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1. Background 
 
 In a recent report (Busby C, 2010 Health consequences of exposures of British personnel to 
radioactivity whilst serving in areas where atomic bomb tests were conducted. Composite 
report for the Royal British Legion, the RAFA and Rosenblatt’s Solicitors in response to 
Tribunals Service Directions Issued 23 July 2010 in respect of 16 named appellants) one of us 
(CB) examined the radiation exposures and subsequent health of the atomic tests veterans. In 
the course of the work which went into that report, it became clear that the assertion by the 
Ministry of Defence that there was no fallout exposure because the tests at Christmas Island 
only occurred when the wind was blowing offshore was suspect. This assertion is pivotal to 
the MoD/ AWRE case that the veterans were not exposed to fallout.  In the time available to 
prepare the report, it was only possible to briefly examine this assertion, but what was 
discovered was that historical meteorological data were available and could be employed as a 
basis for sophisticated computer modelling of airflows in the region of Christmas Island at the 
exact time of the various detonations using the US NOAA HYSPLIT program (Draxler, R.R. 
and Rolph, G.D., 2010. HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory) 
Model access via NOAA ARL READY Website (http://ready.arl.noaa.gov/HYSPLIT.php). 
NOAA Air Resources Laboratory, Silver Spring, MD. ; Rolph, G.D. (2010) Real-time 
Environmental Applications and Display sYstem (READY) Website 
(http://ready.arl.noaa.gov). NOAA Air Resources Laboratory, Silver Spring, MD.) 

Since then we have employed HYSPLIT and historical weather data to examine the 
main nuclear tests at Christmas Island. We have also looked at what is known about the effects 
of nuclear tests on local air mass movements (Glasstone 1957, 1964, Glasstone and Dolan 
1977) and the extent of the fallout area from ground zero. In addition we have interviewed by 
telephone a number of living veterans who witnessed the tests including crew of aircraft which 
flew through the plumes. The main outcomes of these investigations are presented here.  
 

2. The Tests: Summary 
  
- a series of 6 tests were carried out  from Nov 57 - Sept 58.  
- there were essentially two different types of tests:  
           1) 4 large Thermonuclear explosions 800kt - 3 Mgt, offshore, medium altitude  
           2) 2 smaller Atomic devices 24-25 kt, onshore, low altitude.  
- two different types of location - onshore low altitude, and offshore/inshore air bursts.  
- tests in different seasons: one in April, five between August and November. This is relevant 
since in this area the prevailing winds in the aurumn are SEly but these shif to NWly in the 
Spring (Trade Winds).   
- all tests were held in the morning.  
- civilian and military personnel were located in different parts of the island for different tests, 
and in addition  air force and naval personnel conducting surveillance roles in the region.  
  
Investigations have included:  
   - weapon test locations - position, altitude and terrain (internet sources plus eye witness 
reports and geographical plots of the HYSPLIT particle dispersion results).   
   - weapon information - size, type, features (internet sources plus eye witnesses)  
   - initial explosion features and blast effects - (reports and videos of each test)  



   - potential sources of radiation and fallout  - local, medium and long range (Glasstone 1957, 
Glasstone and Dolan 1977).  
   - prevailing weather conditions for each test (analysis using NOAA HYSPLIT, historic 
records and weather maps in Admiralty Pilots and Ocean Passages for the World HMSO 
1974).  
   - eye witness reports of plumes, blast and fallout including rainfall plus short  and long term 
health consequences. 
 

3.  Grapple X 
 
Date:  8 November 1957, 17:47 UTC (07:47 local) 
Type:  Air drop @2250m  
Yield:  1.8 Megatons  (expected 1 Mt)  

Grapple X was Britain's first truly successful 
thermonuclear bomb test in that the design yield was 
successfully reached. This was Britain's first megaton-
class explosion, showing that the UK had achieved 
mastery of H-bomb design. The test was to be 

detonated over the uninhabited far end of Christmas Island to save money and time. The island 
was a coral atoll atop an extinct volcano.  Source and video at:  
( http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=121 ) 

With the experience and knowledge gained from the first Grapple trial, the scientists had 
developed a new hydrogen bomb design with a 50 percent more powerful fission primary 
stage and a simplified thermonuclear secondary. Grapple X was dropped and detonated over 
the southern end of Christmas Island on November 8, 1957. The two-stage thermonuclear 
bomb exploded with a force of 1.8 megatons. This was close to being the real hydrogen bomb 
Britain wanted, but used a relatively large quantity of (expensive) highly enriched 
uranium. Thus the fallout will have contained significant quantities of enriched Uranium. 

The explosion did some collateral damage to the island, resulting in demolished buildings and 
damaged infrastructure. This damage was due to the high yield of the test, which was not 
expected. Grapple X was spectacularly successful, exceeding the predicted yield of one 
megaton almost by 100 percent. Britain became a true thermonuclear power with the 
detonation of Grapple X.  (wiki source:  http://en.academic.ru/dic.nsf/enwiki/248213 ) 

NOAA HYSPLIT wind tracks and fallout dispersion 
Prevailing low level winds in November 1957 were blowing from East or South East.  
However, prevailing high level winds above 8000 metres above the central and eastern Pacific 
are from the West.  The initial blast and shock wave would disperse material outwards from 
surface zero in all directions up to 20 miles at ground level.  Then for the first 4 hours 
prevailing winds carried low level nuclear cloud material along the west coast of the Island 
(see charts on next 2 pages).  However  between 6000-8000 metres there was a slow moving 
transition zone between easterly lower and westerly upper winds stayed over the island for 3-4 
hours. 

 

http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=121
http://en.academic.ru/dic.nsf/enwiki/248213
http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=121


The fireball from a 1 megaton explosion reaches 7200 metres (4.5 miles) in 1 minute, forming 
a mushroom shaped cloud in the Troposphere and continuing to rise to 5-10 miles after 8-10 
minutes in the Stratosphere.  If it is burst near the surface of water up to 100,000 tons of water 
will be converted into vapor (Glasstone, 1957).  At 7000+ metres the ambient temperature is -
50C.  Water vapor condenses and freezes creating a column of could and debris that falls back 
to earth while the upper cloud is dispersed in high level winds, descending in cooler regions.  

