Ministry of Defence
% Main Building
Whitehall

Ministry London SW1A 2HB
of Defence United Kingdom
Our Ref FOI2019/08226 . Telephone:  +44(0)20 7218 9000
E-mail: DNO-SecretariatTeam@mod.gov.uk
.
o
A 12 August 2019

Thank you for your email requesting the following information:
File reference AB 15/6026

As confirmed previously, we have treated your correspondence as a request for
information under the Freedom of Information Act 2000 and we can advise that the
Ministry of Defence (MOD) holds information in scope of your request.

We attach the following document:

e AB 15_6026 - AERE HP_R 2607 - UKAEA Research Group - Physical
measurements of activity in samples from Windscale - D.V.Booker

Please note that the document is subject to Crown Copyright. It is being released under
the terms of the Open Government Licence, which allow for private and non-commercial
use. You are required to abide by the conditions of the Licence, for which further
information about your obligations on the use of material can be found at:

http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/

If you have any queries regarding the content of this letter, please contact this office in the
first instance. Please remember to quote the reference number above in any future
correspondence.

If you wish to complain about the handling of your request, or the content of this response,
you can request an independent internal review by contacting the Information Rights
Compliance team, Ground Floor, MOD Main Building, Whitehall, SW1A 2HB (e-mail CIO-
FOI-IR@mod.gov.uk ). Please note that any request for an internal review should be made
within 40 working days of the date of this response.

If you remain dissatisfied following an internal review, you may raise your complaint
directly to the Information Commissioner under the provisions of Section 50 of the Act.
Please note that the Information Commissioner will not normally investigate your case until
the MOD internal review process has been completed. The Information Commissioner can
be contacted at: Information Commissioner’s Office, Wycliffe House, Water Lane,


mailto:FOI-IR@mod.gov
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3

Wilmslow, Cheshire, SK9 5AF. Further details of the role and powers of the Information
Commissioner can be found on the Commissioner's website at https://ico.org.uk/.

Yours sincerely,

Defence Nuclear Organisation Secretariat


https://ico.org.uk

-

o



https://frQl'.ll

(). UouyeD KNG TGN AVOKE EMERGY AUTHORITY . 1958

En-invios nboen eugyiinng and reproduction sheuld be addressed to the

o T e

Scrsttfic Achniniziratioa Cifice, Atomic Energy Research Establishment,

Harwell, Discer, Boarks dre, Bngland,




UNCLASSIFIED A.E.R.E. HP/R 260

(Approved for sule)

PHYSICAL MEASUREMENTS OF ACTIVITY IN SAMPLES FROM _WINDSCALE

by
D. V. BOOKER

Health Physics Division, A.E.R.E, Harwell

ABSTRACT

Gamma scintillation spectrometer measurements in samples of milk, herbage and

soil from the Windscale area are described. The geographical distribution of
activity is studied, and the relative activities. of I131, Cs137 and Sr89 sre discussed.
A correlation between 1131 in herbage and milk is recorded, and an estimate of the

total deposition of X131 on herbage is made,

U.K.A.E. A, Research Group,
Atomic Energy Research Establishment,

EARWELL
October, 1958.
Pk

HL.58/2



1.
2.

5

CONTENTS

Introduction

Methods

2,1 Milk

2.2 Herbage

2a 3 sﬂil

Results

3«1 Activity in milk

3141 I13 in milk
341.2 Cs8137 in milk

3.2 Activity in herbage

3.2.1 I131 in herbage
3.2.2 Other activities in herbage

3.3 Activity in soil

Discussion of results

4.1 PFolier contamination :

4.2 Relative activities of I131, Cs137 and Sr89
4.3 Variation of deposition with distance

L.L Correlation of milk and herbage activities
4.5 Total deposition .

Conclusions

5.1 Techniques
5«2 Results

Acknowledgements

References

Ry =

WMoy O W W\

10
12
12
12
13
13
14

14
15

15
16




CONTENT S (Contd. )

TABLES. Page,
Table
I  Change of I131 activity in milk with time I
IX Apparent half-life of I131 in milk L
IIT Cs137 in dried milk 6
Iv Comparison of herbage activity with deposition 8

celculated from gamma dose rate

v Activity in herbage and soil il
Vi Relative activities of I131, Cs137 and Sr89 in 12
Seascaele herbage and milk
ViI Variation of contamination with distance from 13
Windscale
VIiII Estimate of total I131 deposited in Great Britain 14
Ix Weights and activities of herbage cut at'Parkers, 17
Seascale
X Spot activities of herbage cut near Windscale 18

ILLUSTRATIONS

Figures,

1 Sample curves of measurement of I131 in milk using
the five-channel analyser.

2 Sample curves of measurement of soil activity. Seascale
soil.

3 Contour map of Vindscale area.
& Decrease of I131 with time in Seascale milk,

5 Map of Windscale area showing I131 in milk in millimiero-
curies per litre.

6 Map of North England showing I131 in milk in millimicrocuries
per litre,

7 Map of Windscale area showing Cs137 in milk in millimicro-
curies per litre.

iii



CONTENT Contd.

Figures,
8 Apparent decay of I131 in Seascale herbage.

9 Map of Windscale area showing I131 in herbage in millimi-
crocuries per square metre.

10 Map of England and Wales showing I131 in herbage in
millimierocuries per square metre,

11 Lppaient decay of Ru 103 and 106 in Seascale herbage.
12 Apparent decay of Cs137 in Seascale herbage.

15 Apparent decay of Zr95 in Seascale herbage.

14 Change of ratio of I131 and Cs137 activities with time
in Seascale herbage.

15 Decrease of I131 deposition and I131 in milk with distance
from Windscale,

16 Correlation between I131 in herbage and milk,

iv


https://milli.mioroeur.l.es

s

2.

