pressure
transducer for depth records. These improvements will make it possible to
obtain continuous recordings of conditions that can be indicative of groundwater
discharge through lakebeds. Work that will folLow will include the installation
of piezometers and lakebed coring to provide data on stratigraphy, pore-water
chemistry and hydraulic head in the anomalous areas.
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Borehole Dilution Techniques - D.R. Lee, S.J. Welch

Borehole dilution techniques (Lee, 1985b) were further developed by
incorporating tracer distribution ports at the injection end of the test
interval and by adding 6 m of packers above and below the test interval. In
this technique the flow across an isolated interval is estimated from the rate
of tracer dilution. The distribution ports improve mixing within the test
interval and the additional packers reduce the possibility of obtaining
erroneous results due to vertical flows within the borehole near the interval
being tested. Work at Atikokan inLK4 resulted in several measurements of
cross-hole flux (up to 2.4 mL.rain" l per metre of drillhole) that support 1) the
concept that measureable flows exist under natural gradient conditions in
crystalline rock and, 2) that the technique deserves further application.
Results at CRNL in shallow boreholes close to Maskinonge Lake gave similarly
high fluxes in some intervals. These results substantiate the idea that
lineaments are major conduits for the movement of groundwaters through bedrock
into surface waters.
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lodine and Uranium in Peats - G.h. Milton, R.W.D. Kiliey, J.H. Munch

Given that the brines appear to be very old (at least 50,000 years,
possibly hundreds of thousands of years), it is probable that only very small
quantities of these waters are discharging to surface. In many cases, points of
brine emergence may also be locations of discharge of relatively large volumes
of shallow, non-saline, groundwaters. Very detailed sampling and analysis of
discharge waters would be necessary to identify the presence of brine. An ideal
tracer for locating brine discharges would be a chemical species that is
anomalously enriched in the brines and is mobile in the subsurface, but which is
accumulated in surface materials. Stable iodine is a promising candidate.

Although the results of very few analyses are available, the iodine
content of deep Shield brines appears to average 1-2 ppm; in shallow
groundwaters, iodine averages 10 ppb. It exhibits very little or no sorption on
granitic rocks and mineral soils, but is both strongly concentrated in
vegetation (most notably in peats) and is sorbed to varying degrees by
organic-rich sediments. One possible method therefore of locating brine
discharge areas is to identify positive anomalies in the distribution of iodine
content in peats. Microbial mediation has been shown to be one important
parameter in this uptake; and relatively large variations in iodine sorption may
be more likely as a result.

Organic sediments from a variety of locations on CRNL property where
deep groundwater discharge is not expected have been collected in order to begin
defining natural background levels and variations in iodine content. D.k. Lee
has collected materials in the vicinity of 2 saline moose licks in the
Lake Nipigon area (see above). A published technique for sample combustion
prior to iodine analysis by specific ion electrode has been employed, but tests
of recovery of " I spikes added before treatment show large losses of the yield
tracer. Losses of stable iodine incorporated in the organics may not be
identical to the I losses, but results of stable iodine measurements are much
lower than most reported values for similar sediments. Procedures are now under
review.

Uranium is also being investigated as a possible tracer that might
indicate discharge of bedrock groundwater. Uranium would not be a direct
indicator of deep brine discharge for uranium content of the brines is very
low. It is often enriched in intermediate-depth oxidizing groundwaters in
granitic rocks, however. Several instances of uranium accumulations in organic
sediments up to ~>1% by weight are known, and in all cases have originated by
input of U in oxidizing waters with subsequent uranium deposition in the anoxic
organic sediments. Lower enrichments of U would not be detected in mineral
resource surveys, but might provide widespread markers of discharge of
intermediate-depth groundwaters in granitic terrains, particularly in areas
where considerable U depletion has been observed in sub-surface bedrock.

A survey of the collected organic sediments referred to above has
revealed several samples of measureable uranium content. The method involved
soaking a freeze-dried portion in dilute (Nhi+jHCX^ + h TO a, ignition of the
soluble phase, and subsequent extraction into a toluene-based scintillator.
Total dissolution of other portions of the same samples confirmed the presence
of above background levels of U. Further sampling at the most promising sites
is in progress.
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Trace Metal Accumulation in Fresh Water Nodules - G.M. Milton

The ferromanganese deposits frequently precipitated in freshwater lakes
as nodules, lake ores, and sand grain coatings may be supplied by direct
precipitation from river input, remobilizatiou from sediment, or localized
groundwater discharge. Wide differences observed Ln accretion rates, internal
structure, and trace element content of these deposits may to some degree
reflect the source(s) of their constituent (Morinen and Carlson 1985, Rossman
1973). Both direct precipitation and substantial groundwater input should
favour rapid accretion rates but U/Th enrichment and \/ TJ activity ratios
VL.5 would be expected from a groundwater source only. Remobilization from the
sediments may be indicated where accretion rates are slow and trace element
incorporation is high.

A small nodule collected near a thermal and electrical conductivity
anomaly at Eye-Lake, has recently been studied for clues to its mode of
formation. Chemical analysis of the acid soluble portion of the mixed Silica-Fe
matrix has revealed a U/Th ratio of ~2, indicative of a strong detrital
component; a U/ I) activity ratio near 1 favours a surficial or sediment
porewater source for the uranium also. The incorporation of significant
detrital matter invalidates any age estimate based on uranium series
parent-daughter relationships. However, the presence of =25% of the total iron
in a well ordered goethite form (insoluble in HNO3) provides some evidence for a
slow rate of formation^). None of these data are supportive of a strong
groundwater contribution to this nodule. Since a maximum groundwater velocity
of 86 cm.a has been estimated from hydraulic conductivity measurements of
cores in the vicinity, almost surely more than one source has contributed, and
in such cases it may not be possible to estimate their relative importance.

References

Morinen, A. and L. Carlson, 1985. Speciation of Heavy Metals in Finnish
Lake ores: selective extraction analysis. Inter. J. Environ. Anal.
Chem. 20, pp.179-186.

Rossman, R., 1973.
Michigan.

Lake Michigan nodules. PhD thesis, University of

Shallow Land Burial Program - R.W.D. KilLey, J.H. Munch

The Chalk River Environmental Authority (CREA) has selected a site
adjacent to the former Nitrate Decomposition Plant as their preferred candidate
for a demonstration Shallow Land Burial (SLB) facility. In July, we submitted a
proposal to CREA for detailed hydrogeologic and geocheraical studies of the
aquifer underlying and downgradient of the proposed site. The proposal was
accepted, and drilling began in September. A total of 19 boreholes were cored,
sampled, and instrumented with multi-level piezometers. Half of the holes are
located along the groundwater flowpath from the proposed SLB site; the remainder
were installed northwest of the Nitrate Plant compound to evaluate the
suitability of that area for possible additional SLB structures.
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During the drilling programs, a new borehole dilution apparatus was
constructed and used to measure groundwater flow velocity at 18 locations along
the flowpath from the proposed SLB site. Measured velocities range from 7.1 to
69 cra.d" , with a mean of 38 cra.d . Permeameter testing of sections of
undisturbed cores has been completed, and grain size analyses of selected
samples is underway. In October, a total of 43 piezometers at 6 locations up-
and down-gradient of the proposed SLB site were cleaned by repeated pumping and
sampled for major ion chemistry. Temperature, pH, conductance, and redox
potential were measured in the field, major anions were determined by the
Environmental Research Branch, and major cation analyses were provided by
General Chemistry. The waters are dilute (total dissolved solids
< 110 |jg.niL,-1), slightly acidic (pH's 5.3 to 6.6), and generally slightly
oxidizing. Sodium and chloride arising from road salt inputs to Lake 233 are
readily detectable in the aquifer and can be used to define the boundary between
groundwater recharged from Lake 233 and that entering the aquifer by vertical
infiltration downgradient of the lake. The plume of road salt contamination
thus provides a useful tracer for predicting the vertical location of the
flowpath from the SLB facility. During the next few months chemical data will
be processed to determine therraodynamic speciation and mineral saturation
indices.

Preparations for field column testing of the mobility of Sr, Cs, and Co
in SLB waste leachates were completed in December. A water supply well was
installed 70 m downgradient of the proposed SLB site and a trailer with required
heat and power was set up over the well. Cores of aquifer sediments for column
construction were recovered, and column testing will begin in January 86.

Contaminant Transport from Waste Management Area A - J.H. Munch,
K.J. Inch, R.W.D. Killey

During the past 6 months, drilling, sampling, and radiostrontium
analyses located the front of the most advanced Area A plume. This plume, lying
at depths from 2 to 6 ra below grade, now extends beneath the 0-Nest experimental
site, with the front lying approximately 300 m downgradient from the southern
boundary of Area A. Problems with beta-counting equipment have delayed
completion of the Sr analyses, and have led to Chevenkov counting of water
samples. The decision to locate the plume front and the timing demands of both
the SLB site studies and the overburden model for the NFWMP have delayed work on
a draft report on the Area A study.

Tritium Distribution beneath the Perch Lake Swamp - K.W.D. Killey,

K. Dunn

Reactor Pit No 2 receives water contaminated at low levelo, primarily
from the rod storage bays. A plume of tritium extends from the pit to Perch
Lake and Perch Creek in the sand aquifers underlying the intervening swamp. We
sampled approximately 700 observation wells in July and August for our annual
survey of subsurface 3H. This annual survey is part of the CRNL site monitoring
program and is also providing a data base for improving our understanding of the
large-scale flow features in the aquifers.
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Tritium inputs to the Reactor Pit were relatively low in 1981 and 1982
(30.8 and 25.7 TBq, respectively), but increased to 51.8 TBq in 1983 and 94 TBq
in 1984. The inventory of 3H in the downgradient aquifer has risen from 330 TBq
to 410 TBq from 1982 to 1985. All of the wastewater entering the Reactor Pit
enters the underlying sand aquifer, but a significant fraction migrates less
than 100 m before discharging to either the East Swamp Stream or to T-16 stream
which drains the South Swamp. From surface inputs to Perch Lake, Barry and
Entwhtstle (1975) estimated that 40% of the Reactor Pit \ entered these 2
watercourses. On the basis of these latest groundwater monitoring results and
given the 1983 and 1984 inputs to the Pit of 146 TBq, we estimate a similar
fraction (45%) of the H is quickly discharged to the surface watercourses.

Within the aquifers underlying the Perch Lake Swamp, the 1000 Bq.mL
concentration front has advanced 250 m over the past 3 years, and now lies
slightly more than midway between the Reactor Pit and Perch Lake. Based on our
estimate of the plume front advancement, groundwater residence time between the
infiltration pit and Perch Lake is approximately 7 years, at the low end of the
5 to 20 year range provided by previous hydrogeologic studies (Killey, 1983).

Since June 1985, il inputs to the Reactor Pit have risen by more than
an order of magnitude due to disposals of used, downgraded heavy water. We are
curently reviewing the potential use of this increased input for more detailed
characterization of basin hydrology.
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Tritium in Atmospheric Hydrogen - W.J. Workman, R.M. Brown

Further trials with our HTO-HT sampler have confirmed that water
vapour added to the air stream just before the Pd-molecular sieve trap ensures
trapping of at least 90£ of the atmospheric HT by the Pd-raolecular sieve
oxidizer-adsorber without the need for added H? carrier. The performance was
checked by adding carrier H? to the air exiting the Pd trap and collecting any
tritium in a second Pd trap.

Our recovery procedure has been modified to give recovery of CO •>
adsorbed from the air stream by the molecular sieve drying traps. We can now
obtain simultaneous collection of HTO, HT and ^CO-;. This will be of
particular value for measurements on the ventilation discharges from the
reactor facilities since "*C discharge has not been measured to date.

Further measurements of HT and HTO have been done in the Fast Intense
Neutron Source laboratory, Bldg. 513 annex. Total tritium was found to range
from 160 to 380 Bq.m"3, rather lower than measured tn 1984 before some disused
tritiated targets were removed. About 10% of the atmospheric tritium was in
the form of HT.
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The HTO-HT content of air in the east ventilation duct of the
electrolytic upgrading plant (.Bldg. 210) has been measured again. The HTO
concentration was 420 Bq.ra" , in line with recent measurements of 48 h
integrated samples by Radiation and Industrial Safety Branch. The HT
concentration was found to be 2. IX of the total tritium content, similar to
preliminary results obtained last March even though the HTO concentration was
5 times higher than in the earlier sampling. Since the HT must come from the
electrolyzers, the constant HT/HTO ratio suggests that HTO leakage is
predominantly from the electrolyzers rather than from D2O handling ana storage
facilities-

Further measurements are underway in the open environment within the
inner plant area. Simultaneous samplings are performed for measurement of
atmospheric HTO, HT and 1<+C0 2, soil HTO, free HTO and organic-bound tritium of
pine needles and grass. In the direct plume from the reactor stack, HT
amounts to 2-6% of the total tritium, away from the plume but within the plant
area the HT is < 1% due to the limited persistence of HT in the area in
contrast to the case of previously deposited HTO. So far we have not found
any correlation of high HT levels with unusually high organic-bound tritium in
vegetation.