Eye witnesses reported torrential rain showers between 30-90 minutes after Grapple X and all 
the other Grapple tests.  Based on the HYPSLIT dispersion charts and upper wind directions 
over Christmas Island on the morning of 8 November 1957 this rain was likely to be from 
water and debris in the column formed out of the nuclear cloud and will contain large 
quantities of Tritium and Cartbon-14. According to Glasstone 90% of local radiation risk is 
from fallout from the nuclear cloud. 

Officially Grapple X was detonated about 2 miles off the south west of the Island.  Some 
reports refer to it as “over” the southern tip of the island or to the south east.  If it was near or 
over the island debris would have included land and beach debris.  If it was detonated further 
east of the reported site the same dispersal tracks apply but going up the centre of the island 
contaminating all areas. Operation planners would have had full wind data from sea level to 
high altitude. 

Grapple X 

 
 
 
Grapple X 
HYSPLIT Dispersion - +1 hour 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
Grapple X HYSPLIT  
Dispersion +2hours 

 

 



 
 
 
 
Grapple X 
HYSPLIT  
Dispersion  +3 hours 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
Grapple X 
HYSPLIT Dispersion - +4 
hours 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
It is clear that even without any effects due to the inrush of air from the bomb itself, fallout is 
dispersed over the western part of the Island and at 3-4 hours will have crossed the northern 
camps and airfields.

 

 



Grapple X  
 

 
Date: 17:47 UTC 08/11/1957 
Type: Air drop @2250m 
Yield: 1.8Mt 
 
 
Grapple X 
HYSPLIT Trajectories 
Upper winds (6800-7800 
metres) for fireball and  
main plume, zero to 4 hours 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



4. Grapple Y 
 
 

 
Date:  28 April 1958 18:00 UTC (0800 local)  
Type: Air drop officially 2350 metres, or lower. 
Yield: 3 Megatons 
 
Internet reports: 
Grapple Y was the second successful test of the new 
improved thermonuclear bomb design which 
achieved a huge three megaton yield. Video at: 
http://www.sonicbomb.com/modules.php?name=Con
tent&pa=showpage&pid=122 

Grapple Y sought to develop a more efficient thermonuclear bomb based on the successful 
Grapple X design. Like Grapple X, only one detonation was conducted during Grapple Y. The 
bomb was detonated off Christmas Island on April 28, 1958. The bomb achieved a yield of 
three megatons and was the largest British nuclear test ever conducted. Arnold,Lorna, Britain 
and the H-Bomb, (New York: Palgrave Publishers Ltd., 2001), 174.]  
The Grapple Y design was notably successful because the majority of the yield came from 
thermonuclear reactions instead of fast fission yield from the uranium tamper making it a true 
H-bomb by any standards, and because the yield was exactly as predicted indicating that its 
designers understood what they were doing. (http://en.academic.ru/dic.nsf/enwiki/248213 ) 
 
Explosion factors 

 

Grapple Y is particularly important as the largest potential 
source of local and regional fallout from British nuclear 
testing, both because of its size and the lower than planned 
detonation altitude. 

According to Glasstone 1957 the fireball from a 1 megaton 
explosion reaches its maximum size (1.4 miles in diameter) 
after 10 seconds and an altitude of 7200 metres (4.5 miles) 
in 1 minute, forming a mushroom shaped cloud in the 
Troposphere and continuing to rise to 5-10 miles after 8-10 
minutes in the Stratosphere.   

 “If a nuclear bomb is exploded near the surface of the 
water, large amounts of water will be vaporised and carried 
up into the atomic cloud. For example if 5% of the energy 
of the 1 megaton bomb is expended in this manner, about 

100,000 tons of water will be converted into vapor.”    At 10000+ metres the ambient 
temperature can be -35C falling to -70C at 15km.  Water vapor condenses and freezes creating 
a column of cloud and debris that falls back to earth (local fallout) while the upper cloud is 
dispersed in high level winds, descending in cooler regions (world-wide fallout).  Where large 

 

 

http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=122
http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=122
http://en.academic.ru/dic.nsf/enwiki/248213
http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=122


amounts of sea water have been vapourised and the explosion is followed by a period of heavy 
local rain Glasstone refers to “rainout” as a special category of fallout. 

Veterans report that Grapple Y detonation was delayed due to fusing problems, leading to a 
low level air burst just above sea level, well below the intended air burst altitude of 2350 
metres.  The blast was reported to vaporise part of the inshore coral reef, with high 
entrainment of sea water and seabed material.  Glasstone’s figures would need to be adjusted 
for Grapple Y’s 3 megaton yield. 

/..2 
Wind and weather factors - NOAA HYSPLIT wind tracks and fallout dispersion 
Grapple Y was the only UK nuclear test on Christmas Island held in the early part of the year.  
This offered potentially safer prevailing winds from the north east.  But, like the other tests, 
wind directions varied widely at different altitudes with different fallout risks for civilian and 
military personal on land, sea and air in the region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Prevailing low level winds on 28 April 1958 varied depending on altitude from East at 500 
metres, South East at 1750 metres (approximate initial detonation height), through North East 
above 2000 metres, to North West above 15500 metres.  Prevailing high level winds (up to 
20000+ metres) in the central and eastern Pacific are from the West. These affected local and 
region fallout patterns. 

NOAA HYSPLIT wind modelling can investigate probable wind and dust tracks from specific 
locations up to 315 hours. But it does not simulate the local wind changes caused by the blast 
effects of a large nuclear explosion within 30 miles / 50 km.  These need to be added from 
official and eye witness reports of the test series. 

In 1957 Glasstone reported that the initial blast and shock wave would disperse explosion 
material outwards from surface zero in all directions for at least 20 miles from a 1 megaton 
explosion (Glasstone 1957). Grapple Y was 3 megatons and the blast caused structural damage 
30 miles north in the Main Camp area.  Glasstone reported these general patterns of fallout 
from nuclear explosions: 

 

Glasstone illustrated typical radiation dose rate contours for local fallout levels for a megaton 
surface blast in his figure 9.63a below. Grapple Y was a 
low level air burst 3x more powerful. 

The early blast wave from Grapple Y can be seen in this 
picture at detonation looking towards the Island from 
the South East.  The video from the north east of the 

 



ground zero shows a series of blast waves spreading over the whole island.  