Introduction

An sccident in Windscale Pile No. 1, on October 10th, 1957, coused a
release of activity from the pile stack. This activity was predominantly vole-
tile fission products, especielly I131, and radioactivity was found to be
deposited on the surrounding countryside, Soil, herbage, water and food for
humen consumption from this area were sampled and tested for radiosctivity at
Windscale, Harwell and Woolwich,

This paper describes in detail the methods used for analysis by gamma
spectroscopy of samples from Windscale, in one laboratory at Harwell, and the
results obtained. In addition results from other laboratories both at Harwell
and Windscale have been used to build up as complete a picture as possible of
the distribution of fall-out activity. These results were made svailable to
the author by Templeton (1958) at Windscale and by Clare and Humphries (1958)
and Bryant et alm?1 958) at A.E.R.E.

In the first few days after the incident I131 activity in the samples
was predominant to such an extent as to mask other activities. By retaining
samples until the I131 had decayed the presence of other miclides could be
demonstrated, Cs137, Rui03 and 106, and 2r95 with their daughter products
were found in herbage and soil, and Cs137 also appeared in milk.

Methods

Measurement of gemma activity in samples observed at Harwell were made
using gamma scintilletion spectrometers, Seversl different instruments were
used in the measurements: a five-channel pulse amplitude analyser with a
3" x 3" giameter crystal of thallium activated sodium iodide; a one-hundred
channel analyser with a 3" x 13" diasmeter crystal; another one-hundred channel
analyser with a 2" x 4" diameter crystal,

2.1 Milk

At the time of the accident the five-channel snalyser and 3" x 3" crystal
were already set up for the study of Cs137 asctivity in dried milk (Booker 1957)e
It was very quickly adapted for measurement of I131 in liquid milk, and the
first results were obtained within a few hours of the receipt of samples on
the morning of October 12th,

In milk the only gamma-ray emitting contaminants which were observed were
Iodine isotopes and Cs137. 1131 is characterised by its 0,364 Mev gamma-ray
(80% of disintegrations) in conjunction with gamma-rays of 0,080 Mev (2.2%)
0.284 Mev (53%), 0.637 Mev (9%) and 0,722 Mev (). (Strominger et al 19585.
Cs137 emits a 0.662 Mev gamma ray in 9% of disintegrations and about 10% of
these are internally converted, (Strominger et al 1958). One early sample
of milk was observed to give a 0,53 Mev gamma-ray which was attributed to
1133 (21 hr half-life), but its intensity was very small compared with the
0.637 Mev gamma-ray, from I131. Because of the 9% branching of I131 to give
the 0,637 Mev gamma-ray, the 0,662 Mev gamma-ray from Cs137 in milk was
swamped until about a month after the accident when the I131 level in milk
had fallen by a factor of sbout [ifty from its initial activity.
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The I131 in milk was estimated by plecing pint bottles of milk on the
crystal, The five-channel analyser was adjusted so that the four lowest
channels straddled the O.364 Mev 1131 peak which was of such intensity that
it swamped counta from either Csi37 or naturally occcurring K4O in milk, The
counting rate from the sum of the four channels was compared with the rate
obtained from a standard solution of I131 (Figure 1). The standard was made
by dilution from a solution calibrated by N.P.L, It was found necessary to
8dd several hundred milligrams of iodine carrier to the pint of the diluted
solution together with some caustic soda in order to prevent iodine deposi=
ting on the glass surface of the bottle. All results quoted are in true
source strength and not gamma source strength. Where nuclides have daughter
products, the results are in terms of the activity of the parent nuclide.

2.2 Herbage

Herbage samples were measured for I131 content on the same crystal and
analyser. Herbage, which had been cut from a known area, was weighed,
thoroughly mixed, and a weighed portion (of about 100 g) put in sixteen cunce
polyethylene jars. The geometry for counting was fixed, but the weight
varied from sample to sample and fell as the herbage dried out, The density
was low enough that any self absorption was very small. A comparison of
counting rates was made using standards of the same volume conteining vermi~
culite and a known volume of calibrated I131 solution. Although the polythene
Jars were not made air tight, repeated analysis of samples showed no evidence
of loss of iodine by volatilization. Previous experdience with surfaces
contaminated with carrier-free iodine had shown that adsorption is very strong.
In this case there was a possibility that the iodine was absorbed into 'the
herbage tissue,

Other gamna-ray emitting nuclides occurred in the herbage, although in
elmost all samples the iodine gamma-ray predominated, The ratios of the
counting rates in the four channels of the five~channel anslyser looking at
the 0,364 Mev peak of I131 in grass, were compared with the ratios from a
standard 1131 source. The constancy of these ratios in all but a few samples
indicated that no other gamma-ray was giving an appreciable counting rate at
this energy. Results for I131 in herbage on an arc from Fembroke to Norfolk
were obtained by Clare and Humphries (1958) using a 100 channel analyser,
which allowed an estimate of the contribution to the counting rate which was
due to muclides other than I131. :

As the I131 ectivity in the samples from the Windscale area decayed other
geamma-ray enitting nuclides could be estimated using a one-hundred-channel
analyser. The efficiency of the gamma spectrometer was found using I131 (364 Kev
and 637 Kev), and BaikO - Lat4O (335 Kev, 820 Kev and 1580 Kev) mixed with
vermiculite,