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 (a) within the Branch, (b) with Branch
collaborations in external agencies and (c) for other programs within CRN?.,.
The methods, techniques and facilities in use are continually being developed
and expanded to meet changing demands.

3.5.2 INSTRUMENTS AND METHODS

Accelerator Mass Spectrometry - R.M. Brown, W.J. Workman, with
personnel of the Nuclear Physics and TASCC Branches

A simple mount for samples of 200 - 300 ng of elemental carbon has
been developed and several samples prepared to check the magnitude and
persistence of the ion current from such small samples. The Wien velocity
filter has been installed and tested in the cyclotron by-pass line and tests
of C - C switching techniques will be done as soon as beam time is
available.

Determination of Anions and Cations by Ion Chromatography - P.C. Jay,
J.M. Judd

Ion chromatographic (IC) analysis of cation and anion concentrations
in surface and groundwaters continued throughout 1985. Parts per billion
(jjg/L or ppb) concentrations of NO3", Br~ and S0(, are now routinely analysed
on an automated basis using concentration columns. At these low levels the
quality of distilled water (used for sample dilution and line washing) is
important because water containing > i ppb of any common anions seriously
interferes with analytical accuracy. We have found that the Corning Megapure
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dlstillatlon apparatus with an ultra-high purity cartridge meets these water
purity requirements only if the apparatus is rigorously maintained. This
maintenance required that the distilled water supply feeding the Corning unit
be of good quality (< 20 ppb for any single ion) and that the deionizer
cartridge be carefully monitored for efficiency and replaced at the first
indication of water quality deterioration (i.e. increase in conductance).

Because of the virtually continuous use of the IC apparatus for
analysis of samples from several branch research projects we have been unable to
continue with studies on the influence of organic acids on IC anion analysis.

Two sets of 10 samples each have been analyzed for anions in an
incoraparison study run by the Quality Assurance and Methods section of the
National Water Research Institute, Burlington, Ontario. Some samples were also
analyzed fur Cl~ and SO 4~

2 at ppb levels for a contract undertaken by Systems
Materials Branch.

Determination of Sulphur Hexafluoride in Air - P.J. Barry, J.M. Judd

A method was developed, using electron-capture gas chromatography, that
allows low concentrations of sulphur hexafluoride in air (* few pL.L" ) to be
determined in air samples. Such analysis is required in studies that use SF (; to
monitor atmospheric dispersion. A gas collection apparatus, using inexpensive
polyethylene bottles and tubing, was designed that permits air samples to be
taken in the field over selected time intervals. Using Poropak Q columns and a
63Ni electron-capture detector we determined SFg down to 20 pL.L" l

concentrations. However we experienced a serious problem, affecting analytical
accuracy, due to sample cross contamination caused by SFg absorption on the
Teflon plunger tips in all gas-tight syringes available to us. Attempts to
remove SFg from Teflon containing syringes by heated N2 gas flow were not
successful over times deemed reasonable for analysis (10 minutes). Teflon,
usually considered chemically inert, appears to have an extraordinary affinity
for SF^ absorption and retention. We are unable to obtain any gas-tight
injection apparatus that does not contain fluoropolymers. Consequently we are
constructing a solenoid-controlled switching sample loop using neoprene seals to
overcome this contamination problem.

Development of kadiochemical Methods - E.L. Cooper

A radiochemical procedure is being developed to determine ^Ra in
aqueous samples. This procedure is designed to handle samples with high calcium
concentrations so that it can be used to analyze leachate samples as well as a
wide range of natural waters. One litre water samples are treated by adjusting
the pH to 5 and adding 100 mg of barium carrier and TJa as a yield tracer.
Radium is then coprecipitated with BaSO^. The precipitate Is separated and
re-dissolved in a minimum volume of alkaline EDTA and the resultant solution is
added to a toluene-based liquid scintillator in a scintillation vial. After
7 9 9

Ra has grown in it is extracted into the scintillator and determined by
liquid scintillation counting.

The procedure has been tested with Ba and the yield of barium was
found to be about 8"j%. Further testing will be with a standard solution of
22'W
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Since the early 1960's monthly composite samples of water from the
Ottawa River have been analyzed for Sr as part of the routine monitoring
program. The radiochemical procedure used for these analyses tends to give low
and erratic yields of strontium. Since the levels of lSr from weapons fallout
have been declining over the years, the low yields with this procedure are
leading to larger relative errors in the results. Consequently we have started
to examine the steps in the procedure which may be causing the losses of
strontium. In particular, we have identified the sample concentration and
dissolution steps as well as subsequent hydroxide precipitations in the
radiochemical purification as potentially being responsible for major losses.
Further testing using Sr as a tracer is scheduled for the near future.

Microwave-Aided Dissolution of Sample Matrices - R.J. Cornett

Analysis of most trace metals and other contaminants in environmental
samples requires that the matrix be destroyed and the element of interest
brought into solution. Often this is a difficult and time-consuming procedure
requiring large amounts of acid and constant attention as an operator refluxes a
boiling sample in aqua regia for several hours. A recent report by Nadkarni
(1984) described the application of microwave power to aid dissolution for
chemical analyses. Using a commercially available microwave oven operating at a
frequency of 24.5 MHz, samples of environmental materials were dissolved in a
tenth of the time normally required. We have adapted these methods for use in
the analyses of sediments, soils, and rock samples. The method has been tested
against an internationally-accepted standard reference material and found to
provide accurate estimates of the nickel concentration in IAEA standards.
However estimates of the arsenic content of the material were slightly less than
the expected value. This may be due to the vigourous heating of the sample and
volatization of the arsenic. We hope that following additional testing
microwave dissolution will provide a rapid analytical tool useful in a diversity
of chemical analyses. We are currently exploring its application to other CRNL
projects and potential commercial applications*
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Electronic Instrumentation - W.J. Beattie

Work has continued on three major projects: the radiotelemetry system
for transmission of meteorological data, the microprocessor system for
processing meteorological data at Perch Lake, and a microprocessor system for
counting room applications.

a) Radiotelemetry System: This system is an experimental radio link
for determining the feasibility of transmitting meteorological information
using wireless communication, as opposed to the current methods using bell lines
with their associated reliability problems. The system continues to operate
well and information on data error rates at various data transmission rates is
being collected. In the next phase of this development a burst-error processor
will be installed in the system with the intent of reducing the number of
errors. This action should yield a system that will be suitable for uses other
than meteorological data transmission.
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b) Meteorological Data Processor: A wicroconiputer based data
acquisition and processing system has been designed and fabricated to replace
the current unreliable and limited instrumentation at Perch Lake. Software
lias been obtained, and is being tested, that will enable us to operate the
meteorological programs on the microprocessor development system. Following
testing a decision will be made regarding fabrication of a system for
processing data at Perch Lake.

c) Counting Room Microprocessor: The programming and preliminary
testing of the microprocessor-based counting system has been completed. This
development incorporates a sample changer controller and counting system for
use with up to four sample changes and up to six additional manual counters
for accumulating data from detectors in the Building 513 counting room. The
•system is currently operating in a "stand alone" mode but will eventually be
connected to the computer-based counting system, Nuclear Data ND 6700.
Preliminary testing has met all expectations. Further work on this system may
include some programming to provide handshaking with the ND 6700.

Software Development for ND 6700 - J.F. hattie

A Midas Fortran IV Compiler was purchased with the ND 6700 nuclear
counting computer system. Several programs have been written to store and
retrieve data on a disk cartridge with storage capacity of 2.5 megabytes. As
more programs are written, storage of environmental monitoring data in
manually entered book form, is being eliminated.

Data Management - F.C. Brown

At the request of and with assistance from the Mathematics and
Computation branch, an operating system for magnetic tape management has been
developed. This has greatly reduced the number of files stored on disc but
ensures ready access to files stored on magnetic tape. The effort to limit
the number of permanent files stored on disc is continuing.

3.5.3 SITK MONITORING

Gamma Exposure Rates in Public Areas near CKNL - A.K. Ijocherty,
P.C. Beaulieu, .I.F. Mat tie, L.A. Mask

Therraoluminescence Dosimeters placed at the perimeter of the CRNL
exclusion area (see Figure 3.2) 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 1985 and the
last two calendar years are given in Table 3.5.3A.

Gamma Exposure Rates at CRNL - A.E. Dochi Ly, P.C. beaulieu,
J.F. Mattie, L.A. Mask

Shielded (indoor) and unshielded (outdoor) gamma ray exposure rates
within the CRNL exclusion area are given in Table 3.5.38. The reduction in
exposure rates observed in Building 51i is due to shielding from 35 cm ot
concrete in the floors above the detector.
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Table 3.5.3A Gamma Exposure Rates1 In Public Areas

Location

1

2

3

4

5

6

7

8

13 2

Harrington Bay'

Deep River

Second Quarter Third Quarter
1985 1985

8.2

5.9

3.3

5.9

4.5

5.4

5.4

8.2

6.8**

7.2

5.9

11.8

10.0

15.4

1U.0

7.2

6.8

7.2

10.0

4.2

10.3

5.9

1983
Average

7.9

4.7

3.4

4.6

4.4

4.2

4.1

5.9

6.0

5.2

5.2

1984
Average

8.1

4.5

3.4

5.5

4.6

4.9

4.2

0.7

5.3

6.4

5.3

Natural background (excluding cosmic radiation) and airborne contamination

from CRNL.

This TLD location is across the river from CRNL and is 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., 11 km east from plant stack.

*1 R = 2.58 x 10"'+ C.kg-1.

iR.h"1 for the period 1984 October 16 to 1985 June 5.



1983
Average

21.6

10.5

9.0

9.5

1984
Average

20.7

10.1

tt.6

10.9
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Table 3.5.3B Gamma hxposure Rates within the CRNL Exclusion
Area (^.h"1)

Location Second Quarter Third Quarter

1985 1985

9 27.2 33.5

10 2 13.5 12.2

11 11.3 10.9

163 10.1 10.4

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

"First floor office in Building 513. 3Office in CRNL cafeteria

*1 R = 2.58 x 10"1* Cleg"1.

Kadionuclides in Precipitation and the Ottawa River - A.E. Docherty,
P.C. Beaulieu, J.F. Mattie, L.A. Mask

Precipitation samples collected at Deep River were analyzed
radiochemically for Sr and spectroraetrtcaily for Cs and other gamma-
emitters. Monthly composite samples of water from the Ottawa River, collected
at Rolpl
gamma-er
3.5.3A.

at Rolphton, Deep River, Pembroke and CRNL, were also analyzed for
gamma-emitting nuclides, tritium and Sr. The results are shown in Figure

Radionuclides in Liquid Effluents - A.E. Docherty, P.C. Beaulieu,
J.F. Mattie, L.A. Mask

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. Also sampled regularly are
Perch Creek and Duke Stream. The former drains Perch Lake and the Waste
Management Areas A and B and flows into the Ottawa River. The latter drains
Waste Management Area C and flows into Maskinonge Lake.

The mean daily releases from the Process Sewer are given in
Table 3.5.3C for the second and third quarters of 1984. 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. The plutonium
discharges are expressed in terras of activity per day rather than mass per day.
Since we do not distinguish " Pu from '•"* Pu and the two Isotopes have different
half-lives, this is a more meaningful expression; the values for plutonium
therefore represent Pu plus Pu. For comparison with previous release
rates the conversion factor is 1 mCi (37 MBq) = lb.3 mg for 2 Pu.
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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 1985.

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).

Radionuclides in Surface Water - A.E. Docherty, P.C. Beaulieu,
J.F. Mattie, L.A. Mask

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
anal.-zed monthly for Ti as well as quarterly for gamma-emitting radionuclides
and Sr. Strontium-90, Co and hi are still the main contaminants in the
Perch Lake basin.
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Table 3.5.3C Mean Daily Releases from fhe Process Sewer

Radionuclides

90Sr

137Cs

^ C e

l06Ru

l40Ba

131j

239Np

9 5 Zr

5 V
4 6Sc

5 9Fe

65Zn

60Co

Second
MBq/d*

2 70

50

60

42

110

49

410

53

200

230

210

170

93

Quar ter 1985
% Of URL**

5.9x10" 3

1.7X1U- 1

2.7x10"3

2.3x10"3

7.1x10"4

l.lxlO-"4

4.1x10"4

2.7xl0- 4

1.9x10"3

1.7xlO~3

2.0x10"3

5.5x10"2

6.5x10"2

* % of DRL**

8.6X10-1*

9.0x10i- 1

3.3x10.- 3

Third Quarter 1985
MBq/d

40

270

75

53

660

960

2100

170

410

580

310

400

110

2.8x10-3

4.3x10-3

2.1x10-3

2.1x10-3

8.7x10"^

3.8x10"3

4.3x10"3

3.0x10,-3

1.3x10-

7.7xlQ-:

*Release figures rounded to two significant
**Derived Release Limit. The percent of DRL

from the DRL values given in AECL-7243.

digits. (I MBq = 27 ,
figures have been calculated
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Table 3.5.3D Tritium in Streams in the Exclusion Area
Second Quarter 1985

Process Sewer

Sanitary Sewer

U4 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/ni3

4.9

0.9

8.1

15.6

249.0

Quarterly Release

GBq

2.5X1O1*

50

7.8xlO2

3.0xl04

7.2x103

Percent of
DRL*

2.8x10"2

5.6x10"5

8.8x10"'*

3.4x10"2

8.1x10"3

Table 3.5.3E Tritium in Streams in the hixclusioa Area
Third Quarter 1985

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m3

4.6

0.8

3,1

11-7

258.0

Quarterly Release

GBq

1.

