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1. TOPICAL SUMMARY

TRITIUM HEALTH AND SAFETY

by

J.R. JOHNSON

This topical summary will briefly review research and development work
being carried out in the Health Sciences Division on the health and safety aspects
of tritium. This review is divided into five sections (instrumentation,
environmental studies, metabolism, dosimetry and health effects) mainly for
convenience, as often there is not a clear cut division between any of the
sections.

Instrumentation

Canadian development of instruments to measure tritium began at Chalk
River more than 30 years ago. Initially, essentially all tritium monitoring
(including bioassay and environmental sampling) was done using gas chambers.
However, once liquid scintillation detectors became available, most of the
measurements of tritium concentrations in samples were done using this technique,
and instrument development concentrated on the "real time" measurements of tritium
concentration in air and in liquid effluents.

One of the main difficulties that must be overcome in tritium instrument
development is that the very low energy tritium beta ray must often be detected in
the presence of other radioactive gases that emit much higher energy radiation, and
in the presence of high (and variable) gamma fields. This requirement to measure
such a low energy beta ray also causes difficulty in liquid effluent monitoring as
the liquid must be brought essentially into contact with the detector (often a
plastic scintillator) resulting in fouling and subsequent reduction in performance
with time.

Several methods have been used to provide immunity against radioactive
gases. These include vapour to liquid exchange and various uses of desiccants or
other dryers. A monitor has been developed recently which uses the selective
permeation of water vapour through a permeable membrane. This monitor was
originally developed to discriminate between HT gas and HTO vapor, but is also
useful in discriminating between HTO vapour and other radioactive gases. However,
except for stack monitoring, the problem of the presence of other radioactive gases
has not been a major problem at the Chalk River Laboratories.

Suppression of the response to gamma fields has been achieved in monitors
by incorporating two concentric ion chambers with the inner (sealed) chamber
providing the gamma compensation signal. The concentric configuration minimizes
the response of the tritium monitor to nonisotropic and high gradient gamma fields.
Hence, this concentric chamber design has an improved performance over separated
ion chambers but is achieved at a cost of a more complex mechanical assembly.

Recently attention has turned to monitoring requirements in tritium
extraction plants and fusion facilities. The main problem to be overcome in
tritium extraction plants is the need to measure HT gas and HTO vapour separately
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because of their greatly different hazards, (HT is about 10^ times less hazardous
than HTO). The difficulties of tritium monitoring problems around fusion
facilities are expected to be increased. Specifically expected are:

- high concentrations of air activation products
- large pulsed neutron fields
- high gamma and x-ray fields, both due to the operation of the machine

and also to the activation of the structure
- high pulsed electromagnetic fields
- the presence of tritium as HT gas, HTO vapour, as tritiated methane or

other tritiated hydrocarbons, and perhaps as tritiated aerosol (metal
tritides and tritiated pump oil mists

possible high levels of surface contamination-

Work is underway to address these problems.

Currently research and development on tritium monitors is supported by a
contract from the Canadian Fusion Fuel Technology Project which also funds
development work in the Electronics Branch (Electronics, Instrumentation and
Control Division).

Environmental Studies

Environmental studies involving tritium have been conducted at CRNL since
the mid fifties. Use has been made of naturally occurring tritium from nuclear
bomb tests and tritium from small releases from CRNL facilities and from the NPD
reactor at Rolphton to study continental and regional water cycles, local
dispersion of tritium in air and in groundwater, and uptake and retention of
tritium in vegetation.

Measurements on precipitation, vegetation, groundwaters of the Waste
Management Areas and waters of lakes and streams of the area are being used to
estimate the dispersion of tritium around CRNL and NPD. Individual liquid
discharge streams within the CRNL facilities are sampled and analyzed daily or
weekly depending on past experience. Integrated monthly samples of the Ottawa
River above and below the NPD and CRNL sites provide estimates of the total tritium
discharge from each site. These estimates correspond reasonably well with the sum
of the individual discharges. Small streams and lakes (about 70) within a 10 km
radius of the inner plant area of CRNL are sampled once a year to detect any
unsuspected change in local discharge. Concentrations in those samples have
changed very little over eight years indicating steady state distribution over the
area.

Concentrations of tritium in precipitation range from 1200 Bq L"1 in
the vicinity of the CRNL plant buildings and reactor stack to background levels
resulting from natural and residual bomb fallout tritium at distances greater than
30 km. The deposition plume has been delineated by analyses of integrated snow
cores taken at the end of the winter period and analyses of free water of
vegetation. The mean wind pattern in the area around CRNL has resulted in an
elongated plume about 90 km long by 30 km wide extending up and down the Ottawa
River valley from the combined CRNL-NPD sources.
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Recently a study of the relative dispersion of atmospheric HTO vapour and
HT gas has been initiated. Preliminary measurements have shown elevated levels of
HT in the vicinity of some CRNL buildings. Further measurements are underway to
establish whether this HT originates primarily from the reactors or from the
electrolysis plant, and to study the relative persistence of HTO vapour and HT gas
in the atmosphere. This study will provide base line data for the detection of any
HT discharges from the Tritium Extraction Plant now under construction.

It has been suggested that the tritium in atmospheric HT might be
assimilated directly into organic components of vegetation by some undefined
process, producing a higher ratio of organically bound tritium to tritiated water
(OBT/HTO) in vegetation than that produced from atmospheric HTO. OBT/HTO ratios
have been measured in pine needles and in maple and poplar leaves from areas near
the reactors and the heavy water upgrading plant at CRNL, where higher HT/HTO
levels should exist than at other sites around CRNL. Measured OBT/HTO ratios
ranged from 0.8 to 2.5, similar to values observed at other locations, indicating
that the tritium is not assimilated directly into vegetation. However, firm
conclusions await more extensive measurements of tritium in air (as HT and HTO) and
in vegetation (as OBT and HTO).

Tritium Metabolism

Work was done at CRNL on the uptake and retention of HTO in humans in the
1960's. This work, and that performed elsewhere and reported in the literature,
gives us confidence that the metabolism of HTO, including its incorporation into
sensitive biological molecules, is well enough understood for radiation protection
purposes, and that absorbed doses from HTO exposures can be calculated from tritium
concentrations in urine. However, the planned use of high concentrations of HT at
CRNL and elsewhere resulted in a review of possible intake routes from this
compound. Two possible routes were identified. The first was the direct inhalation
of HT, and the subsequent conversion of the tritium to HTO and perhaps other
compounds. The second was the uptake of tritium through skin following contact
between intact skin and HT contaminated surfaces. Studies of both of these routes
have been undertaken, with partial support for this work obtained from the Canadian
Fusion Fuels Technology Project.

The work on inhaled HT is completed. Studies of the uptake of HT in rats
indicated that if any organically bound tritium was produced directly from HT, its
contribution to dose was negligible compared to the dose from the HTO produced in
vivo from the HT. Studies with human volunteers were performed to give an estimate
of the fraction of inhaled HT that is converted to HTO in vivo, and hence to give
estimates of the dose from HTO as a function of the amount of HT inhaled. It was
found that the contribution to dose from the in vivo produced HTO was significant,
accounting for approximately one half of the effective dose equivalent.
Approximately one half of the effective dose equivalent results from the tritium
(as HT) in the air in the lung, and there is a small (less than 10%) contribution
from the HT dissolved in body fluids.
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The work on HT uptake through skin from HT contaminated surfaces has just
begun. The flanks of hairless rats have been brought into contact for short
periods with aluminum, brass and stainless steel surfaces that had been exposed to
HT gas. Both HTO and organically bound tritium has been observed in urine. A
study is now underway to measure the retention and excretion of this organic
component of tritium in urine with the objective of developing a suitable
dosimetric model.

Tritium Dosimetry

If the retention of tritium in the various organs and tissues can be
calculated, their average absorbed dose can also be calculated. However, it is the
dose equivalent that is used to assess risks from ionizing radiation, and for
comparison with regulatory limits. The dose equivalent is calculated from the
absorbed dose (D) from the well known formula

H = QND

where Q is the quality factor and N is the product of other modifying factors.

Traditionally, Q for tritium was based on linear energy transfer, and a
value of 1.7 was selected relative to a value of 1 used for 200 kVp X-rays. More
recently, the results of biological experiments to measure the relative biological
effectiveness (RBE) cf tritium compared to X-rays were reviewed by ICRP and other
organizations, and these reviews lead to a reduction of the value of Q for tritium
to 1. However, measurements of RBE values between 1 and 3 are often reported.
Some discussion of this subject is given in the health effects section.

The value of N has been taken as unity by ICRP for all ionizing radiation
in all tissues. The validity of this assumption for tritium has been examined as
part of a review of tritium dosimetry and toxicity. Two modifying factors that
might be considered for tritium are distributional effects, and transmutational
effects. Distributional effects may arise because the average range of the tritium
beta ray is about 2 urn. Hence if the concentration of the tritium in cell nuclei,
which have diameters between about 4 ym and 8 ym, is greater than in the
surrounding water in the cell, the cell nucleus will receive a higher dose than the
average dose to the cell. Transmutational effects may arise if tritium is bound in
particular sites in the DNA coding molecules, resulting in larger effects in its
decay to ^He than one would expect from the ionizing radiation alone. Both of
these potential modifying factors can be large under conditions that are thought to
exist only in experiments designed to optimize their effects. They are calculated
to be small when uptakes of HT or HTO are considered.

Health Effects

The main thrust of the work at CRNL on the health effects of tritium in
recent years has been towards obtaining good estimates of its RBE, relative to 200
kVp X-rays, with cancer as the biological endpoint. Other work has included the
effects of tritium bound in the nucleus of yeast cells, and the effects of tritium
and other low LET radiations on gene conversion and mutation in yeast cells.



- 5 -

A large study of the RBE of tritiun (as compared to 200 kVp X-rays) for
the acceleration in the appearance of mammary tumors in female Spraque-Dawley rats
has recently been completed. This study, involving about 1600 rats, and taking
about 3 years to complete, resulted in an RBE that was indistinguishable from
unity, the exact value of the RBE depending on the actual calculational procedure
used (animals with tumors, total tumors, or time to 50% of animals with tumors).
An RBE value as high as 1.5 was excluded at the 95% confidence level for all
calculational procedures.

While the results of this study are useful in furthering our knowledge of
the carcinogenic effects of tritium as compared to other radiation types, it would
be useful to have results from experiments that use the induction of cancer as an
endpoint, rather than the acceleration of its appearance. It would also be useful
to study a cancer type which has been induced in humans by radiation. Acute
myeloid leukemia is one such cancer, and the feasibility of carrying out a tritium
RBE in the male CBA/H mouse, with this cancer type as an endpoint is under
consideration.

Some of the work on gene conversion was initiated because modern
microdosimetric theories give predictions that depend on the size of the biological
target, and since it is thought that gene conversion should result from damage to
small targets, it should be possible to use this endpoint to carry out accurate RBE
experiments. When this was done, no difference was observed between 50 kVp X-rays
(which have an LET higher than tritium and hence, if an LET based theory is
correct, should have a higher RBE) and Co-60, indicating that LET may not be a
valid parameter for estimating the effectiveness of a particular radiation for this
endpoint.
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1.1 Verbal Presentations - A.M. Marko

"Underlying Research - CRNL Biology", presentation to the AECL R&D Program
Committee, CRNL, 1984 January 04.

Discussions with R. Burton and R. Deslauriers, Carleton Productions, Ottawa
- CRNL, 1984 January 11.

"Overview of Health Sciences Division", presentation to Ing. Ignacio
Maldonado R, Instituto de Investigationes Nucleare (HE), Mexico - CRNL,
1984 January 19-20.

Discussions with Dr. F. Flowers, K. Switzer, A. Brassard, K. Stewart,
Canadian Council of Animal Care - CRNL, 1984 February 15.

"Overview of Health Sciences Division - CRNL", presentation at the Boris
Kidric Institute, Belgrade, Yugoslavia, 1984 May 14.

Presentation to Tektrend International Limited, CRNL, 1984 June 20.

Information Exchange Meeting, AECL/AECB, CRNL, 1984 June 20-21.

Interviewed by Bob McDonald, CBC Radio, for "CBC Morningside Program",
CRNL, 1984 August 20.

Presentation to Commonwealth Science Council, CRNL, 1984 September 08.

"Radiation Risks and Standards", presentation to 26th Annual Radiation
Protection Course, CRNL, 1984 October 1-5.

Presentation to Members of Quebec Association of Radiotherapists, CRNL,
1984 October 12.

"Biological Effects of Radiation", presentation to IAEA Training Course on
Technology of Water-Cooled Reactors, CRNL, 1984 October 13.

Discussions with Sir Edward E. Pocbin, National Radiological Protection
Board, England, - CRNL 1984 October 19.

Discussions with W. Jacob!, Institut für Strahlenschutz, Germany and A.C.
James, National Radiological Protection Board, England - CRNL, 1984 October
23.

1.2 A.M. Marko was the Canadian Representative, United Nations Scientific
Committee on the Effects of Atomic Radiation, Vienna, 1984 June 25-29.
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2.1 STAFF

W.G. Cross
H. Ing

Branch Head
Secretary

G. Cowper t
N.L. Hayward

Assistants: A. Arneja
P.J. Bunge
K. Cundari
N.O. Freedman

A.R. Jones

R.G.C. McElroy

Assistants: A.H. Ohno
W.F. Richter

Assistants: M- Wood
R.A. Surette

R.M. Holford

Draftsman

Personnel Monitoring

B.A. MacDonald(l)
J.H. Sneddon(l)

J.M. Vincent
T. Romaniszyn(2)
C. Thibeau(3)

(1) On loan from Drawing office
(2) Transferred to Electronics Branch, 1984 December 03
(3) Started in Branch, 1984 November 19

National Summer Students

R.W. Mitchell, supervisor A.R. Jones, arrived 1984 May 01, terminated 1984
August 16.

M. Gibb, supervisor H. Ing, arrived 1984 May 07, terminated 1984 August 31.

Local Summer Student

T-L. Mohns, supervisor A.R. Jones, arrived 1984 May 08, terminated 1984
September 04.

Waterloo Student

D. Pecena, supervisor R.M. Holford, arrived 1984 April 30, terminated 1984
August 31.

" Mr. Cowper retired on 1984 December 21. Following his retirement, the Health
Physics Branch and the Biomédical Research Branch, have been combined into a
single Branch, called Dosimetric Research Branch, headed by J.R. Johnson.
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2.2 NEUTRON DOSIMETRY

2.2.1 CR-39 Detectors
2.2.1.1 The Response of CR-39 Detectors to Lov? Energy Protons -

W.G. Cross, A. Arneja an«? H. Ing

Preliminary experiments on the response of CR-39 damage track detectors
to protons below 150 keV were described in PR-HS-17. These experiments have now
been improved. The crossed-field electrostatic and magnetic filter used to analyze
the beam from the accelerator has been replaced by a 30° magnetic analyzer. While
the unanalyzed beam contains only a few percent of heavy ions (N , 0 , H2O ) the
Z^-dependence of Rutherford scattering would make them an important component of
the beam scattered from a thin Au foil, if analysis were not used. As it is, the
scattered beam contains less than 1% "impurities". For protons above 100 keV the
intensity of scattered protons was measured with a surface-barrier detector: at
lower energies it was deduced from the beam current and 1/E^ dependence of
Rutherford scattering.

The CR-39 was electrochemically etched as described previously. With
this procedure, the efficiency for detecting proton tracks was measured as a
function of proton energy. Between 145 and 30 keV the efficiency for normally-
incident protons is 100 + 5%, while at 20 keV it is about 30%. The efficiency
below 30 keV can be increased by raising the etching electric field. At 45 keV/cm,
for example, about 20% of 10 keV protons can be detected. However, this
improvement is accompanied by a higher background. Electrochemically-etched
tracks, seen under the microscope, have the same diameter and shape whether the
protons are 10 keV or 150 keV. The detection efficiency for protons above 30 keV
is constant for angles of incidence out to 30° but the complete angular response
has not yet been determined.

These results imply that the response of CR-39 neutron dosimeters will be
reasonable down to 30 keV or less.

2.2.1.2 The Response of CR-39 Detectors to Protons of 0.5 to 2.5 MeV -
W.G. Cross, A. Arneja and H. Ing.

Previous measurements (1) have shown that, for a given amount of etching,
there are upper and lower limits on the energies of protons that produce
electrochemically-etched tracks. As the amount of etching increases, so do both
these limits. Experiments are now in progress to determine these limits
quantitatively. Protons of 2.85 MeV were produced by the d(d,p)t reaction and
lower-energy protons were obtained by passing these through Al absorbers. Energies
and intensities of the protons were determined with a surface barrier detector. We
wished in particular to establish the upper energy limit for the electrochemical
etching conditions used to detect protons below 30 keV. Preliminary results show
that this limit is about 2.5 MeV. The response to protons at different angles of
incidence is also being investigated.

(1) W.G. Cross, A. Arneja, and H. Ing., Nucl. Tracks, §_, 109 (1984).
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2.2.1.3 Calculated Variation of Che Response of CR-39 Dosimeters with Neutron
Energy - W.G. Cross and H. Ing

The number of recoil proton tracks/neutron and the track density/Sv in
CR-39 have been calculated as a function of neutron energy from 20 keV to 15 MeV.
The model used applies specifically to electrochemically-etched detectors. It
assumes 100% efficiency for detecting protons between upper and lower energy limits
E m a x and E m^ n, having angles of incidence Û 0 , and zero efficiency
outside these limits. Typical values are PQ = 30 to 40°, Emin = 50 keV and
T̂nax = ^ MeV. Recoil protons originating in both the etched layer and in an
external hydrogenous radiator of various thicknesses were considered.

The results show that the response curve has 2 maxima - at around 1.4
Iimin and 1.3 E m a x. Above the upper maximum, the response for a thick
radiator decreases with energy nearly proportional to the (n,p) cross section. For
various amounts of etching, which determines the values of Emax and E mj n,
the calculated responses are in reasonable agreement with those measured by
Griffith et al. (1), although the latter do not extend to low enough energies to
show the low energy maximum.

When a thin radiator is used, the high-energy response drops sharply at
an energy related to the range of protons in the radiator. The effect of
non-hydrogenous proton-energy absorbers between the radiator and CR-39 was also
investigated. By combining a thin radiator, a thin absorber and a thick radiator
the flatness of the energy response at high energies can be improved considerably.
Alternatively, by using various absorbers and thin radiators, one obtains a set of
detectors each responding over only a fairly narrow energy band and thus providing
the possibility of neutron spectrometry.

2.2.1.4 Response of CR-39 Dosimeters to 2.8 and 14.7 MeV Neutrons -
W.G. Cross and H. Ing.

Measurements by Tommasino, et al. (2) of the energy response of
electrochemically-etched CR-39 dosimeters show a relatively small variation in
response/Gy between 1.5 and 15 MeV, in disagreement with our calculated response.
To determine which result was correct, we have meaured the relative response to 2.8
MeV neutrons from the d(d,n)-*He reaction and 14.7 MeV neutrons from the
t(d,n)^He reaction. The fluence of 2.8 MeV neutrons was determinated by the
l"In(n,n')H!>In

m activation reaction and that of 14 MeV neutrons by
5^Fe(n,p)5"Mn. The results show that the density of tracks/Gy is about
3.7 times higher at 2.8 MeV, in approximate agreement with the calculations.

2.2.1.5 Ranges of Protons in CR-39 Plastic - W.G. Cross and H. Ing

The path lengths of protons of various energies in CR-39 were calculated.
At each energy, the electronic and nuclear stopping powers of H, C and 0 were
calculated from the formulae and parameters given by Anderson and Ziegler (3) and
were combined, with the assumption of additivity, to give the stopping power of

(1) R.V. Griffith, J.H. Thorngate, K.J. Davidson, D.W. Rueppel, J.C. Fisher,
L. Tommasino and G. Zapparoli, Rad. Prot. Dos. ±, 61 (1981).

(2) L. Tommasino, G. Zapparoli, P. Spiezia, R.V. Griffith and G. Espinosa, Nucl.
Tracks B_, 335 (1984).

(3) H.H. Anderson and J.F. Ziegler, The Stopping and Ranges of Ions in Matter,
Vol. 3, Pergamon, New York, (1977).
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CR-39, which was taken to have the composition (H^8c12°7)n' T n e

integral of the reciprocal stopping power (the mean path length) was assumed to
equal the range. Similar calculations for polyethylene gave ranges that agreed
with those of Janni (1) to within about 1%.

2.2.2 Bubble Damage Polymer Detectors - H. Ing and K. Cundari

Investigations into the properties of the bubble damage polymer detector
are continuing, with temperature dependence, stability in time, energy dependence
and thermal neutron response. This detector continues to hold promise as a useful
personnel neutron dosimeter, and in other applications.

2.2.3 Testing of ROSPEC Using Monoenergetic Neutrons -
H. Ing, W.G. Cross and P.J. Bunge

ROSPEC is a microcomputer-based transportable neutron spectrometer
(PR-HS-16) which allows for unfolding of spectral data at the push of a button.
The four spherical proportional counters which are an integral part of ROSPEC have
been calibrated with various sources (monoenergetic and distributed in energy) at
different times during the evolution of the spectrometer. However, the final
version which includes direct unfolding has not been tested.

ROSPEC was therefore tested using 157, 465, 850, 1150, 1490 and 2990 keV
neutrons produced using a Van de Graaff accelerator at D.R.E.O. The fluences were
calibrated using a long-counter in combination with a high-resolution -̂ He
spectrometer. ROSPEC was also tested using 2500 keV neutrons produced by a neutron
generator and calibrated against 103Rh(n,n')103mRh and
l15ln(n,n')115mln activation detectors.

The unfolded results from ROSPEC showed well-defined peaks at the correct
energies. For 3 of the counters which covered the energy range up to 1.5 MeV, the
measured fluences were in good agreement with reference values. However, for the
large SP-6 counter which covered the range 1.0 - 4.5 MeV, the measured fluences
were substantially lower (by - 40%) than the reference values. The cause of this
disagreement is not known; it may indicate that this counter is leaking gas.

2.3 THERMOLUMINESCENCE DOSIMETRY

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

Tests made with the 5 watt laser led to its return LO the manufacturer
for repair when it was found that its output was unstable. Following repair, the
influence of beam size on heating of the TLD was studied. Because the 5 W beam
power available is more than enough to heat the TLD with sufficient speed, it is
possible to trade heating rate against beam uniformity by beam spreading. Beam
uniformity is desirable to make the heating rate more uniform over the area of the
TLD and to reduce the need to position the TLD accurately.

Two means were examined for spreading the beam - a) by increasing the
laser to TLD distance, b) by interposing a germanium lens. The second method is
more attracive since the first would require enlarging the TLD reader.

(1) l.F. Janni, Proton Range-Energy Tables 1 keV - 10 GeV, Part 1, Compounds.
Atoi... Data and Nucl. Data Tables, 2]_, L50 (1982).
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In practice, it was found to be most convenient to operate without beam
spreading to reduce heating to the TLD support. This underlines the importance of
the design of the support which must withstand the reading temperature, isolate the
TLD (thermally) and have low light output when heated. The material which shows the
most promise is teflon.

To measure heating rates of the TLD without the teflon support the TLD
was supported with a 0.25 microthermocouple inserted into a hole drilled in the
central plane of the TLD. The temperature of the thermocouple rose linearly with
time so that the time and temperature glow curves could be simply related and
therefore the TLD glow-curve plotter used for simple analysis of the performance of
laser heaters.

Heating the thick (0.89 mm) TLD mounted in a teflon mount the glow curves
were read out in 9 seconds. After first exposing the TLD at the 1 rad level and
reading it three times a third reading equivalent to 7 mrads was observed (in the
absence of nitrogen) and a percentage residual of 0.2% was measured where

. , , (reading # 2 - reading it 3) . _„„.
residual percentage = -. . b & ,, ; x 100%

° (reading # 1 - reading # 3)

This residual was quite low since the TLD was heated with a narrow beam
and could therefore not have been uniformly heated.

In the course of studying the effect of beam size, it was noted that the
laser emitted some visible light as well as the high power infra-red beam.
Consequently it is necessary to use a filter opaque to visible light and
transparent to 10.6 pm light. When a germanium lens was not used for beam
spreading, a thin slab of silicon proved satisfactory.

Irradiation of Personal Dosimeter used by Canadian Dosimetry Services -
A.R. Jones and A.H. Chno

Irradiation of personal dosimeters (TLD) have been carried out for the
AECB to permit a comparison between the existing dosimetry services in Canada.

The dosimeters were exposed to ,— and X-rays of various energies while
mounted on the Alderson phantom. Other dosimeters were exposed to r—rays (filtered
9OSr/9Oy) held in a jig whose outpu' had been measured by PTB, West
Germany. Still others were exposed to mixtures of ß-rays and photons.

The delivered exposures of Y- and X-rays were measured with an 'Ionex'
ion chamber which has been calibrated at N.R.C.

2.3.2 TLD Glow-Curve Plotter - R.M. Holford and T. Romaniszyn

The revised sealer board and algorithm for this unit (described in the
PR-HS-17) has been successfully tested. Trial programs have been written to use
this board mounted into the Cosmac development system and glow curves have been
successfully plotted on the development system's printer. A library of typical and
abnormal glow-curves, at various dose levels, has been assembled on a floppy disc.
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Several features need further work, however, before a practical
instrument can be offered as an accessory to the TLD reader:

(i) The current method of disc storage simply uses a utility 'memory dump'
routine to save the raw data. This method requires 13K bytes of disc space per
plaque. By careful elimination of redundant information and excess precision, it
should be possible to reduce the storage requirement to less than IK bytes per
plaque, allowing several hundred curves to be stored on a single disc.

