
f no

AECL-8848

ATOMIC ENERGY ^ E S L'ENERGIEATOMIQUE

OF CANADA LIMITED T ^ B V DU CANADA LIMITEE

PROGRESS REPORT
HEALTH SCIENCES DIVISION

1985 January 01 - June 30

PR-HS-19
i

Chalk River Nuclear Laboratories

Chalk River, Ontario

September 1985 septembre



PREVIOUS REPORTS IN THIS SERIES

AECL-8647
AECL-8553
AECL-8266
AECL-8105

1984 July 01 to December 31
1984 January 01 to June 30
1983 July 01 to December 31
1983 January to June 30

PR-HS-18
PR-HS-17
PR-HS-16
PR-HS-15



ATOMIC ENERGY OF CANADA LIMITED ( PR-HS-190

PROGRESS REPORT
1985 January 01 to June 30
Health Sciences Division

Chalk River Nuclear Laboratories
Chalk River, Ontario KOJ 1J0

1985 September

AECL-8848



PROGRESS REPORT
1985 January 01 to June 30
Health Sciences Division

1.

2.

3.

4.

5.

Director A.M. Marko
Administrative Officer J.D. Hepburn**
Secretary C. L . Nagy
Machinist K.H. Whitlock

Topical Summary - N.E. Gentner 1 - 7

Dosimetric Research Branch - J.R.A. Johnson* 9 - 3 5

Environmental Research Branch - R.V. Osborne 37 - 85

Radiation Biology Branch - D.K. Myers 87 - 108

Medical Branch - D.W.S. Evans 109 - 116

* Health Physics & Biomedical Research Branches combined
and renamed Dosimetric Research Branch - 1984 Dec. 22

** Transferred to Office of Director of Research 1985 April 01



Topical Summary

IMPACT OF STUDIES ON CULTURED HUMAN FIBROBLAST CELL STRAINS DISPLAYING
ABNORMAL CARCINOGEN SENSITIVITY

N.E. Gentner

The personnel in the Human Cell DNA Repair Group of the Radiation
Biology Branch have garnered valuable information from studies on cultured cell
strains obtained from human donors In certain families displaying genetic
syndromes characterized by the following features: (i) excess incidence of
cancer; (ii) abnormal carcinogen sensitivity; and (iii) abnormal DNA
metabolism. In addition to cancer proneness, persons with these heritable
disorders may also show mental retardation, developmental abnormalities, and
compromised function of nervous and/or immunological systems. Thus a proper
complement of DNA repair capability may be essential for the normal maintenance
of human health and well-being. The study of the interaction between such
genetic predispositions and environmental risk components is emerging as a
profitable avenue for improved understanding of the origins of cancer. Matters
of practical concern to the nuclear industry, such as risk assessment, and for
the development of Improved cancer treatment protocols follow from these
studies. Our CRNL program has important impacts in the following areas:

A. Mechanisus of DNA repair and for the initiation of cancer

Two genetic disorders serve as paradigms to illustrate the utility of
such genetically altered human strains in delineating the mechanisms by which
enzymatic DNA repair processes proceed in normal human cells: (i) the ionizing
radiation-sensitive phenotype ataxia telangiectasia (AT) and (ii) the
UV-sensitive phenotype xeroderma pigmentosum (XP). Strains from either
syndrome are demonstrably defective, compared to normal cells, in dealing with
a major class of the lesions induced by the relevant carcinogen. For example,
the wavelengths eliciting a sensitive response in XP include those contained in
the solar irradiance spectrum that penetrates to the earth's surface.

The repair blocks in these mutants provide valuable clues as to the
intermediate biochemical steps, and thereby help define the course of normal,
effective repair. We have, for example, defined a new step for the process
that repairs UV-induced cyclobutyl pyrimidine dimers in human cells (Sect.
4.19, PR-HS-18 and Ref. 1). The clue to this important new understanding was
initially obtained in XP cells and led to the subsequent demonstration in
normal cells of this distinctive repair step; it had not hitherto been
described in any living organism.

During chronic compared to acute ionizing radiation dose delivery,
significantly more recovery occurs in normal fibroblast cells than in AT cells
(Ref. 2). This procedure, by amplifying the difference between marginally
repair-deficient and normal repair-proficient cells, has increased the
sensitivity with which we could screen for presumptive cancer proneness. The
same principle promises to be applicable to a more rapid and less expensive
survival assay under development (Sect. 4.8, PR-HS-18) for use In screening
large populations, such as selected industrial workers or cancer patients
prior to therapy.

A different type of abnormality is evident in another familial
disorder, that exhibits the diverse spectrum of excess malignancies which are
characteristic of the Li-Fraumeni syndrome. Enhanced resistance to ionizing
radiation and to certain chemical carcinogens (including ones employed as
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antineoplastic drugs) Is observed. These strains appear to perform repair at
normal rates (Section 4.20, PR-HS-18) but both the extent of initial radiogenic
inhibition of DNA replicative synthesis and the time lag before resumption of
normal de novo synthetic rates are elevated compared to normal cells (Sect.
4.18, PR-HS-18; Sect. 4.12, PR-HS-19; and Ref. 1). In effect, these cells
have 'bought more time' in which to accomplish repair. Taken together with the
known absence of radiogenic inhibition in radiosensitive AT cells, these
studies highlight the general necessity for removal of lesions in DNA prior to
Its use as a template (Ref. 3). Further, a potential avenue by which improved
survival may be promoted in tissue exposed to ionizing radiation has been
indicated.

The reason why radloresistance may also be a mechanism predisposing to
cancer remains to be defined. One hypothesis under experimental test is that
these cells may more effectively eliminate potentially lethal damage, but do so
at the cost of leaving a higher proportion of misrepaired lesions in DNA; these
may Initiate the sequence of events leading to neoplastic transformation.

B. Contribution of such genes to overall societal cancer burden

In patients manifesting such genetic syndromes, an elevated cancer risk
of several hundred-fold is not atypical. AT patients, for example, demonstrate
120-fold enhanced risk of fatal malignancy compared to an age-matched control
population. The relative risk of incurring skin cancer in the more severely
affected XP complementation groups can be several thousand-fold. A dose
dependence is also usually indicated: for cancers in XP, for instance, a close
correlation is seen with amount of exposure to sunlight. Such a finding
suggests an elevated Induced incidence, as opposed to merely a higher
spontaneous rate.

Nevertheless, the contribution made by such patients to the overall
cancer burden in society is relatively low because these are rare diseases.
The incidence of AT, for example, is 25 per million live births. Only about
0.0015% of total fatal malignancies in the general population arise in such
persons. Moreover, AT patients are severely Incapacitated and do not enter the
work force. It may therefore be moot in their case to ask whether some
'spontaneous' incidence is raised or if the radiation-induced rate rises as
well.

There is another group, however, for which such a question is most
appropriate. The significant health detriment occasioned by the presence in
the human population of genes such as AT arises largely from their
disease-predisposing tendency when present in a single copy. Most of these
heritable disorders have an autosomal recessive inheritance pattern, that is,
both copies of the gene (one from each parent) must be 'bad' for the trait to
show up; these persons are AT homozygotes. 'Carriers' or heterozygotes (one
good, one bad copy) are clinically normal and remain hidden in the population.
Only rarely are they identifiable — when they become parents of an AT patient
— as carriers. Such heterozygotes are much more common than patients; for AT,
a homozygote frequency of 1/40,000 means that the frequency of heterozygotes in
the population is at least 1/100. The actual value is higher, and depends on
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the number and frequency of the different genetic forms ('complementation
groups') of the disease. For AT, 5 are known and there may possibly be as many
as 9; if these are of approximately equal size, the frequency of heterozygotes
for just this one condition may be 2-3%.

These AT heterozygotes are identifiably intermediate between AT
patients and normal donors in repair competence and in ionizing radiation
sensitivity (Ref. 2). For these reasons alone they could justifiably be
regarded as 'at risk'. Direct verification of this premise came from
epidemiological studies by Michael Swift and colleagues on blood relatives of
AT patients. Based on their cancer incidence and a 'maximum likelihood' method
of assigning their probability of being carriers, a relative risk for excess
cancer proneness attributable to AT heterozygosity could be derived (Ref. 4).
For all types of cancer, this relative risk is about 2 over the normal
lifespan, but rises to about 6 for persons below age 45; for certain particular
types of cancer it is 5-10 for a period that would encompass a working
lifetime.

Multiplication of the heterozygote frequency and the associated
relative risk makes it clear that carriers for this disease alone may comprise
a not-insignificant fraction of the overall cancer burden. No estimate is
presently available for the total proportion of persons in the population
displaying other genotypes of equivalent effect.

C. Impact on risk, assessment, distribution of risk, and radiation protection

If this sensitive subgroup is of appreciable size, it has the potential
to alter overall risk assessments. Certainly just the resultant skewing in the
distribution of risk is likely to call for a method to identify 'susceptible'
individuals. And, although the majority of present evidence deals with
elevated 'spontaneous' incidence, it would be remiss not to proceed on the
assumption that such a population likely shows an elevated incidence of
radiation-induced fatal malignancies.

The present risk assessments for radiogenic cancers, by United Nations
committees and others, are based on whole populations as constituted. These
assessments would therefore be expected to include the contribution of putative
cancer-prone subgroups in those populations. Thus a cursory response would
suggest that no alteration of risk assessment is required. However, if
different populations were shown to vary in the proportion of a sensitive
subgroup, this might help explain some of the puzzling differences in data
obtained from different studies. One such puzzle is the marked difference in
risk of thyroid cancer after exposure of persons of Jewish background to X rays
and of Japanese to atomic bomb radiations. The frequency of many of these
repair-deficient inherited diseases is known to show marked geographical and
ethnic variation. Our paradigm, AT, is no exception — Israeli Jews of
Moroccan ancestry are at especially high risk. Similar variation is evident
for the different complementation groups within such disorders. If the size of
a cancer-prone subgroup in a particular population should be appreciably
different from that in an experimental population, some reassessment of risk
might be called for.
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Sensitive subgroups affect the distribution of risk. The average
dose-response relationship may significantly underestimate the risk for low
dose, low dose rate exposure of sensitive individuals. Cancers In such persons
likely arise earlier. If such persons In an atomic radiation worker population
develop malignancies, and probability-of-causation tables are used to attribute
the average relationship to occupational exposure history, a situation arises
where the nuclear industry may, In effect, pay a 5-10-fold premium for nature's
own mistakes.

A screening protocol that could indicate such predisposition to
neoplasia might therefore be of immense value. Persons identified as
"presumptive radiogenic cancer-prone" could be advised of more suitable types
of employment.

The ability to so discriminate persons has an appreciable side-benefit:
the remaining 'normal majority' are in fact somewhat less at risk, per unit
increment of exposure, than was previously supposed — in effect, such
screening may provide a significant risk reduction without exposure reduction.

D« Application to improved treafent of cancer

If significant numbers of cancer-prone, carcinogen-sensitive persons
exist, they will be relatively enriched (disproportionately represented) in a
population of cancer patients. An appreciable potential exists to improve cure
rates and minimize deleterious side-effects of treatment, whether by radio- or
chemotherapy, by employing tailor-made tumor management regimes that take the
relative sensitivity of such patients' cells into account. (A number of AT
patients have died on being given conventional radiotherapy for tumor
treatment, before the fact of their radiosensitivity was realized. There is no
reason why, however, a cancer in an AT patient cannot be treated as effectively
by radiotherapy as in a normal person if an appropriate 'dose reduction factor'
is applied. Tumor cells in the AT patient will be correspondingly
repair-defective and ionizing radiation-sensitive).

Moreover improved treatment may also be possible for those neoplasms
that arise in the majority of persons of normal sensitivity. When clinical
tumor management protocols are developed using an unselected population of
cancer patients, an adverse reaction to therapy is more likely in members of a
sensitive subgroup. This would cause the oncologists to diminish treatment
severity. To some extent, then, the presence of such patients may have biased
the rigour with which treatments are delivered. For normal patients, we must
consider the possibility that their cancers may not be treated presently at
maximal possible effectiveness.

Other identifiable candidate groups for improved treatment Include
those with increased resistance. These include donors of the resistant
Li-Fraumeni syndrome strains (Sects. 4.9, 4.18 and 4.22, PR-HS-17; Sect. 4.20,
PR-HS-18; Ref. 1), and a multiple polyposis/sarcoma family resistant to certain
chemotherapeutic drugs (Sect. 4.16, PR-HS-18) because they carry out diminished
bioactivation of these agents (Sect. 4.22 of this Report). Cancers in such
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persons are likely to be refractory to treatment. An abnormally low cure rate
is expected in such patients and could probably be significanlty raised by
increasing the rigour of treatment to the extent indicated by their relative
degree of resistance.

E. Screening for abnormal carcinogen sensitivity

For reasons such as outlined, we judge it advisable to emphasize
development of a screening assay which is more rapid and less costly than the
cultured fibroblast colony-forming ability (CFA) assay. This latter is too
labour-intensive and costly, at an estimated $13,000 per strain for testing
against a model panel of carcinogens selected to represent important major
classes of DNA damage, to be of use in screening large numbers of persons.
Additionally the CFA assay is too slow, as some 6-8 months elapse from biopsy
to final results, to be of value in directing tumor therapy. The fibroblast
CFA assay will, however, continue to be of utility as a test system for
exploring the effectiveness of modified screening approaches.

Two complementary screening assay improvements are under examination:
(i) Using certain easily sampled blood cell types (peripheral blood lymphocytes
or lymphoblastoid lines established from such blood samples) as the test
material with which to assay donor status. This obviates the long and
laborious process of establishing primary fibroblast cultures from skin
biopsies, (ii) A more rapid assay of viability, such as the ability of live
(but not dead) cells to exclude ions, a discrimination that can be achieved
using a Coulter counter and multi-channel analyzer. This obviates the lengthy
assay that requires reproduction to the stage of macroscopically visible
colonies in order to assess survival.

With an appropriate screening procedure in hand, we envisage the
following initial experimental approach:

(a) Assay members of the general population for abnormal sensitivity
to ionizing radiation and perhaps to other carcinogens as well.

This will demonstrate whether any appreciable proportion of
prospectively sensitive persons exists.

Then, presuming a significant proportion is evident:

(b) Screen members of a cancer population to determine if this
selected population is enriched in sensitive persons.

Such a finding would indicate whether persons in the general
population identified as displaying abnormal carcinogen sensitivity
were in fact likely to be prone to elevated incidence of neoplasia.

It would be preferable to assay these subjects relatively early in
the course of progression of their cancers, to minimize possible
perturbations from the effects of the disease.
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This latter screen, accompanied by extensive follow-up, would also
serve to determine whether or not cancers in persons of abnormal
sensitivity had an outcome (e.g. cure rate, or time to demise)
significantly different from cancers in patients identified as being in
the normal class.

Evidence from studies performed at CRNL during the course of the
just-completed Contract NOl-CP-21029(Basic) with the U.S. National Cancer
Institute indicates that significant numbers of radiosensitive persons may well
exist. Strains from 19 clinically normal persons, obtained from cell
repositories in the U.S., were used as 'normal controls' with which to
reference the NCI 'unknown' strains subjected to our CFA carcinogen screening
protocol. Oxic -survival data from 43 experiments on these 19 strains were
pooled to yield a 'composite normal' D^g value (dose required to decrease
survival to 10%) of 3.82+0.09 Gy. One of these normal strains was
significantly radiosensitive (D^Q=2.34+0.35 Gy). It should be mentioned
that designation of a strain as normal is based on the clinical status of the
donor when the biopsy is obtained, rather than on any laboratory property of
the cultured strain.

It is also noteworthy that another of these 19 strains was
significantly sensitive to a different carcinogen, MNU.

If the 'sensitive' proportion in this small sample is indicative of the
true frequency, then there is good cause for concern.

In addition, a recent UNSCEAR draft document on the effects of high
radiation doses in man gives an LI>50(60) in cancer patients that is
about two-thirds of the value quoted for healthy persons. It is possible that
a portion of this differential may reflect a relatively greater proportion of
abnormally sensitive persons in the cancer population.

F. Roberts syndrone

We have recently defined carcinogen hypersensitivity in another
significant recessively inherited human condition: Roberts syndrome (RS), also
known as SC phocomelia or pseudothalidomide syndrome. RS is characterized by
prenatal and postnatal growth retardation, symmetrical limb reduction, and
craniofacial abnormalities. Patients show heterochromatin abnormalities
(centromere puffing and splitting); clinical manifestations include bilateral
corneal opacities, microcephaly, and absence of radii. Cultured fibroblast
from each of two unrelated RS patients yield an identical and unique pattern of
pronounced carcinogen hypersensitivity (described in Sect. 4.6 of this Report)
that suggests the defect in this human condition may be markedly different from
that in other carcinogen-hypersensitive disorders. It thus promises to shed
new light on our understanding of the causes and consequences of carcinogen
hypersensitivity.

We would further predict that the presence of this gene will
subsequently be shown to cause significant excess cancer proneness (this is not
known at present because of the small number of such patients studied and their
limited duration of survival).
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We have determined that cell strains obtained from obligate

heterozygotes (parents) generally show intermediate but significant
hypersensitivity to the same carcinogens to which RS patients are sensitive.

Our collaboration in this with Dr. D. Tomkins (Department of
Pediatrics, McMaster University) may furnish access to these patients as known
'sensitive controls' with which to validate the rapid screening assay we
propose.

In summary, studies on these rare mistakes of nature continue to
improve our understanding of human DNA repair processes and the origins of
human neoplasia, and provide a firm basis for improved protection of the human
population from cancers induced by occupational carcinogens and improved
treatment of cancers arising from whatever cause.
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E. Thompson - University of Waterloo, Waterloo, supervisor, B.F. Peterman, started
1985 January 02, terminated 1985 April 26.



- 12 -

National Summer Students
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(4) On Loan from Drawing Office.

(5) Maternity Leave - 1985 April 01 to 1985 December 31.

(6) Temporary, four-month appointment on commercial work order, started 1985
April 22.
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2.2 NEUTRON DOSIMETRY

2.2.1 CR-39 Detectors
2.2.1.1 Directional Response of CR-39 to Low Energy Protons

- W.G. Cross, A. Arreja and H. Ing

An understanding of the response of CR-39 dosimeters to neutrons requires
that the response to protons be known as a function of energy and angle of
incidence. Protons from 50 keV to 150 keV were produced by scattering a
magnetically-analyzed accelerator beam through 130° from a gold foil, 20 pg/cm^
thick. They strike rotable CR-39 detectors at various angles. The proton
intensity was measured by a surface barrier detector on the opposite side of the
accelerator beam, for energies of 100 keV and above. At lower energies the
intensity was determined from the measured beam current and Rutherford scattering
theory. The CR-39 was electrochemically etched for five hours in KOH solution at
60°C, using a 50 Hz field of 25 kV/cm. No pre-etching was used.

The response was essentially 1 track/proton at angles to the normal less
than a certain critical value and then fell rapidly to zero. The critical angle
increased with proton energy, from close to 0° at 50 keV to 50° at 150 keV. Lower
energy protons can be detected by increasing the electric field used in etching,
but the background rises considerably.

2.2.1.2 The Energy and Directional Response of CR-39 Detectors to Protons of 0.4
to 3.5 MeV - W.G. Cross and A. Arneja

Measurement of the response of electrochemically-etched CR-39 to normally
incident protons of 0.4 to 3.5 MeV has been completed. Protons of up to 2.5 MeV
were produced by passing 2.85 MeV protons from the d(d,p)t reaction through Al
absorbers. Protons of higher energies were produced by the d(^He,p)a reaction
and absorbers. Etching conditions were the same as those used for low energy
protons (see 2.2.1.1). The response was uniform, at 0.94 +^ .05 tracks/proton, up
to 2.8 MeV and dropped to zero at 3.25 MeV. ~

The same proton energies were used to measure the variation of response
with the angle between the proton direction and CR-39 surface. The directional
variation was similar in shape to that found at lower energies. However, the
critical angle now decreases as proton energy increases, from 46° at 400 keV to 15°
at 2.5 MeV.

2.2.1.3 Measured Variation of CR-39 Dosimeter Response with Neutron Energy
- W.G. Cross, A. Arneja, H. Ing and P. Bunge

The response of CR-39 dosimeters has been measured for normally-incident
neutrons from 80 keV to 14.7 MeV. Neutrons of 3.0 and 14.7 MeV were produced by
the d(d,n)^He and t(d,n)^He reactions, using a 150 keV deuteron beam. Fluences
were determined by measuring induced activities from the H5ln(n,n' )H5jnm
and 56fe(n)p)56jjn reactions. Neutrons at nine other energies from 80 keV
to 6 MeV were produced* by the 'Li(p,n)'Be reaction. Their fluences were
measured by a long counter and a ^He counter and checked by hydrogenous
proportional counters and an NE213 scintillator. Fluences were converted to dose
equivalents at 1 cm depth in a cylindrical phantom.

* We are grateful to Dr. T. Cousins of DREO for providing the facilities for these
studies.
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The resulting response (tracks*cm~2«Sv~^) was independent of
energy to within + 30% from 80 keV to about 7 MeV and was in jood agreement with
that calculated from the measured proton responses. At 14.7 MeV the response is
down by a factor of about 3. When a thin radiator is used (e.g. 10 mg/cm^) a
substantial fraction of the response to 14 MeV neutrons is found to come from
neutron interactions in the air.

2.2.1.4 Calculated Variation of the Response of CR-39 Dosimeters with Neutron
Energy and Direction - W.G- Cross

The computer program for calculating the neutron response of CR-39
dosimeters (PR-HS-18) has been generalized to include non-perpendicular neutron
incidence and to take into account the measured variations of proton detection
efficiency with proton direction and energy. The variation of response with energy
has the same general shape as was found previously, for fixed maximum and minimum
detectable proton energies, but the variation is smaller and in good agreement with
that found experimentally. The directional response decreases with angle of
incidence to 10% of its value for normal incidence. Unlike the energy response,
the directional response is only slightly dependent on etching conditions. It
changes significantly with neutron energy.

These response variations have been calculated for both electrochemical
etching and chemical etching. In the latter case the directional dependence shows
less variation with energy and is in reasonable agreement with that measured by
Benton (1).

2.2.1.5 Anomalous Peak in the Response of CR-39 to Neutrons near 15 MeV
- W.G. Cross

In 1984, Haggard et al. (2) reported the apparent presence of a large
peak in the response of CR-39 to monoenergetic neutrons between 15 and 16 MeV and
tentatively attributed this to a resonance in the interaction of neutrons with
oxygen. We have calculated the effects of the 17 MeV protons from the
3He(d,p)^He reaction produced in the tritium target under the conditions of
their experiment and find that these protons can account for all observed features
of the behaviour of this anomalous response. % e from tritium decay is present
in the old target used and the sensitivity of the experiment to protons results
from use of an unusually thin target backing. Thus there is no reason to believe
that CR-39 has an unexpected response to neutrons of 15-16 MeV.

2.2.1.6 Advisory Mission to Chile - W.G. Cross

At the request of the IAEA a two-week mission to Chile was carried out,
with the purpose of assessing the facilities of the Chilean Nuclear Energy
Commission for neutron dosimetry and of advising the Commission on ways of
improving these facilities. It was recommended that the present NTA emulsions used
for personnel dosimetry be replaced by CR-39 dosimeters and that the Commission
obtain neutron sources and instruments for standardization. Facilities for
electrochemical etching of CR-39 were set up and members of the Commission staff
were familiarized with this technique.

(1) E.V. Benton, R.A. Oswald, A.L. Frank and R.V. Wheeler, Health Phys. hO, 801,
(1981).

(2) D.L. Haggard, D.E. Hadlock and M.A. Parkhurst, Health Phys. 47, 171, (1984).
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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.

2.3 THERMOLUMINESCENCE DOSIMETRY

2.3.1 Review of New TLD Materials - A.R. Jones

No new materials of importance to the CRNL dc?imetry system have been
learned of arid as a result no study of new TLD properties has been made. The
literature continues to be reviewed on this subject.

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

An operational manual has been written and a second unit has been built
to permit both TLD readers to operate simultaneously with on-line dose
calculation. Measurements of the dose received by a sample of Public Information
Centre visitors (i.e. a group with an average dose of less than 1 mrem) showed
standard deviations of less than 0.9 and 1.2 mrem for the whole body and surface
dose estimates. These estimates were made with the on-line dose calculator which
uses an algorithm allowing for the following factors:

- individual dosimeter sensitivity
- the output from unexposed dosimeters
- the output from dosimeters exposed to background radiation

2.3.3 Laser Heating of TLDs - A.R. Jones, W.F. Richter and M. Ross

An earlier version of the TLD reader (AEP 5256) has been modified so that
its anvil heating system replaced by the CO2 laser. This modification included
mechanical and electronic (both soft- and hard-ware) changes. The modifications
permitted the heating of experimental TLDs for a period chosen by the operator and
effected by moving them in and out of the laser beam. The digitized light output
can be fed into a glow curve-curve plotter. In addition, a region of the glow
curve can be integrated, again selectable by the operator. In addition, a laser
beam power meter has been constructed and calibrated.