9.

3.

3,

.4x10"

42

.6x102

.9x10 3

,9xl03

Percent of
DRL*

1.6x10"2

4.8xlO"5

l.lxlO"3

4.5x10"3

4.5x10"3

Duke Stream discharges into Maskinonge Lake; all other streams flow directly
to the Ottawa River.

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

1 MBq = 27 |iCi, 1 GBq = 27 inCi.
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^Ar in the CRNL Stack Effluent Argon - D.P. Wildsraith, P.C. Beaulieu,
F. Mattie

Periodic sampling and measurement of the Ar 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 Ar depends on the power

levels of NRX and NRU. In NRU, CO 2 in the J-rod annulus replaces moist air to
reduce corrosion of the reactor vessel and also reduces the Ar 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 1985 are given in Table 3.5.2F.

Table 3.5.2F. Measured "*lAr Releases from Main Stack - 1985

Sampl

Date

Feb 4

May 3

June 18

July 24

Sept 11

Nov 19

Nov 19

Nov 25

Nov 29

Dec 3

Dec 19

ing

Time

1345

812

748

0758

0737

0846

1430

140b

1320

1341

1525

NRU

Power MW C0 2

119 Normal

Not operating

Not operating

Not operating

Not operating

113 60%

112.4 60%

Not operating

Not operating

115 60%

118 70%

NRX

Power MW

Not operating

24.8

38.3

40.6

40.5

39.6

39.9

39.8

40.2

39.7

Not operating

UAr

TBq.d"L

21

104

139

131

170

263

277

195

197

251

63

Tbq.d" l.MW~ l

0.2

4.2

3.6

3.2

4.2

1.7

1.8

4.9

4.9

1.6

0.5
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Tritlum Deposition by Precipitation near CRNL - W..I. Workman,
R.M. Brown

Deposition of tritium by precipitation is monitored at seven sites on
and around CRNL property. During 1985, the deposit at Balmers Bay, the site
boundary closest to a population centre in the direction of the major wind
frequency, was 70 kBq.m" compared with 60 kBq.ra~ ".a" daring the previous two
years. The higher deposit occurred primarily in the month of April probably
owing to higher than normal frequency of south-easterly winds because
deposition at the opposite side of the plant site in the month was lower than
normal. Deposition for the year at the other six sites was similar to
previous years.

During the years 1980-1983 the concentration of tritium in Pembroke
precipitation was 1.5 to 2.6 times that reported tor Ottawa precipitation.
The 4-year deposit of tritium in precipitation was 44.3 kBq.m" at Pembroke;
22.0 kBq.ra at Ottawa. Accepting the Ottawa deposit as a measure of natural
and bomb-tritium, 5.5 kBq.m~.a~ 1 of reactor tritium was deposited by
precipitation at a downwind distance of 40 km from the CRNL site.

Tritium in Surface Waters near CRNL - W.J. Workman, R.M. Brown

The tritium concentration in the lower inlet to Lower Bass Lake has
risen from 240 Bq.L"1 in 1984 to 5880 Bq.L"1 in summer 1985. This indicates
the breakthrough of groundwater migrating westward from the "C" Disposal Area
which drains predominantly to the south down the Duke Stream flowpath to
Lake haskinonge. The tritium concentration in Lower Bass Lake has risen
accordingly. No other significant increases were observed in the annual
survey of tritium concentrations in about 40 streams, lakes and springs around
the CRNL property.

In the Ottawa River, mean concentrations for the first 11 months of
1985 were 8.6 Bq.L"1 at Rolphton, 12.0 Bq.L~l at Deep River and 19.6 Bq.L~ l at
Pembroke. These concentrations indicate a projected discharge for the year of
94 TBq from NPD and 226 TBq from CRNL. The flow of natural and bomb-tritium
at Rolphton was 242 TBq.a" .

Hydrometeorological Measurements - P..I. Barry, E. Robertson, F. Brown

Routine energy budget measurements for Perch and Niaskinonge Lakes
were continued throughout the open water season to provide data needed to
maintain continuity of hydrological and tritium evaporation records.
Measurements were stopped after the first appearance of ice on Perch Lake
November 12. All data have been compiled from cassette tapes and recorder
charts for calculation of lake evaporation estimates.

Meteorological Monitoring for Atmospheric Dispersion Studies -
E. Robertson, F.C. Brown

The meteorological data transmission and recording system was damaged
by power surges during thunderstorms July 6 and August 23; however output of
data essential for emergency response was promptly restored in each case.
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Since the installation of the operating system, N0S2, by the computing
centre, automatic transfer of meteorological data from the Perch Lake station
through a ZbO buffer to the main computer is no longer possible. The new log-on
procedure is longer and thus requires more memory space on the Z80 buffer
leaving insufficient memory for the data. Attempts to overcome the problem with
the assistance of the Mathematics and Computation Branch have failed.

Development work for a system for on-line computing of short-term
averages and standard deviations of wind direction and speed at Perch Lake is

continuing. When this is accomplished, use of the Z80 for on-line storage and
transfer of the reduced data should be feasible.

A. statistical analysis of data stored previously is underway to
determine the most suitable averaging time for routine data reduction at
Perch Lake. The data are also being used to summarize the ranges of standard
deviations of wind direction observed with each Pasquil stability class as
determined frow vertical temperature gradient and wind speed measurements.
Although the data sets for some classes are too small for a good statistical
analysis, the study will give some insight to the characteristics of the more
frequent turbulence conditions at CRNL.

CRNL Climatological Report - P . C . 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 total snowfall to date for this winter is 51.9 cm. (November -
13.5 cm and December - 38.4 cm). This is far below normal as the mean for
November and December for the past 22 years was 28.3 cin and 44.7 cm
respectively.

Meteorological Support of Hybrid Heating Experiment - P.C. Jay

Data are compiled and sent each month to R.K. Elliott, Design and
Technical Services, in support for the hybrid heating experiment by CRNl and
Deep River Hydro.

Hydrologic Data at Perch Lake - P.C. Jay

The stream gauging weirs in the Perch Lake Basin are routinely surveyed
and water levels are taken manually twice a week and tabulated on the recorder
charts at each weir. These recorder charts are sent to Water Survey of Canada
(Environment Canada) for integration and estimation of flows for all weirs.

The stilling wells at all weirs have been flushed to remove debris and
the heaters which are mounted In the stilling well and above the weir plate of
each weir are now in use to prevent ice formation.

New weir boxes have been installed in //3 and #4 Inlets and steel
extensions have been welded to the weir plates of #1, #3 and #4 Inlets so that
water flows can be more accurately gauged during high water flows.

A new weir has been installed on Perch Creek Stream approximately 30 m
above the existing weir which was too small to estimate the outflow from
Perch Lake during spring run-off.
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CRNL Management of Non-Radioactive Wastes - R.W.D. Killey, J.H. Munch,
E.L. Cooper

As part of our monitoring of current site practices for non-radioactive
waste, we have completed a preliminary survey of surface water contamination
near the non-active "burning dump". Low levels of major ion and Hi
contamination were found in 2 downgradient streams that drain to the Ottawa
River. Additional studies have been proposed to determine the significance of
these observations.

3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES

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

Since the summer of 1978 CRNL has been operating a monitoring site for
CAPMON. The objective of the network is to determine the temporal and spatial
variations of the concentrations and deposition of ionic constituents of
precLpitation across Canada. The chemical composition of precipitation is an
indicator of changes in atmospheric composition since precipitation acts as a
scavenging agent for many substances (both solid and gaseous) in the
atmosphere. The primary constituents and/or indicators being investigated are:
sulphates (S0,.~), nitrogen compounds (N03~, NH.4~), chloride (Ci~), metal ions
(Na+, K+, Ca"*"1", Mg"*"1"), pH and electrical conductivity.

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 1985 July 1 to December 31.
During this period there have been 65, pH measureable, precipitation events
having a mean pH of 4.37. This compares with a total of 64 precipitation events
having a mean pH of 4.28 for the period 1985 January 1 to June 30. The total
precipitation amounts for these two periods were 383.6 mm and 382 mm
respectively.

New handling procedures instituted on 1985 December 18 are designed to
decrease the possibility of accidental contamination of the precipitation
sample.



Table 3.5.4A Precipitation Events pH
1985

Day

1
2
3
4
5
6
7
8
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 pH

July

Amount
(mm)

1.4
16.8
21.4

13.0
2.3

4.9

3.4
5.7

4.6
5.4

5.6
2.4

11.8
.8

99.5

pH

4.6
3.97
4.21

4.1
4.26

4.76

4.12
4.55

4.39
5.65

4.15
4.62

4.68
**

4.47

August

Amount
(mm)

.6

1.9
1.0
2.2

19.8

23.8

3.0

52.3

pH

**

3.81
4.2
4.32

3.87

4.17

4.65

4.17

September

Amount
(mm)

9.

13.

1

1

6
6

18

16

73

2

6

2

4

.6

.8

.4

.6

.8

pH

4.

4.

4.

3.

4.
4.

4.

4.

4.

23

43

62

92

26
57

2

08

29

October

Amount
(mm)

10.0
4.4

5.4
3.4

16.6

4.6
1.2

1.0

8.4

1.2

56.2

PH

4.
4.

4.
4.

4.

4.
4.

4.

4.

4.

4.

15
59

43
48

69

52
36

16

42

1

39

November

Amount
(mm)

3
5

5

5

6

3

13
3

6
1

3

58

.8

.8

.4

.4

.0

.4

.6

.8

.2

.0

.9

.5

.0

.8

pH

4.86
4.87

**
4.24

4.5

4.5

4.27

4.22

4.42
4.22

4.99
4.2

3.85

4.43

December

Amount
0

3

1
5

5

1

7
7
2

1
2

1
1
43

mn)

.0

.3

.8

.6

.2

.0

.8

.4

.2

.4

.4

.8

.1

.0

.0

.4

.6

.4

.3

.2

.1

.0

pH

4.18

**
4.12
4.25
4.12

4.66

4.18
**
**

4.88
4.59

4.03
4.6
4.25
4.43
4.49

4.25
4.57

**
4.28
**

4.37

** Insufficient quantity collected for pH measurement
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3.5.5 COMMERCIAL APPLICATIONS

Techniques and Instrumentation for Industrial Flow Measurements Using
Radiotracers - E.L. Cooper

In the previous report in this series (PR-HS-19) we reported that
improved software had been developed for our flow measurement computer.
M. Thompson (Math and Computation Branch) has since written a user guide which
describes the use of this software.

Dedicated equipment for open channel dilution gauging has been
assembled into a portable package. This equipment was successfully tested in
the field during the fall. We found that the equipment is easy to transport and
set up in the field and that it gives precise and reliable injections. User
notes on the operation of this equipment are being written.

During the fall we also assembled equipment to meter precisely a
gaseous radiotracer into low pressure gas streams. This equipment was used to
meter a rare gas isotope into a ventilation system in order to measure the flow
of gas through a tall stack. Although the equipment had to be assembled from
materials on hand, the precision of the flow measurement was excellent.
However, we did identify some problems with the prototype injector. In
particular, some of the materials used in construction tended to absorb small
amounts of the radiotracer. This did not affect the accuracy of the measements,
but it left residual contamination in some of the components. In the future we
will avoid the use of these materials with rare gas isotopes.

More recently we devised a method to meter gaseous radiotracers into
gas streams under high pressure. In this method precise aliquots of radiotracer
will be injected into a carrier gas stream flowing continuously into the system
being tested. Closely spaced aliquots of tracer will mix with the carrier gas
as well as the gas in the system resulting in a constant concentration, which is
similar to what would be achieved by a continuous injection. We feel that
metering repeated aliquots of radiotracer will be more precise than metering a
continuous stream of tracer.