(ii) The existing printer is slow and cumbersome, and the ribbon wears out
rapidly in the graphics mode. A more suitable printer, using 4-inch wide thermally
sensitive paper, has been purchased for evaluation as an alternative.

(iii) Careful software design is required to ensure that the plotter can enter
and store data at the normal working rate of the TLD reader (about 3 plaques per
minute). Ideally, it should also be possible to plot selected curves from previous
readings at the same time as new data are being collected.

2.3.3 Experience with First Full-Scale Test of Quality Assurance of Personal
Dosimetry - A.R. Jones

All personnel dosimeter holders have been filled with an unmounted TLD
adjacent to the plaque mounted TLDs for 14 weeks. At the end of the period, 44
pairs of unmounted TLDs, selected randomly, were read for comparison with the
accumulated doses on the plaque mounted TLDs.

76/88 of the pairs of readings agreed with the predicted limits of
agreements but the remaining 12 were discordant. In these 12 pairs the following
was observed:

- The plaque TLD reading was always much higher than the unmounted TLD
reading

- In 11/12 of the cases the unmounted TLD reading was quite small
( 20 tnrem)

There are three possible explanations under investigation.

The plaque TLD readings are too high.
The unmounted TLD readings are too low.

- The pairs are mismatched.

At this stage, the third explanation seems the most likely.

2.3.4 International Comparison of Environmental Dosimetry - A.R. Jones

Dosimeter packages (TLD) of the type used at CRNL and Radiochemical
Company for measurement of environmental exposures have been exposed at Idaho Falls
to -rays delivered in the laboratory and out-of-doors. The exposures have been
calculated and submitted for comparison with other participants.

2.4 BETA DOSIMETRY

Nothing to report.
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2.5 TRITIUM MONITORING

2.5.1 Tritium Monitor Development Program -

R.G.C. McElroy, M.J. Wood, R.A. Surette, E.C. Davey*, R-T. Faught*,
R.J. Booth* and S. Kupca* (Sponsored in part by CFFTP)

Chalk River and the Canadian Fusion Fuels Technology Project (CFFTP) have
recently agreed to a joint program to develop tritium instrumentation. The
principal objective of the program is "to ensure the availability of instruments
needed for the safe and economic operation of power reactors and tritium handling
facilities..." The secondary objectives are:

- to transfer CRNL R&D expertise to Canadian manufacturers;
- to sustain and enhance the Canadian reputation in tritium handling

technology, and

- to enlarge the support base for tritium related projects.

This program meets the needs and objectives of both parties.

2.5.2 Discriminating Tritium-in-air Monitor -
R.G.C. McElroy, R.A. Surette, E.C. Davey* and R.T- Faught*
(Sponsored in part by CFFTP)

CRNL has developed a laboratory prototype monitor capable of

discriminating between tritiated hydrogen (HT) and tritiated water vapour (HTO) to
better than 1 part in 5000. This monitor has been in continuous operation since
January 1982. The present program is to develop an industrial quality version of
this monitor.

Electronics Branch is responsible for this project; Health Physics Branch
is involved in a consulting role. During this half we have clarified some of the
design decisions behind the original monitor and commented on proposed changes.
However, since it is planned to use the area monitors (see below) as building
blocks for this monitor, most of the present effort is being directed to the area
monitor project.

2.5.3 Tritium Area Monitor -

R.G.C. McElroy, M.J. Wood, R.A. Surette, B.A. Mao.Donald, E.C. Davey* and
R.T. Faught* (Sponsored in part by CFFTP)

The purpose of this project is to ensure the commercial availability of a
simple ion chamber based area tritium-in-air monitor. Electronics Branch has
overall responsibility for this project. Health Physics Branch is mainly involved
in a consulting role but is responsible for the electrometer and ion chamber
design.

The overall conceptual design has been completed (previous progress
report Section 2.5.4). A contract to do the engineering design has been awarded to
Scintrex. The first prototype monitor is scheduled to be delivered to Chalk River
for testing by 1985 March 31.

Two design review meetings have been held with Scintrex. The design and
acceptance test procedures will be finalized at a meeting in January.

* Electronics Branch
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An electrometer has been designed specifically for this monitor.
Preliminary artwork, parts list and sketches have been forwarded to Scintrex.
Official documentation is being completed and will be forwarded when available.
Our initial tests indicate that this electrometer has better temperature
characteristics than our previous designs.

2.5.4 Electrometer Developments - M.J. Wood and R.G.C. McElroy
(Sponsored in part by CFFTP)

The success of an ion chamber based tritium monitor is often limited by
the performance of the electrometer. This project is a continuing review of
electrometer design and components.

During this half we performed a review of available MOSFETs and their
temperature characteristics. We were unable to identify any recently developed
devices that promised better performance than our previous choices. We did
however, improve our understanding of the temperature variation of MOSFET
parameters. This was used to advantage in the new electrometer design for the area
monitor.

We also investigated various reed relays for use in electrometers and
were able to improve upon our previous choice. We were able to reduce somewhat the
transients caused by these devices.

2.5.5 Modulated Flow Tritium-in-air Monitor -
R.G.C. McElroy, M.J. Wood and R.A. Surette
(Sponsored in part by CFFTP)

We have begun and largely completed a series of tests to characterize the
laboratory prototype modulated flow tritium-in-air monitor. The results are
summarized below.

We have shown the monitor to be linear at least over the concentration
range from 0.3 (MPC)a to 60 (MPC)a. The data does not show any evidence of
curvature at either end of the measured range. When the data is extrapolated to
zero concentration, a small positive reading is predicted. This is consistent with
the readings obtained when monitoring a clean environment. The source of this
small offset is not known but it is not large enough to significantly reduce the
effective range of the instrument; it can reliably measure tritium-in-air
concentrations down to < 0.1 MPCa. These tests confirmed that the calibration of
the monitor is dependent upon the flow rates. A mass flow controller was added to
reduce this source of error.

The monitor shows good immunity to gamma rays with the following
proviso: fast changes in the gamma exposure rate can cause large spurious
responses, but steady gamma fields do not cause serious problems. In one test, a
gamma exposure rate of 235 mR/hr caused a 12 MPCa error in a concentration of 35
MPCa. This represents a 99.5% suppression of the response to gamma fields.
However, there was a transient error of 80 MPCa. This occurred during the
modulation period following both the switching on and switching off of the gamma
field. Such an error represents a gamma suppression of about 96%. (A gamma
suppression of at least 95% is required to ensure that a gamma field does not mask
the presence of an equal or greater hazard HTO-in-air concentration. This monitor
meets this requirement even during the spurious transient response.)
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The response to a steady HT-in-air concentration is down by a factor of
about 100 from that for HTO-in-air. The suppression of the HT response is limited
by the small but measurable holdup of HT in the silica gel columns. Some
improvement is possible by providing a compensating ballast in the "wet" flow.
More tests are required, however.

2.5.6 Wet Proofed Catalyst Bubbler System - M.J. Wood and R.G.C. McElroy
(Sponsored in part by CFFTP)

This project is to demonstrate the utility of the CRNL developed wet-
proofed catalyst in a bubbler system that will discriminate between tritiated water
vapour (HTO) and tritiated hydrogen (HT). Such a system should eliminate the need
for a furnace for the oxidation of the HT.

We have established the general design for such a system and have
approached Chemical Engineering Branch for assistance in choosing a suitable amount
and form of catalyst for this application.

2.5.7 High Sensitivity Portable Tritium-in-Air Monitor
- M.J. Wood and R.G.C. McElroy

A high sensitivity (0.1 MPCa or better) portable tritium-in-air monitor
is desirable in many applications. No such monitor is presently available. This
project is to develop such a monitor.

2.5.8 Tritium Monitoring Insturnentation for the Chalk River Tritium Extraction
Plant - R.G.C. McElroy and R.A. Surette

The tritium instrumentation requirements of the Chalk River tritium
extraction plant have been clarified and a schedule to ensure their installation
arrived at. Some time was lost during this half in discussions with other groups
over whether the plant should employ convention 4-20 mA current loops or digital
communications. It was eventually decided to proceed with the conventional
technology but in a way that would allow the subsequent demonstration of the more
modern system.

2.5.9 Modify Scintrex 209 Tritium Monitor to Provide HT Response Suppression
- M.J. Wood and R.G.C. McElroy

This modification is not required for the Tritium Extraction Plant before
mid 1986. Consequently, this project received little effort this half. However,
some potential components were identified and will be evaluated. The actual
implementation of this modification appears straight forward and no difficulties
are anticipated.

2.5.10 Trltium-in-Water Monitor at NPD - R.A. Surette

The tritium-in-water monitor at NPD GS now appears to be operating
satisfactorily again and no further involvement is expected in the immediate
future.
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2.5.11 Tritium Safe Handling Course - R.G.C. McElroy
(Sponsored by CFFTP)

A lecture on tritium monitoring was delivered four times this half as
part of two separate Tritium Safe Handling Courses which were run by CFFTP. All of
these lectures were delivered at Chalk River.

2.6 STACK EFFLUENT MONITORING

2.6.1 Processor-Controller - A-R. Jones and R.A. Surette

The processor-controller has exhibited quite frequent and intermittent
faulty operation while being tested in the laboratory. These faults generally
manifest themselves as a failure to exhibit data when commanded to do so via the
keyboard. Despite the return, for repair, to the manufacturer of the computer
itself and one of its terminals, which was suspected to be faulty, it is not yet
certain that a successful repair has been made. The difficulty in locating the
fault lies in its intermittent character - the processor controller has run for
five days without fault.

A 15 day test at the end of the year is being run with a printed circuit
board loaned by the manufacturer. If this printed circuit board proves
satisfactory and no further problems are uncovered during the next six months, the
scheduled completion data (85-6-30) can be met.

2.6.2 Filter Change System - R.A. Surette, B.A. MacDonald and R.G.C. McElroy

Except for the supplementary lead shielding, all drawings associated with
the particulate and iodine detection system have been completed.

The lead castles for the five detectors have been completed and delivered
to the stack monitor building. The conceptual design of the supplementary
shielding is complete, but the detailed design must await the final installation of
the filter changers. The construction of the support tables is also finished and
they are to be delivered as soon as the painting is completed.

The first filter changer mechanism was delivered for testing. The
overall design appears to be sound but some minor problems were discovered. The
drawings were revised accordingly and the unit was returned to the workshops for
modification. The remaining units will be fabricated according to the revised
drawings. All five units are expected to be delivered, on schedule, for
installation during the first quarter of 1985.

The local controller for the filter changers has been completed, tested
and debugged. However, some revision to the software is expected to be necessary
when complete testing with the actual sample changers is attempted. Preliminary
testing of the controlling software using a test box to simulate the
processor-controller and one filter changer was successful. Complete testing with
the actual changer could not be attempted because some of the components used in
sensing the turntable position had not been delivered before the changer was
returned to the workshops. (These components have since arrived.) We also
encountered some problems with the processor-controller as noted in section 2.6.1.

All five sample changer signal conditioning panels and valve panels have
been completed and are ready to be installed on the support tables.
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The sample lines from the stack to the stack monitor building have been
installed. Most of the tubing and fittings required for the flow system for the
particulate and iodine detectors has been ordered, and most of these have been
received.

The design,, assembly and installation of the iodine and particulate
filter change mechanisms and associated plumbing and controlling electronics is
currently on schedule. However, there is no longer any slack in this schedule and
we can not absorb any unanticipated delays.

2.6.3 Noble Gas Detector - A.R. Jones

The sample lines from the stack line to the noble gas detector have been
connected. This has permitted the calibration of the high and low range part of
the detector using the ^Ar released through the stack. It had been expected
that this would not have been possible with the high range (low sensitivity) GM
counter because of background considerations but the background counting rate in
the GM counter was well below that specified and calibration was achieved.

The measured calibration factors were consistent with the values
calculated from the design.

2.6.4 Stack Monitor Iodine Detectors - R.M. Holford and T. Romaniszyn

The discriminator board for the iodine units has been revised and
retested. All three iodine detectors were powered-up, connected to the
discriminator board and to the computing controller, and adjusted according to the
provisional specifications for the units. At the same time it was observed that
the revised stabilization algorithm was apparently being implemented correctly by
the computing controller.

2.7 RADIATION INSTRUMENT DEVELOPMENT

2.7.1 1-125 Area Monitor - R.M. Holford with D. Pecena and T. Romaniszyn

A study was carried out during the summer to compare alternative
strategies for design of an area monitor with high specificity for 1-125 (see
PR-HS-17). As a result of this study, the technique using K-edge filters was
selected as the basis for a practical instrument. The K-edge foils of indium and
cadmium, will be mounted on a thin plastic disc 120° apart, together with a check
source. The plastic drive will be rotated by a stepping motor controlled by a
microprocessor. A filter-disc of charcoal-loaded paper will be counted first
through the cadmium foil and then through the indium foil. The difference in the
two counting rates provides a highly specific estimate of the component due to
1-125, as explained previously (PR-HS-17).

To assure good cancellation of slowly varying background signals,
relatively short counting times are desirable, whereas to achieve the desired
minimum detection levels, a long effective counting time will be needed. To
achieve this aim a long time constant digital filter will be incorporated into the
data-processing algorithms. It should be possible to make the filter adaptable to
some extent, so that optimum averaging is performed when 1-125 levels are low, but
a faster response Is given when 1-125 levels become significant.
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Design of the filter assembly, detector, foil-changing mechanisms and e
electronic circuits has been completed and engineering drawings are being prepared.
Some of the more complex electronic sub-assemblies should, however, be
'bread-boarded' for testing before printed circuits are laid out and ordered.
Design of the software has been completed at the level of flow-charts and
algorithms. Detailed assembly language loading has not yet started.

2.7.2 X-Ray Beam Monitor - A.R. Jones and A.H. Ohno

To facilitate the delivery of measured exposures (and rates) at various
energies and magnitudes a monitor ion chamber has been installed between the 320 kV
X-ray tube target and the filter wheel. Tests show that the ion chamber is still
saturated at the maximum output from the X-ray set.

The existing filters have also been tested to check that there is no
leakage around them with the monitor ion chamber in place. Certain of the filters
have been replaced by the ISO series filters and all will be replaced when
materials are obtained.

2.7.3 Investigation of Drift Problems in a Commercial Ion Chamber - A.R. Jones

An ion chamber used in the Mo-99 production facility has exhibited two
kinds of drift after use:

- the reading (in exposure rate) did not return to zero after the exposure
- the sensitivity (indicated exposure rate T true exposure rate) changed

with time or exposure.

The ion chamber electronics (based on MOSFET technology) was located near
to the chamber itself and had been exposed to - 1000 R.

When another chamber was exposed to 1100 R of X-rays in the laboratory
similar results were observed.

In the case of the worst affected ion chamber the Eero-drift could be
corrected by adjustment but the sensitivity drift could not.

It was recommended to the user that the affected electronics should be
shielded from the damaging beam.

2.7.4 Doorway Monitors AEP 5200 - A.R. Jones and W.F. Richter

A selection of electronic components to permit up-dating of the doorway
monitor has been made and the components ordered to allow payment in fiscal year
84/85.

2.7.5 TLD Dose Calculator - A.R. Jones, R.M. Holford and W.F. Richter

An operational manual is in preparation.
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2.7.6 Alpha Hand Monitor - A.R. Jones and A.H. Ohno

Design of a monitor using an air filled proportional counter has begun.
A pulse amplifier and discriminator for this monitor has been designed and tested.
[The same circuit has been tested for use with the scintillation detectors of the
doorway monitor.]

2.7.7 Sealer Rate Meter AEP 5341 - A.R. Jones and A.H. Ohno

Mechanical design is in progress.

2.8 RADIATION DOSE MONITORING

2.8.1 Assistance to AECL Health Study - R.M. Holford

The AECL Health Study will apparently require not just life-time

radiation doses for the persons in the study, but also the yearly break-down of the
doses. Only for years since 1971 is this information available in a form directly
accessible by computer. It is therefore proposed that dose information for the
Health Study be supplied in four stages:

(i) Life time doses for terminated employees have already been obtained and
incorporated into the Health Study database.

(ii) Annual whole-body doses from 1971 to 1983, plus a 'lump sum1 representing
pre-1971 doses and any contribution from previous employers, are readily
available in a computer file for current and recently terminated
employees. These data have already been extracted and sent to the
National Cancer Institute (G. Howe), which is the organization
responsible for statistical analysis.

(iii) Additional data for the same years, but containing employees who
terminated between 197 4 and 1978, can probably be obtained from existing
computer files by using record linkage methods. (Unfortunately no unique
"key" is available in these cases.)

(iv) Data for years prior to 1971 are available in hand-written form (Kardex
files) and can be transcribed into machine-readable form if needed.
Trials are to be carried out in the near future to estimate the effort
required to do this.

2.8.2 Body Radiation Doses - J.M. Vincent, T. Romaniszyn and C. Thibeau

Since the last report (PR-HS-17) there has been one whole-body radiation
dose exceeding the 600-mrem two-weekly administrative control limit, one skin dose
exceeding the 1600-mrem two-weekly administrative control limit, and one extremity
dose exceeding the 4-rem two-weekly administrative control limit.

In the fourteen-week period ending 1984 December 28 and in the calendar
year to this date there were the following distributions of radiation doses.
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CRNL - Whole Body 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
3.00 - 3.49
3.50 - 3.99

• Average dose
per monitored
person

Average dose
per exposed ;
person ,

Fourteen Weeks
No. of
monitored
persons

572
2224 '>
56
10
2
1
0 !
0
0 :

52 mrem

65 mrem

Total
Dose
(rem)

0
93.97
38.59
12.16
3.25
2.01
0
0
0

Calendar Year
No. of
monitored
persons

48
2475
125
86
62
30
20
12

236 mrem

240 mrem

Total
Dose
(rem)

0
1E5.09
90.23
106.90
108.09
67.12
54.69
38.46
25.60

Radiochemical Company - Whole Body Dose

1

i DOSE RANGE
[ (re«)
i

! no radiation
I 0 - 0.49

0.50 - 0.99
'< 1.00 - 1.49
• 1.50 - 1.99
; 2.00 - 2./.9

; 11.50-11.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of
monitored
persons

214
255
6
0
0
0

0

Total
Dose
(rem)

0
17.60
3.79
0
0
0

0

45 mrem

82 mrem

Calendar Year
No. of
monitored
persons

129
298
35
10
0
2

1

Total
Dose
(rem)

0
29.06
23.20
11.86
0
4.49

11.62

169 mrem

232 mrem
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CRNL - 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
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49
4.50 - 4.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of

monitored
persons

572
2200
75
13
3
1
1
0
0
0
0

59 mrem

73 mrem

Total
Dose
(rem)

0
90.08
52.18
15.97
4.72
2.33
2.53
0
0
0
0

Calendar Year
No. of

monitored
persons

48
2461
113
92
53
43
18
14
15
6
2

263 mrem

267 mrem

Total
Dose
(rem)

0
183.53
79.56
115.14
93.04
95.50
48.55
45.69
56.44
25.37
9.26

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
3.00 - 3.49
3.50 - 3.99
4.00 - 4.49

14.50-14.99

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of
monitored
persons

214
247
11
3
0
0
0
0
0
0

0

67 mrem

122 mrem

Total
Dose
(rem)

0
21.54
6.64
3.77
0
0
0
0
0
0

0

Calendar Year
No. of

monitored
persons

129
272
43
17
4
5
1
1
1
1

1

268 mrem

368 mrem

Total
Dose
(rem)

0
28.53
30.28
21.19
7.11

10.95
2.89
3.23
3.92
4.39

14.88
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Hand Radiation Doses - J.M. Vincent, T. Romaniszyn and C. Thibeau

In the fourteen-week period ending 1984 December 28 and in the calendar
year to this date the following distribution of extremity doses were measured by
finger-tip TLDS.

DOSE RANGE
(rem)

less than 0.99
1.00 - 1.99
2.00 - 2.99
3.00 - 3.99
4.00 - 4.99
5.00 - 5.99

9.00 - 9.99
10.00-10.99

CRNL
Fourteen |
Weeks ;

71
0
0
0
0
0

0
0

Calendar
Year

159
16
11
3
1
0

0
1

j Radiochemical
Fourteen
Weeks

29
1 |

1
0
0
0

0
0

Company
Calendar
Year

33
7
5
6
2
0

1
0

20.00-20.99

2.9 PUBLICATIONS, REPORTS AND FORMAL PRESENTATIONS

2.9.1 Publications

2.9.2

Cross, W.G., Arneja, A. and Ing, H. - Effect of Pre-etching on the
registration in CR-39 of Electrochemically-etched Tracks of protons and
alpha particles of different energies. Nucl. Tracks Ĵ , 109 (1984).

Ing, H. and Birnboim, H.C. - A Bubble-Damage Polymer Detector for
Neutrons. Nucl. Tracks and Radiation Measurements £, 285-288 (1984).

Ing, H. and Piesch, E. - The Status of Neutron Dosimetry. Radiation
Protection Dosimetry (in press).

Ing, H. and Cross, W.G. - Application of Neutron Transport Calculations
to Neutron Dosimetry. Radiation Protection Dosimetry (in press).

Ing, H., Cross, W.G. and Bunge, P.J. - Spectrometers for Radiation
Protection at Chalk River Nuclear Laboratories. Radiation Protection
Dosimetry (in press).

Reports

Ing, H. - Implementation of Radiobiological Protection at the Neutron
Generator Laboratory in the University of Costa Rica. Report submitted
to the IAEA in fulfillment of project COS/9/003-01 in July, 1984.

McElroy, R.G.C. - "Tritium Monitoring", Report CRNL-2739-1, August,
1984.
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Peterman, B.F., Johnson, J.R., McElroy, R.G.C. and Dunford, D.W. -
"Internal Dosimetry of Tritiated Hydrogen Gas", Commercial Report for
CFFTP, Report number F84034-GEN, AECL-8651, 1984 December.

2.9.3 Formal Presentations

Ing, H. and Birnboim, H.C. - Bubble-Damage Polymer Detectors for Neutron
Dosimetry. Invited paper presented at the Fifth Symposium on Neutron
Dosimetry, Neuherberg, Germany, 17-22 September, 1984 (to be published in
proceedings).

Ing, H. - The New Bubble Detector. Presented at DOE/CEC Workshop on
Neutron Dosimetry, Neuherberg, Germany, 21-22 September, 1984.

Ing, H. - Bubble Detectors for Neutron Dosimetry. Invited seminar to
X-rays and Nuclear Radiations Section, National Research Council, Ottawa,
September 25, 1984.

Ing, H. - Developments in Neutron Monitoring at Chalk River, Bubble
Damage Polymer Neutron Detectors. Invited talk presented at Symposium on
Neutron Monitoring and Neutron Dose Assessment, Brookhaven National
Laboratory, October 1, 1984.

Ing, H. - A New (Bubble) Detector for Neutrons. Invited seminar given to
Department of Mechanical Engineering, University of Toronto, October 5,
1984.

Ing, H. and Birnboim, H.C. - Properties of Bubble-Damage Polymer
Detectors. Presented at Personal Radiation Dosimetry Symposium,
Knoxville, Tennessee, 15-18 October, 1984.

McElroy, R.G.C. - Tritium Monitor Research and Development. Presentation
to the CFFTP Steering Committee, CRNL, August 23, 1984.

