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APPENDIX A

. MEDICAL EXAMINATIONS AND

HEALTH QUESTIONNAIRE

Medical examination of prospective workers in impermeable clothing or in hot
ﬁ‘conditions is necessary, if only to exclude certain individuals who may be
wmore at risk from the effects of heat stress. But the work itself, apart

Eifrom the high temperatures, is often difficult or-in confined areas, and

- disabilities of the locomotor system, poor vision or auditory defects, and
psychological disturbance such as claustrophobia may be limiting factors.
Again some individuals have a gkin sensitivity to rubber of plastics, or have
difficulty. in breathing in respirators, etc., and so cannot wear protective
qlothing.
Two forms of medical examination are necessary. The first (a) will be

undeftaken by the Medical Cfficer beforg a man is assigned to a job which ma;

include werk in hot conditions or the wearing of impermeable clothing, and the

-second (b) is a briefer interview before any such taks is undertaken.

(A) At the pre-employment examination, note should be made of any
disabilities bearing on work in hot conditions and the necessary
.limitations imposed and the man's fitness for such work should be
re-assessed annually or after any prplonged absence due to accident

Lt

or sickness.

When the conditions are such that fhe advice of thé Medical Service is
necessary, the men concerned will require to be ofla high standard of
medical fitness and should have had special training in the work and
the work and ﬁhe wearing of any special clothing. Special tests, such

as an exercise tolerance test, are advisable for these nmen.
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The specific factors which will influence selection are :-

1

(i) Age Unless the individual is expectionally fit, 45 years is the
maximum age for work in hot conditions, and in no circumstances

should anyone over the age of 50 years be accepted.

(ii) Physique The man must be of good general physigque. If cbese and

overweight as determined by standard height and weight tables and by }

skin fold thicknéss (not greater than 1 inch) he must be excluded

from work in hot conditions.

Age and physique are probably nct of such importance for work in impermeable
clothing, though they must be taken into account. The following clinical
and psychological conditions, however, are of importance for fitness to work

in both hot conditions and in impermeable clothing.

- {1ii) Clinical Conditions

(a) The resting blood pressure should not be greater than 150/95.

(b) Cardiovascular disease, metabolic disease (eg thyrotoxicosis
or diabetes) and fainting attacks are a bar to such work. A
history of postural hypotension with a liabglity to faintness
after ?rolonged standing, heavy lifting oxr stooping will exclude,
since there will be a greater chance of heat syncope occurring.

(c) Chronic infection, in particular, sinusitis and otorrhoea, or

| ititis média, would exclude from employment unless and until

curative procedures have been carried out.

{q) Chronic respiratory disease will exclude.

(e) Any form of anaemia (haemoglcobin less than 90%) will require

investigation and treatment before acceptance.



{iv) Psychological Conditions. Anxiety states, phobias (such as

claustrophobia), or severer psychiatric illness will exclude

from such work.

When selecting the men, a questionnaire can eliminate those obviously
unsuitable for this work, leaving the remainder to be medically examined
for final assessment. By this means the numbers requiring examination

can be reduced and unnecessary examinations avoided.

An example for such a questionnaire (devised for general purposes rather
than specifically for work in hot environments, vet suitable for the

latter) will be found at the end of this appendix.

(B) At the interview, given immediately before any work is
undertaken in an impermeable suit or in hot conditions, guestions

should be asked of the individual's fitness at the moment.

This interview will be conducted by the Medical Officer or Station
Nurse (or in their absence by the Senior First Aider on duty), and
if there is any doubt as to the man's fitness he should be barred

from such work.

Conditions such as the following will definitely exclude him :-

Acute conditions such as upper respiratory infectiens, ear,
nose and throat infections, gastro-intestinal upsets;

A "hand-over"™ f£rom the taking of alcochol;

Lack of sleep or other cause of fatigue;

Skin conditions such as mérked acne, active psoriasis,

sun-burn;



Psychological stress, such as a recent bereavement, domestic
illness or upheawval, anxiety or depression;-

Disabilities of the locomotor system.

Note

Brief Exposure to Heat

In some situations the work to be undertaken will only require a brief
exposure to heat by personnel who are used to the work to be done. 1In
these situations medical examinations are unnecessary provided the
work period is less than 15 minutes and the temperature not more than
35% (95°F). The usual rest period must bé taken after each work

period.

oMM



HEALTH QUESTIONNAIRE

Please fill in the personal details below and. answer the health questions by puttiﬁb a
circle round the correct answer, or giving details where necessary.

. Date Proposed employment

Full Name ' Date of Birth
Address : Age

Present Occupation

Are you a Registered Disabied Person? - YES NO

if "Yes", what is your Disabled Registration Number

Are you in receipt of a disability pénsion from any source? YES NO
Are there any medical reasons why you should not do shift work? YES O NO

1f "Yes", what are the reasons

How much time off work have you had due to sickness or injury in the last 3 years?

weeks.

Have you ever been rejected for 1ife insurance? YES NO

Has a doctor ever told you that you suffered from:

High Blood Pressure? ' . YES NO
Angina or Coronary Ariery disease? ' YES NO
Heart trouble? ‘ ' ‘ YES NO
" Peptic, gastric or duodenal ulcer? _ ' - YES NO
Kidney or bladder trouble? YES" NO
biabetes? YES NO
Thyroid gland trouble? ' YES KO

Do you suffer from or have you ever suffered from:

Epilepsy? : YES NO
Fainting attacks or blackouts? YES NO
Nervous breakdown, anxiety state, depression or mental illness? YES NO
<% Paliomyolitis (Infantile paralysis) YES NO
Rheumatic fever? | | YES . NO
Yaricose veins? . YES X0
Héemorrhoids? YES NO
Tuberculosis? ' YE3 NO
Bronchitis or chronic cough? YES RO

Asthma? YES NO



Indigestion (for more than | week)? YES NO

Fibrositis, Rheunatism or Arthritis? YES NO
Lunbago, sciatica or slipped disc? YES NO
Dermatitis, eczema or other skin trouble? - YES NO
Do you suffer from a rupture (hernia)? YES NO
Do you suffer from any ear trouble? - YES NO
Is your hearing good in both ears? ' ' YES KO
Is your vision good in both eyes(with glasses if worn)? YES ND
Do fou wear glasses? : YES NO
.Is your colour viston thought to be normal ? YES NO
Are you receiving any treatment from your own doctor at present? YES N0 L
Are you suffering from any other disability or disease ? YES NO

If the answer to either of the above guestions is "Yes", give further details: -

Have you ever had an operation, or attended a hospital or nursing home for any accident
or illness either for treatment or investigation?

YES NO

If "Yes", give further details

Have you ever lived outside the British isles (apart from holiday abroad)?
YES KO

1¥ "Yes", where and when =

Have you ever suffered from any iliness contracted outside the British lsles (Malaria,
dysentery, etc.) YES X0

1f "Yes", give details - __

| declare the answers to the above questions to be correct to the best of my knowledge
and understand that the de]ﬂ;erate withholding of lnformatlon will be regarded seriously,

and | understand | may be requrred to submit to a medical examination.

A L2



APPENDIX B

CENTRAL ELECTRICITY GENERATING ROARD
SOUTH EASTERN REGION
ENGINEERING DEPARTMENT

PROJECT BRANCH

The Development of the CEGB VORTEX TUBE AND ASSOCIATED AIR HOSE

(with particular reference to the creation of micro-climates
for use with protective clothing assemblies)

By
John Davies

Summagx

This paper ocutlines a brief history of the Ranque vortex
phenomena including the historical development of the vortex
principle. The areas of theoretical analysis are given together
with references of practical application of vortex tubess

The development of the CEGB vortex tube is detalled with reference
to its application in the creation of micro climates associated
with protective clothing for personnel working in hostile
environments,

Complimentary to the use of the vortex tube the suggested design
-and performance characteristics of a compressed air hose with the
faclility to transmit communication signals and physiological
monltoring data is alse glven.

May 1977
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THE VORTEX TUBE

"The object of my invention is a method of automatically obtaining
from a compressible fluid (gas or vapour) under pressure a current
of hot fluld and a current of cold fluid that transformation of the
initial fluid into two currents of different temperatures taking
place without the help of any moveable mechanical organ merely
through the work of the molecules of fluid upon one another."

George Joseph Ranque (1931)
.French Patent No 646020

"While Ranques tube is finding a few isolated uses we have seen
that it cannot serve in installations of size where power
consumption is a consideration. For refrigeration in minute
quantities or for very occasional use where stored compressed
air is available, it is suitable. It remains one of the most
remarkable inventions of the century",

C P Fulten (1950)
Journal of the ASRE

1 INTRODUCTION

The great amount of interest attaching to the vortex tube is
readily apparent from the published research literature patents,
government and industrial reports on the perplexing thermedynamic
phenomenon on automatically obtaining from a compressible fluid
(gas or vapour) under pressure a current of hotter and cclder
fluid without the help of any moving parts. This physical
phenomenon displayed by the vortex tube is unique and unparalleled
by any other known phenomenon. Given a source of compressed air
or other gas the vortex tube affords the simplest and most direct
known means of creating heat and cold. The development of vortex
tubes capable of operating with sufficient efficiency and economy
has been the quest of many with a view to revolutionize the
fields of refrigeration, air conditioning, cryocgenics,
instrumentation and controls. The primary factor impeding its
widespread utilisation has been its low thermodynamic efficiency,
ie the high inlet pressure required to create the desired
temperature changes.

This report cutlines the historical development of the device
from its invention to early application, the areas of theorectical
analysls are given together with references to practical
application of the vortex tube and concludes with the development
of a vortex tube associated with the creation of micro climates

- for protection of personnel working in hostile environments.



THE INVENTION

On December 12 1931, George Joseph Ranque filed a French
patent on what is now known as the "Ranque tube', "Hilsch
tube", "Fulton tube", Vortex tube or the Vortex refrigerator.
He showed two basic designs. Fig 1, 2, 3 and 4. These
cshowed that the tangential entrance to the chamber could
consist of a single nozzle a plurality of nozzles on a set

of blades. He described how by adjusting the size of the
cold alr orifice or the restriction at the end of the hot
tube, one may obtain a small quantity of very cold air or a
larger quantity of moderately cold air. He mentioned that
the temperature of the hot tube reaches its maximum when the
end of the hot tube is entirely closed and that the more the
pressure of the air supplied the colder is the cold air. He -
mentioned of having measured the pressure distribution inside
" the tube.

The theory Ranque gave in the patent (later rejected) is as
follows: "The rotating gas spreads ocut in a thick sheet on
the wall of the tube and the inner layers of this sheet press
upon the outer layers by centrifugal force and compress them,
thus heating them. At the same time the inner layers expand
and grow cold. Friction between the layers is to be minimised
to which end the uniflow design is considered advantageous.
The sheet is envisioned as having a rather sharp inner
boundary the centre of the tube being filled with quiet gas.

In December 1932, Ranque applied for and was granted in March
1934 a US patent. Ranque (1933) also read a paper to the
Societe Francaise de Physique. Few details and no 1llustrations
are given in this paper and he offered an explanation of vortex
tube cooling different from that given in his patent and admitted
withholding further information for purposes of secrecy. Durlng
the ensuing discussion Brun (1933) dismissed Ranques discovery
on the grounds that he had confused static temperature with
total temperature. No reply was published, deliberately it is
thought to foster scepticlsm in order for further developments
to be made of the invention but this resulted in little success.

THE RE-DISCOVERY

Following investigations of wartime German developments Hansell
(1945) reported on the research of Rudolf Hilsch at Erlangen
University, who began investigations using the vortex principle
with a view to cooling underground mines and shafts. Although
this particular application was not successful he was able to
use the vortex tube as a substitute for the ammonia pre-cooler
in his laboratory air liquifying plant. A working model and



a thesis by Hilsch were taken to the USA and translated by
Esterman of the Physics Department, Carnegie Institute of
Technology. The thesis gave performance data and optimum
dimensions for the wvortex tube. Hilsch referred briefly to
Ranque (1933) as the source of the idea but he appeared to be
unaware of the patent. He arrdved nevertheless at exactly the
same design shown in certain of Ranques drawings. Because
Ranques work had been virtually unknown it was widely assumed
that Hilsch was the originator of the device and the name
"Hilsch Tube" gained headway. Hilsch's thesis, the model and
a paper by Milton (1946) started widespread attention and
interest in the USA. The extreme simplicity of the device
suggested that it might replace many of the more complicated
refrigeration appliances and a large number of investigations
were initiated and reported between 19546-1948.

. At the Massachusetts Institute of Technolegy six contributions
of importance (mainly experimental) were contained in the
following six thesis. Mayer (1947} and Green (1947) gave
overall performance data showing the effects of inlet air
pressure cold orifice diameter and nozzle diameter. The first
experimental results on the internal flow in a vortex tube
were glven by Reed (1947). He also included overall performance
and the effects of altering the tube configuration and suggested
that the vortex tube might be used to cool the cockpits of high
speed jet propelled aircraft. Further performance results were
given by Haddox (1947) and an attempt was made to vary the inlet
air temperature. Corless (1947) also gave overall data and
showed sediment flow pictures and the static pressure distribution
over the cold outlet plate. Fattah (1947) used a convergent-
divergent inlet nozzle and included overall performance data,
visual flow, pressure and temperature measurements on the
internal surfaces of the tube. In Canada, Johnson (1947) gave
general confirmation to Hilsch's work and gave brief results
when Co2 and H2 were used as the working fluid in place of air.

After the initial burst of enthusiasm research workers
continued to make about a dozen contributions a year and those
up untll 1953 have been presented by Westley (1954) in a
comprehensive bibliography of vortex tube publlcations giving
a brlef summary of their contents.

The objects of the investlgatlons can be c1a551f1ed under four
main headings:

(a) Explanation and theoretical prediction of the vortex tube
performance

(b) Experimental investigations of the internal flow in the
vorteX tube as well as the overall performance.

(¢} Modificatlions of the vortex tube configuration to increase
the performance.



(d) Investigations of practical applicationz of the vortex
tube to which the tubet's advantage of simplicity is
not over-ruled by the disadvantage of its high power
consumption.

IﬁEORETICAL ANALYSIS
The theories of Ranque and Hilsch are as follows:

Ranque (1931) states: '"The compressed external layers only have
a low velocity while the expanded central layers have the
greatest part of their energy in Kinetic form and rotate at

a very high angular velocity. In compressed fluids to a first
approximation the angular velocity of each layer is inversely
proporticnal to the square of its diameter.

. "It follows that such a distribution of velocities gives rise to
considerable friction between one layer and the next such that
if the layers are long enough a&n equilibrium will tend to be
established in which all the layers acquire the same angular
velocity. Therefore there is a centrlifugal migration of energy,
the central layers giving their velocity to the external layers".

Hilsch (1946) states: '"The air passing through the orifice has
been expanded in the centrifugal field from the region of high
pressure to the wall of the tube to a low pressure near the
axis. During the expansion it gives a considerable part of its
Kinetic energy to the peripheral layers through internal friction.
The peripheral layers then flow away with increased temperature.
If there were no internal friction the velocity of the air
would increase to a supersonic value in the expansion from the
circumference to the axis, sufficlent pressure ratio being
available. The internal friction is particularly effective

in this range of velocities. It causes a flow of energy from
the axis to the circumference by trying to establish a uniform
angular velocity acreoss the entire cross section of the tube".

Since 1946 writers of widely varying backgrounds have undertaken
to explain the theory of the vortex tube but with infrequent
success. This may be attributed to the fact that while the
device itself is extremely simple the processes occuring in it
are among the most difficult in gas dynamics.

Until the middle of 1947 explanations of the vortex tube process
had only been suggested in general terms and there was no
universal agreement or confirmation. The first important
theoretical work was given by Kassner (1947), his analysis
assumed that a free vortex was initially formed inside the



vortex chamber at the inlet nozzle and that it was converted
into a forced vortex as the air spiralled along the tube to the
hot outlet. By making various assumptions the velocity and
temperature in the resultant vortex was calculated. An estimate
was then made of the tubes performance and thls was compared
with Hilscht's results.