With the modified reader, tests have shown that it is possible to use the
existing TLD plaque in which a LiF chip is mounted on a substrate of polyimide with
adhesive. While this may not be the best arrangement it is financially attractive
because of the investment in TLD plaques by CRNL and other Canadian TLD
processors.

Measurements on the performance of the TLD plaques are being made both
with a germanium lens to diverge the laser beam and a silicon attenuator because
the unattenuated beam heats the polyimide substrate too quickly (first producing
bubbling in the adhesive and later burning a hole in the polyimide). •

Transmission measurements show that the polyimide transmits half of the
incident power while the adhesive absorbs all incident power. Similar measurements
made with teflon films show that 50-66% of the power is transmitted. Ideally the
substrate should absorb the minimum of power so that the TLD can be heated more
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quickly and more uniformly with the minimum damage to the substrate. Therefore it
would seem that teflon would be a better material if it can be bonded to the TLD
(perhaps with the laser beam?).

The aspects of performance that are being measured are the
reproducibillty of beating, which affects the reproducibility of measuring small
and large doses (quite separate problems) and residual reading.

One problem noted is the cooling effect of the flowing nitrogen and
measurements were first made to demonstrate the need for a nitrogen atmosphere.
The improvement in performance when nitrogen was used instead of air was only
marked with the thin TLDs (0.28 mm). To overcome the problem, the flow of nitrogen
is cut off while the TID is being heated in a still atmosphere.

The parameters which are adjusted for optimizing performance are the
times at which glow curve integration begin and end and the time at which heating
is ended.

2.3.4 International Intercomparison of Environmental Dosimetry -
A.R. Jones and W.F. Richter

Results of the international intercomparison referred to in the previous
report (PR-HS-18) have been received. The CRNL estimates agree with the estimated
given exposures and the average estimates of the other participants within the
estimated errors. The exposures were made under laboratory and field conditions
and were in the range 70-80 mR and the period was approximately three months•

2.3.5 TLD Glow-curve Plotter - R.M. Holford, K. Chu and W.F. Richter

Work on this project has been delayed due to lack of technical assistance
and problems with the new printer. This printer, which was originally designed for
use with the Rockwell "Aim" computer, uses 4-inch wide thermally sensitive paper.
For the glow-curve plotter, the printer is required to work in both alphanumeric
(normal) and graphics modes. Operation in alphanumeric mode causes no special
problems, but in graphics mode the printer has unusual timing requirements that
are not fully documented. Attempts to obtain more information from the
manufacturer were unsuccessful, and so, since the printer seems to be otherwise
well suited for the task, we are currently trying to define its timing requirements
experimentally.

2.3.6 Radiation Dose Monitoring - R.M. Holford, B. Antonen and W.F. Richter

During the period under review several changes were made in the
procedures used in handling the data produced by the TLD-readers and in
transmitting them to the CRNL central computer for inclusion in the company-wide
data-base.

The TLD-Dose-Calculators are now used routinely to control the readers.
They are actually microcomputers with a disc-based operating system, and so they
are capable of producing an output data file on a disc (3.5 inch floppy) as well
as, or instead of, a punched paper tape. The current format for the output file
includes both the raw data from the reader and the calculated doses. In the
initial stage of introduction of the calibrators, the "raw data" fields were used
by the site computer to re-calculate the doses. Now that the calibrators have been
shown to be reliable, there is no need for this, and so the "calculated dose"
fields are being used without recalculation.
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A communications controller, based on a Quark-100 single-board computer
(manufactured by Megatel in Toronto) has been installed. It runs the "CPM-Plus"
operating system which allows more flexibility than previous versions of CPM in
defining disc formats* In particular, it has been possible to define one format
as physically equivalent to that of the RCA "Microdos" operating system used by the
TLD-Dose-Calculators- The logical formats of the two systems are different, but a
program has been written for the CPM machine to allow it to read data in RCA format
from one floppy disc and rewrite it in CPM format on a second disc. Standard
communications software is then used to transfer the CPM file to the central site
computer at 2400 baud.

As a result of these innovations, use of punched paper tape for
communications has been superseded, the reliability of the dosimetry data has been
improved, and the turn-around time fo,. production of radiation dose reports has
been shortened by about one half day.

2.4 BETA DOSIMETRY

2.4.1 g-Doses for Mouse Irradiator - A.R. Jones and A.H. Ohno

The doses in contact with a plane Sr-90/Y-90 source believed to be
covered with a layer 50 mg/cm^ thick have been measured using thin (100 mg/cm^)
lithium fluoride TLDs.

The method of measurement was to compare the response of the TLDs when in
contract with the plane source to that when exposed at 110 mm over a Sr-90/Y-90
with a measured (at PTB) output at that distance. Corrections were made for the
thickness of the TLDs using the tables of W.G. Cross et al.

2.4.2 3~Depth Dose Measurements - A.R. Jones and A.H. Ohno

Measurements have been made on the relative 3 doses at depths below the
surface up to 100 mg/crn̂  at distances between point source and air/solid
interface of 0.1 to 1 m. They have been made with the three sources generally
referred to in 3-dosimetry standards (Pm-147, Tl-204 and filter Sr-90/Y-90) in two
materials - acrylic and aluminum.

Measurements were first made of air and tissue doses at the various
distances and 8-ray energies using the standard extrapolation chamber technique.
Then using a fixed electrode spacing the current in the chamber was measured as the
absorber layer over t vs chamber window was increased. When aluminum absorbers
where used an aluminum plate was added to the acrylic piston of the extrapolation
chamber to homogenize the chamber.

The purpose of the measurements is to permit the development and
evaluation of techniques for 3-dosimetry, bearing in mind the thickness and
materials available for this purpose. An additional purpose is to deal with
problems posed if and when the existing depth of target tissues is changed.

2.4.3 MOSFET Detectors for 3-Dosimetry - A.R. Jones

A sample of four high sensitivity MOSFET windowless detectors have been
obtained from Canadian Astronautics Ltd. and their sensitivity to 3-rays of varying
energy measured with and without 7 mg/cm^ aluminum covering. Similar
measurements were made with older detectors with 7 mg/cm^ windows.
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The measurements show that the detectors under-respond at low energies
(Pm-147, g-rays) by about 20% when covered with a 7 mg/cm^ window, with no
window, they over-respond by about 90%. The responses quoted relate to the tissue
dose at 7 mg/cm^. These results and measurements made with aluminum absorbers
suggest that a flat energy response can be obtained with a 6 mg/cm^ window•

These measurements and other made to determine the absorbtion of aluminum
absorbers suggest that a flat energy response with an aluminum window of 6 mg/cm^
would be obtained.

The older detectors were irradiated in previous experiments in April 1983
and a measurement of the detector source to drain voltage showed a loss of signal
of 7% in two years. Although this fading is easily detectable it compares
favourably with that of other passive dosimeters (e.g. TLDs).

2.5 TRITIUM MONITORING

2.5.1 Tritium Monitor Development Program -
R.G.C. McElroy, R.A. Surette, E.C. Davey* and R.T. Faught*
(Funded in part by CFFTP)

Chalk River and the Canadian Fusion Fuels Technology Project (CFFTP) are
involved in 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 involves both the Dosimetric Research Branch and the Electronics Branch.
The individual components of this program that involve the Dosimetric Research
Branch are described separately below.

2.5.1.1 Discriminating Tritium-in-Air Monitor -
R.G.C. McElroy, R.A. Surette, E.C. Davey* and R.T. Faught*

CRNL has developed a laboratory prototype monitor capable of
discriminating between tritiated hydrogen (HT) and tritiated water vapour (HTO) to
better than one 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; Dosimetric Research
Branch is involved only in a consulting role. The design is well underway with the
prototype scheduled for completion this fall. In an effort to overcome some of the
perceived limitations of the original monitor, the proposed monitor will differ
substantially from the original. In view of these changes, it seems unlikely that
the Dosimetric Research Branch will be able to contribute significantly to the
detailed implementation of this new design.

* Electronics Branch
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2.5.1.2 Area Tritium Monitor - R.G.C. McElroy, M.J. Wood, R.A. Surette,
B.A. MacDonald, E.C. Davey* and R.T. Faught*

This project is to develop a simple flow through ion chamber based
tritium monitor for use as a basic building block for more sophisticated tritium
monitors such as the discriminating tritium monitor. It will also be available on
the commercial market. Electronics Branch has overall responsibility for this
project with the detailed design and prototype construction being subcontracted to
Scintrex Ltd. Dosimetric Research Branch is acting in a consulting role. In
particular, Dosimetric Research Branch is primarily responsible for the
electrometer and ion chamber design. Final documentation and drawings for the
electrometer and ion chambers were provided to Scintrex during this half.

The monitor utilizes a flow through concentric ion chamber electrometer
combination for tritium measurement. The electrometer output is digitized and
transmitted to the display and control unit via an optic fiber. The display and
control unit is microprocessor based. It provides for digital signal smoothing,
automatic zero correction, alarm and instrument fault annunciation, remote
communications and easy interfacing to other computer systems.

The first monitor is now almost complete. A second monitor will follow
shortly. Acceptance testing is awaiting the correction of a few small problems
with the prototype. Note that this is behind the originally scheduled date of 1985
March 31. However, only one instrument was scheduled for that date.

2.5-.1.3 Electrometer Developments - M.J. Wood and R.G.C. McElroy

The finished drawings, parts list, and art work for the electrometer to
be used in the area tritium monitor (see above) was completed> A prototype
electrometer of this design was built and tested. The electrometer meets the
design objectives with respect to linearity and temperature response. The tests
did show however that the feedback resistor originally specified was not
appropriate.

2.5.1.4 Modulated Flow Tritium-in-Air Monitor -
R.G.C. McElroy, M.J. Wood, R.A. Surette and B.A. MacDonald

A description of the modulated flow tritium monitor and the experimental
results so far achieved was prepared and presented at the ANS topical meeting on
Tritium held in Dayton, Ohio at the end of April. A written version of this
presentation will appear in Fusion Technology.

A second version of this monitor is currently being designed. This
version will incorporate improvements based upon our testing of the present monitor
and will be suitable for field trials around CRNL. Much of the hardware for this
monitor has been identified and ordered. Most of the drawings for this monitor
have been completed.

We are hopeful that the modulated flow technique can be used to build a
high sensitivity portable - or at least transportable - tritium monitor. We are
currently breadboarding such a monitor to determine the limits of performance of
this technique in a portable instrument. We have no results to report yet.

* Electronics Branch
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2.5.1.5 Wet Proofed Catalyst Bubbler System - M.J. Wood, R.G.C McElroy, J.B.
McMonagle*, L.J. Puissant*, R.J. Quaiattini*, D.E. Clegg* and R.
Tremblay

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 shoujj eliminate the need
for a furnace for the oxidation of the HT. Chemical Engineering Branch has
evaluated various catalyst options for this application. To minimize reactor size,
a catalyst powder, rather than powder supported on a substrate will be used. The
pressure drops are reasonable at the flow rates envisioned.

Two catalyst types were evaluated. It appears that one of these
catalysts will give sufficient oxidation (greater than 90%) for a reasonable sized
reactor and without the necessity of adding extra hydrogen.

We have received a wetproofed catalyst reactor from Chemical Engineering
Branch. It appears to be appropriate for our experiments. We plan to begin an
evaluation of the use of this catalyst as a discriminating bubbler system next
quarter.

2.5.2 Tritium Monitoring Instrumentation for the Chalk River Tritium Extration
Plant - R.G.C. McElroy and R.A. Surette

A set of technical specifications were written for the area tritium
monitors for the Chalk River Tritium Extraction Plant- Based on these, a Request
for Quotation was issued through EI&P Branch. The quotations are due July 3.

There still exists some open questions on the exact nature of the data
logging for the area tritium monitors. This is due to the recent change in
strategy for logging the other instruments in the plant and some further
uncertainty over the installation of IRMA. (IRMA, Integrated Radiation Monitoring
and Archiving, is a data highway and software system being developed for use in
CANDU stations by Electronics Branch and CANDU Operations.)

2.5.3 Modification of a Scintrex 209 Tritium Monitor to Provide HT Response
Suppression - M.J. Wood and R.G.C. McElroy

We have re-evaluated this project and concluded that the internal
installation of a silica gel drier, in the sample flow, between the two ion
chambers is not the most cost effective approach to take. The simple installation
of a switchable drier at the input can provide the same information without
requiring a significant modification of the monitor.

2.6 STACK EFFLUENT MONITOR

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

During the first three months of the year the processor controller
operated reliably so that the noble gas detection part of the stack monitor could
be operated on an experimental basis.

* Chemical Engineering Branch
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However, in April the processor-controller again became unreliable and
faults in the hard- and soft-ware were identified. These made further testing of
the noble gas, iodine and particulate detection components of the system
impossible.

Following a visit by a representative of the manufacturer, the processor-
controller has been returned to the manufacturer for component changing and
soft-ware modifications.

2.6.2 Noble Gas Detector - A.R. Jones and A.H. Ohno

During the period January to March the noble gas detector was operated
and tested. The measured sensitivity of both the high range and low range parts
agreed with the predicted sensitivity. It was possible to compare the measured
release rate and the Ar-41 release rate based on the record of reactor powers and
while these remained consistent they revealed soft-ware errors in the processor-
controller related to the timing of the computation and control functions within
the measurement cycle.

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

The installation of the filter change system for the reactor stack
effluent monitor is now behind schedule. The primary cause is the repeated
failures of the Sonotek control computer (see section 2.5.1). The computer is
currently being repaired by Sonotek and is scheduled to be returned in late August.
The problems with the computer also delayed other aspects of the installation of
the filter change system. Some of this was due to time lost trying to fix or cope
with the computer difficulties; some was due to the recognition that the schedule
had irretrievably slipped and thus had altered some priorities.

One major design flaw in the filter change system was discovered. The
entire filter change sequence is under the control of the local controller. The
local controller senses the position of the turntable using infrared photodiodes
and index holes on the circumference of the turntable. Unfortunately, the
turntable, which is constructed of teflon to resist the small quantity of bromine
present, is transparent in the infrared. It was necessary to install a ring of
very thin aluminum on the edge of the turntable.

All of the changers have been delivered and installed in the reactor
stack monitor building. All the necessary sensors have been installed and the
changers tested but without the lead shielding or photomultiplier tubes installed.
All of the changers work under the control of the local controller but because of
the difficulties experienced with the Sonotek control computer it was not possible
to test them in the automatic mode. No difficulties are anticipated.

Two of the telephone lines to the remote terminals have been installed
and tested.

The controlling software of the local controller was modified to allow
the stopping of the turntable with the calibration source underneath the detector
assembly. This is necessary to allow the setup of these detectors.

The stack flow measuring pitot tube and square root converter was
installed.
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Most of the tubing associated with the sample delivery system for the
five filter changers has been completed. However, some difficulty has been
encountered in the installation of the teflon tubing (chosen to resist bromine).
Not all of the connectors are compatible with the tubing used and it appears that
the supplier was unaware of this potential difficulty. The tubing has been
reordered as it must be replaced. We hope to have this installed prior to the
return of the control computer.

The overall design of the filter change system appears satisfactory.
However, the detailed design appears to be less than adequate and several
difficulties in assembly have had to be overcome.

2.6.4 Stack Monitor Iodine and Particulate Detectors -
R.M. Holford, B. Antonen and R.A. Surette

The efficiency of the particulate detectors had been roughly estimated at
20% when the monitor was being designed, and had been measured at 35% for a source
in contact with the detector. With the delivery of the first of the sample-
changers, it became possible to measure the actual efficiency in situ, and this was
found to be 11%, for Sr-90/Y-90 in the position of a filter disc

The efficiencies of the three iodine detectors were also measured, using
several calibrated sources of iodine-131, and were found to be close to those
estimated during design (2% for the low- and medium-level detectors, 0.04% for the
high-level one).

Since the iodina detectors only make use of gamma-ray events with
energies close to 365 keV, a filter consisting of a thin sheet of metallic cadmium
is to be placed in front of the detectors to reduce the intensity of radiations of
lower energy. Tests were performed to see whether a cadmium filter did in fact
improve the ratio of "counts at 365 keV" to "total counts". A slight improvement
in this ratio was observed, but not as much as had been expected. The conclusion
is that the cadmium filter is not an important feature of the design, and could
probably be omitted altogether without much degradation of performance.

2.7 KADI/IION INSTRUMENT DEVELOPMENT

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

A computer set of ISO narrow energy range filters has been built. In
addition, the reference ion chamber and electrometer have been calibrated by NRC to
permit the calibration of the X-ray beams in terms of their energy, distance from
the X-ray set cathode and monitor chamber current.

2.7.2 Doorway Monitors AEP 5200 - A.R. Jones, A.H. Ohno and W.F. Richter

Electronic components to permit up-dating of the doorway monitors in
terms of performance and maintainability have been purchased.

2.7.3 Alpha Hand Monitor - A.R. Jones and A.H. Ohno

A laboratory prototype is being built.
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Most of the tubing associated with the sample delivery system for the
five filter changers has been completed. However, some difficulty has been
encountered in the installation of the teflon tubing (chosen to resist bromine).
Not all of the connectors are compatible with the tubing used and it appears that
the supplier was unaware of this potential difficulty. The tubing has been
reordered as it must be replaced. We hope to have this installed prior to the
return of the control computer.

The overall design of the filter change system appears satisfactory.
However, the detailed design appears to be less than adequate and several
difficulties in assembly have had to be overcome.

2.6.4 Stack Monitor Iodine and Particulate Detectors -
R.M. Holford, B. Antonen and R.A. Surette

The efficiency of the particulate detectors had been roughly estimated at
20% when the monitor was being designed, and had been measured at 35% for a source
in contact with the detector. With the delivery of the first of the sample-
changers, it became possible to measure the actual efficiency in situ, and this was
found to be 11%, for Sr-9O/Y-9O in the position of a filter disc.

The efficiencies of the three iodine detectors were also measured, using
several calibrated sources of iodine-131, and were found to be close to those
estimated during design (2% for the low- and medium-level detectors, 0.04% for the
high-level one).

Since the iodine detectors only make use of gamma-ray events with
energies close to 365 keV, a filter consisting of a thin sheet of metallic cadmium
is to be placed in front of the detectors to reduce the intensity of radiations of
lower snergy. Tests were performed to see whether a cadmium filter did in fact
improve the ratio of "counts at 365 keV" to "total counts". A slight improvement
in this ratio was observed, but not as much as had been expected. The conclusion
is that the cadmium filter is not an important feature of the design, and could
probably be omitted altogether without much degradation of performance.

2.7 RADIATION INSTRUMENT DEVELOPMENT

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

A computer set of ISO narrow energy range filters has been built. In
addition, the reference ion chamber and electrometer have been calibrated by NRC to
permit the calibration of the X-ray beams in terms of their energy, distance from
the X-ray set cathode and monitor chamber current.

2.7.2 Doorway Monitors AEP 5200 - A.R. Jones, A.H. Ohno and W.F. Richter

Electronic components to permit up-dating of the doorway monitors in
terms of performance and maintainability have been purchased.

2.7.3 Alpha Hand Monitor - A.R. Jones and A.H. Ohno

A laboratory prototype is being built.
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2.7.4 Sealer Rate Meter AEP 5341 - A.R- Jones, A.H. Ohno and W.F. Richter

Mechanical design is complete and an engineering prototype is being
built.

2.7.5 Electrometer Developments - M.J. Wood and R.G.C. McElroy

We have completed the first draft of an AECL proprietary report
documenting CRNL Electrometer expertise. There currently exists no other written
source for this material. It is hoped that this report will be useful to our
licensee(s) and to other groups within AECL who require very sensitive
electrometers. We expect the final version to be available next quarter.

2.7.6 Xenon Monitor for Off-Gas Xenon Program - M.J. Wood and R.G.C. McElroy

We were approached by Chemical Operations Branch to identify an
instrument to indicate when Xe-133 begins to break through their xenon trapping
system. The monitor was required for May 1985. We concluded that it would be most
cost and time effective for our group to design and build such an instrument for
such a specialized application.

The xenon monitor (AEP 5359) was completed ahead of schedule, and has
been installed in the xenon off-gas purification process. It consists of a one
litre flow through ionization chamber constructed of commercially available high
vacuum flanges. This design had previously been developed for measuring high
tritium concentrations. The output current was measured with a custom designed and
built electrometer. This electrometer is similar to our other designs, but due to
the high currents being measured, a MOSFET input stage was not necessary. Also
packaged with the electrometer was a display and power supplies, including the
chamber polarizing voltage. This latter item removes the need for batteries, which
would require periodic maintenance.

2.7.7 1-125 Area Monitor - R.M. Holford, B. Antonen and K. Chu

Completion of detailed engineering drawings for this instrument required
most of the period under review. Orders have now been placed for printed, circuit
boards and for construction of the mechanical parts.

An important part of the instrument is the stepping motor, which will be
used, under the control of a microprocessor, to rotate a disc holding K-edge foils
of indium and cadmium, plus a check source. Since the disc has significant
inertia, performance of the stepping motor can be improved by varying the rate of
the "step" commands from the controller to provide for gradual, rather than sudden,
acceleration. A desk-top computer was used to design an optimum step sequence for
the 1-125 monitor, and a test program was written to implement it on the COSMAC
Development System. The program uses the internal timer of an 1805 microprocessor,
which generates an "interrupt" signal after a pre-selected time has elapsed. The
interrupt subroutine sends an output pulse to the driving circuit. The driving
circuit which has been designed for this project uses power MOSFETs to control the
current in the windings of the stepping motor. The driver applies 24 volts to the
windings during a step, but reduces this to 10 volts whenever the motor is
stationary, which will be about 90% of the time in practise. This technique
provides increased torque for acceleration while protecting the motor from
over-heating.
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Unfortunately, the stepping motor originally selected, which included a
3:1 reduction gear, turned out to be unavailable except as a large-quantity special
order. An alternative motor had to be specified and the design process was
repeated. Significant modifications to the driving circuit and to the mechanical
design were required, and these have contributed to the delay in completing this
project.

2.8 RADIOCHEMICAL ANALYSES

2.8.1 Rapid Screeing for Gross Beta for Emergency Situations - G.H. Kramer

The routine gross beta screening method has been adapted and improved so
that a urine sample can be processed within two hours of receipt. The method,
based on coprecipitation by buffered calcium oxalate, has been tested with
Sr-90/Y-90. Recovery was significantly improved over the routine method (i.e. from
75% to 93%); however, the method is very labour intensive and only intended for
cases which require a result as soon as possible.

2.8.2 C-14 in Urine and Feces - G.H. Kramer

The method for estimating inorganic and organically bound C-14 (urea
only) in urine has been tested and improved. The current method involves digestion
of urea by urease, release of CO2 by acid addition and collection of CO2 in
ethanolamine. The C-14 content is estimated by liquid scintillation counting.

The method can be speeded up by increasing the urease added to the urine
and the recovery accurately estimated by titration as the CO2 is released. The
sensitivity has been improved by increasing the amount of ethanolamine.

A method has also been developed as part of a contract with Ontario Hydro
to measure C-14 in feces. The feces, after vacuum drying, are consumed in an
oxygen bomb and the resulting CO2 dried by H2SO4 and collected in
ethanolamine. The activity is estimated by liquid scintillation counting.

2.8.3 Stable Carbon in Urine - G.H. Kramer

A preliminary study has been performed to estimate the urinary excretion
of total carbon. The current method attempts to measure total carbon by ICP-AES
using a urea standard calibration curve. Initial results suggest that the days
output given by ICRP-23 is almost a factor of 2 too small; however, it has recently
been discovered that the uncertainty in the ICP-AES measurement could be very high.
The initial estimation of a group of 20 samples gave a mean of 9.1 g C/day (ICRP: 5
g C/day) and a subsequent reanalysis of the same samples gave a result of 14.94 g
C/day after the samples had been stored at 40°C for 10 days. The reason is thought
to be the difference in ICP-AES sensitivity between urea and carbonate. Work is
continuing on this project.
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2.9 METABOLIC STUDIES

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

The evaluation of the data is still not complete and, although attempts
are still being made to evaluate it, it is not clear if it will be possible. A
recent study (1) suggests that glycine acts as a zwitterionic ligand and attempts
are. being made to re-evaluate the data according to this hypothesis.