McElroy, R.G.C. - Tritium Monitoring. A lecture in the Tritium Safe
Handling Course presented by CFFTP at CRNL, 1984 September 20, 21,
November 08, 09.
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3. ENVIRONMENTAL RESEARCH BRANCH

by

R.V. Osborne

3.1 STAFF

3.2 INTRODUCTION

3.3 ENVIRONMENTAL PROCESSES

3.3.1 ATMOSPHERIC PROCESSES
- Atmospheric Dispersion
- Studies on Heated Plumes

3.3.2 DRAINAGE BASIN STUDIES
- Introduction
- Modelling
- Snowmelt - Meteorological Controls
- Snowraelt-Hydrologic Processes
- Inputs to Forested Water Sheds
- Groundwater Studies
- Remote Sensing Technique in Drainage Basin Studies
- Capillary Fringe Effects on Strearaflow Generation
- Groundwater Contributions to Streamflow Generation
- Discharge of Tritium to Main Stream
- Chemical Processes in a Forested Watershed

3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER
- Introduction
- Computer Model Development
- Spatial Variability and Dispersivity in a Statistically
Homogeneous Porous Media

- Mechanical Dispersion in a Natural Geologic Environment
- Analysis of the 40 m Tracer Test Data
- Surface Area Control on Radionucllde Sorption
- Chemical Speciation of Contaminant Plumes at CRNL
- Downhole Column Studies with Long-Lived Radionuclides
- Laboratory Column Experiments
- Organic Carbon in Groundwater Flow Systems
- Microblal Mediation of Radionuclide Transport

3.3.4 LAKE AND RIVER PROCESSES
- Mixing Processes in Lakes
- Sedimentation in Lakes and Rivers
- Areal Distribution of Co and Pb in Perch Lake Sediments
- Co-60 Activity Balance for Perch Lake
- Pb-210 Sedimentation In Shield Lakes
- Dispersion and Sedimentation of Co in the Ottawa River
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3.3.5 GEOCHEMICAL PROCESSES
- Uranium Series Disequilibrium

3.3.6 BIOLOGICAL PROCESSES
- Determination of Total Cobalt in Fish
- Bioaccumulation of Trace Metals in Lake Waters
- Temperature Effects on Stream Insects

3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 INTRODUCTION

3.4.2 MODELLING

- Biosphere Model
- Overburden Hydrology Modeling
- Generalized Modelling Program - LEGGO

3.4.3 ASSESSMENT CRITERIA

3.4.4 FIELD STUDIES
- Determination of Vertical Connectivity Between Precambrian Rock
and Surface Waters

- Flux of Groundwaters Across Boreholes Near Shield Lakes
- Techniques for Determining Groundwater fluxes to Surface

3.5 ANALYSIS AND MONITORING

3.5.1 INTRODUCTION

3.5.2 INSTRUMENTS AND METHODS
- Ion Chromatography
- Electronic Instrumentation
- Updating of Counting Equipment
- Updating of Effluent Samplers
- Clean Room Facility

3.5.3 SITE MONITORING
- Gamma Exposure Rates in Public Areas near CRNL
- Gamma Exposure Rates at CRNL
- Radionuclides in Precipitation and the Ottawa River
- Radionuclides in Liquid Effluents
- Radtonuclides in Surface Water
- Ar in the CRNL Stack
- Tritium in Surface Waters in Vicinity of CRNL
- Tritium in Atmospheric Hydrogen
- Organic Carbon Analysis
- Meteorological Support of Hybrid Heating Experiment
- CRNL Cliraatological Report
- Hydrologie Data at Perch Lake
- Meteorological Monitoring for Atmospheric Dispersion Studies
- Hydrornetaorological Measurements
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3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES
- Canadian Air and Precipitation Monitoring Network (CAPMON)

3.5.5 COMMERCIAL APPLICATIONS
- Instrumentation for Industrial Flow Measurements Using
Radiotracers

- Development of Radiotracer Technology
- Transfer of Radiotracer Technology

3.6 PUo.ISHED PAPERS, REPORTS, PRESENTED PAPERS, INFORMAL TALKS
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Brown
Champ
Cooper

Cornett

Beattie
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Brown
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Clegg**
Docherty
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Jay
Judd
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Dubinski

Inch

Milton

Frost

Hougham
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Jackson
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Poppleton

Price

k.W.D. Killey

D.R. Lee
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G.L. Moltyaner

E. Robertson

L.A. Mask
F. Mattie

J.H. Munch

B.A. Risto
M. Thompson****

S.J. Welch
D.P. Wildsralth

W.J. Workman
J.L. Young

- reported 84 10 29

- (reported 84 09 10, terminated
84 12 20)

- National Hydrological Research
Institute, Environment Canada

- Department of Earth Sciences
University of Waterloo

- University of Waterloo
(terminated 84 09 17)

- University of Waterloo
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- Nat. Inst. of Had. Sei, Japan
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- National Hydrological Research
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- University of Waterloo
- University of Toronto

(terminated 84 08 17)
- DeDartment of Geography

University of Toronto

* Editor of Current Progress Report
** Transferred to Chemical Engineering, 84 11 19

*** On leave of absence
**** Transferred to Math & Computation 84 09 28
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R. Rempel

M.J. Smith

S. Taylor

D. Turnbull

R.J. Matters

University of Waterloo
(reported 84 05 18)
University of Waterloo
(reported 84 05 28)
University of Toronto
(terminated 84 11 30)
University of Waterloo
(terminated 84 08 31)
University of Toronto
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Students

National
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D.G. Harrlss
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W.J. Carmody 84 08 24
D.M. Bennett 84 08 17
A.E. Davies 84 08 31
C. Reitlingshoefer 84 08 24
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3.2 INTküüUCXlON - R-V. Osborne

In this report the work of the Branch is presented in three main
sections; ünvironraental 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 tne environment of radionuclides; for

example, in the neighbourhoods of the various waste management areas at

CR-IL,

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 - cheuiical, radiochemical, instrumental
and environmental measurement - that support the research and monitoring program
of the Branch. The results of the Branch's measurements of current releases of
radioactivity from CRML to the environment are reported, as are the activities of
Lht; 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 PROCESSUS

3.3.1 ATMOSPHERIC PROCESSES

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

From 1963 to 1976 wind speed, direction and turbulence class and
vertical temperature gradient were measured together with 6-minute mean
concentrations of Ar in the air at several locations. Hitherto only the
stochastic properties of dispersion were analysed using the Ar concentrations.
No attempt was then made to analyse and relate the tracer concentrations observed
to the meteorological conditions that produced them. The old data files from
this period are being examined to investigate these relationships. The data
files mostly are contained on punch cards (.1963 to 1969) and magnetic tape (1969
to 1976) and the formats changed several times during the periods. They also
contain many errors and editing and collating the files Into a common format is
proceeding slowl} .

Studies on Heated Plumes - P.J. Barry, W.N. Selander and U.R. Raddock
(Math & Computation Branch)

A total of 30 runs were made during the period. A variety of source
configurations were used - line, point and circles from 1 m to 4 m in diameter.
Some difficulties were experienced with logging the data and for each run between
20-30 temperature channels gave false readings. Out of a total of 540
temperature channels this proportion of faulty channels is reasonable though
inconvenient. In most cases the faults could be traced to broken wires or loose
connections. In a few cases the thermocouple itself was found to be at fault.
The faults arose without an assignable cause and the proportion (= 5%) appears to
represent an irreducible steady-state condition for the type of setup used.

Burner flames were measured by photographing them in darkness. At zero
wind speed, the visible part of the flame extended = 0.66 m (2.2 feet) above the
burner. This is somewhat higher than the predicted height (based on flare stack
formulae) of 0.46 m, but the difference is small enough to allow a realistic
estimate of the effective starting point for the buoyant phase of the plume.

The maximum temperature rise at each downwind grid was established, by
interpolation, and correlated with the distance x by the formula

AT = Ax~n

where A depends on Fronde number and burner geometry. The near value of the
index n is approximately 1.9 for most of the tests, but there is considerable
scatter, which may indicate the relative effects of atmospheric and
buoyancy-induced turbulence. To investigate n with more precision, a detailed
inspection of the data has been necessary, to remove errors due to thermocouple
failure, and a more precise interpolation method has been derived.



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.

Model --̂ ng - J.J. Dubinski

An infiltration model has been developed in association with A.G. Price
and coded to provide for partial interactive use and various tabular and
graphical output options. Hysteresis in the relationship between soil moisture
content and matrix tension and conductivity is provided for using published data
and a simple interpolation routine. The code has been debugged and some simple
checks carried out. A user's manual is in the final stages of preparation. A
two-dimensional groundwater flow submodel with variable grid previously coded has
been debugged and a user's manual is in preparation. This sub-model has still to
be coupled with the infiltration sub-model and there are still some difficulties
in doing this because of the computing time required. It is evident that further
simplifications and compromises will have to be made.

Snowmelt - Meteorological Controls - A.G. Price (University of Toronto)

The study site in a forested watershed on the east side of Perch Lake
has been instrumented as in previous years to be ready for next spring. In
addition to the 5 m square lined run-off plot previously used, 6 plastic Büchner
funnels (diara. 25.4 cm) have been set up, each with a drain pipe leading to
separate collectors in a small warmed enclosure. The plastic drain pipe ru..̂
about 50 cm underground to prevent freezing during cold nights. With these
collectors the melt water should be able to leave the snowpack immediately
whereas with the large plot it has to run horizontally at the base of the
snowpack which may cause delay and perhaps additional cooling-warming cycles
during the course of a day.



- 35 -

Snowmelt-Hydrologic Processes - A.G. Price (University of Toronto;,
P.J. Barry

A 3-dimensional grid of tensiometers has been installed to measure the
spatial variability of soil inatric tension during snowmelt infiltration. Two
parallel vertical access tubes have been installed to measure soil moisture by
y-ray absorption. This method gives greater spatial resolution of soil moisture
than the conventional neutron probe. The set-up is very much in the design phase
for this coming spring but if a suitable arrangement for synchronizing the
movements of the source and detector can be devised a more extensive
3-dimensional array of access tubes will be installed to determine the
relationship between soil moisture and matric tension at the study site.

Since the tenslonmeters are water-filled they must be protected from
freezing. This has been achieved by inserting them horizontally into vertical
faces of a shallow pit dug into the hillside. This has been covered with an
insulated board and the enclosure kept warm by a light bulb.

The pit was dug initially to characterize the soil strata. During the
course of this work, extensive modifications of the soil horizons by penetrating
tree roots were observed. The nature of these modifications has yet to be
determined. However, there were in several instances clear annuli around the
roots giving an opportunity for vertical "pipe" flow of infiltrating water.
Conductivities through these pipes will be very much greater than that through
undisturbed soil. More extensive observations will be required to determine the
potential effects on the bulk flow characteristics of forested soils.

Inputs to Forested Water Sheds - A.G. Price and R. Watters (University of
Toronto;

During the summer, horizontal distribution of the vertical fluxes of
precipitation were measured during 16 summer storms. Bulk precipitation was
collected at 3 sites in the open. Throughfall under the top canopy was measured
at 6 locations and at 2 locations under bracken fern and low shrubs. Steiuflow
was measured on 49 trees to include the major species present and a range of stem
diameters within each species. Several dead specimens of the major species were
also included.

Within a sample area of about 2000 m 2 each tree present was identified,
its breast height circumference measured and its position recorded. With this
information together with the stemflows and throughfalls measured for individual
specimens, the areal mean fluxes of precipitation water for a forested watershed
by each route can be calculated. Just over 500 trees were present in the sample
area. One interesting observation during this survey was that of the 80 young
maple trees present in the sample 50 were dead. The results from the summer
observation period are still being analysed.

Groundwater Studies - P.J. Barry

An existing network of water table observation wells has been augmented
by the addition of 22 wells and several more are planned for installation before
the spring melt. The enhanced density serves two main purposes: (i) to obtain
better estimates of the recharge-discharge and storage rate changes during the
hydrologie year and (ii) define more accurately the phreatic boundaries of the
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study site. Particular attention is being attached to the drainage ditch which
runs along the lower boundary of the basin and connects its surface and shallow
groundwater drainage to the stream draining the neighbouring basin (Inlet 3 ) .
It is planned to close the ditch by an earth dam before it enters the Inlet 3
stream and provide a separate outlet channel directly into Perch Lake where its
flow can be measured.

Remote Sensing Technique in Lrainage Basin Studies - L. LeDrew,
A. Hougham, M. Smith (University of Waterloo)

The magnitudes of the spatial and temporal distributions of water
fluxes in drainage basins vary depending on morphological properties such as
slope, aspect and vegetation cover. To determine these and other characteristics
by field observations is, even on small basins, prohibitively expensive and quite
impractical on basins large enough to be of practical interest. Remote sensing
to obtain areal averages of these characteristics on an appropriate scale is an
attractive alternative. Previous studies have sought to characterize areal
vegetation cover using Landsat 4 satellite imagery. An important component of a
basin water budget is evapotranspiration accounting for 60-70% of the incident
precipitation. The evaporative flux is controlled by the energy budget and this
in turn depends on the albedo of the surface cover. This summer a combination of
Landsat 4, Landsat 5 and aircraft-borne surveys together with field observations
to calibrate the remotely sensed observations has been used to determine
radiative components of the energy budgets of various classes of vegetation cover
previously defined by the Landsat 4 imagery. Extensive cloud cover during the
passage of the satellites over the CRNL property caused many frustrations.
However, the last passage of the satellites for the period allotted to the field
study came on a perfect cloudless day and all components functioned properly.
The data are still being analysed. A major problem arises from the delay of up
to one year for processing the LANDSAT 5 data tapes.

Capillary Fringe Effects on Streamflow Generation - R.W.Ü. Killey with
A.S. Abdul, R. Gillhara (University of Waterloo)

A laboratory sandbox model was first used to measure

precipitation/discharge effects that occur when the capillary fringe lies near
ground surface (see PK-HS-17). The physical model results were used to show how
the capillary fringe could cause the rapid changes in groundwater discharge rates
to stream that have been inferred from isotopic separation of streamflow
sources. A digital model was then developed and tested against the laboratory
data and against results of field experiments conducted in the fall of 1983. The
numerical model was able to simulate both sets of data. A series of sensitivity
analyses were then performed with the digital model, and from these it was found
that rainfall rate, surface slope, soil type, and strearabank configuration all
have strong effects on the percentage of groundwater discharged to streamflow
peaks during rainfall or snowraelt events. The effects are, in most cases,
confined to the immediate vicinity of the stream, and the groundwater discharged
during the event may be of very local origin. For rainfall events, the largest
volumes of stream discharge were generated when surface slopes adjacent to the
stream are low and rainfall rates high. At rainfall rates less than
0.125 CM.h , almost all of the modelled streamflow peak was found to be
groundwater. At higher rates, steeper near-stream slopes increased the
percentege of groundwater in the streamflow peak. When steep (20°) streambanks
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were considered in the simulations, groundwater consistently provided a greater
proportion of the simulated streamflow and sensitivity to the near-stream slopes
decreased.

Groundwater Contributions to Streamflow Generation - R.J. Cornett,

R.M. Brown, W. Workman

The results from the spring '84 strearaflow study are now available.
In the study h was used to determine the fraction of groundwater in stream
discharge during snowmelt. Only 2 streams, the Main Stream at Inlet 2 and the
stream draining sub-basin 3, were sampled in 1984. In both cases, groundwater
contributions to the streams declined from 100% (prior to snowraelt) to 70%
during peak flow. In 1983, Inlet 2 had shown similar behaviour, but at Inlet 3
groundwater had consistently supplied over 90% of streamflow. The differences
between the 2 streams had previouoly been ascribed to differences in wetland
areas in the 2 basins. The similar responses in the 2 streams in 1984 show that
other factors (such as antecedent taoisture conditions and snowmelt rates) must
also have a large influence on groundwater contributions to the streams.

Discharge of Tritium to Main Stream - J.H. Munch

The Main Stream receives H from the Liquid Disposal Area via
groundwater transport and discharge. In the spring of 1984, as in 1983,
groundwater contributions determined using n could not be used to predict H in
the Main Stream. Tritium is not uniformly distributed in the basin's
groundwater. and localized discharge phenomena appear to provide the dominant
control on H releases to the Main Stream.

Chemical Processes in a Forested Watershed - A.G. Price and R.B. Watters

(University of Toronto), P.C. Jay, J.M. Judd, P.J. Barry

Samples of precipitation, residual snowpack and meltwater,

throughfall, stemflow, soil porewater groundwater and streamflow collected
during the studies of hydrometeorological processes reported above have also
been analyzed for principle cations and anions. The results of the spring
program have been previously reported except for those of samples of the soil
column porewater. Several cores were sectioned and centrifuged to recover the
porewater but it was found that the aluminum tubes used to extract the soil core
were contaminated with residual extrusion greases which interfered with the
subsequent anion analysis. This part of the project was therefore abandoned. A
method of cleaning the tubes has been devised and will be used for future
sampling.

Nearly two thousand analyses were performed jn the samples collected
during the summer storm program. The data is now being analysed and interpreted
by R.B. Watters as part of his thesis work for an M.Sc. degree.

Samples of snow, snowmelt, unsaturated and saturated zone groundwater,
and streamflow were analysed for anions, in a study of ion fluxes directed
primarily at sulphate. Satisfactory mass balances of sulphate were obtained for
runoff plot waters in comparison to sulphate in rain and snow. The high
sulphate concentration in pore waters in the unsaturated soil zone, however,
lead to calculated SO4 fluxes through the unsaturated zone that are greater
than input fluxes calculated from the runoff plot data. One interpretation of
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this is that the centrifugation procedure used to extract waters from the
unsaturated soils somehow removes sulphate that would not normally be mobile in
the soil column, but there is no obvious mechanism for such a process.
Measurements of precipitation, strearaflow, and throughfall from various
elevations in a mature forest have been used to show that there are iaajor
changes in precipitation chemistry during passage through the trees and shrubs.
Hydrogen ion and nitrate concentrations are greatly reduced, while bicarbonate
and major cation concentrations are increased. Significant differences between
rainfall and recharge by runoff waters in all vegetated areas should be
expected.

3.3.3 FLOW AND CONTAMINANT TRANSPORT IN UROUNUWAThR

Introduction - P.J. Barry

Modelling contaminant transport in groundwater systems

requires knowledge of fluxes of water throughout the flow system, dispersion
properties of the geologic medium, and adsorption properties of the medium foe
the contaminant. Work continues on all 3 aspects and requires a close
interaction between field studies and mathematical modelling, appropriate
numbers for parameters in models and deeper understanding of the processes
involved derived from field studies.

A two-dimensional groundwater flow model is being developed which will
use hydrogeologic data from the area containing the plume from the former
Nitrate Decomposition Plant in the vicinity of Lake 233. Two other modelling
exercises centered <>n i-he same area are underway. The first, using the "SWIFT"
code, is being carried out by Geologic Testing Consultants (GTC). The
consultants have been supplied with all relevant data including stratigraphy,
hydraulic properties of the geologic media, hydraulic head distribution,
precipitation and evapotranspiration. The second exercise is bein^, done in
collaborately with the US Nuclear Regulatory Commission (NRC) and Battelle
Pacific Northwest Laboratories (PNL). The wonc is being done by PNL using field
data supplied by us to evaluate predictive models which might be used by license
applicants In the US to assess waste management sites.

Work on dispersivity centres on a continuing analysis of the results
from the tracer injection experiments at the Twin Lakes site at CRNL and at a
disused landfill site at Borden, Ontario.

Adsorption of contaminants by geologic media is being studied at
several levels utilizing a variety of techniques. The 30 year old plume from
the wastes buried at the former Nitrate Decomposition Plant continues to provide
a valuable field tool for this and other studies. Experimental columns set up
in the field and artificial columns in the laboratory provide for more easily
controlled experimental conditions. Work is also being done on individual
mechanisms generally anticipated to be important. The chemical (and sometimes
also physical) form of the contaminant is known to be an important variable and
the presence of (in natural aquatic systems) relatively large amounts of organic
matter in various stages of decomposition provides a most potent source of
chelating agents for metal ions. Other studies are concentrating on
characterizing the variable properties of the sorptive surfaces themselves,
e.g. the effective surface area, the presence of oxide coats.
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Computer Model Development - o.L. holtyaner

Prior to constructing a mathematical model describing the behaviour of
Sr in the Nitrate Decomposition Plant plume in the vicinity of 233 Lake, the

groundwater flow model of the site must be developed. Hydrogeologie and
radiostrontiunt distribution data have been supplied by Killey and Munch. The
next step in the program is calibration of the model, adjusting boundary
conditions and hydraulic properties of tlie aquifer media until the model
simulates the observed hydraulic head distribution. The work on calibrating the
groundwater model along the southwest-northeast cross-section of the 233 lake
aquifer will begin as soon as numerical difficulties associated with the
modelling procedure have been overcome.

Spatial Variability and Dispersivity in a Statistically Homogeneous
Porous Medium - G.L. Moltyaner, witli E.A. Sudicky and J.A. Cherry
(University of Waterloo)

We are evaluating stochastic modelling techniques to analyse
dispersion processes. During the period preliminary estimates of the mean
hydraulic conductivity and its variance on 20 exploratory cores were obtained.
Approximately 250 hydraulic conductivity measurements were used to perform the
distribution analysis. Visual inspection of the results suggests that hydraulic
conductivity at the Borden Site is log-normally distributed. A chi-square test
upon the completed hydraulic conductivities of all 20 cores will be carried out.

One-dimensional autocovariance on the available measurements suggests
that hydraulic conductivity is positively correlated over distances of about
0.25 to 0.30 m. A theoretical eKponential decay of covariance with distance
closely fits to the calculated covariances. Completion of one-dimensional and
two-dimensional covariance calculations will allow us to determine the
appropriateness of the advection-dispersion equation.

Mechanical Dispersion in a Natural Geologic Environment - S.K. Taylor
'University of Toronto), G.L. Moltyaner, R.W.D. Killey

In an extension of the work reported in PR-HS-17, two holes were
drilled at the Twin Lakes site along the flow path followed by the
radioisotope. Undisturbed cores were taken from each of these boreholes and
sectioned off to correspond to velocity zones identified from the tracer test of
1983. Vertical hydraulic conductivities were obtained on each section using a
permeameter. [The cores were also subjected to a chloride tracer experiment.
The data obtained are being analyzed by a computer fitting program to yield
dispersivity values.J Size analysis was performed on each of the soil samples
and non-directional values of conductivity obtained. Velocities of groundwater
flow along the streamline are being estimated using borehole dilution. From
these data conductivities can be calculated, thus providing a further method for
correlation with conductivities derived from other techniques.

Breakthrough curves were constructed for various elevations at 5 m
intervals over the complete 40 m length of the Twin Lakes site using data
obtained from the 1983 radio isotope tracer test. A computer fitting analysis
was performed, yielding values of velocity and dispersivity for each of the
identified velocity zones and, indirectly, hydraulic conductivities along the
flow line.
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Results indicate that a correlation between the vertical

conductivities, derived from the cores, and those calculated along the flow line
is absent. However, contrary to findings reported in the literature, the
grain-size and flow line conductivities were found to be strongly correlated.

Geophysical borehole logging will be performed on two of the holes in
order to ascertain whether these methods are capable of distinguishing between
the subtle stratigraphie differences present in the aquifer which produce the
distinct differences observed in hydraulic conductivities.

Analysis of the 40 m Tracer Test Data - G.L. Moltyaner, H. Thompson

One and three dimensional analyses of the 40-metre natural gradient

tracer test are complete and lead to the following conclusions:

1. Kadionuclide transport models based on the classical dispersion

equation provide a good simulation of the tracer test data.

2. The dry-access-tube method of detecting radioisotope movement is a
useful one for interpolating hydraulic properties of geologic media from
one borehole to another.

3. 20 m tracer test results agree well with one another; i.e.
longitudinal and transverse dispersivities obtained in the first 20 m of
transport in the 40 m test are very similar to those obtained in the

20 m test (0.75 cm and 0.07 cm respectively.).

Using the knowledge gained from the tracer tests we have re-analysed
data from an 11 m tracer test reported in the literature. From this we have
been able to confirm that dispersivities are constant, scale-independent over
distances of 11 m when certain ei^ors in the data fitting routine are
corrected. This test also showed that multilevel sampling is a useful way of
detecting tracer movement when a y-emttting radioisotope is or cannot be used.

Surface Area Control, on Kadionuclide Sorption - K. Inch, R.W.D. Killey

A draft report documenting relationships between surface area (as
determined by 6as Sorption; the BET method; and radionuclide sorption by aquifer
sands is near completion. In the past period, we have identified an ion
exchange leaching procedure that does not also dissolve surface coatings, but
have yet to test iron oxyhydroxide leaching procedures recommended by Walton and
McLeod (WNRE). (BET studies of sands leached of iron oxyhydroxides by our
previous standard technique showed that the leachant strongly altered micaceous
minerals.) We have also as yet been unable to resolve the discrepancy in
surface area measurements on discrete mineral and group mineral segregations
reported in PK-HS-17.

90

A linear regression between surface areas and Sr distribution
coefficients along a plume axis yielded the equation below with a correlation
coefficient of 0.97 (9 samples).

A = 0.019 Kd + 0.14

where A is BUT surface area (m .g )

Kd is 90Sr distribution ratio (mL.g"1,/
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This has provided the first explanation for the extremely variable distribution
ratios observed in the Nitrate Decomposition Plant plume, and highlights the
importance of mineralogy in controlling sorption. Previous work (PR-HS-16) has
shown that biotlte and altered biotite ("vermiculite"), although comprising only
a few percent of study area sands by weight, have up to 20 times as much surface
area per unit weight as quartz and feldspar, the major components of the sands.
We conclude from the results here that the aquifer sands, although visually very
uniform, have biotite/vermiculite contents that range from near zero to 5
percent by weight. The regression equation also suggests that some component of
the BET surface area is unavailable for radionuclide sorption.

Chemical Speciation of Contaminant Plumes at CRNL - R.W.D. Killey,

J.H. Munch, D.R. Champ, J.L. Young

Mapping of the contaminant plume from an infiltration pit at the
former Nitrate Decomposition Plant continues with the two lines of boreholes
drilled across the plume path. These lines are 10 and 45 metres from the source
and are the closest approach to the source so far made. The boreholes have been
sampled for sediment analyses, ground porewater collected and analysed for Sr
and Cs and finally equipped with multi-level piezometers and samplers for
ongoing measurements. Two wells at the plume centre of each line, have been
specially designed to extract samples and to be capable of supplying the
relatively large volume samples required to analyse for long-lived radionuclides
and actinides. These samples and analyses are required for a collaborative
program with Battelle PNL to study speciation of these radionuclides.

Sampling and field measurements of geochemical parameters at seven
points on the axis of the contaminant plume have been completed. Detailed
radiocheraical analysis of the samples is underway.

Analyses of soil and water samples for the major fission products did
not detect Cs even 10 m from the infiltration pit (detection limits of
0.1 Bq.g and = 0.01 Bq.mL ) . Maximum Sr concentrations are 1600 and
1760 Bq.g" on soil samples from the 10 and 45 m lines, somewhat lower than the
2400 Bq.g"1 encountered at one location on the 100 m line. As with other
transects of this plume, ratios of sorbed to dissolved Sr vary widely on the
10 and 45 m transects, ranging from less than 1 to well over 100 mL.g" .

Downhole Column Studies with Long-Lived Radionuclides - D.R. Champ,

J.L. Young

Preparation for the study of the sorptive behaviour of long-lived
radionuclides in geochemical environments characteristic of sites of discharge
of ^roundwater from bedrock to overlying sediments continue. The technique is
that of using downhole "field columns" (see Champ et al., A field column
technique for in-situ measurement of mass transport phenomena, submitted to
Water Resources Research). Columns prepared from sediment cores taken at a
field site adjacent to the Ottawa River (see Killey et al., PR-HS-16) have been
prepared.
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Laboratory Column Experiments - D.R. Champ, J.L. Young

From previous column studies with Cr-EDTA (see Champ and Young,
PR-HS-16) which has often been considered a conservative non-reactive tracer, we
reported sorption of approximately 50% of the Cr-EDTA onto the sediments of
the column. In consequence of the observation a further study is underway with
a two-fold objective; to study alterations in the chemical speciatlon of the

Cr-EDTA and to test modelling techniques for contaminant transport (see Champ
and Young, PR-HS-17). As a start towards this a Nal detector has been
assembled.