D-ter Haar (1948) stated that the process was simple adiabatic
cooling in passing through the pressure gradient caused by the
centrifugal field, but this simplification did not appear to
be acceptable. Burkhardt (1948) attempted to predict the
vortex tube performance without detailed analysis of the
internal flow, the theory being based on several plausible
assumptions and on an empirical obgervation from Hilsch's work.

Fulton (1948/a) reported on the energy migration in the vortex
. tube. He endeavoured to solve the equations for a three
dimensional compressible vortex which was subjected to viscous
or turbulent shear. Approximate solutions and expression for
the temperature drop across the vortex were given. Fulton also
stated that Kassner (1947) gave fewer uncertainties and
appeared to agree satisfactorily with his experiments. In
considering the overall thermodynamics of the Vortex Tube
Fulton (1948/b) pointed out that if the hot air from the tube
was wasted then the power required to drive a vortex tube
refrigerator would be of the order of 100 times that of a well
designed competing machine of conventional type.

Corr (1948) in following the work of Fulton gave a summary of
the work carried out at the GEC Research Division Schenectody
between 1946-47. The work investigated the effect on .
performance of inlet pressure, tube configurations and it _
was the first to give experimental results on the multi-nozzle
inlet chamber suggested by Rangues patent. Static pressure
measurements were taken at the hot tube outlet and cold outlet
diaphragm and when used as parameters for plotting tube
performance, revealed several interesting features. Attempts
were also made to investigate the internal flow using pressure
and thermocouple probes. Other aspects included the use of a
glass hot tube to observe flow lines on the internal wall, and
a spectograph analysis of hot and cold air samples revealed

no separation of the component gases. Humlidity measurements
indicated only negligible increase of water vapour in the hot
air. The report concluded that the company did not contemplate
any further work in this area, but research on the vortex tube
was resumed and reported on by Vonnegut (1949) and (1950) and
GEC (1950). ' A paper presented by Webster (1550) to the 45th
Annual Meeting of the American Soclety of Refrigerating
Engineer aroused some controversy on his explanation of the
vortex phenomena and it appeared that much of the previous
work was not generally known. Due to general ignorance of



the available references, Fulton (1950) re-asserted some
of the explanations given in 1948, and a comprehensive
bibliography by W Curly and R MacGee (1951} was published.

EUROPEAN DEVELOPMENT

After the publication of Hilsch's paper most of the vortex
tube investigations were carried out in America but from 1950
a number of contributions came from Europe.

One of the first attempts to use the vortex tube for a
practical application in the United Kingdom was given in a
report by the De-Haviland Aircraft Co ILtd (1950) and dealt
with the applicability of the principle for the cooling of a
Vampire cockpit when the aircraft was flying at low altitudes
in tropical conditions. Alr under pressure was to be supplied
" from the jet engine to the vortex tube. The. report gave
experimental data for tubes fitted with various inlet nozzles
hot tubes and cold cutlets and a tube was developed which
satisfied the initial cooling requirements. It was however,
considered inadequate to meet revised specifications called
for to increased amount of cooling alr. Elser and Hoch (1951)
described experiments in which various gases and gas mixtures
were used as the working fluid in the vortex tube. He recorded
the temperature drop and also analysed samples of gases leaving
the hot and cold outlets. Unlike Corr (1948) and Comassar (1951)
it was found that separation differences of about 1% could
occur between the hot and cold mixtures and it was concluded
that it was possible that the vortex tube was superior, or at
least equal- to other separating devices. Elser and Hoch (1951)
also tried to ascertain i1f a centrifugal field was necessary
for the Ranque cooling effect, A somewhat similapr but smaller
cooling effect was observed in the temperature distribution
across four parallel air jets when placed in echelon.
Williamson (1951) published some practical notes on the design
of a vortex tube and stated that an inlet chamber with multi-
inlet nozzles and with a diameter larger than the hot tube
diameter would give improved performance. The experimental
results are difficult to compare with those of other
investigations as the usual hot valve had been replaced by a
fixed orifice which had the same diameter as the cold outlet.
Sprenger (1951) gave an account of several mainly quantitative
but new experiments including the verification of Hilsch's
results and attempts at reducing the high noise level produced
in the vortex. In order to investigate this effect Sprenger
attached a tube containing lycopedium powder to the hot tube
and detected an ultrsonic standing valve. The tests also
included the measurement of temperature distribution along

a simple vortex tube which had no hot flow and was without

a cold diaphragm. Other novel features included the use of
temperature indicating paints, vortex tubes constructed from
celluleoid or paraffin blocks, compariscn of the internal flow
pattern when working fluid was air or water and the effect of
rotating the vertex hot tube whilst the inlet nozzle remained

- 10 -



at rest. The report also clted that previcus explanations of
the vortex tube did not appear to be completely satisfactory
and Sprenger {1952) suggests that the vortex tube ccoling and
heating phenomena was due to an ultrasonic effect which was not
solely restricted to circular flow. The heating and cooling
effects experienced in a modified Hartman type generator were
quoted as an example.

One of the best theoretical contributions on the vortex tube
was glven by Van-Deemter (1952). The paper comblned the
conceptions of Hilsch (1947) and Prins (1948) and pursued an
approach similar to that used by Fulton in which the temperature
distribution in the vortex was determined by the ratio of work
flux to heat flux but noted that the heat flux in turbulent
circular flow was not solely proportional to the temperature
gradient but included a term which was proportional to the

. radial acceleration.

Scheper (1951) presented data on internal flow and heat transfer
and stated that part of the energy transfer was in the form of
heat transfer from core to the wall stream due to the existence
of a high static temperature at the core boundary. Westley (1953)
described the results of tests to determine the effect of the
hot valve setting, the cold outlet diameter the inlet nozzle
size and the inlet pressure ratio's upon the temperature drop
ratio characteristics of a vortex tube. The results showed

that by matching the inlet nozzles and the cold outlet diameter
to the inlet pressure ratio, it was possible to obtain over a
wide pressure range a temperature drop which was 0.5 of the
isentropic temperature drop. This work was augmented by

Westley (1557) when additional performance data was given and
data sheets were presented as an ald to the estimation of the
performance of vortex tubes and to the design of vortex tubes
with given characteristics and in particular to the optimum
values of the vortex tube parameters which give maximum
temperature drop. Eckert and Hartnett (1957) was of the

opinion that there was a pumping of energy from the axis to

the outer periphery due to the turbulence in centrifugal field
and an increase in the static temperature from the axis
outwards. Purther the solid body rotation increased the total
temperature at the periphery and hence a large temperature
difference existed between the periphery and the axis. A
tapping near the axis gave out cold air. Scheller (1957)
reported high temperatures on the axis and lower on the wall,
the maximum difference being 16°C while it was noted a difference
of over 60°C between the diaphragm and the valve. Torochenshnikov
(1958) stated that a uniflow tube ought to give results better
than counterflcw, & fact already stated by Ranque and Fulton,
but noted that nobody had been able to develop a uniflow tube
which is over half as efficient as the counterflow tube.



Hadebol (1959) reported that the static temperature was lowest
at the axis and highest at the periphery of the core. However,
lower static temperatures at the wall had been reported by
some investigations. The vortex effect was also reported by
Gulyaer (1965) but adds little to the work already reported.

CTHER AREAS OF CONTRIBUTLON

Takahama (1965) suggested optimum values for effirient energy
separation. Parulekar (1968) postulated & new hypothesis to
explain the vortex phenomenon, but concluded that it would be
necessary to bulld up a mathematical model to represent the
physical pattern proposed. Takahama and Tinimoto (1974)
reported on previous work and in particular on the measurement
of energy separation of a vortex tube with a bend and found
a decrease of enhergy separation in the bent vortex tube with a
small radius of curvature.

SUMMARY. OF RESEARCH OF THE VORTEX PRINCIPLE

Several theories have been proposed to explain the working of
the vortex tube. Some involve only theoretical analysisz, some
are based on experimental lnvestigations while in some cases
the theoretical proposals have been verified experimentally.
Some present only a physical plcture of the phenomenon while
others try to present mathematical models. However, no theory
has so far explained the phenomena completely. Similarly it
is not possible to determine the optimum proportions of various
components of the tube on a thecretical basis not did it appear
possible to predict the performance of the tube for a given

set of inlet conditions. The contributions of Hilsch, Fulton
and Van-Deemter to the invention of Rangque are considered to
be the major contribution to the application of the vortex
principle and from the basis of the experimental .work of
considering the vortex tube as an energy converter for a
practical application of the vortex principle related to the
creation of micro climates is given in Section 9.

PRACTICAL APPLICATIONS OF THE VORTEX TUBE

Most of the early practical applications of the vortex principle
appear in the alrcraft or refrigerating industry in the USA.
Knoerschild (1948) reported on the application of the 'Hilsch
tube to Aircraft and Missiles'; this was the first report to

be concerned solely with the application of the vortex tube.
Vormegut (1949) made use of a novel application in which vortex



tubes were used to eliminate the aerodynamic heating errors

of free alr temperature thermometers in aircraft. Webster
(1950) on an application for refrigeration. Dornbund (1950)
issued a very detailed report of work under US Government
contract. Blaber (1950) reported briefly on a simple vortex
tube constructed of perspex. Rushkin (1952) on more elaborate
developments of the work of Vonnegut (1949), Packer (1952) work
being carrled out for the US Navy Department to develop the
vortex free air thermometer for use on aircraft over the range
of Mach number 0.3 to 0.95. Applegate (1952) on the use of a
vortex tube for cooling and pressuring an airborn 400 amp -

70 wolt generator.

Work in the UK appears to be limited to the cooling of the
Vampire Jet Pilot's cockpit by the De-Haviland Aircraft Co Ltd
(1950) and Westley (1953) on the application of the vortex tube
"to be ventilated suit cooling in aircraft. The disadvantdge of
the device was that it was not as efficient as the more
complicated refrigeration turbine and the latter had usually a
larger available temperature drop. Green {1958) was granted a
US patent for a Ventilated Suit Refrigeration Unit (Fig 4)
embodying the vortex principle and cited. Ranques American
Patent 1.952,281.

Alexander (1963) reported on the use of vortex tube cooling

for Wearers of Industrial Protective Clothing. US Atomic
Bnergy Commission Health and Safety Information Issue No 178
(1963)  claimed that this application of the vortex tube was a
key to major developments in the ventilation and cocoling of
protective clothing although no psychological data was included
in the report. Lienhard (1964) reported on Man Cooling by a
vortex tube device as a new method for personal protection of
workmen on hot jobs. This system utilised a 19cz vortex tube
device carried on a belt around the wearer's waist and operated
on standard industrial compressed air as the sole source of
power. It converted air at 6.8 bar and 50°C to a steady flow
at 18°C. This cool dry air was dispersed over the upper trunk
by perforated flexible tubing worn beneath ordinary cotton work
clothing of special benefit for work under conditions of high
humidity. The air was of breathing quality and may be delivered
into a fabric hood if desired.

For the same work under the same test environmental conditions
of heavy thermal stress use of the vortex tube cooling by
acclimatised men resulted in (1) sweat loss reduced threefold,
(2) total heart beat cost reduced by 25%, (3) rate of body
temperature rise reduced by 50%. The psychological benefits
by the means of cooling appeared to have been realised and
were worthy of further study.
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Fulton (1955 a & b) was granted US patents 3.173.273 and
3,208,229 relating to improvements in vortex tubes, Fig 5,

6, 7, 8 and 9, the former being filed in November 1962 and
relates more specifically to the design and construction of
vortex tubes capable of emitting colder and hotter streams
of gas operating more efficiently, being more compact and
more cheaply manufactured and being more readily applied to
useful purposes. The following development work is based on-
and around this design of vortex tube.

7

EARLY USE OF VORTEX TUBE FOR PERSONNEL PROTECTION IN THE CEGB

In November 1965 the requirements for protective clothing to
enable work to be carried out in hot environments was the subject
of a special study. It was concluded that clothing giving
"protection for prolonged periods in environments at temperatures
up to 60°C was advantageous. As no suitable equipment was
available commercially a clothing assembly was developed.

This assembly was to use the vortex tube coeling principle

for both cooling and breathing air Hodges (1967) details the
early developments of the assembly and includes detalls of
laboratory evaluation in an hot climatic chamber up to 80°C and
established the psychological parameters of a 'micro—climate
assembly' using the vortex tube cooling principle. For the
initial investigations vortex tubes manufactured by Fulton
Cryogenics USA and Vortair Engineering UK were used.

Performance data supplied by the manufacturers is shown in
Table 1. A set of curves relatlng to vortex tube inlet
pressures of 6.2, 5.17 and 3.4 bhar at respective flows of
.014, .012 and .008 Kgs is shown in Fig 10.
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TNLET

COLD FRACTICN

for Vortex tube (based on data from Fulton Cryogenicsg)

Figures in brackets glve temperature rise of hot air °c

&

PRESSURE
.BAR 0 ! o2 o3 .4 -5 o6 o7 -8 .9 __1.00
1.4 17.2 16,7 | 16.1 | 15.0 12.8 | 10,0 | 6. 2.2 2.2 | —8.3 |-77.2
(-17.2) (-13.9) (- 9.4) (- 3.9) (2.2) (9.4) (17.8) (27.8) (41.7) (64.4) (103.3)
2.75 33.3 32.8 31.1 29.4 26.7 22.8 16.7 10.6 3.3 - 3.3 - 17.2
(- 18.3) (-12.8) [{- 6.1) (1.7) (10.6) (21.7) (32.8) (47.2) (63.9) | (104.4) (160)
3.4 42,2 a1.7 40 37.8 33.9 28.9 22.8 15.0 6.7 - 1,7 - 16.7
5.5 48.9 48.3 46.1 43.3 38.9 33.3 26.7 18.3 2.4 - 0.6 - 16.1
(~ 19.4) (-12.2) J(- 3.9) (6.1) (17.2) (30) (45) (61.7) (82.8) |(120.6) ( 182.2)
6.8  53.3 52.8 50.6 47.8 43,3 37.2 30.0 - 21.1 11.7 0.6 - 15,6
( =20) (~12.2) [{- 3.3) { 7.2) (18.9) (32.8) (48.3) (66.1) (88,9} |(125) ( 185.6)
8.2 56.7 56.1 53.9 51.1 46,7 40,0 32.2 23.3 12.8 1.1 - 15
(- 20.6) (-12.8) [(- 3.3) (7.8) (20.6) (34.4) (50.6) (68.9) (90.6) |(124.4) ( 184.4)
9.6 60.0 59.4 5702 53.9 49.4 42-8 E 33-4 24-4’ 1303 1.7 - 13.9
(- 21.7) (-13.8) (- 3.9) (7.8) (21.71) (35.6) (51.1) (68.9) (89.4) ((121,1} ( 178.9)
TABLE 1 Temperature drop in % with feiated,cﬁla.ffédfidn




An investigation by Wilson (1968) on the Vortair duplex

tube confirmed a close linear relationship with this data

up to inlet pressures of 6 bar; 0.03 Kgs flow. Dunham

{1968) also undertook experimental assessment of the

Vortair tube to determine the performance characteristics

and concluded that the performance of the tube was typical

of this type of device but was very inferior to conventional
heat pump cycles. It was apparent however that there may be
specific applications where such disadvantages could be
outweighed by the small physical size and the low cost of
this particular design of vortex tube, in comparison with
manufacturers data showed lower temperature differences.