Collaboration with the Laser Raman group at CRNL provided some useful but
puzzling information about the uranyl-glycine reaction. Clearly the uranyl
hydrolysis products are extremely stable and equally obvious is that the uranium
glycine complex is much less stable; however, the Laser Raman spectra clearly show
that the hydrolysis products are no longer present in their original form. The
meaning of these results is not yet clear.

2.9.1.2 The uranyl-alanine reaction.

Work on this reaction has begun. The protonation constants are presently
being evaluated by potentiometric titration but this work is not yet completed. A
preliminary spectrophotometric study using the method of continuous variation to
produce a Job plot clearly shows that at low pH uranium forms UO2L, UO2L2,
UO2L3 and UO2L4 species in solution when [UO2] + [L] = 1.0 mol/L;
however, when [UO2] + [L] = 0.1 mol/L the only complex formed appears to be
UO2L. There is evidence that a small amount of UO2L2 is also formed. The
preliminary spectrophotometric study will be extended to observe the effect of
raising the pH.

2.9.1.3 Uranyl Hydrolysis

This study was re-opened as part of a thrust to evaluate the
uranyl-glycine by collaboration with the Laser Raman group at CRNL. The spectra
collected clearly show that uranyl has an extremely complicated solution chemistry
that was further obscured by photochemical reactions at pH above 4.5; however it
was possible to show that polynucleation above three does occur and bands have been
assigned to the previously undiscovered (spectrophotometrically) species
(UO2)4(OH)7.

2.9.1.4 Computer programs for the evaluation of equilibrium constants

2.9.1.4.1 Data file Revision

The data files on the HP-85 microcomputer have been extended to contain
concentration data in addition to the potentiometric information acquired during
the titrations performed to evaluate stability constants. This extra data prompted
the complete revision of the interactive programs responsible for creating and
managing the submit files for such programs as MINIQUAD, SCOGS, NBAR, etc. These
changes have benefitted the user by actually reducing terminal time and improving
data verification.

(1) Bismondo, et al., Inorg. Chim Acta 74., 21, (1983).
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2.9.1.4.2 LOG-LOG

Another function has been added to ELROND that will produce plots of pH
versus Log (volume of tltrand) on our LA100 line printer. This program is most
useful in attempting to identify potential polynuclear metal ion-ligand complexes.

2.9.2 Dosimetry of Tritium Uptake Due to Handling of Metal Surfaces Exposed to
T2 - B.F. Peterman (Supported in part by CFFTP)

The scope of the work is to carry out a study on dosimetry of tritium
taken up by handling metal surfaces previously contaminated with tritium. Emphasis
will be placed to use the results of the investigation to improve the dosimetric
models. To date the first two tasks of the project have been completed and the
experiments with rats indicate a rapid excretion of organically bound tritium
(half-life is approximately 0.5 day) and a slower excretion of HTO of about 3 days.
A similar pattern has been observed in humans by Eakins et al. (1).

2.10 DOSIMETRIC MODELS

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

The computer model to simulate the gas dynamics in the human body was
expanded by adding several organs which are of dosimetry importance (red marrow,
gonads). The model was used to calculate the dose due to inhalation of radon and
thoron. The dose calculated for radon agrees well with previously reported
calculations. A draft of the paper on this subject has been completed.

2.11 EMPLOYEE MONITORING PROGRAM

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

See Tables 2.11.1.1 and 2.11.1.2.

2.11.2 Body Radiation Doses - C Thibeau and J.M. Vincent

Since the last report (PR-HS-18) there have been three whole-body

radiation doses exceeding the 600-mrem two-weekly administrative control limit, no
skin doses exceeding the 1600-mrem two-weekly administrative control limit, and
three extremity doses exceeding the 4-rem two-weekly administrative control limit.

In the fourteen-week period ending 1985 June 28 and in the calendar year
to this date there were the following distributions of radiation doses.

(1) Eakins, J.D., et al., "The Radiological Hazard from Tritium Sorbed on Metal
Surfaces", Health. Phys 28, 213-224, (1975).



Table 2.11.1.1

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1985 April 01 - June 30

ARD
CO
CP
EIP
MS
MSC
NRU
NRX
RES
RIS
WEP

TOTALS

% of Persons

0-49
mrem

25
26
0
36
49
13
57
39
13
52
1

311

74.4

50-99
mrem

0
10
0
2
8
1
37
0
0
9
0

67

16.0

100-199
mrem

0
4
0
0
2
1
19
0
0
8
0

34

8.1

NUMBER

200-299
mrem

0
0
0
0
0
0
5
0
0
1
0

6

1.4

OF TESTED

300-399
mrem

0
0
0
0
0
0
0
0
0
0
0

0

0.0

PERSONS U

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

O.O

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

25
40
0
38
59
15
118
39
13
70
1

418

100

Total
mrem

141
1344

0
695
1648
224
7367
221
0

2443
1

14084

oo
I

MOTES TO TABLE ABOVE

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

(2) The method of dose estimation is described in AECL-5507 and AECL-7744.

(3) The numbers in the last column are those that actually result from the method of dose calculations, and are not
intended to represent a number of significant figures.



Table 2.11.1.2

DISTRIBUTION OF TRITIUM EXPOSURE AT CRNL

1985 January 01 - March 31

ARD
CO
CP
EIP
MS
MSC
NRU
NRX
RES
RIS
WEP

TOTALS

% of Persons

0-49
mrem

19
26
1
27
39
10
32
32
0
46
12

244

64.4

50-99
mrem

0
8
0
8
17
0
39
0
0
7
3

82

21.6

100-199
mrem

0
6
0
0
6
0
21
0
0
14
0

47

12.4

NUMBER

200-299
mrem

0
0
0
0
2
0
3
0
0
1
0

6

1.6

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

19
40
1
35
64
10
95
32
0
68
15

379

100

Total
mrem

144
1815

0
986
3170
77

7174
293
0

3209
402

17270

I

CO

NOTES TO TABLE ABOVE

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

(2) The method of dose estimation is described in AECL-5507 and AECL-7744.

(3) The numbers in the last column are those that actually result from the method of dose calculations, and are not
intended to represent a number of significant figures.
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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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of

monitored
persons

1059
1911
64
10
5
0
0
0

48 mrem

73 mrem

Total
Dose
(rem)

0
81.09
45.54
11.37
7.91
0
0
0

Calendar Year
No. of
monitored
persons

722
2141
129
39
12
5
1
0

88 mrem

116 mrem

Total
Dose
(rem)

0
92.67
95.40
47.10
20.99
10.86
2.75

0

Radiochemical Company* - Whole Body Dose

DOSE RANGE
(rem)

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of
monitored
persons

247
253
3
0
0

Total
Dose
(rem)

0
16.14
1.91
0
0

36 mrem

70 mrem

Calendar Year
No. of

monitored
persons

204
289
9
1
0

Total
Dose
(rem)

0
24.56
6.71
1.39
0

65 mrem

109 mrem

* Including Medical Products
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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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of

monitored
persons

1057
1909
72
6
4
1
0
0
0

50 mrem

76 mrem

Total
Dose
(rem)

0
83.24
51.04
7.52
7.03
2.05
0
0
0

Calendar Year
No. of

monitored
persons

719
2129
139
43
10
6
2
1
0

93 mrem

122 mrem

Total
Dose
(rem)

0
90.27

102.68
51.16
17.19
13.11
5.50
3.30
0

Radiochemical Company - Skin Dose

DOSE RANGE
(rem)

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

Average dose
per monitored
person

Average dose
per exposed
person

Fourteen Weeks
No. of

monitored
persons

247
249
6
1
0
0
0

45 mrem

88 mrem

Total
Dose
(rem)

0
16.89
4.25
1.43
0
0
0

Calendar Year
No. of

monitored
persons

204
278
17
3
0
1
0

86 mrem

144 mrem

Total
Dose
(rem)

0
25.02
12.21
3.54
0
2.25
0
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2.11.3 Extremity Doses - J.M. Vincent and C Thibeau

In the fourteen-week period ending 1985 June 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
6.00 - 6.99

22.00-22.99

CRNL
Fourteen
Weeks

126
6
1
0
0
0
0

0

Calendar
Year

159
9
7
3
2
0
0

0

Radiochemical Company
Fourteen
Weeks

34
7
3
1
0
1
0

0

Calendar
Year

37
9
5
0
1
0
1

1

2.11.4 Bioassay Laboratory - G.H. Kramer

2.11.4.1 Bioassay Database System - G.H. Kramer
2.11.4.1.1 Sample Scheduling

Scheduling information is still being added to the database (see
PR-HS-18). Currently ARD, NRU and some R&IS personnel are being regularly
scheduled for bioassay sample submission.

2.11.4.1.2 External users

Changes made to the database now allow external users to gain access to
certain areas of the database system. All examination features have been opened to
the external users but controls have been added to prevent unauthorized
modifications of the data.

2.11.4.1.3 Database expansion

Routines are currently being developed that will allow the
incorporation of the existing Personnel Radiation Reporting System (PRRS) database
into the bioassay database. Systems analysis indicates that this may be
accomplished by slightly rearranging some of the files in the bioassay database
files and combining the three main files of PRRS into an additional file of the
bioassay database.
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2.11.4.1.4 Sample Processing Time

Since the introduction of auditing features in the bioassay database
system the time between receipt of sample and entering the results into the
database has improved. This is reflected by sample processing time; the comparison
between June and January is shown below.

TEST

Gross alpha
Gross beta
Gross gamma
Miscellaneous
Tritium
Lung scan
Whole body
Uranium-Total
Uranium-Natural

Average time
January

13
6
3
10
3.5
3
5
23
23

(days)
June

6.5
3.2
1.8
6
1.6
0 (same day)
0.9
9.6
7.9
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Calculations to Neutron Dosimetry", Radiation Protection Dosimetry, 10,
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Radiation Protection Dosimetry, JL£, 265-276, 1985.
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(1), 110-113, 1985.
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2.12.2 Reports
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Canada Limited, Report AECL-8706, 1985.

Peterman, B.F., Johnson, J.R., Dunford, D.W. and McElroy, R.C.G. -
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McElroy, R.G.C. - "Tritium Monitoring", (Part of the Chalk River Nuclear
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Canadian Fusion Fuels Technology Project), Report CRNL-2739-1, 1984.
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Tritium", (Part of the Chalk River Nuclear Laboratories Section of the
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2.12.3 Formal Presentations
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McElroy, E.G.C., Wood, M.J. and Surette, R.A. - "A Modulated Flow
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Cross, W.G., Arneja, A. and Ing, H. - "The Energy Dependence of the
Response of Electrochemically-Etched CR-39 Dosimeters to Neutrons".
Presented at the Annual Meeting of the Health Physics Society, Chicago,
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Ing, H. - "The Bubble Detector Program - Status Report". A talk to
representatives of the US Department of Energy and Department of National
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Holford, R.M. - "A Wide-range Beta Detector for Particulate Monitoring".
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Association, St. John, New Brunswick, June 11-13, 1985.
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Johnson, J.R. and Evans, D.W.S. - "Cancers and Workers' Compensation at
CRNL". Presented at the 6th Annual Meeting of the Canadian Radiation
Protection Association, St. John, New Brunswick, June 11-13, 1985.

Kramer, G.H. and Dunford, D.W. - "A Microcomputer Based Gamma
Spectroiaetry System - Software Problems and Solutions". Presented at the 6th
Annual Meeting of the Canadian Radiation Protection Association, St. John,
New Brunswick, June 11-13, 1985.

Peterman, B.F. - "Application of Whole Body Counter at CRNL". Presented
at the 6th Annual Meeting of the Canadian Radiation Protection
Association, St. John, New Brunswick, June 11-13, 1985.

Ing, H. - "A New Detector for Neutrons Based on Bubble Nucleation".
Invited talk to Canadian Association of Physicists, Fredericton, New
Brunswick, June 25, 1985.
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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
- Heated Plume Studies

3.3.2 DRAINAGE BASIN STUDIES
- Introduction
- Inputs to Forested Water Sheds
- Isotopic Composition of the Snowpack
- Groundwater Studies
- Capillary Fringe Effects on Streamflow Generation

3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATER
- Groundwater Systems Analysis
- Groundwater Contamination at the Nitrate Disposal Pit Site
- Model Identification and Estimation of Parameters
- Statistical and Stochastic Analysis in Groundwater Modelling
- Spatial Variability of Hydraulic Conductivity and Radionuclide
Distribution Coefficients at a Field Site: Measurements and
Mathematical Transport Simulation

- Non-Reactive Tracer Development
- Laboratory Column Experiment?
- Surface Area Control on Radionuclide Migration
- Downhole Column Studies with Long-Lived Radionuclides
- Microbial Mediation of Radionuclide Transport
- Overburden Modelling of the Lake 233 Area
- Chemical Speciation of Contaminant Plumes at CRNL
- Particulate Transport Through Fractured-Crystalline Rock by
Groundwater Flow

3.3.4 LAKE AND RIVER PROCESSES
- Mixing Processes in Lakes
- Nuclide Mass Balances
- Nuclide Transport in the Ottawa River
- Tracer Cycling Between Lake Water and Sediments
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3.3.5 BIOLOGICAL PROCESSES

- Unavailability of Trace Metals in Aquatic Ecosystems

3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 INTRODUCTION

3.4.2 MODELLING
- Revision of the Biosphere Model for SYVAC-III

3.4.3 ASSESSMENT CRITERIA

3.4.4 FIELD STUDIES
- Lakebed Survey for Anomalies of Temperature and of Electrical
Conductance

- Borehole Measurements at the Atikokan Research Area
- Area 233 Evaluation
- CRNL Inner Area Contaminant Migration Studies
- Contaminant Transport from Waste Management Area A
- Ground Probing Radar Surveys

3.5 ANALYSIS AND MONITORING

3.5.1 INTRODUCTION

3.5.2 INSTRUMENTS AND METHODS

- Ion Chromatography
- Electronic Instrumentation
- Updating of Counting Equipment
- Instrumentation and Chemical Analytical Facilities

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
- Radionuclides in Surface Water
- 41Ar in the CRNL Stack Effluent Argon
- Support of Site Monitoring Services
- NRU Heat Recovery Program
- Tritium in Atmospheric Hydrogen
- Emergency Procedures
- Hydrometeorological Measurements
- Meteorological Monitoring for Atmospheric Dispersion Studies
- CRNL Climatological Report
- Meteorological Support of Hybrid Heating Experiment
- Hydrologic Data at Perch Lake
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3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES
- CSA Working Group on Environmental Monitoring

3.5.5 COMMERCIAL APPLICATIONS
- Review of U-series and Th-series Radio!sotopes in Environmental
Materials

- Instrumentation for Industrial Flow Measurements Using
Radiotracers

- Development of Radiotracer Technology
- Chemical Analysis of Environmental Water Samples for Outside
Agencies

- Transfer of Radiotracer Technology
- Development of a Nuclear Level Sensor
- Carbon-14 in Pickering Retubing Workers
- Organic Carbon Analysis

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

In this report the work of the Branch is presented in three main
sections; Environmental Processes, Environmental Assessment, and Analysis and
Monitoring. There is considerable interdependence between projects in the
different sections, particularly between the fundamental studies in the first
section and the applied projects in the second, and between both of these and the
analytical and instrumental work described in the last section.

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

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

developing models to describe the fluxes of radioactivity through
environment media to human populations,

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

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

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

work towards establishing appropriate criteria for assessments.

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

The locations of the various research facilities and areas mentioned in
the report and the monitoring points are shown on Figure 3.2.
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3.3 ENVIRONMENTAL PROCESSES

3.3.1 ATMOSPHERIC PROCESSES

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

Analysis of meteorological and Ar data collected between 1963 and
1976 continues. There are frequent and long breaks in data continuity due to
instrument failure. The latter half of the data (1969-76) which is stored on
magnetic tape had not been analysed previously. The meteorological data in
particular requires careful screening. This is being done on the basis of known
site-specific wind direction frequency characteristics and Ar concentration
measurements.

Data for 1966-68 have been used for meteorological input to a
conventional Gaussian plume model that uses standard values of dispersion
parameters to generate ensembles of ground-level air concentrations of a tracer
released from the CRNL reactor stack. The Gaussian model performed poorly when
predicted and observed concentrations were compared on a one-to-one basis. Only
30% of predicted concentrations agreed within a factor of two of the
observations and 80/i agreed within a factor of 10. This level of uncertainty is
in line with work published by Hoffman and Miller amongst others. The analysis
did, however, generate ensembles of sample concentrations having statistical
properties closely resembling those cf ensembles of measured concentrations.

The model was also used with Monte-Carlo simulations of site-specific
climatological data and was found to predict frequencies of occurrence of
ground-level air concentrations quite well.

This study has also shown that the frequency distribution of Pasquil
weather class as determined from wind speed and vertical temperature gradient
measured at CRNL differs from those generated by the widely accepted STAR model
using data from Petawawa. Uncertainty in class definition results in important
uncertainty in predictions of ground-level concentrations close to tall stacks.

Results of this study were presented at the 15th International
Technical Meeting on Air Pollution Modeling and Its Applications in St. Louis,
1985 April.

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

A satisfactory method has been obtained for calculating the effective
origin for the buoyant phase of the CRNL burner plumes. The momentum
conservation equation, with a 10-percent loss factor to allow for internal
friction, is used to compute fuel-air ratio in the primary mixture. The flame
length is then computed, based on the amount of air required for complete
combustion, and agrees well with flame lengths observed in conditions of no
wind. The final step is to compute the mean flame trajectory when bent over by
a cross wind, which can then be used to give a consistent set of coordinates,
relative to the ground for the real origin of the buoyant plume.
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The isotherms from the small-scale water plume tests have been plotted
(P.R. Slawson, Envirodyne Ltd., private communication). The line source plume
cross-section is initially of the expected oblong shape, but within a very few
line lengths it becomes kidney-shaped, consisting of two counter-rotating
vortices. This pattern persists for several line lengths downwind, eventually
becoming blurred by diffusion. The plumes from the circle source start out with
the kidney-shaped cross-section, due to reinforcement at the edges. This
changes to a unimodal form due to mixing, but resumes farther downwind as the
increased lateral diffusion stretches the plume cross-section.

Continuing analysis of the CRNL field result from 1983 and 1984 suggest
further experiment conditions that should be investigated. These will be done
this summer.

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 zonej
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.

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

The sampling program used for this summer's work has been changed from
last year. There are fewer stem-flow collectors but more throughfall collectors
particularly under the underbush and bracken. The number of lysimeters to
collect the infiltration water from the organic soil horizon has also been
increased.

A total of 21 tensiometers have now been installed to provide a
three-dimensional grid down to 1.5 m below the forest floor. Several storms
have been monitored so far this year. Sampling and analysis continues.

Isotopic Composition of the Snowpack - W.J. Workman, R.M. Brown

In a continuing study of the snowmelt-infiltration process, the
deuterium and tritium content of individual precipitation events through the
winter months and deuterium/tritium profiles of snow cores have been measured.
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The deuterium content varies according to the regional origin of the air mass
from which precipitation falls whereas the tritium content, being primarily of
local reactor origin, reflects the local wind direction at the time of
precipitation. The stratigraphic pattern of deuterium and tritium in the
snowpack persisted throughout the melt period, the concentration peaks
broadening gradually and the topmost bands being lost as melting proceeded.
Significant amounts of warm rain (high deuterium content) passed through the
snowpack during several periods without disrupting the isotopic stratigraphy, in
accord with last year's experience when it was observed that such rain came
through the snowpack with relatively little change in isotopic composition.

Groundwater Studies - P.J. Barry

The network of water table observation wells has been further augmented
with particular emphasis on the higher ground near the basin rim. Regular
measurements are being taken from these wells but no analysis of the last eight
months of data has been made because of continuing delays in getting the
surveyor to obtain elevations for the wells.

Capillary Fringe Effects on Streamflow Generation - R.W.D. Killey,
A.S. Abdul and R. Gillham (University of Waterloo)

The final report on this program, in the form of A.S. Abdul's Ph.D.
thesis, has been received. A paper based on the thesis is being prepared for
submission to Water Resources Research. With respect to contaminant transport
modelling for the Nuclear Fuel Waste Management Program, there are 3 major
conclusions to be drawn from this study. In climates with precipitation
exceeding evapotranspiration for most of the year, deep groundwaters will only
be found at or near the water table in the immediate vicinity of discharge
areas. Where groundwaters discharge into hummocky wetlands, considerable
dispersion of any contaminants is likely to result from rapid variations in
hydraulic head distributions in response to rainfall or snowmelt events. The
capillary fringe phenomenon has been shown to be capable of generating the rapid
transients in hydraulic head implied in observed rapid changes in groundwater
discharge to streams during rain and snowmelt. These rapid fluctuations are
limited to the immediate vicinity of the stream, however, and do not affect
conditions in groundwater flow systems remote from the stream. Unless climatic
change is to be simulated, assessment models for the NFWMP should assume
constant discharge of deep groundwater to lakes and streams. The assessment
models should also assume that contaminants transported from a deep repository
to a wetland discharge area will discharge directly to surface waters except
during rainfall and snowmelt events. At such times, contaminants might be
widely distributed through the wetland area. Under climate conditions at CRNL,
80% of the discharge would be directly to the surface water course; some of the
remainder might be widely dispersed through the wetland area and available for
vegetation uptake before reaching the lake or stream. The duration of winter
and the frequency of rainfall events in other portions of the Shield will need
to be reviewed to supply probabilities of direct discharge to surface for those
regions.
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3.3.3 FLOW AND CONTAMINANT TRANSPORT IN GROUNDWATEK

Groundwater Systems Analysis - G.L. Moltyaner

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

Groundwater Contamination at the Nitrate Disposal Pit Site -
G.L. Moltyaner

Groundwater contamination at the Nitrate Disposal Pit (NDP) Site is an
example of the use of the systems analyses method to forecast the behaviour of
Sr plume in flowing groundwater and to assess the risks arising from

contamination. The forecasting of strontium movement is based on the solution
of groundwater flow and solute transport equations under specified initial and
boundary conditions.

Water Flow Modelling Study; The flow system is studied along the mean
direction of flow, as identified by radiostrontium movement, using a 2-D
groundwater flow equation. It was assumed that the water table surface over a
30-year period of contamination history does not deviate significantly from the
seasonally-averaged one. The validity of this assumption is an issue of a
research program which is described in the Statistical and Stochastic Analysis
in Groundwater Modelling section. The numerical model describing the flow
system along the vertical cross-section in the mean direction of flow is based
on the Galerkin-based finite-element solution. At the present stage, two
computer codes are set up to simulate the hydraulic head, streamline and
velocity distributions at the site. The quantitative analysis and
reinterpretation of available hydrogeological data, based on feedback from the
computer simulation, is partially completed. Further computer-oriented analysis
of aquifer properties as well as some revision of the conceptual model is
required.

Solute Transport Modelling Study: A 2-D finite-element code describing
the processes of advection, hydrodynamic dispersion and hydrogeochemical
retardation is implemented on the mainframe. Field and laboratory testing
programs provided values for groundwater flow and mass transport parameters.
The work on the interpretation of available information and the development of a
conceptual model is underway.

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

In evaluating the effect of underground disposal of radioactive wastes
on the environment, mathematical models that adequately describe the transport
of multi-membered radionuclide decay chains in one part of the biosphere -
shallow groundwater systems - must be identified. Given the very nature of the
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repository performance modelling, the identification problem is to determine the
best model through the observations of the output of and input to the
groundwater system. Two types of models are of interest to us; those that can
be used for pre-operational radiological assessment and those that can be used
for operational forecast. The former are known as the assessment type of
models, the latter are known as the site-specific models. The site-specific
models are used for a variety of purposes. We should distinguish two of them:
for the use in the development of an optimum site characterization program
necessary for collecting information needed for modelling procedures at a
proposed disposal site and for the use in model validation and verification
procedures, and for the estimation of parameters by comparison model predictions
with field observations.

Analytical Model for Groundwater Systems; The groundwater model is
concerned with the relationship between hydrogeological variables and parameters
that characterize those physical and chemical processes which affect the
transport of radionuclides in groundwater systems. The model is based on the
advection-dispersion equation which is modified to account for various
solid-solution reactions through a distribution coefficient concept. The
solution to the 1-D dispersion equation was obtained for the first and third
type time-dependent boundary conditions and given for decay chain with one, two,
three, and four members.

An analytical model suitable for a "separate" biosphere model is
described in AECL report 8253; the SYVAC-oriented 1-D dispersion model has been
prepared and transferred to the Assessment Group of the Nuclear Fuel Waste
Management Program for use in the Biosphere 111 model.