We have designed a special pneumatically operated pump to meter precise
aliquots of tracer. This pump is currently being fabricated. A pneumatic
controller for the pump is also being designed and built. In the near future we
will be able to test the equipment as well as the concept on which the method is
based.

In parallel with the work on dilution methods for measuring gas flow,
we are also developing techniques for use in liquid systems under pressure. A
high pressure metering pump is currently being tested and a complete package of
equipment will be assembled in the next few months. A flow cell has also been
constructed and this will be used to measure the concentration of the diluted
tracer after mixing in the line.
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Development of Radiotracer Technology - E.L. Cooper

We have received a request for some measurements which would
necessitate labelling centimetre-sized particles internally with a short-lived
radioisotope. In response to this request we have developed a method of plating
a short-lived, generator-produced radioisotope onto small wires. The plated
wires can be sealed into holes drilled into the particles and the resultant
labelled particles can then be used in the testing. The field work for this
project will be carried out after funding is arranged.

Transfer of Radiotracer Technology - E.L. Cooper

During the fall we participated in 3 contracts with the AECL
organization which provides commercial radiotracer services. These contracts
involved open and closed channel flow measurements in both liquid and gas
systems and provided the opportunity to train the service staff to use some of
the techniques we have developed recently.

Development of a Nuclear Level Sensor - E.L. Cooper and A.R. Jones
(Uosimetric Research Branch)

Work on a nuclear level sensor continued during the period. A trial
source was prepared and tested with an electronic sensor circuit designed in
Dosimetric Research Branch. Smaller detectors were also purchased for further
testing. Results to date suggest that the detection sensitivity is not as good
as we had hoped. Thus another source containing more activity will have to be
prepared. Efforts to improve the detection sensitivity are continuing.

Carbon-14 in Pickering Retubing Workers - R.M. Brown, A.M. Foley,

W.J. Workman

This contract work was completed at the end of August by which time
faeces from practically all the personnel involved in retubing work had been
analyzed at least once and Ontario Hydro was in a position to handle on-going
analyses. 330 samples were analyzed in three months.

As and Ni Geochemistry in Lake Sediments - R.J. Cornett, L. Chant,
B. Risto

A contract to measure the concentrations of nickel and arsenic in water
water and sediments of Moira Lake has been awarded by the National Uranium
Tailings Program. The total contract involves measuring elemental
concentrations on approximately 500 samples and geochemical interpretation of
the analyses. Concentrations of arsenic in the lake water have been determined
using a double heara atomic absorption spectrophotometer using the arsine
generation method. Nickel concentrations have been measured using a graphite
furnace with an atomic absorption spectrophotoraeter that has Zeeman background
correction. The lower limits of detection of both methods are low enough to
allow the ppb concentrations of these elements in lake water to be measured. To
date the quality assurance and water analyses have been completed. Our arsenic
and nickel analyses agree very well with the expected values of IAEA
internationally-accepted water reference samples.
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3.6 PUBLISHED PAPERS, REPORTS, PRESENTED PAPERS, INFORMAL TALKS

3.6.1 PUBLISHED PAPERS

Champ, D.R., G.L. Moltyaner, J.L. Young and P. Lapcevic. A fieLd column
technique for in-situ measurement of mass transport parameters.
Accepted by Water Resources Research.

Cornett, R.J., L. Chant and D. Link. Sedimentation of Pb-21O in Laurentian
Shield Lakes. Water Pollution Research Journal of Canada, 19:97-109,
1985.

Cornett, R.J. and L. Chant. 239»2l40Pu residence times in freshwaters and
accumulation in shield lake sediments. Submitted to Geochera.
Cosmochem. Acta. 1985.

Inch, K.J. and R.W.D. Killey. Surface area and radionuclide sorption in
contaminated aquifers. Submitted to Water Pollution Research Journal
of Canada.

Lee, D.R. and K.H. Whitlock. New fishing tool. Submitted to Ground
Water/Groundwater Monitoring Review.

Milton, G.M. and R.M. Brown. Depositional times of some calcite coatings in
groundwater flow systems of the Canadian Shield. Submitted to T.
Isotope, Geoscience.

Munch, J.H. and R.W.D. Killey. 1985. Equipment and methodology for sampling
and testing cohesionless sediments. Groundwater Monitoring Review,
Vol. 5, No.l, 38-4.

Novakowski, K.S., P.A. Flavelle, R.G. Raven and E.L. Cooper. 1985.
Determination of groundwater flow pathways in fractured plutonic rock
using a radioactive tracer. Int. J. Appl. Radiat. Isot., vol.36, no.
5, p.399-404.

Sudicky, E.A. A natural-gradient experiment on solute transport in a sand

aquifer: Spatial variability of hydraulic conductivity and its role in

the dispersion process. Submitted to Water Resources Research Journal.

In Preparation

Cornett, R.J., L. Chant and D. Link. Effect of cobalt chemical speciation on
isotope residence times in freshwaters.

Killey, R.W.D., J.H. Munch and K.J. Inch. Hydrogeology and subsurface
radionuclide releases from Waste Management Area A; Phase I.

Killey, R.W.D. and J.H. Munch. Geology and hydrogeology of the Twin Lake Tracer
Test Site.

Moltyaner, G.L. Mixing cup and through-the-wall measurements in the field-scale
tracer tests and their related scales of averaging.
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Munch, J.H. and R.W.D. Killey. Hydrogeology and subsurface radlonucllde
releases from Waste Management Area B; Phase I.

Serrano, S.E., G.L. Moltyaner and T.E. Unny. Randomly forced flow In a phreatic
aquifer. A case study on uncertainty analysis.

Welch, S.J. and D.R. Lee. A multiple-packer/standpipe system for groundwater
monitoring in consolidated media.

Winters, S.L. and D.R. Lee. In situ retardation of trace organics In
groundwater discharge to a sandy stream bed.

3.6.2 REPORTS

Champ, D.R., G.L. Moltyaner, J.L. Young and P. Lapcevlc. A downhole column
technique for field measurement of transport parameters. AECL-8905,
1985.

Cooper, E.L. Radiological monitoring in the environment at the Chalk kiver
Nuclear Laboratories, AECL-8834, 1985.

In Preparation

Killey, R.W.I). Preliminary surface evaluation of contaminant migration from the
CRNL inactive solid waste disposal site. CRNL-2965.

3.6.3 PRESENTED PAPERS

Champ, D.R., R.W.D. Killey, G.L. Moltyaner, J.L. Young, CRNL and D.E. Robertson,
D.A. Myers, K.H. Abel, M.P. Bergeron, Pacific Northwest Laboratory.
Radionucllde migration In groundwater at a low-level waste disposal
site: A comparison of predictive performance modeling versus field
observations. 7th Annual OOE LLWMP Participants Information Meeting
September, 1985, In Las Vegas, Nevada.

In Preparation

Cooper, E.L. Problems with the determination of environmental levels of
strontium isotopes in river water. To be presented at the Low-Level
Measurements of Act in Ides and Long-Llved Radionuclldes in Biological
and Environmental Samples, University of Lund, Sweden, 1986 June 10-14.

Cornett, R..I. and I.L. Ophel. A 22-year history of ° Co transport between water
and sediments In a small shield lake. Society of Canadian
Limnologists, 1986 January 06-08, Ottawa.

Devgun, J.S. and R.W.D. Killey. Site characterization for a shallow land burial
facility at CRNL. 1986. Accepted for Waste Management 86, Tucson,
Arizona, march 3-7, 1986.
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Evans, R.D., R.J. CornetC and V.A. McCulough. The use of sediments as
indicators of point and diffuse source pollution. 1985. To be
published in Proceedings of the 2nd International Symposium on Sediment
Water Interacttions, Springer Verlog, New York.

Killey, R.W.D. and J.S. Devgun. Hydrogeologic studies for CRNL's proposed
shallow land burial site. 1986. Submitted to Radioactive Waste
Management: Second International Conference, Winnipeg, Manitoba.
September 7-11, 1986.

Killey, R.W.D. Concept assessment of overburden contaminant transport for the
nuclear fuel waste disposal program - post-closure phase. Nuclear Fuel
Waste Management Information Meeting, Winnipeg, Manitoba,
1985 October 01, 02. To be published as a Technical Record on
Conference Proceedings.

Lee, D.R. Semi-quantitative measurement of water flow through fractured
crystalline rock using the borehole-dilution technique. 1985b.
Abstract. Proceedings Hydrogeology of Rocks of Low Permeability,
Tucson, Arizona, U.S.A., January. Published by a Committee of U.S.A.
Members of the International Association of Hydrogeologists.

Lee, U.R. Location of groundwater discharge from deep sysLems. 20th Nuclear
Fuel Waste Management Information Meeting, Winnipeg, Manitoba,
1985 October 01, 02. To be published as a Technical Record on
Conference Proceedings.

McMahon, J.W. and J.M. Judd. Cobalt accumulation by fish - a case for
metal-organic interactions in freshwaters. Society of Canadian
Limnologists, 1986 January 06-08, Ottawa.

3.6.4 LECTURES AND TALKS

Champ, D.R. Environmental research at CRNL. University of Ottawa Medical
Residents, CRNL, 1985 September.

Champ, U.R. Emergency Procedures. 27th Annual Radiation Protection Course,

CRNL, 1985 October.

Champ, D.R. Fractured rock tracer studies. Presented to representatives of
Japan Atomic Energy Research Institute, CRNL, 1985 October.

Champ, D.R. Environmental consideration for waste management. Delegation of
Spanish Waste Management Officials, CRNL, 1985 December.

Champ, D.R. Environment and waste management. Visit of Netherlands
journalists, CRNL, 1985 December.

Cooper, E.L. Environmental radioactivity. 27th Annual Radiation Protection
Course, CRNL, 1985 October.
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Cooper, E.L. Handling of open sources of radioisotopes. 27th Annual Radiation
Protection Course, 1985 October.

Cornett, R.J. Reconstructing environmental history. CRNL summer student
lecture, 1985 July.

Cornett, R.J. Applications of gamma-ray spectroscopy. Radiation Protection
Course, 1985 October 01.

Cornett, k.J. Environmental Research at CRNL. Presented to Terry Fox
Students. 1985 August.

Lee, D.R. Methods for study of groundwater and solute migration into surface
waters. Seminar at U.S. Environmental Protection Agency Laboratory,
Duluth, Minnesota, 1985 July 01.

Moltyaner, G.L. Parameter estimation problem for the classical dispersion
equation. Northwest Pacific Laboratories, Richland, USA,
1985 August 21.

Osborne, R.V. Environment and man. 27th Annual Radiation Protection Course,
CRNL, 1985 September 30, October 04.

Osborne, R.V. Environmental science at Chalk River Nuclear Laboratories

(CKOB-Radio Interview), 1985 August 20.
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1 x 10-* Bq.m3, respectively. The target concentrations have been
derived to correspond to 0.1% of the ICRP recommended annual
occupational dose-equivalent for continuous exposure.
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4.1 STAFF

Branch Head

Secretary

Professionals

Assistants

D.K.

L.J.

J.D.
N.E.
N.J.
R.E.
D.P.

P.
M.M.

L.
J.J.
T.L.
L.D.
R.A.
J.W.

Myers

Morel

Childs
Gentner
Gragtmans
J. Mitchel
Morrison
Unrau
Werner

Courchesne
Jevcak
Joyce
Johnson
McCann
Murphy

CM. Morton
S. Padamshi
R. Pilon
M. Plattner*

b.P. Smith
M.C. Wolfgram

(*Two days per week in Radiation Biology, remainder in Medical Branch.)

Attached Staff R. Aubin, NSERC postdoctoral fellow
(terminated 85-09-25).

Prof. D.L. Bruce, University of Regina
(commenced 85-09-0.3)

Summer Students E.B. Evans
L.S. Moeck
U. Watkins
N. Wheatley

(terminated 85.0B.O7)
(terminated 85.08.23)
(terminated 85.08.23)
(terminated 85.08.02)



-78-

4.2 AIMS OF THE BRANCH

Research in the Radiation Biology Branch is directed towards improving
our understanding of the effects of ionizing radiation on living cells and of the
response of cells to this challenge. Since it is generally believed that, in
terras of mutagenic and carcinogenic hazards, the most critical target in cells is
DNA (the carrier of hereditary information), much of the emphasis of our research
program deals directly or indirectly with DNA- We have studied the nature of UNA
damage from exposure to radiation and cancer-causing chemicals and the enzymatic
"repair processes" which help to protect cells from these insults. We are also
exploring the effects of radiation upon animals and human populations.