It was also reported that the tube emitted a loud high-pitched
whine when free standing and further noise attenuation will
possibly be desired. Northover (1972) assessed again the
performance of a Vortair tube to establish performance

over a range of operating conditions. These included
variations of air supply pressure in the range 6-12 bar

of ambient pressure at the tube cutlets from 1-2 bar and

of the moisture content of the inlet air from 0-10% by mass.
The results of these tests showed that the cooling potential
of the tube could be approximately doubled with an increase
of inlet pressure from 6-12 har and that the performance is
sensitive to the ambient discharge pressure. It was also
shown that the performance of the tube is virtually unaffected
by moisture contents of up to 1% by mass in the inlet air but .
that above this figure the tube progressively iced up in the
vortex generator regieon and thus ceased to function. Neal
{1572) showed quite good agreement with that, of vortex tube
tested by Northover (1972) when three vortex tube bodies and
ten generators were tested in every possible combination of
body and generator in order to ascertain the consistency of
performance over a range of inlet pressures between 6 and 11
bar. These tests showed that in this particular design of
vorEex tube the cooling capacity was generally within limits
of - 6% about the mean and that the mean cooling capacity
increases from 0.25 to 0.5kW over this range of inlet pressures
used.

FURTHER DEVELOPMENTS CF THE VORTEX TUBE

With the advent of man access penetrations into the Advanced
Gas Cooled Reacdtors (AGR) further development of the vortex
tube became necessary. Design changes were made to the
component parts of the Vortair Engineering Design and a duplex
unit was developed in conjunction with R B Turned Parts Litd.
The basic component changes were assoclated wilith the Hot valve
assembly as shown in Fig 11 and the vortex generator material
using nylon moulding in place of machined aluminium to maintain
consistency of performance. The noise from the hot valve was
also investigated and a combined noise muffler and adjusting
hot valve evolved.
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A series of investigations were undertaken which compared
stages of air control valve design and evaluated the
performance of the duplex vortex tube under atmospheric

.conditlons approximating to those expected in service.

A test rig as shown in Fig 12 was constructed and consisted
of an air compressor with assoclated air filters and water
jacketed air cooler supplying air to the bench mounted
assembly. An air pre-heater was used for the performance
tests which heated the inlet ailr temperature to 50°C.

(Thls approximately simulated the estimated heat pick of
the air flowing in the line to the micro-climate assembly).
The air then passed through a flow meter pressure reducing
valve and pressure gauge before entering the vortex tube.
Ta measure the relative humidity of the incoming air a slow
bleed of air was passed through a chamber containing a wet and

.dry thermocouple arrangement and a thermocouple also measured

the temperature of the main inlet air.

As the vortex tube is subjected to the elevated environmental
temperature to represent this condition the tube under test
conditions was mounted in a 60° centigrade temperature
maintalned chamber. A flow meter measured the total air
output, and thermocouples monitored the hot and cold air
temperatures. To simulate the restriction imposed by the
man cooling distribution system the cold ocutlet air is
connected to a ventile suit assembly worn by a manikin model.

PRINCIPLE OF OPERATION OF THE. CEGB VORIEX TUBE

This section outlines the design and performance characteristics
for vortex tubes of single and duplex generator arrangement.'
Fig 13 shows a cross section of a vortex tube with single
generator arrangement. Compressed air applied to the tube
enters an annular plenum charber holding the veortex generator.
As a result of passing through tangentially arranged slots in
the rim of the vortex generator an intense vortex is induced
at the centre of the chamber. This forced vortex tends to

- develop a continuous exchange of heat energy from the inner

to the outer layers of the vortex: thus, the centre of the
vortex becomes cocled and the outer periphery heated. The
geometry of the tube is such that the incoming alr displaces
cooled air from the eye of the vortex through the diffuser
section to the cold outlet while the heated air appearing at
the periphery of the vortex is constrained to flow down the
hot outlet tube. The ratio of cold to hot air, the cold
fraction delivered from the outlets can be contreolled by an
adjusting valve located at the downstream end of the hot
outlet tube. A vane type air brake (a set of stationary
blades) is fitted just up stream of the hot valve assembly
to reduce swirl in the hot outlet tube and assists in the
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production of optimum conditions of the vortex. The hot wvalve
asgembly 1s of paramount lmportance to the contrel of the
performance characteristics and 3 designs investlgated are
shown on Fig 11.

e 1 This vortex tube 1s provided with a flush knurled
adjusting screw with a fine thread form and the valve seating
is conical in shape. The hot air exhausted to atmosphere
through circular aperatures in the adjusting screw in line

with the tube.

e 2 In this vortex tube hot air is exhausted at 90° to the
air flow the flow control valve is coarse threaded and sealed
on the end of the hot tube, complete sealing is not possible
with this design. :

Type 3 Is fitted with a combined noise muffler and flow control

valve with fine threaded adjusting screw integral in the muffler
sealing on a seml clrcular machined sealing. An '0O' ring is
fitted to the valve stem which prevented air leakage past the
adjusting screw. The hot air exhausted through a sintered
brass muffler gives a better alr distribution than Type 1 or 2.

EXPERIMENTAL WORK AND RESULTS

This section describes the series of bench tests that were
carried out on single and duplex vortex tubes fitted with the
three types of hot valve assemblies shown in Fig 11 to establish
comparative data over a wide range of air pressure and air flow
with varying settings of the hot outlet valves to propose and
enable performance characteristics to be presented and a sealed
design established.

Single Vortex Tube Two tubes were fitted with (a) Type 1 hot
valve (Tube identified 1) and (b) Hot Valve Type 3 (Tube
identified 2) were selected. The tubes were submitted to an
alr pressure test with the hot outlet valve closed and the
cold air outlet blanked off., The test pressure of 10.34 bars
was maintained for 2 minuteg.

For the determination of the performance characteristics the
tube was held at a temperature of 60 C and the inlet air was
heated to a temperature of 50°¢. As a preliminary to the
operational tests the pressure/Flow relationships for two
positions of the hot air valve, with and without the non-
return valve were obtalned. Over a range of increasing air
pressures for a number of settings of the hot outlet valves,
inlet mass air flow, inlet pressure and outlet mass cold air
flow were monitored together with the relative humidity of the
inlet air and the temperatures of the inlet and cold outlet air.
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The cold outlet air was supplied through a short length of
hose to a ventile suit assembly worn by a manikin model to
simulate approximately the back pressure conditions.

The relative humidity of the input air varied between 17 and
30% and the atmospheric pressure was between 1019 and 1024
millibars for the tests with the NR valve in position. When
the tests were repeated without the NR valve the values were
20% to 27% for relative humidity and 1011: millibars
atmospheric pressure. The measurements are subject to the
following levels of uncertainty:-

Air flow data - a%
Air pressure data Ly
_Cold:mass fréction data’ : 5%
Inlet/cold ocutlet temp drop z 2OK
L

Relative humidity

The characteristics obtained from the two series of tests are
presented in Fig 14 to 18. The performance of the Type 3

valve which includes’ finer adjustment, results in better
control of the hot outlet air and of the amount of cooled

air being supplied to the ventile assembly. The inlet pressure
to inlet flow relationship Fig 14 is similar for both, but with
"the maximum valve opening the temperature interval at the cold
outlet of the Type 3 valve is increased by approximately 20%
between 5 bar and 10 bar inlet pressure. ’

Twin (or duplex) Vortex tube

To establish a specified design requirements an inlet flow of
0.03 Kgs at a pressure of 10.34 bar the performance of the

single vortex tube fell short and the performance characteristic
- of a duplex arrangement of the vortex generators was Investigated
using the same test rig.

Three tubes assenmblies each fitted with Type 1, 2 and 3 hot
valve assemblies were evaluated. The test procedure was the
same as for the single vortex tube, The tubes were identified
3, 4 and 5 fitted respectively with Types 1, 2 and 3 hot valves
assemblies. The results of these tests are shown in Fig 19,

20 and 21. '
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{

The preliminary test to determine the pressure/flow
characteristics Fig 19 confirmed that a linear relationship
could be chtained for each of the assemblies and that an air
flow of 0.03 Kg/s could be achieved with an inlet pressure
of 5.7 bar. Characteristics relating the temperature drop at
the cold outlet to inlet pressure Fig 20 and the cold mass
fraction to inlet pressure Fig 21 showed that a greater degree
of control was available with Type 3 hot valve assembly
confirming alse the findings of the single vortex tube
investigation. The cold mass fraction ranged from 0.5 to
0.93 over 5 turns of the valves but the coarseness of Type 2
valve made control and balance of the alr flow extremely
difficult to achieve. ' '

To establish reproducible performance a series of tests were
carried out in a similar manner using 4 vortex tubes fitted
with the Type 3 hot outlet valve. Tube No 5 was used again
and the additional tubes were given identification numbers

"6y 7 and 8, The results of these tests are shown in Fig 22

to 28. The cold outlet temperature drop against inlet pressure
and flow characteristics as shown on Fig 22, 23 and 24 tended
.to be more scattered than was expected, but the cold mass
fraction to Inlet pressure relationship at the highest
temperature interval are much closer- together and more uniform
in general shape. Although indivldual charactertistics varied
widely below the maximum obtainable temperature interval at
this point as shown by Fig 27 and 28 the performances are
closely related., Visual examination of the interior of the
tubes showed that the moulded plastic vortex generators were
bedded on to the rubber washers which because of malalignment
intruded by varying amounts Into the vortex chamber of each
tube., It was alse noted that the inlet air ports varied
slightly in size and surface finish. An important advantage
of the duplex tube however was established viz the improved
ratio of air flow to alr input pressure was increased by a
factor of 2.

NOISE LEVELS OF VORTEX TUBES

An attribute of the vortex tube operation is the noise level
it emits from the hot outlet due to the high air velocities.
This observation was confirmed subjectively during initial
practical Investigations and the following examination was
made on the three designs of hot valve assemblies on both
the single and duplex vortex tubes to establish the noise
level measurements.
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Each type of tube was connected to the compressed alr supply
system. The sound level meter was placed 1 metre away from
the tube, this approximates the distance from the ventile suit
wearer's ear position. Alir was delivered to the single vortex
tube in 2 bar increments over the range 2 to 10 bar for single
vortex tube and 5.5 to 10.2 bar for duplex tube at a constant
flow rate of 28.8 1/sec. Noise level measurements were taken
at each increment and the results are given in Tables 2 and 3
for the single and duplex vortex assemblies respectively.

Bruel and Kjaer equipment was used to measure the nolse levels
produced- by the vortex tubes during the trials. This comprised
a model 2203 precisilon sound level meter, incorporating a model
4131 one-inch diameter condenser microphone and a model 1613
octave filter set. The complete measurement system was
calibrated hoth before and after the tests by subjecting the
‘'microphone to an accurately-known noise source derived from a
model 4230 portable acoustic calibrator.
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3L

_ SPL OCTAVE - BAND ANALYSIS dB
DELIVERY PRESSURE -
(BAR) dB dB(A) !31.5Hz 63Hz | 125Hz | 250Hz | 500Hz | 1kHz | 2kHz | 4kHz |[8kHz |16kHz
Type 1 Tube
2 85 82 66 65 60 54 52 62 69 78 82 79
4 91 89 |- 69 68 68 65 61 68 74 83 88 86
6 95 93 74 69 63 65 67 70 76 86 92 91
8 100 97 64 63 65 68 72 | 75 80 91 97 97
10 95 93 74 61 68 70 77 78 82 88 91 S0
Type 3 Tube
2 80 74 72 67 60 56 54 60 65 67 71 71
4 84 80 75° 68 68 60 56 58 65 69 73 77
6 - 86 83 68 64 60 57 63 69 74 76 81 83
8 88 85 68 65 60 68 64 71 77 79 83 85
10 20 ' 87 65 66 60 .65 66 74 79 81 85 87

TABﬁE 2 Cbmparison of noise levels produced by the Types. 1 and 3

Hot valve assemblies fitted on a single wvortex tube




ATR TYPE 2 TUBE | TYPE 1 TUBE TYPE 3 TUBE
Dmﬁf PRESSURE [~z 3L | SEL ST SET, ST,

dB dae(a)| 4B | dB(A) dB dB(A)
5.5 104 102 94 91 90 88
6.2 108 104 95 92 91 89
6.8 106 105 96 93 92 90
7.5 106 105 o8 96 93 91
8.2 -} 107 105 100 97 93 91
8.9 107 106 | 102 98 94 92
9.6 108 107 102 99 95 93
10.2 108 107 | 102 99 95 93

TABLE 3 Comparison of noise levels produced by the Types 1, 2 and 3

14

Hot valve assemblies fitted on duplex vortex tubes

SPL Sound pressure level
SL Sound level

These serles of tests also confirmed an advantage for the
Type 3 hot valve assembly.

FINALISED DESIGN

As a result of field evaluation to provide more comfort to
personnel wearing a vortex tube assembly, a modification was
found necessary by shortening the overall length of the
previously tested duplex tubes by 40mm. To check that the
performance characteristics had not been impaired the shortened
tube identified B was compared with Tube now identified as Tube
A under atmospheric conditions using identical test conditions
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of inlet air temperature, flow and pressure. The inlet air
was heated to a temperature of 50°C and the vortex tube was
maintained at 60°C. At each stage of increasing air pressure
2 bar/stage the inlet air flow and hot outlet air flow were

monitored together with the relative humidity and the temperatures

of the inlet and outlet cold air outlet mass flow of cold air
was computed from the values obtained for inlet and hot air
ocutlet flow measurements. Relative humidity of the input air
varied between 13 and 25% during test and atmospheric pressure
was 1020 millibars for the duration of the test.

The measurements on the comparison and performance tests are
subject to the following estimated levels of uncertainty.

JAir flow data X 5%

Air pressure data I3

Cold mass fraction data Iy

Inlet/cold outlet temperature * o
interval

Relative humidity I sy

The preliminary test to check the inlet air pressure total

air flow characteristics showed that over the working range
the characteristics were very similar as shown in Fig 29.

The relationship between inlet air pressure and temperature
interval Figs 30 and 31 indicate that the hot air valve control
is less gensitive on the modified tube when more than half
open but Figs 32 and 33 show the inlet pressure cold magnitude.

The modification which effectively shortened the length of the
rotating air path has not significantly changed the
characteristics and within the levels of accuracy for the
measurement of the parameters and for the setting of the valve
openings the performance of the shortened matches those of the
original duplex vortex tube. -

From the data established throughout these series of
experiments it was possible to standardise the design of a
duplex vortex tube for the micro climate conditioning of a
ventlle suit assembly and this is shown in Fig 34.

AIR HOSE

Complimentary to the use of the vortex tube is an air hose,
necessary to carry the compressed air at the required pressure
and mass flew. The design of the hose may be such that the
ability to transmit communications sigrnals and physiological
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monitoring data are a required feature, resulting in a composite
desidgn of electric cables and means of compressed air transfer.
The following sections outline the investigations and evaluation
of a composlte compressed air/electric cable hose for use in
abnormal working environments.

Commericl availability of alr hose to meet the above ‘
requirements were extremely limited and initial investigations
were based on a hose to the following specification.

FPour polyethylene tubes in parallel 6.4mm bore each tube
sheathed in a jacket thickness 3.175mm 4 pair screened
communication cables placed around the tube bundle as shown in
the following sketch.

Two important characteristics are necessary to ensure that

the vortex tube assembly will operate correctly. These are

mass air flow at a given pressure, the parameters were initially
set at 0.03 Kg/s and 11.4 bar and a hose length of 75m being
required to give free access to all parts of the working
environment,

The following calculations based on Sterland (1974) using the

above data are presented to establish performance characteristics.