Estimation of Model Parameters using Tracer Test Data: In order to
make use of the developed groundwater system model for Biosphere III,
hydrogeochemical parameters such as average linear groundwater velocity,
dispersivity, the coefficient of mechanical dispersion and the diffusion
coefficient must be known. The average linear groundwater velocity as well as
dispersivity and the coefficient of mechanical dispersion were evaluated by
means of the tracer tests data and have been reported.

Statistical and Stochastic Analysis in Groundwater Modelling -
G.L. Moltyaner

The following is the description of my efforts directed towards the
evaluation of major sources of uncertainty associated with the measurement of
groundwater system parameters and associated with the inherent spatial
variability of system parameters. Techniques which take into account the
existence of uncertainty and spatial variability in the variables and parameters
of groundwater systems make use of stochastic models.

Evaluation of Statistical Properties of Transport Parameters: The
hydrogeologic parameters of interests are hydraulic conductivity, average linear
groundwater velocity and the coefficient of hydrodynamic dispersion. The
uncertainty associated with the measurement of these parameters as well as the
uncertainty associated with their spatial variability was modelled through the
use of normal and/or lognormal probability density functions (pdf). In order to
test the hypothesis that the pdf of stated parameters is either normal or
lognormal, numerous measurements of hydraulic conductivity, linear groundwater
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velocity and the dispersion coefficient were made at the Twin Lake Tracer Tests
Site. These data were fitted either by normal or lognormal pdf- A chi-squared
goodness-of-fit test showed that hydraulic conductivity can be considered as
following either a normal or log-normal distribution. However, taking into
account the results obtained using extensive ssasurements of spatial variability
of hydraulic conductivity at the Borden Site (see following section), it could
be suggested that the hydraulic conductivity has a log-normal pdf. Analogous
investigations were performed for the linear groundwater velocities and the
coefficient of dispersion. The average linear groundwater velocity was observed
to follow either a normal or a lognormal distribution at the 95% confidence
level. The variations in field dispersion values were mostly due to the
systematic error associated with the curve-fitting procedure (see attached
publications list).

Stochastic Process Analysis; As opposed to the deterministic
description, the stochastic interpretation presupposes that flow and transport
parameters and variables are regarded as continuous random variables with a
specified pdf at each point in space. In statistically homogeneous media, the
statistics of primary concern include the mean, variance and autocovariance as a
function only of lag distance. Under assumption of statistical homogeneity, the
statistics of interest were calculated for Twin Lake Tracer Tests aquifer. The
results of calculations are given in Moltyaner, 1985. The measurements of
spatial variability of transport parameters and dispersivity predictions were
also performed at the Borden Site under contract with the University of
Waterloo.

Stochastic Aspects in Groundwater Modelling; This spring we initiated
a collaborative research program with the Department of Civil Engineering,
University of Waterloo (principal investigators S.E. Serrano and T.E. Unny) with
the objective to incorporate the seasonal random fluctuations in water table in
groundwater flow simulations. This is an attempt to evaluate the significance
of incorporation of water table fluctuations in groundwater flow modelling. The
program includes developing methods for solving stochastic partial differential
equations of groundwater flow. The modelling exercise that takes into account
the temporal variability in accretion rates has been started in June.

Spatial Variability of Hydraulic Conductivity and Radionuclide
Distribution Coefficients at a Field Site; Measurements and
Mathematical Transport Simulation - E.A. Sudicky, R.W. Gillham and
J.A. Cherry (University of Waterloo)

Under contract to CRNL, investigators from the Institute for
Groundwater Research at the University of Waterloo have studied the role of
small-scale heterogeneities in hydraulic conductivity (permeability) in the
dispersion of contaminants in a sand aquifer. Extremely detailed measurements
of the spatial variability in hydraulic conductivity were used to define the
range of variation and the dimensions of strata in the sand. Large-scale
dispersion was calculated from these data. Direct measurements of dispersion
were obtained from mapping the distribution of a groundwater plume of chloride
tracer resulting from an injection into the aquifer in 1982. The good agreement
found between the measured and calculated dispersion is the first field
validation of the mathematical technique used to estimate large-scale
dispersion. The final report is being released as TR-258.
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Non-Reactive Tracer Development - R.W.D. Killey, J.H. Munch

Two previous tracer studies of the physical aspects of groundwater
contaminant transport at CRNL have employed a gamma-emitting isotope that does
not react with solid phases in the aquifer matrix. Such a tracer offers major
advantages in data collection. Iodine-131, with an 8-day half-life, is the
longest-lived commercially available radionuclide with suitable chemical
properties. This half-life is too short for the large scale field tests
currently being considered. In two groundwater flow studies performed in Europe
in the early 1960's, 60Co in the form of 60Co(CN)6

3~ was reported to be
non-reactive in sand and gravel and in carbonate aquifers. We have, therefore,
synthesized the hexacyanocobaltate complex labelled with Co and have studied
its migration in columns of CRNL sand.

Synthesis using stable isotopes with published procedures yielded a
salt with colour, crystal morphology, and solubility characteristic of
K3Co(CN)g. The synthesis was then repeated using cobalt spiked with Co.
Without any additional purification, more than 95% of the Co in the product
was not sorbed by cation exchange resin, while 99% was sorbed by anion exchange
resin.

Columns have been prepared using undisturbed cores of aquifer sands from
the Twin Lake area, and 2 breakthrough tests using groundwater labelled with
tritiated water and 57Co(CN)63~ have now been completed. In the first test, no
attempt to remove cationic tracer from the column feedwater was made. First
arrivals of % and Co were almost coincident, but after passage of the entire
Tl slug approximately 15% of the injected Co had not been released from the
column. A long tail in the 57Co elution curve was observed. In the second test,
the 57Co(CN)6

3~ was purified of any cationic radiocobalt prior to spiking the
column feedwater. Behaviour of the Co(CN)g was identical to that observed in
the first test.

The hexacyanocobaltate concentration in column feedwater in the first 2
experiments was 130 ppm. Very limited solubility data for hexacyanocobaltate
salts are available, and to test whether precipitation occurred in the columns, a
third experiment was performed using 13 ppm Co(CN)6 with a higher specific
activity. Again, an identical breakthrough curve was observed, and we conclude
that a sorption reaction (and not precipitation) is responsible for the tracer's
behaviour.

When these results were compared with those obtained using Cr-EDTA in
columns of similar sands using identical feedwater, (J.L. Young, pers. comm.)
almost identical tracer elution curves were observed. The similarity is
intriguing and strongly suggests a common mechanism for the observed partial
sorption. Three possible explanations for the observations are:

i) anion sorption by iron oxyhydroxides on the sand grain surface,

ii) chemisorption by iron oxyhydroxide coatings, and

iii) cation sorption as a result of non-uniform charge distributions on
the surfaces of the metal-complex molecules.
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Possibilities (i) and (ii) will be tested in batch experiments using waters
adjusted to various pH's and using sands chemically stripped of iron oxyhydroxide
coatings, respectively. Given the very strong similarities in Cr-EDTA and
Co(CN)g behaviour, testing of Fe(CN)s is being held in abeyance pending results
of the batch sorption studies.

Laboratory Column Experiments - D.R. Champ, J.L. Young

Studies with 5lCr-EDTA, already reported (see Champ and Young, PR-HS-16)
have shown that the complex is not a conservative, non-reactive tracer as was
once thought. We are now trying to find out how the complex actually behaves.

The assessment of speciation results for EDTA-complexed Cr has been
completed. The techniques applied were batch ion exchange, membrane filtration
and electrophoresis. The results obtained did not justify expending further
effort. There was no significant change in either the ionic or particulate
character of the Cr following contact with the groundwater or the column
sediments. Two results of the work are of particular note. First, tests of
Cr-EDTA load tracer, in either groundwater or distilled water, have shown that

only »75% of the tracer behaves as the anticipated anion; 73 to 74% of the
Cr-EDTA was retained by an anion exchange resin, 4% by a cation resin and 2 to

3% by the chelating resin Chelex 100. These results are consistent with previous
results using electrophoresis where "40% of the tracer showed litle mobility in
an applied electric field while the remainder moved as an anion. The non-anionic
components may account for the previously reported sorption of the Cr-EDTA to
the sands in our column experiments.

Second, the speciation of Cr eluted from the columns is relatively
uniform whether we examine the initial pass through, the load Xr-EDTA, or the
Cr which has undergone sorption and desorption and which elutes after many

column volumes of eluent have passed through the column. The ionic character of
the Cr was such that 83 to 94% was retained by anion exchange resins, 1 to 3%
by a cation exchanger, and 0 to 2% by Chelex 100. Greater than 90% of the Xr
was non-particulate. On the basis of these results we conclude that the sorbed
Cr is eventually released as an anionic species presumably complexed with

organics.

Following completion of analysis of data from the Nal detector system,
work on this project will cease as effort is being diverted to other programs.

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

Work on this study was suspended during the winter while drilling and
sampling around Area A was undertaken on winter roads. Other commitments by the
senior investigator to NHRI acid snowmelt/rain studies has pre-empted work in the
surface area paper.

Downhole Column Studies with Long-Lived Rad.tonuclides - D.R. Champ,
J.L. Young.

Testing of columns' performance using tritiated water has been partially
completed. Of the 5 columns in place, two have been tested, and two more are
being tested. The fifth column may not be tested because of difficulties in
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maintaining flow, presumably due Co high concentrations of silt in that section
of core. Upon completion of these tests, columns exhibiting suitable flow
characteristics will be permanently installed by sheathing inject and withdrawal
lines in the tubing-junction box flow assembly to maintain geochemical
conditions from depth to surface to facilitate surface geochemical
measurements. Completion of this phase will also enable us to begin radiotracer
experiments with longer-lived radionuclides in order to determine their sorptive
behaviour under these conditions.

Microbial Mediation of Radionuclide Transport - D.R. Champ

Two experimental programs are underway which address the potential for
microorganisms to affect radionuclide transport in groundwater. In the first we
are attempting to simulate the vault environment and to assess microbial effects
on the transport of specific radionuclides. In the second we are assessing the
more general question of the potential for bacteria to survive and migrate in
fractured rock masses. The latter program is being done in collaboration with
Mr. K. Raven from the National Hydrology Research Institute of Environment
Canada and Dr. J. Schroeter from the University of Kiel in West Germany.

Testing of microbiological assay techniques to be used in both programs
has almost been completed. These techniques include direct observation of
bacterial colonies on agar plates, microscopic observation of individual cells
following staining with acridine orange, and ATP analyses as a general measure
of the microbial activity. In the fractured rock tracer studies we will be
employing E. coli as our bacterial tracer. Tests have shown that we can readily
distinguish E. coli from the native bacteria found in the rock waters.
Microscopic examination of acridine orange stained cells provides a rapid
assessment for the presence of the cells as well as indication of their
metabolic state. Plating experiments can then provide a more quantitative
measure for the presence of specific species (E. coli in the fractured rock
experiment for example).

Testing of the ATP photometer is almost complete. The photometer
allows rapid determination of ATP in environmental samples. We are currently
testing concentration techniques using activated charcoal which should allow us
to determine the ATP in samples containing as few as several thousand bacterial
cells.

A prototype teflon column for the vault simulation experiments has been
fabricated. Pressure testing of this prototype has shown that the current
design will not be adequate for high pressure experiments, since the seals
failed with deformation of the teflon end-fitting at approximately one
mega-pascal. The design should be adequate for the low pressures which are
intended in the early experiments. More rapid progress in these studies has not
been possible because we have not yet obtained a graduate student.

In the fractured rock experiments preliminary conservative' tracer
experiments are being conducted by K. Raven. Testing of the first set of
fractures between boreholes FS-9 and FS-8 has been completed under both active
injection-active withdrawal and passive injection-active withdrawal regimes.
Three tracers have been employed; or, fluoresceine, and rhodamine WT;
82Br was produced on site, and the counting and detection system set up under
the direction of E.L. Cooper. Both Br and fluoresceine appear to be
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satisfactory conservative tracers while rhodamine WT was significantly sorbed in
the fractures. A suitable set of fractures at »33 metres has been identified.
With withdrawal pumping of a 2.4 L.min the time to first appearance and peak
concentration of Br and fluoresceine was "50 minutes and «160 minutes under the
passive injection-active withdrawal regime over the «40 m distance between FS-9
and FS-8; full recovery of tracer was achieved. Testing of fractures between
another pair of boreholes is underway directed by K. Raven.

Overburden Modelling of the Lake 233 Area (Geologic Testing Consultants,
Battelle PNL, R.W.D. Killey, D.R. Champ and G.L. Moltyaner, CRNL)

In addition to the study on the Lake 233 area by Moltyaner, reported
above, there are two other current modelling studies of groundwater flow and
contaminant transport in the Lake 233 Area. Geologic Testing Consultants (GTC)
has just completed a report of results of a 3-D simulation of groundwater flow in
the area including both Waste Management Area C and the former Nitrate
Decomposition Plant (TR-257). The simulation, which incorporates all data on
physical hydrogeologic conditions supplied by Killey and Munch, shows good
agreement between computed and observed hydraulic head distributions in most of
the study area. A few locations where additional subsurface data would
significantly improve model reliability have been defined. Data on flow
velocities and fluxes have yet to be compiled.

Staff from Battelle1s Pacific Northwest Laboratories (PNL) have a
contract from the U.S. Nuclear Regulatory Commission (NRC) to evaluate the
reliability of contaminant transport modelling. American regulations stipulate
that any applicant seeking a licence for an intermediate and/or low level
radioactive waste disposal site must use simulation models to predict contaminant
transport from the site. Battelle will test various models using data first for
the area around the Nitrate Decomposition Site and then for the flow systems
downgradient of Waste Management Area A. In both cases, surficial information
will be used to select locations for a limited number of boreholes that might be
employed to characterize hydrogeologic and geochemical conditions if no such data
were already in existence. For the Nitrate Plant area, 15 borehole locations
were selected and Killey has supplied Battelle with all requisite data for those
locations using existing site information. A subsequent simulation will be based
on all relevant existing data, and both sets of results will be compared with
observed groundwater flow and radionuclide distributions. A similar exercise
will be performed in the vicinity of Area A in 85/86.

Chemical Speciation of Contaminant Plumes at CRNL - D.R. Champ

Results of studies on plumes in the Perch Lake basin were presented at
a conference in Oxford in a paper entitled "Chemical Speciation of Radionuclides
in Contaminant Plumes at the Chalk River Nuclear Laboratories" which will be
published in the meeting proceedings. On the basis of complementary field and
laboratory data we concluded that both colloidal or particulate transport and
organic complexation can be important mechanisms for enhancing the transport of
important radionuclides. Cesium is the element most generally influenced by
particulate transport processes. However, the data do support the hypothesis
that particulate or colloidal forms of many elements, including certain
lanthanides and actinides, will be formed and transported in groundwater flow
systems. The process may become important when dealing with a large source. We
further concluded that additional more detailed studies, similar to those
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published previously for 60Co, will be necessary to confirm that the mobile
anionic species are organic complexes. Resolution of the chemical
characteristics of the organic ligands will also be required to support
predictive modelling.

Particulate Transport Through Fractured-Crystalline Rock by Groundwater
Flow - D.R. Lee, G. Thomson

Investigation of the potential for transport of particles 0.2 to 25 \m
in diameter through fractures is underway at borehole CR-15. An initial
experiment using sodium chloride and rh.odao.ine WT in solution supported the
conclusion from last field season that the single-well injection/withdrawal
technique would be feasible for particulate transport experiments. Various
methods for particle counting were examined and a decision was made to use
commercially available fluorescent beads and to count particles with a
fluorometer and a microscope.

3.3.4 LAKE AND RIVER PROCESSES

Mixing Processes in Lakes - P.J. Barry and 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.

During the winter, the Campbell Scientific, CR5 data logger which had
been suspected of causing erratic results of air and water temperatures measured
on Perch Lake each summer was extensively tested in the laboratory. The tests
included: 1) increasing the humidity within the data logger by inserting an open
beaker full of water, 2) immersing a length of thermocouple wire in water,
3) putting a loop of the test thermocouple cable outdoors to impose thermal
gradients along the wire. Although humidity or wet wires had been suspected to
be the cause of erratic readings in field measurements, no erratic readings were
detected during any of these or other laboratory tests.

In May the data logger was again installed on the raft at Perch Lake to
record water and air temperature profiles at the lake centre. Since the first
two data sets required very little editing a satellite set of thermocouples was
installed about 75 m southeast of the raft. The cables from these thermocouples
are within a plastic tube, and encased in styrofoam to keep them dry.

Data for June are presently being analysed and the erratic readings are
again occurring almost every night. While a high humidity does not appear to
cause the problem it now seems that condensation of water may occur on the
components at night. The satellite raft will be moved to a position off the
northwest shore and the signals recorded on the CR5 housed in the Perch Lake
Building in an attempt to collect continuous water and air temperature data.

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

We have measured the average annual flux of 210Pb from the atmosphere
to lake surfaces and to the bottom sediments in seven small lakes located on the
Laurentian Shield. Direct atmospheric fallout of 210Pb was
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136 ± 16 Bq.m .a . Streams from the lakes' catchments input an additional
5 to 473 Bq.m .a . Only 16 to 80 percent of the total input was found in the
lake sediments. The fractional rate constant for T"b sedimentation from the
water column ranged from 0.25 to 5.3 per annum. The rates of removal are slower
than predicted a priori, and demonstrate that all of the Pb-210 was not
deposited in the lake sediments.

o q q % n
Activity balances for . Pu in seven oligotrophic lakes were

constructed from estimates of , Pu inputs and measurements of , T?u
239 240

activity accumulated in the lake sediments. , Pu activity in soil cores
agreed with atmospheric inputs of 2 3 . Pu estimated from the integrated
monthly deposition measurements of Cs and Sr. Inputs of , T"u eroded
from the catchment were significant in lakes with rapid hydrologic flushing
rates. All of the Pu input into the lakes did not accumulate in the lake
sediments. The fraction of Pu inputs accumulated in the lake sediments (28 to >
100%) was inversely correlated with the hydrologic flushing rate of the lake.

To determine the residence time of Pu in the water column, Pu activity
in the sediments was simulated using a single reservoir input-output model. The
residence time of , Pu in the water column ranged from 0.09 to 2.7 years
and was shorter in lakes with more rapid flushing. Expressing the rate of

, Pu removal from the water column as an apparent settling velocity did not
explain the variation in removal rates in different lakes. Residence times of
Pu in these small shield lakes were very similar to the residence times of
239, 21*°Pu in the Laurentian Great Lakes and to the residence times of Cs and
210Pb in other small oligotrophic lakes. The similarity of the residence times
of different elements input into different lakes suggests that general models
with generic parameters can describe the behaviour of trace contaminants in
freshwaters. This supports the approach taken in the NFWM analyses.

Two journal publications summarize these measurements of the movements
of 210Pb and *39,2k0Pxi through several small shield lakes.

Nucllde Transport in the Ottawa River - R.J. Cornett, L. Chant,
B. Risto

Analysis of Co and rhodamine injected into the Ottawa River last fall
is continuing. Preliminary breakthrough curves have been constructed at three
sites located 1, 5 and 10 km downstream from the injection site. Additional
measurements of rhodamine concentrations have been delayed by a breakdown of the
fluorometer power supply. Stable Co measurements have also been hampered by the
poor quality of the graphite furnaces supplied by the manufacturer of the atomic
absorption unit. Further analyses have been delayed until the equipment can be
repaired.

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

We have completed the analysis of data collected following the
experimental addition of Cs and Co to isolated sediment/water systems in
Perch Lake. Initially Co and Cs were both rapidly removed from the water
column and deposited in the sediments. However after about 7 days, net removal
of Cs stopped while Co concentrations continued to decrease. The different
behaviour of the two isotopes can be explained by differences in the rate that
they are recycled from the sediments back into the water.
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After the water in the enclosures was replaced with lake water both
Cs and Co reappeared in the water column. The activities of the isotopes

in the water column increased over time and reached steady values after two
134weeks. The rate constant for release of Cs was about 1 order of magnitude

greater than that for the release of b/Co.

Recent measurements confirm that both isotopes continue to be released
from the sediments into the water more than 1 year after the initial
experiment. Remobilization of Cs from the sediments is sufficiently rapid to
explain the steady value of 13/Cs attained in the water column soon after the
isotope was added to the water.

3.3.5 BIOLOGICAL PROCESSES

Bioavailability of Trace Metals in Aquatic Ecosystems - J.W. McMahon,
J.M. Judd

Studies on inter-relationships between trace metal accumulation in
natural aquatic ecosystems with different water chemistry parameters were
continued. One hypothesis being tested was that complexation of heavy metals
with organic matter in water will affect the availability of these elements to
aquatic biota. Results to date, using adult Yellow Perch from four lakes of
differing organic content, demonstrated a relationship between cobalt in fish
and in water, expressed as the concentration factor (CF) and total organic
content of lake water. High Co CF's are associated with lake waters of low
organic content.

Laboratory radioecological studies, using Co as a tracer, are
currently in progress to supplement field observations. The effects of water
chemistry on the bioaccumulation of cobalt by laboratory fish is being studied
as well as the metabolism of trace metals at various temperatures. Uptake,
excretion and accumulation studies will greatly assist interpretation of field
data, obtained to date. A further use of the radioecological laboratory will be
in the study of toxic metals, such as cadmium, with a view to extending the
trace metal research and thus providing a radioecological facility for possible
commercial contract work in the future.

3.4 ENVIRONMENTAL ASSESSMENT - CRITERIA, TECHNIQUES AND IMPLEMENTATION

3.4.1 INTRODUCTION

Environmental assessment requires a model of transport processes
linking a source emitted as a result of a given operation and some measure of
the impact on a sensitive receptor usually, but not always necessarily, in the
form of a dose. The Branch is devoting a greater proportion of its resources
than previously to the development of these models. The magnitude of that dose
will be one of several factors which may have to be considered when the
acceptability or otherwise of the proposed operation is to be judged. Since
different factors and different aspects of the form of the calculated .doses
require different modelling strategies it is necessary to identify them so that
the output of the models can be specified. To use the models it is necessary to
identify and quantify the transport processes of importance for a specified
operation and site and to be able to measure the parameters used in the
transport equations. Many of the techniques and methods which are to be used in
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Che 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

Revision of the Biosphere Model for SYVAC-III - R.W.D. Killey,
G.L. Moltyancr, D.R. Lee, R.J. Cornett

The Environmental Research Working Party (ERWP) has established a
Biosphere Model Group to organize and expedite revisions to the biosphere model
currently installed in the concept assessment SYVAC code. A third set of concept
assessment simulations for the NFWMP will be made late in 1985; revisions to the
biosphere model must be complete by July 85. One of the primary requirements for
upgrading the biosphere model is incorporation of a model for simulation of
transport of contaminants by groundwater flow through unconsolidated sediments in
the vicinity of the high-level waste vault. We have now reviewed the current
model used for simulation of contaminant movement through bedrock (the
"geosphere") and have provided the NFWMP Assessment Group with a compatible model
for overburden migration. We are currently awaiting an outline of the Biosphere
III model structure, and will review it as soon as it arrives.

3.4.3 ASSESSMENT CRITERIA - R.V. Osborne

We have contributed to the development of ideas as to how basic
radiation protection principles might be applied to the disposal of long-lived
radioactive wastes. Two ideas are now taking hold. One is that a "risk" limit
is more appropriate for long-lived waste disposal, rather than a dose limit as
used with operating facilities for ensuring that any individual is adequately
protected. "Risk" here is defined for a single event as the product of the dose
received, the probability of receiving that dose (i.e. the probability of the
event) and the probability of a deleterious effect on haalth per unit dose. The
concept is readily extended to probability density distributions of doses and is
therefore very compatible with probabilistic assessments. There are a number of
possible criteria that could be developed along these lines:

- The total risk as represented by the expectation or mean of the
estimated probability distribution of dose, for comparison with a
single reference or limiting value of risk.

- The total risk as represented by the area under a downward cumulative
probability distribution (tail) of dose, for comparison with a single
value of risk.
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- The estimated tail distribution of dose for a point by point
comparison with a reference tail distribution, chosen so that the
expectation value of the distribution is equal to or less than the
reference value of risk.

- The probability of exceeding a given single value of dose for
comparison with a reference probability at that dose.

Some combination of these could also be used.

The second idea is related to determining the optimum of various ways of
disposing of wastes; of determining what is reasonably achievable. Collective
dose has often been used in this context.

The collective dose is the product of the number of individuals exposed
to radiation and their average radiation dose. In radiation protection it
provides a measure of the health detriment from a given radiation exposure in a
population. The collective dose from a particular practice is therefore a
quantity that may be considered along with monetary costs of radiation protection
in determining if the protection associated with that practice is such that
radiation doses are as low as reasonably achievable (i.e. that doses are ALARA
and protection is optimized).