4.3 RIBOSOME BINDING SITE STUDIES
- J.D. Childs and R. Pi Ion

In cells the genetic information encoded in DNA is first copied
(transcribed) into messenger RNA and then translated into protein by the
ribosomes. A typical ribosome binding site in Escherichia coli contains a Shine
and Dalgarno region, with a sequence that is similar or identical to GGAGG, an
initiator codon that is normally AUG and a spacer region between the two that is
3 to 9 bases. Although each of these elements appears to play an important rol<;
in ribosome binding, there is also considerable evidence that other bases in tiiis
region are important. We have previously described the construction of a
plasmid, pBC29, that we designed to permit the cloning of random sequence single-
strand DNA between the promoter and the initiation codon of a laeZ gene that is
non-functional because it lacks a ribosome binding site. If this DNA can act as
a ribosome binding site then beta-galactosidase, the product of the lacZ gene, is
made. The level of beta-galactosidase produced can be used as a measure of the
strength of ribosome binding, which is known to vary over at least a 1 000 fold
range.

The technique that we devised to clone single-stranded (SS) DNA involves
cutting the vector between the promoter and the lacZ gene with two different
restriction endonucleases, Bglll and Pstl, to generate apposing 5' and 3'
overhangs; we visualize these overhangs as a notch into which SS DNA will fit.
Single-stranded DNA is then inserted into this notch to give rise to blue trans-
formants. Although we have thus successfully cloned SS DNA, only about 3.3% of
transforraant colonies are blue. In order to reduce the frequency of
vector-containing white transformants, three different procedures were used. In
the first, after ligation of the SS DNA into the Bglll-PstI cut vector the
mixture was re-cut with Bglll. Recircularized pBC29 should be cut with Bqlll,
whereas plasmids with a single-strand insert should not. In the second, the
vector was cut with Bglll, treated with alkaline phosphatase and then cut with
Pstl. The phosphate at the 5* Bglll overhang is not required for libation of the
single-strand insert but is required for recirculation of pBC29. In the third,
the vector was cut with Bglll and Pstl and the large 7.6 kb fragment gel
purified.

It was found that all three treatments were effective in increasing the
proportion of blue colonies by reducing the frequency of background white
colonies. The most efficient was the alkaline phosphatase treatment that
increased the proportion of blue colonies to 40% compared to the control of 3.3%;
more than 80% of the blue colonies containing plasmids with inserts.
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We have now cloned over 100 different SS ONA sequences and these have
been sent to the University of Colorado for sequencing and to determine their
level of beta-galactosidase activity. Once this has been completed it should be
possible to determine the individual contributions to ribosome binding of each of
12 bases preceeding the start codon.

4.4 ESTABLISHMENT OF LYMPHOBLASTOID CELL CULTURES AT CRNL
- N.E. Gentner, D.P. Morrison and L).L. Bruce

Primary human cell cultures such as dermal fibroblasts are invaluable
experimental material but considerable resources and time are consumed in their
maintenance. Although certain types of studies require that we continue work
with such primary cell lines, a significant savings could accrue if we used
lymphoblastoid cell lines (LCL's) in appropriate cases, such as for preparation
of cell extracts tor enaymatic DNA repair assays. Moreover, we have selected
LCL's for assessment of the status of donor carcinogen sensitivity in a major
program aimed at developing a rapid and relatively inexpensive screening assay
for a person's putative cancer proneness (see Sect. 4.5). Unlike cultured
fibroblasts, which grow attached in monolayers, lymphoblastoid cells grow in
suspension culture, which facilitates their handling, and a given number of
lymphoblastoid cells can be obtained in approximately one-tenth the amount of
growth medium required for the same number of fibroblasts.

LCL's can be facilely established from a 1U ml blood sample: the B-cell
lymphocyte (white blood cells; non-dividing) population is isolated, and these
are transformed with Epstein-Barr virus (EBV; the agent associated with Burkitt's
lymphoma and infectious mononucleosis) to yield an immortalized lymphoblastoid
culture. EBV-producing cells are being maintained in our laboratories and a
pilot study for producing specific LCL strains is in progress. LCL's have been
demonstrated in the case of the prototypical ionizing radiation-sensitive
syndrome ataxia-telangiectasia to be as indicative of donor sensitivity as are
fibroblasts.

4.5 SCREENING HUMAN POPULATIONS FOR ABNORMAL CARCINOGEN RESPONSE
- N.E. Gentner, V.P. Morrison, G.h. Norton, T.L. Joyce, B.P. Smith and

L. Courchusne

A number of human monogenic disorders are known to manifest concurrence
of carcinogen hypersensitivity, UNA repair defectiveness, and elevated
susceptibility to cancer. For ionizing radiation sensitivity, the prototypical
disorder is ataxia-telangiectasia (A-T). Heterozygotes or carriers for the gene
for just this one DNA repair-deficient syndrome are believed to constitute not
less than U.5% nor more than 5% of the general population, and are at least 2
time more likely over their entire lifetime to develop fatal neoplasia than are
to normal persons. At ages up to 45, they show an elevated risk for certain
cancers as much as 10-fold greater than normal persons. This elevated risk is
considered to represent the increase in "spontaneous" incidence. It would be
unwise to ignore the likelihood that ionizing radiation-induced cancers could be
increased substantially, especially for early appearing cancers. The so-called
spontaneous incidence of cancer is believed to reflect in large measure (some 80%
of the total) DNA damage attributable to exogenous environmental agents related
to 'life-style': if the elevated incidence in A-T heterozygotes is
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related to the relatively small proportion of damage that is "ionizing radiation-
like" in character, then the actual degree of enhanced risk for a person exposed
to an increment of ionizing radiation specifically may be even greater in
magnitude, compared tu the risk of radiogenic cancer in a normal person at the
same age.

The proportion of persons in the general population with similar
radiation-sensitive phenotypes and presumptive cancer risks is not known. A
facile ability to so discriminate these sub-groups of persons and their effect on
the distribution of risk lias profound implications for improved radiation
protection, for improved treatment of cancer, and for better understanding of
epidemiological data on risk of radiation-induced cancer- These considerations
have been documented in the Topical Summary to PR-HS-19 (pp. 1-7).

Accordingly, a major long-term Branch program has been initiated with the
goal of developing a rapid and relatively inexpensive assay with which to screen
an individual's particular cytotoxic response to a carcinogen such as ionizing
radiation. An abnormal carcinogen response would be presumptive evidence of
increased cancer proneness. (It should be mentioned that we possess at this
inoment the capability to perform such an assessment using colony-forming ability
of fibroblasts, but this method is too tLiie-consuining and too expensive, both by
about an order of magnitude, to be of utility in a program aVsd at screening
large numbers of people.) In a new screening approach under development and
testing, lymphoblastoid cell lines (established from white cells in a small
sa.nple of a person's blood) are utilized to establish donor carcinogen
responsivity. Other, more complicated, types of survival analyses (using cell
strains obtained from A-T donors) have validated that lymphoblastoid cell lines
are as representative of donor carcinogen sensitivity as fibroblast cell lines.

4.6 IS "CHROIJIC" EXPOSURE USEFUL IN SCREENING SENSITIVITY
TO CHEMICAL CARCINOGENS?
- N.E. Centner, L. Courchesne and G.M. Norton

Chronic as opposed to acute dose delivery of ionizing radiation h.is
proved to be of great utility in the detection of a model class of radiation-
sensitive persons in the general population, namely ataxia-telangiectasia
hetero^ygotes- An amplification of the difference between strains from members
of this sensitive sub-group and those from normal persons apparently results
because the more DNA repair-proficient a strain is, the greater is the survival
advantage gained from dose protraction (i.e. the more able such a cell is to
repair DNA damage while it is being formed and the greater the exposure required
for a given extent of inactivation). On chronic exposure of normal cells, a dose
enhancement factor (DEF = I^Q» chronic y 0\Q> acute) of about two is
seen.

»
We have now investigated whether this technique of chronic exposure is

applicable to studies seeking to define increased sensitivity to loss of colony-
forming ability (CKA) following exposure to chemical carcinogens. The anti-
neoplastic drug and DNA interstrand cross-linking agent mitomycin C (MMC), which
requires bioreductive activation in vivo, was used as a model carcinogen. We
verified that MMC was stable in treatment medium for 24 h. Then we compared the
CKA of normal cultured human fibroblasts following a standard 'acute' exposure
(concentration x for 1 h) to that resulting from a substantially protracted
'chronic' exposure (concentration x/24 for 24 h ) . Contrary to our
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expectations based on Llie Co gamma-ray survival results, the CFA was less
— not more — for chronic than for acute MMC exposure. It appears that, for MMC
at least, relatively more UNA damage accrues from longer-term, lower-
concentration exposure. The dose enhancement factor (UEY = D^Q, chronic :
D|(j, acute) was approximately 0.5.

In spite of this finding, 'chronic' exposure to chemical carcinogens
would nevertheless be a valuable technique if it expanded the difference between
normal ceils and those with an elevated cytotoxic response to MIC. To test this,
we used a Roberts syndrome cultured fibroblast strain as a paradigm of a
MMC-sensitive (see Sect. 4.6, PR-tiS-19) phenotype; in order for protracted
exposure to be of utility in a program to screen strains for elevated chemical
carcinogen sensitivity, the DEF tor chronic vs. acute MMC exposure would have to
be smaller than the value of 0.5 seen with the normal cell strain. It was not.
We conclude that exposure protraction is of no advantage in screening for MMC
sensitivity. Each chemical carcinogen should, however, be tested individually in
a chronic vs. acute comparison.

4.7 HYPERSENSITIVITY TO DNA INTERSTRAND CROSS-LINKING AGENTS IN ROBERTS
SYNDROME CELLS
- N.E. Gentner, b.J. Tomkins*, L. Moeck, L. Oourchesne, G.M. Norton and

B.P. Smith

We recently defined Roberts syndrome (.RS) as belonging to the class of
carcinogen hypersensitive human disorders (Sect. 4.6, PR-HS-L9). The
hypersensitivity of cells derived from RS patient donors to UV (254 nni),
methylnitrosourea (MNU) and mitomycin C (MMC) can be expressed quantitatively as
dose reduction factors (DR.F = D^Q, normal strain : D^Q, ̂  strain) of
about 2, 2 and 5 respectively. The MMC hypersensitivity is most pronounced and
could conceivably arise as a result of either (a) enhanced bioreductive
activation or (b) enhanced sensitivity to the Lethal effects of a critical class
ot DNA lesions produced by this agent.

4-Nitroquinoline-l-oxide (4NQ0) is another carcinogen that requires
bioreductive activation. Two RS strains were examined and displayed only slight
hypersensitivity to the cytotoxic effects of 4NQO; this is explicable solely on
the basis of the partially UV-mimetic nature of the DNA damage produced by 4NQO.
Although 4NQO is bioactlvated by a different enzymatic system than is MMC, these
results indicate that option (a) is unlikely.

Option (b) above appears to be the Likely explanation, as evidenced by
the nature of the critical DNA damage produced by other chemical carcinogens to
which RS strains display marked sensitivity. MMC causes the formation of both
monoadducts and diadducts in DNA. Due to the bifunctional nature of MMC
reactions with L»NA, these latter lesions constitute interstrand cross-links.
Although the MMC diadduct product is quantitatively minor compared to
monoadducts, most of the cytotoxicity of MMC is attributable to DNA cross-link
formation. There are other carcinogens tor which DNA interstrand cross-links
account for a major portion of their lethality. These include the anti-cancer
drug Platinol (or cisplatin) and the anti-psoriatic agent 8-methoxypsoralen
(b-MOP) when used in conjunction with UV-A wavelengths (the so-called PUVA

*bepartment of Pediatrics, McMaster University, Hamilton



-82-

treatment). We have demonstrated that RS fibroblasts show marked sensitivity to
cisplatin and to PUVA exposure as well as to MMC. This particular pattern of
carcinogen responsivity argues strongly that RS strains are substantially
defective in dealing with double-strand UNA damage, as typified by interstrand
cross-links. By analogy with yeast and bacterial mutants, this pattern is
typical of a recombinational repair mutant.

The pattern of hypersensitivity seen in RS has not previously been
demonstrated in any other carcinogen-sensitive human disorder. Our studies on RS
suggest a new role for UNA repair, namely that it is of prime importance for
normal development of the fetus. Moreover, we predict that RS represents a DNA
repair—defective syndrome and that the presence of this gene is associated with
abnormal cancer proneness. Direct verification of this latter hypothesis is not
possible at present because of the small number of patients, the generally early
age at which fatal complications are evident, and the lack of cancer history
within kinships.

4.8 CARCINOGEN HYPERSENSITIVITY IN CELL STRAINS FROM PERSONS
WITH ROBERTS SYNDROME-LIKE CHARACTERISTICS
- »«.E. Centner, B.P. Smith, L. Courchesne and C.h. Norton

Roberts syndrome (RS; the term pseudothalidomide syndrome is sometimes
used for milder forms, but does not appear to be distinct from RS) is a
developmental disorder with an autosomal recessive mode of inheritance: two
defective copies of the gene responsible -- one from each parent — are required
for clinical manifestation of the condition, and the parents or 'carriers' are
asymptomatic. A clinical diagnosis of RS may be validated in the laboratory by
demonstration of a characteristic heterochromatin abnormality (centromere puffing
and splitting) which seems to be associated with the disease in most patients.
Certain afflicted children present US-like clinical features but not the
heterochromatin abnormality; a conclusion as to whether these are true RS
patients has hitherto remained uncertain.