DESIGN CALCULATIONS AND RESULTS

Pregsure Drop with Required Flow

Gas velocity V = Volumetric flow rate _

Area
50 . omesx L g I (6.35 x 107)2 s = 16.3 n/
1 x 60 . 11.4 4 § = 0. s
Reynolds number = Re - E%Q

where D = density - 11.4 x 1.2 = 13.7 kg/m3
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V = velocity = 16.3 m/s
d = pipe diameter = 6.35 x 10™n
U = viscogity = 1.81 = 10—5 Ns/m2

Re = 13.7 x 16.3 x 6.35 x 107>

3 = 79,000
1.81 x 10

Assuming a relative roughness for the hose bore of .001
(ie a typical aspherity having a height of 6 x 10m and using
the above Reynolds number, gives a friction factor, £ of .025)

‘The pressure drop, for an incompressible isothermal flow is
given by PD = £OV
2d

where L = tube length = 78m

2
which glves PD = 025 x 13.7 x 16.3 3x 76 N/m? = 5.5 bar
2 x 6.35 x 10

This pressure drop is too large for the assumption of

incompressibility to hold; in fact a check using compressible

flow tables (Fanno line, for adiabatic flow) showed that the

outlet of the pipe would be almost choked and that the static
pressure would have to be about .5 bar.

Flow Rate with a Pressure Drop of 1.4 bar

In this case the mass flow can be calculated explicitly using
a more exact equation which takes density changes into account, .
viz, :

P 2 - P 2
M = A 1 2

2RT (In (B{Pz) + fL/2D)
where M = mass flow, kg/s

A = tube cross sectional area 31.6 x ‘.LO_Gm2

R = gas constant = 287 J/kg °k
T = absolute temperature = 293°k (20°C)
P = 11.4 bar

P_= 10.0 bar
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31.6 x 107° ‘//20-2 x 100 Kg/s per tube
168 x 10° (.13 + 150)

Thus M

= 3,34 x 10-3 Kg/s per tube or .013 Kg/s total

This flow rate would result in a Reynolds number of 44,000,
an increase in friction factor and a decrease in flow rate to
approximately .0128 Kg/s.

Length of Pipe for Required Flow Rate and Pressure Drop

The Fanno line relations give a pressure ratio and a friction/
length function, F which depend on Mach number M. The required
change in pressure ratio (11.4/10.0) can be used to find the
outlet Mach number and the change in F can be used to find the
length of pipe which would cause that change in pressure ratio.

Inlet Mach number = 16,.3/340 = .048 (where the speed of sound
is 340 m/s)

Inlet pressure ratio = 22.8 and F1 = 304
Outlet pressure ratio = 22.8 x 10.0/11.4 = 20 giving outlet
Mach number .055 and F2 = 233

Length of pipe = (F; - F,) (304 - 233) 6.35 x 107°/.025m

g\:
£

= 14.7m

Thus the required flow can only be passed.along a hose up to
14.7m long if a pressure differential of 1.4 bar is not to be
exceeded.

Using the formula demonstrated above the calculated required ,
sizes of a flexible single or multi bore hose 76m long required
to deliver 0.03 Kg/s have been calculated as shown in the
following table.

Number of Bores Bore Diameter mm
1 17:0
4 10:1
7 8:2
8 7:80
14 ' 6:3

TABLE 4 Bore Diameters to Give Related 0.03Kg/s Flow at
10.4 bar Pressure
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A practical evaluation of the hose specified was undertaken
using the test rig shown in Fig 12, the results of this test
are shown in Flg 35 showing that the air hose pressure drop
in the hose was in excess of 50%. To supply the vortex tube
design shown in Fig 34 with air at a pressure sufficient to
provide the required cold fraction to a dynamic insulated
ventile suit, the outlet pressure to a- 76m length must be a
minimum of 7 bar.

As the air supply hose will be used in an elevated temperature
environment it is assumed that the temperature of the air
flowing in the supply hose would be the same as the ambient

"~ temperature within the working environment, therefore
_requiring the use of the vortex device as part of the

dynamic insulation clothing assembly. Using the hose
specification given in Section 15 the following calculations
based on Sterland (1974b) are presented to establish this
assumption. The overall heat transfer coefficlent is dependent
on convection through the heated environmental air to the hose,
conduction through the hose, convection from the hose to the
cooling/breathing air and also upon radiation from the
environment to the hose.

Heat Transfer.from Environment Alr to Hose

May be transferred by natural convection or by forced convections
the former gives lower heat transfer rates and therefore
provides a lower limit.

The heat transfer coefficient depends on the Graghoff (gr) and
Prandtl (Pr) numbers. If the product Gr x Pr 10~ or 10” the
convective flow will be streamline. The Prandtl number is a
property and for ailr 1s constant and about 0.73. '

3.2
Gr = agtd™D
u
where a = coefficient of expansion = 1/t for gases
g = gravitational acceleration = 9.81 m/s2

t = temperature difference between body and air = 40%

d = overall diameter =.03m
D = dengity = 1 kg/m3
U = viécosity = .2 X 10_4 Nm/s2
Pr:_I_JEE’_
K
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specific'heat of air at constant pressure = 1005 JBKgOC

o]
thermal conductivity of air = 28.8 W‘m/m2 c

p

K

The maximum value of Gr 1s therefore about 66,000 and the fiow
is streamline. Fischenden and Saunders (1950) show that for
air the convective heat transfer for streamline flow is given
by 25 2 0
h1 = .24 (t/4)° BTU/ft ™ h F
o

.25 W/m2 c

or = .986 (t/ri)

where r, is the outgside radius of the pipe.

1
- Expressing h as a heat transfer per unit length of pipe

1 25
= . )
1 2 r, X .986 (t/r1
«25

= 6.197 r, Ct/ri)

h W/mle

W/mpc

In the case of the pipes originally proposed, forced convection
caused by an air velocity of 1 m/s would give a heat transfer
coefficient approximately three times the natural convectlon
coefficient at entry to the reactor vessel. This ratio would
be greater where the pipe was warmer and the temperature
difference less.

Heat Flow Across the Hogse

The standard relation for a thick walled hose is

h2 =2 kp/in (41/rx)

where kp is the thermal conductivity of the hose material

(o] .
.21 Wm/m2 C )Xaye and Laby 1968)

and r2 is the internal diameter of the hose.

On a linear hasis

1
2

Estimating r, for the proposed hose to be 18mm

: o
h., = 8.251 r1/1n (rl/r2) W/m¢C

gives hé = 2.56 WVmOC
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Heat Transfer from Hose to Cooling/Breating Air

The relation for forced convection inside hose is Nu = .023 Re -8

Pr -4 where Nu is the Nusselt number = hd
K

Re is the Reynolds number = DVd
u

V is the velocity of the gas in the hose

IV = mass flow/area = m/A = 4dm/n d2

(where n is the number of parallel pipes and d is their
internal diameter)

Re = 2 x 10™m

n d2
Putting h3 on & linear basis and evaluating the constants gives
hg = 12.6 "2 m % wmlc

d nde
For the given pipe with m = .01 Kg/s, h% is 28 W/moc

Radiation

The heat transfer by radiation is given by

Q = es (T14 - T24) W/m?

where e is the emissivity of the surface, about .95

o, -4
s is a constant = 5.6697 x 1070 wm2 ¥

T and T are the absolute temperature of environment and
1 2

hose surface respectively.

In the pregent case, assuming the surface temperature of the
hoge is 207C, and the radiating surfaces of the reactor are at
60°C, the initial rate of heat transfer to the pipe is 25.4 W/m
which is a significant contribution to the overall heat transfer
rate,.
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Overall Heat Transfer

The overall heat transfer coefficient is

He = 1
1

T T W/moC
'l/h,l + '1/h2 + 1/h3

and the total heat trapsfer rate

Q1=H1t+QW/m

The temperature of the air in the pipe 1s determined from the
differential equation

-~ dk = Qi'
= EE% . Equation 2.1

where dl: is an elemental portion of the length of hose.

The prinéiple resistance to heat flow is matural convection;
if the other resistances and radiation are ignored equation
2.1 may be. simplified to

- dt = .2784L
1.25 e
£ P

which may be integrated to give {upon substituting limits and
rearranging)
«25 .4

‘ =3 ‘ ‘ :
t2 = 1/ (1.106 x 10.” L/m + l/t1 ) Equation 2.2

vhere t1 is the inlet temperature difference

t2 is the outlet temperature difference

L is. the length of the hose

The results of evaluating equation 2.2 are shown in Fig 36 and
37. Fig 36 showsothe outlet temperature difference for an inlet
temperature of 40°C plotted against mass flow. Fig 37 shows

the variation of temperature along the hose at mass flows of
0.03 Kg/s and 0.01 Kgs.
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Although a conservative figure has been assumed for heat
transfer from the hose, le natural convection where forced
convection may well occur, and radiation was ignored in the
calculation, the outlet temperature of the air is very close
to the anmbient temperature within the environment. Even in
the most favourable conditlons conceivable the temperature
difference at the outlet iIs negligible. Contact of the hose
with metal surfaces or the orientation of the pipe will have
little absolute effect on the cutlet temperature difference. -

The ocutlet témperature of the cooling/breathing air will be

substantially the same as the ambient temperature in the
heated environment.

SPECIFICATION AND PROPOSED HOST DESIGN

On the basis of these results the following broad specification

is proposed. Fig 38 ghows a design concept to meet this.

(a) Hose material must be heat resistant to contact
tegperatures of 80°C and to air flow temperatures of
60°C,

(b) Kink resistant yet flexible to a minimum bending radius
of 178mm.

(c} 76m continuous length - 15Smm diameter air supply bore.
(d) 22.68Kg/30m maximum weight.

(e} 3 pairs of screened standard communication cables within
the hose wall, resistance not more than 50 chms per 30m.

(f) ZIndividual hose lengths to be identified by colour coding,

{g) No objecticnable odgurs to be released when operating at
a temperature of 80°C.

(h) Good mechanical strength.

(1) External surface should be able to be easily decontaminated.

(3) Smooth internal surface for minimum pressure drop.

(k) Air flow should be at least 0.031Kg/sec at a working
pressure of 10.34 bar. '
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The following theoretical calculations based on the previous

work are presented to support the design.

Pipe Diameter d = 15mm
Length 1= 76m
Inlet pressure P1= 11.4 bar
Density D= 13,7 Kg/m3
- Mass Flow m= 0.03 Kg/s
Velocity V= 12.4 m/s
Viscosity U= 181 x 10_5 Ns/m?
Reynolds No Re = 140,000
Friction Factor f = .032
Pressure Drop PD = fDVZL N/m?
2d
2 2
= .5 x .032 x 13.7 x 12.4" x 76 N/n
015
= 1.7 bar
Pressure Drop = 1,7 = .15 * s
Pressuce 1.2 « « some change In density will

occur

take mean pressure @

11.4 - 15_1 ~ 10.55 bar

mean density 12.68 Kg/m3

pressure drop = 1.7 x 13.7
12,68
= 1,84 bar

Flow rate with pressure drop 1.84 bar
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DB/P

2 2

M= A p,° -~ P,
2RT (1n (P,/P,) + £1/2D

A = 176 x 10-6m2
P1 = 11.4 bar
P, = 9.56 bar

o
R = 287 J/K K
T = 203 % = 0.%297 Kg/s
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3 pairs individually screened. 7/02mm
tinned conductors laid side by side
in a flat tigure 8 PV.C outer sheath.

Capacity core to screen 320 pF/m.
Cross section, W.5:9mm, H.2:9mm,
120° spacing, min. pitch 200 mm.

2 layers melinex

2 layers of melinex heat barrier tape

15mm. dia. nylon braided polyurethane cover
& medium pressure hydraulic hose.

PROPOSED AIR/COMMUNICATION HOSE DESIGN.

Overall sheath polyurethane
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INTERIM REPORT BY THE WORKING PARTY CONCERNED WITH THE APPEND'X C
DEVELOPMENT OF PROTECTIVE CLOTHING FOR WORKING IN HOT
CONDITIONS DECEMBER 1967

S TMMARY

The Working Party considered the requirements for protective
clothing to enable work to be carried out in hot environments, which would
offer advantage to the Board. It was concluded that clothing giving
pro»ectlon for prolonged periods in environments at temperatures up to
60°C was advantageous. As no suitable equipment was available commercially,
a suit was develcped in conjunction with Frankenstein Group Lid. This
used Vortex tubes (ref 1) for both cooling and breathing air. The suit
has been tested to 80°C in the hot climatic cell of the Institute of
Aviation Medicine, Farnborough and tests of manoeuvreability have been
carried out at stations. Ancillary equipment such as reflective coveralls,
gloves, footwear, hoses etc. are available from commercial sources and a
"catalogue" of suitable equipment is being drawn up for circulation withir
the Board. The suit and hood will be inciuded in this list, end the cost
of a complete outfit iz estimnted to be £150.

" Proposals are made regarding further limited development work on
the suit to enhance its performance in special circumstances.
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Protective Clothing for Working in Hot Conditions

1.0 Introduction

At Oldbury and later nuclear stations the boilers are enclosed,
with the core, in a prestressed concrete pressure vesgel. With this
arrangement, shutdown cooling of the boiler gas passes is made more
difficult and estimates indicate that temperatures in the range 20 -~ 50 °c
would be experienced during statutory ingpections. To reduce maximum
temperatures by a further 10°C would delay inspections by one week.

The economic penalties caused by the outage of modern thermal

- station boilers also led to the consideration of protective c¢lothing to
permit earlier access to the gas passes for inspection and to improve the
eff1C1ency of men working in hot conditions.

After consideration of the various types of suit developed for
other similar applications & decision was made to develop an air-cooled
suit of ventlle material capable of being used in ambient temperatures of
up to 60°C, :

Two suits.were made up to the Working Party's requirements by
Frankenstein Ltd. in conjunction with M.S.A. Ltd. who provided vortex
tubes for cooling the air feed irito the suit., = These vortex tubes take
compressed air at about 100 1bf/in° fed by air line from a compressor
installation and provide a cooled air supply at low pressure to the suit
for both breathing and cooling purposes.

Following tests on the first two prototype designs of suit
further development was found necessary and a redesign was carried out by
Frankenstein Ltd. The new design was tested and found potentially
satisfactory for many of the applications considered: for the purposes
of this report it will be referred to as the Mark I suit.

2.0 Scope for Special Protective Clothing for Work in Hot Conditions

‘2.1 Reauirements in Principle of a Protective Suit

2.1.,1 Its use should offer e significant reward.

2.1.2 It should be gafe, reliable and simple to use in the
: circumstances envisaged which could involve hazards
for which the suit is no protection.

2.1.3 It should allow men to carry out the required work with
‘ the necessary precision and =t an adequate rate.

These principles are used to assess qualitatively the following
posaible applications for such a protective suit.

" 2.2 Qualitative Assessment of Possible Applications
of Protective Suits

2 2.1 For uze after a nuclear reactor pressure c¢ircuit
failure which releases hot Carbon Dioxide

The extent of the hot gas hazard in the vicinity of a nuclear
reactor, following a pressure circuit failure, is difficult to assess, but
it is considered that 2 1limit can be set on it. If the gas temperature
is 51gn1flcantly higher than 172°C it will be less dense than air at 20°C.
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Even with inversion conditions in the atmosphere, local dispersion of the
gas through ventilators and smashed windows should be rapid. Some hotter
gas may be trapped at isolated points In the building and will commence to
lose heat to the structure. Hence, by the time arrangements to use a
protective suit could be made in such eircumstances it is highly likely
that’ the maximum temperature to be encountered would be about 170°C., Gas
at temperatures below 170°C will be heuvier than the surrounding ajir and
" will disperse, No significant thermal radiation hazard will be present.

- Rescue

If a cooled ventilated suit s necessary after the time that will
elapse before such emergency operations can be arranged, persons trapped in
the area gre likely to have succumbed to the asphyxiant gag or the heat,
which must go together., If survivors, possibly injured, were found in air
pockets, they could not be moved without being provided with similar suits.
The difficulties of carrying additional suits possibly with connected hoses,
dressing survivors, instructing them in the use of the suits and guiding them
~ out of the area whilst they are likely to be in a state of shock makes such
an operation a severe risk to rescuers and survivors. It is considered that
a greater chance of survival would be presented by operations to disperse
the hot carbon dioxide as quickly as possible, when self air apparatus would:
suffice, possibly combined with present available eguipment which can be
congidered as a separate gtudy.

