Contents of this Presentation:
A brief review of ionizing radiation.
Uses of ionizing radiation (devices, techniques, safety aspects) in
‘the field’.

A comparison between conventional burns (from heat) and burns
from ionizing radiation.
Safety conclusions.
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Electromagnetic radiation comes in tiny packages called photons.
Remember, those photons can be low energy or high energy, their
waves can be low frequency or high frequency.
Only the ones with frequencies from the top of the ultraviolet band
and higher have enough energy to ionise, or knock electrons off
atoms.
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There’s that incoming photon, knocking an electron out of orbit.
It could have come from an x-ray machine, from a bit of radioactive
material, or from the stars.
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That rainbow, made up of water droplets, with its visible red,
orange, yellow, green, blue, indigo and then violet light, is the
visible spectrum.
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Remember that ionising radiation comes from the stars, the upper
atmosphere, the ground and the air near the ground.
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Almost all our radiation exposure come from natural sources,
except if we need to be x-rayed, etc.
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The following are uses of radiation that can be found in the oil and gas world:
Industrial radiography - making x-rays of welds and pipes.
Nuclear gauging - checking the density or moisture content of the ground.
Well logging - determining the formation rocks underground, during or after drilling
Tracer studies - finding out if one well connects to another.
Frac sand - using sand to ‘prop’ open a formation that has been ‘frac’tured by high
pressure, & radioactive material to mark it, so its location in the formation can be
determined.
Materials analysis - using radiation to determine the alloy in a sample of steel, etc.
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There are a number of different designs of industrial radiography
devices.
Here are photos of some of them:
The device may be referred to as a:
‘camera’ (because you use it to get x-ray pictures).
‘projector’ (because it ‘projects’ a beam of radiation onto the x-ray film).
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The device is about the size of a lunch box, but weighs a lot more!
(70 lbs)
The little metal cylinders with openings on the side are called
collimators. More about them later…
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Here is a more modern device, in the field
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This drawing shows the parts that make up a typical radiography
camera:
The remote control - or winder
The remote control cable - inside its sheath, or tube
The connecting mechanism, or fixing joint
The exposure container, camera, projector, or source shielding box
The projection sheath, or head hose
The beam limiter, or collimator
It also shows the source in both the storage or safe location and in
the operating or exposed location (of, course, it can only be in one
of these positions at any moment!)
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Here is a photo of the same components, in the field:
Remote control, or winder, in the foreground,
Camera in the middle ground and
‘Delivery’ end of the head hose in the background, attached to the
pipe.
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Most times, the exposures require the end of the head hose to be
attached to the pipe, and the film to be located on the opposite side
of the circumference
The attachment, being temporary, is sometimes achieved with
elastic straps.

Note that the radiographers have their survey meter with them,
balanced on the pipe!
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The straps can be seen more clearly here
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Some more of the features are illustrated in this drawing:
A locking mechanism, with a removable key for security
Shielding inside the device, and
an “S” bend shaped storage location for the source, so that there are
no line-of-sight paths for the radiation to escape along, without
going through the shielding
This means that the radiation level outside of the camera stays
about 10,000 times lower than it would be it the source were not in
a shielded container – a very good thing!
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Here is a very basic radiography device.
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Here is a full-size model of that device, showing the “S bend”, the
shielding and the source and pigtail inside. It also shows the
shipping plug assembly, a device which is inserted through the front
end of the camera, to ‘lock’ the source and pigtail assembly in place.
This must be used whenever the camera is moved.
The shielding in an actual radiography camera would completely
cover the source location;
In this model it is ‘cut-away’ to allow you to see ‘through’ the
shielding, into the source storage location
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Here is a source, pigtail and connector.
Note that there is a stop ball on the end of the cable nearest to the
connector. This prevents the source from being withdrawn from the
camera towards the operator, which would increase the radiation dose
and rate to the operator.