We have studied a cultured human fibroblast strain, S'60U6, from such a
patient (putative RS but without the cliaracteristic chromosomal abnormality) with
respect to carcinogen sensitivity. Strain S6U06 displayed hypersensitivity to
both agents (MNU; mltomycin C) tested; these were selected because RS strains
siiow sensitivity to the types of DNA damage induced by these agents (see Sect.
4.t>, PK-HS-19). The dose reduction factor (DRF = L>10, normal strain T
D^Q» test strain) evidenced by S6006 to either agent was essentialLy
identical to that of two RS strains tested earlier. Also, S6006 displayed normal
sensitivity to other carcinogens for which uS strains exhibit a normal response.
It thus appears that strains derived from donors of the S6006-class may manifest
the same pattern of carcinogen hyperseusitivity as do 'conventional' RS lines.
We tentatively conclude that such a characteristic pattern of carcinogen
responsivity validates the donors of SfoOUb-class strains as being true US
patients. It follows that carcinogen hypersensitivity may be the ultimate RS
diagnostic parameter, and that the chromosomal abnormality is secondary, uur
results promise to be of value in genetic counselling.
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4.9 CULTURED HUMAN FIBROBLASTS FROM ROBERTS SYNDROME DONORS ARE
ABNORMALLY SENSITIVE TO ACUTE EXPOSURE TO HIGH-LET RADIATION
- N.Ii. Centner, b.P. Smith, U.G. truss and A-R. Arneja

un acute exposure to low LET ( ^Co gamma-rays) ionizing radiation,
cultured fibroblasts from donors displaying the developmental disorder Roberts
syndrome (RS), which is also known as "pseudothalidomide syndrome", exhibit a
survival response (OIQ> in oxia ~ 350-38U rads) which is not statistically
different (two-tail t-test of 'farone et al., 1983) from normal cell lines,
although seemingly on the low side of the normal response.

The pronounced liyperseus itivtty of RS strains to agents, such as
mitomycin C, cisplatin, or 8-methoxypsoralen, that induce 'coincident' or
'double-strand' DNA damage (see Sect. 4.7) suggested that ionizing radiation
hypersensitivity mioht be demonstrable using a high-LET radiation, where the
proportion of double- .strand to total DNA damage is higher. Using 14 MeV
neutrons, substantial sensitivity lias indeed been shown Lor RS fibroblasts. This
is the first and only human disorder shown to be specifically sensitive to acute
exposure to high-LET, but not to low-LET, ionizing radiation.

4.10 MEASUREMENT OF "araC-INHIBITABLE SITES" IN CULTURED HUMAN CELLS
BY FADU ASSAY
- N.L. Centner and L.0- Johnson

Cytosine S-D-arabinoside ("araC") is an inhibitor of long-patch (i.e.,
repair involving replacement of 20 or more deoxyribonucleotide moieties per
lesion) in human cells: in its presence, strand breaks introduced transiently
during the course of UNA repair at such sites remain open for prolonged periods.
Assessment of "araC-inhibitable sites" is performed by measuring the increased
yield of single strand breaks (SSB's) attributable specifically to the presence
of araC during the post-carcinogen incubation when repair is proceeding.
AraC-inhibitable sites, for any given amount of uar/iage, are indicative of the
repair competence of cells.

lor certain types of DNA damage, notably that induced by the carcinogen
Mitomycin C, only a relatively low yield of uraC-inhibitable sites is seen at
biologically significant doses. Conventional methods of SSB analysis, such as
velocity sedimentation of DNA on alkaline sucrose gradients, are far too
insensitive for their detection even at carcinogen doses which are greatly in
excess of those required to kill cells.

Roberts syndrome cell strains are hypersensitive to the cytotoxic effects
of DNA interstrand cross-linking agents such as MMC, cisplatin and
b-methoxypsoralen (see Sect. 4.7). The critical lesion responsible can be
assayed by a procedure known as alkaline elution, which assesses the ability of
the cross-link to prevent separation of the two strands of the DNA helix under
alkaline, unwinding conditions. The assay, in our experience, is too tedious and
insufficiently reproducible to be of value in measuring the repair (i.e.
disappearance) of such lesions. It occurred to us that repair of such
cross-links should be included in the type of repair response assessed by
formation of araC-inhibitable sites. A rapid assay of cross-link repair might be
achievable, therefore, if a sufficiently sensitive method for detection of SSB's
was used. The FADU method developed at CRNL by H.C. lUrnboim, which uses
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fluorescence detection for UNA unwinding rate measurements in mild alkali,
promised sufficient sensitivity. With the initial cooperation of J. Jevcak, the
FAUU hiethod has been found applicable to cultured human fibroblasts and lympho-
blastoid cells.

Incubation of control cells in the presence of araC did not lead to the
formation of significant numbers of SSB's. This was a point of major concern,
since otherwise the application of FAUU to the detection of araC-inhibitable
sites would not be feasible. We arc now proceeding to determine whether
MiiC-induced araC-inhibitable sites are assayable and, if so, to apply this
procedure to define the putative UNA repair defect in Roberts syndrome cells.

4-11 ANIMAL FACILITY
- N-J. Gragimans, K.A. NcCann and J.W. Murphy.

The- Animal Facility staff continued to devote a major portion of their
efforts to the HyperLliermia/Tumor Promotion study (Section 4.1-O as well as the
study on C-14 solubility and respiratory uptake (see PR-HS-19, section 2.8).

We also acquir^d the CBA/H mouse strain from Harwell, England, and
started a breeding colony to generate over 5000 male CBA/H mice. This is being
carried out in anticipation of a large cost-shared study on the KBE of tritium
for the induction of myeLoid leukemia in mice. This project is the sequel to a
funded feasibility study which Wiis completed in February, iy8b.

Analysis of the. association between exposure to ionizing radiation and
predominant type of breast cancer in rats (PR-HS-iS, section 4.1U) was completed.
There is little dinf<;rence between X-, gamma- and beta-rays in the results
obtained. A decrease In dose rate did however decrease the number of benign
fibroadenomas per unit dose, with little effect on number of malignant
adenocarcinomas per unit dose. In this respect, the data on rats appear to
substantiate tentative suggestions concerning effects of dose fractionation on
induction of breast cancer in humans.

4.12 HYPERTHERMIA AND TUMOR INITIATION
- U.H...I. litchel, U.P. Morrison, N.J. oragtmans, J.J. Jevcak, T. Joyce,

K. McCann, .J• Murphy, G. Norton, R. Pilon and K. Baird

Hyperthermia is currently being used clinically either alone or in
combi ri4tion with radiation or chemotherapy as a treatment for human cancer. We
have examined the effects of such heat treatments on the formation of new tumors
in mouse skin, and in our earlier work showed that hyperthermia protected mice
against "promotion", the second stage of new tumor formation. We have now
investigated the influence of hyperthermia on "initiation", the first stage of
tumor formation that results from mutations in mouse skin cells.

This work was prompted by our recent observations that hyperthermia can
inhibit i)!\A repair processes in human ceils and influence the risk of mutation in
yeast colls exposed tn various carcinogens. We have examined the effect of a
single liyperthermi.i treatment delivered to the dorsal skin of mice before or
after exposure to a direct acting initiator, N-methyl-N'-nitro-nitrosoguanidine
(MNNG) or an indirect acting initiator, dimethyl benzanthracene (DMBA). We have
found th.it -i sin-It- hyj>^rthennia treatment immediately before MNNG exposure
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markedly decreased the tumor latency period and increased the tumor frequency.
If the heat treatment preceded MNNG exposure by 24 h there was no effect on tumor
latency but stiLl an increase in frequency. Similar hyperthermia treatment
produced different results with the indirect-acting initiator DMBA. Meat
immediately before. Initiation had no effect on either latency or tumor frequency,
heat 24 h prior to initiation had no effect on latency but did accelerate the
rate at which tumors appeared after that time, compared to unheated controls-

These results demonstrate that hyperthermia treatments used in
conjunction with tumor initiators can increase the number of initiated cells and
the rate at which they progress to observable tumors. While heat alone did not
display carcinogenic or mutagenic properties, it is apparent that it can markedly
influence the risk associated with exposure to some agents of the type commonly
used in cancer therapy or found in industry.

4.13 INDUCIBLE REPAIR SYSTEMS IN YEAST: ALTERING THE RISK OF MUTATION
- k.E.J. Mitchel, D.F. Morrison, T. Joyce and K. Baird

In the nuclear industry it is important to understand the risk associated
with a radiation exposure. This risk in human populations is usually quantified
as the risk of developing a malignancy, the first step of which may be the
production of a mutation in the human cells. The following results using a lower
eukaryote demonstrate that the risk to an individual of such an exposure is not
necessarily a fixed value. We have shown ttiat the risk depends on the repair
process which recognizes and repairs the DNA damage, and that external influences
control some of the repair processes, hence altering the risk.

We have previously demonstrated ttiat exposure of yeast to an alkylating
agent produces DNA damage, and at the same time induces an error-prone DNA repair
system that processes this damage in a way which results in mutations. We hava
now demonstrated two ways in which we can alter the risk of a mutation resulting
from such an exposure. Since the mutation results from the action of an
inducible DNA repair system, the risk of mutation can be altered if induction is
prevented. Induction of repair capacity results in an increased cellular
synthesis of new repair enzymes and is therefore subject to blocking by
inhibitors of new protein synthesis. Addition of a chemical blocking agent
(cycloheximide) or treatment of the yeast with hyperthemia will both temporarily
inhibit protein synthesis. Both approaches, if applied prior to the exposure to
the alkylating agent, protected the yeast cells from mutation production. The
success of this approach depends upon the ability of the cell to use an alternate
method to repair the LNA damage which had resulted from exposure to the
alkylating agent. This alternate repair system produces fewer mutations because
it is inherently an error-free process. Knowledge of the properties of this
error-free repair system allows a second approach to altering the risk of
.nutation. The error-free UNA repair process is also inducible and therefore
stimulating its induction will result in more of the DNA damage being fixed in an
error-free manner and less in a manner which leads to mutation. We have shown
that exposure to gamma-radiation results in the induction of the error-free
repair process. Therefore exposure to ionizing radiation either before or after
exposure to the chemical alkylating agent resulted in the reduction of mutations
in a way which was proportional to radiation dose. If DNA repair systems in
human cells behave in a manner similar to yeast cells, a low dose of radiation
may markedly alter the initiation of cancer in a person heavily exposed to a
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chemical carcinogen. We are currently exploring this idea by examining the
interactions of heat, radiation and tumor initiators or proraotors in an in vivo
mouse system (see section 4.12).

4.14 MICROWELL ASSAY FOR COLONY-FORMING ABILITY OF LYMPHOBLASTOID
CELL LINES
- D.P. Morrison, T.L. Joyce and N.E. Gentner

Survival analyses have conventionally assessed the ability of a

carcinogen-exposed cell to subsequently undergo a sufficient number of divisions
to form a microscopically visible colony. A rich literature pertains to such
"colony-forming ability" (CFA) assays. however, lymphoblastoici cells, in
contrast to other types of human cells, do not grow on a solid surface but in
suspension in liquid medium; cell progeny quickly become separated from each
other in liquid medium. By using soft gel suspension of lymphoblastoid cells in
microwell plates, post-division separation of progeny cells is obviated and CFA
can be readily assessed microscopically after a relatively short
post-carcinogen-treatment period (sufficient for only a limited number of
divisions of control, uuexposed cells). Gamma-survival curves for normal
lymphoblastoid cells, exhibiting the characteristic survival curve shoulder and
expected degree of resistance to radiation, have been obtained. Present work is
aimed at improving the cloning efficiency of lymphoblastoid cell lines in the
soft support gel.

4.15 ASSESSMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS
- U.K. Myers

In an anticipation of the new proposed Atomic Energy Control Regulations
which would require employers to inform their employees of the risks of exposure
to radiation, a talk on radiation risks and radiation protection at CRNL was
prepared in collaboration with representatives from several branches. A video-
tape of this talk is being tested by u. & I. b. Branch as part of the required
training program for radiation workers. The text of this talk together with
questions and answers concerning the talk is being prepared for general
distribution.