Officially Grapple Y was detonated about 2 miles off the south west of the Island (chart from 
Clare et al. AWE 1993).  In this photograph it appears to have detonated off the south or south 
east coast, not the south west corner as indicated in a different chart. This will have caused a 
greater dispersion over the island. 

 

 

Some reports refer to it as “over” the southern tip of the island or to the south east.  If it was 
near or over the island debris would have included land and beach debris.  If it was detonated 
further east of the reported site similar NOAA dispersal tracks would apply but going up the 
centre of the island contaminating all areas. Grapple Y mission planners would have had 
full wind data from sea level to high altitude. 

The NOAA HYSPLIT charts show low level dispersion up to 4 hours after detonation and 
wind tracks (trajectories) at higher levels and for longer time periods. 

 After the initial blast if prevailing winds re-established themselves they would have carried 
low level nuclear cloud material along the west coast of the Island 
 



 

 

 

Grapple Y: 
NOAA HYSPLIT Dispersion 
chart  

28 April 1958 
Sea level to 1800 metres. 

+ 1 hour  
   (to 19:00 UTC). 

( But the true location 
seems to have been north 
east of this position) 
 

 

 

 
 
 
 

 

 

Grapple Y: 
NOAA HYSPLIT Dispersion 
chart  

28 April 1958 
Sea level to 1800 metres. 

+ 1:40 hours  
   (to 19:40 UTC). 

 

 

 

 

 



 

 

 

Grapple Y: 
NOAA HYSPLIT 
Dispersion chart  

28 April 1958 
Sea level to 1800 metres. 

+ 3 hours  
   (to 19:40 UTC). 

 

 

 

 

 

 

 

Grapple Y: 
NOAA HYSPLIT 
Dispersion chart  

28 April 1958 
Sea level to 10,000 
metres. 

+ 3 hours  
   (to 2100 UTC). 

 

 

 
 

 
 

 

 



5. Grapple Z: Pennant and Burgee 
 
Grapple Z series background: 
 
With a nuclear testing moratorium quickly approaching, Grapple Z was conducted at 
Christmas Island in the summer of 1958. This was a four-shot series and the largest of the four 
Grapple trials. Grapple Z sought to develop lighter nuclear warheads as well as weapons that 
were "radiologically hardened" meaning they would not pre-detonate if exposed to radiation 
from other nuclear weapons. Two of the tests were fission devices tested for development of 
the primary stage of a two-stage device.  
The first shot, codenamed Pennant, was detonated on August 22, 1958. Rather than being 
dropped by an aircraft, the bomb was suspended from balloons. Pendant had a 24 kiloton yield 
and used solid fusion boosting with lithium deuteride. [Arnold,Lorna, Britain and the H-
Bomb, (New York: Palgrave Publishers Ltd., 2001), 174.]  
The next shot, Flagpole, was airdropped over Christmas Island on September 2, 1958. It was a 
smaller version of the bomb exploded at Grapple Y and exploded with a yield of 1.2 
megatons.  
This test was followed by Halliard 1 (September 11, 1958) an unusual three-stage bomb with 
two fission components and one thermonuclear component which achieved its predicted yield 
of 800 kilotons and was radiologically immune despite not using boosting.  
The final test was Burgee (September 23, 1958), another balloon shot which was fusion 
boosted with tritium gas and achieved a yield of 25 kilotons.  
Grapple Z was the last atmospheric nuclear testing trial conducted by Britain.[Arnold,Lorna, 
Britain and the H-Bomb, (New York: Palgrave Publishers Ltd., 2001), 174.] The result of it 
was that Britain had demonstrated all of the technologies needed to make a one megaton H-
bomb that weighed no more than one ton and was immune to radiation from nearby nuclear 
weapons. 
Location for the two atomic tests 
 

According to Fig 3.1 from Clare et all, AWE 
1993 ground zero for the two atomic tests - 
balloon rounds - was 1 km from the south east 
tip of Christmas Island.  According to another 
chart it was approximately 5 km inland nearer 
the centre of the southern peninsular.  The 
difference is important for mapping potential 
fallout on the island. 
 
This photograph, probably of the Pennant test, 
confirms the inland location of these balloon 
tests with the atomic cloud drifting to the right 
(north west, see following charts). 
 
An eye witness assigned to ground zero 2 

hours after both tests reported that they were both at the same location. 
 
-- 

 

http://en.academic.ru/dic.nsf/enwiki/699306


  
Pennant 
 

Date:    22 August 1958  18:00 UTC (0800 local) 
Type:    Balloon @ 450 metres  
Yield:    24 Kilotons 
 
The first shot of Grapple Z was codenamed Pennant. 
Rather than being dropped by an aircraft, the bomb was 
suspended from a string of four vertically-stacked 
barrage balloons. Pennant had a 24 kiloton yield and 
used solid fusion boosting with lithium deuteride.  
 

Video at: http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=312 
 
Although the two atomic tests were much smaller than Grapple X and Y they were still 
slightly higher yield (24 kt) than the bombs used at Hiroshima and Nagasaki (20 kt), and 
detonated at slightly lower altitude (about 450 metres/1500 feet instead of 550 metres/1850 
feet).  These low air blasts therefore sucked up smoke, water and debris from the island 
surface and lagoons adding irradiated material to the fission products of the explosion.  
Glasstone reports a 20 kt atomic cloud rising to 5-10 miles depositing local and long range 
fallout. 
 
Wind and weather factors - NOAA HYSPLIT wind tracks and fallout dispersion 
NOAA HYSPLIT wind trajectories for 22 August 1958 indicate low level winds from the East 
but with significant variations at local level carrying most of the fallout offshore, but highest 
concentrations inshore along the whole western coast.  However NOAA HYSPLIT 
concentration charts from sea level to 10000 metres suggest that upper portions of the atomic 
cloud appear to have travelled up the western side of the island for 4-5 hours.   
 

Total fallout quantities may have been 
lower than the Nuclear tests.  But reports 
of rain across the island soon after the 
Pennant test had serious implications. 
 
“.. special circumstances might arise in 
which there would be appreciable local 
fallout even with an airburst.  If there were 
to be rain at the time of, or soon after, the 
explosion, the raindrops would carry down 
with them some of the radioactive 
particles.”   
(Glasstone, 1957). 
 