2:3 Soil

Soil samples were obtained from cores of known depth and area. The
samples were dried by exposure to air at room temperature and weighed, crushed
and well mixed. A weighed guantity of soil was put in polythene bottles of
sixteen ounce capacity. The samples were estimated for I131 on the five
channzl analyser when the sctivities were high, and by D. Humphries on a
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hundred-channel analyser for the low activities. A sample curve obtained from
soll containing high I131 content is given in Figure 2, where the interference
from other fission product gamna-rays and natural ectivities is small., Also
illustrated is part of the spectrum from the same sample of s0il measured six
months later on a hundred-channel analyser, when the Cs137 content was being
estimated, The interference due to the Zr95 - Nb95 gamma-rays at about 750
Kev and I131 gemna-ray at 637 Kev has decreased by decay. Using the known
resolution of the instrument, an allowance has been made for the residual

Zr95 = Nb95 activity and for the 606 Kev gamma-ray from KeC oceurring naturally
in soil. The contribution to the counting rate in the Cs137 peak due to Campton -
recoils from high encrgy gamna rays is also estimated. On soil samrles where
the interfering activities are small compared with the Cs137 activity, esti-
mates of the Cs137 in soil are quite accurate; but estimates of Csi137 in
soll far from windscale are only approximate.

Results

A mep of the district near Windscale is reproduced in Figure 3 giving
the topography of the district.

3.1 Activity in milk

3.1.1 1131 in milk

The I131 activity in samples of milk .neasured in Harwell varied from
less than 0,3 muc/1 (from North Cumberland, South-West England, and
Bast Anglia) to well over 1000 muc/l for a few samples from points close
to Windscale,

A daily series of samples was obtained and analysed at Windscale to
study the change in I131 activity in milk with - time. Although the
dissemination of I131 from the pile reached a peak in the early hours of
October 11th, and ceased by about noon on that day, the activity did not
appear in the milk of the local cows until the afternoon of the 11th,
The maximum sctivity in milk was reached on the afternoon of the 12th or
the morning of October 13th as shown in Table I,
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TABLE I.

Change of I131 activity in milk with time

Time of milking Sellafield Seascale
pe/1 pc/l
11/10/57 em 0,003 -
Pm 0.47 0.4
12/10/57 em 0.48 0.85
pm C 0.6
13/10/57 em 0. 39 0.9
pm 1.12 0.63
14/10/57 am 0. 54 0.51
pm 0.72 0.67

After 14/10/57 the activity of milk fell off with time as

shown in Table II.

TABLE II.

Apparent half-life of I131 in milk

Location Apparent half-life Period followed
days ' days
Seascale L7 Oct. 14 - Nov. 12
Sellafield P Oct. 14 = Nov. 11
Corney 5.5 Oct. 14 - Nov. 14

A graph of the fall of I131 in Seascale milk as a function
of time is given'in Figure 4.




The average velue (5.0 days) for the apparent half-life is much
shorter than the radiocactive half-life of eight days, The difference
may be due to the following reasons, but other explanations are
POSBible.

(a) The I131 perudt weight of herbage was probebly being reduced by
bioclogical processes and weathering.

(b) The cows from the time of the accident onwards were getting an
increasing amount of concentrated food and would be grazing progressively
less grass.

Using the recorded results produced by Windscale of all I13%1 in milk
measurements made at Harwell and Windscale, the I131 concentrations in
milk samples collected between Ootober 13th and 19th have been tabulated
and worked back to October 11th using a five-day half-life, In doing so
the initisl delay before the appearance of the I131 in milk has been
ignored. The tabulated results have been plotted on maps of the area
(Figures 5 and 6) and contours are drawn of the level of I131 activity
in milk around Windscale and in North Laencashire. Many of the spot
values of I131 in milk are the average values of determinations made on
milk collected on different days during the period October 13th to
Cctober 19th. A similar tabulation of results for October 20th - 25th
worked back to October 11th using a five-day half-life shows very similar
features and supports the five-day half-life., Inspection of the contours
in Figures 5 and 6 shows that some activity was blown ten or twenty miles
in a north-easterly direction from Windscale, and then swept down in a
southerly or south-easterly direction. As shown in Figure 6 some of the
activity was carried across north-east Lancashire and into Yorkshire, but
in general most of the cloud passed down the Midlands west of the Pennines.
This picture of the fall-out distribution agrees with what might be
expected from the meteorological conditions end with observations on air
filters from different parts of England (Chemberlain and Dunster 1958,
end Stewart and Crooks 1958).

Je1.2 Cs137 in milk

In the first two weeks after the acecident large numbers of milk
samples were counted, and were discarded after measurement of I{131. A
Seascale sample of 28th October was preserved, and when the I131 had
decayed to a low enough level to enable the 0.662 Mev peak from Ce137 to
be measured, the Cs137 content was found to be 16 muc/l. In the period
November 8th - 11th a more extensive series of milk samples was taken for
Cs137 analysis. For this series, the pattern of distribution of Csz137
in milk, shown in Figure 7, was very similar to the I131 in milk pattern,
A maximum of CGs137 activity of 15 muc/l was fourd at Corney which is on
rising ground in the direction of the plume and 15 Km from the factory.
High levels of Cs137 in milk were found in a north-easterly and south-
easterly directions, but levels in milk were much lower in other directions,
Milk from the farm at Seascale previously sampled was included in the
series and showed 11.5 muc/l a decline of only 30% in the eleven day
period since October 28th,



Continuation of the measurement of Cs137 in dried milk, which has
been studied for the past two years (Booker 1957), has shown that the
level of Cs137 in dried milk increased temporarily after the accident
at all sampling stations south of Windscele but not at Carlisle or
Mauchline which are north of the factory.