Paper electrophoresis will provide preliminary information on the
number and potential mobility of Cr species. Subsequent column experiments
will be designed to answer the question of whether further speciation changes
occur as a result of contact with the column sediments. Micro-biological
conversion of the tracer is of interest as a potentially significant mechanism
for altering contaminant transport.

Organic Carbon in Groundwater Flow Systems - D.R. Champ, J.L. Young

Organic material dissolved in environmental waters can, and usually
does, have profound effects on the water-borne mobilities of metal ions in
environmental media. At least 2 generic mechanisms are involved; organic
compounds can act as ehelating agents, and organic substrates are required for
the metabolic activity of many micro-organisms. Micro-organisms can directly
alter the chemical form of metal ions and alter the kinetics of inorganic
reactions.

A knowledge of the concentration and chemical speciation of dissolved
organic carbon (DOC) is therefore essential to the characterization of ground
water flow regimes if their ability to transport radionuclides is to be
investigated. There is, however, very litle known about the DOC in groundwater
in crystalline rock.

DOC concentrations in surface waters at CRNL are usually le;.-; than
10 mg.L" while those in shallow sand aquifers seldom exceed 3 mg.L
(0.4-5 mg.L"1)- Higher concentrations than this are usually taken to imply
recent recharge of the aquifer or sample contamination. The DOC concentration
in I borehole in crystalline rock (CR-20) at CRNL was 1.8+0.04 mg.L" (the error
limits are those appropriate to the analytical method - not sampling
variations). The DOC concentration in water from boreholes at East Bull Lake
ranged from the sample blank concentrations (i.e. 2 mg.L"1) to 30 mg.L"1. The
mean for all the samples was 5.9 mg.L"1 comparable to the mean of 5.2 mg.L"1

found by Mayfield and Barker in 44 samples of crystalline rock water.

Of the 14 samples from East Bull Lake, 10 had mean DOC concentrations
of 1.2 mg.L"1 (range = sample blank to 3.1 mg.L"1, o = 0.9) - a value well
within the range of most shallow sand aquifer samples; 2 had a mean
concentration of 9.4 mg.L" (d » 3.7) and possibly show recent recharge from
surface water. Local lakes tested showed a mean DOC concentration of 7.8 mg.L"1

while local swampy areas showed 35 and 40 mg.L"1 DOC. The remaining 2 samples
had concentrations of DOC of 23 and 30 mg.L"1 and possibly arise from residual
oils and greases still contaminating the boreholes from the drilling.
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Microblal Mediation in Radionucllde Transport - D.R. Champ

A program to assess the significance of microblal effects on
radionucllde transport in the groundwater has been discussed by the relevant
working parties in the Nuclear Fuel Waste Management Program (NFWMP). The
concensus is that the initial focus of the the program will be on the vault
environment. A detailed experimental program is being prepared possibly
involving university personnel.

3.3.4 LAKE AND RIVER PROCESSES

Mixing Processes in Lakes - E. Robertson

Wind usually provides the main cause of mixing in lakes and a study of
the exchanges of mechanical energy across the surface is important to getting a
better understanding of the meteorological controls involved. These controls
depend on the vertical thermal structure of the air and across the interface.

This summer water and air temperature profiles were measured at four
locations on Perch Lake to determine the horizontal variability of the
temperatures along the mean path of the wind. The data was recorded with a
Campbell Scientific, CR-5 data-logger at the centre of the lake. Preliminary
analysis of the data shows the extreme sensitivity of the data logger to the
relative humidity and the difficulties of keeping the equipment dry. The
processes of verifying the data and editing the files generated is continuing.

Sedimentation in Lakes and Rivers - R.J. Cornett

During the past months we completed tests of several models used to
relate the amounts of a contaminant discharged into aquatic systems and the
contaminant concentrations in the water column. Two approaches have been used.
First we have evaluated the long term behaviour of 239, °Pu, Pb, Tb, Cs,
and Co in shield lakes by constructing simple mass or activity budgets for
these elements. The results are highlighted below and have been submitted to a
refereed journal. The second approach we employed, described below, uses
radiotracer additions and stable element additions to Perch Lake and the Ottawa
River near CRNL.

Areal Distribution of 60Co and Pb in Perch Lake Sediments
R.J. Cornett, L. Chant

Contaminants are not uniformly distributed areally in the sediments of
lakes. Possible causes for the inhomogeneities are easy to postulate but are
difficult to test. We have tested the hypothesis that the spatial distribution
of Co In lake sediments is controlled by where the contaminant enters the
lake« Sediment cores were collected at 30 locations in Perch Lake. The lake
has been subjected to input of Co from a point source. We have examined the
distribution of the point source contaminant in the lake sediments and have
compared it with the distribution of a contaminant from a diffuse source (Pb).
The correlation between the distance from the known source of contamination and
the activity of that contaminant in the sediments was very poor (n=24, r=0.17).
There was however good correlation between the activity of Co and
atmospherically deposited lead in the sediments thus clearly demonstrating that
physical and chemical processes operating within the lake control the
distribution of these contaminants in the sediments.
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Although the distribution of Pb and Co are correlated, the physical
and/or chemical properties of the sediments that might control that distribution
are not related to concentrations of organic carbon, inorganic particle surface
area, or the bulk density of the sediments.

Co Activity Balance for Perch Lake - R.J. Cornett, L. Chant

The ability of a simple activity balance model to simulate the

observed changes in Co activity in the water column of Perch Lake was examined
using 22 years of data collected during the ERB monitoring program.

Approximately 100 kBq of Co per square metre of lake surface area

have been discharged into Perch Lake from 1961-1983. More than half of the
Co has flowed out through the lake's outflow. After a period of continuously

increasing loading (1961-1969), the sediments contained approximately 38% of the
decay-corrected Co inputs. Loading of Co peaked in 1973 and has decreased
subsequently. In 1982 the sediments were found to contain 31% of the Co
discharged to the lake whereas annual retention of Co in the sediments as
measured by the difference between the masses of Co entering the lake and in
the outflow was 45 ± 8 percent. From the retention estimate the average
residence time of °Co in the water column was calculated to be 0.3 a. Partial
residence times for water renewal and sedimentation were 0.5 a and 0.88 to
1.25 a respectively. The fractional rate of Co deposition in the sediments
was independent of the rate of Co loading to the lake. The simple mass
balance model simulated average annual concentrations of Co to within a factor
of 3. However it could not simulate the large seasonal changes In concentration
in the water column that were observed.

Q 1 A

Pb Sedimentation in Shield Lakes - R.J. Cornett, L. Chant, D. Link

O 1 A

We have examined the inputs and fate of Pb because it is a naturaly
ocurring radionuclide often used to establish chronologies in lake sediments;
Koide et al., 1971; Robbins 1978). The behaviour of Pb also should be very
similar to stable lead and other reactive trace elements. In addition knowledge
of the behaviour of Pb is needed to assess its significance in the effluent
from uranium mine tailings.

210
The principal input of Pb into lakes is from the atmosphere. We

measured the average annual fluxes of Pb from the atmosphere to the lake
surface and to the bottom sediments in 7 small lakes located on the Laurentian
Shield. The direct atmospheric flux of Pb and sampling variation was
136 + 12 Bq.nT2.a .

Inputs from the drainage aeas supplied an additional

4 to 473 Bq.m~2.a~l. The flux of 2 I 0Pb to the lake sediments was only 14 to 69
percent of the total inputs. The fractional rate constant for 2 Pb loses from
the water column (k) ranged from 0.18 to 4.2 per annum.

The values of k that we calculated were lower than the rate constant
for Pb sedimentation in other lakes. Our values of k were also much lower
than the values measured after the addition of particle-reactive radionuclides
to small experimental lakes and to enclosures located in shield lakes.
Postulated explanations for our low rates of Pb sedimentation include:
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Sedimentation and Kemobilization of Co in Perch Lake - K.J. Cornett,

L. Chant, B.A. Risto

Co was used to examine the rate of Co sedimentation over short time
intervals and to measure the rate of remobilization of Co from Perch Lake
sediments. The tracer was added to columns of Perch Lake water and sediment
isolated in situ by plastic curtains. The tracer was removed from the waterin_ situ by plastic curtains.

( > 5% d )• Less than 10% ofrapidly ( > 5% d )• Less than 10% of the losses were dup to sorption to the
polyethylene walls of the enclosure. The remainder was deposited in the
sediments. The loss rate of Co from the water column was proportional to the

Co concentration. This was consistent with a first order chemical kinetic
model. The removal of Co from the water column was much slower than that of

Co. This may result from differences in the chemical species of the two Co
isotopes. Alternatively it may result from the release of Co from the
sediments into the water column. We evaluated the rate of Co release from the
sediments experimentally. After > V0% of the tracer added to the water column
was deposited in the sediments the water inside the enclosure was replaced with
water containing no 5 ?Co. The water within the column was isolated. The
concentration of Co in the water was measured during the next two weeks.
Consistent with our expectation the Co concentrations in the water column
increased. However the movement of Co from the sediments back into the water
column was extremely slow. The measured rate constant was about 0.0005 a" ; an
extremely low value. This suggests that less than .1% of the tracer deposited
in the sediments was released back into the overlying water. If these results
can be extrapolated to other substances they suggest that trace contaminants
that are deposited in sediments are permanently buried in lake sediments. They
are not released as many limnologists have postulated.

3.3.5 GEOCHEMICAL PROCESSES

Uranium Series Disequilibrium - G.M. Milton, R.M. Brown

A Ph.D. thesis encompassing this study is in the final stages of
preparation. Thesis defence at the University of Waterloo, Department of Earth
Sciences, is expected to be held in 1985 February.

Analytical results for the U, Th and Ra content and isotope ratios of
drill chips from Borehole CR-13 collected in the region of high activity
observed in the gamma scan of the hole and of sections of the CR-20 core located
outside the chief flow zones are reported in Tables 3.3.5A and 3.3.5B.

The high Th/U weight ratios observed in the gneiss and some of the
pegmatite of these boreholes, compared to the mean crustal value of 3.7,
suggests that either uranium has been removed from or thorium added to these
rocks. Although the thorium contents are high compared to the mean crustal
abundance of 9.6 ppm, they are within the range of occurrence. It is generally
considered that oxidation and dissolution of uranium is a touch more likely
process than hydrothermal addition of thorium. In agreement with this, the
marked excesses of 2 3 0Th and 2 2 6Ra over 23l*U indicate leaching of uranium,
either during one event, or gradually over the past 250,000 years. 2 2 8Th/ 2 3 2Th
ratios close to equilibrium in all samples analyzed indicate there has been no
preferential loss of Ra, and hence Ra, over the last 30 years. The
depletion of Z 2 6Ra relative to 2 3 0Th measured for the gneiss (Activity Ratios »
0.57) may be used to date the latest radium removal at "• 2000 years, or simply
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taken as evidence that radium has been only slightly more mobile than thorium in
the recent past. Considerable disequilibrium of this type has been reported
elsewhere, though at much shallower depths.

The highest uranium content measured in the CR—13 chips occur at the
lower pegmatite-country rock, contact; a smaller enhancement is observed at the
upper contact of the less uraniferous intrusion in CR-20 (48-60 m). Th
excesses are less marked in these contact zones. Uraniferous pegmatites are
common in the Bancroft-Mount Laurier region of the Canadian Shield and zonal
distribution of rare minerals within the pegmatite is frequently observed.

3.3.6 BIOLOÜICAL PROCESSES

Determination of Total Cobalt in Fish - J.W. McMahon, A.E. Docherty,
J.M. Judd, S.K. Gentner

A method for measuring total cobalt in fish flesh and bone has been
developed. The most satisfactory method for ashing the required 40 g samples of
fish flesh was with nitric acid and hydrogen peroxide. Fats were extracted with
methyl isobutyl ketone (MIBK). Cobalt concentration in flesh and bone was
measured by graphite furnace, Zeeman-effeet, atomic absorption spectrometry.
Cobalt "spiked" samples are being analysed to determine percent recovery and
reproducibility.

Bioaccumulation of Trace Metals in Lake Waters - J.W. McMahon, A.E.
Docherty, J.M. Judd

The study on seasonal variability of cobalt in lake waters was
continued. Perch Lake surface water samples were analysed monthly for pH,
alkalinity, total organic carbon and total cobalt content.

Numerous fish samples of different species were collected during the
summer in four area lakes of differing chemical characteristics. Two lakes have
high organic content while the other two have low organic content and high
alkalinity. Current studies on the bioavailability of trace elements to biota
focus on a possible relationship between trace element accumulation and lake
chemical variables such as pH, organic carbon content, alkalinity, major cation
concentrations.

Cobalt concentration factors were calculated for fish taken from the
area lakes. Results support the hypothesis that trace metal bioavailability is
limited by chemical interaction in the lake waters - possibly through
organo-metallic cotuplexation. The implication that the bioavailability of
radioactive analogues of trace elements may also be limited in lakes of specific
chemical characteristics is pertiue.tt to our understanding of the movement of
these radionuclldes through aquatic ecosystems.



Temperature Effects on Stream Insects - R.S. Rempel (University of
Waterloo) and J.W. McMahon

Field studies at CRNL on the effects of artificial increases in
temperature on aquatic insect ecology were completed in November. Data collected
at the Perch Creek site will permit an assessment of elevated temperatures on
timing of spring emergence, growth and development of summer generations, ovary
development and egg size, growth rates of larvae in the Autumn and leaf litter
breakdown rates.

A temperature increase of 4°C influences several parameters governing
insect population dynamics. Changes in body size, at the species level, in both
male and female insects was one observed response. At the "functional group"
level detritivore-collector male insects increased in body size in response to a
temperature increase while male predatory insects decreased in size.

Results suggest that increases in temperature of stream waters alters
the species composition of the ecosystem. However, an influence of temperature
on the functional stability of the system - i.e. the relative distribution of
predators, herbivores, detritivores, etc. is not immediately apparent. Analysis
of data is continuing. Laboratory studies are in progress at the University of
Waterloo on insect respiration and attempts are being made to refine statistical
techniques used in this study.
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3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AMD IMPLEMENTATION

3.4.1 INTRODUCTION - P.J. Barry

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 MODELLING

Biosphere Model - P.J. Barry, G. Petrovich (Math & Computation)

G. Petrowich has programmed a model based on a draft of the Canadian
Standards Association (CSA) standard for calculating Derived Release Limits
(N288-?) from Nuclear Facilities. The model includes the more common pathways of
interest when relatively short-lived radionuclides are released to the atmosphere
or to surface waters.

The model is over-conservative for assessment purposes particularly
with respect to surface water sources. Nevertheless it provides a useful
starting point for improvements which can be later added while in the meantime it
will serve the useful purpose of preparing derived release limits for new
facilities and for "first-cut" or upper bounds of a real assessment. The coding
has been completed and debugged and will soon be generally available to users of
the CRNL computing facilities.

Overburden Hydrology Modeling - D.R. Lee, R.W.D. Killey, G.L. Moltyaner
with W. Heinrich, K. Mehta (WNRE)

Scenarios for dilution of geosphere output in overburden and
surface-water are being developed for generic dose assessment. Work focussed on
the Identification of reasonable parameter extremes for transverse dispersivity
and overburden thickness and the outlining of specific tasks for action next
quarter.
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The processes which would be involved when contaminated water emerges
from bedrock aquifers and mixes with the flow in an unconsolidated overburden are
being identified and evaluated. Transverse and vertical dispersivity of the
overburden and overburden thickness are clearly important variables and
reasonable extreme values for them are being defined.

Generalized Modelling Program - LEGGO - P.J. Barry

A generalized modelling program has been written that will enable a
modeller to build up a system model without the need of writing a program himself
or even having any working knowledge of computing languages. It is designed
primarily for beginners to gain experience in the development and use of models.
It should also prove useful to more experienced modellers who can use it more or
less in "breadboard" fashion in the early stages of modelling experiments.
Though primarily designed for use in radiological applications, the program has
wider capabilities for chemical and ecological systems. A users' manual is the
final drafting stage.

3.4.3 ASSESSMENT CRITERIA - R.V. Osborne, r J. Barry, R.J. Cornett

Three major areas of concern when formulating appropriate assessment
criteria are emerging. These are: 1) the relative importance to be attached to
the estimation of doses to individuals and to populations, 2) the question of
truncating integrations for population dose rates to limit the spatial and
temporal scales embraced and 3) the inclusion of probabilistic events. We are
participating in various groups associated with the International Atomic Energy
Agency and the Nuclear Energy Agency of OECD in producing reviews of these topics
(see PR-HS-17) and in establishing guidelines that follow from such
considerations for ocean dumping (through the London Dumping Convention) and for
the management of uranium mill tailings, and for the disposal of low,
intermediate, and high level radioactive wastes.

3.4.4 FIELD STUDIES

Determination of Vertical Connectivity Between Precambrian Rock and
Surface Waters - D.R. Lee and L. Frost (University of Waterloo)

Tracer injection/withdrawal tests were completed across three different
zones of rock in borehole CR-15. Tracers (HTO, Br~, Cl~, and Rhodamine WT) were
used singly or in combination to permit the use of electrical conductance in the
field and to enable us to distinguish among the tracer pulses through other tests
in the lab. In all cases satisfactory breakthrough was observed in the
withdrawal zone. Results are currently being analyzed as a project for a M.Sc
degree. One surprising observation was a significant retardation of Rhodamine WT
relative to NaCl.
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Flux of Groundwaters Across Boreholes Near Shield Lakes - D.R. Lee,

G. Thomson, S.J. Welch

Groundwater fluxes across 21 vertical sections in borehole CR-20 were
estimated with a borehole dilution technique. Cross-hole, natural gradient flows
were only 8.8 mL per minute even in the most permeable sections. The quantity of
water per unit time that could be pumped from a section and the cross-hole flow
measured with the dilution technique were correlated. However when two
independent measures of flux were compared, differences of up to a factor of 29
were found. The two measurement methods were borehole dilution and calculation
using the Darcy equation. This calculation was used to estimate flux from the
product of hydraulic conductivity of a test section, its vertical cross-sectional
area, and hydraulic gradient between a test section and the nearby lake. The
most likely cause of the discrepancy is vertical flow through the rock mass
around one of the packers. We do not believe that a short circuit or leakage
occurred along the packers because we have seen the borehole wall (through a TV
unit) and we have tested the ability of the packers to isolate sections of
boreholes. Vertical flow can be driven by natural head differentials across the
packers. Non-packed sections of the borehole can connect fracture systems not
connected before the borehole was drilled. A practical solution to these
potential problems is to seal as much of the borehole as possible. Although a
set of borehole dilution measurements at one section in CR-19 showed that results
were not influenced by the presence or absence of a pressure equalization tube
running through the double packers, we continued to investigate the significance
of the problem. In order to test the possible significance of vertical
connections in producing discrepancies in borehole dilution tests, we selected a
section at the bottom of CR-20. This section, located at a depth of 105 m,
contained an open fracture, known from a borehole television survey to have an
average aperture of 8 mm. When borehole CR-20 contained no packers, it
overflowed at 37 L per minute. When packers straddling the 8 mm fracture were
inflated, the borehole overflowed at 4 L per minute.

Thus this single fracture contributed 90% of the water discharging from
the hole. Borehole dilution tests were then conducted while the hole overflowed
at 4 L per minute and while the hole was pumped at a steady rate of 24 L per
minute. In other words, tests were conducted with both high and low hydraulic
head in the borehole above the test interval. Under the high head condition, a
borehole dilution rate of 50 raL per minute was measured. Under the low head
condition, borehole dilution results averaged 20 mL per minute. These results
supported the hypothesis that subvertical fractures (i.e. fractures
interconnecting different levels of the borehole) and an incompletely sealed
borehole can produce borehole dilution results that reflect artificial rather
than natural flow conditions across a borehole.

Maskinonge Lake was lowered 0.65 m over a six day period. Water levels
in packed sections of borehole CR-2U did not respond and therefore, unlike
sections of boreholes CR-14, CR-15, CR-lb, CR-17, and CR-18 cannot be connected
with the lake. Test sections at CR-16 and CR-17 stood below lake level
indicating recharge conditions or errors in surveyed elevations.
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Techniques for Determining Groundwater fluxes to Surface - D.R. Lee,
S.J. Welch

A direct technique for determining groundwater fluxes to the surface
in Shield terrain, especially water flows from depths of one kilometre requires
extensive and intensive deep drilling programs followed by detailed piezometric
and geochemical analyses. However because of cost and possible loss of
separation of groundwater flow systems, this approach is not expected to be
practical. In the context of the NFWMP it will be necessary to estimate
volumetric flux, location of discharge points, and geochemical transport times
within the groundwater system down gradient of a hypothetical repository. In
the past, regional groundwater studies have benefited from knowledge of
discharge zone locations, and from chemical and isotopic characterizations of
the emerging waters. We expect the same will be true in NFWMP.

Success in determining groundwater fluxes to surface is more likely if
there is effective use of shallow subsurface, ground and airborne techniques:
1) to locate groundwater discharges, 2) to determine discharges that are
chemically characteristic of deep bedrock groundwaters and then 3) to estimate
fluxes using available hydrogeologic procedures focussed primarily along lines
of known or likely flow.

Four reports on techniques for determining groundwater fluxes to
surface in Shield-terrain have been drafted. These have dealt with the first
step in the process: identification of where groundwater discharges and
semi-quantitative measures of fluxes across boreholes located near surface
waters. Evidence of hydraulic connection of bedrock groundwaters with surface
waters can be obtained by experimentally lowering surface-water levels and
observing piezometric head (Lee, in preparation) in sealed sections of boreholes
adjacent to surface waters (Lee and Welch, in preparation). Identification of
areas of groundwater discharge to ground surface can be obtained using airborne
thermal imagery (Lee and Tracey, in press).

Underwater discharges remain largely undetected because suitable
search techniques are only now beginning to be developed. There are two
promising techniques for identification of the small discharges that likely
emerge from bedrock and enter surface waters on the Shield: sonar and lakebed
sediment drag. Sonar has recently been used (by Shilts of the Geological Survey
of Canada and by Holloway of the Applied Geoscience Branch) to help determine
sediment thickness and type and also the position of troughs in bedrock beneath
surface waters.

A sediment drag (Lee, in press) has been used at Atikokan to locate a
probable underwater discharge zone. This zone, which lies at the intersection
of a fault zone and a smaller topographic and geophysical lineament, is being
further investigated with piezometers sunk into the lake sediment.
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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 CRNL.
The methods, techniques and facilities in use are continually being developed
and expanded to meet changing demands.

3.5.2 INSTRUMENTS AND METHODS

Ion Chromatography - P.C. Jay and J.M. Judd

Ion chroraatography is used extensively for anion analysis of snowmelt,

stem-flow, throughfall samples, soil core inoisture, precipitation and

groundwater from multilevel samplers.

A problem in such analysis has been encountered in those samples
containing acetates and other organic radicals. When using a carbonate buffer
the retention time (rt) of acetate is very close to that of fluoride so that
independent peak resolution cannot be obtained no matter what parameters are
used for processing the chromatograms. This means that acetate in the sample
adds to the area of the peak attributed to F~ with the result that the sample F~
is reported as having a higher concentration than it actually has. Use of
borate buffers resolve F~ and acetate into two separate peaks with reproducible
it's but there is an interaction between the two anions that produces unreliable
results. The nature of the interaction is not yet understood and further work
is being undertaken to find out how to overcome it. Columns containing special
low crosslink resins, suitable for separation and detection of organic acids,
have been purchased to further study resolution of common anions when they are
associated with organic radicals. Meanwhile concentrations of F~ determined by
ion chromatography in those samples where organic acids are likely to be
present, e.g. stem flows, some groundwaters, waste effluents, must be
interpreted with caution. Many samples of water, including some stream and
groundwaters, show peaks in their chromatograms which are not attributable to
any of the 7 common inorganic anions in standards normally used for
calibration. Organic ions are suspected as the most likely cause of these
unidentified peaks. Such ions, if present are of great potential importance
because of their coraplexing properties toward metal ions and hence can
dramatically change the mobility of radioactive cations in environmental flow
systems. Attempts are therefore being made to identify the unknown peaks. As a
first step, a library of the retention times relative to SOit= tor low molecular
weight organic acids is being built up. This work progresses slowly however
because the routine analytical needs of the Branch take up a considerable
proportion of the time available on the single ion-chromatography system
installed.

Electronic Instrumentation - W.J. Beattie, D.R. Champ

The work in the electronic laboratory has been focussed on three major
projects: a submersible probe for use down boreholes or piezometers to measure
radiotracers _in situ; a microprocessor development system for use in designing
microprocessor systems based on the STB BUS; a radiotelemetry system which will
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be used to transmit data from the meteorological equipment on Building 456 to
Building 513; this system has been designed to test and demonstrate a technique
that we believe will provide more reliable data transmission. The status of
these projects is detailed below.

Submersible probe: This equipment will be employed in experiments to
study radioisotopes in situ, as well as in proposed programs to study water
movement, and bacterial and organic chemical transport in groundwater in
unconsolidated materials and rock fractures. The probe and cable assembly have
been completed and tested. Modifications have been made to the probe drive
controller to provide constant probe velocity. Parts have been ordered for the
modifications to tlie probe drive mechanism to render it suitable for use in the
scanning of wet boreholes.

Microprocessor Development System: Although incomplete the

development system has been applied successfully in developing an experimental
Radiotelemetry System. The programming for the Radiotelenietry System has been
successfully completed and tested. Work on the development system will be
completed when we acquire circuit boards to operate the disc drives.