Often collective doses from a practice may be reduced by increased
expenditures and we may consider that protection is optimum when any further
reduction in collective dose is not worth the required additional expenditures.
However there are practical difficulties in deciding the optimum level of
protection in practices involving the management of long-lived radioactive
wastes.

The difficulties arise because of the characteristics in the estimates
of collective doses associated with different options for managing the wastes;
one or more of the following may be observed.

(1) A substantial part of the dose is received by individuals at a very
long time in the future (i.e. thousands, millions of years hence).

(2) There are very large error bars on the estimate of collective dose.
(3) A substantial part of the collective dose is received at very low

individual dose rates (i.e. less than a few pSv/a).
(4) A substantial part of the collective dose is received by people

outside the country in which the facility is sited.
(5) Some exposures depend on the occurrence of unlikely events.
(6) Different proportions of occupational and public collective doses

are involved.

The value of reductions in estimated collective doses when they have such
characteristics depends on many judgments.

The technique of multiattribute analysis is now being developed by
various international (ICKF, OECD/NEA) groups as a way of helping to make
decisions in these circumstances. It is a technique that appears to be more
useful than differential cost-benefit analysis.
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3.4.4 FIELD STUDIES

Lakebed Survey for Anomalies of Temperature and of Electrical
Conductance - D.R. Lee, S.J. Welch, I.D. Marsh

On the beds of three lakes in the Atikokan research area we found
conditions that may be caused by groundwater discharge but these are not yet
confirmed as points of groundwater discharge.

During the past quarter two sediment drags were built and coupled to
boat-mounted, strip-chart recorders. Attempts were made to determine whether
the Finlayson anomaly was a groundwater discharge area, but water depth and poor
visibility made scuba work too time-consuming and wind conditions prevented
installation of piezometers.

Borehole Measurements at the Atikokan Research Area - S.J. Welch,
D.R. Lee

Borehole LK-4, drilled within a major lineament in the Eye-Dashwa Lake
pluton, was tested for hydraulic conductivity, piezometric head, and natural
gradient flux over selected intervals. This 90 m-long hole was tested in 10 m
sections to determine relative zones of high and low hydraulic conductivity.
Values ranged from 0.12 to 4.24x10"'m.s"1. Core, obtained during drilling, was
also examined for likely high conductivity zones. These preliminary results
were then used to focus the more detailed testing with the borehole dilution
apparatus.

Two improvements were made in our borehole dilution technique: short,
perforated tubes were added to the input and output parts of the dilution unit
to improve distribution of tracer. Up to 6 m of additional packer was added
above and below the unit to reduce the possibility that vertical flow along open
parts of the hole would influence the measured dilution rates.

At the depth interval 85.8 to 86.9 m a flux of 38.7 mL.min"1 was
measured but could not be confirmed after moving the equipment first to the
surface and then to the 85.8 to 86.9 m interval. Lack of confirmation may be
due to an error in depth measurement of as little as 1 cm. The remainder of
LK-4 had fluxes ranging from 0 to 2.4 mL.min . A calculated total flux across
the borehole of 0.47 mL.min was based on a transmissivity of 7.4xlO~6 m2.s~*
and a horizontal gradient of .014. This number is the difference in elevation of
Dashwa and Eye Lakes divided by the distance between the lakes. The actual
gradient across the hole could not be determined but could be much greater than
this.

Measurements of dissolved oxygen (>100 ppb), chloride (0.05-1.3 ppm)
and electrical conductance (90-170 (oS.cm"1 at 25°C) indicate that the borehole is
positioned along a relatively shallow groundwater flow path between Dashwa and
Eye Lake. It appears that groundwater may be moving from Dashwa Lake through the
bedrock past LK-4 and into Eye Lake (Dashwa Lake is approximately 7 m higher in
elevation than Eye Lake).
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Area 233 Evaluations - R.W.D. Killey, G.L. Moltyaner and J.H. Munch

As noted In section 3.3, modelling of groundwater flow along the axis
of the 90Sr plume from the Nitrate Decomposition Plant has provided very good
agreement between computed and observed hydraulic head distributions. We are
now planning to extend this modelling to simulations of the migration of Sr.

Other work in this area is directed towards the Environmental
Authority's plans for a demonstration Shallow Land Burial (SLB) facility for
low-level waste disposal. Flans for flow-path and dispersion studies in the
area have been delayed by the failure to develop suitable tracers (see
section 3.3.3). We are proceeding, however, with plans for extension of the
existing borehole network, collection of direct measurements of groundwater
velocities, and tests of the sorption behaviour of leachates from wastes to be
disposed of in the SLB structure. To date, we are developing a borehole
dilution apparatus for measuring groundwater flow velocity, and have initiated
discussions with staff in Systems Materials Branch concerning suitable waste
forms as sources for the leachate migration tests.

CRNL Inner Area Contaminant Migration Studies - R.W.D. Killey

A review of previous unpublished studies of leakage from a tank used to
store low level aqueous waste and an assessment of the consequent hazards has
been released as CRNL-1885. Revision of a draft report on contaminant movement
from leakage in the NRX Rod Bay system has been delayed by other commitments.

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

Waste Management Area A received in excess of 370 TBq (10,000 Ci) of
fission products in solution and undefined amounts of activity in solid wastes
from 1950 to 1955. The distribution of Sr and Cs from 2 discrete disposals
in the Area A compound has been mapped in the early 1960's and the mid-70's.
Since November, we have been collecting data around Area A to

- improve the definition of geologic and hydrogeologic conditions,

- update information on the distribution of radionuclides in the
subsurface downgradient of Area A, addressing migration not only from
the two discrete disposals previously mapped but also contaminant
movement from other disposals.

The first phase of the study involves drilling on a grid with 15 m spacings
between holes transverse to groundwater flow (30-60 m in uncontaminated areas)
and at approximately 60 m intervals along flowpaths. This grid will not provide
sufficient detail for calculating inventories of radionuclides downgradient of
Area A, but does allow definition of the extent of contamination and provides
the basis for future, more detailed, plume mapping. This program supplies the
data base for groundwater flow modelling both by AECL and by the staff of
Battelle's Pacific Northwest Labs (PNL). The PNL program, supported.by the
U.S. Nuclear Regulatory Commission (NRC), is designed to assess the validity of
groundwater transport modelling that applicants to the NRC must provide for
waste management site licensing.
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Field work for the Area "A" Phase 1 study is complete. To date, 54
boreholes have been drilled and samples of sediments have been collected over
the entire length of each borehole. Where activity was detected in the core,
portions of the soil where packed into centrifuge cups to extract the pore
water. Multilevel piezometers (in most cases with piezometers spaced at 1 m
depth intervals) have been installed in 46 of the boreholes. Analyses completed
to date are:

No. of Analyses

Sediment 90Sr 800
Sediment y 60
Pore water 90Sr 600
Pore water y 50
Pore water Ti 95
Grain size distribution 125

Hydraulic head distributions have been measured monthly.

Work on a draft report has begun, and we hope to have the draft
completed during the next quarter. Some analyses for gamma-emitting isotopes
remain to be completed, as do some additional tests of hydraulic conductivity.
One of the notable features of the work to date is the hydrogeologic complexity
of the study area; although sands dominate the sequence of unconsolidated
sediments, a much wider range of grain sizes and hydraulic conductivities are
observed in the vicinity of Area A than are found beneath the Perch Lake Swamp.
The presence of hydraulically-significant but thin and discontinuous coarse sand
and gravel strata will greatly increase the difficulty in modelling groundwater
movement in the area.

Strontium-90, the most mobile of the radionuclides being released from
Area A, has been encountered over a much wider area than previous studies have
indicated. The source of Sr in vegetation and surface waters of the South
Swamp has been tentatively identified as a small portion of the groundwater
discharge area in the northwest corner of the swamp. Cesium-137 is the second
most widely-distributed radionuclide, and is still largely confined to the
aquifer immediately beneath and downgradient of Area A. One sample collected
15 m downgradient of the 1955 disposal pit contains 24,000 Bq.g of 13 Cs. One
borehole located along the Area A boundary encountered sands with up to 1 Bq.g"
of Eu, an isotope that previously had been encountered only in trace
quantities in groundwaters in the Area A plume.

Ground Probing Radar Surveys - R.W.D. Killey and A-Cubed Inc.

Ground probing radar (GPR) surveys of 4 areas on CRNL property were
conducted in March. Two of the surveys were made inside the Waste Managment
Area A and B compounds in an attempt to locate accurately buried trenches and
waste containing structures. The objectives of this work were to identify
contaminant source locations and nearby areas where boreholes for sampling and
monitoring could be installed without disrupting buried waste. Surveys in Area
A have been successful in both respects. In Area B, almost all of the portion
of the site mapped as containing arrays of unlined trenches appears to contain
waste. Discrete waste-containing structures could not be defined from the field
radar records.
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The other 2 GPR surveys were run over land adjacent to Waste Managment
Area B and between Area C and the Nitrate Decomposition Plant. In both cases,
the objective was to map the base of the sand and, if possible, the position of
the water table and any stratigraphic features in the sand sequence. The base of
the sand was detected on most of the survey lines in both areas. Other
reflectors in the overburden were detected locally, at this time their cause
remains uncertain.

The ground-probing radar (GPR) survey of portions of Area A has proved
very useful in locating areas free of buried wastes. The survey was not intended
to locate all buried wastes and structures in Area A - given the existence of
records indicating waste placement in post holes, an extremely thorough survey
would be required to identify such small features. Instead, GPR was performed on
8 lines selected for coverage of areas where we wished to install boreholes.
From 5 boreholes drilled after the GPR survey, we have confirmed that areas
appearing undisturbed on the radar records contain no buried wastes, whereas
apparently disturbed areas do contain waste trenches.

Another component of the March '85 radar contract was the surveying of
areas adjacent to Waste Managemnt Area B and C for the Environmental Authority.
Follow-up drilling in the region of the proposed extension to Area B has
confirmed major stratigraphic features identified on the radar records, although
the sources of several minor radar reflectors remains uncertain.

A third component of on-site GPR work carried out in March was testing
of A-Cubed's new low-frequency radar system. This work was supported by Energy,
Mines and Resources, as part of their funding for development of the system. The
new equipment demonstrated greatly enhanced ground penetration, and some
follow-up detailed drilling and geophysical testing will be carried out by
A-Cubed and the University of Waterloo in July. AECL will donate drilling time
to this work, and we plan to let a contract to A-Cubed in the 3rd quarter of
85/86 for a survey of the Perch Lake Basin with the low-frequency GPR.

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

The leachable anion content of 10 commonly used plastic containers and
5 types of tubing is being investigated by determining the F~, Cl~, No2~, P04~3,

^ f d l l 2

Br~, NO3~, SOi,"̂  content of distilled water washes. Most of the plastic
containers examined were considered suitable for sample collection as their
washes showed anion content below detection limits indicating that insignificant
amounts of anions had leached from the plastic. The anion content of washes
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from Teflon TFE and FEP containers showed some F~ and Cl~ (0.05-0.7 (ig/mL). The
leachates from amber rubber tubing also contained a significant amount of F~,
Cl~ and SOij"^. This work, is being written up for publication.

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

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

Radiotelemetry System: The radiotelemetry system became operational
1985 February 8, transmitting wind speed and direction data from the anemometer
on Building 456 to a receiver in Building 513. The system has been found to be
more than adequate for this purpose. Information regarding data errors is
currently being collected and evaluated with the view to using similar systems
for more stringent requirements.

Meteorological Microprocessor: Circuit boards have been fabricated for
the conversion of signals from the anemometers at Perch Lake to a form suitable
for a data acquisition system. The boards have been installed in the
microprocessor system chassis at Perch Lake. Work on the microprocessor system
will continue when the processor circuit boards have been purchased.

Counting Room Microprocessor: An interface unit has been designed and
constructed for four Nuclear Chicago sample changers. The microprocessor system
chassis has been assembled and tested, a counter/timer circuit board layout has
been produced and the boards have been ordered. Work on the system will
continue upon receipt of the counter/timer boards.

Updating of Counting Equipment - E.L. Cooper and R. Dembowski

The ND 6700 data acquisition system has been put into service with two
of our high resolution gamma ray spectrometers. After about a month of
evaluation, the performance of the system was deemed to be acceptable and it is
now being used for routine analysis. The implementation of the ND 6700 was
quite timely, since Math and Computation Branch has recently decreased their
support for paper tapes and our older systems relied on the use of tapes for
data transfer.

We are presently writing software to facilitate report generation and
data transfer with the ND 6700.

Instrumentation and Chemical Analytical Facilities - J.M. Judd and
P.C. Jay

A new, recently purchased, Dionex 21201 high performance ion
chromatograph (IC) was installed in the Branch for determination of the
concentrations of a wide class of ions in environmental samples. The IC is a
dual channel system with programmable ability so that eluents and analytical
parameters can be automatically switched during sample runs. Analysis of common
anions <F~, Cl", NO2~, N03~, POi, , Br~, SOi, ) using this new system gave
analytical precisions of 1% relative standard deviation (RSD) at ng/tnL (.ppm) and
» 8% RSD at ng/mL (ppb) concentrations. One channel of the 21201 could not be
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put into service due to delays in the arrival of pump parts; they have now been
received and work is progressing on automated 1C analysis of common anions and
divalent cations in natural water samples.

The original modified Dionex 10 IC has been in almost continuous use
for the past 3 years analyzing anions in groundwaters and precipitation and its
level of analytical precision has been maintained.

An autosampler was installed on the Hitachi 170-70 Zeeman-corrected
Atomic Absorption Spectrophotonieter to allow automated sample injection onto,
and thermocycling of, the graphite furnace. Difficulties encountered in
installation were eventually found to be due to wiring errors in the plug
connectors purchased from Hitachi. Repetitive injections by the autosampling
unit of 10 (jL of a 0.1 |jgCo/mL solution yielded peak heights with a 3.1%
relative standard deviation (RSD) which, though adequate for most analysis, is
not as good as the 1.3% RSD achievable by manual injection by skilled operators.

3.5.3 SITE MONITORING

Gamma Exposure Rates in Public Areas near CRNL - A.E. Docherty,
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 fourth quarter of 1984, the first quarter of 1985 and
the last two calendar years are given in Table 3.5.2A.

Gamma Exposure Rates at CRNL - A.E. Docherty, P.C. Beaulieu,
J.F. Mattie, L.A. Mask

Shielded (indoor) and (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 Rates1 in Public Areas

Location

1

2

3

4

5

6

7

8

13 2

Harrington Bay;

Deep River

Fourth Quarter First Quarter
1984 1985

8.0

5.9

3.8

6.7

6.7

6.3

4.6

8.4

7.0

6.3

8.4

2.5

4.1

4.5

2.5

5.5

5.5

5.5

5.2

3.5

1983
Average

7.9

4.7

3.4

4.6

4.4

4.2

4.1

5.9

6.0

5.2

5.2

1984
Average

8.2

4.7

4.0

5.6

4.5

4.6

4.3

6.9

4.6

6.4

5.4

Natural background (excluding cosmic radiation) and airborne contamination
from CRNL.

o
This TLD location is across the river from CRNL and is not accessible for

much of the year. Thus the TLD's are changed less frequently and the
exposure periods do not correspond to those of the other TLD locations.

Harrington Bay, P.Q«, 11 km east from plant stack.

*1 R = 2.58 x lO"1* C.kg-1



Fourth Quarter
1984

18.1

10.5

10.1

10.9

First Quarter
1985

26.3

11.4

7.9

9.9

1983
Average

21.6

10.5

9.0

9.5

1984
Average

20.6

10.4

8.8

10.1
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Table 3.5.2B Gamma Exposure Rates1 within the CRNL Exclusion
Area ((jR*.^1)

Location

9

10 2

11

16 3

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 lO"1* C.kg"1.

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

Precipitation samples collected at Deep River were analyzed
radiochemically for Sr and spectrometrically 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 - A.E. Docherty, P.C. Beaulieu,
J.F. Mattie, L.A. Mask

At CRNL, three liquid effluent streams discharge radionuclides to the
Ottawa River from the Inner Area. They are the Process and Sanitary Sewers plus
the 04 Storm Sewer combined with 04A seepage. Each of these is sampled
regularly and analyzed for individual nuclides. Also sampled regularly are
Perch Creek and Duke Stream. The former drains Perch Lake and the Waste
Management Areas A and B and flows into the Ottawa River. The latter drains
Waste Management Area C and flows into Maskinonge Lake.

The mean daily releases from the Process Sewer are given in
Table 3.5.2C for the third quarter of 1984 and the first quarter of 1985. Most
of the radionuclides are measured by gamma-ray spectrometry. Other releases are
shown in Figure 3.5.2C and Figure 3.5.2D. The daily releases have been
calculated from the measured flow rates and radlonuclide 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 ^40Pu and the two isotopes have different half-lives, this is a more
meaningful expression; the values for plutonium therefore represent ^ u plus

Pu. For comparison with previous release rates the conversion factor is 1
mCi (37 MBq) = 16.3 mg for 2S)fVu.
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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 fourth quarter of 1984 and the first quarter of
1985.

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

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

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

90Sr

137Cs

^ C e

106Ru

l l t0Ba

134

239Np

95Zr

5\n

" s c

59Fe

55Zn

60Co

Fourth
MBq/d*

848

767

286

48

92

43

454

147

120

71

68

110

56

Quarter 1984
% of DRL**

1.9xlO~2

2.7x10"X

1.4xl0"3

2.8x10"'*

2.2x10"5

8.9X10-1*

4.3xlO~5

7.7x10"5

l.lxlO"1*

5.0x10"5

6.0x10"5

3.5x10"3

4.1x10"3

First
MBq/d

30

25

203

48

144

51

642

476

483

110

119

123

235

Quarter 1985
* % of DRL**

6

2

2,

2

9.

1,

6.

2 .

1.

8.

1.

4 .

1 .

.5X1O-14

,3xlO~2

.7xlO~3

.6x10-'*

.2x10"5

. 1x10"3

,5xl0~5

.OxlO-1*

.2X10-1*

,0x10"5

1x10" "

1x10"3

8x10"2

*Release figures rounded to two significant
**Derived Release Limit. The percent of DRL
from the DRL values given 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
Fourth Quarter 1984

Concentration
MBq/m3

Process Sewer 1.0

Sanitary Sewer 0.6

04 Storm Sewer 5.6
(plus 04A)

Perch Creek Weir 10.4

Duke Stream 318

Quarterly Release
GBq

1.4X101*

27

7.1x102

3.8x103

9.2x103

Percent of
DRL*

1

3

7

4

1

.5xl0~ 2

.OxUT5

.9X10-1*

.2x10"3

.0x10"2

Table 3.5.2E Tritium in Streams in the Exclusion Area
First Quarter 1985

Process Sewer

Sanitary Sewer

04 Storm Sewer
(plus 04A)

Perch Creek Weir

Duke Stream

Concentration
MBq/m3

1.4

0 .8

4 . 1

19.9

307

Quarterly Release
GBq

1.4X104

39

6.4x102

9.3x103

9.8x103

Percent of
DRL*

1.6x10-2

1.0x10-5

7.1x10"k

1.0x10"2

1.1x10"2

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 iiCi, 1 GBq = 27 mCi.
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^Ar in the CRNL Stack Effluent Argon - D.P. Wildsmith, P. Beaulieu,
F. Mattie

Periodic sampling and measurement of the 41Ar 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, C02 in the J-rod annulus replaces moist air to
reduce corrosion of the reactor vessel and also reduces the Ar release rate
per unit power level. The monitoring results therefore indicate changes in the
operating conditions of the reactors and also provide an indication of the
effectiveness of the CO2 system.

The results obtained to date for 1985 are given in Table 3.5.2F.

Table 3.5.2F. Measured Releases from Main Stack - 1985

Sampl

Date

Feb 4

May 3

June 18

ing

Time

1345

812

748

NRU

Power MW 1 C0 2

' 119 Normal

Not operating

Not operating

NRX

' Power MW

Not operating

24.8

38.3

^Ar

TBq.d" 1

21

104

139

TBq.d" ̂ MW" l

0.2

4.2

3.6

Support of Site Monitoring Services - E.L. Cooper

A report has been written which describes the routine monitoring
carried out by the Environmental Research Branch at CRNL. This report is
currently being reviewed and should be published In the near future.

NRU Heat Recovery Program - E.L. Cooper and A.E. Docherty

CRNL plans to recover low grade heat from some of the NRU reactor
effluent from the Process Sewer into other sewer systems at CRNL. We have
examined these plans to ensure that they do not affect our current monitoring and
to define what additional monitoring will be required.

Tritium in Atmospheric Hydrogen - R.M. Brown, W.J. Workman

The HT sampler described in previous progress reports has operated
satisfactorily under winter conditions (T=-10°C). There was some concern that
oxidation of the carrier H2 on the Pd catalyst might not start at low
temperatures.
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It would be advantageous to eliminate the need for a source of
tritium-free hydrogen carrier gas for samplers operating unattended in the field
for extended periods. Preliminary trials, at room temperature, indicate that
satisfactory recovery of atmospheric HT may be achieved using H •$ vapour carrier
introduced between the drying columns which remove atmospheric moisture and the
Pd oxidation column.

To identify the source and estimate the release rate of HT observed in
the local environment measurements need to be done on likely discharge points.
An HI concentration of 505 Bq/m compared to an HTO concentration of 9x10 4 Bq/m
has been measured in the east ventilation duct of Bldg. 210, the electrolytic
upgrading plant. Only 1/3 of the carrier H 2 used was recovered so the actual
concentration could be three times the above value, or up to 1.8% of the total
tritium content of this air stream. It is unlikely that this small HT release
accounts for the levels seen in the environment. Further sampling at this and
other discharge points is planned.

Emergency Procedures - D.R. Champ

We completed a review of the tasks still to be completed and the
equipment still required to fulfill our emergency response duties. A major task
of the review was an extensive analysis of the current meteorological equipment
and modelling capabilities. The recommendations arising from these reviews were
presented to the Nuclear Emergency Planning Panel in June.

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

Energy budget calculations of evaporation from Perch and Maskinonge
Lakes were made for 1984. Net radiation values were higher than usual and
resulted in high estimates of evaporation. The net radiometer used was a new
instrument and had been calibrated by Atmospheric Environment Service. It is
possible that the instrument was not perfectly level. Our data will be compared
with network radiation measurements for 1984 when they are published.

Routine energy budget measurements for Perch and Maskinonge Lakes were
again started a few days after the spring break-up, 1985 April 25 in order to
maintain continuity of hydrological and tritium evaporation records. Net
radiation measurements are being checked regularly and appear to be correct.

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

The meteorological recording system continues to be plagued by
lightning strikes. Storms on 1985 April 18 and 1985 June 23 each resulted in
damage to three input relays on the data logger. The power surge seems to enter
via Bell lines. In both cases the system was back in operation within two
days. The prototype radio-telemetry data communication link between Bldg. 456
and Bldg. 513 was not affected by the storms.

Signal adapters for both the 65 m and 32 m aerovanes have been
assembled on one unit and installed at Perch Lake. Therefore, the output from
the lower aerovane is now recorded by the data logger at Perch Lake and the
semi-automatic data logging system. Computer programs used for routine data
analysis have been updated to handle the additional inputs.
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Routine data analysis continues for data quality control, and
climatological records.

CRNL Climatologlcal Report - P.C. Jay

Monthly meteorological data including maximum and minimum temperatures
and precipitation are sent to the Atmospheric Environment Service in Toronto in
cooperation with other network stations across Canada.

1985 February 11 was the first day the maximum temperature rose above
0°C since 1984 December 29.

There is a significant difference in the minimum temperatures at the
Main Gate and Perch Lake Main Site during the winter months, e.g. on
1985 January 21 the previous night's minimum temperature at the Main Gate was
-31°C while at Perch Lake Main Site it was -39°C. The maximum temperatures are
approximately the same for both sites, e.g. ±1°C.

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

Data are compiled and sent each month to R.K. Elliott, Design and
Technical Services, in support for the hybrid heating experiment by CRN1 and
Deep River Hydro.

Hydrologic Data at Perch Lake - P.C. Jay

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

3.5.4 MONITORING IN ASSOCIATION WITH OUTSIDE AGENCIES

CSA Working Group on Environmental Monitoring - E.L. Cooper

In the fall of 1984 the CSA established a working group to develop a
standard on environmental monitoring. Since that time the working group has met
regularly in Toronto and Ottawa. The work has been progressing rapidly and a
first draft of the proposed standard was ready in June 1985. We were directly
involved in writing the section on the design of a monitoring program.