TABLE III

Cs137 in dried milk
Cs137 activity in puc/gm Potassium

Before After 11/10/57 Difference
Location 11/10/57 : Due to

puc/g. Date up o/g. Accident
Garstang 4O 1/11/57 140 100
Carmarthen 80 5/11/57 105 25
Buckingham 30 9/11/57 55 25
Driffield 30 27/10/57 55 25
Frome LO 15/11/57 55 15
Carlisle 40 1/11/57 4O -
Mauchline 50 6/11/57 L5 =
(Scotland) .

3.2

Results are quoted in terms ofyuc Cs137
concentration of potassium in liquid mi

per gram of potassium. The

1k is about 0,2% by weight so

that the concentration of Cs137 due to the incident in liquid milk

from Garstang and Buckingham for example would be approximately 0.2
mpc/1 and 0.05 mpc/l respectively. These results are in reasonable
relation to the Cs137 levels in Cumberland milk at about the same date
(See para. 4.3). The high level in the Carmarthen milk is not explained.,
It is possible that some of the Cs137 may be due to high fall-out from
bomb tests in Nevada during October. However no extra Cs137 appears
north of Windscele. The excess Csi137 disappeared rapidly from the

dried milk after November, and this was no doubt associated with the
change in feeding of the cows from pasture to stored food.

Activity in herbage

3.,2.1 I131 in herbage

Herbage samples were collected from many different points in the

- 6 -
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areanear Windscale and from various arcs up to two hundred miles from

the stack. One particular field in Seascale, which was not being grazed,
was selected for regular sampling in order to follow the "decay" of acti-
vity in herbage. The apparent half-life of I131 activity in herbage per
unit area of ground was found to be approximately five days (Figure 8) in
very close, although perhaps fortuitous, agreement with the apparent half-
life in milk from the same farm (Figure 4). The details of the results
are given in Table IX, It will be noticed that the weight of herbage

cut from unit area decreased with a somewhat similar period (except for
the first sample). This may be due to the fact that at this time of year
the herbage is gradually dying back, but many other explanations can be
brought forward. The observed figure of five days has been used for
working back to the day of release of activity, the I131 activity in
herbage from other areas. This procedure can be justified by:-

(a) Figures observed of total activity in herbage and soil at
Seascale on October 28th (see para. 3.3) when worked back with
the radioactive half-life of I131 give a total deposition of
19 pc/m? on October 11th as compared with an extrapolated
figure of 17 pc/m? using a five-day half-life on herbage only
(Figure 8).

(b) The figures for activity in herbage from the same area taken
at different dates are consistent.

(e) Results can be compared with a gemma dose-rate survey carried
out in the district. Chamberlain (1958) gives a correlation
factor between the dose-rate as observed with a 1413A monitor
on various dates, and total initial deposition of I131. Table
IV gives a comparison of some results from the present herbage
analyses and results using the correlation factor, The average
ratio of these two estimates is 0,82,. The wide spread of ratios
in the last column of Table IV may be due to:=

(1) Survey measurements were not always done on the same day
as the herbage was sampled and are not certain to be in
exactly the same position as that from which the herbage
vas sampled.,

(i) The 1413A monitor is sensitive to activity within a radius
of at least thirty meters, while the herbage samples
represent only a few square meters which would not necessarily
give a figure equivalent to that from the surrounding area.
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TABLE IV

Comparison of herbage activity with deposition

calculated from the gamma dose-rate

Herbage activity.® Total deposited
activity from
Map gamma survey. Bakio
Location Reference
‘Date of |I131 pc/m2 Date of | I131 pc/m? | Herbage uc/m?

sample on 11/10/57 survey on 11/10/57 Total po/m2

ROF Drigg 061990 18/10 12 26/10 22,4 0.5
Drigg 052986 13/10 133 13/10 9.9 1.3
Ravenglass Jn. 090967 13/10 3T 13/10 4.8 0.8
Seascale 047018 13/10 17 13/10 17 1.0
Swallowhurst 102510 13/10 7.5 14/10 L6 1.6
Bridge End 122946 17/10 2.8 17/10 301 0.9
Corney 115914 17/10 5.7 24/10 10.3 0.6
Wasdale Head 187085 16/10 0.8 14/10 g 0.6
Bootle 110878 18/10 3.5 26/10 4.7 0.7
Duddon 198882 18/10 0.2 14/10 2.1 0.1
Whicham 133824 18/10 2.1 14/10 2.3 0.9
Torver 285943 18/10 1.35 29/10 1.6 0.8
Saltcoats 079972 18/10 L6 18/10 174 0.3
Black Cocmbe 132832 24./10 5ol 24/10 4.0 .
Black Coambe 136855 24/10 -3 24/10 12,5 0.6
Black Coombe 143872 24/10 15.6 24,/10 19.8 0.8
Stoneside Hill 147894 24/10 147 24/10 9.2 143
Mean 0,82