Radiotelemetry System: The transmitter and receiver logic circuit
boards have been fabricated and tested. A printed circuit board layout has been
prepared for the wind signal converter, circuit boards are on order. The
antennas and transmission lines have been installed in Buildings 456 and 513.
An application has been made to the Department of Communications for the licence
to operate the system. Work can proceed when the operating licence has been
received.

Updating of Counting Equipment - E.L. Cooper

A Nuclear Data 6700 computer-based system has been obtained that will
allow us to integrate all our counting equipment. Data will be processed
locally (e.g. gamma spectra, activity calculations) and manual transfer of data
to data bases and reports will be eliminated.

Updating of Effluent Samplers - B.L. Cooper

In cooperation with the Environmental Authority and Electrical,
Instrumentation and Power Branch sampling and flow measurement instrumentation
is being obtained for Perch Creek weir. This equipment should be installed in
1985 and will provide serial samples proportional to the effluent flow rate.

Clean Room Facility - J.M. Judd and P.C. Jay

Delays In finishing construction of the clean room have prevented the
use of this facility tor low-level chemical analysis. It is, however,
anticipated that the room will be finished by the new year and to this end all
instruments are bein6 cleaned and serviced before being permanently installed.
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3.5.3 SITE MONITORING

Gamma Exposure Rates In Public Areas near CRNL - E.L. Cooper,
A.E. Docherty, D.E. Clegg, P.C. Beaulieu, J.F. Mattie, L.A. Mask

Thermoluminescence 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 1984 and the last two
calendar years are gi' «n in Table 3.5.2A.

Gamma Exposure Rates at CRNL - E.L. Cooper, A.E. Docherty, D.E. Clegg,
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 3.5.2B. The reduction in
exposure rates observed in Building 513 is due to shielding from 35 cm of
concrete in the floors above the detector.
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Table 3.5.2A Gamma Exposure Rates In Public Areas (yR*.h )

Location

1

2

3

4

5

6

7

8

13Z

Harrington Bay

Deep River

Second Quarter Third Quarter
1984 1984

i

7.2

5.1

3.8

6.8

5.5

5.1

4.3

6.4

3.1**

7.0

5.5

10.9

5.5

6.0

6.9

6.0

6.0

5.5

7.4

7.5

8.7

6.0

1982
Average

9.2

4.0

3.3

5.0

3.6

5.5

5.1

6.8

-

4.7

4.6

1983
Average

7.9

4.7

3.4

4.6

4.4

4.2

4.1

5.9

6.0

5.2

5.2

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 B > 2.58 x 10-1* C.kg-1.

^MR.h"1 for the period 1983 October 28 to 1984 August 10



1982
Average

22.7

10.8

6.8

10.1

1983
Average

21.6

10.5

9.0

9.5
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Table 3.5.2B Gamma Exposure Rates within the CRNL Exclusion
Area (uR*.h~l)

Location Second Quarter Third Quarter

1984 1984

9 17.0 23.0

102 8.9 10.5

11 8.5 8.9

163 9.8 10.4

Sum of gamma natural background (excluding cosmic radiation) and airborne

contamination from CRNL.

2First floor office in Building 513. 3Office in CRNL cafeteria

*1 R = 2.58 x 10-1* C.kg-1.

Kadionuclides in Precipitation and the Ottawa River - E.L. Cooper,

A.E. Docherty, D.E. Clegg, P.C. Beaulieu, J.F. Mattie, L.A. Mask

Precipitation samples collected at Deep ttiver were analyzed
radlochemically for Sr and spectroinetrically for Cs and other gamma-
emitters. Monthly composite samples of water from the Ottawa River, collected
at Rolphton, Deep River, Pembroke and CRNL, were also analyzed for
gamma-emitting nuclides, tritium and Sr. The results are shown in Figures
3.5.2A and 3.5.2B.

Radionuclides in Liquid Effluents - b.L. Cooper, A.h. Docherty,

D.E. Clegg, 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 3.5.2C for the second and third quarters of 198'1 Host of the
radionuclides are measured by gamma-ray spectrometry. Other releases are shown
In Figure 3.5.2C. The daily releases have been calculated from the measured
flow rates and radionucllde concentrations in individual streams. Since 1980,
the plutonium discharges have been expressed in terms 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 Z39Pu plus Pu. For comparison with
previous release rates the conversion factor is 1 laCi (37 MBq) * 16.3 tog for
2 3 9Pu.
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The tritium concentrations, determined by liquid scintillation
counting, are summarized in Tables 3.5.2D and 3.5.2E, together with the
activities released during the second and third quarters of 1984.

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

Radionuclides In Surface Water - L.L. Cooper, A.fc. Docherty,
P.C. Beaulieu, D.E. Clegg, 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 Kaskinonge Lakes (see Figure 3.2). Most samples were combined and
analyzed monthly for H as well as quarterly for gamma-emitting radionuclides
and Sr. Strontium-90, Co and H are still the main contaminants in the
Perch Lake basin.
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Table 3.5.2C Mean Dally Releases from the Process Sewer

Radionuclides

yüSr

lJ/Cs

llf"Ce

lübRu

11MJBa

13lj

239Np

95Zr

5V
*6Sc

59Fe

65Zr

b0Co

Second
MBq/d*

270

150

160

59

130

98

660

160

280

300

320

330

240

Quarter 1984
% of DRL**

5.8x10"i

4.9x10"z

6.7x10"4

3.2X10-1*

6.6x10"b

2.1x10"3

6.2x10"b

7.4x10"5

2.6X10-1*

2.2X1O-1*

3.ÛX10-1*

l.lxlO"2

1.7xlO~Z

Third
MBq/d

40

150

970

91

130

47

420

490

150

110

130

140

140

Quarter 1984
* y. of DRL**

8

4

3

4

8

9

4,

2,

1.

6.

1.

2.

1.

.6x10-"

.9xlO-2

.8x10"l

.4x10- **

.6x10"b

.5xlO-4

.2x10"b

.lxlO-4

,4x10" **

,9x10"5

.3X10-1*

,3xlO"2

0x10"2

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

from the DRL values feiven In AECL-7243.

digits. (1 MBq = 27
figures have been calculated
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Table 3.5.2D Tritium in Streams in the Exclusion Area
Second Quarter 1984

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m3

2

0,

11,

94.

315.

.1

.9

.0

.0

.0

Quarterly Release
GBq

2.4x10*

46

1.7xlO3

l.OxlO1*

1.6X101*

Percent of
DRL*

2.8x10"2

5.3x10"5

2.0x10"3

1.2xlO-2

1.8xlO-2

Table 3.5.2E Tritium in Streams in the Exclusion Area
Third Quarter 1984

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m

1.0

0.6

4.2

9.2

76.0

Quarterly Release
GBq

1.4X101*

24

4.6xlO2

2.3xl03

5.7x103

Percent of
DRL*

1.6xlO~2

2.7x10"5

5.2x10"*

2.6x10"3

6.5x10"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 pCi, 1 GBq - 27 mCi.
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"^Ar in the CRNL Stack - D.P. Wildsralth, D.E. Clegg,
F. Mattie

*• 1Periodic 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, CO2 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.

There was an interruption in the sampling during September and
October 1984 due to the sampling lines having been inadvertently removed whilst
modifications were underway prior to the installation of the new Emergency
Radiation Monitoring Equipment.

The results obtained to date for 1984 are given in Table 3.5.2F.

Table 3.5.2F. Measured Releases from Main Stack - 1984

Sampling

Date

March 02

May 16

July 10

Nov 28

Dec 10

Time

0940

0950

0823

1350

0939

NRU

Power MW CO2

Not operating

116 Normal

116 Normal

129

115

NRX

Power MW

27

Not operating

25.1

24.9

24.8

"AT

TBq.d"1

130

27

141

147

155

TBq.d"Y.MW~l

5.0

0.2

1.0

1.0

1.0

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

The annual survey of tritium concentration in about 40 streams, lakes
and springs within and around the CRNL property showed that no significant
increases have occurred during the past year. The highest off-site concentration
was 240 Bq.L (2000 Tritium Units) in Chalk Lake into which Lake Maskinonge
discharges. No other off-site sample exceeded 60 Bq.L-i. In the Ottawa River,
mean concentrations for the first 10 months of the year were 9.4 Bq.L" (78 TU) at
Rolphton, 15.0 Bq.L" (125 TU) at Deep River and 19.7 Bq.L" (164 TU) at Pembroke.
These concentrations indicate a projected discharge for the year of 139 TBq from
NPD and 157 TBq from CRNL. The flow of natural and bomb tritium at Rolphton was
247 TBq.a" , similar to that of last year.
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Tritium in Atmospheric Hydrogen - R.M. Brown, W.J. Workman, D.M. Bennett

A preliminary survey of atmospheric HT levels in the vicinity of CRNL
has been made. Our equipment for sampling and analyzing, described in the last
progress report (PR-HS-17), has operated satisfactorily. Two large cylinders of
hydrogen used in the laboratory in trial runs were found, by combustion In a
mixture of tank Ng and O2, to contain 1.0 and 1.8 disintegrations«min'1 of
tritium per litre of hydrogen. This would introduce an amount of HT into a i m
sample approximately equal to the reported global level (0.04 Bq.m~ air STP).
Fortunately some small (lecture) cylinders, as required for field use, were found
to be tritium-free. Using this carrier H2, concentrations of 0.04+0.01 and
0.05+0.01 Bq.m were found in samples from Bonnechere (50 km south of CRNL) and
Chalk River (10 km southwest of the plant laboratory buildings) respectively.
These values agree with the current levels observed at the University of Miami
(H.G. Ostlund, private communication) indicating we can do reliable measurements
down to the general background level.

Sampling In the vicinity of the CRNL plant buildings has shown that
tritium In the form of hydrogen is Indeed released from CRNL facilities.
Concentrations ranging from 0.1 Bq.m" at 3 km from the reactor buildings to
3.2 Bq.m~3 at the east perimeter of the Active Area (0.4 km from the reactor
buildings) have been observed. Sampling within the Active Area has not been done
as yet to avoid contaminating the field equipment during this preliminary
survey. Sampling within the Active Area will be done to observe environmental
concentrations close to the sources and to determine whether the major source of
this HT is the reactors or the electrolytic up-grading plant.

A concentration of 123 Bq.m" has been observed in the Fast Intense
Neutron Source (FINS) Laboratory (Bldg. 513 extension) where about 40 TBq (1000
curies) metal trttlde accelerator targets are located. This level together with
the 6-fold higher HT0 level also found In the air amounts to 0.7% of the
occupational MPC for HTO.

Our equipment collects atmospheric HTO vapour at the same time as
atmospheric HT allowing a correlation of HT and HTO levels. Globally,
atmospheric HT is now fairly uniformly distributed but atmospheric HTO Is
significantly higher at northern continental sites than at marine sites where the
oceans serve as a sink for HTO. At Miami, 80% of the tritium in tropospheric air
Is In the form of HT. In contrast, at our off-site locations only 10-15% of the
total tritium in ground level air Is as HT. As one approaches the CRNL
facilities, the concentration of atmospheric HTO increases more rapidly than does
that of atmospheric HT. HT constitutes 3-5% of the tritium in most samples taken
In the plant area to date. One sample was an exception, having 35% of Its
tritium as HT due to a combination of high HT content and an unusually low HTO
level. In the FINS accelerator room, 83% of the tritium was as HTO Indicating
the ready oxidation of tritium released from metal trltide sources.



- 63 -

It has been suggested that atmospheric HT might produce inordinately
high organic-bound trltiumn (OBT) in vegetation by some direct assimilation
process« We have measured OBT/HTO ratios in pine needles, maple and poplar
leaves from an area near the reactors and D2O up-grading plant where we are sure
there must be elevated levels of HT. We have found values ranging from 0.8 to
2.5, similar to values observed at other locations where the HT level is low.
The indication is that high levels of HT at this location have not produced
inordinately high levels of OBT. However, firm conclusions await more extensive
measurements of HT and OBT levels at this location.

Organic Carbon Analysis - D.R. Champ, J.L. Young

In the previous progress report (PR-HS-17) we presented results which
indicated significant organic contamination of groundwater which may enter
Perch Lake near Inlet 4. Analysis of a third set of samples taken in July has
been completed. Organic carbon concentrations have decreased to levels typical
of natural waters. Since the two previous samples were obtained in February of
1983 and 1984 an additional sample will be taken in February of 1985 to try to
determine if the unknown source of the contamination has been depleted or if the
lower concentration observed in July is a seasonal effect due to factors such as
an altered groundwater flow path.

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

Heating degree-days continue to be compiled from the daily CRNL
temperature records and sent each month to R.K. Elliott, Design and Technical
Services Branch, in support for the hybrid heating experiment by CRNL and Deep
River Hydro.

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 the other network stations across Canada. The highest maximum
temperature for December during the past 21 years occurred in 1982 on the 14th
(14°C). 1984 December 16 had the second highest maximum temperature of 12°C.

Hydrologie 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 Perch Lake Outlet and
Inlet flows.

The stilling wells at alL weirs have been flushed to remove debris
accumulated during the summer, and the heaters at all weirs have now been
reactivated to prevent ice forming during the winter months. The weir box at
Inlet 2 was being replaced by a new structure at the very end of its period.
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Meteorological Monitoring for Atmospheric Dispersion Studies -
E. Robertson, F. Brown

The meteorological recording system was hit by every lightning storm
during the summer. Problem identification and equipment repair were given top
priority and duration of periods with incomplete data for emergency use was
minimized. Lightning protection has been Increased with installation of
additional diodes of the type used in the security system. In August comparison
of wind speed measurements from the two aerovanes on the 65 m tower indicated
that the upper instrument had been damaged. It was taken down, repaired, and
reinstalled 1984 September 20.

The semi-automatic Z-80 data logging system which was made inoperable
by the change in log-in procedure to the 720 computer September 1, was put back
in operation November 5.

Routine data analysis continues. Due to the problems noted above much
of the wind data is being manually abstracted from charts.

Hydrometeorologlcal Measurements - E. Robertson, F. Brown

Routine measurements of the components of the Perch Lake energy budget
were continued till just before freezing of the lake. The residual in the budget
equation is an estimate of the latent energy loss due to evaporation. This
estimate of evaporation is then used (a) together with the tritium concentration
in the lake surface water to estimate the evaporative loss of tritiated water
from the lake and (b) together with the lake water budget to estimate the
groundwater input to the lake. The energy budget of Maskinonge Lake was also
measured routinely through the summer both because of the increasing interest in
this particular lake to other Branch programs and to observe the effects of lake
size on the individual components of the budgets.

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
precipitation 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
(S0i4~), nitrogen compounds (N03~, NH4~), chloride (Cl~), metal ions (Na+, Kt,
Ca**, Mg**), 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 movement-*, and
issued as a weekly Acid Rain Report to the news-media.
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CRNL is one of the reporting sites and Table 3.5.4A lists the
precipitation events and pH values for the period 1984 July 1 to December 10.
During the period there has been 57, pH measureable, precipitation events with a
mean pH of 4.21. This compares with a total of 61 precipitation events having a
mean pH of 4.19 for the period 1984 January 01 to June 30. The total
precipitation amounts for these two periods were 362.3 mm and 357.65 mm
respectively.



Table 3.5.4A Precipitation Events pH

Day

1
2
3
A
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

Mean pH

July

Amount
(mm)

4.6

1.7

6.7
0.7

1.6
0.2
0.1

2.9
0.A

0.A
0.2
0.A
0.A
16.6

1.0
1.2

pH

4.28

A.21

A.20
*

4.42
4.66

4.23
*

4.17

*
4.52
4.38
A.A9

-
-

A.20

August

Amount
(mm)

5.8
1.2
1.2

0.8

6.A
3.A
0.6

0.6

17.2
20.0
3.0

pH

4.11
4.06
3.71

4.02

4.30
5.0
-

3.80

A.01
3.97
4.10

4.07

September

Amount
(mm)

7.2

1.5
17.8
8.2

8.6

4.4

2.0
9.4

4.4
3.2

pH

4.88

4.60
4.10
4.40

4.89

4.4A

3.85
3.78

4.05
3.62

4.28

October

Amount
(mm)

8.4
10.6
2.8

6.0

4.0

5.0

13.6
0.8

1.4
0.4

pH

4.13
4.57
4.35

3.78

3.76

3.83

4.42
3.62

3.92
-

4.04

November

Amount

(mm)

3.0

17.0

0.8
8.0
31.3
12.2

5.6
0.8

0.6

0.2

0.8

PH

4.20

4.38

4.17
4.13
4.50
A.86

4.25
4.78

4.32

4.22

3.99

4.35

December

Amount
(mm)

4.6

7.6
5.1
6.4

PH

4.37

4.73
4.70
4.30

4.53

* Insufficient quantity collected for pH measurement
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3.5.5 COMMERCIAL APPLICATIONS

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

The testing of the prototype multichannel sealer board for the flow
measurraent computer has been delayed due to difficulties in obtaining the
electronic components from parts suppliers. A few components have still not
been delivered but we have made arrangements to borrow parts so that the project
can continue. The construction of a second computer will proceed once the
design of the multichannel sealer board has been finalized.

Assembly of a dedicated injection system for dilution gauging in open
channels has been started. The necessary components have been ordered and
received. These will be tested and mounted inside a polyethylene box.

Development of Radiotracer Technology - E.L. Cooper and R.M. Brown

During the summer procedures for dilution gauging using radiotracers
were developed and tested at CRNL. The technique was then used to measure flows
at two pulp and paper mills under commercial contract. This initial work was
done using borrowed equipment and some problems were encountered with the
pumps. However, the work was completed successfully. New equipment is being
assembled to overcome these problems. Our AECB licence has been amended to
Include an additional radiolsotope which is particularly suitable for dilution
gauging.

A number of pulp and paper mills and research divisions were visited
in order to become acquainted with the problems in this industry. Potential
applications for radiotracers were identified in both research and production
areas.

As part of our effort to axpand the range of radiotracers available
for industrial testing, we tested gas tracers in steam lines at a heavy water
plant. Two tracers were found to be suitable for steam flow measurements.
During the same period we also had the opportunity of testing for a suspected
leak in a heat exchanger. The radiotracer results definitely indicated the
presence of a leak.

Work was also started on a commercial contract to trace various phases
through a laboratory scale reactor. This is part of the development of a new
industrial process by the client. "',3 initial phase of this contract has
Involved the identification of suitable isotopes in suitable chemical forms to
follow the various phases. In cooperation with General Chemistry Branch the
starting materials have been irradiated with thermal neutrons and a potentially
suitable activation product has been produced. A literature survey was also
undertaken and from this we have identified halocarbon and organometallic
radiotracers which may be suitable.
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Transfer of Radiotracer Technology - E.L. Cooper

In cooperation with Radiation and Industrial Safety Branch a course
was given to the staff who will be providing industrial radiotracer services.
This course covered the principles of radiation protection and radioisotope
handling.

The service staff have also been involved in the testing and
application of dilution gauging in open channels. Thus, the transfer of this
technology is proceeding as it is being developed.

The service organization has also obtained their own AECB licence to
cover future radiotracer work.
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cohesionless sediments, Groundwater Monitoring Review. In press.

Robertson, e.R. and P.J. Barry. A summary of water and energy balances.
Submitted to Atmosphere-Ocean.
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In Preparation

Champ, D.R., J.L. Young, D.E. Robertson, K.H. Abe11. Subsurface migration of
long-lived radionuclldes In a shallow groundwater flow system.

Cornett, R.J. and I.L. Ophel. Sedimentation of radlocobalt in a small shield
lake.

Lee, D.R. Evidence for connection of bedrock groundwaters with Maskinonge Lake,
Chalk River. Proceedings of Workshop on Geophysical and Related
Geoscientiflc Studies at Chalk River, 1983 December 14-15.

Lee, D.R. and S.J. Welch. Packer/piezometer system for shallow bedrock
boreholes.

McMahon, J.W., A.E. Docherty, J.M. Judd and S-R. Gentner. Stable cobalt
accumulation by fish In lakes of differing organic content.

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

3.6.2 REPORTS

Brown, R.M. Tritium In the environment. Lecture notes for
CFFTP Tritium Safe Handling Course, CRNL-2739-4, 1984.

Champ, D.R. Microbial mediation of radionuclide transport - significance for the
Nuclear Fuel Waste Management Program, AECL-8566, 1984.

Killey, R.W.D. and J.H. Munch. Subsurface contaminant transport from the liquid
disposal area, CRNL: 1) hydrogeology and tritium contamination near the
chemical ptt, AECL-7691, 1984.

Moltyaner, G.L. and C. Paniconl. Migration of radionuclides in unconsolidated
materials: Analysis of experimental data, AECL-8254, 1984.

Osborne, R.V. Environmental Research, Proceedings of the Sixteenth Information
Meeting of the Nuclear Fuel Waste Management Program (1983 General
Meeting) TR-218, p.288, 1984 November.

In Preparation

Cooper, E.L. Dilution gauging of the CRNL storm sewer.

Killey, R.W.D. The movement of water, arsenic, and radium at a Chalk River Waste
Management Area 1979-1983, AECL-8639.
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PRESENTED PAPERS

Brown, R.M. Tritium In the environment. CFFTP Tritium Safe Handling Course,
1984 September 20-21, November 08-09.

Brown, R.M., W. Workman, A.G. Price. An Isotope and energy budget study of the
snowmelt process. Presented at the Symposium on Snow and Ice Chemistry
and the Atmosphere, Peterborough, Ontario, 1984 August 19-24,

Cornett, R.J. Nuclide sedimentation In Shield Lakes. University of Montreal,
1984 December 11.

Lee, D.R. and J.P. Tracey. Identification of groundwater discharge locations
using thermal infrared imagery. In Proceedings of Ninth Canadian
Symposium on Remote Sensing, Memorial University, St. John's, Nfld.
1984 August 13-17.

Lee, D.R. and S.L. Winters. The octanol water partition model provides
reasonable estimates of organic-solute movement groundwater. Society of
Environmental Toxicology and Chemistry, 1984 November 04-07, Hyatt
Regency Crystal City, Arlington, VA.

Moltyaner, G.L. Hydrodynamic dispersion in natural geologic environments.
Degradation, Retention and Dispersion of Pollutants in Groundwater
Conference, Copenhagen, Denmark, 1984 September 12-14.

LECTURES AND TALKS

Barry, P.J. Snowmelt chemistry, Second ERB Groundwater-Streamflow Symposium,
CRNL, 1984 November.

Brown, R.M. Isotope and energy balance for snowmelt, Second ERB
Groundwater-Streamflow Symposium, CRNL, 1984 November.

Champ, D.K. Understanding the environmental behaviour of radioactive wastes.
Presentation to Bob McDonald from CBC Radio's Morningside Program,
1984 August 17.

Champ, D.R. Science and Technology. Panel discussion with students from Terry
Fox Canadian Youth Centre, 1984 September 27 and November 8.

Champ, D.R. Environmental studies at CRNL. Presentation and tour of Perch Lake
with participants in IAEA course, 1984 October 13.

Cooper, E.L. Environmental radioactivity. 26th Annual Radiation Protection
Course, 1984 October 1-5, CRNL.

Cornett, R.J. Why CRNL? CRNL Summer Lectures, 1984 August 10.

Cornett, K.J. Groundwater and streamflow, Second ERB Groundwater-Streamflow
Symposium, CRNL, 1984 November.
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KIHey, R.W.D. Environment and man. 26th Annual Radiation Protection Course,
1984 October 1-5, CRNL.

Lee, D.R. Environmental Research field sites. 26th Annual Radiation Protection
Course, 1984 October 1-5, CRNL.

Munch, J.H. 3H in Perch Lake streams. Second ERB Groundwater-Streamflow
Symposium, CRNL, 1984 November.

Osborne, R.V. Environmental Research for Waste Management. Invited Lecture,
Department of Physics, McMaster University, 1984 October 26.
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FIGURE 3.2 LOCATION MAP. CHALK RIVER NUCLEAR LABORATORIES PROPERTY
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FIGURE 3.5.2A: Monthly Average Concentration of Cesium-137 and

Strontlum-90 In the Ottawa River at Rolphton,

Deep River and Pembroke during 1984.

