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LOW LEVEL RADIATION
EFFECTS:

THE MANCUSO STUDY

Experimental evidence of the effects of radiation on man has
been obtained from such groups as Japanese bomb
survivors, luminous dial painters, radio-therapy patients, and
early radiographers. In all these cases quite substantial
doses of radiation were accumulated, and an unambiguous
correlation is found between dose and the incidence of
various types of cancer.

The magnitude of the effect is roughly 10 deaths per
rem. That means that if 10,000 people each are given adose
of 1 rem, then about one of them can be expected to die as a
result of radiation during the following few decades. In
recommending dose limits for radiation workers and the
general public, the International Commission on
Radiological Protection (ICRP) assumes that this incidence
applies at all dose levels, even though the observations
relate to substantial doses. Known as the ‘linear hypothesis’,
this assumption is widely believed to be pessimistic,
because natural repair mechanisms are expected to be
more effective at low doses. If the same assumption is
applied to animals, where more extensive data is available,
the effects at low doses are over-estimated by up to a factor
of four.

At the much lower dose levels of interest for radiological

protection purposes, no accepted measurement of radiation
effects in man has been achieved. This is not surprising
since the limits on radiation dose recommended by ICRP are
set at such a low level that the effects expected on the
assumption of the linear hypothesis are very small compared
with other hazards of life.

This view has been disputed in a recent paper by
Mancuso, Kneale and Stewart, on the basis of an analysis of
the radiation and mortality records of workers at the Hanford
plant in the United States. The total dose received by the
25,000 men in the study was about 3800 rems. On the basis
of the linear hypothesis, less than one death from radiation
would be expected among the 670 deaths from cancer
observed in this population. The new study claims to have
detected effects a factor of 10-100 greater than the linear
hypothesis predicts. It has been widely criticised for its
defective methodology. The following crtigues explain the
objections. The first of these appeared in the April 1978 issue
(No. 23) of the Quarterly Bulletin of the Natonal Radiological
Protection Board (NRPB); the second was published earlier
this year by the US Atomic Industrial Forum as part of their
Public Affairs and Information Programme

A REVIEW OF THE STUDY OF MORTALITY AMONG
RADIATION WORKERS AT HANFORD

by Dr. J.A. Reissland and Dr. G.W. Dolphin,
National Radiological Protection Board, Harwell

In a study* of 24,939 males and an unspecified number of
females who have worked or are working at Hanford
(Washington, USA), so far there are 3520 certified deaths of
males and 412 certified deaths of females. Of the 3520
males, 2184 were classified by the authors as “exposed”,
with an average life-time radiation dose of 1-72 rads. There
were 670 deaths of males due to cancer, 442 in the exposed
group, and on a proportional basis only 416 were expected,
hence, there is an apparent excess of 26 cancers among the
exposed males. There were 123 deaths of women exposed
to radiation among the total of 412 and the deaths due to
cancer were 127, of which 38 were in the exposed group and
on a proportional basis 38 were expected. The average dose
to the exposed women was 0-89 rads. There is little analysis
of the data on females in the paper; the discussion mainly
concerns the males.

An “exposed” worker is defined as someone who

*Radiation Exposures of Hanford Workers Dying from Cancer and other
causes by T.F. Mancuso, A. Stewart and G. Kneale, Health Phys., 33, 369
(1977)

accumulates a lifetime dose greater than 0-01 rads. Thisis a
particularly low level for natural background radiation
delivers a dose of 0-1 rads per year, so that many of the so-
called “exposed” workers will have accumulated larger and
more variable amounts of radiation dose from background
than from occupational exposure.

The paper contains 26 tables and 4 figures which,
together with the style of presentation, makes it difficult to
understand at the first reading. The most important data are
contained in Table 11, where the correlation between the
percentage of cancer deaths and the accumulated radiation
dose is tested.