% Worked back to 11th October using five-day half-life,




Figures 9 snd 10 give spot values of I131 in herbage in millimicro-
curies per square metre of ground for samples collected between Qctober
13th and 28th worked back to October 11th using a five-day half-life, It
is possible to draw approximate contours of the levels of activity on
herbage, and the shape of these contours is Pound to agree well with those
obtained from the map of the activity of I131 in milk. In the region of
the Lancashire - Yorkshire border, where there are no herbage measurements, .
some account of the I131 in milk contour is taken in drawing the herbage
contour, The eastern parts of the 10 and 100 millimicrocuries per square
metre contours are conjectural. On the assumption that the fallout of
Cs137 was proportional to that of I131, the level of Cs137 in milk fram
the collecting centre at Driffield quoted above can be used to deduce
that the I131 fall-out in the East Riding of Yorkshire was in the range
10 ~ 100 mpe/m2., It is known from results of air semples (Stewart and
Crooks 1958) and from gamma monitoring, that little activity reached
County Durham and the North Riding, but the levels in the West Riding
were comparable with, but lower than those in Lancashire,

3.2.2 Qther activities in herba,ge

After sufficient time had elapsed for the I131 in herbage to decay
to & neglipgible level, the following gamma-emitting isotopes were
identified. The energies and half-lives of the different nuclides are
taken from Strominger et al (1958).

(1) cerium Observed gamma ray 140 Kev
Ce14 Half-life 33 days. Gamma ray energy 142 Kev
Cellly Half-life 285 days. Gamma ray energy 134 Kew

The observed gamma ray was predominantly Ceild as confirmed by following
the decay curve of one sample.

(2) Ruthenium Observed gamna ray 500 Kev
Ru103  Half-life 4O days. Gamma ray energy 498 Kev
Ru106->Rh106 Half life of Ru106 Gamma ray energy of Rh106
- 1 year 513 Kev

The observed gamna-ray was predominantly Rui03 as confirmed from the
decay curve of one sample. The absence of a gamma-ray at 624 Kev which
occurs in the spectrum of Rh106 at half the intensity of the 513 Kev
gamna-ray is further evide..ce that the observed line is due predominantly
to Rh103, although Cs137 peak at 662 Kev would partially mask the 624 Kev
peak,

(3) Coesium Observed gmﬁma ray 660 Kev
Cs137 Half-1life 33 years Gamma ray energy 662 Kev
(1) Zirconinm-Niobiuwn, Observed gamma-ray 750 Kev.
§£%§5 Half-l;ﬁe é? Qaya. Gamma~-ray energy 722 Kev
Half-1life 35 deys. Gamma~-ray energy (65 Kev

o



. In the results Zr95 activities are quoted, assuming that, at the
time of measurement, the Zr95 and NbS5 were in equilibrium. The ratio
of activities of Zr95 and Nb95 when in equilibrium iz 6:13.

Tables IX and X give a list of results for activities in herbage,
as activity per gram wet weight of herbage, and activity per square
metre of ground. For the Seascale herbage sasmples the series of results
given in Table IX for Rui03 and 106, Cs137, and Zr95 microcuries per
square metre are plotted in Figures 11, 12 and 13 respectively. The
activity of each of these elements falls sharply with time for the first
few weeks, followed by a gradual decrease in the decay rate., The Zr95
activity reaches an approximately constant level of 0,0025 pc/m2 which
is due probably to bomb-test fall-out®

The I131/Cs137 activity ratio in grass from Seascale is found to
decrease exponentially with a half-life of 9.5 days (Figurs 14). 1In
other words the I131 was disappeering from the herbage (by physical and
biological processes) at a slightly slower rate than the Cs137. Using
this empirical half-life on I131/Cs137 ratios in grass from other places,
it is found that the ratios worked back to October 11th were from 20-80
in the direction of the plume, and along Eskdale and Lengdale, but some
ratios of over 500 were found in other directions (see Table X). A
ratio of I131/Cs137 activity of 64:1 was found in a filter paper air
sample, which was in operation at Calder during the peak of the release
at 10 am on October 11th (Chamberlain and Dunster 1958).

3«3 Activity in soil

Samples of soil were taken on October 28th and 31st from six different
points from the fall-out ares, with herbage samples from the same area, Later
a control sample from Carlisle was taken. At each station ten sub-plots of
one square yard each were marked out within an area of an acre, The herbage
from these plots was cut and then a four inch diameter, four inch deep core
of soil plus matt was taken from the centre of each sguare yexd. Comparison
of I131 in the herbage and the soil plus matt (Table v;, shows that at the
end of October an average of 16% (with range 7% to 31%) of the I131 was in
the herbage. On the assumption (a) that originally 825 was in the herbage
(Table I;T, (b) that the activity per square metre in herbage decayed with
a five-day half-life and (c) that the activity per square metre of herbage
+ soil + matt decoyed with an eight-day helf-life, it would be expected that,
on October 28th, 34 of the activity would have been on the herbage.

* During October and November 1957 a total of 0,007 pe/m? of Zr95 in fall-out
was observed in rain water collected at Chilton Berks (Stewart 1958), a

. proportion of which would be retained by herbage, Morgan (1958) has found
the Sr89 content in permanent grass at Chilton from bomb-test fall-out to
be about 0.0025 pc/mc in each of the months September, October and November
1957 and most of this is ascribed to foliar uptake, 2r95 has a 40% greater
yield and 20% longer half-life than Sr89, These results suggest that
where the I131 fall-out from Windscale was low the Zr95 observed is due to
bomb-~test fall-out.