^Health and Welfare Canada's recommended target concentrations for
Ceslura-137 and Strontium-90 in drinking water are 5 x 10 Bq«m3 and
1 x 10 Bq«m , 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. RADIATION BIOLOGY BRANCH

by

N.E. Gentner

4.1 Staff

4.2 Aims of the Branch

4.3 RIBOSOME BINDING SITE STRUCTURE

4.4 ASSESSMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS

4.5 EFFECT OF INHERITED DNA REPAIR DEFICIENCIES ON ASSESSMENT OF RADIATION
HAZARDS

4.6 FOLLOW-UP OF PAST CRNL EMPLOYEES

4.7 THEORETICAL BASIS FOR SHAPE OF DOSE-RESPONSE CURVES FOR INDUCED GENETIC
EVENTS IN SACCHAROMYCES CEREVISIAE

4.8 DEVELOPMENT OF A RAPID SCREENING ASSAY TO ASSESS RADIORESPONSE OF
INDIVIDUALS IN THE HUMAN POPULATION

4.9 FEASIBILITY STUDY OF AN EXPERIMENT TO MEASURE THE RBE OF TRITIUM FOR
INDUCTION OF MYELOID LEUKEMIA IN ANIMALS

4.10 EFFECT OF DOSE RATE OF IONIZING IRRADIATION ON MAMMARY TUMORIGENESIS IN THE
SPRAGUE DAWLEY RAT

4.11 AN OXYGEN EFFECT FOR GAMMA-RADIATION INDUCTION OF RADIATION RESISTANCE IN
YEAST

4.12 THE EFFECTS OF HYPERTHERMIA AND IONIZING RADIATION IN NORMAL AND ATAXIA
TELANGIECTASIA HUMAN FIBROBLAST LINES

4.13 CANCER PREDISPOSITION, CHEMOSENSITIVITY, AND DEFECTIVE O6-METHYLGUANINE
REPAIR

4.14 FIBROBLAST STRAINS FROM CANCER-PRONE SUBJECTS STUDIED UNDER NCI CONTRACT

4.15 CELLULAR HYPERSENSITIVITY TO CHRONIC Y-RAYS IN CULTURED
ATAXIA-TELANGIECTASIA HETEROZYGOUS FIBROBLASTS

4.16 IN VITRO RESISTANCE TO MITOMYCIN C IN A MULTIPLE POLYPOSIS/SARCOMA FAMILY
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4.17 INHIBITION OF REPAIR OF X-RAY OR Y-RAY INDUCED ALKALI-STABLE DNA LESIONS IN
HUMAN CELLS BY INHIBITORS OF DNA POLYMERASE

4.18 NOVEL PATTERN OF POST-Y-RAY DE NOVO DNA SYNTHESIS IN A RADIORESISTANT HUMAN
STRAIN.

4.19 NEW MODEL FOR PYRIMIDINE DIMER REPAIR IN HUMAN CELLS

4.20 ENHANCED RESISTANCE TO BOTH Y-RAYS AND NEUTRONS IN A LI-FRAUMENI SYNDROME
STRAIN

4.21 PYRIMIDINE DIMER-CONTAINING EXCISION FRAGMENTS IN UV-IRRADIATED AND
INCUBATED HUMAN CELLS CONTAIN THE DIMER AT THE 5'-END

4.22 REDUCTIVE BIOACTIVATION OF MITOMYCIN C

4.23 STEKEOSPECIFIC REPAIR OF DNA-METHYLATED PHOSPHOTRIESTERS

4.24 MAPPING THE ADE2 GENE OF SACCHAROMYCES CEREVISIAE

4.25 DEVELOPMENT OF A PLASMID THAT CAN GROW IN THREE HOSTS

4.26 COMPLEMENTING THE REPAIR DEFICIENCY IN ATAXIA TELANGIECTASIA FIBROBLASTS
WITH THE USE OF YEAST DNA-REPAIR GENES

4.27 LOCATION OF A 13-BASE SEQUENCE WITH POSSIBLE RECOMBINATION PROPERTIES IN
PLASMIDS

4.28 DEVELOPMENT OF AN IN VITRO RECOMBINATION ASSAY

4.29 PUBLICATIONS
4.29.1 Publications

4.30 VERBAL PRESENTATIONS
4.30.1 Lectures and Seminars
4.30.2 Local Talks
4.30.3 Contributions to Following Reports
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Acting Branch Head - N.E. Gentner

Professionals

N.J. Gragtmans

D.K. Myers<5>

M.M. Werner

Huaan Cell DNA Repair Group

N.E. Gentner^
M.C. Paterson^8'

I'. Kuhleinj10'11)
M. Liuzzi (l(*>

M. Weinfeld(10)

Assistants

Hypertheimla/Recoablnant PHA Group

J.D. Childs(20)

R.E.J. Mitchel^21^

D.P. Morrison

P. Unrau

Visiting Scientist

T.

Branch Secretary

L.J. Morel
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M.J. MacCoshamW

M. Plattner (6)
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L.D. Johnson
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S. Niles^ '

G.M. Norton^16^
B.P. Smith
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B.

(13)

Î.A. Stewart (Secretary)
5.M. Zohr(17)

S.J.
R.S. McWilliams'
M.V. Middlestadt(10)
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K.M. Baird(22)

M. Gasmann
J.J. Jevcak
T.L. Joyce

A.G. Knight(24)
R. Pilon
N. Wheatley(25)

M.C. Wolfgram
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(!) 1984 October 15 to 1985 May 15, encompassing the period of D.K. Myer's
leave of absence at Institute for Medicine, Jiilich, FRG.

(2) On maternity leave since 1984 September 17.

* ' Short—terra employee; commenced 1984 September 04; terminated 1984
November 02.

(4) Short-term employee; commenced 1984 October 22.

(5) Branch Head; on leave of absence at Institue für Medizin, Federal Republic
of Germany (see [1]).

(6) Transferred from Medical Branch, effective 1984 August 01; 2d/week in
Radiation Biology, remainder in Medical Branch.

(7) Assistant Group Leader; also Project Manager for U.S. National Cancer
Institute Contract N01-CP-21029 (Basic).

(8) Group Leader, also Principal Investigator, U.S. NCI Contract N01-CP-21029
(Basic): "In vitro radiosensitivity and DNA repair in genetic syndromes
and families at high risk of malignancy".

^9) NSERC Postdoctoral Fellow.

Attached Staff under contract with the U.S. NCI Contract No. N0181002 (REP
No. NCI-CP-FS-81002-65).

Commenced 1984 October 01.

(12) Terminated 1984 December 31.

Commenced 1984 September 04.

junior Summer Student, terminated 1984 August 29.

(15) National Summer Student, terminated 1984 August 17.

(16) Commenced 1984 August 01.

(17> Terminated 1984 July 17.

(18) Seconded to TNO, The Netherlands, effective 1984 August 20.

(19) Part-time, commenced 1984 October 23.

(20) Returned 1984 September 04 from one year leave of absence at the University
of Colorado, Boulder.

' ' Group Leader

(22) National Summer Student, terminated 1984 September 06.

Laurentian University Student, terminated 1984 August 31.

Retired 1984 December 27.

National Summer Student, terminated 1984 August 24.

(26) F r o m shiga University, Japan, terminated 1984 July 27.
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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 DNA
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 STRUCTURE
- John D. Childs, Raymond Pilon and Tom Schneider*

In cells the genetic information encoded in DNA is first copied
(transcribed) into messenger RNA and then translated into protein. The first step
in translation is the binding of ribosomes to messenger RNA. A typical ribosome
binding site in Escherichia coli contains a Shine and Delgarno region, with a
sequence that is similar or identical to GGAGG, an initiator codon that is normally
UAG and a spacer region between the two of 5 to 9 bases. Although each of these
elements appears to play.a significant role in ribosome binding, there is also
considerable evidence that other bases in this region are important. Thus it has
been shown that between bases -21 to +13, where 0 is the first nucleotide of the
initiator codon, there are four regions that have a significantly non-random
distribution of bases. As this is in the region within which ribosomes are known
to bind, there is a strong implication that this non-randomness is related to
ribosome binding. However, the individual contribution of each of these bases to
ribosome binding is not known. In order to determine these contributions we have
constructed a plasmid, pSC26, that permits us to clone random sequence, single
strand DNA. This plasmid includes an origin of replication, the ampicillin gene,
and all of the lacZ gene except for the first 8 non-essential codons, with a
promoter for lacZ but no ribosome binding site. In order to clone a ribosome
binding site into this plasmid it is first cut between lacZ and its promoter with
two restriction endonucleases, Bglll and PstI and then the large fragment gel
purified. The vector thus obtained has a 5* and a 31 overhang created by the Bglll
and PstI cuts, respectively, that can be visualized as a notch. We have
sucessfully cloned single strand DNA with ends complementary to those of Bglll and
PstI into this vector, a procedure we term "notch cloning". This has permitted us
to clone a known ribosome binding site with random changes at different positions.
These clones are being examined for their level of 3-galactosidase expression, the
product of the lacZ gene, as a measure of ribosome binding, and to determine the
sequence of each insert. From these data we expect to determine the contribution
of each base to ribosome binding.

* University of Colorado

4.4 ASSESSMENT OF RADIATION HAZARDS TO HUMAN POPULATIONS
- D.K. Myers

Concern has been frequently expressed over the radiation hazards to
which uranium miners are exposed. This problem has been analysed in detail in a
paper prepared in collaboration with Dr. J.R. Johnson. The average loss of life
expectancy for persons engaged in uranium mining for a total of 50 years under
current operating conditions was calculated to be about 1.6 years. This is nearly
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20 times greater than that expected for a person working for 50 years in a safer
industry such as a nuclear power generating station. It is of interest to note
that radiation hazards account for only one-quarter of the total loss of life
expectancy due to occupational hazards in uranium mining.

Other activities have included continued input of data to the AECB

Subcommittee on Risk Estimates.

4.5 EFFECT OF INHERITED DNA REPAIR DEFICIENCIES ON ASSESSMENT OF RADIATION
HAZARDS
- D.K. Myers

Research activities over the past decade have demonstrated the existence
of "human genotypes that confer both increased susceptibility or resistance to DNA
damage and increased cancer risk after exposure to carcinogenic agents including
ionizing radiation" (BEIR III, 1980). These differences are ascribed to inherited
deficiencies in the normal DNA repair systems (UNSCEAR, 1982). For radiation
protection purposes, the crucial requirement is a quantitative estimate of the
ueyreu of increased sensitivity (or resistance) with respect to the carcinogenic
and genetic hazards of exposure to ionizing radiation. No direct method for
estimating these possible differences is available at present. A review of
available data on human diseases associated with inherited deficiencies in DNA
repair systems suggests that, while certain inherited deficiencies in DNA repair
systems can potentially increase the incidence of cancer, humans in the work-force
are unlikely to be severely defective (homozygous) in any of the known DNA repair
systems. Any significant increase in the carcinogenic hazards of radiation due to
minor inherited deficiencies in DNA repair systems (notably, in hétérozygotes
carrying one copy of the defective gene associated with the hereditary disease
ataxia telanyiectasia) may be small, i.e., perhaps not greater than two-fold.

4.6 FOLLOW-UP OF PAST CRNL EMPLOYEES

- M.M. Werner

A database has been set up with the assistance of Mrs. L. Yamazaki of
the Mathematics and Computation Branch to contain the CRNL mortality data. Dat••.
entry is nearly complete for deaths occurring before 1982 among CRNL's current and
retired employees.

A report has now been published by the Department of Epidemiology and
Community Medicine, University of Ottawa, on the follow-up of armed services
personnel who participated in the clean-ups at Chalk River in 1953 and 1958. The
results of this study do not conflict with those for AECL personnel who
participated in the clean-ups.

A listing of clean-up participants is being prepared for personnel at
the National Cancer Institute of Canada, in order to facilitate the analysis oi i',-.»-
AECL Health Study data.

Verification and supplementation of the identifying information on i'KY.
past employee records is also underway for an updated version of the AECL Health
Study tape.

4.7 THEORETICAL BASIS FOR SHAPE OF DOSE-RESPONSE CURVES FOR INDUCED GENETIC
EVENTS IN SACCHAROMTCES CEREVISIAE
- M.M. Werner, D.P. Morrison, D.K. Myers, N.E. Gentner and

Marguerite Plattner

We previously demonstrated a dose-squared response for UV-indm-i-d ;•••''•'•>'
conversion in wild type Saccharomyces cerevisiae (Abstr. 32nd Annu. Mcetin;-.
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Radiât. Res. Soc, p.120 [1984] and Abstr. 15th Annu. Meeting Environ. Mut- Soc,
p.128 [1984]). In excision repair deficient yeast cells, however, UV-induced gene
conversion is directly proportional to UV fluence (at exposures causing negligible
killing). Recent data at low UV fluences however, suggest there is also an initial
linear component for gene conversion in wild type cells: while second order
kinetics are observed at fluences greater than 2-5 J/rn^, induction appears to be
linear with dose up to about 2-5 J/m^. This initial linear phase may be
indicative of the existence of a low level of constitutive repair capacity with the
later dose-squared response reflecting induction. Alternatively, it may reflect
the type of DNA damage giving rise to gene conversion, as follows: in excision
repair deficient strains, single UV-induced lesions may be sufficient to stimulate
gene conversion; however, in repair-proficient strains where UV-induced dimers are
removed by excision repair, the stimulus for gene conversion may be induction of
recombinational repair by double-strand coincident damage in DNA caused by
"overlapping" excision-repair sites.

It is difficult to obtain reliable data for UV fluences less than
2 J/m^ because the frequency of induced gene convertants is extremely low. To
obtain a reliable measure of increase above the spontaneous level, it is necessary
to obtain cultures with low spontaneous frequencies. We are currently testing
various procedures for producing such cultures. Once a suitable protocol has been
established, we will resume a more exhaustive study of the effects of repair
processes on the shape of dose response curves for induced genetic changes at low
doses.

4.8 DEVELOPMENT OF A RAPID SCREENING ASSAY TO ASSESS RADIORESPONSE OF
INDIVIDUALS IN THE HUMAN POPULATION
- M.C. Paterson, R.S. McWilliams and N.E. Gentner

Knowledge of the proportion of individuals in the human population-at-
large who exhibit an abnormal (either enhanced sensitivity or enhanced resistance)
response to the cytotoxic action of ionizing radiation may have utility both in
assessing the possible contribution such sub-groups may make to the overall risks
incumbent on ionizing radiation exposure and in designing "tailor-made"
radiotherapy protocols which have the potential to increase treatment effectiveness
in such persons who develop cancer. Although we possess at present the capability
to perform such analyses on cultured human fibroblasts, the necessity to first take
skin biopsies and establish primary cultures, and, second, to perform conventional
determinations of colony-forming ability post-exposure, render this approach too
intensive both in labour and in time to be applicable to either a

population-screening or a clinical situation. Accordingly, we have explored a more
rapid assay based upon easily-sampled human blood cells.

Two methods have been developed to measure the cytotoxic response of
human peripheral blood lymphocytes to ionizing radiation exposure. Method A
assesses cell viability by ability to exclude the vital dye trypan blue. Method B
employs a cell counter coupled to a multichannel analyser; viable cells are found
in a distinct conductivity peak (see PR-HS-16, section 4.16). Each method yields
essentially the same inactivation curve, but method B is amenable to automation and
can achieve the throughput rate needed to screen large numbers of persons. Two
cautionary notes must be sounded at this stage, however, (i) These procedures
remain to be validated by known radiosensitive controls, such as AT homozygotes.
(ii) Since the bulk of any putative increased risk due to a recessively inherited
repair deficiency accrues to hétérozygotes, any chosen method must be capable of
detecting this lesser degree of deficiency. In a separate study, using cultured
skin fibrdtrlasts (sect. 4.15), we have demonstrated that chronic as opposed to
acute ionizing radiation exposure amplifies the sensitivity with which such



hétérozygotes can be detected; this principle may be exploitable in the rapid
screening assay as well«

4.9 FEASIBILITY STUDY OF AN EXPERIMENT TO MEASURE THE RBE OF TRITIUM FOR
INDUCTION OF MYELOID LEUKEMIA IN ANIMALS
- N.J. Gragtmans, J.R. Johnson and D.K. Myers

An AECB/CRNL cost-shared feasibility study was conducted to determine
the RBE for tritium in reference to 250 kVp X-rays using myeloid leukemia induction
in animals. The final report discussed relevance and need for this project,
animal models, experimental design and costs. The study used information from an
extensive literature search.

4.10 EFFECT OF DOSE RATE OF IONIZING IRRADIATION ON MAMMARY TUMORIGENESIS IN THE
SPRAGUE DAWLET RAT
- N.J. Gragtmans, R.A. McCann and J.W. Murphy

The experiment has been completed. Samples from all mammary tumors are
processed for histological identification. Data are entered into the computer for
analysis.

4.11 AN OXYGEN EFFECT FOR GAMMA-RADIATION INDUCTION OF RADIATION RESISTANCE IN
YEAST
- R.E.J. Mitchel and D.P. Morrison

Previous evidence in a lower eukaryote indicated the lack of an oxygen
etfect for ionizing radiation induction of radioresistance [P.E. Bryant, Nature
(London) 261, 588-590 (1976)], suggesting that the signal for induction may be
different from that in prokaryotes, where DNA damage by a variety of agents has
been shown to induce SOS type repair and radioresistance. We have now shown that
prior exposure to a sublethal dose of "̂  radiation caused induction of
radioresistance in Saccharomyces cerevisiae, and that the rate of induction was
proportional to the initial dose. Irradiation in oxygen produced a higher rate of
Increase in resistance, per unit dose, than irradiation in nitrogen, with an oxygen
enhancement ratio of 2.8. The maximum level of resistance reached in response to
saturating doses was the same regardless of the presence or absence of O2 during
the initial irradiation. At less than saturating doses, however, the maximum
increase in resistance was higher, per unit dose, following irradiation in the
presence of O2 than in its absence. Oxic doses which gave the maximum possible
increase in the level of resistance were considerably less than those required to
produce the maximum rate of increase in resistance. These results suggest a
difference in the level at which DNA damage saturates these processes. These
results also indicate that the use of DNA damage as a signal for induction of
r.diation resistance has probably been conserved during the evolution of
prokaryotes to lower eukaryotes.

4.12 THE EFFECTS OF HYPERTHERMIA AND IONIZING RADIATION IN NORMAL AND ATAXIA
TELANGIECTASIA HUMAN FIBROBLAST LINES
- R.E.J. Mitchel, A. Chan, B.P. Smith, S.D. Child and M.C. Paterson

The effects of 45°C hyperthermia and Y radiation have been studied in
three normal human fibroblast lines (GM38, GM73O, WI38) and compared to the effects
in two lines derived from patients with the hereditary disease ataxia
tflangiectasia (AT3BI,AT5BI). All lines, both, normal and Y-sensitive AT, showed a
similar resistance to killing by heat alone, suggesting that the defect reponsible
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for the increased radiation sensitivity in AT lines does not confer increased heat
sensitivity. Shouldered survival curves were obtained in each case indicating the
ability to accumulate sublethal heat damage. All normal and AT cell lines
exhibited increased resistance to the lethal effects of heat in response to a
thermal stress, indicating that the defect that causes radiosensitivity in AT cell
lines does not prevent the induction of thermotolerance. Heat (45°C,3O min) was
shown to increase the sensitivity of the normal cell lines to killing by
radiation. The thermal enhancement ratios obtained ranged from about 2.5 to 3.0.
The same heat treatment, however, produced very little increase in the radiation
sensitivity of the AT cells. Thermal enhancement ratios of about 1.2 were obtained
in these lines. We hypothesize that, in normal cells, this heat treatment
inactivates the process which is already defective in AT lines, and that this
process may be required for the proper rejoining of double—strand breaks produced
during the repair of other radiation-induced lesions.

4.13 CANCER PREDISPOSITION, CHEM0SEHS1TIVITY, AND DEFECTIVE O6-METHYLGÜANINE
REPAIR
- M.V. Middlestadt and M.C. Paterson

Faulty repair of O°-methylguanine (O^-MeG) in DNA is a relevant
determinant of alkylation-induced cytotoxicity and mutagenesis. Neoplastic or
viral transformation has been implicated in the genesis of this DNA repair defect
in human cells. In our studies of genetic-environmental interactions in cancer
causation we have identified various non-transformed dermal fibroblast strains from
a variety of sources which display enhanced niethylnitrosourea (MNU)-induced
cytotoxicity and defective 0D-MeG repair. In particular, in a Gardner's syndrome
family, manifesting the characteristic predisposition to colon cancer, deficient
0^-MeG-DNA methyltransferase levels (~8% "normal" in proband, and 50% "normal" in
2 of 3 affected females) appear to be the underlying cause for an observed cellular
chemosensitivity (MNU) segregating in afflicted females. Markedly reduced O^-MeG
repair capacities (20-25% of "normal" levels) have also been observed in
fibroblasts obtained from one AIDS/Kaposi sarcoma patient and from an individual
who developed colon cancer after chemotherapy for an original malignancy. A fetal
fibroblast strain which we have previously shown to exhibit an in vitro
age-dependent increase in MNU sensitivity correspondingly demonstrates an in vitro
age-dependent decrease in alkyltransferase function. In collaborative work with R.
Mirzayans, we have shown that this fetal strain is also hypermutable by MNU (up to
7-fold higher frequencies of 6-thioguanine resistant mutants compared to an
age-matched control). Possible molecular explanations for loss of 0^-MeG repair
competency in these various strains are currently under investigation.

4.14 FIBROBLAST STRAINS «ROM CANCER-PRONE SUBJECTS STUDIED UNDER NCI CONTRACT
- M.C. Paterson, B.P. Smith, B.M. Zohr, G. Norton, S.J. MacFarlane, R.S.
McWilliaras and N.E. Gentner

The accompanying taL^e provides a general breakdown of the total (i)
human conditions assigned and surveyed, (ii) cultured fibroblast strains stored and
assayed, and (iii) post-carcinogen cell survival experiments conducted during the
first two years of AECL's Contract N01-CP-21029(Basic) with the Clinical and
Environmental Epidemiology Branch of the U.S. National Cancer Institute. A total
of 97 human skin fibroblast strains have been received, 91 of which have been
preserved in the Human Cell Repository at CRNL. Growth of the remaining six was
very slow, thus precluding their inclusion in our studies. Of the preserved
strains, 19 were controls derived from clinically normal volunteers, 45 were
established from persons afflicted with one of 13 c'ifferent familial conditions, an
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additional 23 were obtained from individual cancer patients with unusual clinical
histories, and the remaining 4, established from normal donors, served as "coded
controls" within the group of NCI "Unknowns". Each of the 91 strains studied has
been assayed for colony—forming ability following exposure to one or more of the
following four model carcinogens: 6 °Co Y-rays, far UV, mitomyciti C (MMC) and
N-raethyl-N-nitrosourea (MNU). (Note: Collectively, these four agents introduce a
vast array of chemically distinct lesions in DNA and thus, when used in concert,
constitute a sensitive measure of a given strain's ability to cope with a variety
of carcinogens, both natural and man-made. Since MMC is itself biologically inert
and requires metabolic reduction to an activated form, its inclusion enables us to
monitor the bioreductive activity of a particular strain.) A total of 479
individual survival experiments have been performed to date. In brief, all 13
familial conditions assigned for study have been examined, and in seven, at least
one fibroblast strain exhibited an anomalous response to the lethal effects of one
or more test agents. Similarly, each of the 23 strains from individual cancer
patients has also been screened; 11 of these displayed abnormal carcinogen
responsiveness jtn_ vitro.

Clinical Status
of Donor
or Family

Strain
No. of Colony-Forming Ability

Experiments with:

Type No. Assayed 7-rays Far UV MMC MNU (Total)

Normal
(19/19/2)*

Familial
condition
(13/13/7)*

Non-familial
condition
(23/23/11)*

Normal
(4/4/0)*

Control

"Unknown"

"Unknown"

"Unknown"
(coded
control)

19

45

23

43 33 44 26 146

71 35 70 36 212

30 25 26 22 103

5 4 18

(Total) 91 149 97 145 88 479

* (No. assigned/no, studied/no, exhibiting some abnormal carcinogen response
in vitro)

«.15 CELLULAR HÏPERSENSITIVITT TO CHRONIC Ï-RAYS IN CULTURED
ATAXIA-TELANGIECTASIA HETEROZYGOUS FIBROBLASTS
- M.C. Paterson, S.J. MacFarlane, K.E. Gcntner and B.P. Smith

Ketrospective analysis of disease incidence in 27 families with the
multifaceted disorder ataxia-telangiectasia (A-T) has led Swift and coworkers
(Lancet _i_: 1049 [1983]) to predict that heterozygous carriers of this autosomal
recessive trait are prone to cancer, congenital malformations and ischémie heart
disease. The universal Y-ray hypersensitivity of cultured cells from affected A-T
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homozygotes prompted us to explore impairment in post-r ray colony forming ability
(CFA) as an in vitro test of A-T heterozygosity. Forty strains from healthy donors
and from A—T homozygous children and their obligatory heterozygous parents were
assayed in this feasibility study. Although acute exposure to oxic7-rays
inactivated cells from the parents at normal rates, radiation under hypoxia
affected survival of these presumed A-T hétérozygotes to an extent interaediate
between that of the normal controls and A-T homozygotes in five of the seven
families. Upon protraction of the oxic '-ray dose rate from 1.0 Gy/min to 0.005
Gy/min, the CFA of the heterozygous strains in the remaining two families was also
clearly reduced relative to that of the normal strains. Moreover, the chronic
<-ray survival assay correctly identified two out of three A-T heterozygous strains
contained in a blind followup study. Hence this assay may lead to a simple
diagnostic test for A-T carriers, and thereby validate the predicted
disease-predisposing effect of A-T heterozygosity.

4.16 IH VITRO RESISTANCE TO MITOMYCIN C IN A MULTIPLE POLYPOSIS/SARCOHA FAMILY
- M.C. Paterson, N.E. Gentner, R. Mirzayans, G.M. Norton, R.S. McWilliams

and L.D. Johnson

This is one of two families in which we have found enhanced resistance to
carcinogen toxicity in fibroblasts from persons at high risk of familial
malignancy.

The cardinal features of this family are colonie polyps prone to
malignant degeneration in coexistence with malignant extra-alimentary sarcomas. The
pattern of familial malignancy arising in the kinship is consistent with autosomal
dominant inheritance of a single mutant, highly penetrant, pleiotrophic gene. Our
interest in the family was stimulated in part by the appearance of a suspected
cytotoxic drug-induced cancer in a 28-year-old female member who had undergone
combined therapy for a glioblastoma three years earlier. Following treatment, which
included 1,3-bis(2-chloroethyl)-l-nitrosourea, the patient developed a fatal
nonlymphocytic leukemia, a recognized sequela of alkylating agent therapy.
Consequently, strain 3437T from the patient as well as strains from four other
family members were assayed for colony-forming ability (CFA) upon exposure to the
model alkylating agent MNU and other DNA-damaging agents.