A paper was prepared in collaboration with Prof. K.<J. McNeill, University
of Toronto, on cost and risk analysis in nucle.ir emergency planning. The
probability that anyone in the general population could be harmed by radiation
released in a severe accident at a nuclear power generating station is extremely
low. The results of a cost-benefit analysis suggest that evacuation of the
population living near the site should he considered when projected doses to the
individuals in question are of the order of 10 to 100 r.iSv. However, the total
costs of this planning should be kept low if planning is to be cost-effective.
Reasonable numbers tor the total social benefit derived appear to range from near
zero to about 100,000 dollars per year for a nuclear power generating site such
as that at Pickering, Ontario.

Other activities included input of relevant AliCL research data to Che
Joint Panel on Occupational and Environmental Research for Uranium Production in
Canada, critical review of an AKCB document on biological effects of radiation
and of draft recommendations of the U.S. National Council on Radiation
Protection, and participation in a meeting sponsored by Al-XB to discuss the
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implications of recent data on effects of irradiation during pregnancy. Work lias
been initiated on a commercial contract to review biological data on the relative
biological effectiveness of fast neutrons.

4.16 CONSTRUCTION AND PURIFICATION OF PLASMIDS FOR RECOMBINATION ASSAYS
- P. Urirau, M.C. Wolfgrain and J.D. Childs

Plasmids derived previously (PR-HS-19, section 4.20) were used in crosses
catalysed by yeast and human cell extracts. Marked polarity of recombination was
observed in each cross and its reciprocal. The two mutations used were tetlO, an
eight-base pair insertion at b.p. 23 of the pBR322 molecule, and tetl4, an
eight-base pair insertion at b.p. 1267. TetlO was converted to wild-type most
often in all crosses. We suggested that recombination must Initiate
preferentially near tetlO to explain this polarity. Plasmids to test this
hypothesis more directly were prepared.

A possible initiation site was identified as a palindrome at 4170-41b0
b.p. in pBRJ22. The palindrome could be cut in half and one half deleted. Two
new stocks have been prepared; pUW5 (a tetlO-containing derivative of pKDK35) and
pUWb (a tetl4-containing derivative of pRDK39). A direct test that the deleted
region is involved in tiie initiation of recombination is in progress.

Putative initiator sites within the Tet gene have not been identified.
We observe no large palindromes. If part of the preferred conversion of tetlO
reflects initiation within the Tet gene, near tetlU, other UNA sequence features
may be important in determining recombination initiation sites.

4.17 CROSSES BETWEEN CIRCULAR PLASMIDS - AN IN VITRO ASSAY FOR
SITE SPECIFIC RECOMBINATION
- P. Unrau, J.D. Childs, S. Padamshi and M.C. Wolfgram

Reciprocal crosses of the plasmids pUWl (short tetlO-containing) x p(JW4
(long, tetl4-containin&) by yeast extracts give results precisely reciprocal to
those noted previously (PR-HS-19, section 4.21). The results of these reciprocal
crosses indicate that the polarity of conversion of the tet mutations is an
intrinsic property and not a function of the arrangement of the remainder of the
plasmid.

We have observed the same polarity in crosses catalysed by human cell
extracts, with the same reciprocity. This result indicates that human and yeast
cell extracts iiave the same initiation sites. Furthermore, the polarity of
recombination is of the same order in either pure recombinant clones or in mixed
clones, and the relative rates are the same whether catalysed Qy yeast or human
extracts.

A bet.er analysis of mixed clones has been developed to answer the
question: Are all mixed clones the result of initotic crossing-over or do some
relfect gene conversion associated with mitotic crossing-over? Briefly, it is
expected that a gene conversion event will lead to ttie replacement of one DNA
sequence (e.g. tetlO) by the wild-type, leading to loss of the tetlO site.
Alternatively, a mitotic crossing-over event will lead to linkage of the tetlO
and tetl4 mutations In one half of a uixed plasmid, and the absence of both
markers in the other half. Examination of a number of mixed plasmids indicates
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that mitocic ci'<i.;sing-over not associated with gene conversion leads to the
formation of two-thirds of the mixed clones. Thus the majority of mixed clones
form when the tetlu marker is linked to the tet!4 marker, so that one plasmid
contains no tet allele and the other contains two. The mechanism for this
polarized mitotic crossing-over is under investigation.

4.18 ASSAYS OF HUMAN CELL EXTRACTS DERIVED FROM CANCER-PRONE
PATIENTS. IU VITRO RECOMBINATION
- P. Unrau, S. Padamshi and J.b. Childs

Human cell fibrohlasts derived from Roberts syndrome patients and two
a taxis telangiectas la patients provided cell extracts which were used to catalyse
recombination rn vitro with circular plasinids. Cell extract dependent
recombination was observed with all cell lines. The same polarity of
recombination was observed as with extract from normal human cells. The circular
plas.iiid assay thus does not discriminate these strains on the basis of catalysis
of recoubinaiion. A damage-specific assay will be developed to determine if such
discrimination is possible.

4.19 THEORETICAL BASIS FOR SHAPE OF DOSE-RESPONSE CURVES FOR
INDUCED GENETIC EVENTS
- M.M. Werner, U.P. i-iorrison, U.K. >,yers, i\.E. Centner

and H. Plattner

Kxperiments have been carried out to test the hypothesis that the
observed dose-squared relationship for UV-induced gene conversion in normal
(i.e., repair competent) Saccharoiuyces cerevisiae reflected the induction of a
reco'iib i nai ional repair system. Oycloheximide, a protein synthesis inhibitor, was
used to Lnhihit the induction of the repair system. Since the shape of the curve
for L'V-induced gene conversion is biphasic, gene conversion being directly
related to dose at lower doses, it was postulated that the slope of the curve at
higher (iostfS might, be closer to that at lower doses if protein synthesis were
inhibited. however, for the normal strain this change in slope has not been
observed. Tin? anount of gene conversion induced by UV light in
cyclohtjxK'iide-inhi bited, logarithmic cells is much lower (by 7-8 times) than in
uninhibited cells but the slope of the curve remains unchanged. For gene
conversion induced by ganma radiation, gene conversion is directly related to
dose bot'.i in normal cells and in the excision repair-deficient rad3 cells. The
decrease in the amount of gene conversion for cycloheximide-treated,
gamma-irradiated culls is about half the decrease for UV-irradiated cells.

4.20 FOLLOW-UP OF PAST CRNL EMPLOYEES
- N.M. Werner

The preparation of a computerized dose record from the Kardex files of
1956-1972 for the AKCL Employee Health Study was completed in 1985 August.
However, the assigning of correct Health Study identification numbers to
individual records took considerably longer than originally expected. This was
mainly due to insufficient and often partially incorrect identifying information
on the Kardex system records, especially for employees at other company sites.
Work, was completed in December.
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Considerable effort lias been spent in obtaining additional information
fur the upgrading of the Health Study data base. It was decided that past
employees of Commercial Products Division (now Medical Products and Radiochemical
Company) who had retired or left employment before 1980 and who had accumulated
lifetime whole body doses of more than 0.05 Sv should be included in the AECL
Health Study. E.l.S. forms for these persons have been prepared and sent to
WNRE.

Preparations are underway to update the follow-up of past Chalk River
employees to the end of 1985.
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4.21 PUBLICATIONS

J.D. Childs, K. Viilanueba, D. Barrick, T. Schneider, G. Stormo, L. Gold,
M. Leitner and M. Caruthers - Ribosorae binding site sequences and function. In
R. Calendar and L. Gold (eds): UCLA Symposia on Molecular and Cellular Biology,
New series. Sequence specificity in transcription and translation. New York:
Liss, pp. 341-351 (1985).

N.L. Gentner, U.J. Tomkins and M.C. Paterson - Roberts syndrome
fibroblasts with heterochromatin abnormality show hypersensitivity to carcinogen-
induced cytotoxicity. Am. J. Human Genet. ̂ 7_, A231 (1985), [Abstract].

N.J. Gragtmans - Basic radiobiology in laboratory animal research.
Canadian Association for Laboratory Animal Science I^ewsletter, Sept. 1985.

R.E.J. Mitchel, b.P. Smith, N. Wheatley, A. Chan, S. Child and M.C.
Paterson - Sensitivity of hyperthenni;i-treated liurnan cells to killing by
ultraviolet or gamma radiation. Radiation Research 104, 234-241 (1985).

R.h.J. Mitchel and D.P- .lorrison - Inducible error-prone repair in yeast.
Suppression by heat shock. Mutation Research 159, 31-39 (1986).

M.C. Paterson, .S.J. wacFar lane, N.b. Gentner and fS.P. Smith - Cellular
hypersensitivity to chronic gamma-radiation in cultured fibroblasts from ataxia-
telangiectasia lieterozygotes. in: Ataxia-Telangiectasia: Genetics,
Neuropathology, and Immunology of a Degenerative Disease of Childhood (R.A. Gatti
and M. Swift, Kds.), pp. 73-87, Kroc Foundation Series, Vol. 19, Alan R. Liss,
Inc., New York (L985).

M.C. Paterson, N.E. Gentner, M.V. Middlestadt, K. Mirzayans and M.
Weinfeld - Hereditary and familial disorders linking cancer proneness with
abnormal carcinogen response and faulty UNA metabolism. In: Epidemiology and
Quantitation of Environmental Risks in Humans fror.. Radiation and Other Agents
(NATO Symposium; A. Castellani, Ed•), pp. 235-267, Plenum Publ. Corp. (1985).

M.C. Paterson, N.E. Gentner, M.V. Middlestadt and M. Weinfeld - New model
for pyrimidine dimer repair in human cells. Proceedings of the 5th Annual
Heritage Medical Kesearch L>ays, L985 November 21-22, Calgary [Abstract].

P. Unrau and J.R.A. Johnson - Analysis of mitotic recombination with an
excision-resynthesis model and implications for meiotic recombination. Proc
Genetical Society meeting, London, England, 1985 Nov. 15 [Abstract].

P. Unrau, J.D. Childs, R. Aubin and M. Weinfeld - Polarity in In vitro
recombination catalysed by cell extracts. Proc. Genctical Society meeting,
London, England, 1985 Nov. 15 [Abstract].

4.22 VERBAL PRESENTATIONS

4.22.1 Lectures and Seminars

N.E. Gentner - Cancer prone, UNA repair-defective disorders in man. Live
radio interview (10 a.m. - 11 a.m.), CKOB Radio (Catherine Warren, host), 1985
July 3i.
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M.E. Centner - Consequences of abnormal cancer proueness in society.
Invited speaker at meeting of Ontario Association of Medical Radiation
Technologists, Pembroke General Hospital, 1985 September 10.

N.E. Centner - Risks and benefits in everyday activities. Live radio
interview, CKOB Radio (C. Warren, Host), 10:00 - 10:30 a.n,., 19ti5 October 23.

N.E. Centner - Human diseases that display increased susceptibility to
cancer. One hour address to Senior Assembly (Grs. 11, 12, I'i; approx. 600
students), Smiths FaLls Collegiate Institute, 1985 December 12.

N.E. Centner - Cancer research: the current state of affairs. One hour
address to Junior Assembly (Grs. 9, 10; approx. 500 students), Smiths Falls
Collegiate Institute, 1985 December 12.

N.E. Centner - A radiobiologist looks at problems, solutions and future
prospects for cancer therapy. Summer Student Lecture Series, CRNL, 1985 July
25.

R.E.J. Mitchel - Radiation biology. 27th Annual Radiation Protection
Course, CRNL, L9«5 Oct. 1.

U.K. Myers - Radiation biology. Nuclear Medicine Tomorrow Workshop, 1985
Aug. 21.

U.K.. Myers - Health effects of radiation. University of Ottawa, 1985
Oct. 21.

D.K. Myers - Radiation risks and radiation protection at CRNL. Health
Sciences Division Seminar, CRNL, 1985 Nov. 26.

P. Unrau - Polarity in in vitro recombination catalysed by cell-free
extracts. Department of Biology, Sussex University, England, 1985 Nov. 27. Also
at National Institute lor Medical Research, Mill Hill, England, 1985 Nov. 14.

M.M. Werner - Follow-up studies of Canadian radiation workers. 27th
Annual Radiation Protection Course, CRNL, 1985 Oct. 04.

4.22.2 Local presentations

J.D. Chiids - Report on NRC Industrial Biotechnology Conference, 1985
De c . 5 .

N.E. Centner - Report on the AECL Executive Development Conference. To
Radiation Biology Branch, CRNL, 1985 Nov. 14 j to Environmental Research Branch,
CRNL, 1985 Nov. 18.

N.E. Centner - Consequences and detection of DNA repair defectiveness in
humans. To Corporate Business Development Committee, at CRNL, 1985 Aug. 20.

N.E. Centner - Advantages from ability to screen human populations for
abnormal sensitivity to carcinogens. To Mr. James Donnelly and party, at CRNL,
1985 Sept. 27.
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N.E. Centner - Cancer j/rone heritable human disorders. To Uni.versi.Cy of
Ottawa medical residents, at CRKI 1985 Sept. 05.