Damage Control

The maximum foreseeable failure of the concrete pressure vesgel
circuits only involves a single penetration which will not cross gas flow
lines. ‘fTherefdre, air entry to the core after depressurisation should be
small. (The madin aim will be to return the reactor to service). If the
. incident is sufficiently serious to demand the use of hot suits, to allow
rapid inspection, the proportion of the outage time saved by the use of the
suit will be negligible.

Coupling this with the low probabllity of thé incident makes the
cost of developing a very high temperature sult and continually training
personnel in its use unjustified.

Steel pressure vessel atations present a different problem. The
maximum foreseeable incident is a duct failure with both valves in the
damaged circuit remaining open. In thig cage the aims in order of importance
are to maintain maximum cooling and %o prevent the ingress of air to the
breached circuit, This is to control a possible reactor transient following
the incident.

Whilst the gas remains in sufficient quantity to maintain a
temperature of 170°C it must be providing an efficient barrier against air
~ingress to the vessel and it would appear appropriate to carry out inspection:
of the breach without disturbing the gas., However, main circulator motors,
pony motors and control equipment working in gas at such a temperature would
be at risk and therefore to maintain maximum cooling of the reactor core the
first aim must be to cool or digperse the gas. All possible ventilation
should be provided long enough %to drop the temperature of the gas which must
already be losing heat to the building and its contents. When this is
achieved the ventilation should be shut off ag far as possible, when
persommnel could probably work in self air suits or air-line equipment
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" without a cooled suit. At the most it would appear that a suit adeqﬁate
for work in temperatures between 60° and 80° would be necessary.

2.2}2 For Use ih Inspecting Roilers in
Concrete Pressure Vessels

Calculations indicate that to delay Factories Acts inspections
of the gas sides of boilers in concrete pressure vessels until temperatures
are significantly below 60°C is waacceptable, To inspect under such -
conditions without a suitably cooled suit is likely to be abortive. A suit
- for work at 60°C appears to be a necessity. Access for this work does not.
'appear to present a severe problem. ' '

. 2,2.%3 For TUse During Wbrk on 301ler Furnaces and
Internal Pressure Parts early after Shut-Down

: .In the light of the likely development of rapid cooling techniques
for boilers it is considered that the savings in time resulting from the use
of cooled suits could be extremely marginal, These rapid cooling technigues
" are to be éxplored further; - ‘

In addition, other hazards to personnel in the boilers appear to

' overrlde the protection of the suits. In the furnace bottom, falling slag
is a likely danger and the restricted vision of the helmets of the suits do
not assist in avoiding the danger. To consider the installation of 1lifting
cradles in the furnasce to raise men to the roof appears to offer an unacceptable
rigk of fglls if they are wearing the suits and gloves which must impede
their movements to some extent. In the upper passes of the boiler, the
danger of men falling and lying on hot metal for which a practicable suit
provides little protection, seems unacceptable, TFinally, it is felt that
the use of the suits would reflect adversely on the quality of precision
repairs to the pressure circuits. It is felt that only inspection or nor-

- precision work could be carried out by men wearing the suits. On this
basis, the impact on the length of outages could be marginal, not justifying
the additional hazards to persommel, the continugl training of personnel cr
the administrative difficulties of the medical control required (see Appendix
~.3). latér passes of the boilers, precipitators, etc. where better walking
.areas may be available may benefit from the use of a cooled suit but here

A temperatures will be substantlally lower,

Where it is possible for repairs to be carried out from outside
the boiler casing the mein, but simpler, problem is that of radiant heat.
This appears to apply to all work in the turbine house. Simple shields,
‘augmented by enveloping cold air from a mobile blower would appear to suffice,

2.3 Basic Requirement

: On the basis of these considerations it is considered appropriate
to llmlt the requirements for the suit ‘o alloW1ng a nmn.to work comfortably
for two hours in an ambient temperature of 60 C.

3.0 qu;pment and Tests

3.1 BSuits

1

The prototype suits are described in Appendix 3 and their
deficiencieg are recorded in the reports of tests given in Appendix 4.
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Pigure 3.1A illusirates the Mark I suit together with the Mark I

"'hood? Figure 3.1B shows the suit minus hood to illustrate the neck and the

connections for the air supply to the hood.,

Thls suit consists of an innexr sult of nltrogen blown foam, covered

© and quilted with a nylon cover {see Figure 3.,1C)}. Cooling tubes of thick

wall P.V.C, perforated at intervals are fitted on the inside of this garment

and fed from a padded manifold. ({See Figure 3.1D). The main air inlet

. enters the sult at & sharp angle to reduce the snagging hazard found on the
prototype suits.' :

A coverall of close weave ventile cotton material is used outside
the inner gaxment to act as a wear resistant and sacrificisl item. This
coverall, like the inner garment, is zip fronted and elasticised at wrists
‘and ankles., The coverall algo has penetrations for thé inlet air tube and
for the two comnections onto the hood air distribution tubes. - The Mark I
hood is fastened onto the coverall by a long zip at the back and two short
zips on: the chest

o The Mark I hood has a moulded perspex visor which gives good
'gll-round' visibility. The hood 1s however of the rigid type and thus

. does not move with the head: that is to say, it is similer to the helmet

. of a standard diving suit in this respect. This approach to hood design
~ was teken for two principal reasons. Firstly, it overcomes the difficulty

- of 'sealing' hood to suit and secondly it keeps the head from continuous

contact with visor or back causing local hot spots of skin, Padding of
the hood serves to protect the head from heat and accidental contacts.

Tests were carried out on the suit in the hot cell at the Institute
of Av;atlon Medicine, R.A.E., Farnborough. In these tests the subject
‘simulated a steady light working =ffort by stepping on and off a 7" high
step at a fixed rate. Tests were carried out at ambient temperatures up to
80°C the subject being medically cbserved and the suit's requirement for
a1r, in terms of quantity and temperature neasured. In.addition the general
-comfort afforded to the wearer was Judged. ;

, The results of these tests are given in Appendix 6., Generally
the Mark I.suit was found to be satisfactory.‘ From measurements made the
. insulation value of the suit was estimated for use in system design caleu-
~ lations. '

_ ~Further practical tests are being ‘carried out on the suits to
‘ ‘determlne its suitablllty for carrying out certaxn work.

" 3,2 YVortex Tubes

- The theory of vortex tubes is desecribed in Reference 1. All ‘tubes
used to date bave an air consumption of about 1.9 1b/min (25 s.c.f.m.) at a
_ pressure of 100 1bf/in?. Each tube has a control for varying the cold
~ fraction quantlty Since adjustment of these controls is not easy for a
suit wearer, it.is intended that the fraction control should be set before
entry. During entry adjustments are effected by controlling the air supply
pressure to instructions from the wearer. For this purpose an attendant
and control valve are gited immediately adjacent to the access point.
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During the tests, three vortex tube assemblies have been used.
For low temperature applications (55°C) a single vortex tube assembly of
M,S.A. (Mine Safety Appliances Co. Ltd,) manufacture was used. At the
higher temperatures assemblies using two tubes in parallel were used.
One assembly was made by M.S.A. and th: other by Vortair Engineering Ltd.
Both assemblies were smila.r and are wirn on a webbing belt looped on the
coverall., The air. hoseé d:r:a.pes from the assembly which is worn on the back
of the left hip as shown 1n Figure 2,24, The assemblies are shown in
Figures 3.2B ~ I). :

The th:cee tube assemblies us:d in the Farnborough tests were
tested by the South Bastern Region Test and Efficiency Section. Results
are given in Appendix 7.

4.0 Basis of System Design

4.1 Heat Balance Equation

Consideration of heat trensf>r at the man's skin shows that -

Hent transmitbed th:cough the' suit from environment (H) + Metabolic
Heat (HM) ‘Sensible Heat pick-up by cooling air (Hy) + Heat lost by sweating

(Bs).

As the first step in the design of the system an agssessment is
necessary of the quantity/temperature of air to be supplied to the suit for
the range of conditions of H and Hy envisaged in the application. For this,
the potential cooling capacity of the air, (Hy + Hg) must be calculated.

4,2 Potential Cooling Capacity of Suit Inlet Air

The sensible heat cooling cajability of the air (Hp) is simply
based upon the cooling air flow, its specific heat and the temperature -
difference between inlet and the skin.

The heat lost by sweating (Hs) can be limited by either of two

- congiderations, Firstly, the sweat rate must be limited to 500 grams per
hour for medical reasons. Secondly, even though a given sweat rate is
permissible for the man, it must be possible for the air flow through the
suit to take up this amount of moisture. Three factors influence this,
namely the air flow, the inlet temperature and the inlet humidity. For
design purposes it will be assumed that the inlet air is saturated and thus
~the possible pick-up of moisture can be taken as the quantity of air ﬂowing
to the guit mltiplied by the difference in saturated moisture burden of air
at 33°C (skin temperature) and the inlet temperature. This is shown in
Figure 4.24,

For a range of inlet air flows, the capacity of the inlet air to
remove heat has been plotted against inlet temperature in Figure 4.2B. The
sensible hea.t component Hy is ca.lcula‘bed from

A‘ = 6,51 F(TS ~ Ti) where Hy is in kCal/hour
F = Air Flovw in 1b/min
= 33°C and Ti is the inlet air temperaturé in °C
'The "Sweat Loss" component is computed from

Hg =Q x O, 576 lcCal/h where Q is the sweat loss in gra.ms/hour :
taken from the lower of the limiting criteria given in
Figure 4.24.



4.3 Heat to be Dissipated

The total heat to be dissipated, H + Hy, has been plotted in
Figure 4.3A.. It will be geen that the environmental heat pick-up varies
"directly with the temperature and has been deuced from the effective
* jnsulation value found in the tests (0.3°C mh/kCal). : j
Metabolic heat is determined basically by the nature and extent
of work being carried out. The curves show the heat dissipation appropriate
for a typical man resting, doing light work (200 kCal/h) and doing continuous
" heavy work (680 kCal/h). This latter condition results in an excessive heat
load which would be impossible to handle with the vortex tubes available.
-Fortunately, a man doing heavy work can only work in bursts such that the
mean heat rate is only about 300 kCals/hr, For desigh purposes it is
.proposed to use 400 kCal/h for this condition, as shown in the graph.

B 4.4 Determination of Suit Requirements

Figures 4.2B and-4.2A have been plbtted with common scales of heat
r@te. These are also reproduced in Figure 4.4A, which is a nomograph -
- congtructed -to enable, in the first place, the suits requirements for air
supply to be determined: This is used as follows. '

: " For a given application, the environmental temperature and the
postulated work mode will be lmown and thus, from the top right hand set of
curves the heat to be removed can be estimated. This heat rate can then be
transferred to the top left hand curves and the maximum inlet air temperature
for given inlet air flows can be deduced. o '

This method is best illustrated by an example. In Figure 4.44
such an example has been marked on the nomograph and the condition shown is
for "Entry for inspection only is required in an environmental temperature
of 55°C",

: Teking inspection as a "light work" condition, the heat to be reiov
is that shown for point X on the "light work" curve. Transferring this to
~the left hand curves, the temperature/quantity of inlet air requirements can
be obtained. TFor a flow of 1 1b/min the temperature is given by point 1y,

a flow of 1.5 lb/min requires the temperature appropriate to Yo and so on.

It should be remembered that these curves taken from Figure 4.2B represent
limiting conditions, That is, for a given temperature the flow- given is

the minimum flow, whilst for a given flow the temperature shown is a maximum.

_ During the tests it was apparent that comfortable inlet conditions
were obtained in the range 10 - 25°C. Below this range discomfort from
differential temperatures applied to the skin was experienced. Above, the
range, general temperature discomfort is to be expected. This range has
been marked on the nomograph and in deciding appropriate flows and temperatur
a temperature as close to 15°C as possible is preferred, and the appropriate
- minimum flow can conseguentially be selected. :

4.5 The Vortex Tube Capability

The two vortex tube manufacturers, M.S.A. and Vortair, have
quoted basic performance data for their tubes similar to that claimed for
the Fulton tubes in the U.S.A. This is given in Figure 4.5A. Air flow
information has not been given but tests indicate an approximately linear
pressure flow relationship. (Appendix 7).
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A set of curves can be derived from this data, relating vortex
tube inlet pressure, eold fraction temperature and flow and the cold
frection settings. These are illustrated for & twin tube assembly in
Figure 4.5B. - - : :

4.6 Vortex Tube Reguirements .

Having determined the flow and related temperature requirements
of the suit it is now possible to determine the vortex tube supply pressures
and tube settings necessary to give the regquired suit inlet conditions and
flow. ) "

The bottom left hand set of curves on the nomograph relate the
vortex tube performance, in temperature drop and cold air flow against =
the required inlet pressure and cold fraction settings. Curves A, B and C
- have been drawn for the same flows as in the top left hand curves. Thus .
both curves 'A' refer to a suit inlet flow of 1.0 1b/min.

In section 4.4 above tha method of obtazining limiting flow and
temperature conditions at suit inlet was demonstrated. . For the example
given these are Y], Y2 etc. The suit inlet temperature requirement cen
now be readily converted to a vortex- tube .temperature drop by the. nomograph
between the top and bottom graphs. It will be secen that the connecting
parameter is the temperature of air at the vortex tube inlet.

For the example illustrated it has been assumed that air at the
vortex tube inlet has been heated to the "ambient" condition of 5590. Thus
the condition Zj on curve 4, corresponding to suit inlet condition Y; can be
obtained by drawing a vertical line down from Yy to the suit inlet air
 temperature axis; thence a straight line through the vortex tube inlet
temperature (55°C in example) to the "Pemperature drop" axis. From this
exis a vertical line is drawn to:the appropriate curve (A) and the point
of intersection gives both the réguired vortex tube inlet air pressure and
setting., The cold fraction setting needed for the tube control is obtained
by interpolation between the (chain dotted) curves of "constant cold frac<ion
settings" of the point of intersection Z., Thus, in the example the conditions
could be met by & suit inlet temperature of éYgg 24.5°C and flow 1.5 lb/minute
which requires a vortex tube inlet pressure (Zp) of 56 l'bf/irlz and the tube
set to give a cold fraction of 73%.

Simila.rly the pressure'and 'set'bings needed to give the alternative
‘limiting suit inlet conditioms can be obtained. Thus Zo corresponds to Yo
and so on. = : ‘ ‘ : :

By carrying out a few exercises to determine pressure requirements,
it is readily apparent that a given situation demands a lower inlet pressure
if a low cold flow and better temperature drop is selected, This cannot be
taken to the limit however. As the suit is of ventile material a measure
of dynamic insulation is achieved. The insulgtion value measured in the’
test is therefore only applicable at flow rates similar to that used in the
test. For this reason no flows.below 1 1b/min have been shown and flows of
"not less than 1.5 1b/min are recommended.. Variation of the vortex tube
settings during the tests tend to confirm this effect.

: It will be seen that the calculation of the necessary minimum
vortex tube inlet pressure and tube setting (to satisfy a given set of
conditions) can be achieved quite simply by the use of the nomograph and a
straight edge. : -
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The nomOgraph 4. 4A is Baged upon data issued by manufecturersa.
Tests on tubes have shown that the originally supplied iubes d4id not
achieve the claimed performance. {(Appendix 7). Manufacturers are
© currently investigating performance deficiencies and when available
" practical nomograms, similar to 4.44 but based on test data, will be
‘constructed.

4.7 Hoses and Couplings

The variety of apﬁllcations envisaged for the suit make it
impossible to defermine a single suitable hose deésign, In choosing a
hose for a given appllcatlon the following factors must be considered'

(a) - Length: A hose length necessary o reach the furthest
point of work is obviously needed but it must be .
remembered that ihe length will influence the pressure

drop, the weight to be handled by the wearer and/or
"helpers and the heat pick-up in the hose. That is to
say, temperature at the vortex tube.

(b) Size: The bore of the hose will also influence the
~ welght, the pressure drop and the heat pick-up.