The capsule assembly is a stainless steel cylinder, welded shut.
Inside it is another cylinder, also welded shut.
This ‘double-encapsulated’ assembly is then welded onto the end of
the flexible cable shown (this cable is also known as a ‘pigtail’)
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This view also shows the shipping plug assembly, a device which is
inserted through the front end of the camera, to ‘lock’ the source
and pigtail assembly in place. This must be used whenever the
camera is moved.
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Sometimes the radiographers use masking tape to hold the
collimator and head hose in place
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Here is a really good view showing the collimator, head hose and
film, all held in place with elastic straps
Usually the requirement to radiograph the weld on a pipe like this
means that three shots have to be taken, with the film and head hose
moved each time through a 120 degree angle, so all 360 degrees of
the circumference are recorded

Each exposure or shot may take anything from a few seconds to
several minutes, depending on the size (activity) of the source and
the thickness of the metal
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The biggest cause of injury or death is when the source somehow
becomes detached from the drive cable and is therefore not pulled
back into the camera at the end of the shot
This is why the radiographer must take a working survey meter
with him each time he returns to move the head hose after a shot
When he returns, he must check the radiation at the front of the
camera; only this technique can confirm the source is safely back
into its fully shielded position
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Radiographers may claim that the safety features of newer models
are such that this could never happen
All safety features are only as good as the maintenance…
The bottom line is that the check at the front of the camera must be
done every time, no matter what kind of device is used
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The pigtail assembly comes in a variety of sizes and shapes
The one shown at the bottom gives a clear view of the connector:
this is where the drive cable is inserted (from the side, then twisted
straight – it has a ball-shaped end that fits snugly into the recess
shown)
As the drive cable and pigtail are repeatedly connected,
disconnected and reconnected, the end may get ‘stretched’ out of
shape, allowing the pigtail to break free (usually when the source is
at the end of head hose, meaning the source would be left at the end
of the head hose, despite the fact that the drive cable is retracted.
This has happened many times (about once a year, on average), in
locations throughout the world, sometimes with deadly
consequences. (The radiographers did not detect the error, and
acted as if the source were in its shielded position)
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It is not easy to understand the differences between a thermal (heat)
burn and an ionising radiation burn, but it is essential to do so.
Pain is a great warning system - heat will cause pain, and the
natural reaction will be to move away from the source of the pain.
Ionising radiation will not cause any immediate pain, so the only
warning would be from a survey meter, or alarming dosimeter. The
pain will come later, after the damage is done.
In oil/gas plants, we might hire someone to measure the noise
levels. We would give that person a decibel meter. What if we
were to hire a deaf worker? Could he do the job? Yes, of course –
if he used the meter to locate the areas where the noise level is
highest. This is much the same as the situation with radiation. We
are all ‘deaf’ to radiation, and must rely on meters to determine the
safety of areas, and the locations of high readings.

25

Expect to find all of these items, or…
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…. The radiographer cannot be allowed to perform his work.
Need both a survey meter and a direct alarming dosimeter,
otherwise a sudden failure of the survey meter as the radiographer
approaches the camera would leave him without a warning system
Must have a second, or spare survey meter, or the sudden
breakdown of the only meter might result in the radiographers
being tempted to continue without a meter
Check for labelling on film badge / TLD / OSL as this ensures that
each worker is given their own, personal one
Must have a pocket dosimeter – this device is passive, meaning it
does not ‘alarm’ in high dose or dose rate situations. It looks like a
small metal tube, and a display inside can be read by looking into
the tube (ensure there is a bright background behind it).
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Placards on both sides and the back (i.e. three of them)
In this case, there were only two (nothing on the back) and they
were not internationally recognizable ‘diamond’ shaped placards as
used in the transport of dangerous goods (class 7 – radioactive
materials)
Also note that the camera is stored in the metal box in the back of
the pickup. This box must be securely bolted to the truck, so that
the camera is restrained in the event of a traffic accident.
The concern is not that the camera would get damaged and become
a radiation hazard, but that the 70 lb device would become a
projectile and cause injury or death!
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This picture shows how the radiation from the source shines
through the pipe, in the same way as it would through an arm or leg
(the flesh and bone).
In the arm or leg, we can tell (or the doctor can, if the image is hard
to see) whether the bone is fractured – in the pipe, we can see if
there is a flaw in the weld.
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The less material in the way of the radiation, the darker the film
becomes – this is why the flaws show up as darker parts of the
picture.
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The top row of images was obtained with a regular, visible light
camera, the lower row is a series of x-rays of the same items.
As you can see in this montage, there are details that show up with
an x-ray that would be difficult or impossible to see with a
conventional photograph.
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The next device is the moisture / density gauge, or nuclear gauge.
Here are two different models, made by different manufacturers.
The sources in these devices are much smaller (i.e. of much less
activity), than the radiography ones we just looked at.