Left:  NOAA HYSPLIT trajectories for 
particles from the Pennant test on 22 

 

 

http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=312
http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=312


August 1958, 18:00 UTC (08:00 local) starting at 100, 1500 and 5000 metres, tracks over first 
4 hours. 
 
But the following NOAA HYSPLIT dispersion charts show a core area from the test 
location travelling over the island before blowing offshore. 
  
 

 
 

Grapple Z - Pennant: 
NOAA HYSPLIT 
Dispersion chart  

22 August 1958 
Sea level to 10000 
metres. 

+ 1 hour  
   (to 19:00 UTC). 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
Grapple Z - Pennant: 
NOAA HYSPLIT 
Dispersion chart  

22 August 1958 
Sea level to 10000 metres. 

+ 2 hours  
   (to 20:00 UTC). 

 
 
 
 

 

 



 
 
 
 
 
 
Grapple Z - 
Pennant: 
NOAA HYSPLIT 
Dispersion chart  
22 August 1958 
Sea level to 10000 metres. 

+ 4 hours  
   (to 22:00 UTC). 

 
 
 
 
 
 
 
 

Burgee  
 

Date:   23 September 1958  
Time:   18:00 UTC (0800 local) 
Type:   Balloon @ 450 metres 
Yield:   25 Kilotons 
 
Burgee was fusion boosted with tritium gas and 
achieved a yield of 25 kilotons. The device was 
hoisted to altitude by four balloons.  It was the 
last UK atmospheric test and signified the end of 
operation Grapple. 
 
Video at: 

http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=125 
 
Like Pennant the detonation of a relatively low level air burst over land would have picked 
additional debris to add to the fallout cloud.   
 
Wind and weather factors - NOAA HYSPLIT wind tracks and fallout dispersion 
NOAA HYSPLIT modelling indicates that wind conditions and dispersion patterns for Burgee 
on 23 September 1958 were similar to those a month earlier for Pennant. Prevailing low level 
winds were mainly blowing from the East (red line in chart below).  But higher level winds 
from 10000 to 16000 metres (fireball and upper atomic cloud levels) were blowing to the 
north west - straight over the peninsular and above the west side of the Island.  Early low level 

 

 

http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=125
http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=125


fallout would have covered most of the west side of the peninsular.  Condensing water vapour 
/ ice from the column would descend as precipitation.  From eye witness reports some of this 
rainout reached ground level on the island.  Local fallout was a fan shape from the coast to the 
west, see charts. 

 
 
 
 
Grapple Z - Burgee: 

NOAA HYSPLIT Trajectories 
for 23 September 1958 
Ground level to 10000 metres. 

+ 2 hours  
   (to 20:00 UTC). 

 
 
 
 
 
 
 
 
 
 
  

 
 
 
Grapple Z - Atomic tests Pennant & Burgee       
 

 
 
 
 
Grapple Z - Burgee: 

NOAA HYSPLIT Trajectories 
for 23 September 1958 
Ground level to 10000 metres. 

+ 30 minutes 
   (to 18:30 UTC, ). 

 
 
 
 
 

 

 



 
 
 
 
Grapple Z - Burgee: 

NOAA HYSPLIT Trajectories 
for 23 September 1958 
Ground level to 10000 metres. 

+ 1 hours  
   (to 19:00 UTC). 

 
 
 
 
 
 
 

 
 

 
 
Grapple Z - Burgee: 

NOAA HYSPLIT Trajectories 
for 23 September 1958 
Ground level to 10000 metres. 

+ 2 hours  
   (to 20:00 UTC). 

 
 

 

 



  
 
Grapple Z - Burgee: 

NOAA HYSPLIT  
dispersion model 
 
for 23 September 1958 
Ground level to 10000 metres. 
- perspective view of Christmas Island 
and potential local fallout from north west. 

+ 1 hours  
   (to 19:00 UTC). 

 
 
 
 
 

 
 
 
 

Interim conclusions for Grapple Z :Pennant and Burgee 

1)  Pennant and Burgee were the two lowest yield shots of the UK’s Grapple Z series but since 
they were over land, low airburst explosions they irradiated and sucked up hundreds of tons of 
terrestrial soil debris into the atomic cloud to add to fission products from the explosion in 
local fallout. 

2)  Eye witness reports of rain showers in the centre of the island soon after both atomic tests 
may have come from condensing water vapour and ice in the explosion columns or from local 
blast effects causing lower level condensation clouds.  Either source would imply radioactive 
contamination in the rain including Tritiated water. 

3)  The NOAA HYSPLIT dispersion charts for both tests indicate that local fallout travelled 
north west close inshore along the west coast of Christmas Island.  Charts for both tests 
indicate that low level fallout would have affected the western side of the peninsular.  After 
Pennant the low level dispersion continued close inshore up the island.  After Burgee low 
level concentrations headed further offshore due west 

4)  Upper wind tracks for Burgee from 10,000 to 16,000 metres (fireball and mushroom cloud 
altitude after 30 minutes) headed north west across the length of the island.  Hopefully higher 
local fallout during this period may have been carried offshore when prevailing winds re-
established after disruption from the initial blast wave.  But in the first 1-2 hours after 
detonation this could have created significant local precipitation.  AWRE staff may have 
measured radiation levels from these rainfall events. 

 



5)  Shipping to the west and north west of Christmas Island would be in the highest local 
fallout zone. 

6)  The HYSPLIT dispersion model used for this exercise was limited to data up to 10,000 
metres.  The trajectory model operated up to 20,000 metres and indicates that most levels of 
contamination from these two atomic tests headed to the western pacific, except for a stream 
around 15,000 metres from the Burgee location that headed north east. 

7)  The HYSPLIT models do not represent lateral (crosswind) dispersion from the blast wave 
that occurs in the first hour from large nuclear explosions.  This radius would be smaller for 
the two low yield tests than for the larger Grapple series nuclear shots.  But a 20 mile blast 
wave from ground zero into the Bay of Wrecks (the east coast of Christmas Island) would 
have then blown north west across the whole northern end of the island. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 



6. Grapple Z - Nuclear tests Flagpole & Halliard              
 
Grapple Z series background: 
With a nuclear testing moratorium quickly approaching, Grapple Z was conducted at 
Christmas Island in the summer of 1958. This was a four-shot series and the largest of the four 
Grapple trials. Grapple Z sought to develop lighter nuclear warheads as well as weapons that 
were "radiologically hardened" meaning they would not predetonate if exposed to radiation 
from other nuclear weapons.  These notes concern the two nuclear tests - Flagpole and 
Halliard. 