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

), nitrogen compounds (N03~, NH^"), chloride (Cl~), metal ions (Na+, K*,
Mg"1"1"), pH and electrical conductivity.



Table 3.5.3A Precipitation Events pH
1985

Day

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Mean pH

January

Amount
(mm)

24

1

4

1

2
2
5
4

2
2
1
2

3

PH

4.7

4.5

4.5

4.0

4.6
4.5
4.1
4.0

4.1
4.1
4.1
4.1

4.3

4.3

February

Amount
(mm)

1

1
4
5
3
1
4
1
3
3

1

18
3

1

pH

4.6

4.5
5.0
4.2
4.6
4.5
4.0
4.3
4.1
4.6

4.0

4.5
4.2

4.2

4.4

March

Amount
(mm)

2

21

5

22
13
2

4

2

1

23

pH

4.

5.

4.

4.
4.
4

4

3

3

4

4

1

0

2

4
7
7

5

.7

.8

.8

.4

April

Amount
(mm)

2

7
4
14

5

14
11
4

7

1
2

pH

4.

4.
4.
4.

4.

3,
3,
3.

4

4
5

4

1

2
1
0

6

7
9
8

5

.1

.1

.2

May

Amount
(mm)

7
20
10

2

5

pH

4.
4.
4.

4

4

4

2
7
5

.5

.4

.3

June

Amount
(mm)

4
2

3
2

6

15
2
3

2
7
24

pH

3.9
4.0

4.3
4.3

3.7

4.6
4.4
4.5

3.7
3.8
3.5

4.2

* Insufficient quantity collected for pH measurement
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In December 1983, at the request of the then Environment Minister,
Charles Caccia, five of the CAPMON monitoring sites were asked to cooperate in
providing precipitation pH values, to be correlated with air-mass movements and
issued as a weekly Acid Rain Report to the news-media.

CRNL is one of the reporting sites and Table 3.5.4A lists the
precipitation events and pH values for the period 1985 January 1 to June 30.
During the period there has been 64, pH measureable, precipitation events with a
mean pH of 4.28. 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 382 ram and 357 mm respectively.

3.5.5 COMMERCIAL APPLICATIONS

Review of U-series and Th-series Radioisotopes in Environmental
Materials - E.L. Cooper

A literature review of U-series and Th-series radioisotopes in
environmental materials was performed under commercial contract. The results
reported in the papers were evaluated and tabulated for the client.

Instrumentation for Industrial Flow Measurements Using Radiotracers -
E.L. Cooper, M. Thompson (Math & Computation Branch), P. Bunge
(Dosimetric Research Branch)

A prototype multichannel sealer board for the flow measurement computer
has been constructed and tested. Several minor faults were discovered in the
initial board design. The prototype has been modified to rectify these faults
and design changes will be incorporated into future boards.

The software used on the flow measurement computer has been rewritten
to extend its features and make it easier to use in the field. Notable
improvements include software to calculate pipe volumes and convert transit
times to standard volume flow rates and the ability to handle 2 multichannel
sealer boards and up to 4 detectors simultaneously.

Development of Radiotracer Technology - E.L. Cooper

Further work has been carried out on the extraction chemistry of the
radiotracer which we obtain from our generator system. The results have been
summarized in an internal report on the generator system.

An internal report on the testing of dilution gauging procedures in
open channels has been prepared. Dedicated equipment has been obtained for
these types of measurements. This equipment will be assembled into a portable
package for field use; however, this stage of the work has been delayed due to a
lack of technical staff.

One of our customers for flow measurements has expressed reservations
with the Transit Time method because they feel that they cannot define the
volumes of their pipes with sufficient accuracy. In order to overcome this
problem we have proposed the use of dilution gauging to measure gas and liquid
flows in closed conduits. These techniques will have to be developed before
next spring in order to meet the customer's timetable.
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A commercial report has been completed for a client interested in
tracing various phases through a laboratory-scale reactor. This report outlines
the options for tracing the various phases. It is hoped that this initial study
will lead to subsequent contracts to perform the tracer work.

AECL has established a joint research agreement with a major research
institution in Quebec. As part of this agreement, a visit was arranged and
potential applications of radiotracers in some of their studies were discussed.
A number of promising areas have been identified for future collaboration.

The use of radiotracers to monitor the movement of solids in an
industrial process has been discussed with a professor at the Technical
University of Nova Scotia. Collaboration with university staff offers us the
opportunity to develop and test techniques under more controlled and flexible
conditions than those present in operating plants.

Chemical Analysis of Environmental Water Samples for Outside Agencies -
J.M. Judd, P.C. Jay

Attempts are being made to exploit further the commercial potential of
Branch expertise in the chemical analysis of environmental samples. An article
has appeared in CRNL's R&D News leaflet "Readout" and a technical note on our
ion chromatographic analytical capabilities is being prepared jointly with
Commercial Operations, CRNL. A contract from a US utility to analyse water
samples for phosphate and sulphate at ng/mL (ppb) levels was successfully
completed.

Transfer of Radiotracer Technology - E.L. Cooper

We have continued tj cooperate closely with the AECL organization which
provides radiotracer services to Canadian industries. During the first half cf
1985 we have provided technical consultation for the preparation of proposals.
We have also discussed future developments with the service group to ensure that
our plans correspond to the market demand. A renewed need for training is
perceived for the near future since the service organization is losing some of
their experienced staff. We have also provided them with further documentation
in the form of internal technical memoranda.

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

A need has been identified for an inexpensive, reliable level sensor in
industry. We have completed the conceptual design of a nuclear level sensor and
a test jig has been constructed. This jig will enable us to test the conceptual
design and define the source and detector requirements. Dosimetric Research
Branch has assembled detection electronics to use for this testing. We are
scheduled to begin testing in the near future and to complete construction of a
prototype over the next few months.
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Carbon-14 in Pickering Retubing Workers - R..M. Brown, W.J. Workman,
A.M. Foley

Under contract to Ontario Hydro, a program of C measurements on dried
fecal samples from personnel working on the retubing of Pickering 1 and 2 has
been undertaken. This work is of major importance to the retubing program which
cannot proceed without assurance of the capability of detecting any pick-up of
C by the personnel. For complete assurance it is necessary to measure down to

the level of natural 14C, 0.27 Bq/g carbon (7.3 pCi/g).

The procedure for 1'*C analysis of environmental organic materials has
been streamlined for this purpose. Dried fecal samples are combusted in a 2 L
Parr combustion bomb, the CO 2 absorbed in NaOH solution contained in a beaker
within the bomb, released by acidification and reabsorbed in a quaternary aralne
base for liquid scintillation counting. An accuracy of about 10% of the natural
level is achieved. In routine operation 7 samples per day can be analyzed by
two technicians. About 100 samples were analyzed in June while the technique
was being developed. It is expected there will be a requirement for this
service for several months while Ontario Hydro laboratories expand their
capability for such low level measurements.

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

Under contract to the National Hydrology Research Institute of
Environment Canada we have analyzed a series of contaminated sediment samples
from the Gloucester toxic waste site and from Pentlcton, B.C. This work is a
continuation of previous analyses that have provided a data base on the
concentration of organic carbon retained on sediments in aquifers contaminated
with various organic chemicals. In conjunction with other analytical data, this
data is being used to assess the potential for modelling contaminant movement
and clean up of organically contaminated aquifers.
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3.6 PUBLISHED PAPERS, REPORTS, PRESENTED PAPERS, INFORMAL TALKS

3.6.1 PUBLISHED PAPERS

Brown, R.M. HI and HTO in the environment at Chalk River. To be published in
Fusion Technology, September 1985 supplement.

Champ, D.R. Chemical speciation of radionuclides in contaminant plumes at the
Chalk River Nuclear laboratories. Proceedings of Speciation
85-Seminar, Speciation of Fission and Activation Products in the
Environment, Oxford.

Champ, D.R. Effect of microbial activity on vault chemistry. Proceedings of
the 19th Information Meeting of the Canadian Nuclear Waste Management
Program.

Cornett, R.J. and I.L. Ophel. Transport of radiocobalt in a small shield lake.
Accepted by Can. J. Fish. Aquat. Sci.

Lee, D.R. Method for locating sediment anomalies in lakebeds that can be
caused by groundwater flow. Journal of Hydrology, 79 (1985) 187-193.
AECL-8727.

Michel, F.A., M. Kubasiewicz, R.J. Patterson, and R.M. Brown. Groundwater flow
velocity derived from tritium measurements at the Gloucester Landfill
Site. Water Pollution Research Journal of Canada, Vol. 19, No. 2,
13-22, 1984.

Moltyaner, G.L. and R.W.D. Killey. Scale independence of dispersivity and a
dry-access-tube monitoring technique. Submitted to Water Resources
Research Journal.

Moltyaner, G.L. and R.W.D. Killey. Transverse dispersion in natural-gradient
tracer tests. Submitted to Water Resources Research Journal.

Novakowski, K.S., P.A. Flavelle, R.G. Raven, E.L. Cooper. Flow pathways in
fractured crystalline rock. Submitted to the International Journal of
Applied Radiation and Isotopes.

In Preparation

Barry, P.J. and E. Robertson. Research and meteorological data requirements for
improved modelling of lake energy balances.

Barry, P.J. Hydrology of Perch Lake Basin - Regional and Historical
perspective.

Barry, P.J. and E. Robertson. Vertical eddy diffusivity of heat in lakes.

Barry, P.J. and E. Robertson. A lake energy and evaporation model.

Brown, R.M. Date List of CRNL archaeological results, for submission to
Radiocarbon.
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3. 1 *t

Brown, R.M. Manual of techniques for environmental TI and C measurements.

Brown, R.M. AECL report on % around CRNL.

Champ, D.R. Farticulate transport in groundwater.

Champ, D.R. Laboratory column studies on Cr-EDTA.

Cornett, R.J., R.D. Evans and V.A. McCulloch. The use of sediments as
indicators of point and diffuse source pollution. To be submitted to
Environmental Geology.

Cornett, R.J. and L. Chant. Accumulation of Cs in lake sediments.

Cornett, R.J., C. Boulay and L. Chant. Distribution of Cs in lake sediments.

Cornett, R.J. Techniques for estimating nuclide sedimentation and
remobilization in freshwaters.

Cornett, R.J. and L. Chant. » T*u residence times in freshwaters and
accumulation in shield lake sediments. To be submitted to Geochem.
Cosmochem Acta.

Killey, R.W.D. and G.L. Moltyaner. Longitudinal dispersion in 20-metre natural
gradient tracer test.

Killey, R.W.D. and J.H. Munch. Strontium-90 migration in the Lake 233 Area.

Killey, R.W.D. Tracer test methodology.

McLeod, M.S. and D.R. Lee. Monitoring of contaminant behaviour in discharging
groundwater in lakebeds or streambeds.

McMahon, J.W. and A.E. Docherty. Trace cobalt in Eastern Ontario waters.

McMahon, J.W., A.E. Docherty, J.M. Judd and S.R. Gentner. Determination of
ultra trace amounts of cobalt in fish by graphite furnace Zeeman effect
atomic absorption spectrometry.

McMahon, J.W., J.M. Judd, A.E. Docherty and B. O'Donnell. The influence of
water chemistry on the accumulation of stable cobalt by freshwater
fish.

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

Milton, G.M. and R.M. Brown. Interactions between trace quantities of uranium
in groundwater and some common fracture surface minerals.
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3.6.2 REPORTS

Abdul, A.S., R.W. Gillham and E.O. Frind. Significance of the capillary-fringe
effect on streamflow generation and runoff quality. MISC (Can) 304,
1985.

Champ, D.R., E. Robertson, R.V. Osborne, W.J. Beattie and F.C. Brown. A review
of the CRNL meteorological system. CRNL-2797, 1985.

Cooper, E.L. Dilution gauging of the CRNL storm sewer. CRTM-87, 1985.

Cooper, E.L. Instruction for using a standard AECL-RCC 9^lo-9^nTc generator
package for a 68Ge - 68Ga Generator. CRTM-89, 1985.

Killey, R.W.D. Radionuclide leakage and movement from Building 240 Tank 1.
CRNL-2885, 1985.

LaFleur, D.W., J.F. Pickens, R.W.D. Killey. Hydrogeologic assessment of the
233-Lake area: Calibration of a 3-D groundwater model. TR-257, 1985.

Moltyaner, G.L., E.A. Sudicky, and J.A. Cherry. Conaminant transport in
heterogeneous porous media: Characterization of spatial variability
and dispersivity at a field site. TR-258, 1985.

PRESENTED PAPERS

Barry, F.J. and E. Robertson. Use of meteorological data to parameterize
statistical dispersion models. 15th International Technical Meeting on
Air Pollution Modeling and its Applications - Washington University,
St. Louis, USA, 1985 April 16-19.

Barry, P.J. Statistical models of atmospheric dispersion. 15th International
Technical Meeting on Air Pollution Modeling and its Applications -
Washington University, St. Louis, USA, 1985 April 16-19.

Brown, R.M. HT and HTO in the environment at Chalk River. ANS Topical Meeting
on Tritium Technology in Fission, Fusion and Isotope Applications,
Dayton, Ohio, 1985 April 30-May 02.

Champ, D.R. Chemical speciation of radionuclides in contaminant plumes at the
Chalk River Nuclear Laboratories Speciation 85-Seminar. Speciation of
Fission and Activation Products in the Environment, Oxford University,
England, 1985 April 16-19.

Champ, D.R. Effect of microbial activity on vault chemistry. 19th Information
Meeting of the Canadian nuclear Fuel Waste Management Program, Toronto,
1985 May 15.

Cooper, E.L. Routine monitoring of liquid effluents and the environment at
Chalk River. Sixth Annual Conf. of the Canadian Radiation
Protection Association, St. John, N.B., 1985 June 11-13.
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Killey, R.W.D. Some recent applications of radiotracers to groundwater flow
studies. Environmental Radiation'85, Mid-year Symposium of the Health
Physics Society, Colorado Springs, 1985 January 7-10.

Lee, D.R. Finding submarine groundwater with new sediment drag. 48th Annual
Meeting, American Society of Limnology and Oceanography, Minneapolis,
Minnesota, 1985 June 17-21.

Marko, A.M. and R.V. Osborne. A short history of Canadian regulations for
radiation protection. Canadian Radiation Protection Association,
St. John, New Brunswick, 1985 June 11-13.

Moltyaner, G.L. Stochastic versus deterministic: A case study. International
Symposium on the Stochastic Approach to Subsurface Flow. Paris School
of Mines, Fontainebleau, France, 1985 June 3-7.

Osborne, R.V. Criteria on collective dose or collective risk for the management
of radioactive waste. CRPA Workshop on Radioactive Waste Management
Criteria, Toronto, 1985 February 27,28, March 01.

Robertson, E. Use of meteorological data to parameterize statistical dispersion
models. 15th International Technical Meeting on Air Pollution Modeling
and its Application, St. Louis, Missouri, USA, 1985 April 16-19.

Taylor, S.R., G.L. Moltyaner and R.W.D. Killey. A comparison of estimates of
hydraulic conductivities obtained from a 40 m tracer test with
conventional field and flaboratory techniques. Canadian Waters: The
State of the Resource, Toronto, 1985 May 26-29.

LECTURES AND TALKS

Brown, R.M. Tritium in the Environment. CFFTP Tritium Safe Handling Course,
1985 May 9 and 10.

Champ, D.R. Environmental Research at CRNL. Delegates from Canadian Nuclear
Association Meeting. 1985 June 5.

Champ, D.R. Facilities and Research Programs for Environmental Studies in
AECL. Members of Joint Panel on Occupational and Environmental
Research for Uranium Production in Canada, 1985 June 26.

Cooper, E.L. Radiotracers in environmental studies and industrial testing.
Science Teachers' Seminar at CRNL. 1985 April.

Cooper, E.L. Application of radioactive tracers: Fluid flow. Sarnia Chapter
of the Instrument Society of America, 1985 March 25.

Killey, R.W.D. Groundwater tracer studies. Technical Advisory Committee,
Nuclear Fuel Waste Management Program; Biosphere Sub-Committee,
1985 April 11.

Lee, D.R. Groundwater discharge work. Technical Advisory Committee, Nuclear
Fuel Waste Management Program; Biosphere Sub-Committee, 1985 April 11.
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Lee, D.R. and J.M. Judd. Environmental research at CKNL. Science Teachers
Seminar, 1985 April.

Lee, D.R. Field methods in hydrology, Invited lecture at University of
Waterloo, Earth Sciences, 1985 April 23-25.

Lee, D.R. Groundwater-contaminant flux to surface waters in porous media and
Connection of surface and groundwaters in Precambrian Shield rocks,
Invited lectures, University of Alberta, 1985 May 24-25.

Osborne, R.V. Safety principles and criteria. AECB Information Meeting, CRNL,
1985 April 17.

Osborne, R.V. Radiological criteria for waste management. The Joint Panel on
Occupational and Environmental Research for Uranium Production in
Canada, 1985 June 25.
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FIGURE 3.2 LOCATION MAP. CHALK RIVER NUCLEAR LABORATORIES PROPERTY
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CONCENTRATION OF CESIUM" 137
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FIGURE 3.5.2A: Monthly Average Concentration of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1984.

*Health and Welfare Canada's recommended target concentrations for
Cesium-137 and Strontium-90 in drinking water are 5 x 10 Bq »m 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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FIGURE 3.5.2B: Monthly Average Concentration.of Cesium-137 and
Strontium-90 in the Ottawa River at Rolphton,
Deep River and Pembroke during 1985.

*Health and Welfare Canada's recommended target concentrations for
Cesium-137 and Strontium-90 in drinking water are 5 x 10^ Bq.nr 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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Institute Contract N01-CP-21029 (Basic).
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(Basic); terminated 1985 June 30.
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4.2 ADfS OF THE BRANCH

Research in the Radiation Biology Branch is directed towards improving
our understanding of the effects of ionizing radiation on living cells ar.d of the
response of cells to this challenge. Since it is generally believed that, in terms
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 direct!- 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 REPARATION DBS DUSKS PYRIMIDINIQUES CTCLOBUTYLES PHOTOBDDOITS DANS L'ADN
DE CELLULES HUMAIHES
- J. Cadet*, L. Voituriez*, M. Polverrelli*, N.E. Gentner and

M.C. Faterson

La photolyse ultra-violette (254 nm) de 1'ADN engendre principalement
les isomires cis-syn des dime'res cyclobutyles de thymine et de cytosine.
L'hydrolyse acide de l'ADN ainsi irradiS engendre quantitativement les dime'res
ThyoThy, ThyoUra et Ura<>Ura. Le melange de ces photolgsions et des bases
pyrimidiniques est en grande partie r&solu par chromatographie liquide haute
performance (CLHP) sur diffgrentes colonnes de silice a1 polarity de phase inverse'e
[1]. Une meilleure separation du melange UraOUra, UraoThy, uracile et thymine, a
€t€ obtenue par chromatographie sur couche mince de doc&cyltrichlorsilyl gel de
silice. La technique de CLHP a §t£ utilised par l'Stude de la formation et de la
reparation des dimgres ThyoThy et ThyoUra dans l'ADN de diffgrentes lignges de
cellules fibroblastiques de peau humaine. La formation de ces lesions
photochimiques est lin§aire avec la dose de rayonnement dans le domaine etudie
(5-100 J/m^). La cinStique d'excision de ces deux dimgres est similaire pour les
cellules normales GM 38 [2]. Cette observation sugggre qu'un mime mScanisme est
impliqug dans la reparation de ThyoThy et UraoThy. Les cellules fibroblastiques
de diffSrents groupes de complementation de Xeroderma Pigmentosum montrent une
capacity plus faible d'excision de ces deux dimgres.

1) Cadet, J., Gentner, N.E., RBzga, B. and Paterson, M.C., J. Chromatogr., 280,
99-108 (1983).

2) Gentner, N.E., RtJzga, B., Smith, B.P., Paterson, M.C. et Cadet, J.,
"Proceedings 9th Annual Meeting American Society for Photobiology",
Williamsburg, VA, 1981 June 14-18, p.164.

* Grenoble, France.

4.4 RIBOSOME BINDING SITE STUDIES
- J.D. Childs, R. Pilon and D. Barrick*

In cells the genetic information encoded in DNA is first copied
(transcribed) into messenger RNA and then translated into protein. A typical
ribosome binding site in Escherichia coli contains a Shine and Dalgarno region,
with a sequence that is similar or identical to GGAGG, an initiator codon that is
normally AUG and a spacer region between the two that is 5 to 9 bases. A

* University of Colorado.
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each of these elements appears to play an important role in ribosome binding, there
is also considerable evidence that other bases in this region are important. We
have previously described the construction of a plasmid, pBC26, that we designed to
permit the cloning of random sequence single strand DNA between the promoter and
the initiation codon of a lacZ gene that is non-functional because it lacks a
ribosome binding site. If this DNA can act as a ribosome binding site then
beta-galactosidase, the product of the lacZ gene, is made. The level of
beta-galactosidase produced can be used as a measure of the strength of ribosome
binding, which is known to vary over at least a 1,000 fold range.

The first vector that we constructed, pBC26, has the disadvantage that
the cloning sites used to insert the single strand DNA, Bglll and PstI, are
separated by only 2 base pairs (bp). This means that it may be difficult for both
enzymes to cut the plasmid molecule and even if they did it would be difficult to
detect and impossible to separate double from single cut molecules on a gel; both a
single cut as well as a double cut would result in a linear DNA molecule of
virtually the same size (7,600 bp). We have therefore constructed two further
plasmids, pBC28 and pBC29, that have a 1,100 and a 1,300 bp insert of lambda DNA
between the Bglll and PstI sites respectively. These were constructed by digesting
pBC26 and a plasmid, pGW7, that carries the appropriate lambda DNA, with Bglll and
PstI and purifying the DNA fragments from an agarose gel. These fragments were
then mixed, ligated, transformed into E. coli 79-02 and then plated with the
indicator X-gal. It was found that pBC28 gave rise to blue colonies indicating
that it is lacZ+. This is not surprising as the lambda fragment contains a
ribosome binding site and initiation codon in frame with lacZ. On the other hand
pBC29 gave rise to white colonies as it does not have a ribosome binding site. As
we were interested in cloning ribosome binding sites, the following experiments
were carried out with pBC29. It is expected that the other plasmid, pBC28, will be
useful for cloning inserts that do not contain a ribosome binding site and
therefore give rise to white colonies.

In order to clone the random sequence single-stranded DNA, pBC29 was cut
with Bglll and PstI between the promoter and the lacZ gene; we visualize the 5' and
3' overhangs of this fragment as a notch into which single-stranded DNA will fit.
After ligation and subsequent transformation similar numbers of colonies were
obtained on plates containing X-gal from both the experimental and control (vector
DNA with no single strand DNA) samples. The frequency of blue colonies was 3.3% on
the experimental plates compared to 1.3% on the control plates.

Plasmids obtained from the transformants were first screened for the
presence of restriction sites in the vicinity of the notch. It was found that they
fell into three classes. The first, which were from white colonies, were parental
vector plasmids. The second, which were from both white and blue colonies, were
probably deletion mutations. The third, which were isolated only from blue
colonies from the experimental plates, were cut by Hindlll and BamHl, but not by
Bglll and only in a minority of cases by Pstl. As the single-stranded insert
should destroy the Bglll site and f of the PstI sites, it was anticipated that
these would have the inserted DNA. Subsequent sequencing confirmed that all of
these had an insert. More than 80% of the plasmids from the blue colonies on the
experimental plates had an insert. Furthermore, none of the inserted sequences had
deletions or Insertions. An analysis of the sequences and their associated
beta-galactosidase activities is being performed in collaboration with the
University of Colorado.
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The single-stranded DNA cloning technique that we have developed should
be useful not only to study the fundamental structure of genes, but In studies of
DNA repair of lesions located in single-stranded DNA.

4.5 SOLE OF ALTERED BIOKHDUCTION CAPACITY IN CYTOTOXICITY OF PRE-CARCINOGEHS
- N.E. Gentner, R. Mirzayans, 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
supposedly UV-mimetic pre-carcinogen 4-nitroquinoline 1-oxlde (4NQC), but display a
normal response for loss of colony-forming ability subsequent to ultraviolet (254
nm) light exposure* When apparent levels of DNA damage were compared immediately
post-exposure in the proband and a normal strain, or when the accumulation of
"araC-inhibitable sites" (stable single-strand breaks that arise in DNA during
post-treatment incubation with l-$-D-arabinofuranosylcytosine [araC]) is used to
monitor repair, we found that the apparent resistance in the proband's cultured
cells is largely, if not entirely, accountable for in terms of a diminished level
of DNA lesions resulting from exposure to a given concentration of pre-carcinogen.