Radiography sources can be as large as 100 curies, whereas the
sources in a portable gauge are only millicuries (i.e. a thousand
times smaller)
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Here is one of the common uses for these devices – checking the
compaction of the fill before the asphalt is laid on top.
First, a hole in the surface must be made, using a special tool to
produce a hole of the right size, and to help with the alignment of
the gauge over the hole. (The metal plate has a ‘footprint’ the same
size as the gauge)
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Then the device is placed over the hole and the handle is pushed
downwards to lower the probe into the hole.
At this point the radiation level from the device becomes lower
than before, as the source is further away from the operator and is
shielded by the ground now surrounding it.
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Here the operator is reading the results on the Liquid Crystal
Display.
Note that the area around work with one of these gauges must be
cordoned off.
This is not because the radiation level is high (remember it is
shielded when within the device by lead lining, and it is similarly
shielded when it is extended into the hole in the ground by the
compacted material around it), but because the device is otherwise
at risk from being run over by earth-moving, rolling or other
powered mobile equipment.
When one of these devices does get run over, it is often smashed
into the ground. Normally the sources are not damaged, but the
shielding may well be, and so both a radiation and contamination
survey would have to be performed – obviously a time-consuming
exercise, at the very least.
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The operator records the results, and this will enable to the engineer
to determine if the ground is compacted and moist enough to
proceed with the asphalting.
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Here’s how the device works:
When the source is extended into the ground, the radiation ‘shines’
through the compacted soil to a detector mounted in the bottom of
the device, not to give an image (like in radiography) but merely to
give an intensity result (the denser the ground, the less radiation
will get through).
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For determining the moisture content of the ground, there is a
neutron source mounted in the bottom of the device towards one
end, and a detector mounted in the bottom towards the other end.
Remember, neutrons are about the same size as protons – you can
think of the process as being similar to playing snooker, billiards or
pool. The water in the ground is composed of hydrogen (a proton
with an electron) and oxygen – when the neutrons hit the protons,
they ‘bounce’ off, causing ionizations, and these are detected. The
amount of moisture can then be determined by the level of
ionization at the detector.
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Here are both processes, shown together.
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Transportation again is a concern – not because it is likely that the
device will give any untoward radiation to anyone (this should not
happen, if the device is maintained properly, and the shutter on the
bottom is kept clean so it can close after the source rod is retracted),
but because a loose unit in the back of a pickup truck would
become a projectile in an accident.
To avoid this, one American company has produced this lovely
storage case, hinged at the edge and secured to the ‘deck’ of the
pickup storage area.
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Tilt it up (with the handle, inserted as shown).
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In contrast, here is a storage container as built for a less organized
area…
Note also the ‘non-standard’ radiation placard (very small, hard to
see from any distance, not like the international diamond-shaped
placard we already referred to)
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It was not bolted to the truck bed
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Just tied to the side with ropes…
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Again, the requirement is for three placards, and again only two are
mounted on this truck
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These devices used in some plants to measure the density of
materials within the steel pipe (obviously this cannot be done
visually)
The idea here is similar to the concept used to check glass soft
drink bottles in a bottling plant:
A light beam is mounted beside the conveyor belt along which the
bottles travel after being filled. It is mounted so that, if it shines
through to the detector on the other side of the conveyor without
passing through any liquid in the bottle, this indicates the bottle is
not full enough, and it is rejected.
The same process is required for soft drink cans, but of course a
light beam cannot penetrate the metal of the can, so instead an
ionizing radiation source is used.
In like manner, similar devices can be used in oil and gas plants.
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Here are two examples:
The left hand drawing shows a vessel with material inside it.
Obviously a drop in the level of the material will allow more
radiation to travel to the detector.
The right hand drawing shows a more sophisticated version, with a
number of detectors mounted vertically on the right hand side of the
vessel. In this case, the level of the liquid can be measured from
very low, through to low, medium, three quarters full, almost full,
full and too full!
Proper care of these devices means that their presence in a plant
should not provide any significant hazard - but of course, the
source must be shielded first, if workers are required to enter a
vessel to perform maintenance to it, so that they are not exposed to
radiation during their work
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Here is an example of logging in the desert. The work being done
in this photo is not radioactive logging – photos of this are harder to
obtain!
In radioactive logging, sources bigger than the portable gauge
sources but much smaller than the radiography sources are lowered
down the well.