Flagpole (left), was airdropped over Christmas Island on September 
2, 1958. It was a smaller version of the bomb exploded at Grapple Y 
and exploded with a yield of 1.2 megatons. 
This test was followed by Halliard 1 (September 11, 1958) an 
unusual three-stage bomb with two fission components and one 
thermonuclear component which achieved its predicted yield of 800 
kilotons and was radiologically immune despite not using boosting.  
Grapple Z was the last atmospheric nuclear testing trial conducted by 
Britain. The result of it was that Britain had demonstrated all of the 
technologies needed to make a one megaton H-bomb that weighed 
no more than one ton and was immune to radiation from nearby 
nuclear weapons. 
 
Location for the nuclear tests 

 
Two different surface zero locations are mapped for the Grapple series nuclear tests (see chart 
on page 9).  They are both 1-2 miles offshore but 4 to 5 miles apart.  In view of prevailing 
south easterly winds this difference could have made a significant difference to the amount of 
local fallout and radiation that affected the whole south west side of Christmas Island – 
whether it fell onshore or offshore. 

According to Fig 3.1 from Clare et all, AWE 1993 ground zero for all the Grapple nuclear 
tests was 2-3 km off the south west tip of the island.  According the other map it was offshore 
the south cost.  This second chart was more accurate with the balloon tests ground zero so this 
location has been used for the NOAA charts here.   

At 1.2  and 0.8 megatons the blast, radiation and local fallout radius of Flagpole and Halliard - 
was many times larger than the balloon tests - typically 20+ miles for a 1 megaton device 
according to Glasstone.  These blast footprints covered the southern two thirds of the island 
and would have widened the crosswind spread of the plumes calculated by the NOAA 
HYSPLIT models.    

The altitudes of these air drops were slightly higher than the levels reported for Grapple X & 
Y.  Air burst altitudes are chosen to maximise ground blast effects. Reflected blast and after 
winds would have suspended or vaporised several thousand tons of soil and sea water to 
descend in wind or rain as local fallout (Glasstone). 
 

 

 



Flagpole 
 
Date:   2 September 1958 17:24 UTC (7:24 local) 
Type:   Air drop @ 2850m  
Yield:  1 Megaton (1.2 Mt?) 

Flagpole was dropped on the morning of September 2 
from a Valiant piloted by Bill Bailey and exploded at 
an altitude of 2850m, it missed the target by 86m. 
The maximum diameter of the fireball was measured 
as being 2590m.  

Three Canberra aircraft flew cloud sampling 
missions, one of these spending over 11 minutes in 
the radioactive cloud. The crew received radioactive 

doses of 100 mSv. 

Source and video link at: 
http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=123 
 
 
Wind and weather factors - NOAA HYSPLIT wind tracks and fallout dispersion 
NOAA HYSPLIT wind trajectories for 1700 - 1800 on 2 September 1958 up to 10000 metres 
were mostly from the south east - blowing parallel to the peninsular and west coast.  Upper 
winds varied more from the east up to 20,000 metres.  
 
 

 
 
 
 

Grapple Z  Flagpole 
 
NOAA HYSPLIT 
Trajectory model 
 
2 September 1958 
Winds at 17:00 UTC  
(same at 18:00) 
Shot time 17:24 
 
+ first 3 hours  
Altitudes: 100, 8000  
and 20,000 metres 
 
 
Grapple Z  Flagpole (continued) 

 

 

http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=123
http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=123


 
 
NOAA HYSPLIT 
Dispersion model 
Particle cross sections 
2 September 1958 
Winds at 17:00 UTC  
Actual Shot time 17:24 
 
+ 1 hour (18:00 UTC) 
Altitudes: 0 to 5000 metres 
 
 
Part of a 3 hour simulation. 
This shows potential low 
altitude (0-2000 metres) fallout 
dispersion running close up the 
west coast of the island. 
 
Another band of particles runs 
due west from 2000 to 5000+ 
metres, following the high level 
(18-20,000 metres) cloud 
trajectory on the previous chart.  
 

 
 

 
Grapple Z  Flagpole 
 
 
NOAA HYSPLIT 
Dispersion model 
Concentrations 
 
2 September 1958 
Winds from 17:00 UTC  
Shot time 17:24 
 
+ first 1 hour  
Ground level to 10000 metres 
 
This shows potential lower level 
fallout spreading up the west 
coast with higher levels going 
more to the west. 
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Grapple Z  Flagpole 
(continued) 
 
 
NOAA HYSPLIT 
Dispersion model 
Concentrations 
 
2 September 1958 
Winds from 17:00 UTC  
Shot time 17:24 
 
+ 2 hours  
Ground level to 10000 metres 
 

This shows potential lower level fallout continuing farther along the west coast with another 
band of particles at higher levels going more to the west. 
 
 
Flagpole was the third largest nuclear test in the Grapple series.  Although the nuclear cloud 
draws attention upwards the two main local fallout risks would be from low level irradiated 
terrestrial debris and vaporised seawater condensing in local clouds.  This stayed close to the 
island for 2-3 hours.  Higher level rainout from the cloud and column up to 10000 metres 
seemed likely to stay over the west coast for the same time until the upper cloud was blown to 
the west.  Early shock and blast waves were likely to affect the whole island.  Initial local 
fallout was likely to be concentrated along the western side of the island, subject to varying 
local conditions after the initial blast.  Shipping to the west and northwest of the island was 
also likely to be exposed to radioactive rain as well as dust. 
 