-(¢) Material: The material of the hose will determine the
vall thickness and its insulation properties: so weight |
and temperature at the vortex tube will again be affected.
With material however another factor arises. When
certain plastics are heated, even slightly, a plasticiser.
may be given off. One type of plasticiser which has been
used in the manufacture of hoses, is the tri-cresyl
phosphates, substiances which can have sgeriously injurious
effects on the humen body. Care must be exercised that

- puch hose materials are not used,

The outer hose surface can have an effect upon the

temperature pick~up of the hose by convection or by

conduction from hot surfaces with which it comes into

contact., In addition hoses should be kink resistant
. and able to be subjected to physical stresses and
"abrasion caused by dragging.

.'Some data on pressure drops and weights of hoses is given in
Appendix 9.

The flow and terminal pressure for the hose is obtained by the
calculation of the vortex tube requirements by the method in 4.6 above,
Using this data, the pressure drop in & hose can be estimated from its
length and bore using the tables in Appendix 9. The suitability of various
hoses can be judged by considering their pressure drops and such other
characteristics as are also listed in the Appendix.

Couplings require very careful choice. For emergency release
end rescue reasons the coupling onto the vortex tube or at a point near
the vortex tube should be of the gquick-release, quick—coupling type. Tor
nuclear applications, particularly, self sealing couplings are most desirabl
However, the most commonly used coupling, the Spembly ball coupling has an
- excessive pressure drop and is therefore not suitable for the high flows to
" the vortex tube. :
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. Communication between the wearer and the attendant at entry to
the zone is essential and therefore the hose should be capable of taking
telecommunication cabling, either bound to it, or preferably within it.
Coupllngs must also be chosen with this in mznd.

Heat plck-up is unavoldable in the hoses and unless known to the
contrary the air at vortex tube inlet should be assumed to be at the
. environmental temperature. ~ o

4.8 Compressed'Air System

The selectlon and care of the compressor installation is discussed

- in Appendlx 8. Siting of the compressor air intake is important to ensure

that noxious fumes and moisture are not being sucked into the system. For
this ‘reason, motor driven rather than internal combusiion engined. compressors
are preferahble. The compressor ind pipework must be sized to meintain

~ adequate pressure and quantity of air available at the take-off points, 'To
reduce hose lengths these points should be as close to the entry p01nt as
possible.

Where prolonged work is envisaged and where long hose runs are
involved, flexible self sealing menifolds coupled to the system at the-entry
point should be considered. Such menifolds could be erected, in sections .
and persomnel entering could uncouple from an entry hose and reconnect to
- the manifold. This method would involve extra preparatory work but would
reduce the hose length to be manoeuvred at any one time and could sub-
stantially reduce pressure drops should this be critical.

. As envisaged, the vortex tubes would be set before entry and there-
after the pressure at the point of entry varied to the requirements of the
suit wearer., TFigure 4.4A indicates how reguletion by this means would werk.
If the temperature at which work is to be carried out is known & control
- valve setting can be pre-selected which will give a suitable flow to the -
suit (viz. 1.5 1b/min) during the steady operating conditions, The pressure
to each hose line should be indicated and the attendant should be informed
of the expected pressures to be called for. Should substantially higher
pressures be requested by the wearer, a fault should be suspected and the
wearer withdrawn unt11 the equipment has been checked.

Recelvers on the system should be so sized that, with regard to
the number and capacity of compressors installed, a man can be safely with-
drawn on failure of a single compressor. Adeguate drainage or drying must
be provided in order to avoid the possibility of slugs of water collecting
- in the hose and subsequently being forced along to the wearer.

5.0 Restrictions end Limitations

5. 1 Physiological Limitations

In considering the heat loss due to gweating, a llmlt of 500 grams
per hour has been fixed based on the following 1nf1uencing factors. When
first introducéd into a high temperature environment, body temperature rises
and as it does so, the tendency to sweat increases. However, the sweat
glands fatigue, such that after a given time the sweat rate falls off.
Generally there would be an increase in sweat rate during the first houx,

& peak in the second hour and an increasingly steep fall away in the third
and fourth hours. The rate at which the sweat rate declines varies
according to the acclimatisation of the subject. As the fall off can.be
very rapid in the fourth hour, exposure should be limited by administrative
contrel., The limit recommended is TWO HOURS.
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_ Only medically approved personnel should be permitted to use the
suit., In thermel stations, staff who are regularly employed in the plant
will get some acclimatisation fron the normal running enviromment. Care
mist be exercised to ensure that unacclimatised staff, (e g. Technical
staff who normally spend the majority of their time in an office) are not
gelected even though an inspection may seem to require the attention of a
senior officer. Alternative techniques, such as photography or T.V.,
~should be consldered.

- Persomnel required to use the suit should be medically examined
annually by a Board's medical officer. An examination of the man's current
medical condition must also be carried out by a medical officer or the
station nurse prior to commencement of hot working. This is to check that
no untoward condition has developed (e.g. a heavy cold) since the annual
examination. A note on these aspects is given in Appendix 3. Some form
of administrative control should be established and practice drills in the
suit are advisable for all registered 'hot-suit! workers.

5.2 Working Limitations

Based upon work carried out in other industries, the mean.metabolic
heat rate for a man doing heavy work is only about 300 kCals per hour,
although peaks of 680 kCals/hour occur. For design purposes it has been-
assumed that a mean of 400 kCals/hour may be appropriate. However, peaks
in physical output must be avoided as far as possible due to the increased
possibility of collapse foliowzng a sudden peak of output, This is
partially due to the rise in body temperature following a 'peak' not at’
recovering qulckly.

Work, llkely to be carried out in suits, should be critically
examined and any peaks avoided where p0531b1e. For example, plates
should be hinged such that they can be swung open and do not have to be
lifted off: power tools should be used in preference to hand tools.

5.3 Bquipment Limitaticns

The wvisor of ghe Mark I hood is perspex which has & softenzng
temperature of about 85°C. However, the suit has been used at 80 “¢ for
over an hour without any sign. of the visor softening. At this temperature,
due to internal air cooling, the visor was hot but not unbearable when
touched by the wearer's forehead. '

Limitations imposed by the achievable pressure and volume of air.
at the vortex tube inlet are likely to prove the principal llmltatlon to
the ‘use of the suit.

Durlng tests, discomfort to the hands and feet was most proncunced.
Improved boots and gloves are discussed in Appendix 10, but it should be
noted that these are likely to act as a limiting feature long before the suit

6.0 Discussion and Proposals

6.1 Application

The tests on the Mark I suit have shovm that the design is satis-
factory and appllcations considered praciticable are as follows:-
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(i) Access to and inspection of boilers in concrete pressure
vessels at Nuclear Power Stations.

(ii) Access to, cleaning and repazr ‘work in electrostatlc ‘
' precipitators.

_ (iii) Accegs to otherwise safe parts of b011ers for 1nspectlon
| : ‘of damage. A

(iv) Access to isolated flue ducts for inspection purposes.

(v) Limited work in hot 31tuatlons such as (iii) and (iv)
above.

It is‘considered that:-

‘(i). The utilisation of the suit should be effected only after -
. consultation with the Reg1ona1 Medical Officer who is aware
of requirements.

(1i) A Code of Practice should be established to be used in
- conjunction with the C.E.G.B. Safety Bules. This Cede of
Practice should ds=tail rules of procedure, limitations of
temperature and time and methods of assessing work to be
carried out and system desigms.

6.2 Development

The development of a suit for higher temperature applications is
discussed in Appendix 11. As potential applications appear limited, until
- further experience with the curreat design of suits is obtained it is not
proposed that the development of a suit for higher temperatures should be
undertaken.

The exlsting Mark I hood gives only limited protection ito the head.
A hood incorporating better head protection may be an adventage, and further
development is proposed.

‘ The p0351b111ty of using reflective material in the coverall is
being examined and its use, in condltlons with gignificant radiant heat,
should be coneidered.

6.3 Further Study

: !

The contamination hazard that may exist in nuclear stations may

~ render the suit, as it stands, unsuitable. It is proposed to examine the -
possibility of using suitable outer coveralls, which will permit the wventile
material of the suit to pass air whilst reteining protectlon agalnst the
ingress of contamlnatlon.

One application for which the suit is unlikely to be suitable is
the access to gircraft warning lights on chimneys. It is proposed that
this application should be considered separately. )

"Pield trials" of the suit have been limited and it is felt that
the first applications in the use of the suit should be carefully observed
and reported. . _ e
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. In tests, limitgtions have been imposed by ancillary equipment
such as hoses, gloves and boots. It is proposed that investigations inte
ancillary equipment should continue and a "catalogue" of suitable equipmer.t
should. be drawn up for c:.rculat:.on within the Boazrd.

T .O References ‘
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Com'oosition of VWorking Party

_ The original compoart:lon of the Working Party which initially
met on 5 November 1965 was as follows:

Chairman Mr. A. Sherry

Ass:.stant Chief Operations Engineer,
Operations Department H.Q.
South Eastern Region
Station Superintepdent,
West Thurrogk Power Station
Station Super:l.ntendent,
Wylfa Nuclear Power Station -

Dr, J.F. Erskine
Mr. R.A. CGreen

Mr. P.H.G. Holbrook

1

S “Dr. D.A. Wilson
" Secretary Mr. E. McEvoy

Nuclear Health and Safety Department, H.Q.
Plant Opera."tlons Branch, Operastions Departmen
H.Q.

Due to retirement, transfers etc. the following changes were made
- to the composition of the working party.

Chairman Mr. S.I. Ainsworth, Plant Engmeer, Plant Operations Branch, H, Qe
succeeded Mr. Sherry.

' Dr. J.A. Bonnell, Deputy Chief Health and Safety Officer (Medlca.l)
and Mr. R.B. Pepper, Nuclear Health and Safety Department successed

Dr. D.A. W:Llson. ;

. Mr. H., Tresise, 0Oldbury Power Station and Mr. J. Davies,
.Sta.ndards Branch, S.E. Region go:.ned the working party in May 1966.

o Mr. D. Lloyd, Midlands Region Jo:x.ned the working party in
July 1967, ' ' :

Secretary Mr, N.W. Hodges, Plant Operations Bra.nch succeeded Mr, E. McEvoy.

The Work:‘_ng Party have received assistance, which they gx-a.teﬁ:.lly
acknowledge from the following persons and orgenisations. i
i
Mr. J. Exley -~ Station Superintendent, 0ldbury Power Station
and his staff
Mr. J.L.M. Davies - Safety Officer, (North) S.E. Region
Mr. E.J. Payton -~ Senior Assistant Engineer (Efficiency and Testing
: S.E. Region
Mr, P, Scutt ~ Station Superintendent, Northfleet Power Station
: and his staff

The Officer Commanding, Institute of Aviation Medicine, R.A.E.
Farnborough and his staff. -

Dr. Otto Edholm, Division of Humen Physiology, Medical Research
Council, National Imstitute for Medical Research, Hampstead.

Frankenstein Group Litd., Hunt Lane, Broadway, Chadderton, Lancs.

Mine Safety Appliances Company Litd., Queenslie Industrial Estate,
Glasgow E.3,

Vortair Engineering Ltd., 78 Buckingham Gate, London S.W.l. -
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Medical Examination of Personnel Working
, in Hot Environments

prepared by

Dr. J.A. Bommell

. With the ddvent of the Magnox type reactors in concrete, (i.e.
Oldbury and wylfa) it became apparent that men would be required to enter
the concrete pressure vessel boil:r shell at regular intervals for routine
inspection and maintenance purpos:s in temperatures of up to 60°C,

Men called upon to wear the clothing developed specifically for
work in conditions of up to 60-80°C must be of a high standard of physical
‘fitness, Even though a man would take his own environment with him into
these high temperature conditions, failure of the protective equipment
might oceur in which case he would be called upon to overcome the physio-
logical stresses of the hot environment in order to get out.

Discussions have taken place with Dr. Edholm of the M.R.C.
National Institute of Medical Research, Human Physioclogy Unit and members
cf his staff, :

In assgessing the suitability of persommel for this type of work
it must be assumed that all workers are unacclimatised persons. It is,
in fact, unlikely that any one person would be called upon to work at high
- temperatures sufficiently frequently or for any sustained period for
acclimatisation to develop.

Medical examination of prospective workers in hot environments
is a necessary pari of the process of selection. Thig is likely to be a
process of excluding certain individuals because of the presénce of specifie
deviations from normal. In addition general physical disabilities,
-particularly of the locomotor system, poor vision and aunditory defects,
must be noted as well as any evidence of psychological disturbances such as
a2 history of claustrophobia,., Skin sensitivity to rubber or plastic materials
would also constitute a bar to employment. Specific factors which would
influence selection are (a) Age, (b) Physique (i.e. obesity), (c¢) Hyper-
tension or hypotension (i.e. tendency to fainting attacks), (d) Infective
‘foci, (e) Anaemis, (f) Skin disease. ‘

The Board'!s Medical Advisory Committee have discussed this problem
and recommended that the medical examination for fitness to undertake work
in hot environments should be a pre-employment examination or prior to .
transfer to a job involving this type of work. 1In addition, each individual
should be interviewed by a nurse or doctor immediately before work in hot
environments is due to take place. This ig to ensure there was no change in
a person's health and also to exclude the presence of any temporary incapacity
e.g. common cold, a minor upper respiratory tract or other infection, post--
alcoholic "hangover". Severe sunburm markedly reduces sweating and would
- form a temporary bar to employment. '

_ In order to highlight the importance of physicel fitness it is
unlikely that a persvn over the age of 45 years would be acceptable.
Equally, obesity would form & complete bar to employment.
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Description of the Profotype Suite

: The first prototype suit comprised a coverall of close weave
ventile cotton material fitted with polythene cooling tubes for whole body
cooling. Suitable padding was provided over the air inlet manifold into
which air at freezing temperatures could be introduced. Wrist and ankles
vere elasticised to trap the air and thus by producing a very slight intermal
pressure in the suit it is kept from being in continual close contact with
the body.

The second prototype su:.t consisted of an inmer suit of nitrogen
blown foam covered and quilted with & nylon cover: cooling tapes were fitted
on the inside of this garment. An outer coverall, of material similar to
the first prototype, was worn over the immer garment to act as a sacr:.flc:l.al
wear covering, :

Both suits were worn with a hood of similar material to the
coverall to which breathing and cooling air was led from the suit. The
visor initially comprised a single layer of 0,007" thick 'melimex'. As -
this was the maximum ‘thickness of this material available, a 'double glazed!'
visor was substituted having an %" air gap and a stiffened frame to prevent
the melimex from crinkling and ¢racking. The double wall construction also
gave additional protection to the face should it come in contact with the
visor. The hood was attached to the suit using 'Velcro' fasteners.
(Microscopic plastic hooks).,

The second prototype suit anit hood ave illustrated in Figures
A4~1 and A4-2,
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Testa on thé Prototype Suits -

A, Tests in Hot Cell at R.A.E. Farnborough - May 1966

Pest 1. First Prototype Suit with Single Vortex Tube

The hot tunnel was heated to 55°C (131°F) for the initial test.
Long underwear was worn to prevent cold air impinging on the skin but this
was found to be unmecessary and uncomfortable, String vest and briefs were’
worn for subsequent tests. It was necegpary to ensure that the cooling
tubes in the suit did not kink as the tubes were not sufflclently resilient
to resume their normal shape.

The hood proved to give inadequate cobling, temporaty modification
alleviated the problem but furthe:: redesign was recommended.

‘ Mittens of a non-ventile material were used but led to high

perspiration from the hands. The cuffs of the coverall were fitted over
the glove and the cooling tube to one arm was opened at the end and inserted
- into the glove but without any great improvement. The suit was found to be
fairly comfortable and exercises to simulate physical effort did not lead to
any dlSGOmfort.