From this test of the proportional mortality data for cancers
it is concluded that a correlation does exist. The most
remarkable data are in Table 22, where 27 separate values
are given for the doubling dose at various ages for two
groups of cancer, namely, RES neoplasms and other
selected cancers (pancreas, lung, brain, kidney and the
large intestine). The radiation doubling doses for these two
categories of cancer vary with age at which the dose has
been accumulated; for example, the doubling dose is 30
rads for RES neoplasms at 45 years of age but is only 0-1
‘rac_isf at 70 years, and before the age of 45 the doubling dose
is infinite.
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It is known that the average accumulated dose for all Hanford
workers, both living and dead, is about 3 rads. As the
average dose to the 3520 who have already died is 1-07
rads, the average dose among the dead will increase as
more workers die; hence, the average dose in the survey will
increase with time. Total cancer mortality rates are not
constant and are also increasing with time. However, certain
types of cancer are decreasing, such as those of the
stomach and rectum, whereas other types, such as myeloma
and pancreatic cancers, are increasing. Since both
accumulated dose and total cancer death rate increase with
time, there will be an apparent correlation between dose and
percentage deaths due to cancer in this survey. Certain
individual cancers will correlate positively, that is, those in-
creasing with time, and certain cancers will notcorrelate, that
is, those decreasing with time. In Table 4, where 18 types of
cancer are ranked in order of association with mean cumulative
radiation dose, all those cancer types listed above the mean
dose are increasing with time and those below are decreas-
ing with time.

Dr. Land of the National Cancer Institute, USA , has carried
out an analysis on the same data as used in this report. He
corrected certain artefacts in the analysis and took into
account calendar date of death. He found that the apparent
relationship between accumulated dose and the percentage
of deaths from cancer did not survive except for two types of
cancers, myeloma and cancer of the pancreas.

From the estimates of doubling dose the authors conclude
that radiation dose accumulated before the middle years of
life is less likely to produce a cancer at later times than doses
accumulated at older ages. It would probably be misleading
to apply these doubling doses, which have been abstracted
from the Hanford data, to other situations. For example, a
radiation worker who has accumulated 30 rads before the
age of 45 appears to have doubled his chances of
developing an RES neoplasm according to the analysis of
the Hanford data, but if he survives without further radiation
exposure to the age of 70, the doubling dose has been
reduced to 0-1 rads and, hence, his chances of developing
an RES neoplasm have increased by 300 times.
Furthermore, at the age of 70 years, even a person without
occupational exposure will have accumulated about 7 rads
from background radiation and, consequently, it is not
possible to reconcile this background dose with a doubling
dose of 0-1 rads unless the authors have ascribed a meaning
to doubling dose different from that given in the text: “A
radiation dose which is just sufficient to double the normal
risk of cancer death”. Maybe the significance of the
doubling dose values given in Table 22 could be more fully

appreciated if the uncertainties in the values were also given;
it is suspected they would be very large. i

From the values of doubling dose it is clear that the risk
coefficients associated with the radiation at Hanford are
between 1 and 2 orders of magnitude greater than previous
estimates made from analyses of the cancer mortality in the
Japanese atomic bomb survivors, radiotherapy patients and
other groups of irradiated persons. If proven, the Hanford
findings have serious implications for radiological protection
and it is a pity that the text and tables are of such obscurity
that any association between cancer deaths and radiation
exposure has been buried rather than extracted. Without
access to the raw data which is not given in this paper, the
findings cannot be checked but they do appear to be related
to the statistical methods employed.

In summary, this is an important survey which indicates
the necessity to continue studies on the causes of death
among radiation workers and that myeloma may have a
greater association with radiation than hitherto supposed.
However, the quantitative relationships between cancers
and radiation dose derived in the paper must be regarded
with caution and, for the present, as unproven.

Note
At the request of ATOM Dr. Reissland has up-dated this
critique as follows:

More recently the authors (IAEA, Int. Symp. on Late
Biological Effects of lonising Radiation, 1978) have extended
their data to include 4694 males who died between 1944 and
1977. Their analysis is concerned with the 3742 males who
were monitored for external radiation, among whom 743 died
of cancer compared with 670 in the first report. As we
predicted in our commentary on the Health Physics article,
the inclusion of later deaths has increased the mean doses of
all groups, for example, for all males 1-66 rads (from 1-07
rads) and for all cancers 2-03 (from 1-38 rads). Detailed
comparison is difficult because in the second analysis the
workers are not clearly divided into exposed and non-
exposed. However, the new estimates of doubling dose are
strikingly different from the earlier ones. Based on 25 cases,
the authors estimate a doubling dose of 3-6 rads for myeloma
and myeloid leukaemia. Their previous estimate was 0-8 rads
from 22 cases (14 exposed). The reduction of their estimated
risk by more than a factor of four when so few extra cases are
included undermines any confidence in the methods
adopted by Mancuso, Stewart and Kneale. Even the 10 per
cent more all-cancer deaths changed their calculated
doubling dose from 12-2 rads to 33:7 rads. Thus this
extension of the analysis does nothing to strengthen their
claim that ICRP malignancy induction rates substantially
underestimate the true rates.

THE MANCUSO STUDY: A COMMENT

by Dr. Leonard A. Sagan, Manager of the Electric Power
Research Institute, Biomedical Studies Program, Palo Alto,
California. This paper was first delivered to the INFO '78
Conference organised by the US Atomic Industrial Forum and
held in Los Angeles earlier this year.

The AEC/ERDA Health and Mortality Study was initiated in
1964 with Dr. Thomas Mancuso, a Professor of Occupational
Health at the University of Pittsburgh. The objective of the
study was to investigate the health of workers in the nuclear
industry, with special attention to the possible effects, if any,
of radiation exposure. Mortality was selected as the most
feasible measure of health experience with ascertainment of
death to be determined from Social Security Administration
records. Barkev Sanders, a statistician, recently retired from

that agency became part of the project, as did Dr. Alan
Brodsky, a health physicist. After an early exploratory period,
Hanford and Oak Ridge Laboratories were selected for
study, the intention being to recreate records of all persons
employed from 1944 to the present. Three control or
comparison groups were chosen: persons hired at these two
laboratories but not subsequently employed; siblings of
employees; and a national sample drawn from Social
Security rolls.

In spite of an enormous expenditure of funds (6 million
dollars) over the past 14 years, no publications were
generated by the project. Annual progress reports
suggested that preliminary analyses indicated no detectable
radiation effect, a not surprising outcome in view of the very
low radiation exposures experienced by employees at those
laboratories.
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One oral presentation by Dr. Mancuso at an annual Health
Physics Society Meeting (published in the proceedings,
Richland, Washington, Nov. 2-5, 1971) also suggested the
absence of a radiation effect, although he cautioned that this
tentative conclusion was preliminary.

In March of 1975, Dr. Mancuso was informed that his
contract was to be terminated within the following year. Alan
Brodsky had already left the project. Barkev Sanders was
informed by Dr. Mancuso that he was to be dropped from the
project. He was replaced by Dr. Alice Stewart, a British
epidemiologist and her colleague Dr. George Kneale. Within
a matter of months a new analysis limited to Hanford data
was prepared and presented at the Saratoga Springs
meeting of the Health Physics Society (October 11-13,
1976). This new material, with some changes, was recently
published in the journal, Health Physics (33, 369-385, 1977).
In this publication, it was concluded that occupational
radiation exposures at Hanford were associated with an
increase in cancer.

This unexpected finding aroused national attention, not
only in scientific circles but among governmental agencies
as well. Occupational radiation protection standards have
been thought to be well below levels where health effects
could be detected. It was said that the nuclear industry was
extremely safe and studies of radiation workers at other
laboratories supported that conclusion. Radiation exposure
levels at Hanford were well below permissible levels. These
were levels so low that on the basis of all other human
exposure data, no detectable effects would be expected.

Following publication of the Hanford study,
Representative Paul Rogers, Chairman of a House
Subcommittee, charged that Federal Energy officials had
attempted to cover up the report and that the ERDA contract
had been taken away from Mancuso in order to prevent
publication of his findings. Dr. James Liverman, who had
ordered termination of the contract, testified that there was
no attempt to cover up but that the contract had been
terminated for other reasons, namely:

(a) "A clear lack of substantive publications appearing in
referenced journals, even papers on his methodology for
analysis, would have been highly useful.