Three possible scenarios might account for this: (i) diminished uptake
of 4NQO; (il) a ratei-limiting amount, in the proband compared to normal cells, of
the reduced pyridine nucleotide cofactor required for the reductive bioactivation
of 4NQO; or (iii) a lower capacity in the enzymatic system that accomplishes
bioactivation of 4NQ0. We have determined that this latter explanation appears to
sufficiently account for the observed resistance. Two different in vitro
bioactivation assays, employing crude cell extracts and NADH as cofactor, were used
to show this. One assay used the decrease in A340 to monitor NADH oxidation;
this indicated that cells from the proband possessed 40-50% of normal bioreductase
capacity. A second assay, developed at CRNL using reverse phase HPLC to measure
the disappearance of 4NQ0 directly as well as the appearance of HAQO (the
4-hydroxyt'mino reduced form), indicated ^15% normal level of bioreductase activity.
Thus a lower apparent bioreduction capacity appears to account fully for the
enhanced resistance to the cytotoxic effect of 4NQ0.

For studies of cytotoxicity with chemical carcinogens or precarcinogens,
this, project has served to emphasize the prime importance of monitoring "internal
dosimetry", I.e. of relating dose (as an exogenous concentration in the solution
applied to cells) to actual DNA damage levels.

This strain is additionally hyperresistant to the cytotoxic action of
the antineoplastic drug mitomycin C (MMC). As in the case of 4NQ0, a diminished
extent of a critical type of DNA damage (DNA-DNA interstrand cross-links; monitored
by alkaline elution) was observed; the apparent enhanced resistance again vanished
when the proband and normal strain were compared at the same initial level in DNA
of this type of lesion. However, HPLC assays of MMC bioreductase indicated no
deficit in the proband; we hope to examine whether reduced cofactor concentration
(NADPH in the case of MMC bioactivation) might explain the diminished level of
damage formation for this agent.

In contrast to the 4NQ0 response of the proband from this multiple
polyposis/sarcoma family, an essentially opposite pattern has been observed in
strains from certain donors manifesting the radiation sensitive
ataxia-telangiectasia phenotype. Specifically, those fibroblast strains that
display enhanced sensitivity to 4NQ0 have been found to possess elevated
bioreductive capacity for this agent (see Sect. 4.13 for details).
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A facile ability to screen cancer patients for relevant bioreductase
capacity may have great utility in improving tumor treatment effectiveness. If a
patient was resistant to the cytotoxic action of an agent because of diminished
reductive bioactivation capacity, a therapeutic tumor management protocol based on
such an agent would likely be ineffectual. Correspondingly, donors that are
hypersensitive because of elevated bioreductase capacity would likely show an
adverse reaction. In both cases, it should be possible to adjust the dose levels
to take this altered capacity into account and yield effective treatment.

4.6 ROBERTS SYNDHOME FIBROBLASTS WITH HETEROCHROMATIN ABNORMALITY SHOW
HYPERSENSIT1V1TY TO CARCDJOGHH-ISD0CED CYTOTOXICITY
- N.E. Gentner, D.J. Tomkins*, M.C. Paterson, B.P. Smith, L. Moeck,
L. Courchesne and G.M. Norton

A striking heterochromatin abnormality resulting in a puffed appearance
at peri- and paracentromeric and nucleolar-organizing regions has been described in
lymphocytes, lymphoblasts and/or fibroblasts in a large proportion of patients with
Roberts syndrome (RS). This abnormality in constitutive heterochromatin has been
found to be associated with abnormalities in the cell-division cycle including
abnormal mitosis and cytokinesis and reduced cell growth (Tomkins and Sisken,
1984). A recent report that disruption of heterochromatin structure in Drosophila
is associated with mutagen sensitivity (Gatti et al., 1983) led us to investigate
the possibility of such an association in RS fibroblasts.

Cultured dermal fibroblasts from two unrelated patients with RS were
used to assess post-carcinogen cytotoxicity. The D^p (dose resulting in 10%
survival) was used to assess the relative sensitivity of RS strains, compared to
normal diploid human fibroblast strains, to ultraviolet irradiation (254 nm),
methylnitrosourea, mitomycin C, gamma irradiation and 4-nitroquinoline 1-oxide. RS
cells were significantly more sensitive to the first three agents; the dose
reduction factors [DRF = DJQ(N) -=-DIQ(RS)] were approximately 2, 2 and 6,
respectively. There is evidence that RS cells may also be slightly sensitive to
acute gamma irradiation and 4-nitroquinoline 1-oxide. We conclude that the
abnormality in heterochromatin structure observed in the RS fibroblasts may be
associated with mutagen sensitivity.

* Department of Pediatrics, McMaster University, Hamilton

4.7 ANIMAL FACILITY
- N.J. Gragtmans, R.A. McCann and J.W. Murphy

During the last six months the Animal Facility staff has devoted a major
portion of time to the study involving hyperthermia and tumor promotion in mouse
skin (see section 4.16). This involved treatment, scoring and maintenance of the
animals. A considerable amount of time was also spent on providing technical
expertise for various animal studies in collaboration with the Dosimetric Research
Branch. These studies included (i) uptake of tritium in skin from contaminated
surfaces (Sect. 2.9.2) and (ii) C-14 solubility studies and uptake from lung (Sect.
2.8.2).

Technical expertise was also provided in assays on transformed human
cells by introduction into nude mice. These studies (collaboration with the NCI
contract group) examined the state of transformation of human cells following
transfection with oncogenes or genetically engineered pieces of genes thought to be
oncogenic. In vivo results were then correlated with those in vitro.
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Analyses of data on mammary tumorigenesis (see section 4.10 in PR-HS-18)
are still in progress for publication in the near future.

4.8 ENZYME DEFECTS IN CANCER-PRONE SYNDROMES: IMPLICATION OF ALTERED PROTEIN
PROCESSING
- 0. Kuhnlein

Research in many laboratories, and notably in the research group headed
by Dr. M.C. Paterson and Dr. N.E. Gentner in Chalk River, has led to the extensive
characterization of many cancer-prone disorders at the cellular level. It was
recognized that many of these genetic syndromes are associated with an abnormal
response of the DNA metabolism to DNA damaging agents, often involving a defect in
excising certain types of lesions from DNA. These studies not only confirm the
epidemiological evidence that DNA damaging agents play an important role in the
etiology of cancer, but also emphasize that a normal DNA metabolism (i.e. DNA
repair pathways) plays a key role in preventing malignant transformation.

Observations at the cellular level are providing necessary clues for
further characterizing cancer-prone disorders at the enzymatic level. At least in
the case of the two best characterized cancer-prone syndromes — xeroderma
pigmentosum and ataxia telangiectasia — such enzyme analyses indicate that the
defects are pleiotropic, that is, more than a single enzyme is affected. These
findings led us to formulate the hypothesis that the underlying defects in these
syndromes might not be in the structural genes of enzymes which carry out
particular steps in DNA repair, but rather in post-translational processes which
affect a whole class of enzymes involved in DNA metabolism. Such
post-translational processes are expected to be complex, not only Involving enzymes
which impart certain moieties to proteins, but also enzymes which regulate the
synthesis of putative precursor molecules. This complexity would well account for
the multitude of complementation groups which have been identified in xeroderma
pigmentosum as well as in ataxia telangiectasia.

Recently we have indeed obtained evidence for a post-translational
modification which affects the properties of four different potential DNA repair
proteins — namely a single-strand specific DNA binding protein (which we have
demonstrated to be absent in xeroderma pigmentosum group A cells), a
damage-specific double-stranded DNA binding protein, an apurinic/apyrimidinic DNA
endonuclease, and a single-stranded DNA exonuclease. The moiety which is
post-translationally imparted to these proteins is required for their binding to
DNA; since it is sensitive to snake venom phosphodiesterase and dextranase, it is
presumably a polysaccharide which contains phosphodiester as well as
ct-glucopyranose linkages.

A detailed analysis of apurinic/apyrimidinic DNA endonuclease purified
to homogeneity from an ataxia telangiectasia and from a normal cell line revealed
that the post-translational modification of these two enzymes differed
qualitatively and quantitatively, resulting in an altered affinity for substrate
DNA. Whether a faulty post-translational modification of apurinic/apyrimidinic DNA
endonuclease is indeed characteristic of the AT genotype in general, or peculiar to
the particular cell line examined, is now the prime focus of our ongoing research.
In addition, we are exploring whether defects in such protein modification
processes might also account for the DNA repair deficiencies of other cancer-prone
genetic syndromes. Our approach is to raise monoclonal antibodies against several
of the DNA interacting proteins which are subject to this type of phosphodiesterase
and dextranase sensitive modification. Such antibodies will enable us to rapidly
screen a large number of cell lines for abnormally modified DNA repair proteins.
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4.9 INFLUENCE OF MALIGNANT CELL TRANSFORMATION ON ACTIVITY OF DNA METABOLIZING
ENZYMES
- U- Kuhnleln and M.C. Paterson

Transformed cell lines are marked by chromosome instability and
increased chromatid exchange, presumably reflecting a regulatory effect of
onco-proteins on the properties of DNA metabolizing enzymes. We have indeed
observed that uracil-glycosylase (an enzyme involved in removing uracil from DNA)
and the major cellular exonuclease are amplified by a factor of five in tumor cell
lines and by a factor of ten in SV40-transformed cell lines. Further, the
introduction of the ras-oncogene (isolated from bladder tumor cells) into NIH 3T3
cells dramatically influences the major cellular exonuclease activity without
affecting other DNA repair enzymes. Similar studies with other known oncogenes are
now in progress.

By studying the molecular basis of this phenomenon we hope to get
further insight into the regulatory properties of onco-proteins. Such knowledge
should further the understanding of the carcinogenic process; such understanding is
mandatory for devising prevention and intervention strategies.

4.10 ASSAY FOR THE PUTATIVE "DIMES PHOSPHODIESTERASE"
- M. Liuzzi, M. Weinfeld, N.E. Gentner and M.C. Paterson

The new model we have postulated for repair of UV-induced dimers in
human cells (see Sect. A.19, PR-HS-18) requires a hitherto-unknown enzymatic
incision activity: an endonuclease capable of cleaving the phosphodiester linkage
between the two dimer-forming pyrimidine bases. We UV-irradiated the model
trinucleoside diphosphate, TpTpT, and isolated, using reverse phase HPLC, two
dimer-containing products, TpTpT and TpTpT. These were used as substrates with
which to examine a wide variety of commercially available phosphodiesterases; any
ability to accomplish internal incision would be detectable since it would result
in formation of a new primary phosphoryl group, thereby decreasing the
hydrophobicity of the compound (earlier elution on RP-HPLC). One such enzyme has
been found, thereby demonstrating that such incision capability does exist in the
biological world.

Additionally, digestion procedures which serve to purify such
internally-incised dimers from cellular DNA are under development.

4.11 O6-METHYLGUAHINE REPAIR IN HUMAN FIBROBLASTS
- M. Middlestadt, R. McWilliams, R. Mirzayans, G. Norton and M.C. Paterson

In ongoing studies of genetic-environmental interactions in cancer
causation we have identified a number of nontransformed dermal fibroblast strains,
from persons with or prone to cancer, which display an abnormal sensitivity towards
killing by N-methyl-N-nitrosourea (MNU). These include strains from (i) three
female members of a family with Gardner syndrome, in whom the characteristic
predisposition to colon cancer is manifested; (ii) a patient with AIDS; and (iii)
an individual who received chemotherapy and subsequently developed additional
neoplasms. Moreover, a fetal fibroblast strain, hypermutable by MNU, exhibits in
in vitro age-dependent increase in MNU-induced cytotoxicity. In all instances the
observed cellular chemosensitivity is associated with defective O6-methylguanine
(0^-MeG) repair. While normal fibroblasts possess an average 0^-MeG-DNA
methyltransferase (MT) enzyme complement of approximately 105 molecules/cell
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these MNU-sensitive strains, in comparison to appropriate age-matched controls,
contain 0-50% of this constitutive level of activity; the relative MT deficiency
parallels the relative degree of MNU hypersensitivity. Follow-up studies are
presently underway to determine (i) if other factors, in addition to reduced basal
levels of MT activity, contribute to the observed chemosensitivity of these
strains; and (ii) if there is complementation among the mutant strains with respect
to MT expression.

4.12 ENHANCED CARCINOGEN-INDUCED INHIBITION OF REPLICATIVE SYNTHESIS IN A
LI-FKADMENI SYNDROME STRAIN
- N.E. Gentner, R. Mirzayans, B.P. Smith and M.C. Paterson

The "radioresistance phenotype" in a family exhibiting the diverse
spectrum of excess malignancies characteristic of the Ll-Fraumeni syndrome (LFS)
appears to be related to a distinctive pattern of DNA replicative synthesis
following Y-ray exposure: that is, there is both an enhanced extent of the intial
radiogenic inhibition and a prolonged lag before its subsequent recovery, in LFS
compared to normal cells (see Sect. A.18, PR-HS-18, for details). Further studies
with one particular LFS strain and a number of carcinogens indicate that the
additional lag period (compared to normal cells) may be correlated in part with the
relative degree of resistance to the cytotoxic effect of the agents. These
experiments all used comparable doses, that is, they resulted in the same degree of
inactivation for the LFS strain. For G^Co Y-rays, the relative radioresistance
(dose enhancement factor or DEF=D^o for LFS strain ~ 1>IQ for normal strain)
is 1.45 and an additional radiogenic lag of ljh was evident before restoration of
replicative synthesis. For high LET ionizing radiation (14 MeV neutrons), DEF=1.45
and the 'extended' lag =i3h. For 4NQ0 and MMC, where DEF=*2, there was an
additional 4-5h lag. Since lesion repair rates following Y-exposure in the LFS
strain appear indistinquishable from those in normal cells, we suggest that these
prolonged lags in replicative synthesis may be a major factor in this strain's
enhanced resistance, since in effect the cell is furnished with additional time in
which to process potentially lethal lesions.

4.13 MECHANISMS OF ABNORMAL RESPONSES TO THE CARCINOGEN 4-NITROQDTNOLINE 1-GXIDE
IN ATAHA TELANGIECTASIA FIBROBLASTS
- R. Mirzayans, B.P. Smith, P. Sabour and M.C. Paterson

Dermal fibroblast cultures from normal human or ataxia telangiectasia
(AT) donors were exposed to either 4-nitroquinoline 1-oxide (4NQO) or its 3-methyl
derivative (3me4NQO), prior to monitoring the survival responses (loss of colony
forming ability) and the rates of repair of various induced DNA lesions (by
velocity sedimentation of DNA in alkaline sucrose gradients). The AT strains
examined (i.e. AT2BE, AT3BI, and AT4BI) displayed a significant degree of
hypersensitivity to 4NQ0 (dose reduction factor [DRF]~:2-3), but a normal response
to inactivation by 3me4NQ0. The repair of alkali-labile lesions induced by various
concentrations of the two agents occurred at a normal rate in the AT cells.
However, a marked difference was observed in the accumulation of 4NQ0-induced
alkali-stable lesions (monitored by the use of 1-3-D-arabinofuranosylcytosine
[araC]) between AT and normal strains. (This type of DNA damage is not detected in
3me4NQO-treated cells). Over a 2h post-treatment incubation, the incidence of
these lesions repaired in the AT cells was~40% (i.e. AT2BE, AT3BI) or~65% (i.e.
AT4BI) compared with normal controls. At later times (i.e. 2-20h), however, the
repair rates appeared to be the same in AT and normal cells.
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In addition to excision repair, the postreplication repair process was monitored
after exposure to 4NQO and found to be normal in all three AT strains. The
inhibition and recovery of de novo DNA synthesis in ANQO-treated AT3BI and GM38
(normal) cells was also compared and shown to be essentially the same. We conclude
that abnormal sensitivity of AT fibroblasts to inactivation by 4NQO is at least in
part a consequence of impaired DNA excision repair, but not of defective
postreplication repair or anomalous regulation of replicative DNA synthesis.
However, there appears to be an additional factor of considerable importance in
explaining this 4NQ0-hypersensitivity.

Since the relative yield of one type of 4NQ0-Induced damage, i.e. the
number of alkali-labile sites produced initially, was greater in the AT than in
normal cells, we were prompted to measure the enzymatic capacities, in cellular
extracts assayed in vitro, to accomplish bioreduction of 4NQO. The data indicate
that these 4NQ0-sensitive AT strains contain an abnormally enhanced level of the
enzyme which catalyzes the first step of 4NQ0-bioreduction, i.e., the conversion of
this pre-carcinogen to the form reactive with DNA, 4-hydroxyaminoquinoline
1-oxide.

4.14 DIFFERENT RATE-LIMITING STEPS IN THE REPAIR OF THE ALKALI-STABLE DNA
LESIONS INDUCED BY UV OR 4NQO IN HUMAN FIBROBLASTS
- R. Mirzayans and M.C. Paterson

The rates of repair, relative to that in normal cells, of alkali-stable
lesions ("araC-inhibitable sites"; see below) induced in cellular DNA by far
ultraviolet (UV) light (chiefly 254 nm) or 4-nitroquinoline 1-oxide (4NQO) were
examined in cultured dermal fibroblasts obtained from xeroderma pigmentosum (XP)
group A and ataxia telangiectasia (AT) human donors. Repair was monitored as the
specific accumulation of single-strand breaks in DNA If post-treatment Incubation
proceeded in the presence of 1—3-D- arabinofuranosylcytosine (alkali-stable lesions
or "araC-inhibitable sites") and by velocity sedimentation analysis in alkaline
sucrose gradients of cellular DNA obtained from cells Incubated normally
(alkali-stable lesions). The excision repair capacity of XP cells, compared with
that of the normal controls, was less than 4% after UV-irradiation and more than
20% after exposure to 4NQ0. In contrast, AT fibroblasts, while markedly slow in
removal of 4NQ0-induced alkali-stable lesions from their DNA (see also Sect.
4.13), removed UV-Induced DNA damage at a rate indistinquishable from normal.
These observations appear to dissociate the processes responsible for repair of
UV-induced as compared to 4NQ0-induced damage. To substantiate this, we
investigated the Influence of 4NQO treatment upon the repair of UV-damage in normal
human cells. During lh post-treatment incubation, the amount of repair observed
following combined exposure to both 4NQ0 (doses up to and Including those that are
repair-saturating) and UV (a repair-saturating dose) approached the sum of those
which resulted from the treatments given separately. This indicates that different
rate-limiting steps are likely involved in the excision repair of alkali-stable DNA
lesions induced by UV and 4NQO in human cells. The data further suggest that the
initial (incision) step is the rate-limiting one in both repair pathways.

4.15 INDDCIBLE ERROR PRONE REPAIR IN YEAST
- R.E.J. Mitchel, D.P. Morrison, K.M. Baird and T.L. Joyce

The production of mutations resulting from exposure to alkylating agents
has been examined in yeast. We have shown that hyperthermia treatment protected
yeast against mutation resulting from exposure to certain of these agents. The
data suggest that in yeast such exposures induce the synthesis of a previously
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unknown error-prone DNA repair system and that this Induction is blocked by a
hyperthermia treatment. This block is due to the thermal inhibition of normal
protein synthesis. In heated cells the lesions produced in DNA by these alkylating
agents cannot be processed by this error-prone repair system and therefore their
repair must be handled by another DNA repair system. In yeast this alternate
repair system appears to be less prone to errors, thus resulting in reduced
mutation frequencies.

The suppression of normal protein synthesis following heat treatment is
a universal feature of all cells including human. Therefore if a similar inducible
error-prone repair system exists in mammalian cells, hyperthermia treatment of
cancer patients subsequently receiving chemotheraputic agents may markedly alter
their risk of a chemically induced initiation of another tumor.

4.16 HWERTHERMIA AND PHORBOL ESTER TUMOR PROMOTION IN MOUSE SKIN
- R.E.J. Mitchel, D.P. Morrison, N.J. Gragtmans, J.J. Jevcak, K.M. Baird,
T.L. Joyce, J.W. Murphy, R. McCann and S. Padamshi

We have examined the effects of 44°C, localized hyperthermia on the
promotion of tumors in mouse skin by the phorbol ester TPA. Sencar mice were
initiated by a single application of the carcinogen DMBA to their shaved backs,
followed by TPA twice weekly. In the absence of hyperthermia, TPA produced skin
irritation and hyperplasia with occasional erosion and crusting. In contrast the
skin of animals treated with hyperthermia just before each TPA application was
nearly normal in appearance. However, the response of skin in animals treated with
hyperthermia 24 hours prior to TPA application was intermediate between that of
animals which received TPA only and that of animals which received hyperthermia
just before TPA, suggesting induced thermotolerance is not involved in suppressing
this response to the promoter. All initiated and promoted control animals
developed multiple benign tumors beginning the fifth week of promotion. The tumor
incidence in animals treated with hyperthermia just before, just after or 24 hours
before each TPA application was markedly reduced. About half the initiated and
promoted control animals eventually developed malignant tumors. In contrast,
malignant tumors were not seen in animals which had also received hyperthermia
treatment near the times of application of tumor promoter. These results indicate
that hyperthermia suppresses many of the early rapid skin responses associated with
TPA promotion, and if delivered close to the time of promotion also suppresses both
malignant and benign tumor formation.

4.17 SENSITIVITY OF HYPERTHERMIA TREATED NORMAL AND XP HUMAN CELLS TO DV OR
y-RADIATION
- R.E.J. Mitchel, B.P. Smith, N. Wheatley and M.C. Paterson

We have previously shown that hyperthermia treatment of radiation
sensitive human ataxia telangiectasia (AT) cells resulted in very little additional
sensitization to the lethal effects of Y-radiation, while fibroblasts from normal
individuals showed a large synergistlc interaction. We have now tested normal and
UV light sensitive human xeroderma pigmentosum (XP) cells for synergistic
interactions between hyperthermia and ultraviolet radiation or Y-radiation.
Heating (45°C) of the XP strains produced shouldered heat survival curves similar
to those seen with either normal or AT cell strains, indicating no correlation
between heat sensitivity and sensitivity to either radiation. Hyperthermia
treatment (45°, 30 min) was synergistlc with Y-radiation in XP cells, in contrast
to the result in AT lines. However, the same hyperthermia pretreatment gave no
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detectable increase in sensitivity to UV radiation (254 nm), either in normal cells
or cells from XP complementation groups A, D and variant. These results indicate
that the synergistic action of heat and ionizing radiation on cell lethality is due
to a thermal perturbation of the system responsible for recognition and repair of
ionizing radiation damage only, and suggests that hyperthermia could be effectively
used in combination with ionizing radiation to treat tumors in XP patients, but not
tumors in AT patients.

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

Detailed comments from members of the Health Sciences Division on
documents in preparation were presented at the annual meeting of the United Nations
Scientific Committee on the Effects of Atomic Radiation. One of the topics under
discussion, the effects of pre-natal irradiation, was considered in more detail at
a separate symposium in Neuherberg (Munich). Recent analyses of data from
Hiroshima and Nagasaki suggest a general decrease in average I.Q. in children
exposed to high radiation doses in utero at 8 to 25 weeks post-conception. The
long-established induction of severe mental retardation by these exposures may well
be a part of the same phenomenon. The implications of the results of these recent
analyses is under consideration.

4.19 FIBROBLAST STRAINS FROM SUBJECTS WITH CANCER OR CANCER-PRONE FAMILIAL
SYNDROMES STUDIED UNDER THE U.S. NCI CONTRACT
- M.C. Paterson, N.E. Gentner, B.P. Smith, G.M. Norton, L. Courchesne,
R.S. McWilliams, B.M. Zohr and D.A. Adams

The Support Component of CRNL's Contract N01-CP-21029 (Basic) with the
Clinical and Environmental Epidemiology Branch of the U.S. National Cancer
Institute required us to screen cultured human cell strains for abnormal carcinogen
responsivity. Ninety-one dermal fibroblast strains have been subjected to our
progressive screening protocol involving assessment of post-carcinogen
colony-forming ability (CFA) following exposure to a model panel of carcinogens
(60co y-rays, UV-254, MNU, MMC) selected to represent major classes of DNA
damage. Of the 91, 19 were controls from clinically normal persons; the remaining
72 were "Unknowns" and included 45 strains from family members displaying
distinctive genetic syndromes, 23 strains from individual cancer patients with
noteworthy clinical histories, and 4 coded normal controls (this distribution was
obtained following the 'breaking' of the codes after we had submitted CFA results;
all survival experiments were performed 'blind'). Previous reports have emphasized
the behaviour and repair response of certain strains, like those exhibiting the
cancer-prone phenotype of Li and Fraumeni or from a multiple polyposis/sarcoma
family, which turned out to be of great interest for further research. It is now
appropriate to briefly summarize a selected number of other findings and results
(family names are coded).