Test 2. Secoﬁd Prototype Suit with Single Vortex Tube

_ This test was conducted in é similar manmer to Test 1. Due to
the increased insulation this suit proved to be much more comfortable to
wear than the first prototype.

The full range of air flows end temperatures to the suit were
checked and with an air supply pressure of 80 lbf/1n2 available at the vortex

" tube the range was found to be from 1.45 1b/min at 23 °C to the suit to

0.61 1b/min at 0 °c. Outlet temperatures from the vortex tube are governed

by the quantity of cold air taken from the tube, temperature drops varying

. inversely with this quantity,

It was found that the hot air fraction heats the casing of the
.tube and some insulation may be required with a tube in service,

As only 12' to 15' of hose was available for the initial test the
" temperature pick-up along the hose was not checked.

Having proved that the suit was reasonably acceptable and following
minor modifications further tests were carried out. These comprised tests
measuring pulse, bedy temperature and sweat loss, using a standard coverall
et normal ambient temperature and 91mulat1ng work for cne hour, repeat testis
using the suit and subsequent tests at 60°C and 80° C.

To simzlate work a stepping routine onto a 7" step was carried out
et a rate of 12-15 steps per minute for 8 minute periods with 2 minute rest
to check pulse rate and body temperature. The weight loss was checked for
the period of one hour. N : '
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Test at Ambient Teﬁperature in an UnVentiléted Coverall

Dry Bulb temperature 22.5 C Relative Humidity 41%.

Air V91001ty throughout tests 3-5 inclusive 300 feet/mln.

" Weight béfore test 74.065 Kgms
Weight after test 73.9 Kgnms
_Weight loss 0ﬂ165 Kems
~ Time gmins.2~ Pulse rate Oral Temperature
0 70 26.4
10 80 36.3
20 - 80 36.5
30 78 26.6
20 78 36.5
50 80 %6.8
60 80 36.5
This test was used to give ba31c and comparative data of the
_ subaect.
Test 4. Test at Amblent Temperature in Secand Prototvpe Suit

Inner sult and coverall worn

Temperature conditions as for Test 3

Weight before test

- Weight after test

74.450 Kgms
T4.260 Kems

Weight loss 0.190 Kens
o Pregsure suit inlet Cooled Air
g;ﬁ: 5:%:8 Oralugemp. at tube Pressure Temp.
— DP.S.1.2. D.S.degs °c
0 B4 36,8 24 0.21 9
10 - 94 36.5 55 0.54 9
20 85 36.6 55 0.42 1
30 90 36.7 53. 0.42 1
40 94 36.7 53 ' 0.41 1
50 94 37.0 55 0.41 1
60 96 37.0 55 - 041 1l
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"Test 5. Test at 60°C, Second Prototype with Double Vortex Tube

-Dry Bulb Temperature 59.500. Wet Bulb Temperature 269 .

Weight before test  74.115 Kgms
Weight after -est . 73.730 Kgms

Weight loss ' 0.385 Kgms
. : . Cir, Pregsure ©Suit inlet Cooled Air
‘T?me Puise,‘ Oralogemp. at tube Prezsure Temp.
s B = r.s.i.g. p.s.i.g. °c
0 78 36.4 70 - 1.84 23
10 86 36.5 70 1.7 . 20
20 . 86 36,7 " 70 1.71 21
30 88 - 36,8 80 2.16 20
40 84 36 19 . 1.55 14
50 . 88 36.6 79 1.07 11
60 34 36.7 79 1.07 11

Tegt 6. Test at 80°C

Dry Bulb Temperature 80°ec.
' i
Weight before test T4.512 Kgms
Weight after sest 73.973 Kgms

Weight loss 0.539 Kgus
. Cir, Pressure ouit inlet Cooled Air
iiﬂ: izize Oralogemp, at tube ‘ Pressure Temp.
—_—— - — p.g.i.g. Pes.i.g. oC
0 86 . 36.4 100 1.9 14
10 a8 36.8 100 1,44 14
20 102 36.8 100 1.42 : 15
30 104 36.8 100 l.42 18
46 104 36,8 100 "1.42 18.3
50 112 . 36.4 100 1.42 19
60 120 36.6 100 1.41 ‘ 19

The air supply to the suit during tests 5 and 6 was with 120' of 4" bore
standard black rubber air hose, the 120' of hose being inside the
temperature zone, '

Air temperature in hose before chamber - 2320
Air temperature at vortex tubeoinlet - 5200
Temperature gain in hose at 80°C - 297°C
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- - Two hoods were available for the tests. Hood 1, used during thu
test had a cooling tube above the forehead and in front of the mouth.
"Hood 2, had a tube in front of the mouth only but with larger distribution
holes, It was found however that the noise level in Hood 2 wag too high and
would require further modification, The suit pressure with verying air flow
was taken. o : ‘

Suit Flow/Preasﬁre Test

The pressure was taken at the suit inlet tube.

" Pressure - . . . Flow Rate 1b/min

. pPeS.i.ge i Using Hood 1. Using Hood 2
0-1 0.»38 T )
0.2 0.54 0.57
0.3 0.65 '
0.4 0.76 . 0.88
0.5 0.88 ) .
0.6 - ¢,95 1.08
0.8. 1.11 L 1,22
1.0 1.26 1.45
1.2 - 1.46 1.63
1.4 1.55 1.80
1.6 1.68 ‘ 1.95
1.8 1,83 2.06
2.0 1,95 : 2.18
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. Notes’

1. The outer casing of the single vortex tube came adrift during

.Test 4 resulting in discomnection of the temperature control adjustment.

This casing needs fixing and verification is required that the insulation
between the immer and outer casing will be satisfactory at high temperatures.

24 | A pocket is required on the inside of the coverall to hold a
telecommunication amplifier and provision is required for the cable.

3 ‘ A thrbat microphone was used during the tests with an earclip
earphone. The earphone is satisfactory but it is desirable that provision
should be made in the hood to attach a noise cancelling boom type microphone,

4;' | A more satisfactory glove-is required particwlarly for c¢limbing
vertical ladders ete. with the metal at higher temperatures.

5.' Follow1ng Tgst 4, the skin temperature in the area of the suit
inlet manifold was 21 °C whereas the neck was 31 ° and armpit 31.5 °%. This
suggests that the distribution holes require modification. The difference
in skin temperature should not ideally exceed 3°C. '

]

B. Test entry to Pressure Vessel at 0ldbury Power Station — June 1966

Intry was made to one boiler from pile cap level to check the
effectlveness and manoeuwreabllity of suit in =a conf1ned space.

The suit was connected via Spembly air llne, telecommunication
with boom type microphone end healguard earphones were used (not Amplivox).

Manhole entry and access to ladders and platforms was reasonably
good. The greatest restriction was the initial entry tube of approx. 12' of
2! dia. 1In order to fit sealing plates around the top slot of the boiler
entry a man must pass between tubiés approximately 18" apart, in a crouched
position. Interference with the hood occurred and there was a tendency for
it to be pushed back. The hood was found to be too tall for ease of
-judgment and the top of the visor too square., A reduction in air supply
to the hood occurred during entry to a tube bank interspace due to kinking
of the plastic tube. '

The following recommendations are made, some confirmed from previous
testsei~ '

(1) ¥on-kink distribution hoses must be used.

'(2) The hood requires reshaping to prevent catching and improve
.upward vigion.

(3) Hood air distribution requires further experimentation.

(4) A longer apron or press clips requlred at the back faatenlng
of hood.

(5) The plastic tube from manifold to vortex tube can get caught
on sharp corners vhen squeezing through restricted spaces. The
tube should be threaded through a slot in the coverall.
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(6) A different form of air,inlet from the "pipe fitting" elbow is
required to prevent fouling.

(7) A pocket is required in the coverall for a telecommunication
amplifier. » - ' :

(8) Vortex. tube insulation requires sealing to assist in
decontamination of the tube.
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Tests on the Mark I Suits

" Introduction

Pollow1ng tests on the prototype qults, the design was modified.
to give improved air distribution and better visibility and two modified
suits and hoods were prepared for tests by Frankensteins Ltd. The
modified suits were similar to on: another except that one had an outer
coverall of orenge material and the other was in a grey finish, .

Flow-pressure characteristics of the two suits were found to be-
clogely similar, It was therefore assumed that they would be similar in
performance and the orange suit alone was used in the cllmatlc cell tests._

) The subgects in- these tusts were C.E.G.B. employees who had been
" medically examined and cleared for work in hot environments.

Results
Test 1 - .Dry Bulb - 57 - 58,2 c
‘Met Bulb - 25 - 24,8

Mr. Tiesise (wearing vest, pants, rubber gloves,
asbestos cotton gloves, rubber (short
wellingtons)

Weight loss during test 180 grams.

Subject

Readings during tesi

Vortex inlet pressure Suit inlet air Suit inlet air Suit flow

p.s.i.g. Pemp. °C press—p.s.i.g. 1b/min
50 ' 17.2 1.6 1.43%

Insuf£icient cooling: inlet air pressure increased

55 15.4 1.6 1.43

55 16.5 | 1.7 1.44
Vortex tube adjusted to give higher cold flow

55 16.7 1.9 1.54

Subject's orsl temperature still rising - cooling increased

65 | 15,5 2.4 1.77
65 15.4 2.5 1.82
65 . 16.4 , 2.6 1.86

Check on vortex tube at end of test: rotameter indicated output of
1.98 1b/min.
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Measurements on Subject Doing 7" Btep at 12 times/min. *

Time (mins) Pulse rate T oral °C _ Comments
. 0 84/m1n 36°C ' Pulge rate taken after 2 min. rest over
‘10 84 26.8 -1 full minute in all cases
20 - .86 37.2 .
30 88 37.4 Sweat visible on face
40 - 90 37.7 Sweat visible on face
50 - - 98 : 37.5 Sweat visible on face
60 "~ 100 , 375 Sweat visible on face

Subject commented that coollng of hands and feet were the least
. satlsfactory, otherwise cooling pretty uniform.

Test 2 Dry Bulb - 68° C,= 68.4 C

: Wet Bulb - 27.2 % - 27. 4 C
Subject: Mr. Tresise (clothing as for Test 1)
Weight loss during test: 400 grams,

Resdings during test

Vortex tube inlet pressure was constant 76 ~ 78 p.s.i.g.

Oral Temp.  Suit Inlet Air Suit Inlet Suit Flow
% Temp, °C  Press p.s.i.g. 1b/min
37.1 13.6 2,0 1.58
37.2 13.3 1.95 1.56
37.3 14.0 1.95 1.56
37.6 14.6 1.95 1.56
37.3 14.6 2.0 1.58
37.3 14.6 2.0 1.58
37.0 14.4 2.0 '1.58

' " Check on vortex tube at end of test- rotameter indicated flow. of
1.7 lb/min

On entering hot-cell the inlet temperature was 3 °C: the subject
complained of poor distribution and discomfort at this time. As the
temperature of suit inlet rose, due to hoge pick-up, although less cooling
was being applied the suit became comfortable.

It would Jappeear from su:aectlve Judgment that the inlet temperature
should be aboéut 15 % for comfort end that at this temperature distribution
in the guit is satisfactory.

The thermocouple reading oral temperature was left out of ghe mouth
at times during the test. At these times, temperatures of about 25 C were
registered,
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Measurements on Subject Doing 7" step at 12 times/min.

Time (mins) Pulse rate T oral % . Comments

0 - 82 T 3643 Pulse rate taken after % min. rest
10 .. %0 T 37,1 over 1 full minute in all cases,
20 . 86 - 37.3 . Bweat on face

30 - o 88 - 37.3 - Sweat on face

40 90 : 37.6 . Sweat on face

50 98 . 37.3 Sweat on face

60 100 37.0 Sweat on face

‘Hands and feet aé&in reported as. the least comfortable.

Test 3 Dry Bulb - 179, 0 °a
Wet Buld -~ 32,5 ‘g
Subject: Mr., Westmorland
Weight loss. during test 750 grams.

Readmgs ‘during test

: The vortex tube inlet pressure was m:.ta.ally 80 p.s.i.g. As heat
pick-up in hoses became significent the pressure was raised to the hlghest
available, namely 85 p.s.i.g. ‘

Cral Temp. Suit Inlet Air Suit Inlet Aix Suit Flow
.9 ' 0

4 ' fMemp., C- Press p.s.i.g. 1b/min
26.5 15 2.08 1.63
C 36,5 15 2.08 1.63
36.6 19.5 1.85 ' 1.49
37.2 20,2 , 1.85 1.49
27.2 3 20.8. . 1.85 1.49
37.4 20.6 1.9 1.53%
37.4 . 25.0 2.85 1.97
37.4 26.2 2,85 1.97
37.4 - 25.8 2.85 1.97

Dur:mg thig test, as heat pick-up in hoses became significant, it
,beca.me a.ppa.rent that insufficient cooling could be obtained from the vortex
tube with the limited inlet Pressure available. The subject was however
able to endure the test for the full period., Subjective observations during
the test were that it was generally warm and, in particular, warm to the face.
Similar observations regard:.ng distribution were made on entry when the
temperatures were low (3°C inlet air).

: Later in the test the subject touched the perspex visor with hlS
face and found it "hot but bearable'.

After 40 minutes in the cell some misting of the visor was reported.
Hands and feet were subjected to great discomfort during this test. At the
conclusion, the subject tried a certa.:l.n amount of crawling over the steel
deckmg of the cell.

Half an hour after the test the subjects pulse rate was still 120.
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Measurements on Subject Doing 7" step at 12 times/min.

Time (mins)  Pulse rate T_oral °c . Comments
10 B 100 . 36,5 :
10 118 36.6 Sweat on face
20 120 S 37.2 Sweat on face
.30 126 37.2 Sweat on face
" 40 128 37.4 - Misting on visor reported
R0 126 37.3 o -

60 130 57.4
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i Back Pressure - Fiow Craracteristic of the Mark I

Hot-Woxrking Suits

- Orange Suit

A,

Correctéd

"~ Flow

1b/min

Back Pressure
b .
P.S.icg.

0.86
1,02
1.19
1.37
1.54
1.63
1.73
1.92
2,12
2.64

. 0.65
0.92

1.20
1.52
1.89
2.10
2,30
2.76
3.25

4.8

Grey Suit

B.

0.74
0,98
1.19
- 1.40
1.64
1.86
2.10
2.53
2.63

o <P E=-MNONON D NN
581505107”
- [ ] - -

s = a2 @
OO MHNNM<E<T

These are plotted in Figure A6~1,
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Interpretation of Test Results

Heat Removal by Air (H)

Taking the gpecific heat of air as 0.241, the heat fluk for a man
can be shown to be 6.51F(TEl - Ti) kcal/h. ‘

Where  F is the air flow in 1b/min

T is skin temperature (for comfortable
 conditions taken as 33°C) o

and Ti is the inlet air temperature in C.

Metabolic Heat (Hm)

Typical values are:

Resting -~ 350 BTU/h = 88.2 kCal/h
Light Work - 1250 ERU/h = 215 kCal/h
Heavy Work - 2700 BRU/h = 681 kCal/h

Sweat Loss (Hs)

In these tests, results cleariy indicate that significant sweat
'losses occurred and the heat loss through sweating can be estimated from the
latent Heat of water and equals Q x 0.576 kecals/h where Q is the sweat losi

in grams/h,
Heat Input from the Enviromment (H)

If H is the total heatlentering the suit and A is the effective hod;
area then the heat transfer equation is :

4 Hy4y _H
T =Tg+kIa (TG -‘(TS - Ic A-) ) - I (Ic +Ia)

where ' I = Clothing heat insulation resistance (OC.mg.h/k.cal)
Io = Boundary air heat insulation resistance (°C.m?.h/k.cal)
Ty = Temperature of skin (°K) o
Tg = Globe Temperature of ambient air (*r)
H = Clothing heat flow (kcal/h)
k = A constant based wyon the Stefan Boltzman constant

4.9 x 10°8 k,cal/m?.h °K4 and the man's surface area available
for convective heat exchange.