(b) “A reluctance to initiate any analyses until all data
collection was complete — a clear difficulty in studies
requiring massive data bases which take a long time to
compile. The reason given was that the results might be
misleading; however, generally in studies like this, itis crucial
that even trends — positive or negative — get identified early
SO as to guide studies more directly. Related to this point is
the accusation voiced by some of suppression of data.
As far as |, personally, am aware, no results of any project
supported by BER funds have been suppressed by
management of BER programmes”.

(c) A judgment by his scientific peers that the work should be
limited, terminated, or another investigator selected to be the
principal investigator”.

(d) “The need from the Agency's standpoint to insure that the
records constituting this study could be preserved for
posterity and be readied for transfer to new programme
management”.

Not only in its authorship and its conclusion but in other
respects too, the Health Physics paper represented a
divergence from the previous style and methodology of the
project. In his annual reports and in private conversation, Dr.
Mancuso had emphasized the need for caution and warned
against the danger of premature judgements. He had
stressed the requirement that all environmental factors be
carefully studied so as to remove the confounding effect of
other variables. Three separate control groups were
developed in order to overcome the possible errors inherent

TABLE 1
Employees with recorded radiation exposure &t Hanford who later worked
at Oak Ridge where there is no record of thesr prior radiation exposure at
Hanford".
Occupational radiabion n milrem

% of

Offsite

Year Radiation
1944 96.1
1945 55.3
1946 299
1947 276
1950 100.0
1951 100.0
1952 100.0
1953 100.0
1954 98
1955 65.2
1956 96.6
1957 100.0
1958 99.3
1961 80.5
1963 100.0
1965 86.8
1966 100.0
TOTAL 61.5

*Prepared at Oak Ridge partly from magnetic tape supplied by Hanford.

in choosing an anomalous comparison group. He had been
criticized for his cautiousness and unwillingness to begin
analysis until all data at all laboratories has been weighed
and considered. That had in fact been his defence for the
long delay in publishing analyses.

The Health Physics paper as published shows none of this

caution. None of these control groups were used. Nowhere
are there the usual caveats about possible unrecognised
confounding variables. Scholarly references to the existing
literature and to the contrary findings of others are absent.
There are only 6 references, two to his own work and no
references to the enormous body of radiobiological
literature. One has the feeling of haste in the writing of the
report. Criticism of the paper falls into two categories.
1. Dose estimates. Comparisons are made between the
“exposed” and “non-exposed” populations, yet the paper
does not provide information on the level of radiation which
would be considered “exposed”. Commonly 10 millirads
above background would be sufficient to produce a positive
reading. Therefore, the “exposed’ population is swollen with
a very large number of persons who have experienced trivial
exposures and a very small number of persons with
considerably higher exposures, i.e., an extremely skewed
distribution. The paper lacks information on the exact
distribution of dose within the exposed population or among
the persons with cancer and/or other causes of death. Only
mean values are presented, giving the false impression that
exposures were fairly uniform. One reviewer compared this
usage of statistics in this way: if a population of 10 persons
one of whom has an annual income of one million dollars and
9 of whom earn 100 dollars a year, the mean income of the
group is $10,100 a year. The mean alone gives no indication
of the disparity here.

Secondly, Dr. Mancuso had previously stressed the fact
that Hanford occupational exposures are a poor reflection of
total radiation exposure. Medical exposures to the work
force, the subject of a publication* is not mentioned in this
Health Physics paper. Nor is there any mention of
occupational radiation exposures prior to or subsequent to

*D. Norwood, F.L. Rising, C.W. Kirklin, A. Brodsky, B.S. Sanders, and T.F.
Mancuso, “Cumulative Dose from Diagnostic Radiation”, Am. J. Roentgenol,
Radium Ther., Radium Ther., and Nuclear Med. CXV, 644-648, 1972.
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Table 2
Certified Deaths among Hanford Males
% Cancers % Non Cancers
Exposed (2184) 20.2 (442) 79.8 (1742)
Non Exposed (1336) 17.1 (228) 82.9 (1108)

(taken from Mancuso et al)

Hanford employment, a subject which had previously been
of concern to Dr. Mancuso and the subject of a previous
study which had shown occupational exposures elsewhere
to be as great as those at Hanford for those employees who
had transferred from one laboratory to another. (Table 1).