- 10 -
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TABLE ¥

Activity in herbapge and =oil‘

Location Seascale | Sellafield | Penmington | Corney | Boetle | ifillom [ Carlisle Average
Date 28/10 31/10 28/10 28/10 | 28/10 | 28/10 7/
Soil pc/m2 34 Bk 3.76 1,01 2.16 0.35 1.49 -
Herbage uc/m 0.70 0.68 0.077 0.20 0,16 0.33 -
I131 | Total pc/m L3l Ly Lo 1.09 2,36 0.51 1.82 -
55 in herbage 16 15 ) 8 31 15 - 16
Soil muc/mz 170 260 89 180 50 56 <15
Herbage mpc/m 39 - - 3k 29 13.4 -
Cs%37} Total mpc/m2 209 = - 214 79 69 -
¢ in herbage 191 > = 16 37 23 - 2l
o1 e Gl £0.6 180 11.5. 20,7 14,6 17.9 8.5
Herbage muc/n 0. 35 0.98 a1 0.19 0,20 0e 33 0.05
8r90 | Total muc/m 61.0 181 hy 26.9 1,5 18.2 8.55
% in herbage 0.6 0.5 1.0 0.9 sk * 148 .6 1.0

a_

Including the matt of live and dead roots with the soil.




The Cs137 activity in the soil is also shown in Table V. It seems that
the fraction of Cs137 in herbage is higher at this date than the fraction of
I131 in herbage, even though some of the Cs137 in the soil is due to bomb-
test fall-out (probably less than 15 m c/m2).

Also includcd in Table V are the results of Sr90 measurements made at
Wloolwich on the same samples (Bryant et al. 1958). The low proportion of
Sr90 in the herbaje relative to that in the soil indicates that most of the
Sr90 in the soil is not associated with this incident.

Discussion of results

4.1 Foliar contamination

The results of the comparison of ectivity im herbage and gemma dose-rate
(Table IV) and of activity in herbage and in soil plus matt (Table V) show
that initially a high proportion of the I131 was deposited on the herbage.
The degree to which metabolic processes enhanced the radiocactive decay of
activity from the herbage is not clear, but there is no evidence at all of
apprecisble translocation fram soil to herbage, at this time of the year,

4.2 Relative activities of I13%1, Cs137 and Sr89

In Table VI are given the absolute and relative values of I131, Cs137 and
Sr89 in herbage and milk at Seascale, and the relative activities in a filter
paper exposed at Calder during part of the release. The Sr89 figures for the
herbage and milk are quoted from Bryant et al. (1958) using a figure of 1.2%
for the calcium content of milk. The Sr89 level of 0.0008 pe/1 in milk on
13/10 was the highest observed at Seascale in the period following the accident.
The Calder filter figures are quoted from Chamberlain and Dunster (1958).

TABLE VI

Relative activities of I131, Cs137 and Sr89 in Seascale herbage and milk

Calder Filter Herbage activity Milk activity
Nuclide ; 2 : .

Date | Relative| Date | pc/m Relative | Date |pc/1 | Relative
I13 11/10| 100 13/10| 12.7 100 13/10 | 0.8 100
Cs137 11/10 2.6 13/10{ 0.18 1.4 | 28/10 |0.0016 | 2.6
Sr89 11/10 1.0 13/10] 0.024 0.19 | 13/10 | 0.0008 0.1

The relative amounts of these nuclides in the three types of sample are
in reasonsble agreement, but there is evidence that the activity of Sr89 in
herbege and milk was less than would have been expected if the deposition to
herbage and upteke by cattle had been as effective as that of I131 and Cat37.

- 12 -
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4.3 Veriation of deposition with distance.

The variation of I131 deposition can be followed in the approximate
direction of the main plure from the figures in Table VII, which have been
plotted in Figure 15, If the same decrease with distance is assumed for the
Cs137 in milk as is observed with I131 for both herbage and milk, extrapola-
tion would lead to an expected level of about O.1mic Gs137/1 of milk at

Wellingborough. This can be compared with a figure of 0,05mit/1 obtained with

dried milk from Buckingham (see 3.1.2) at about the same time, Buckingham is

some miles off the centre of the plume.

TABLE VII
Variation of contamination with distance from Windscale
I131 Cs137
PO R o T T
on 11/10 on 11/10 on 8/11

Seascale 3.2 18,9 1.0k 209 1.4
Comﬁy. 15 10.5 0.52 214 14.6
Millom 28 I 0.5 69 3.7
Pennington 36 4.8 0.5 89 3,6
Oswaldtwistle 104 0.6 0.052 - -
Macclesfield 150 0. 14" - - -
Wellingborough 290 0.08% 0.007. - -

% Herbage only

L4 Correlation of milk and herbage activities

When the results for I131 in herbage are compared with the level of
activity in milk from the same area a correlation can be obtained between
the herbage sctivity and the milk activity. The median of thirty ratios
shows that 11 pe I131/sq. metre of herbage produced 1 pe/l of milk (Figure 16)¢
The spread of results is from 2 to 35 with a standard error of + 2 uc/m?2,

4.5 Total deposition

Integration of the areas between each contour of the maps of Windscale
end of England given in Figures 9 and 10 gives an indication of the total
amount of I131 which was deposited on herbage in Great Britain, The
geometric mean of the contoura has been taken for estimating the fall-out

- 13 -



5.

between contour-lines, The details in Table VIII give a total of zbout

11,000 curies. As the whole plume was not covered when taking herbage

samvles this figure can only be approximate. A further deposition of about
2000 curies car be estimated in the Irish Sea south of the Furmeass peninsular,
Stewart and Crooks (1958) give figures for the exposure of different towms in
Europe due to I131 from Windscale. Comparing these with the figures of deposi=-
tion on herbage shows that very approximately a further 5000 curies of I131 moy
have been deposited over the sea and in nortanern Europe giving a total figure
of sbout 20,000 curies of 1131 for the activity deposited from the Windscale
accident.