Grapple Z  Halliard 1 

 
Date:   11 September 1958 
Time:   17:49 UTC  (07:49 local)  
Type:    Air drop @2650 m  
Yield:   800Kt 
 
The main objective of operation Grapple had been 
achieved and the US were once again exchanging 
nuclear weapon design data with the UK. This 
meant that the testing of Halliard 3 was no longer 
required, the device was converted into Halliard 1 
and was the last air-dropped atmospheric test by the 
United Kingdom.   Source and video at: 

http://www.sonicbomb.com/modules.php?name=Content&pa=showpage&pid=124 
 
Halliard 1 was an unusual three-stage bomb with two fission components and one 
thermonuclear component which achieved its predicted yield of 800 kilotons and was 
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radiologically immune despite not using boosting. 
 
Wind and weather factors - NOAA HYSPLIT wind tracks and fallout dispersion 
 

 
 
 
Grapple Z  Halliard 
 
NOAA HYSPLIT 
Trajectory model 
 
11 September 1958 
Winds at 18:00 UTC  
Shot time 17:49 
 
+ first 3 hours  
Altitudes: 100, 8000  
and 16,000 metres 
 
Low level winds (red - 100 m) run slowly 
along the west coast of the island in 3 
hours.  

Medium level winds (blue - 8000 metres, 
26000 feet or 5 miles) headed more 
offshore. 

High level winds from 12 to 15000 metres (green - fireball altitude) swing back to run parallel 
over the west coast. 

This wind directions would suggest that low level fallout - irradiated terrestrial debris plus 
vaporised sea water - from ground zero and the 5-10 mile radius blast zone across the southern 
peninsular - would have blown along the west side of the island. This can be seen on the 
following charts. 
 
 
 
 
 
 
 
 
 
 
 
 
 

x 



Halliard   
 
 
 
Grapple Z  Halliard 
 
NOAA HYSPLIT 
Dispersion model 
Particle cross sections 
 
11 September 1958 
Winds from 18:00 UTC  
Shot time 17:49 
 
+ first 2 hours  
Altitudes: ground to 10,000 metres / 
33000 feet / 6 miles (maximum height for 
this model). 

Particles in the black zone (0 to 2000 
metres) 
would stay close to the coast resulting in 

low level fallout contamination. 

Particles in the blue and red zones (2-8000 metres) swing offshore. But the orange zone at 
10,000 metres can be seen folding over back towards the island. From 12,000 to 15000 metres 
(main nuclear cloud height) other trajectory charts show these running parallel to the shore 
along the coast for 3-4 hours. 

 

 

NOAA HYSPLIT 
Dispersion model 
Deposition chart for Halliard 
 
11 September 1958 
Winds from 18:00 UTC  
Shot time 17:49 
 
+ 3 hours  
 
This chart models likely highest 
quantities of deposition from Surface 
Zero to 10000 metres.  
 
It is likely to represent low level 
deposits from the black region on the 

chart above. However the high level trajectory of the Halliard explosion cloud appears to run 

 

 



along the same axis.  If so this was likely to be an additional source of fallout from the upper 
cloud, although material in the intermediate column may have been blown offshore. 
 
This chart does not include a wider cross-wind component of up to 15 miles / 24 km radius for 
an 800 Kt device (Glasstone shows a 20 mile cross wind radius for a 1 megaton explosion) 
likely to run parallel to the central deposition track on this chart.  The ultimate radius of the 
nuclear cloud would provide another measure for the cross-wind fallout risk, parallel to the 
central deposition track.  The following charts indicate combined dispersion factors to 
10,000m. 
 
Halliard   

NOAA HYSPLIT 
Dispersion model 
Concentrations for Halliard 
 
11 September 1958 
Winds from 18:00 UTC  
Shot time 17:24  (7:24 local) 
 
+ 1 hours  
Ground level to 10000 metres 
 
This shows the probable spread of fallout 
from Halliard in the first hour after 
detonation. 
 
The general pattern reflects the medium 

wind components blowing offshore as in the previous charts.  
However the highest low level deposition rates are along the coast, resulting in two diverging 
areas of fallout 0 one along the coast, the other offshore.  These can be seen emerging in the 2 
hour concentration chart below. 
 
 

 
 
 
NOAA HYSPLIT 
Dispersion model 
Concentrations for Halliard 
 
11 September 1958 
Winds from 18:00 UTC  
Shot time 17:24 
 
+ 2 hours  
Ground level to 10000 metres 
 

 

 



NOTE: These charts do not include the cross-wing area affected by blast 
or under the nuclear cloud rain and other fallout zone. 
 

Interim conclusions for Grapple Z: Flagpole and Halliard: 

1) Flagpole and Halliard were the last two nuclear tests in the Grapple series.  Both were 
reported as technically successful - for target location, altitude and yield.  Planners including 
meteorologists would have become more familiar with critical variables, including upper wind 
directions, from previous tests.  So it is hoped that fallout risks may have been minimised. 
 
2) Flagpole and Halliard were held in similar meteorological conditions near the equator, 9 
days apart.  This can be seen in similarities between their medium range wind tracks - across 
central and western Pacific and over south Asia.  So potential local fallout hazards were likely 
to be similar. 
 
3) NOAA concentration charts indicate potential fallout plumes only below 10,000 metres for 
both tests.  As with several earlier tests local fallout was most likely to occur along the south 
western coast of the island, with medium altitude winds more offshore to the west.  However 
these charts are not able to represent higher level fallout from the nuclear cloud above 10,000 
metres.  This has to be inferred from trajectories at higher levels.  So the NOAA concentration 
charts may show only the minimum likely contaminated areas. 
 
4) It appears that both Flagpole and Halliard could have caused significant local fallout both 
from low altitude and high altitude sources.  However medium altitude winds may have blown 
some precipitation and other fallout from high level nuclear clouds offshore to the west.  
Hopefully this may have reduced fallout exposure to personnel on the island but it would 
represent increased risks for naval personnel and civilians over large sea areas downwind of 
Christmas Island. 
 
5) One factor not represented in the NOAA models is the extent of local radiation and 
radioactive material within the local blast area of each explosion.  Some photos and videos 
show a mass of local dust or smoke plumes lifted by reflected blast and afterwinds across the 
whole peninsular. They looked like a forest but the area was flattened after recent tests.  Based 
on Glasstone’s Dose charts the area within 10-15 miles radius of surface or ground zero for a 1 
megaton device would have been highly irradiated.   
 
6) An extra factor needed for NOAA is to add an extra cross-wind component for airborne 
contamination from the main blast radius of the explosion.  The airborne dust from this area 
would then have blown up the island, parallel to the NOAA deposition track but potentially 
covering the whole island within 2 hours (based on times for the low altitude NOAA tracks. 
 