1) KLS family:

Two of 6 strains exhibited increased resistance to the lethal effects
of y-rays; one of these 2 was additionally hyper-resistant to MMC.
This YR»MMCR strain was established from the cancer-afflicted
proband while the Y R strain came from one of the father's cousins
who had developed breast cancer. The four normal strains came from
unaffected second cousins of the proband. Thus in this family there
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is complete concordance between the presence of cancer In vivo and
enhanced cellular radioresistance in vitro; this provides strong
evidence for the interaction withi~this kinship of hereditary and
environmental factors in the causation of neoplasia.

(2) Families with hereditary polyposis coli and colon cancer:

Fibroblasts from affected members of these families do not exhibit
abnormal response to the cytotoxic effects of carcinogens.

(3) Hereditary cutaneous malignant melanoma/dysplastic nevus syndrome
strains:

Cultured skin fibroblasts derived from patients with HCMM/DNS
demonstrate enhanced near-and mid-UV sensitivities.

(A) Kaposi sarcoma:

Five patients with AIDS displayed normal CFA upon exposure to each
of the 4 model carcinogens, with two exceptions: one strain was
resistant to MNU while another was sensitive.

(5) Treatment-related cancers (10 strains):

Only for 2 strains was there any obvious causal association between
the in vivo and in vitro observations. In both instances, cultured
cells~were MNU-sensitive and the corresponding donors were exposed
to alkylating agents during the course of their therapy for the
original malignancy—one with nitrogen mustard and procarbazine, and
the other with cyclophosphamide.

4.20 CONSTRUCTION AND PURIFICATION OF PLASMIDS FOR IN VITRO RECOMBINATION
ASSAYS
- P. Unrau, M.C. Wolfgram and J.D. Childs

In order to optimize the input plasmids for the assay of both
site-specific and damage-specific in vitro recombination, a program was initiated
to obtain new plasmid stocks which share mutant sites but differ in size and other
desirable characteristics. To allow replica plating analysis of recombinants the
Neor gene was isolated from the plasmid pSV2-neo and inserted into the PvuII site
of both the pRDK35 and pRDK39 plasmids, to generate the plasmids pUW3 and pUW4
respectively. Identical orientation of the Neor gene was confirmed by PstI
digestion which gives identical restriction fragment sizes for these plasmids. The
molecular weight was estimated at 5.8 kb and both plasmids confer Neor on
transformed bacterial strains.

Deletion stocks of pRDK35 and pRDK39 were also constructed in which the
region between the PvuII and Ball sites was deleted leading to the derivatives pUWl
and pUW2 respectively. This deletion was confirmed both by the reduction in
molecular weight to 3.7 kb and by the loss of an XmnI site previously located
between the deletion sites.

Bulk preparations of the relevant plasmids was performed with an
additional acid-phenol extraction to eliminate nicked or cut molecules and to
eliminate molecules with bound _E_. coli proteins which might interfere with
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catalysis by exogenous protein extracts. Further efforts were also made to prepare
competant cells and transformation rates of 5x10? to 5x10^ transfonnants per g
of added DNA have been obtained.

4.21 CROSSES BETWEEN CIRCULAR PLASMIDS — AN IN VITRO ASSAY FOR SITE-SPECIFIC
RECOMBINATION
- P. Unrau, S. Padamshi, M.C. Wolfgram and R. Aubin

We had earlier reported that polarized recombination had been observed
in crosses involving the poorly characterized pAT3 and pAT4 plasmids. We therefore
repeated these observations with the new plasmids reported above using the cross
pUW2 x pUW3« If information transfer from one plasmid molecule to the other was
random, we would expect to see roughly equal numbers of both plasmids recombined
into Tetr clones (the basis of the assay is that two Tets plasmids recombine to
give rise to Tetr clones and the donor may be identified by replica plating and
clonal analysis). We need this information to optimize assays for recombination
that initiates at specific genetic sequences as well as to discriminate
recombination initiating at damage sites such as double strand breaks.

Table 1 gives the results from four experiments in which recombination
was catalysed by yeast cell extracts. When pUW2 has received genetic information,
it gives rise to plasmids 3.7 kb long which lack Neor; when pUW3 has received
genetic information it gives rise to plasmids 5.8 kb long which are Neor; and
when both plasmids are trapped during the recombination event they give rise to a
mixed plasmid 9.5 kb long and the recipient can be determined by endonuclease
digestion to determine which mutant site has been lost.

Table 1

Results: Cross pUW2 x pUW3:

Plasmid Altered:

#8

#9

#10

#11

Subtotal:

Mixed:

Totals:

pUW2->-+

8

4

5

3

20

3_

23

PUW3-H-

18

11

23

17

69

28

97

Mixed

6

0

9

16

31

X2=22.8, p«0.01

We also analysed the data and showed that all four experiments gave data
that was consistent with the idea that the pUW3 site recombined to give wild-type
clones more often than the pUW2 site. Experiments to confirm this observation are
in progress using the cross pUWl x pUW4 which will control for such factors as the
relative amounts of genetic material from the respective plasmids.
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The other progress we have made arose from the observation that
infection of the bacterial strain RK1400 gave rise to many slowly growing Tetr

clones which might be mistaken for recombinants. It turns out that back mutation
of the pUW2 and pUW4 plasmids is much more frequent in the RK1400 strain than in
the DH1 bacterial strain; all the above results were therefore obtained using DHL

We have not repeated our previous observations of human cell extract
catalysed in vitro recombination pending the developments in the assay system
described above. These experiments with human cell extracts will be repeated in
the near term and a number of cell lines have already been frozen down for
extraction.

4.22 PHOTOLYASE CAN PHOTOREVERSE "INTERNALLY-INCISED" PYRIKLDINE DIMERS
- M. Weinfeld, N.E. Gentner and M.C. Paterson

A new model for repair of UV-induced pyrimidine dimers in human cell DNA
has been developed as a result of experiments conducted at CRNL (see Sect. 4.19,
PR-HS-18). This model proposes that hydrolysis of the intradimer phosphodiester
linkage ("internal incision") is an early — perhaps the intial — step in UV
repair in humans, and that such internally-incised dimers account for the
appearance of single-strand breaks following photoreactivation of DNA isolated from
UV-irradiated and incubated human cells (especially those belonging to xeroderma
pigmentosum complementation groups A and D where such modified dimer sites appear
to accumulate because subsequent repair steps are blocked).

It has not been specifically demonstrated that photoreactivating enzymes
(photolyases) can in fact photoreverse, on absorption of photoreactivating light,
such an altered dimer. Therefore, in order to verify that the postulated
structure, if present in DNA, would give rise to a strand break solely on
photoreactivation, we showed that the Anacystis nidulans photolyase used in our
assay was capable of photoreactivating internally incised dimers. This
experimental demonstration proceeded as follows. 01igo-(dT)^Q, labelled at the
5'-end with Y-^2P-ATP and polynucleotide kinase and then annealed to poly A,
was UV-irradiated. The radioactive products, analysed on DNA gels, corresponded in
length to 20-mers, 30-mers, 40-mers, and higher polymers, so photoligation of
(dT)io moieties has presumably occurred mediated by cyclobutyl ring formation
(ThyoThy dimer) between thymine bases "butt-ended" by alignment on the poly dA
strand. These higher-order polymers are held thus together solely by the dimer and
have a 3'-OH, 5'-P04 internal incision; when treated under photoreactivating
conditions, all were monomerized back to decamers. Thus an internally incised
dimer on a DNA strand as short as 20 base units is indeed a substrate for our
photolyase.

4.23 CONSTRUCTION OF EPISOMAL PLASMIDS FOR MDTAGENESIS ASSAYS IN HUMAN CELLS
- M. Weinfeld, R. Aubin and M.C. Paterson

In order to bypass the problems of lesion heterogeneity and chromosomal
DNA size, we are developing a repair assay in which a specific DNA lesion can be
chemically introduced at a unique site in a small, episomally-replicating vector.
Three such vectors have now been constructed. They all contain origins of
replication and drug resistance markers for both bacterial and human cells. We now
transfected a variety of SV40-transformed human cell lines with these plasmids and
have found that they can confer G418 drug resistance to the cells. Furthermore,
small molecular weight covalently— closed circular DNA molecules can be exTa't-̂ -i
from these transformed cells and can, in turn, transform jJ. coli to
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resistance, thus providing strong evidence that the vectors are growing
autonomously In the human cells. However, many of the plasmids Isolated following
this procedure have been found to differ substantially in size from the original
vectors and appear to contain both deletions and insertions to their DNA. How this
will affect the development of the repair assay remains to be assessed.

4.24 FOLLOW-UP OF FAST CKHL EMPLOYEES
- M.M. Werner

A temporary employee has been hired by the Dosimetric Research Branch to
prepare a computerized record of radiation exposures from 1956 to 1972. Much of
the Radiation Biology Branch effort in the past few months has been directed toward
the linkage of the AECL Health Study identification numbers with these individual
dose records. This linkage is necessary because personal identifying information
must be removed from all dose records sent to the Health Study analysis group at
the University of Toronto. The work is progressing well and should be completed by
1985 September.

Due to deficiencies in the current Health Study tape, a listing by
Health Study identification number of participants in the NRX and NRU clean-ups had
to be prepared for Dr. G.R. Howe, University of Toronto. This was necessary so
that the first analysis of data from the Health Study could proceed as scheduled
this fall.

4.25 THEORETICAL BASIS FOR SHAPE OF DOSE-RESPONSE CORVES FOR INDUCED GENETIC
EVENTS IN SACCHAROMYCES CEREVISIAE
- M.M. Werner, D.P. Morrison, D.K. Myers, N.E. Gentner and M. Plattner

Data have confirmed that the induction of gene conversion in wild type
Saccharomyces cerevisiae by ultraviolet light is biphasic. At doses below 2-5
J/mz the response is linear with dose; at doses above that level gene conversion
shows a dose-squared relationship. Some preliminary experiments using a protein
synthesis inhibitor have been performed to test the hypothesis that the
dose-squared relationship at higher UV-fluences reflects the induction of a
recombinational repair system. These results indicate that while the frequency of
gene conversion may be lower in protein synthesis inhibited cells the response is
still proportional to dose-squared at doses above 2-5J/m2.
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4.27 VERBAL PRESENTATIONS

4.27.1 Lectures and Seminars

Childs, J.D. - Correlating Ribosome Binding Site Sequence with Function.
Invited plenary session speaker at UCLA meeting "Sequence Specificity in
Transcription and Translation" at Steamboat Springs, CO, 1985 April 01-06.

Childs, J.D. - Informal talk at MCD Biology, University of Colorado, 1985
March 28.

Gentner, N.E. - New Insight Into the Repair of UV-Induced Pyrimidine
Dimers in Human Cells. Invited talk presented 1985 March 29 at Conference on
Chromatin Structure and Repair (Sherbrooke, P.Q.), organized by Canadian Society
for Cell Biology, 1985 March 25.
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Gentner, N.E. - Chairman for Session on DNA Repair, 1985 March 30, at
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Li-Fraumeni Syndrome Strain. Presented at session on Cellular Damage and Repair,
Radiation Research Society 33rd Annual Scientific meeting, Los Angeles, 1984
May 08.
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Protection Association, Saint John, NB, 1985 June 12.

Mitchel, R.E.J. - Sensitivity of Hyperthermia Treated Normal and XP Human
Cells to UV or Y~Radiation. Presented at the Annual meeting of the Radiation
Research Society, 1985 May 06-09.

Mitchel, R.E.J. - Hyperthermia and Phorbol Ester Tumor Promotion in Mouse
Skin. Presented at the Annual meeting of the Radiation Research Society, 1985
May 06-09.

Mitchel, R.E.J. - Hyperthermia Induced Alteration of Yeast Susceptability
to Mutation. Presented at the Annual meeting of the Radiation Research Society,
1985 May.

Paterson, M.C. - Hypersensitivity to Chronic Y Radiation in Cultured
Fibroblasts from AT Heterozygotes. Invited presentation, DHHS-CCERP Sub-Committee
on Environmental Mutagenesis Meeting entitled "Sensitivity of Heterozygotes in
Repair-Deficiency Diseases: Ataxia Telangiectasia". National Institutes of Health,
Bethesda, MD, 1985 May 06.

4.27.2 Local Talks

Gentner, N.E. - Interviewed twice (Subjects: Individual Cancer
Proneness; Possibilities for Improved Cancer Treatment) by Dave Brown, WNRE Media
Relations Officer, for material to be used in the preparation of radio 'spots' for
Western Canadian AM and FM stations.

Gentner, N.E. - DNA Damage and Repair - An Overview. Delivered to
incoming new and part-time summer student guides, at CRNL, 1985 May 14.

Gentner, N.E. - Cancer-Prone and DNA Repair-Deficient Human Syndromes.
Delivered at CRNL, 1985 May 14 to incoming new and part-time summer student
guides.
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Gentner, N.E. - Heritable Deflciences in DNA Repair. Presented to
Joint Panel on Occupational and Environmental Assessment of Uranium Production in
Canada, at CRNL, 1985 June 25 •

Gentner, N.E. - Problems, Solutions, and Future Prospects for Cancer
Treatment. Invited lecture, 10th Annual Science Teachers Seminar, CRNL, 1985 April
13.

Gragtmans, N.J. - Induction of Mammary Tumors in Rats by Gamma
Irradiation. Radiation Biology Branch meeting, 1985 May 03.

Mitchel, R.E.J. - Hyperthermia. Radiation Biology Branch meeting,
1985 March 18.

Mitchel, R.E.J. - Hyperthermia for Cancer Treatment. Live radio
interview with Allan Miller, CBC radio show "Ontario Morning". 1985 Feb.

Mitchel, R.E.J. - Forum on Biology. Presented at the Annual CRNL
Science Teachers Seminar, 1985 April 12.

Morrison, D.P. - Talk to Summer Student Guides on the Current
Hyperthermia Work in the Branch, 1985 May 14.

Unrau, P. - Recombinant DNA Technology. Presented at the Annual CRNL
Science Teachers Seminar, 1985 April 12.

Werner, M.M. - The Uses of the Computer in Follow-Up Studies.
Presented to Cambrian College students, CRNL, 1985 March 19.

Werner, M.M. - Cancer Risk Estimates and Studies of Radiation Workers.
Presented to AECL summer student guides, CRNL, 1985 May 14.
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5. MEDICAL BRANCH

by

D.W.S. Evans

5.1 STAFF

5.2 CLINIC PROCEDURES

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

5.3 CLINIC VISITS BY WORK CATEGORIES

5.4 BREAKDOWN BY INTERNATIONAL CODE

5.5 MEDICAL EXAMINATIONS

5.6 NON-OCCUPATIONAL ABSENTEEISM

5.7 LABORATORY PROCEDURES

5.7.1 X-Ray Department
5.7.2 Haematology
5.7.3 Urine

5.8 TOTAL HOSPITAL PROCEDURES
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5.1 STAFF

Branch Head
Secretary
Professional
Nurses

Medical Technician
Part-Time Nurses

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

*Eva reported for work 1985 February 28.

5-2.1 Occupational Accident and Illness

AECL
Male

Female

Others
Male

- New Visits
- Revisits

- New Visits
- Revisits

- New Visits
- Revisits

Dec

24
24
48

1
1

—

—

Jan

37
28
65

r-i

~1

Feb

21
15
36

1
—

—

—

Mar

25
12
37

2
—

—

—

Apr

38
23
61

1
—

T
l
—

May

27
26
53

7
2
9

—

—

TOTAL

300

15

Female - New Visits
- Revisits

5-2.2 Non-Occupational Accident and Illness

AECL
Male - New Visits

- Revisits

Female - New Visits
- Revisits

Others
Male - New Visits

- Revisits

Female - New Visits
- Revisits

230
168
398

34
16
50

8
_1
9

1
_1
2

367
217
564

75
21
96

5

~5

1

304
181
485

41
11
52

11
_2
13

3
_1
4

323
212
535

62
r7
79

4
_2
6

355
249
604

62
37
99

10
_1
11

6

~6

367
222
589

84
35

119

17
_5
22

3

~3

316

3195

495

66

18
3774
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5.3 CLINIC VISITS BY WORK CATEGORIES

Dec Jan Feb Mar Apr May
_ST HR _ST HR ST HR j>T HR ST HR ST HR

AECL
Office of Vice-Pres. — — — — — — — —
& General Manager

TOTAL

Ottice of Dir., Res.

f>f f i no rtf THr1 AR&D
Ullltc OX Ult • y AAQUJ

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.

Project Mgnt.

Others

Crawley & McCracken

Attached Staff, etc

—

14

14

38

1

9

42

7

10

1

25

7

~

14

28

12

19

16

2~59

11

—

—

—

—

• —

—

—

—

—

—

—

1

—

--

17

18

—

50

152

2^8

2

1

26

13

45

4

9

60

15

16

4

13

11

—

33

53

40

28

20

393

6

—

—

—

—

—

—

--

—

—

—

1

--

—

12

30

--

44

266

353

1

16

12

20

2

12

49

6

13

3

17

14

1

19

28

22

33

26

294

17

—

—

--

—

—

—

—

--

--

—

3

--

—

33

26

—

32

186

280

1

29

18

30

6

17

39

28

18

2

18

12

2

22

43

26

28

25

364

8

—

—

--

—

—

--

—

--

—

2

—

—

25

23

—

34

205

289

—

45

28

26

9

29

68

23

18

—

21

17

1

15

31

43

44

24

442

18

—

--

--

—

—

—

—

—

--

—

4

—

—

29

31

—

36

223

323

——

1

X

40

25

54

10

27

68

29

23

2

20

15

3

19

42

38

43

31

490

25

—

—

--

—

—

—

—

—

--

—

2

—

—

16

30

—

42

190

280

4
-3
J

1

170

110

213

32

103

326

108

98

12

127

76

7

254

383

181

433

1364

4005

85
4090
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5.4 BREAKDOWN BY INTERNATIONAL CODE

Infectious and Parasitic Diseases

Neoplasms

Endocrine, Nutritional & Metabolic
Diseases, & Immunity Disorders

Diseases of the Blood & Blood-
forming Organs

Mental Disorders

Diseases of the Nervous System &
Sense Organs

Diseases of the Circulatory System

Diseases of the Respiratory System

Diseases of the Digestive System

Diseases of the Genitourinary System

Complications of Pregnancy,
Childbirth & Puerperium

Diseases of the Skin & Subcutaneous
Tissue

Diseases of the Musculoskeletal
System & Connective Tissue

Congenital Anomalies

Conditions Originating in the
Perinatal Period

Symptoms, Signs & Ill-defined
Conditions

Injury & Poisoning

External & Internal Contamination

Factors Influencing Health Status
& Contact with Health Services

Dec

5

1

7

25

Jan

10

1

7

43

Feb Mar Apr May TOTAL

5 5

4 3

3 1

6 3

3 6

8 9

25 31 29 40

34

18

35

1

32

56

88

25

4

1

55

9

3

62

42

136

40

11

—

59

36

14

43

45

119

28

3

--

36

28

6

41

51

124

28

9

—

51

33

10

77

51

131

18

3

—

50

38

2

57

27

102

35

9

1

86

28

36

312

272

700

174

39

2

337

172

193

—

129

524

—

188

779

lib

—

142

611

108

—

202

693

133

—

256

813

133

1

280

819

717

1

1197

4239
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5.5 MEDICAL EXAMINATIONS

AECL
Male - Initial

- Repeat

Female - Initial
- Repeat

Others
Male - Initial

- Repeat

Female - Initial
- Repeat

Dec

2
—
2

2
1
3

1
—
1

—

—
—

Jan

25
6

31

7
5
12

6
—
6

—

—
—

5.6 NON-OCCUPATIONAL ABSENTEEISM

Dec
M

riff* „£> >-»f U P
UIIlCc OX vr
& Gen. Mgr.

Off. of Dir., 2
Research

Off. of Dir., l
AR&D

Off. of Gen. —
Mgr., PA&O

Health Sci. 18*5

Chem. & Mat. 49*2

Physics 40*i

Off. of Gen 6
Mgr., Comm.
Ops.

AP & RP 17*5

Fuels & Mat. 72*5

Spec. Proj. 15

EI&C 12

Qual. Assur. 2

Finance 37?5

F

—

1

—

15*2

5%

10*2

2

7

11

2h
13

—

26*i

Jan
M

3

1

i%

51%

45

99

sh

26*i

123*i

18

18

5%

27*2

F

3*5

1

%

—

18*2

15

15

3̂ 5

13*i

6%

8

15

1%

63*2

Feb
M

—

—

%

57%

31*5

79%

3

23

79

24*i

16

5*2

16*2

F

—

%

—

17

6*i

19%

4

16*2

20*2

1

%

1

50

Feb

3
—
3

6
1
7

1
3

4

1
—

Mar

Mar
M

—

—

1

37

49*i

53

2̂ 2

43*2

67*i

18

22*j

3%

20

F

--

1

—

17

7

22

8

6%

11

5

17*2

1%

50

5
--
5

6

1
7

• -

- -

- -

- -

—

- -

Apr

14

CO I

22

7
4

11

3
—
3

—

1
1

Apr
M

1

1

22

52

67

6%

14*2

77

19*2

26*i

1

26*i

F

%

1

18

3*2

13

9%

22*i

20*i

%

16

1

39*i

May

38
18
56

26

7
33

7
1
8

—

1—
11

1

May
M

*2

1%

3

25% :

41*2

40

4%

22*2 ]

69*i

29

17

2%

TOTAL

119

73

22

3
217

F TOTAL

4

% 8*i

6

S

17*i 315*i

5 311*2

8*i 467*i

7 62

L3*2 227

6*i 565

2J5 144*i

1*2 175*2

2 27

32*j 42 432

(continued)
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5.6 NON-OCCUPATIONAL ABSENTEEISM (continued)

Dec

Total brought
forward

Info. Serv.

CREA

Admin.

Operations

Plant Design

Gen. Serv.

Main. & Con.

Proj. Mngt.

M

6 11 10 17% 5

1 1% 2 1 2

11 13*5 28*3 21% 39

57% 37% 100 26 76

22 5 70*2 17*5 56

30*3

26*5

17

4

Apr
M F

6% 13% 3% 24%

1 2 — 15% —

16% 60 17% 27 13

32

10

97% 41 46% 24

102

80

28

19% 81% 17

8 65% 17

27% 46% 33

45 2% 47 5% 28% 14 37

2

May
M F

3

6

7

68

50

63

21% 35

23

TOTAL

2754

428% 185 779 292 608 242% 625 246% 593 271% 521% 218

5.7 LABORATORY PROCEDURES

5.7-1 X-Ray Department

AECL
Male

Female

Others
Male

Female

- Routine
- Special

- Routine
- Special

- Routine
- Special

- Routine
- Special

Dec

17
13
30

4

i 
ill

i 
M

i

--

Jan

58
31
89

1
3
4

1

—

Feb

25
29
54

2

M
i 

i
il

l 
i

—

Mar

22
30
52

5
4
9

—

Apr

29
34
63

2
2
4

1
1

—

May

31
34
65

4
2
6

il
l 

I
il

l 
I

--

TOTAL

353

29

2

384
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Total brought forward

5.7.2 Haematology

AECL
Male - Routine

- Special

Female - Routine
- Special

Others
Male - Routine

- Special

Female - Routine
- Special

5.7-3 Urine

AECL
Male - Routine

- Special

Female - Routine
- Special

Others
Male - Routine

- Special

Female - Routine
- Special

Dec Jan Feb Mar Apr May

56
16
72

8
2

10

2
—
~2

96
32

128

7
3

10

3
1
4

59
12
71

4
3
7

—

57
9

66

6
5

11

—

86
13

99

8
5

13

1
—

T

69
23
92

24
4

28

7
1
8

54
3
57

8
—
8

2
--
~2

92
6

98

7
—
~1

3
1
4

59
5

64

3
—
~3

—
12

57
1

58

6
—

~6

1
1

84
1

85

8
—r

i

T

69
3

72

24
1

25

6

~6

384

TOTAL

528

79

15

1006

434

57

14

1511
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5.8 TOTAL HOSPITAL PROCEDURES

Audiometrlc Tests

Blood Pressures

Clinic Procedures

Electrocardiograms

Eye Examinations

Laboratory Procedures

Medical Examinations

Respiratory Function Tests

Dec

34

6

508

27

14

185

6

10
790

Jan

49

48

752

20

96

345

49

56
1415

Feb

33

33

591

12

47

201

15

48
980

Mar

4S

3?

661

12

24

203

12

47
1041

Apr

64

23

783

9

4C

275

37

61
1292

May

51

795

21

99

302

98

27
1393

TOTAL

276

147

4090

101

320

1511

217

249
6911
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