TABLE VIII

Estimate of total I131 deposited in Great Britain

Level of activity Area Assumed Total activity
myic/m Sq. Km, average curies
activi
mpc/)
> 10,000 30 15,000 450
1,000 - 10,000 4,.80% 3,160 1,500
100 - 1,000 16,200 316 5,100
10 = 100 123,000 31.6 > 3,900
Total >10,950

¥gxcluding contribution from deposition in Irish Sea southof Barrow.

Conclusions

5.1 Techniques

The versatility of the gamma-scintillation spectrometer has been demon-
strated by the measurement of the gamma-ray activity of mumerous biological
samples in many different forms and of widely varying specific activity. Ome
advantage which this method holds over conventional chemical separations is
the small amount of preparation required for samples,

Measurements of the I131 content of milk were made at Windscale using
crystals of one inch diameter and thickness, in conjunction with a single
channel analyser, This was found to be sensitive enough to measure activities
as low as 2 muc of I131 per litre of milk when using samples of about 500 cc.
The larger crystal which was used in Harwell (3" x 3") was found to be more
sensitive, and levels of 0,2muc/ml could be estimated using one pint of milk.
The five channel analyser provided a useful indication of the stability of the

apparatus.

The multichannel analysers were found to be essential when several gamma-
ray emitting isotopes were present in the samples. The large crystals (3" x 3"
and 4" x 21""? were necessery for measurement of activities in samples of low
specific activity but small crystals would have been quite adequate for samples
of soil and herbage collected near Windscale.

- Al -
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Owing, to the nature of the Windscale accident, that the predominating
release of activity was I131, gemma spectrometer measurements on milk with
a single channel analyser were satisfactory., However should an accident
occur in which the release was a normal fission-product mixture, it is
possible that other gamma-ray emitters (such as Ba - Lail40) would appear in
milk and a multichannel-analyser would be required for activity measurements,
Soil and herbage measurements would certainly have to be made using a
multichannel anslyser,

5.2 Results

Measurements of I131 on herbage quoted in Table IV, where they are
compared with the gamma dose-raté from the ground, show that initially a
large proportion of the I131 was deposited on the herbage.

Figures quoted in Table VI show that I131 and Cs137 behaved very
similarly in deposition from the air to herbage and in passage through the
cow to milk, at a point about two miles south of Windscale. Sr89 behaved
differently in the fact that less of it appeared in milk relative to the
amount disseminated but most of the difference appears to be due to a
lower rate of deposition of Sr89 from air to herbeage.

The rate of decrease of I131 and Cs137 in herbage and milk with distance
from Windscale appears to be similer as shown in Table VII. Even at a
distance of about 200 miles from Windscale, evidence from the Cs137 content
of dried milk shows that the ratio of Cs137/I131 in milk was very similar to
that nesrer to Windscale.

Contour meps of the I131 in milk (Figs. 5 and 6)show very similar fea-
tures to the contour maps of I131 per square metre of herbage. (Figs. 9
and 10)., An estimate of the total deposition of I{131 has been made from the
herbage contour maps, giving a figure of about 20,000 curies, This is in
good agreement with estimates of total relesse made by Crabtree (1958) using
the results of air sampling by Stewart and Crooks (1958).
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TABLE IX

Teizhts and activities of herbage cut at Parkers Sesscale

Fet wt %' 11 Ru1 03 + Ru106 ”5137 21_95 I1 > s 7 i i
Yee Date of
i PRI | o we/em | po/n® pc/gn | po/n® o/en | we/a® wie/am | we/m®
wet wh. wet wt. wet wt. wet wt.
uTMa 13/10/57 343 23 36000 12.7 660 0.23 520 0,18 81 0,028 7 3
18/10/57 1970 14 LOCO 7.8 96 0.19 100 0.20 47 0,093 38 3L
5300 10,5 14,0 0,27 105 0,20 20 0,039 51 Sy
19/40/57 1580 36 2200 3.5 85 0.13 &3 C.10 8.5 |0.013 5 82
21/10/57 1410 - 2100 2,95 81 .11 é6 0.0% 9.4 | 0.013 32 55
22/10/57 9%L0 35 2100 2.3 56 0.052 61 0,057 9.5 | 0.0088 Lo 38
23/10/57 1030 1A 3500 3.6 95 0.098 100 0.1 16 0.016 3 £0
21/10/57 555 33 3200 1.8 88 0.0L9 100 0.055 25 0.014 32 as
25/10/57 320 3 2600 0.83 & - = = = = = -
26/10/57 820 2% 4000 3.3 98 0.081 135 0.11 21 0.018 30 &
27/10/57 L0 29 3300 1.6 %0 0. 0lidy 120 0.066 37 0.018 27 &%
28/10/57 490 19 14,00 0,70 L5 0.022 53 0.026 1l 0.0069 27 92
28/10/57 5 25 1300 1.0 - - - = - - " .
23/10/57 386 3% 2200 0.86 95 0.038 100 0,039 21 c.co82 22 a
30/10/57 411 L8 1200 0.50 51 0.021 &1 0.025 12 0.0050 20 77
/10757 780 3 1140 0.88 - = = = -4 = 2, =
1/11/57 650 27 640 Culide 39 0,027 46 0,032 6.3 | 0.00L, 1, 22
4/11/57 L36 - 1450 0.63 7 0.031 87 0.038 3 0.0013 17 3
7/11/57 201 - 1100 C.23 73 0.015 95 0.013 18 0.0038 12 B
11/11/57 148 - 2700 0.32 240 0.028 340 0.0LO 8l 0.0098 8.0 75
14/11/57 119 - 1200 0.15 220 . | 0.026 150 0.023 L1 C.0063 Bk T
17/1/58 L2k - - - 9.7 | o.ccu 9.7 | 0.c0i 9.1 ¢.0033 - -
18/2/58 118 - - - 2k 0.0028 15 0.0C24 23 0.0026 - -
10/3/58 66 - - - 32 0.0021 L7 0.0031 14 0.0025 - -