2. Methodology: The cancer epidemiologist wants to know
whether radiation exposure increases the risk of cancer and
the magnitude of the risk if it exists. He knows that he must be
cautious in excluding the effect of other variables which may
influence the risk of cancer. Since the risk of cancer rises
steeply with age, age is a factor which requires careful
control. In the Mancuso publication, there are no details of
the ages of the living or deceased members of the exposed
or non-exposed populations.

Typically, the population under study is also carefully
matched by all variables known to influence cancer (such as
socio-economic status, education, smoking habits) with a
similar population. If exposures varied then the exposed
group might be categorized by dose level on the logical
assumption that a radiation effect if present would reflect a
gradient from highest exposure to least. None of this appears
in the Mancuso report.

Although the strategy followed in the original Mancuso
proposals would have provided such adjustments, the
recent Health Physics paper shows use of a weaker
technique known as proportionate mortality normally used
when the characteristics of the population at risk are not
known. The problem with proportionate mortality is that, if
one cause of death is reduced, other causes will appear to
be increased. One can never be certain whether any single
cause of death is increased, unchanged or decreased on an
absolute scale. Table 2, taken from the Mancuso study,
apparently shows an increase in cancer deaths as
compared with the percentage cancer deaths among non-
exposed persons. The questions then are:—

1. Is this difference in the proportion of cancer deaths due to

radiation or some other factor, and 2. Is the rate of cancer
among exposed Hanford workers increased, decreased or
unchanged.

The first question is impossible to answer from the data
available in the Health Physics paper since the age and
occupational distribution of the two populations is not given.
There is some reason to believe that the exposed population
is older than the non-exposed population since the rise of
radiation exposure increases with the length of employment.
Furthermore, there are occupational differences between
the exposed and non-exposed groups — craftsmen and
operators being more common in the former group, and
managers more common in the latter group. These differ-
ences could well explain the slightly greater frequency of
cancer among the deaths in the exposed group.

As to the second question of whether cancer is increased
or decreased on an absolute basis in exposed Hanford
workers, we are fortunate in having another analysis to which
we can turn, that of Dr. Ethel S. Gilbert of Pacific Northwest
Laboratories (Table 3). This table shows that when Hanford
employees are carefully matched for age and years of
exposure they have lower risk of death than do all US males
(the “healthy worker" phenomenon). We also see here that
circulatory and all other diseases are even more reduced
than cancers, a likely explanation of the relative increase in
cancer seen in the Mancuso paper.

Table 3
Standard Mortality Ratios (SMR) for
White Males by Length of Employment
(Number of deaths is given in parentheses)
Length of Employment
<2 Years 2 + Years
Number of Workers 7767 13,075
Cause of Death
All Causes 86 (1905) 75 (2089)
All Malignant Neoplasms 88 ( 319) 85( 414)
Circulatory Diseases 87 ( 839) 76 ( 955)
Accidents, Poisonings
& Violence 109°( 243) 75( 216)
All other causes 74 ( 423) 65 ( 455)
No Death Certificate (81) (49)

“This is the only SMR presented in this table which is not significantly different
from 100. All other SMRs are significantly lower than 100 at the .01 level.

This material was presented by Dr. Gilbert at the AAAS
meeting in Washington.

In examining specific cancers, Dr. Gilbert did find two
sites where cancer did appear to be increased with radiation
exposure, pancreas and multiple myeloma (Table 4). Neither
of these cancers have been found increased in studies of
other exposed populations and the meaning of this
observation remains unclear, but deserves further attention.

As is often the case with radiation, these scientific issues
have now become widely publicised and politicised. Dr.
Mancuso has charged that his ERDA contract was
terminated because of his scientific findings (his contract
was terminated prior to his recent publication). Others
assume the opposite, i.e., that his scientific conclusions were
influenced by “sour grapes” at his contract being ended. In
any case charges have begun to fill the air. One former
collaborator of Dr. Mancuso, Dr. Brodsky, has written a
critique in which he attacks the “many scientific absurdities™
of the Health Physics paper. The other former colleague,
Barkev Sanders, has written a rebuttal, also to be published
soon in Health Physics in which he concludes that no
radiation effect can be detected at Hanford. Those who are
anti-nuclear will adopt Mancuso as a hero, and those who
support nuclear power will raise their eyes to heaven and
prepare for the worst. And so it goes.