N.E. Centner - Carcinogen hyper-resistance in Li-Fraumeni syndrome
strains. Research seminar to Radiation Biology Branch, CRNL, 1985 Nov. 18.

I>i.E. Centner, C.M. Norton, B.P. Smith and L. Courchesne - Roberts
('Pseudotha lidomide' ) syndrome — a developmental disorder with elevated
sensitivity to certain carcinogens. Research seminar to Radiation Biology
Branch, CRNL, 1985 Dec. 09.

N.E. Gentner - Roberts syndrome — a developmental disorder displaying
elevated carcinogen sensitivity; and Principles and goals of the Radiation
Biology program for screening persons at presumptive elevated risk of developing
cancer. Update to CRNL guides, 1985 Dec. 13.

N.E. Centner - Radiation biology — questions and answers. Panel
discussion with Terry Fox Canadian Youth Centre Scholars, 1985 Oct. 23.

R.E.J. Mitchel - Hyperthermia and radiation. To Corporate Business
Development Committee, at CRNL, 1985 Aug. 20.

R.l-J.J. Mitchel - Hyper the rmia biology. To University of Ottawa medical

residents, at CRNL, iy85 Sept. 5.

R.E.J. Mitchel - Hyper therniia and radiation. Panel discussion with Terry
Fox Scholars, 1985 Sept. 25.

K.E.J. Mitchel - Biological effects of radiation. Panel discussion with
students from Sir Will red Laurier High School, 1985 Oct. 2.

R.h.J. Mitchel - Biological effects of radiation. Panel discussion with
students from Confederation High School, 1985 Oct. 30.

R.H..J. Mitchel - Hyper the rmia research. Update to CRWL guides, 1985 Dec.
13.

O.K. Myers - Research at Institute of Medicine, JUlich. To Radiation
Biology Branch, L9o5 July 11.

M.M. Werner - Epidemiology of AECL workers. To University of Ottawa
medical residents, at CR\'L, Sept. 05.
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5. MEDICAL BRANCH

by

D.W.S. Evans

5.1 STAFF

5.2 CLINIC PROCEDURES

5.2.1 Occupational Accident and Illness
5.2.2 Non-Occupational Accident and Illness

5.3 CLINIC VISITS BY WORK CATEGORIES

5.4 BREAKDOWN BY INTERNATIONAL CODE

5.5 MEDICAL EXAMINATIONS

5.6 NON-OCCUPATIONAL ABSENTEEISM

5.7 LABORATORY PROCEDURES

5.7.1 X-Ray Department
5.7.2 Haematology
5.7.3 Urine

5.8 TOTAL HOSPITAL PROCEDURES
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5.1 STAFF

Branch Head
Secretary
Professional
Nurses

Medical Technician
Part-Time Nurses

D.W.S. Evans
V.A. Schizkoske
J.J. Meenan
A. Kinloch
J. Williams
J. Shaw
E. Clegg
Y. Davis
G. Miller

5.2.1 Occupational Accident and Illness

AECL
Male

Female

Others
Male

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

June

40
31
71

1
7

~8

1
--

~T

July

32
26
58

4
7

IT

—
—

Aug

22
23
45

2
—
~2

2
—

~2

Sept

26
28
54

2

4
6

1
--
~1

Oct

26
19
45

3

2
5

--
2
2

Nov

25
12
37

7

3
10

--
--
—

TOTAL

310

42

Female - New Visits
- Revisits

358

5.2.2 Non-Occupational Accident and Illness

AECL
Male

Female

Others
Male

Female

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

263
169
432

63
30
93

8
6

TA

2
3
5

431
193
6 24

77
34

111

9
2
11

1
—

267
150
417

50
43
93

6
2
8

4
—
~4

301
139
440

52
31
83

6
9

15

--
1
1

286
153
439

47
28
75

7
4
11

2
--
2

2 36

144
380

42
24
66

8
4
12

2
—

2732

521

71

15
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5.3 CLINIC VISITS BY WORK CATEGORIES

June July Aug Sept Oct Nov
ST HR ST HR ST HR ST HR ST HR ST HR

343 261 508 296 336 221 328 255 290 274 269 224

Others

Crawley & McCracken

Attached Staff, etc.
20 12 14 17 15 14

TOTAL
AECL
Office of Vice-Pres.
& General Manager

Office of Dir., Res.

Office of Dir., AR&D

Orrice or Gen. Mgr.,
PA&O

Health Sciences

Chem. & Mat.

Physics

Office of Gen. Mgr.,
Comm. Ops.

AP&RP

Fuels & Materials

Special Projects

Elect. Inst. & Cont.

Quality Assurance

Finance

Info. Services

CREA

Administration

Operations

Plant Design

General Services

Maint. & Const.

Project Mgnt.

--

29

19

33

6

15

55

16

14

3

9

14

—

21

39

23

26

21

—

--

—

—

—

--

—

—

—

—

5

—

—

13

31

--

35

177

3

38

25

45

6

22

67

30

16

2

29

14

3

29

58

40

46

30

—

—

—

--

_ —

—

—

—

--

—

5

—

—

12

30

--

42

207

2 --

— —

28 --

11 —

25 —

11 —

7 —

54 —

21 --

12 —

3 —

12 3

14 —

1 —

20 7

36 29

37 --

24 34

18 148

1 —

2 --

23 --

23 --

34 —

5 —

19 —

34 —

18 —

9 __

4 --

16 1

15 —

— —

25 3

33 35

23 —

29 39

15 177

—

2

19

24

21

2

11

39

19

10

3

19

15

1

22

20

36

15

12

—

—

—

—

—

— _

—

—

—

—

—

7

—

—

19

16

—

50

182

—

3

T

37

6

11

6

9

47

15

11

4

14

15

1

14

21

31

13

15

—

—

—

—

--

—

—

—

—

—

10

—

—

15

12

—

37

145

3

5

5

c,

174

108

169

36

83

296

119

72

19

130

87

6

200

360

190

390

1147

3605

92
3697
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5.4 BREAKDOWN BY INTERNATIONAL CODE

Infectious and Parasitic Diseases

Neoplasms

Endocrine, Nutritional & Metabolic
Diseases, & Immunity Disorders

Diseases of the Blood & Blood-
forming Organs

Mental Disorders

Diseases of the Nervous System &
Sense Organs

Diseases of the Circulatory System

Diseases of the Respiratory System

Diseases of the Digestive System

Diseases of the Genitourinary System

Complications of Pregnancy,
Childbirth & Puerperium

Diseases of the Skin & Subcutaneous
Tissue

Diseases of the Musculoskeletal
System & Connective Tissue

Congenital Anomalies

Conditions Originating in the
Perinatal Period

Symptoms, Signs & Ill-defined
Conditions

Injury & Poisoning

External & Internal Contamination

Factors Influencing Health Status
& Contact with Health Services

June July Aug Sept Oct Nov TOTAL

7

2

6

10

2

1

3

4

2

7

7

7

3

5

4

10

1

34

30

17

5

55

24

74

25

6

— —

5

60

24

80

25

8

4

60

19

56

15

6

2

4

47

33

84

28

1

1

2

59

35

91

29

4

1

1

36

29

94

11

7

1

21

317

164

479

133

32

5

60

30

24

79

33

34

64

27

68

28

50

26

23 26 26

28

33

31

349

177

164

156

7

177

182

5

308

140

—

165

129

1

161

123

—

159

123

2

107

853

15

1077

658 856 590 632 613 518 3867
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5.5 MEDICAL EXAMINATIONS

AECL
Male

Female

Others
Male

Female

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

June

15
1
16

8
2
10

6
1
7

4

~4

July

3

i 
ill

i 
i 

I 
i

2
2

i 
ill

1 
M

l

Aug

1

1
1

2
1

2

~2

Sept

1
4

" 5

2

7

~7

1

Oct

1

"T

M
I 

i
M

I 
i

9

i 
i 

1 i
1 

M
l

Nov

—

M
i 

i
il

i 
i

5
1
ft

i 
i 

| 
i

i 
I|I

TOTAL

26

13

36

7

5.6 NON-OCCUPATIONAL ABSENTEEISM

July
M F

Office of VP -- h — --
& Gen. Mgr.

Off. of Dir., *5 10 -- --
Research

Off. of Dir., -- 1 — --
AR&D

Sept
M F

2 1

Oct
M F

3 1*5

1*2

82

Nov
M F TOTAL

8*5

14

Off. of Gen.
Mgr., PA&O

Health Sci.

Chem. & Mat.

Physics

Off. of Gen
Mgr., Comm.
Ops.

AP & RP

Fuels & Mat.

Spec. Proj.

EI&C

Qual. Assur.

Finance

18*5 20

833

42*5 6

•5 4

45 22

46 8

51

19^ 25*5 25*5 12 27*5 21*5 38 22

17*5 10 35 8 41*5 11 48 13*5

31*5 9*5 31 10*5 41*5 10*5 45*5 19*5

4 3 3 3 6*5 2b 8 3

20*5 2 26 7

103 14 86 12

23*5 7*5 17*5 3

17 3*5 20 5*5

4*5 2 9 2

26 19 2 3 35*5

10*5 8

41 39

19*5

20

11

30 5 12*5 7 25 4*5

58*5 14*5 79 20 117*2 16

30 3*5 18 4*5 14 2

11 2*5 25*5 4 24*5 5

12 20

3 3 11

8*5 20*2 32

1*5 10*5 --

40*5 28*5 20*2

2*5

297

279*5

311*5

44*5

158

600*5

149

141*5

59*5

296

(continued)
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5.6 NON-OCCUPATIONAL ABSENTEEISM (continued)

June
M F

Total brought
forward

Info.

CREA

Admin.

Serv. 8b

lb

15b

Operations 62

Plant Design 44

Gen. Serv. 32b

Main.

Proj.

5.7

5.7.1

AECL
Male

Female

Others
Male

Female

& Con. 29b

Mngt.
483

20b

b
sb
8

22

21

2

—

177

July
M F

5

4

29

87 b

51

46b

68

1
618

LABORATORY PROCEDURES

X-Ray Department

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine

- Special

June

27
23
50

—

::

14b

—

21

50b

22

nb
3

--

235

JuL

42
40
82

3

::

Aug
M F

8b 11

2b "-

10 9b

78 7

47 6b

35b 15b

28b 3

lb --
398b 179

f Aug

15
24
39

1 
C

M
 

C
M

 
1 

.—
* 

f.—
1

1 
1 

1

j

Sept
M F

3b

3b

19

7 9b

37

34

lib

1
438

Sept

30
19
49

1 
C

M
 

C
M

 
1 

I
I

I
1 

1 
II 

1

::

18

--

18

lib

7b

35b

7

-_

185 5

Oct

44
19
6 3

1
1

1

"T
--

Oct
M F

7b

1

9b

84

38

61

37

2
39

3 3b

2

20b

21

4

24

Ib
—

233

Nov

24
26
50

1
1

—

Nov
M F

5 19

1

12b 16b

92b 38

50 10b

24b 22b

31b 3

3
580b 217

TOTAL

333

9

2

TOTAL

2369

154b

16

186b

619b

339b

364

225b

8b
4283

1
345
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Total brought forward 345

5.7.2 Haematology

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

June

53
11
64

28
_8
36

7

4
2
6

July

66
10
76

7
7

14
i |

 i 
i

I
|

I 
i

—

Aug

62
21
83

14
10
24

—
i |

 i 
i

M
i 

i

Sept

72
31

103

9
11
20

M
l 

1
M

l 
1

Oct

77
33

no

9
6

15

2

~2

i 
i 

| i
i 

i 1 i

Nov

71
30

101

6
4
10

—

i 
.—

111—
i

i 
|

TOTAL

537

119

9

7
672

5.7.3

AECL
Male

Female

Others
Male

Female

Urine

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

52
2

?4

25

25

7

3

~3

6 5
1

66

7

~~7

—

1 
1 

1
1 

1 
1

59
6

65

12

L2

—

1 
1 

| 1
1 

I
|

I

70
5

75

9
1
10

1 |
 

1 
1

M
l 

1
I

I
I 

1
I

I
I 

1

74
11
8?

8
1

2

M
i 

1
1 

1 
1 

1

67
8
75

5

~5

M
i 

1
1 

1 
1 

1

1
1

420

68

1518
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5.8 TOTAL HOSPITAL PROCEDURES

June July Aug Sept Oct Nov TOTAL

Audiometric Tests

Blood Pressures

Clinic Procedures

Electrocardiograms

Eye Examinations

Laboratory Procedures

Medical Examinations

Respiratory Function Tests

60

__

624

5

53

252

37

39

67

13

816

18

38

248

7

37

40

38

571

12

20

227

7

11

47

28

600

7

23

259

15

29

37

48

579

11

22

288

10

33

25

56

507

12

21

244

6

21

276

183

3697

65

177

1518

82

170

1070 1244 926 1008 1028 892 6168
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