During the insertion (or removal) process, all unnecessary
personnel are removed from the area.
The source is inserted into the logging tool using a remote handling
tool (distance is our friend), and of course once the logging tool is
lowered down the well, it is very ‘well’ shielded.
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This is a logging tool
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The principle of operation is similar to that of portable gauges:
Radiation from the source interacts with the rock formations and is
detected after these interactions.
The changes in the radiation received by the detectors allows the
engineers to infer the geology of the formation
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These graphs show typical results of logging the well
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As stated before, safety in this business is good if all the rules are
followed.
But the location and state of this sign, left in the desert where no
radioactive material was present, is a graphic reminder that not
everyone behaves as they should!
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Another technique is the use of frac sand.
When a well is getting ‘old’ and the production rate is decreasing,
improvements can be made by cracking, or fracturing the
formation, using high pressure, to allow more paths for the product
to travel though.
A slurry of liquid and sand is pumped down the well and the well is
pressurized. The formation is fractured, the sand and liquid goes
into the cracks, and, when the pressure is released, the sand holds
the cracks open, allowing the product to flow more quickly.
This device is used to introduce a small amount of radioactively
tagged sand into the slurry, so that, after the frac is done, a logging
tool can be used to determine the depth, extent and direction of the
fracture.
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The process involves a large amount of pipes, trucks, manifolds,
etc., and of course high pressures are hazardous.
In addition, if the frac goes wrong and the materials end up on the
ground, instead of under it, there would be some radioactive
contamination, and a clean-up would have to be organized.
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If this is done at some future time in an area near you, it will
certainly be noticed, because of all the big trucks!

57

Another use of radiation is the x-ray analyzer, or materials analysis
device:
This either uses a very small x-ray generating device (a bit like an
x-ray machine in a hospital, but much smaller) or a small
radioactive source to ‘illuminate’ a sample of steel or other
construction material

The device allows for essentially instant confirmation of the grade
or type of alloy.
Some years ago, in Fort McMurray (Northern Alberta, Canada) a
plant was built using materials which had not been checked with
one of these analyzers. The materials had been mislabeled, and the
plant eventually blew up – the metal used was not sufficiently
strong for the pressure to which it was subjected.
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Obviously these devices can pay for themselves very quickly!
As the radiation levels are so low, they do not present any real
hazard to operators.
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As we cannot see, hear, smell, taste or touch radiation, it is hard to
understand it.
This comparison, inexact though it certainly is, may help you to put
the risk in perspective, so you’ll know whether to run towards the
gas leak, or towards the radiography crew! (for example)
(I’d run towards the radiography crew – the result would be at
worst a very slight radiation exposure, whereas running in the
opposite direction, into the gas, could easily result in death.)
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Here are three very small sources:
On the left, a device sold over the internet to use ‘medically’ to give
yourself small static electric shocks. The usefulness of such a
‘treatment’ is dubious, but it seems unlikely to do any harm!
In the middle, a little girl tries out another static generating device,
with startling effects on her hair! Again, this will not do any harm.
On the right, a very small plastic disk (1 centimetre diameter) has
encapsulated within it, a small piece of radioactive material. The
material is big enough to show up on a sensitive meter, but will not
generate enough radiation to hurt anyone.
These three things are approximately equally safe
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The candle on the left would be quite harmless if placed on the
table and looked at. If you held your hand over the flame, however,
if could do harm quite quickly, if you were close to it.
In like manner, the rod of a portable gauge (this isn’t really a photo
of one, it is just a metal rod – but the portable gauge rod with the
source mounted on the end looks very similar!) is something we
don’t want to get very close to, when it is exposed.
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Here our heat source is a bit bigger – a barbeque… Putting your
hand a few inches above this would not feel good! (or do you any
good, either)