TABLE 4

Standardized Mortality Ratios (SMRs) for craftsmen
and operators employed for at least 5 years
(Number of deaths is given in parentheses)

OCCUPATIONAL CATEGORIES
High Exposure Low Exposure
Population Size 1844 1975
Percent with Total
Doses =5.3 Rems 679 15.7
SMR FOR
All causes 0.65 (185) 0.76 (316)
Diseases of the
Circulatory System 0.67 (83) 0.78 (148)
External Causes 0.65 (20) 0.72 (26)
Malignant Neoplasms 0.92 (46) 0.92 (68)
Cancer of
Stomach 0.32 (1) 0.98 (5)
Large Intestine 1.17 (5) 0.45 (3)
Pancreas 2.09 (6) 0.46 (2)
Lung 0.87 (13) 1.13 (24)
Prostate 0.46 (1) 2.39 (10)
Res 1.27 (7) 0.81 (6)
Myeloma and
certain Lymphomas 3.40 (3) 2.34 (3)
All Leukemias 0.00 (0) 0.65 (2)

None of the differences in SMRs between the two groups are statistically
significant.
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VIBRATION
IN NUCLEAR PLANT

A major conference with this theme was held in Keswick in May and attracted 230 participants from 16 countries,
half of the delegates coming from overseas. This response stems from the success of a more general Conference
on vibration studies organised by Windscale Nuclear Power Development Laboratories (WNL) in 1973. This time.
papers were strictly confined to vibration in nuclear plant and it was clear that another Conference with the same
subject and format would be welcomed by the great majority of participants in three years' time, when progress
will have been made in many of the areas discussed. This report is by M.E. Ginniff, Research Manager, Engin-
eering Group, at the Authority's Windscale Laboratories and C.H. Jones of the Authority’s Springfields Lab-

oratories (SNL).

Vibration is inevitable in all plant which involves moving
fluids or machines. Its nature depends on the vibration char-
acteristics of the plant and on the mode of operation so that
attention must be given to the whole range of possible oper-
ational conditions from commissioning and through part
power, to full power, under refuelling and also under fault and
earthquake conditions. Vibration signatures can also be
used as a means of health monitoring or non-destructive
testing (NDT). All these aspects were included bringing to-
gether specialists in the different areas and enabling them to
appraise the state of the art as it is applied in the nuclear
industry.

Under steady operating conditions, plant is subject to
forced vibration caused by the unsteadiness of the flow, or
by sound generated by flow disturbances or by rotating
machines. The problem is to show that component life will not
be impaired by fatigue, fretting or wear, so it is necessary to
discover the most onerous conditions for each part of the
plant, compare them with acceptable limits and, if neces-
sary, inhibit the vibration or find ways of relaxing the accept-
ance limits so that satisfactory life can be assured.

There are also many instances where the steady com-
ponent of the fluid flow couples with vibration of the structure
so that energy can be extracted from the fluid kinetic energy
and converted into vibration which can then grow exponen-
tially until failure occurs or until some other factor or restraint
is brought into play. A common example is the motion of a
flag in the breeze. However, because of the potentially des-
tructive nature of these phenonema, (to which both fuel
stringers and heat exchanger tubing may be prone) it is
necessary to show that a substantial margin exists between
the velocity of fluid flow in the plant and the velocity at which
“self-excited” instability may set in. Some cases arise in
which a three-fold coupling can be significant, that is
between the fluid flow, vibration of the structure and acoustic
vibration of the fluid.

Transient vibration caused by faults, accidents or earth-
quakes must be studied to ensure that the resulting motion of
the plant or its internal components or fluids does not com-
pound the incident by any further structural failure, or by
interference with the reactor control or essential services
and safety features.

The recent developments in using vibration to monitor
plant health or integrity also holds promise of substantial
economic benefit to operators.