- A




TABLE X
Spot sctivities of herbage out pear Windscale

Tet wk. %&. 3 Ra103 | 5,108 gat 37 295 13137
Tocstion e Dt 3
e Gollection | o/m2 5 mwic/egm | pei? | pue/m | pe/w? wuc/gm | po/m? wee/em | pe/u?
wet wt. wet wt, met wi. wet ws,

Drizg 052985 13/10/57 500 50 20000 10.1 420 o.24 450 0.245 78 0.035 LA
Zavengiass Junction 090967 13/10457 28L. LO 5900 2.8 240 0.06% 160 0. 0o L 0.013 81
Greenmoor Side 025055 13/10/57 241 29 14000 2.3 110 0.027 L2 0.0 28 L0059 330
Secierzet 14061 13/10/57 235 27 5600 1.3 53 0.012 23 0.0054 32 0.007L 2L0
Megicanz 080025 13/10/57 370 18.5 1350 0.49 38 0.C14 3,0 | o.001 26 0,055 45
Smaillownurst 1C2910 13/10/57 555 23 40300 5.7 300 .17 225 0.125 3.0 0.0032 LE
Tnitehaven 550183 17/40/57 1380 2 86 0.17 1 ©.027 <0.5 | <0.001 12 0,021 170
Rowrah QL3187 17/10/57 2540 17.8 17 0. 0Lty 12 C.031 <C.5 | <0.c01 11 C.028 >3,
Cravensiele Farn 09 T 17/10/57 1100 18 16 0.8 13 0.014 <0l | <C.0005 13 0.015 340
Gillertaweite Farm 130144 17/1C/57 1300 1.5 53 0.068 12 0.015 0.8 J.601 Fab .00 &6
Sreendale Farm 152057 17/16/57 L42 2 330 0.15 36 0,016 1.7 | 0.00075 22 C.CiC 190
Sscdale Green 143998 17/40/57 2230 1k 1020 2.3 32 a.072 1.4 | G.003 17 0.039 730
Enott EZnd 134976 17/10/57 1210 5.5 770 0.93 38 0.045 5.9 | 0.007 16 0.019 132
Bridize Znd 122946 17/10/57 1450 15.5 850 1.2 2 0.035 10.8  0.015 8.2 | o.n2 79
Corner 115914 17/10/57 1170 - 24,00 2.8 % D.41 a3 0.10 13 0.c15 27
irizg 058333 18/10/57 1220 - 3700 La5 190 0.23 230 0.28 15 0,015 2
Salicoats 078572 18/10/57 1160 - 1750 2.0 110 0413 140 0.16 5.0 | 0.006 16
Eaverigs 1567 18/10/57 720 - 740 053 110 0.078 8.5 | 0.006 2.0 | 0.015 120
Croft End 27912 18/10/57 515 25 190 0.099 8 0,004 <0.6 | <0,0003 79 0.0038 »320
Eoctle 110878 18/10/57 103C 18 1300 4.3 3% 0.037 3 0.032 a1 0,009 41
Tuddon Bridge 197532 18/10/57 760 17 100 0.077 i 0.003 1.4 | 0,001 Ls4 | 0.0034 70
Farsonage 133324 18/10/57 1040 13,5 760 0.79 19 0,019 2z 0,023 7.9 | 0.008 35
Torver 235343 18/10/57 1140 2 450 0,51 16 0.018 9.5 | 0,001 12 0,013 L70
Coniston 365988 18/10/57 660 17 ! 0.047 9 0.006 <0.6 | <0.0004 6.5 | 0.00&1 >120
Raven Crag LOO080 18/10/57 36 20 150 0,065 1 0.005 3.3 | C.00M4 5.4 | 0.0023% 45
Beyoud Coniston 302978 18/10/57 84O 16,5 3 .| c.o28 13 0,01 <0.6 | <0,0005 3.8 ! p.,0082 > 56
Corney 146919 28/10/57 1200 28 250 0.%0 - - 29 0,03k 24 0,029 847
1lom 4173850 28/10/57 950 15 350 0.33 - - 14 0.013 17 0.016 2
Bootle 082906 28/10/57 530 15 260 0u16 - - Ue 0.029 21 0.013 5.7
Seascale Golf Course 030020 15/11/57 525 - 2000 1.0 250 0.13 150 0,080 160 0,082 13
Braystones 016053 17/11/57 396 - Tl 0.029 12 0,0043 1.8 | 0.0007 7.3 | o.0028 14
Beckermet 021061, 17/14/57 189 - 150 0,028 115 0.022 1.9 040004 8.2 0,0016 e
Ponsaiby 053052 17/11/57 190 - 77 0.015 21 0,004 ket | 0.0008 13 0.0025 19
Lane Heed 042022 18/11/57 1120 - 780 0.83 57 0,06k 57 0,065 2,5 | 0.0028 1
ioss Side Wide 050026 18/11/57 253 - 260 0.056 32 0.008 4.5 | 0.0014 15 0.00kA 56
Calder Eridge QLLOES 18/11/57 5 - 3, 0.010 14 0400k 2,9 | 0.0009 8.5 | 0.0025 11
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