All five strains responded normally to the lethal action of MNU.
Somewhat surprisingly, however, three of the strains — including the proband, 3437T
— exhibited enhanced resistance to the inactivating effects of another
antineoplastic chemical, mitomycin C (MMC). 3437T cells proved to be especially
insensitive, yielding a Djo value for post-MMC colony-forming ability which was
5.5-times that found for normal controls. It is noteworthy that the three MMC
resistant strains were derived from family members either with or at high risk of
cancer (i.e., in the cancer-prone lineage). In the remaining two strains, with
normal levels of post-MMC colony survival, one donor served as a spouse control
while the other was asymptomatic. Thus, in this kinship, there is complete
concordance between cancer predisposition in vivo and cellular hyperresistance to
MMC in vitro.

MMC is a potent inducer of cross-links between the complementary strands
of the double helix. On a priori grounds, such interstrand cross-links would be
expected to constitute an effective block to de novo replicative synthesis and
(unless successfully circumvented by repair processes) should therefore be
tantamount to reproductive death. To determine whether the ability to cope with
such lesions was responsible for the MMC-resistant phenotype observed in this
family, colony survival of 3A37T and normal cells was compared after treatment with
two other well-known DNA cross-linking agents, cis-diamminedichloroplarinum II
(cis-DDP) and 8-methoxypsoralcn. For both agents, the post-treatment CFA for !•'< 57T
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cells was similar to that exhibited by control cells, indicating that 3437T does
not owe its MMC hyperresistance to a "super-proficient" ability to repair DNA
cross-links. Likewise, the strain has been shown to be 5-times more resistant than
normal controls to the lethal effects of 4-nitroquinoline 1-oxide (4NQO). Both MMC
and 4NQO are themselves biologically inert and require metabolic reduction to an
activated form. Hence these survival experiments raised the possibility that 3437T
cells are resistant to MMC and 4NQO cytotoxicity because they lack the normal
complement of reductases or cofactors mediating the conversion of these compounds
to an activated, DNA-damaging form. (Note: An alternative explanation, namely,
reduced capacity to take up drugs, seemed remote, in view of the normal response of
3437T cells to inactivation by MNH, cis-DDP and photo-activated psoralen.) That
this could indeed account for most, if not all, of the cross-resistance to MMC and
4NQO has been surmised from the following three observations:

1. Using the alkaline elution method, we have demonstrated that 3437T
cells must be exposed to 5-times as much MMC as GM38 cells in order to
sustain comparable levels of interstrand cross-linking.

2. Following identical 4NQO treatments, the incidence of either
alkali-labile or alkali-stable adducts was at least three times lower
in 3437T cells than in normal cells.

3. Extracts of 3437T cultures have been shown to contain only about 15% of
the 4NQO reductase activity that is present in normal cell extracts.

It seems paradoxical that cells derived from persons predisposed to
neoplasia should exhibit increased resistance, rather than increased sensitivity,
to the toxic effects of known carcinogens such as MMC and 4NQO. However, it is
conceivable that bioreduction may play a role in activation of carcinogens. If so,
then it is quite possible that individuals who have an impairment in bioreduction
might be at increased cancer risk because they would be expected to carry a heavier
"carcinogen load" than the general population. In short, this family may serve as
a useful model of a new mechanism of cancer causation.

4.17 INHIBITION OF REPAIR OF X-RAT OR -RAT INDUCED ALKALI-STABLE DNA LESIONS IN
HUMAN CELLS BY INHIBITORS OF DNA POLYMERASE
- R. Mirzayans, B.P. Smith, R. Waters* and M.C. Paterson

The Influence of inhibitors of DNA polymerases . (i.e., cytosine
arabinoside, aphidicolin) and ':, (i.e., dideoxythymidine) on the repair of lesions
induced in the DNA of cultured human dermal fibroblasts by 50 keV X-rays and
''"Co '-rays was investigated by velocity sedimentation of cellular DNA in
alkaline sucrose gradients. The repair of radiogenic DNA damage was appreciably
altered by cytosine arabinoside and aphidicolin, which suggests a role for
polymerase < in the process. Furthermore, the data implicate this enzyme in the
repair of a class "f radiation-induced alkali-stable DNA lesions (i.e., base/sugar
damage) but not in the repair of strand breaks (i.e., frank breaks plus
alkali-labile bonds). DNA repair in --irradiated cells was essentially unaltered
by dideoxythymidine, thus apparently excluding the involvement of polymerase .'. in
such repair.

A marked difference was observed in the freciencies of the two major
classes of DNA defects (i.e., strand breaks and alkali stable sites) induced by
X-rays or i-rays. Upon exposure to the same dose delivered under similar
experimental conditions, the number of strand breaks induced by Y-rays was at least
2-fold greater than that produced by X-rays. In contrast, for the same number of
strand breaks induced, the number of alkali-stable lesions detected in ̂ -irradiated
cells was, depending on doses used, 3.5-9 times lower than that detected following
X-ray treatment.

* Dept. of Genetics, University College of Swansea, UK
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4.18 HOVEL PATTERN OF POST-Y-RAY DE NOVO DNA SYNTHESIS IN A RADIORESISTANT HUMAN
STRAIN.
- R. Mirzayans, N.E. Gentner and M.C. Paterson

Enhanced resistance to radiation cytotoxicity in a fibroblast strain
from an afflicted member of a Li-Fraumeni syndrome family may be largely ascribable
to a change in the pattern of DNA replicative synthesis following y-ray exposure.
That is, the extent of the initial radiogenic inhibition of replicative synthesis
and the time interval before its subsequent recovery were both found to be greater
in radioresistant (RR) compared to normal cells. In addition, the post-recovery
replication rates in the RR cells were both higher and longer lasting than those in
the control cells. A similar differential pattern was also seen following
treatment with 4NQO, another DNA-damaging agent to which this RR strain displays
enhanced resistance. Moreover, several conventional DNA repair assays indicated
that the RR cells repair radiogenic damage at normal rates. We therefore suggest
that the increased inhibition and prolonged lag in resumption of replicative
synthesis seen in the RR strain upon exposure to certain genotoxic agents may
enhance cellular recovery by "buying additional time" for processing of potentially
lethal lesions.

4.19 NEW MODEL FOR PYRIMIDINE DIMER REPAIR IN HUMAN CELLS
- M.C. Paterson, N.E. Gentner, M. Middlestadt and M. Weinfeld

A re-examination of the metabolic fate of UV-induced cyclobutyl
pyriraidine dimers in dermal fibroblasts from patients with different genetic forms
of xeroderma pigmentosum (XP), a rare cancer-prone skin disorder, has provided new
insight into the mode of dimer repair in normal cells. When DNA extracted from
post-UV (254 nm; 15 J"m~2) incubated cultures was subjected to enzymatic
photoreactivation (PR) to probe dimer authenticity, single-strand scissions were
produced in the damaged DNA of incubated XP group A or D cells, but not in DNA from
XP variants or normal cells. Since enzymatic PR splits only the cyclobutane ring,
our results suggest that in dimer excision-defective XP A and D strains, the
intradimer phosphodiester bond may be cleaved without site restoration. That such
cleavage may be an early step in the normal excision-repair process was indicated
by the observed release of free thymidine (dT) and thymidine monophosphate (dTMP)
(but not thymine) upon photochemical reversal of the dimer-containing i .cision
fragments isolated from post-UV incubated normal cells. The combined number of dT
and dTMP molecules released was equal to 50-70% of the number of ditners
photoreversed; for such reversal to occur, the dimer must both be at one end of an
excised fragment and contain an internal phosphodiester break. We therefore
propose a new model for dimer repair in human cells in which hydrolysis of the
* radimer phosphodiester linkage precedes the concerted action of a generalized
"bulky lesion-repair complex" involving conventional strand incision/lesion
excision/repair resynthesis/strand ligation reactions.

4.20 ENHANCED RESISTANCE TO BOTH -RAYS AND NEUTRONS IN A LI-FKADHENI SYNDROME
STRAIN
- N.E. Gentner, B.P. Smith, R. Mirzayans, and M.C. Paterson

We have been investigating the radioresistance (RR) phenotype in a
fibroblast strain derived from an affected member in a Li-Fraumeni syndrome family.
The strain's D(10) value for acute exposure to Co-60 V-rays is 5.59+0.42 Gy,
compared to a composite value of 3.82+0.09 Gy for normal controls. This difference
is highly significant, giving a dose enhancement factor (DEF) of 1.46. The RR
trait is independent of radiation quality in that the strain manifests the same
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degree of resistance (DEF=1.45) for high LET (14 MeV neutrons) radiation
[D(10)»2.92 Gy, vs 2.01 Gy for "normal"]. In contrast, the dose reduction factor
for radiosensitive ataxia telangiectasia strains is diminished for 14 MeV neutrons
(1.6) compared to Y-rays (2.9), a finding consistent with a deficiency in DNA
repair. In keeping with these combined data, the RR phenotype cannot be ascribed
to a hyperactive repair process, since several conventional assays have yielded
normal kinetics for the removal of radiogenic damage in the RR strain. Rather, its
radioresistance may stem from a peculiar ability to "buy more time" for repair of
non-coding lesions in DNA.

4.21 PYRIMIDINE DIMER-CONTAINING EXCISION FRAGMENT'' IN DV-IRRADIATED AND
INCUBATED HUMAN CELLS CONTAIN THE DIMES AT Th*. • -END
- N.E. Gentner, S. Niles, L.D Johnson and M. We^nfeld

Our new mechanism for excision repair of UV-induced cyclobutyl
pyrimidine dimers in cultured human cells (see sect. 4.19) requires a total of
three endonucleolytic incision events in order to remove the dimer as part of a
short (4-5 bases in length, including the two pyrimidines involved in dimer
formation) oligodeoxyribonucleotide: the internal incision, within the dimer pair,
and two proximal incisions — one upstream (5'-side) and one downstream (3'-side)
from the dimer.

In the excision repair products obtained at 24h post-UV, we know that
most or all of the dimers are at one end of the oligodeoxyribonucleotide; this must
be so in order to explain the release of dThd/dTMP on photochemical reversal. We
further need to know which end, in order to help ascertain the nature of these
incision events (i.e. whether 3'-OH/5'-P or 3'-P/5'-OH bounded cuts are made). We
incubated dimer-containing excision fragments with alkaline phosphatase plus either
one of two exonucleases that chew from different ends of an oligodeoxyribo-
nucleotide: snake venom phosphodiesterase, a 3' -»• 5'-exonuclease that releases
5'-mononucleotides, and calf spleen phosphodiesterase, a 5' •*• 3'-exonuclease that
releases 3'-raononucleotides. Either is blocked by pyrimidine dimers; release of
radioactivity detectable by HPLC as dThd should occur from non-dimer material on
the fragn-_nt end away from the dimer. Only the snake venom phosphodiesterase
digestif was observed to yield dThd. We conclude that dimers are contained at the
S'-end of the excision fragments examined.

4.22 REDUCTIVE BIOACTIVATION OF KLTOMTCIN C
- N.E. Gentner, L.D. Johnson, R.S. McWilliams and M.C. Paterson

Cultured fibroblasts obtained from the proband in a multiple
polyposis/sarcoma family are markedly resistant to the cytotoxic effects of the
antineoplastic drug mitotnycin C (MMC); this phenotype is attributed largely to
deposition of considerably less DNA damage (DNA-DNA interstrand cross-links,
assayed by alkaline elution) in the MMC-resistant compared to a normal strain, upon
a given exposure to MMC (see sect. 4.16). This difference appears not to be due to
altered uptake, since the strain from the proband displays a normal response to
other cross-linking agents. Such a difference could arise, however, from altered
reductive bioactivation in vivo.

An HPLC assay was developed to monitor the capacity of human cell
extracts to accomplish the NADPH-dependent disappearance of MMC (see sect. 4.9 in
PR-HS-17). The strain from the proband shows the same capacity for this as normal
cells, so there appears to be no deficit in the en. ymatic system that accomplishes
the initial step at least.

Since measurements of capacity to accomplish an enzymatic reaction are
performed at zero order (saturating concentration) with respect to other
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substrates, a related possible explanation for the discrepancy in damage is that
the reduced pyridine nucleotide cofactor in the reaction, NADPH, limits the
reaction in the MMC-resistant compared to a normal strain. We are employing HPLC
in our efforts to analyse oxidized and reduced pyridine nucleotide concentrations
directly in cell lysates.

4.23 STEREOSPECIFIC REPAIR OF DHA-METHYLATED PHOSPHOTRIESTERS
- M. Weinfeld, A. Drake* and M. Middlestadt

McCarthy ££ .al.« (PNAS jW, 7380-7384 [1983]) have recently found an
inducible protein in Escherichia coli that removes methyl groups from the phosphate
backbone of DNA treated with methylnitrosourea. This protein (39 kd) acts in &
stoichiomerric fashion by simply transferring the methyl group to one of its own
amino acid residues, thereby inactivating itself. (It is thus analogous to the
inducible methyl transferase which removes methyl groups from O^-methylguanines
in methylated DNA). However, the protein appears to repair only half of the methyl
phosphotriesters. We considered the possibility that this might reflect a
stereospecific mode of action. The oxygen atoms in a phosphate group are
tetrahedrally displaced about the phosphorus atom. Esterification of the phosphate
group with three different moieties thus produces an isomeric pair which can be
designated Rp and Sp after the manner of Cahn, Ingold and Prelog. (In the case of
DNA phosphotriesters, a diastereomeric pair is produced). The two diastereoisomers
of methylated thymidinyl-CS'-S'Hhymidine were synthesized, separated by
reverse-phase HPLC and their respective stereochemical configurations assigned by
circular dichr^ism. Then, using [3H]-methylated poly dT/poly dA as a substrate
for an E. coll extract, we were able to show by enzyme digestion and HPLC analysis
of the treated DNA that only the phosphotriesters with an Sp configuration are
repaired.

* Kings College, University of London, Strand, London, WC2R 2LS England.

4.24 HAPPING THE ADE2 GENE OF SACCBAROHTCES CEREVISIAE
- P. Unrau and M. Gasmann

A preliminary map of the restriction sites on the Ade2 gene has been
prepared. It is expected that sequencing of the gene will be performed if suitable
technical support is provided. M. Gassman is submitting the work as part of an
Honours B.Sc. programme at Laurentian University.

4.25 DEVELOPMENT OF A PLASHED THAT CAN GROW IN THREE HOSTS
- R. Pilon and P. Unrau

Although DNA from this plasmid has been prepared for micro-injection, it
has not been used owing to the absence of an assay for expression of the yeast gene
in the human host. This programme has been stopped until suitable assay methods
are developed.

4.26 COMPLEMENTING THE REPAIR DEFICIENCY IN ATAZIA TELANGIECTASIA FIMOBLASTS
WITH THE OSE OF TEAST DNA-REPAIR GENES
- R. Aubin, N. Weinfeld, P. Unrau and M.C. Paterson

Construction of suitable cloned genes has continued. Micro-injection
experiments have not yet been performed owing to lack of suitable diagnostic tests
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for the presence of tne yeast repair gene proteins. Current efforts to develop
cloned genes for this project have been diminished owing to greater progress with
other recombinant assay systems.

4.27 LOCATION OF A 13-BASE SEQUENCE WITH POSSIBLE RECOMBINATION PROPERTIES IN
PLASMIDS
- P. Unrau, R. Aubin and D.P. Morrison

Evidence that site specific recombination may be catalysed by yeast
extracts has been obtained by examination of the polarity of recombination in
vitro. The argument is basically that initiation of recombination in a unique
sequence will lead to polarity of gene transfer, which we have observed. In
preliminary experiments with primitive plasmids (i.e. not as presently developed)
we observed that the polarity of recombination could be controlled by inserting
endonuclease-generated double-strand breaks in the appropriate plasmid.

This can be understood with reference to gene conversion processes in
yeasts. Naturally occurring meiotic gene conversion is strongly oriented, as would
be expected if the meiotic event initiates at preferred sequences on the
chromosomes. When these same allelic mutants are used for X-ray-induced gene
conversion studies, the resulting gene convertants show characteristics consistent
with initiation at random sites (e.g. double strand breaks). If this is correct,
we expect to be able to influence the polarity of gene transfer in the in vitro
assay referred to above.

Furthermore, we expect that deletion of this sequence will tend both to
lower recombination rates and to destroy the marked polarity we presently observe.
The construction of suitable deletion plasmids to test this hypothesis is
under-way. This development should enable us to differentiate between
site-specific recombination (which may be present even in mutant cell strains) and
damage-initiated recombination (which is inducible in yeast, absent in the RAD52
mutant strain, and which presumably initiates at random damage sites).

4.28 DEVELOPMENT OF AN IM VITRO RECOMBINATION ASSAY
- P. Unrau, J.D. Childs, R. Aubin, M. Weinfeld, M.C. Wolfgram and

M.C. Paterson

The recombinational assay system described in the previous report has
been the subject of further development. The pSV2-neo plasmid was used as the
donor of a gene conferring neomycin resistance (NeoK). However, control crosses
of the resulting plasmid were shown to have a transformation efficiency ~100-fold
lower than the parental pBR322-derived plasmid into which the NeoR gene was
transferred. As it was likely that the controlling elements of the NeoR gene
were transferred from pSV2-neo, the cloning of the NeoR gene itself (with much
less of the pSV2-neo genome) was attempted. This resulted in the production and
characterization of two new plasmids containing the NeoR gene. Preliminary
studies indicate a much higher transformation efficiency with the new plasmids,
which are now being tested In the in vitro system.

An advantage of the new plasmids is that the presence of the NeoR gene
may be determined by replica-plating recombinant clones directly from tetracycline
medium to neomycin medium; recombinants which are both TetR and NeoR can then
be determined directly rather than by plasmid isolation and subsequent analysis.
Preliminary results indicate that this procedure will function efficiently. The
advantage of this method is that the polarity cf genetic transfer can be determined
directly in suitable crosses, leading to a more efficient characterization of the
recombinational processes.
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The transformation process has now been optimized to the point that
higher transformation frequencies than reported previously have been achieved.
Cultures yielding 1-3x10^ transformants per fig of input DNA have been
reproducibly obtained. Preliminary recombination experiments have been performed
with good results and further evidence of polarity has been provided. The use of
these new plasmids should make the assay more informative, more precise, and more
efficient.
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4.29 PUBLICATIONS

4.29.1 Publications

Champ, D.R., D.K. Myers and P. Unrau: Biological Effects of Tritium.
In: "European Seminar on the Risks from Tritium Exposure", Report EUR-9065en,
Commission of the European Communities pp.325-326 (1984).

Childs, J.D., M.J. Ellison and R. Pilon: Discovery of a New Pyrimidine
Dimer in Bacteriophage T4 DNA. BioScience _33_> 517-518 (1984). AECL-8116.

Childs, J.D. and H.C. Birnboim: Plasmids containing Multiple Copies of
Cloned DNA for use as DNA Size Markers for Gel Electrophoresis, Constructed by
Bacteriophage T4 Transduction. Plasmid JĴ : 82-91 (1984). AECL-8227.

Centner, N.E. and M.C. Paterson: Chapter 2. Damage and Repair from
Ionizing Radiations. In: "Repairable Lesions in Microorganisms" (A. Hurst and
A. Nasim, eds.), pp.57-84, Academic Press, New York (1984).

Gragtmans, N.J., D.K. Myers, J.R. Johnson, A.R. Jones and L.D. Johnson:
Occurrence of Mammary Tumors in Rats after Exposure to Tritium Beta Rays and
200 kVp X-Rays. Radiât. Res. j)9_, 636-650 (1984). AECL-8425.

Gragtmans, N.J., R.A. McCann and D.P. Morrison: A Method for Ovarian
Transplantation in Mice. Canadian Assoc. for Lab. An. Sei. Newsletters 16, 94-95
(1984).

Johnson, J.R. and D.K. Myers: Biological Hazards and Dosimetry of Tritium:
CRNL-2739-3, Tritium Safe Handling Course (1984).

Mitchel, R.E.J. and D.P. Morrison: Is DNA Damage the Signal for Induction
of Thermal Resistance? Induction by Radiation in Yeast. Radiât. Res. j)9_, 383-393
(1984). AECL-8467.

Mitchel, R.E.J. and D.P. Morrison: An Oxygen Effect for Gamma-Radiation
Induction of Radiation Resistance in Yeast. Radiât. Res. 100, 205-210 (1984).
AECL-8539,

Mitchel, R.E.J., A. Chan, B.P. Smith, S.D. Child and M.C. Paterson: The
Effects of Hyperthermia and Ionizing Radiation in Normal and Ataxia Telangiectasia
Human Fibroblast Lines. Radiât. Res. j}£, 627-635 (1984).

Myers, D.K., N.E. Gentner and M.M. Werner: Comparison of Health Benefits
and Health Risks of Energy Development. In: "Proceedings of an International
Symposium on the Risks and Benefits of Energy Systems". (JUlich, Federal Republic
of Germany), pp.289-303, IAEA/UNEP/WHO, Vienna (1984).

Myers, D.K. and J.R. Johnson: Impact of Occupational Hazards on the Life
Expectancy of Uraniura Miners. Proc. Intern. Conf. on Occupational Radiation Safety
in Mining (1984) [Abstract].
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Paterson, M.C. and N.E. Gentner: Introduction: Environmentally Induced DNA
Lesions and their Biological Consequences. In: "Repairable Lesions in
Microorganisms" (A- Hurst and A. Nasim, eds.), pp.1-56, Academic Press, New York,
(1984).

Paterson, M.C., N.E. Gentner, M.V. Middlestadt and M. Weinfeld: Cancer
Predisposition, Carcinogen Hypersensitivity, and Aberrant DNA Metabolism. J.
Cell. Physiol. Supplement 2» 45-62 (1984).

Werner, M.M. and N.E. Gentner: Biological effects of Radiation and the
Regulatory Limits. Manual for Uranium Mine Radiation Safety Course, Canadian
Institute for Radiation Safety (1984).

4.30 VERBAL PRESENTATIONS

4.30.1 Lectures and Seminars

Childs, J.D.: Cloning Multiple Tandem Repeat Sequences. University of
Colorado, Boulder, 1984 January 24.

Childs, J.D.: Synthetic Ribosome Binding Sites. University of Colorado,
Boulder, 1984 July 16.

Mitchel, R.E.J.: Cellular Responses to Heat. Invited symposium speaker at
Conference on "Physical, Biological and Clinical Aspects of Hyperthermia", National
Research Council, Ottawa, 1984 October 01-02.

Myers, D.K.: Impact of Occupational Hazards on the Life Expectancy of
Uranium Miners. International Conference on Occupational Radiation Safety in
Mining, Toronto, 1984 October 17.

Myers, D.K.: Follow-up of Long Term Chalk River Employees. Epidemiology
Meeting, WNRE, 1984 September 20.

Paterson, M.C.: Predisposition to Human Cancer, Carcinogen
Hypersensitivity and Faulty DNA Metabolism. Invited speaker at 4th Annual Queen's
University Symposium on Gene Expression. Kingston, Ontario, 1984 August 29.

Paterson, M.C.: Hereditary and Familial Disorders Featuring Cancer
Proneness and Abnormal Carcinogen Response. Invited lecturer at NATO course on
"Epidemiology and Quantitation of Environmental Risks in Humans from Radiation and
Other Agents: Potential and Limitations", San Miniato, Italy, 1984 September 07.

Paterson, M.C.: Hypersensitivity to Chronic y Radiation in Cultured
Fibroblasts from Ataxia Telangiectasia Hétérozygotes. Invited lecturer at NATO
course - "Epidemiology and Quantitation of Environmental Risks in Humans from
Radiation and Other Agents: Potential and Limitations", San Miniato, Italy, 1984
September 08.

Paterson, M.C.: Member of site visit committee to review the science,
personnel and resources of the Laboratory of Molecular Carcinogenesis, National
Cancer Institute, Bethesda, Maryland, 1984 September 13 and 14.
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Paterson, M.C.: Hereditary and Familial Disorders Featuring Cancer
Proneness and Abnormal Carcinogen Response. Invited seminar at Paterson
Laboratories, Christie Hospital & Holt Radium Institute, Manchester, England, 1984
October 08.

Paterson, M.C.: Cancer Proneness, Carcinogen Sensitivity and Faulty DNA
Metabolism. Invited seminar at Medical Biological Laboratory, TNO, Rijswijk, The
Netherlands, 1984 October 09.

Paterson, M.C.: New Insight into the Molecular Defect in Xeroderma
Pigmentosum. Invited seminar at Department of Cell Biology and Genetics, Erasmus
University, Rotterdam, The Netherlands, 1984 October 10.

Paterson, M.C.: Cancer Prone Disorders. Faculty member at NATO course on
"Radiation Carcinogenesis and DNA Alterations", Corfu, Greece, 1984 October 14.

Paterson, M.C.: Radiosensitivity and Genetic Diseases. Faculty member at
NATO course on "Radiation Carcinogenesis and DNA Alterations", Corfu, Greece, 1984
October 17.

Paterson, M.C.: Hereditary and Familial Disorders Featuring Cancer
Proneness and Abnormal Carcinogen Response. Invited seminar at Ontario Cancer
Institute, Toronto, Ontario, 1984 November 21.

Werner, M.M.: Biological Effects of Radiation and the Regulatory Limits.
Presented at the Uranium Mine Radiation Safety Course, Elliot Lake, Ontario, 1984
October 22.

4.30.2 Local Talks

Childs, J.D.: Ribosome Binding Sites. Radiation Biology Branch meeting,
1984 October 25.

Kühnlein, U.: DNA Repair-Related Enzyme Defects in Xeroderma Pigmentosum
and Ataxia Telangiectasia Cultured Cells. Radiation Biology Branch meeting, 1984
November 05.

Liuzzi, M.: Quantification of Apurinic and Apyrimidinic Sites in DNA.
Application to the Study of Enzymes Involved in DNA Repair. Radiation Biology
Branch meeting, 1984 December 03.

Mirzayans, R.: DNA Damage and Repair in Cultured Human Cells after
Irradiation with X-Rays ory-Rays. Radiation Biology Branch meeting, 1984 August
29.