7) Another cross-wind component to add is the radius of the maximum width of the nuclear 
clouds for Flagpole and Halliard.  Precipitation (or melting ice) from the outer edges of the 
mushroom cloud seems to be a primary source of heavy precipitation reported by high altitude 
monitoring flights under the Grapple Y cloud. 
 
8) NOAA wind charts give an independent indication of approximate wind directions over and 



near Christmas Island for each test shot.  Whatever the prevailing wind conditions anyone 
within the blast radius or cloud radius of all the Grapple series tests was likely to be exposed 
to local fallout as airborne dust or in heavy rain.  Also when the fireball stayed close to, or 
passed over the island there may have been direct ionising, as well as thermal, radiation 
hazards. 
 
These are interim conclusions, based on NOAA data, references and eye witness reports.  
They can be revised subject to other sources of information, or expert interpretations about 
weather conditions for each test shot becoming available. 
 

7. Locations for the nuclear tests 
Alternate Surface Zero (SZ) locations for air drop nuclear tests are shown below from  
Janesoceania compared with Fig 3.1 from Clare et al, 1993.  Frequent low level winds in 
NOAA charts shown with arrows. 
 

 
 
Chart from http://www.janesoceania.com/christmas_about/index.htm 
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O SZ this chart  
Nuclear Surface Zero     
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http://www.janesoceania.com/christmas_about/index.htm


Locations balloons Grapple  Z: Pennant & Burgee 

 
By comparison with the balloon test photograph on page 1 this map from Janesoceania has 
more accurate ground zero data that the AWE sketch map from Clare et al, 1993: 
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8. Recollections of servicemen interviewed. 
 
It was assumed by AWRE that servicemen in other areas would be quite free from any 
radiation exposure above the natural background level, which happened to be low at 
Christmas Island. This assumption was based on the fact that all the tests were airbursts and 
therefore produced no fallout. If, however, the meteorologists got their forecasts wrong it 
remained a possibility that Christmas Island could be contaminated by 'rainout'; when the 
products of nuclear fission are brought to the ground by rain when it passes through the 
mushroom cloud. 
During the second H-Bomb test in April, 1958, Grapple Y, many men remember that the 
weather changed causing Pied Piper to be put into effect. Arthur Thomas recalls: 'Suddenly 
over the loud-speaker system came the order to get under cover quickly and to clear the open 
ground. Apparently the wind had changed and the fallout cloud was heading back to 
Christmas Island. I dashed to my motor vehicle and sat in the cab compartment, closed the 
doors and windows and remained there for half an hour. Every one else seemed to find cover 
eventually. Shortly afterwards, however, the wind direction reversed and the men were 
ordered back to their positions.  
There is evidence that 'rainout' did occur over some part of the island during the second 
April H-bomb test and if so the risk of exposure would have been extended to the six 
thousand servicemen whom the authorities believed to be in no danger at all. The late Bernard 
Geoghan was on board HMS Narvik, just off Christmas Island, during that test and 



remembered: That particular morning the cloud developed and developed and developed. It 
was absolutely enormous and eventually came right over the top of the ship. Then it started 
raining - it absolutely bucketed down - a real tropical drenching! We were all soaked to the 
skin and were very apprehensive. Here was this rain coming smack out of the nuclear cloud 
right over our heads, and inevitably everybody was pretty petrified about it. The men with 
Bernard Geoghan were reassured that the rain had not contaminated them, but if it had come 
straight out of the nuclear cloud it must have brought some of the radioactive fission products 
with it. Many of these, the alpha and beta emitters, would not have been detected on their film 
badges.  
Captain Glen Stewart was the co-pilot of a Shackleton on shipping patrol during the same test: 
The explosion set off a line of thunderstorms, below which we were forced to fly to Christmas 
Island. There was torrential rain which entered the unpressurized aircraft like a sieve. It 
turned the only available detector, a small rudimentary device on the captain's lapel, 
immediately to the wrong colour. On landing the aircraft was scrubbed down for days, if not 
weeks, to rid it of contamination.Captain Stewart's experience has not affected his health. 
Today he flies Jumbo jets for British Airways. That it did rain after the second April H-
bomb test is confirmed by a meteorologist on the island (who has asked to remain 
anonymous as he still works for the government). He remembers that after the blast 
there was some hot rain which mostly fell into the sea but some of which landed on 
Christmas Island: men were ordered to lie under vehicles to keep out of it. After Grapple 
Y the men sat on huge tarpaulins placed on the beaches: should it rain, they were expected to 
crawl underneath. Fortunately for them the need did not arise.  

If the rain which fell during the test carried the fission products of the nuclear 
explosion, a large number of men would have inadvertently been put at risk. Much of the 
island's life involved the use of sea water: men washed and swam in it; they drank water 
distilled from it, and they ate fish caught locally. After rainout all these activities could have 
exposed them to radioactivity, both externally and internally. When washing or swimming 
tiny radioactive particles may have entered the body without being monitored at the time, and 
fish may have ingested particles brought down by rainout which could have lodged in the 
bodies of those who are them without being detected on monitors. Major James Carman has 
been with a party which had caught over 150 crayfish on a fishing expedition, and the crayfish 
were prepared for a dinner to celebrate the opening of a new officers' mess. As he relates it: 
'Out came the crayfish on big dishes and everybody ate them. I was talking to the Nuclear 
Biological Chemical Division Officer. His job on the island was to take a background count to 
check the radioactivity - he'd been out there almost a year and he had never had a reaction on 
his geiger counter at all. This night half way through the party, he said, "Well I've got to do 
my background count", and he did it with great ceremony. He had to go out and leave the 
party. And I said, "Bring the damned thing in here!" So he did - and for the first time he got a 
reading on it.' The reading came from the remains of the crayfish.  However, Gieger counters 
will not have detected Tritium nor Carbon-14 nor Uranium or Plutonium, all of which will 
have been in the rainout from the bombs. 
 