Nuclear plant poses some particularly challenging
problems because of the combination of the harsh environ-

ment, limited accessibility and the emphasis on safety and
reliability. There are now a large number of instances
throughout the world where vibration problems have caused
expensive delays or outrages. They provide a strong incen-
tive to improve confidence in mastering these problems and
in doing so at a suitably early stage in the plant development.

Fuel

Undoubtedly, the Canadians have adopted a more thorough
approach to the penetration of fuel vibration problems than
any other country. Canada is now concentrating on CANDU
reactors which have horizontal channels with separate fuel
bundles and on-power refuelling. Only Gentilly has vertical
fuel channels. Its successor BLW was cancelled. (There are
still a number of vertical interstitial holes occupied by
instruments and control rods.)

For the horizontal channels, a computer programme has
been developed which calculates the forced vibration of
each fuel bundle in each mode then sums these responses
to give the frequency spectrum of vibratory motion at each
wear pad. It is necessary to measure the fluid loading in a
water/air rig to account for the unpredictable effects of grids
and entry geometry. Data on the fretting of Zircaloy has been
obtained from mechanical tests, but it has not been possible,
so far, to make the final step of relating the vibration with
fretting.

A corresponding programme, DYNMOD, has been written
for vertical fuel (primarily by V. Mason of Springfields Nuclear
Power Development Laboratories (SNL) on detachment at
Canada's Chalk River Laboratories). Good agreement is
found between measured and predicted vibration and the
programme has been used to calculate the dynamic stability
of reference design CSGHW fuel stringers, showing a flow
margin of 200 per cent to instability. However, the stability
margin is very sensitive to bending stiffness of the fuel
cluster, implying that this margin would be significantly
reduced by a change to the back-up design with sloppily
located spacer pads. This work also explains why the Italian
CIRENE fuel stringer buckles into a helical shape and rattles
in its pressure tube, causing unacceptable fretting.

It was noteworthy that Interatom (Germany) found similar,
but not identical, vibration of a liquid metal fast breeder
reactor (LMFBR) fuel element when subjected to cool water
and then to hot (500°C) sodium flow. Differences were attri-
buted to the different structural vibration and upstream flow
turbulence spectra for the two loops. The use of water loops
for development work was advocated, leaving sodium tests
just for final confirmation. This confirms the UK project view.
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The ‘SCOT’ Environmental Test Loop at the Reactor Fuel Element
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boratories, Springfields.

A full description was presented, in a total of five papers,
introduced by G.M. Emsley of the Nuclear Power Company
(NPC) of the work done by SNL and WNL and also by the
Central Electricity Generating Board (CEGB) at Marchwood
and NPC in overcoming the problems with dynamic instabil-
ity of the Hinkley Point ‘B' gag and plug stringer bellows.

In contrast to the Canadian approach, the CAGR work
relies on full-scale ad hoc tests extending to flows only just
beyond those obtained in the reactor. The effect of tolerance
variations in component manufacture or embodiment com-
pared with those actually tested was then found to be so sig-
nificant that a sizeable proportion of production components
behaved in an unsatisfactory way, some failing quite dram-
atically. These presentations underlined the value of the
large loops used in the UK but also highlighted the need to
establish greater margins between operating conditions and
those where the limits of acceptable behaviour are trans-
gressed than has been traditional in the UK industry.

Attention was also focussed on the pertinent question of

the extent to which it will pay to invest in a more thorough
analytical approach to complex and slightly non-linear
vibration of rattling components. The hope is that by such an
investment, a more direct approach could be made to
diagnosis and cure of vibration problems with these com-
ponents and that a great deal of confirmatory testing needed
in the wake of minor changes could be avoided. Such a
course would involve rationalisation of current CAGR and
SCOT Rig programmes, together with additional work of a
more erudite nature. Would a radical reappraisal save
scarce resources in the longer term? We cannot be sure.
There is no doubt that limited scope exists for this type of
approach.

Heat exchangers

The vibration of the tubes, heat exchangers and steam
generator has taken on great importance with the arrival of
the nuclear power reactor. Prior to 1970 little, if any, research
seems to have been devoted to problems like liquid cross
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