Mitchel, R.E.J., N.E. Gentner and P. Unrau: Hot Stuff in Biology. Summer
student lecture series, CRNL, 1984 July 20.

Mitchel, R.E.J.: Research at CRNL: Panel discussion with Ottawa Grade 13
students, CRNL, 1984 November 27.

Myers, D.K.: Research in Radiation Biology and the Assessment of Radiation
Hazards. Radiation Biology Branch meeting, 1984 July 09.

Myers, D.K.: Radiation Risk Estimation. Radiation Protection Course,
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Paterson, M.C.: Causes of Cancer. Presented to Welders and Tinsmiths,
CRNL, 1984 December 11.

Paterson, M.C.: Cancer: General Aspects. Presented to Nuclear Fuel
Operators and Bluilding 466 Machinists, CRNL, 1984 December 12.

Weinfeld, M.: Plasmid Probes for DNA Repair in Human Cells. Radiation
Biology Branch meeting, 1984 September 24.

4.30.3 Contributions to Following Co—Ittee Reports

Myers, D.K.: Assessment for medico-legal purposes of the contribution of
occupational or other defined exposure to ionizing radiation as causative agent in
individuals suffering from or having died of cancer. AECB INFO-0120 (1984).

Myers, D.K.: Harm to offspring of women of childbearing age employed in
the nuclear industry. Advisory Committee on Radiological Protection, ACRP-6. AECB
INFO-0121 (1984).
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5. BIOMEDICAL RESEARCH BRANCH

by

J.R. JOHNSON

5.1 STAFF

5.2 BIOASSAY LABORATORY

5.2.1 Distribution of Tritium Exposure at CRNL
5.2.2 Bioassay Database System
5.2.3 Replacement of Paper Tape Acquisition of Tritium Concentrations
5.2.4 Replacement of the Gamma Spectrometer System
5.2.5 Quality Control Program
5.2.6 Recalibration of the Gamma Spectrometer

5.3 IN VIVO MONITORING

5.4 RADIOCHEMICAL ANALYSES

5.4.1 Rapid Gross Beta Screening Method

5.5 METABOLIC STUDIES

5.5.1 Ion-Amino Acid Studies

5.5.2 Iodine Uptake Study
5.5.3 Tritium Concentrations in Blood
5.5.4 Tritium Gas Inhalation Studies

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Dynamics of Inert Gases in Humans
5.6.2 Carbon Model
5.6.3 Dosimetry of Inhaled Uranium and Thorium Ore Dust
5.6.4 Canadian Uranium Fuel Fabrication Study

5.7 PUBLISHED PAPERS, REPORTS AND FORMAL PRESENTATIONS

5.7.1 Published Papers
5.7.2 Reports
5.7.3 Formal Presentations
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5.1 STAFF

Branch Head

Secretary

Professional

Technical

Laboratory Attendant

J.R. Johnson

L.A. Kaden

G.H. Kramer
B.F. Peterman

J.D. Brunette
D.W. Dunford
S.E. Gardner (1)
A. Hesketh
M. Ramasubramlan (2)

P.A. Robinson

H.M. Power (Part-time) (3)

5.1.1 Summer Student

C. Perkins - University of Saskatchewan, Saskatoon, working with
B.F. Peterman, reported for work 1984 May 07, terminated 1984 August
23.

5.1.2 Waterloo Co-op Student

P. Fuhry - University of Waterloo, Waterloo, working with J.R. Johnson
and B.F. Peterman, reported for work 1984 April 23, terminated 1984
August 31.

5.2 BIOASSAY LABORATORY - G.H. Kramer

Contract bioassay work accounted for revenues of approximately $9,500 in
this period.

5.2.1 Distribution of Tritium Exposure at CRNL - 3 tables

5.2.2 Bioassay Database System

The new database has been installed. The majority of interactive work is
now done on microcomputers which is a much more time effective method of data
entry. All major processing on the CRNL mainframe is now done by batch mode with a
considerable saving in operator time.

Scheduling information is gradually being added to the database.

(1) Maternity Leave - 1984 August 20 to 1985 February 19
(2) Temporary, reported for work 1984 August 20, terminated 1984 December 21.
(3) Started in Branch - 1984 July 23



Table 5.2.1.1

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1984 July 01 - September 30

ARD
CO
EIP
MS
MSC
NRU
NRX
RES
RIS
RL
WEP

TOTALS

% of Persons

0-49
mrem

11
21
29
51
4
62
39
8
58
0
0

283

83.2

50-99
mrem

0
9
0
3
0
"*2
0
0
8
0
0

52

15.3

100-199
mrem

0
0
0
0
0
5
0
0
0
0
0

5

1.5

NUMBER

200-299
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

OF TESTED

300-399
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

PERSONS IN

400-499 |
mrem :

0
0
0
0
0 '
0 ;
0
0
0
0
0

0

0.0

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

11
30
29
54
4
99
39
8
66
0
0

340

100.0

Total
mrem

0
1008
421
904
11

4270
330
0

1075
0
0

8019

I

o

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.



Table 5.2.1.2

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1984 October 01 - December 31

ARD
CO
E1P
MS
MSC
NRU
NRX
RES
RIS
RL
WEP

TOTALS

°h of Persons

0-49
mrem

11
22
28
33
10
28
37
9
48
2
1

229

66.0

50-99
mrem

0
6
2
14
1
43
0
0
11
0
0

77

22.2

100-199
mrem

0
9

0
4
1
18
0
0
5
0
0

1 37

10.7

NUMBER

200-299
mrem

0
0
0
1
0
2
0
0
0
0
0

3

0.9

OF TESTED

300-399
mrem

0
1
0
0
0
0
0
0
0
0
0

1

0.3

PERSONS IN

400-499
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

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

11
38
30
52
12
91
37
9
64
2
1

347

100

Total
mrem

24
2077
501

2305
201
6537
249

0
1681

11
0

13586

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

I-"
o

I



Table 5.2.1.3

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1984

ARD
CO
EIP
MS
MSC
NRU
NRX
RES
RIS
RL
WEP

TOTALS

7, of Persons

0-49
mrera

62 ;
24
32
46
38
19
42
36
68
3
5

375

64.2

50-99 '
mrem

2
t,
5
5
0
12
6
0
8
0
0

42

7.2

100-199
mrem

0
7
12
11
2
17
0
0
11
0
0

60

10.3

NUMBER

200-299
mrem

0
4
0
12
0
27
0
0
4
0
0

47

8.0

OF TESTED

300-399
mrem

0
4
0
3
2
19
0
0
5
0
0

33

5.7

PERSONS IN

400-499
mrem

0
3
0
3
0
6
0
0
0
0
0

12

2.1

GIVEN DOSE RANGES

500-999 ! 1-3
mrem ! rem

0
3
0
0
0
9
0
0
3
0
0

15

2.6
i

1
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

64
49
49
80
42
109
48
36
99
3
5

584

100

Total
mrem

321
7219
2412
7523
1149

25180
1124
42

7179
11
24

52184

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

c
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5.2.3 Replacement of Paper Tape Acquisition of Tritium Concentrations

The new system (as described in PR-HS-17) has been installed and is
working satisfactorily. The microcomputer controlling this system has been
expanded to a 3 disc drive system to permit personnel file information to be used
for sample identification validation.

5.2.4 Replacement of the Gamma Spectrometer System

This system is in place and has been working satisfactorily (PR-HS-17);
however, the manufacturer's software was completely rewritten to improve user
interaction, decrease user time, increase program efficiency and add a multitude of
software features that had previously been lacking.

5.2.5 Quality Control Program

All procedures have been performing satisfactorily except for the gross
alpha tests. There have been more failures than statistically expected and despite
efforts to isolate the cause, the reason remains unknown.

5.2.6 Recalibration of the Gamma Spectrometer

The 2 x 2" Nal (Tl) detector was recalibrated for full peak intensities
instead of full width half maxima that were previously used. The radionuclides
used in the recalibration were Cd-109, Ba-133, Mn-56, Co-60, 1-125, 1-131 and
Cs-137. The counting efficiency as a function of gamma ray energy and sample
volume has been expressed as a sum of exponentials, which are now incorporated into
the software for the gamma spectrometer (see above).

5.3 IN VIVO MONITORING - B.F. Peterman

The whole body counter has been calibrated for counting of CRNt,
employees' clothing.

Small amounts of radioactive solutions (Cs-137, Mn-54 and Co-60) of known
activities were applied onto a set of "whites" (a shirt and pants) at ten different
spots. The contaminated clothing was put into a cardboard box and counted. The
efficiency of the whole body counter for radionuclides applied on a set of whites
was found to be 2.4 + 0.22%, 2.26 + 0.16% and 2.21 + 0.2% (all in counts/photon
emitted) for Cs-137, Mn-54 and Co-60, respectively. Counting of selected CRNL
employees' clothing at the time they are routinely scheduled to be whole body
monitored has been initiated.

5.4 RADIOCHEMICAL ANALYSES - G.H. Kramer

5.4.1 Rapid Gross Beta Screening Method

This work has now been completed (previously described in PR-HS-17). The
mean recovery of Sr-90/Y-90 has been increased to 93 + 9% by the addition of a
second coprecipitation step. The procedure can be completed within two hours of
receiving the sample.
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5.5 METABOLIC STUDIES

5.5.1 Ion-Amino Acid Studies - G.H.Kramer

Uranium-Glycine Reaction - The interaction between the uranyl ion (UO2 )
and glycine (H2NCH2-COOH) at 37°C at an ionic strength of 0.15 mol/L using NaCl
as the inert electrolyte appears to be exceedingly complicated. The potentiometric
data has been collected for both variable ligand-fixed metal concentration and vice
versa; however, no model has yet been found that will satisfactorily fit the data.

Previous work, on this reaction is both limited (6 publications) with only
2 publications in the last 12 years. Furthermore, no previous worker has given a
model that was generated from a computer program, such as MINIQUAD, but have given
solutions from approximate treatments. None of the previous authors considered the
hydrolysis of the uranyl ion, which is considerable, in their treatments. We
believe that the complex data has previously not been evaluated sufficiently
rigorously enough to yield the true model. Work is continuing on this reaction.

5.5.2 Iodine Uptake Study - J.R. Johnson

An experiment to measure the effect of small (less than 30 mg) of stable
iodine on the thyroid uptake of radioactive iodine by human volunteers is nearing
completion. Difficulties in measuring small quantities (< 1 mg L~l) of stable
iodine in urine have been encountered which has delayed the final data analyses.
Preliminary results indicate that a large reduction in thyroid uptake can be
obtained with intakes of stable iodine (taken concurrent with the radioiodine) as
small as 5 mg.

5.5.3 Tritium Concentrations in Blood - J.R. Johnson

A recent publication (Rad. Prot. Dos. 4^ 109, 1983) that reported
concentrations of tritium in whole blood of persons who were supposedly only
exposed to fallout (and naturally occurring) tritium to be about 4 times that in
urine has prompted a study of the ratio of the concentration in blood components to
that of urine in persons who have been occupationally exposed to tritiated water
for several years. No statistically significant differences were found for the
average concentration in urine, serum, and whole blood obtained from 15
individuals. A paper describing rhese results is in preparation.

5.5.4 Tritium Gas Inhalation Studies - B.F. Peterman

The project has now been completed. A report on the study was preparerd,
reviewed by management and is now being submitted to the Canadian Fusion Fuels
Technology Project.

5.6 METABOLIC MODELS AND INTERNAL DOSIMETRY

5.6.1 Dynamics of Inert Gases in Humans - B.F. Peterman

A computer program to simulate the dynamics of chemically inert gases in
humans has been developed. To verify the model the calculated Xe-133 retention was
compared with the experimentally measured retention reported in the literature.
Good agreement was found between the model predictions and the experimental
results. A paper on this subject is being prepared.
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5.6.2 Carbon Model - J.R. Johnson

A comprehensive model incorporating the ICRP lung and GI tract models
that describes the metabolism of carbon following intakes of carbon as sugars,
fats, proteins, carbonates or carbides has been developed. The model has been
developed explicitly to give concentrations of radioactive carbon in breath and
urine following (or during) intakes. These calculated excretion rates can then be
compared to measured values in contamination cases to assist in dose evaluation.
Model parameter values for l^C02 inhalation have been adjusted to give good
agreement with experimental values obtained from volunteers. Model parameter
values for intakes of carbides and carbonates are also thought to be adequate for
use in internal dosimetry calculations. Parameter values for ingestion of organic
compounds such as sugars, fats, and proteins are still being developed.

5.6.3 Dosimetry of Inhaled Uranium and Thorium Ore Dust - J.R. Johnson

A review of the dosimetry of inhaled uranium and thorium ore dust has
been completed. Considerable uncertainty in the parameters to use with ICRP
metabolic models, and with the models themselves, exist. However, it was concluded
that the models and parameters were adequate for radiation protection purposes
provided the dependence of the size of the particles in the ore dust was taken into
account. Recommended values o:: the Annual Limit on Intake are given below:

RECOMMENDED ALI (Bq) FOR RADIATION PROTECTION IN MINES

AMAD
(ym)

0.5
1.0
2.0
5.0
10.0

U-ORE
DUST

1000
1600
2200
4600
6900

TH-ORE
DUST

380
580
730
1300
1500

5.6.4 Canadian Uranium Fuel Fabrication Study - J.R. Johnson

Data collected in a joint AECB/HWC/AECL study of uranium inLake and
excretion by workers in Canadian fuel fabrication facilities have been compared to
standard ICRP model results. It was found that the ICRP model results were not in
very good agreement with the experimental results obtained ir the study. A revised
lung model was developed that gives reasonable agreement between model and actual
results. This model predicts about 10 times more urinary excretion following
inhalation intakes of UO2, and if adopted for use in fuel fabrication facilities,
would make urinalysis a much more useful tool in internal contamination
monitoring.

5.7 PUBLISHED PAPERS, REPORTS AND FORMAL PRESENTAITONS

5.7.1 Published Papers

Peterman, B.F. ant Longtin, A. - "Multicompartment Model of Lung
Dynamics", Atomic Energy of Canada Limited, Report AECL-8581, Computers
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Gragtmans, N.J., Myers, D.K., Johnson, J.R., Jones, A.R. and Johnson,
L.D. - "Occurrence of Mammary Tumors in Rats after Exposure to Tritium
Beta Rays and 200-kVp X-rays", Atomic Energy of Canada Limited, Report
AECL-8425, Radiation Research j?9_, 636-650, 1984.

Kramer, G.H. and Joseph, S. - "The Simultaneous Analysis of Chlorine-36,
Sulphur-35 and Phosphorus-32 in Urine", Atomic Energy of Canada Limited,
Report AECL-8543, Canadian Journal of Chemistry 62_, 2344-2345, 1984.

5.7.2 Reports

Kramer, G.H. - "Metal Ion-Amino Acid Complexes: A Database", Report
CRNL-2625, 1984 June.

Peterman, B.F. and Brunette, J.D. - "Calibration of Whole Body and
Thyroid Counters for Iodine-131 and Iodine-125", Report CRNL-2648, 1984
August.

Johnson, J.R. and Myers, D.K. - "Biological Hazards and Dosimetry of
Tritium", Report CRNL-2739-3, 1984 August.

Peterman, B.F., Johnson, J.R., McElroy, R.G.C. and Dunford, D.W. -
"Internal Dosimetry of Tritiated Hydrogen Gas", Commerical Report for
CFFTP, Report number F84034-GEN, AECL-8651, 1984 December.

5.7.3 Formal Presentations

Johnson, J.R. and Myers, D.K. - "Biological Hazards and Dosimetry of
Tritium". A lecture in the Tritium Safe Handling Course presented by
CFFTP at CRNL, 1984 September 20, 21, November 08, 09.

Kramer, G.H. - "The CRNL Bioassay Laboratory Quality Control Program -
One Year Later". Presented at the 30th Annual Conference on Bioassay,
Analytical and Environmental Chemistry, Cincinnati, Ohio, 1984 October
10-12.

* Johnson, J.R- - "A Review of the Dosimetry from Inhalation of Long Lived
Alpha Activity in Ore Dust". Presented at the International Conference
on Occupational Radiation Safety in Mining, Toronto, Ontario, 1984
October 14-18.

* Myers, D.K. and Johnson, J.R. - "Impact of Occupational Hazards on the
Life Expectancy of Uranium Miners". Presented by D.K. Myers at the
International Conference on Occupational Radiation Safety in Mining,
Toronto, Ontario, 1984 October 14-18.

* Johnson, J.R. and Dunford, D.W. - "Canadian Uranium Fuel Fabrication
Study, Part II: Comparison of Results to Metabolic Models". Presented
by J.R. Johnson at the International Symposium on the Assessment of
Radioactive Contamination in Man. IAEA-SM-276/51, 1984 November.

* Paper included In conference proceedings
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6. MEDICAL BRANCH

by

D.W.S. Evans

6.1 STAFF

6.2. CLINIC PROCEDURES

6.2.1 Occupational Accident and Illness
6.2.2 Non-Occupational Accident and Illness

6.3 CLINIC VISITS BY WORK CATEGORIES

6.4 BREAKDOWN BY INTERNATIONAL CODE

6.5 MEDICAL EXAMINATIONS

6.6 NON-OCCUPATIONAL ABSENTEEISM

6.7 LABORATORY PROCEDURES

6.7.1 X-Ray Department
6.7.2 Haematology
6.7.3 Urine

6.8 TOTAL HOSPITAL PROCEDURES
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6.1 STAFF

Branch Head
Sscretary
Prc fessional
Nurses

Medical Technician
Part-Time Nurses

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

M. Plattner transferred to Radiation Biology Branch 1984 August 01.
Diane Williams terminated 1984 December 03.

6.2 CLINIC PROCEDURES

6.2.1 Occupational Accident and Illness

AECL
Male

Female

Others
Male

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

June

35
32
67

3
1
4

—

July

20
26
46

2

~2

—

Aug

34
19
53

5
4
9

—

Sept

25
41
66

2

~2

1

Oct

33
27
60

4

~4

—

Nov

37
38
75

4
2
6

—

TOTAL

367

27

Female - New Visits
- Revisits

6.2.2 Non-Occupational Accident and Illness

AECL
Male - New Visits

- Revisits

Female - New Visits
- Revisits

Others
Male - New Visits

- Revisits

Female - New Visits
- Revisits

331
207
538

76
51

127

15
6
21

3

3

301
218
519

72
56

128

14
—
14

2

—
2

304
235
539

69
55
124

12
4
16

1
1

334
208
542

50
35
85

8
2
10

2
—
~2

321
213
534

48
30
78

6

~6

4

~%

277
226
503

56
34
90

6
2

~8

1
3
4

3
398

3175

632

7 5

16
4296
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6.3

AECL

CLINIC VISITS BY WORK CATEGORIES

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

Office of Vice-Pres.
& General Manager

Office of Dir., Res.

Office of Dir., AR&D

Office of 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.

1

—

2

39

19

34

6

16

52

23

23

1

33

19

1

22

35

42

42

34

—

—

—

—

—

—

—

—

--

—

—

2

—

—

20

43

—

39

188

1 —

2 —

28 —

29 —

40 —

6 —

22 —

68 —

20 —

11 —

1 —

25 2

16 —

— —

31 11

32 37

35 —

28 33

30 187

1

—

—

28

21

36

15

25

55

16

5

4

20

22

—

15

48

34

53

26

—

—

—

—

—

—

—

—

—

—

—

4

—

—

23

34

—

42

198

—

1

2

19

17

28

3

12

47

19

16

3

19

12

2

15

50

28

59

21

—

—

—

—

—

—

—

—

—

—

—

—

3

—

—

16

21

—

50

232

1

1

2

—

19

14

24

5

11

57

34

9

—

19

14

2

24

36

36

28

73

—

—

—

—

—

—

—

—

—

—

—

—

6

—

—

31

24

—

59

197

1

4

1

—

26

20

30

2

20

54

17

15

5

14

15

1

22

43

32

37

21

—

—

—

—

—

—

—

—

—

—

—

—

7

—

—

17

28

—

38

204

4

6

4

6

159

120

192

37

106

333

129

79

14

154

98

6

247

431

207

508

1361
444 292 425 270 424 301 373 322 359 317 380 294 4201

Others

Crawley & McCracken 26

Attached Staff, etc.
17 17 13 10 12 95

4296
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6.4 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

une

12

2

5

July

6

1

2

Aug

16

—

2

33

213

1

187

795

ept Oct Nov TOTAL

40

174

175

739

17 6

3

9

8

4

7

65

10

33

2

55

57

107

26

5

—

62

27

3

47

64

76

25

11

—

75

40

8

66

55

60

31

2

—

85

31

4

65

50

109

15

4

3

45

25

1

62

36

143

21

7

1

56

27

9

52

56

113

25

4

1

65

3?

27

347

318

608

143

33

5

388

lft?

56

202

1

172

787

38 22 31

157 147 178

1

192 186 132

733~ 727 7Ï7

220

1071

3

1044

4498
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6.5

AECL
Male

Female

Others
Male

Female

MEDICAL EXAMINATIONS

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

- Initial
- Repeat

June

14
4
18

11
—

ïï
5
3
8

1
—
1

July

19
2

21

11
1
12

8
—
8"

1
—
1

Aug

5
1
6

2
2
4

4
—
4

—

Sept

16
10
26

4
5
9

5
—
~5

— _

Oct

12
2
14

5
1
6

5
—

—

Nov

13
2
15

3
—

—
—
—

—
,

TOTAL

100

45

30

2

6.6 NON-OCCUPATIONAL ABSENTEEISM

June July Aug

Office of VP —
& Gen. Mgr.

Off. of Dir., —
Research

Sept
M F

\\ —

Off. of Dir.,
AR&D

Off. of Gen.
Mgr., PA&O

Health Sei.

2 —

\ -

2 —

1 —

25

51

41'2

6'2

Chera. & Mat

Physics

Off. of Gen
Mgr., Coram.
Ops.

AP i RP 8

Fuels & Mat. 110

Spec. Proj. 2 5

El&C 15

Qual. Assur. 4

Finance 27

22

8

33

39!;

2\

7

bk

1% -

13 7

71 36i

2\\ -

40

11

15

22

3

26

6

124; 13 20%

4

7

1

11

11

19

14

16

15 14 20

4% 12 1

25% 17% 23

Oct

177

Nov
M F Total

30

18

69

21%

2 7%

5

31

13

21

8

m
3%

3%

1

34

29

54

7

24

10

22

4

m
9

2491,

270

346'i

41

36^ 11% 164%

100% 27 609%

33 4 154%

19% 4 123%

5 \

15 29

39

306%

(continued)
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6.6 NON-OCCUPATIONAL ABSENTEEISM (continued)

Info.

CREA

Admin.

June
M F

Serv. 2

%

5%

Operations 61%

Plant Design 67%

Gen. Serv. 44

Main.

6.7

6.7.1

AECL

Male

Female

Others
Male

Female

& Con. 43
540

zO

—

80%

15

4

21%

5%
289

July
M F

1%

I

74%

58

53%

45

44%
530%

LABORATORY PROCEDURES

X-Ray Department

- Routine
- Special

- Routine

- Special

- Routine

- Special

- Routine
- Special

June

15
39
54

3
7

10

3

~3

--

12%

—

8

14%

5

12%

3
145%

Aug
M F

6 25%

h -
8 35

58 31%

56 4

56% 21%

40% 9
484% 2 50

July Aug

18
38
56

1
2
3

—

—

19
32
51

2
3
5

—

Sept
M F

1%

1

10

50%

32%

44

30
372

Sept

53
27
80

1
1
2

—

—

24%

—

23

6%

22%

41

4
197

Oct

15
31
46

2
2

1

1

—

Oct
M

3

4

8%

84

83%

42

?5%

F

10

—

17

23

14

49%

2%
533% 254

Nov

7
23
30

2
2

—

--

Nov
M F

9%

2%

10

55%

61

52

39%
545

TOTAL

317

24

4

18%

1

26

43%

6

31

4
271

Total

134%

10%

306

501%

409%

460%

251
4412

345
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345

TOTAL

529

92

27

3

996

6.7.3 Urine

AECL
Male - Routine

- Special
419

Female - Routine
- Special

65
Others
Male - Routine

- Special
26

Female - Routine
- Special

1 l — 1
1509

Total

6.7.2

AECL
Male

Female

Others
Male

Female

brought forward

Haematology

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

June

78
20
98

17
5

22

12
—

1
—

July

51
15
66

16
3

19

6
—

6

1
—

Aug

56
24
80

3

5
8

1
—

1

—
—
—

Sept

35
17
52

14
4

18

4
—
4

1
—

Oct

96
19

115

9

5
14

2
—

~2

—

--

—

NOM

99
19

118

8

3
11

2
—

~2

—

—

—

75
1

76

17
—

17

12

ï~2

1

~L

49
2
51

14
—
Ï4

6

~6

1

~î

54in

59

3
2
5

1

~ï

—

—

34
1

35

14
—
Î4

4

~4

1

~T

94
3

97

9
—

2

~2

--

—

99
2

101

6
—

1

~

—
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6.8 TOTAL HOSPITAL PROCEDURES

June July Aug Sept Oct Nov

1299 1103 1097 1132 1160 1044

TOTAL

Audlometrlc Tests

Blood Pressures

Clinic Procedures

Elec t rocard iograms

Eye Examinations

Laboratory Procedures

Medical Examinations

Respiratory Function Tests

61

42

762

4

45

306

38

41

33

18

712

11

45

223

42

19

44

53

742

4

15

210

14

15

41

44

708

4

43

211

40

41

41

32

686

16

33

288

25

39

10

22

686

7

23

271

18

7

230

211

4296

46

204

1509

177

162

6835
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