Joe Pasquini was Sniff Boss flying as Observer in Canberra's during the tests. He reported 
Black Rain under the Grapple Y cloud. Black rain was reported from Hiroshima.  Possibly it 
was water contaminated with uranium oxide particles. 
On 29 Sept Joe sent this description of Grapple Y: 



 
We were flying around the cloud at 45,000 ft, a friend of mine was flying the PR Canberra 
that took the ‘official’ photo at 43,000 ft and Eric Denson was flying at 47,000ft. As the Ball 
started rising it became obvious that the air above it was not parting to let it through, but that 
it was being lifted. I could see a lenticular cloud above the ball. This is called the Wilson 
Cloud effect, and was being caused by high pressure forcing the microscopic water particles 
in the atmosphere to develop into water droplets, they in turn reached their Dew Point and 
condenses into visible cloud as a layer above the Ball. 

The rising Ball was causing a vacuum to develop underneath it. This caused multiple columns 
of dust to rise from the Southern tip of the island. They looked like Manhattan skyscrapers. 
They never reached the mushroom stem. But there was an orange haze present where the Ball 
had past. We flew under the Ball to measure the width of the stem at 45,000 ft in clear air, 
when without warning we were pelted with rain. All my Radiation Measuring Instruments lit 
up ‘like a Christmas tree’. It last for just under 30 seconds, and I estimated that the band had 
been 3 nautical miles wide. Once we flew out of the rain the instruments went back to normal. 
There was plenty of Black Rain that day. 

Thirty minutes after the detonation we made a couple of cuts into the cloud to ‘test the 
waters’. In a nuclear detonation (or a Volcanic eruption) there is no Oxygen in the gases so 
we needed to wait for some mixing to occur. We didn’t know what the temperature was inside 
the cloud, so we kept a very close watch on each of the Jet Pipe Temperature gauges in each 
engine. The radiation instruments started to pick up readings while we were still 10 nautical 
miles from the cloud, and the Roentgen meter readings kept increasing the closer we got. 
Hitting the cloud, they all maxed out with the needles hard against he stop. The cloud was still 
very hostile, so Gledhill waited another 30 minutes before calling Sniff One in to Sample the 
cloud. 
  
Then on 30th he also sent this: 
  
Regarding the Black Rain we encountered, I suspect that the rain was falling  
in an enlarging concentric ring, and that we hit it a glancing blow. 
So we must have been right under the edge of the cloud. If we had cut into the ring 
- then we would have connected once going in, and twice coming out. 
I would suggest that the rain was falling from the entire EDGE of the cloud.  
We were flying in clear air at 45,000 feet when we encountered the rain. 
 
The cloud stabilised at a 60 mile diameter from about one hour to two hours  
after the detonation. That was when we completed all the Sampling runs then  
we returned to Base and Decontamination. 
  
Re Grapple Z this comment indicates that the cloud spread to at least 20 miles diameter: 
  
I flew through Grapple Zulu - Flagpole, as Observer in Sniff One. 
Can't tell you much about it because as we entered the Cloud, the instruments went haywire - 
and it triggered the worst case of the BENDS (Raptures of the Deep) that I have ever 



experienced. I was paralyzed for over a minute, then it took me another minute or so to be 
able to move. By that time we were already 20 miles inside the cloud. 
 
 

9. Conclusions 
  
1. First, the NOAA models show that at least for some of the tests, that contrary to the 
assertions of MoD and AWRE, there would have been dispersion of fallout and bomb material 
over Christmas Island, at least the western half. This was particularly true of Grapple X and 
Grapple Z Burgee and Pennant.  But blast effects far exceed prevailing winds for fallout 
dispersal in the first hour after detonation.  The vacuum resulting from the fireball causes air 
to be sucked into the centre of the explosion. If the fireball touches the sea then sea water is 
sucked in and large amounts of Tritium and Sodium-24 would be created by neutron 
activation. Further information is needed about the range of dispersal of fallout and other 
irradiated material within the local blast radius - up to 50 km / 30 miles – this is not factored 
into the NOAA models but is described by Glasstone on the basis of studies of US tests. 
 
2. Explosion altitude is important to the type and amount of water and debris sucked into the 
explosion vortex and so for differing levels and types of contamination after individual tests.   
 
3. Local winds at different altitudes vary up to 180 degrees from prevailing winds. In some 
cases these may have kept local fallout near or over the island for up to 4 hours.   
Nuclear fireballs rise rapidly about the test location to 50-80,000 feet, trailing a vertical 
column or stem of rapidly cooling water vapour or ice and explosion debris.  Therefore 
contamination scenarios need to be assessed for all levels of the nuclear cloud from sea to 
stratosphere.  The whole nuclear cloud including the column is a fallout source.  
Upper winds in the Central Pacific reverse direction in the upper troposphere.  In the transition 
layer (500-1000 metres) fallout from the nuclear cloud and stem/stalk may stay near or over 
the island for 3-4 hours. 
 
4. In the tropics, land and sea breezes are significant. As soon as it is sunrise, the island heats 
up and air rises over the hot earth drawing air inland from the sea. Thus the plumes which 
NOAA show travelling along the west coast will have been drawn inland at sea level by sea 
breezes.   
 
5. Most important for the exposures of the servicemen, reports of heavy rainfall with debris 
15-45 minutes after each test match Glasstone’s description of rainout.  This is from either or 
both of two possible sources   
(a) condensation clouds within the blast zone condensed by large fluctuations in pressure, 
temperature, humidity and precipitation.  
(b) delayed rain which may indicate precipitation from melting ice outside the collapsing stem 
of the nuclear cloud i.e. highly irradiated material which would include large amounts of 
Tritiated water.  
 
6. These factors may help to explain eye witness reports and provide a basis for requesting and 
re-assessing radiation and fallout data available from official sources. What is clear, is that the 



re-examination of the situation at the time of the tests with historical data and using 
sophisticated air modelling shows that the assertions of the MoD and AWRE that servicemen 
were protected from fallout because the winds were offshore are largely untrue. 
 
7. Finally, no records of any Tritium measurements are available, and it is possible that this 
isotope was entirely overlooked. Nevertheless, it remains a serious hazard since it will have 
contaminated food and water on the island and is also inhaled. As a low energy beta emitter 
Tritium will not register on any film badge nor will it be detectable with any Geiger type 
instrument or scintillation counter.  
 
Chris Busby 
Dai Williams 
Sept 30th 2010 
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