The logging tools we mentioned earlier (sorry, this is not a logging
tool being inserted, but photos are very hard to get!) would be a
similar hazard ‘strength’
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This flare (in Northern Alberta) is not hazardous from the viewing
point of the photographer, but if we were to get in a man-lift and
raise ourselves to the same height, we would want to be many
metres away.
Similarly, when the source is exposed during radiography, we
should be many metres away from it.
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Just like any other potentially hazardous ‘thing’,
It is the magnitude of the hazard that makes it so.
A small fire (like this birthday candle) has little potential to harm
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This fire is quite a different situation!
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Hopefully this analogy has helped you develop a better perspective
on radiation, compared to other hazards.
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Let’s go back and talk about burns some more.
Many people have heard horrible stories about burns from
radiation. These next few illustrations should help to put the
concept in perspective… by comparison to thermal (heat) burns.
Here is a branding iron. It is used on the very thick skin (or hide)
of cattle to ‘label’ them as owned by a particular rancher.
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Here is the cow, getting branded. The thick skin, or hide, makes
this experience non-dangerous for the beast. (I haven’t been able to
determine how exactly they feel about it!)
Our human skin, being much thinner, would react quite
differently… keep away!
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Note: the burn pictures which
follow on the pages after this
page are ‘graphic’ and become
increasingly so as the severity
of the burns illustrated
increases…
proceed with caution!
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This looks like a very painful burn – perhaps from getting too close
to the fire, or something in the kitchen
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This looks much worse…
(if you are like me, looking at this picture makes you cringe)
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The third degree heat burns here have literally cooked this poor
person’s legs.
(This makes me feel quite ill to look at.)
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This man found a radiography source lying on the ground. He
thought it must be valuable, so he picked it up and put it in his front
coverall pocket and took it home.
He then put it on the mantelpiece in his little house.
The radiographers did not notice that they had dropped the source,
and went home at the end of their work day. The next day, they
took the camera to another work site, and took some more pictures
(of course, this means they must not have disassembled the device,
or they would have noticed the source was gone). At the end of
their work day, they developed their films and found they were all
blank. Only then did they realize that they had lost the source.
The exposure to the man and his family continued, until the
radiographers starting asking around, and found out about the
family that was mysteriously sick
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As we have mentioned before, because this is not a thermal burn,
there is no real way to stop it (can’t use ice cubes to cool it down,
as it is not really hot)
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The white effect is the ointment used. The black is dead skin (akin
to charred, or cooked, in the thermal example of third degree heat
burns)
This man lived. The skin on his chest would not heal, so a graft of
skin from his thigh was used to cover the place.
When it healed, the graft became stuck to the ribs beneath, making
the man somewhat hunched over – he could never stand up straight
again.
The process (from exposure to recovery) took a year or more.
So… if you don’t know what it is – don’t pick it up. Don’t touch it.
Report it!
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This is another perspective on the risk of radiation:
Just over there, on the wall, there is an electric socket.
If you were to take a small screwdriver, and with your hand on the
blade, insert it into the live socket, you might well die from the
electric shock you would get.
So, should you run screaming from the room, to get as far away as
possible from the deadly sockets?
Or will you just follow sensible safety rules and accept that the
sockets are safe, in ‘normal’ use?

78

Remember, we are living beings.
Our bodies are used to growing up and living in an environment
where radiation is ever-present.
All potentially hazardous things are dangerous at very high levels.

At very, very low levels they simply have no effect at all.
And somewhere in between, at the level that our bodies are
normally exposed to, the effect of the ‘thing’ is not a hazard at all,
but a part of the stimulating process that keeps us alive!
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And the variations in nature are
quite large…

80