The radiant heat component‘in fhe above equation was found to be

smell and was therefore ignored. Thus for practical purposes at the
temperatures being considered.

H
T, = g-x(1c+1a)

Thus H = (Tg - T,)

Ip + I

Heat Balance

For a heat balance, the heat lost by sweating added to the heat los
by convection to the air must equal the sum of Metabolic Heat and Heat input
from the environment, i.e. H, + HS = H, +H .

i.e. Ha + Hs = Hm + H
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Substi‘tuting in this equation the following is obtdined,

6.51F(Ty - Ty ) +Q. 0. 576 = Hp + (T T JA(T, + 1 )
. of these factors, F, 7 19 Q, Tg we*e mea.sured in ea.ch test

Ty is normally-taken as 33 C.and A as 1.8 m
Thig leaves Hy and (I, + I,) as "unknowns".

- However H, cen be expected to be of the order of 200 kcal/h, but
it is not necessarily the same in each of the tests under review. Different
subjects were used but the same work routine was employed in all cases,

Test 2 was, by far, the test in which steadiest conditions were
obtained, and for the conditions measured a value of I + I = O. 39C mh/keal
is conszstent with metabolic heat rates of 200 - 230 kcal/h '

The results of Test 1 are such that the calculated value of
Io + Ig is considerably affected by the assumed value of Hp but the readlngs

at the end of the test are equally consistent with a value of 0.3 for Hy in
the order of 210 keal/h.

The subject in Test 3 was different from the earlier tests, As |
the subject was heavier it is safe to assume that the metabolic rate should
be higher in this test. Teking Hy = 250 kcal/h the results are again
consistent with I, + I, equal to 0.3.

' Mest 1 F = 1.86 1b/min T, = 15.5°% T = 58°C Q = 180 grams

Hﬁ = 6.51 x i-86 (33 - 15.5) = 252 keal/h
Hy = 0.576 x 180 - = 103 keal/h

| Hy+Hy = 355 k.calfn
Assume By = 210 keel/h end I, + I, = 0.3
EH = (58 - 33) x 1.8/0.3 = 150 |
 Eg+E = 360kcal/n
Test 2 F=1.57 1b/min Ty = 14.6°C Q= 400 grams T, = 68°C

' H;.='6.51'x 1.57 (33 - 14,6) = 188 kcal/h
B = 400 x 0.576 = 226 keal/h -

Hé + Hs = 414 k.calgh
Assume B =- 210 keal/h and I, + I, =0.3

H = (68 - 33) x.l.8/0.5 = 210

Hm +H = 420 k.cal(h
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Test 3 F = 1.97 1b/min Ty = 25°C Q = 750 grams Ty = 79°%
H, = 6.51 x 1.97 (33 ~ 25) = 102
. By = 0,576 x 750 = 4%2

Hy + H3 = 534 kcal/h
. Assume Hp = 250 Ic + Ig = 0.3
E = (19 - 33) 1.8/0.3 = 276
1 +.H = 526 k.cal/h
As a check, the resulis, K of the previous series of tests can be

examined.. The test routine was vhe same and the suit, being basically
simjlar, can be assumed to have a similar insulation resistance.

Test 5 (preliminary series)
F = 2,28 1b/min Ty = 20°% Q = 285 grams Tg = 60°C

H, = 6.51 x 2.28 x (33 - 20) 193
Hy = 0.576 x 285 = 164

H, + B = 357 k.cal/h

Agguming H, = 210 - and Iy + I, = 0.3

H = (60 ~.33) x 1.8/0.3 = 162
Hy, + B = 372 k.cal/h

Tegt 6 (preliminary series)

F = 1.79 1b/min ?; = 19% Q = 589 grams Ty = 80°C
Hy, = 6.51 x1.79 x (33 -19) = 163 '
Hy = 0.576 x 589 = 339

H, +Hy = 502 k.cal/h
Assume H, is again 210 (same subject) and I, + I, = 0.3
H = (80 - 33) x 1.8/0.3 = 282 |

H+Hy = 492 k.cal/h

Conclusion

It is conecluded that in the consideration of czrcumstances similar
that experienced in the test, that is 1n tegperatures up to 80°C in moderate
air streams, an insulation value of 0,3 °c m h/k.cal can be used.
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Tests on Vortex Tubes

‘During the suit tests at Tarnborough, doubts arose regarding the
performance of the vortex tube ascemblies. Temperature drops obtained
did not match those published for Tulton tubes, as. given in Table 4.54,
Tests were therefore carried out on the three assemblies, at Croydon by
the Efficiency and Test Section, South Easterm Region. For each tube
assembly the temperature drop - cold air flow relationship was plotted
for various inlet pressures and control settings. The total air flow -

. inlet pressure relationships were also established. These are shown in
Figures A7-~1 to A7-6.

The results of the testsz as shown in Figures A7~1 to AT-6 can
be combined to give families of curves which principally show the vortex
. tube inlet pressures necessary to give a given cold flow at various
. temperature drops. These curves are given in Figures A7-7 to 9 and it
will be seen that the effect of control settings can also be illustrated
‘on these graphs.

These curves have been drawn in the same way as Figure 4.5B
which is based upon the published data for a twin Fulion tube assembly
and which also forms part of the nomograph Figure 4.44.

: It will be seen that the prerformance of the {ested tubes differs
significantly from that claimed for Fulton tubes. Both manufacturers
have been contacted and are currently investigating the situation.

‘ : The Vortair assembly has been examined by the manufacturer and
it has been establlshed that a high flow 'low temperature drop! bushing
"had been used. - For most applications it is probable that the alternative
bushing would be more suitable, It was also found that the fraction
control of one tube had been damaged,

It is also believed that the M.S.A, tubes had been fitted with
bushings of the wrong size for the appllcatlon but this hag yet to be
confirmed.
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Quality of Breathing Air

The following extract is included for guidesnce and is taken from
. document 66/299%6 Draft British Standard Recommendations on "The Selection,
Use and Maintenance of Respiratory Protective Equipment".

Air-Line Breathing Apparatus

AB8,1 Air-Lines and Air Hoses

(a) Before being put into uae, the air-line or hose should be examined
externally and tested for freedom.from dirt and blockages. -

(b) In use the wearer should teke precautlons to prevent the air-line
or hose fouling on projections.

(¢) The intake end should be positively fixed in a position from which
clean, fresh air can be drawn. '

(d) The length of air-line or hose used should not exceed that appro-
_ rriate for the diameter and type of hosge,

A8.2 Compressed Air Supply

Types of SBervice. Exc%pting self-contained apparatus, there are
three methods of providing air for breathing purposes:

(a) Separate mask air service. The provision of a mask air service,
separate from the normal works air service, is the best methods of supplying
air for personal protection and should always be considered for installation
in new works or where major alterations justify it.

(b) General works air service. Mask air service may be taken from the
general works air supply, but should be used only after special precautions
- against contamination have been taken.

(¢) Portable air supply units. Where mask air is required infrequently
or in an emergency, or in remote or isolated places, a portable air supply
unit should be used. :

AB.3 Requirements for all systems of compresged
air for air-line breathing apparatus

(a) Adr Purity, A sample of air supplied %o the wearer should not
contain impurities. in excess of the limits given in Table 1:

Carbon monoxide 10 parts per million (11 milligrams/cubic -
metre)

Carbon dioxide 500 parts per million (900 milligrams/cubic
metre)

0il | 1 milligram/cubic metre

Odour and The air should be free from all odour, and

Cleanliness contamination by dust, dirt or metallic
particles and should not contain any other
toxic or irritating ingredients. (See note
QI P |
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NOTE: Odour .and cleanliness of compressed air is difficult to check

. accurately without special equipment. A rough check may be made by smelllng
- the delivered air, and by noting any discolouration or weiness when the air

- is passed gently through a wed of tissue or filter paper.

. (b) Compressors. Compressors, particularly the exhaust valves, should

‘be well maintained and should not be allowed to overheat as a dangerous
amount of carbon monoxide or other noxious substances may be produced by the
decompogition of lubr:l.ca,ting oils,

_ (e) Air supply. The capacity of any air service for personal protectio
should be calculated on a minimum requirement of 6 cu.ft. (170 litres) per
person per mmute.

(d) Pressure in rubber tubing. The pressure of air admitted to any
rubber tub:mg comnected, to personal protective apparatus should not exceed
25 1bf/in® (1.76 kgf/cmz) and should never be &t a pressure less than 5 1bf/

2 (0.35 ket/cn?).

(W P, Note: In 'thls a.ppllcation the pressu.re in the supply hose will be in
excess of 25.1bf/ in2s protection’ is afforded to the wearer by the vortex “ube
which reduces the pressure e,d.m:l.t'ted. to the suit).

(e) Flexible tubing. Flexible kin.k-resistant tubing of rubber or othex
similar material used in connection with air supply to a mask should be manu-
factured to a specification which ensures it will withstand the maximum
~ pressure of 25 1bf/in? (1. 76 kgf/cm?) to which it mey be subjected.

(W.P, Note: A higher pressure than 25 1bf/ in® is neéded in the specn.flca.tlon
before vortex tubes).

(£) Air temperature and humidity. Air supplied to the mask or hood
should normelly be at a comfortabie breathing temperature within the range
of 15°C to 25°C. The wearer's comfort is considerably influenced by the
humidity of the air breathed and it is recommended that 85 per cent should
not be exceeded.

‘ (g) Air intake. The air mtake provided for any mask air service
should -be so sited and constructed as to avoid the entry of contaminated
air into the system and ensure a sufficient supply of clean air. The use
of filters on any intske should be of seconda.ry importance to the foregeoing
req_ulrements .

(h) Avoidance of stale air and moisture. Arrangements should be made
to avoid the pocketing of stale air in pipe lines, and the use of ring
circuits and/or controlled leak-offs helps to guard against this hazard.
Provision should also be made, at appropriate places, to drain away water
from any pipe line.

(3) Air supply in an emergency. Every system of air supply employed
ghould incorporate a receiver of sufficient capacity to enable a person to
escape from an irrespirable a.tmosphere, in the event of a failure of the
prime mover supplying the air. :

(k) Warning device. Arrangements should be made to warn the user of
any mask air service whenever there is danger of the supply of air becoming
inadequate.
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(1) Connection or coupling points, The number of connection points
provided in any service should be sufficient to avoid the use of excesgive
lengths of flexible tubing. Couplings should for preference he of the
"ingtentaneous". type and different from those used.for other compressed air
serv:.ces. : v

In certain cages it mziy‘ be desirable to install a filter, diam,
pressure gauge and control valve ad jacent to each cormec'tlon po:.nt or group
of comnection pom'bs.

~ (m) Materials of construction. In order to ensure a supply of clean
‘air to the mask, the materisls of construction of all parts of the systenm,
after and ineluding the final filter, should be non-corrodible.
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Hoges ard Couplings

Hoses _

Three types of rubber hose, manufactured by Uniroyal Ltd. (Tyre
and General Products Division) have been examined and appear to be suitable
from a mechanical point of view. Arranged in order of their resistance to
kinking, the 3 types were as follows:- o

1. Rayon spiral reinforced air hose (H.P.) Type RS3356
2. Thres braid reinforced hose Type R3350
3. Rayon braided reinforced hose Type R3350

All of these hoses have bore tolerances of l/ 22" and factors of
safety on pressure of 4:l.

Data for the various types are as follows:-

1. _Raydn spiral reinforced:  Type RS3356
Nom. ‘Bore ‘Bated Pressure (1bf/inZ) Welght (1b/100 ft.)
o - - 300 | 25.65
g" | 285 | 29.9
o 275 o 38.75
2. Two braid reinforced hose: Type R3350 .
3" 225 - | 25
" 225 30
o a2 | 38
3, Three braid reinforced hose: Type R3350
n 300 29
gn » 275 | 35
gu 275 44

Samples of the above hose have been heated to 80 C 100°¢C and 120°%
and kept at those temperatures for a week, The sample heated to 80 °¢ showed
some hardening but had retained a measure of flexibility. It is therefore
felt that rubber hoses of these types will be satisfactory albelt for a
limited exposure life,

Hose Pressure Drops

The nominal pressure drops given in Table AT-1, attached, can be
used as a guide. These are, strictly speaking, for pulsating flow in smooth
. bore hoses. For rough bore hoses the pressure -loss may be 50% greater. For
steady flow the loss is to be expected to be pessimistic.
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Ancillary Equipment and Clothing

No tests have been carried out on gloves, footwear or emergency

rescue equipment. . Arrangements for practical evaluation are being made
of equipment listed below which has been selected from commercially available
sources and appears likely to meet requirements.

A,

Bawipment for use with Mark I suit

‘Footwear

‘ A boot with one or more socks, according to the temperatures
should be used. '

The following socks are available from C.E.G.B. Stores Standard
06/09 - - Personal Clothing, Detail Code Numbers:

06/09/351 to. 355 .Nylon socks
06/09/361 to 365 . Socks cotton/nylon
06/09/381 to 384 Stockings (Seaboot ~ oiled yarn)

The following boots are ‘available:

James North and Sons Ltd. "NORSTAR" Mbulders Foundry Boot (Qulck Helease)
Type ST303.

_ Certain boots from Wllkins end Denton Ltd,, 'Totector' range are
11kely to. be suitable for lower temperature applications.

Tebbut and Hall 22G/901 (used for R.A.F. rescue).

Gloves

The following gloves are available:

Jemes North and Sons Litd. "NORTHERM" Type N133 (Large), Type N143
(Medium). .

(These are to be added to C.E.G.B. Stores Standard 06/19 Gloves).

Underclothes

During tests, ordinary underclothes have been used. "Factory
Clothing" type vests and pants were used in one test, whilst 'string!'
vest and lightweight pants were used in others. Heavy underclothing
was tried but found uncomfortable during a further test.

Equipgeﬁt for use with Mark I suit in radisctive contaminated areas

Pootwear

The“follow1ng boot is available from C.E.G.B. Stores Standard 06/15
Footwear: Code 06/15/412-419 Boots Rubber (Whlte Half Length Knee).
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_l Gloves . -
The gloves quoted in 'A:' above can be used :iné‘idt_a_ rubber gloves. -
The possibility of 'dipping' these gloves is also being examined.

c.. Emer,g:ency BEquipment

'Suits (includmg Gloves and Helmet)

~ Bell Asbeetos and Engineering Ltd.
. Bestobel Type K55 Salamander Fire Suit
Bestobel Type K56 Lightweight Rescue Sult
- (styled to accommodate a self air set irternally)
(Note the K55 is the heavier version)

Brigtol Uniforms Ltd, - Bristol Fire Fighting Suit
Footwear
Fitted Boots:-

Bell Asbestos K67 (This is an aluminised version , of the
Tebbut and Hall 22@/901)

Overboots

4

Bell Asbestos and Engine er:l.ng Ltd. /——; K
.Bestobel

Bestobel K66 (Ankle ani. Knee leng'bhs) .
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D. Specification for Mark I Suiu issued by.
the Frankenstein Group Limited

SPECIFICATION FOR THE EEAUFORT DYNACOOL SUIT

TRADE NAMB:- " The suit will be called the BEAUFORT DYNACOOL SUIT MK.1.
+ This suit has previously been known as either (a) THE
M.S.A. COOLING SUIT or (b) THE EEAUFORT COOLING SUIT.

* PURPOSE := The purpose of this assembly is to provide adequate cooling

: and breathing for the wearer when working in ambient
temperatures of up to 70 C, giving good mobility and
visibility.

METHOD OF COOLING:~ The principle employed is one of dynamic insulation.

‘ Dry, dust free air is supplied to the suit at a pressure
of approximately 100 p.s.i. the air ig cooled by a vortex
system and fed into the suit, the hot air from the vortex
.tubes being exhausted to atmosphere.

The assembly is designed and calibrated to allow the
“wearer to maintain a medium work rate of 4.5 K.cal/min.

. DESCRIPTION : ~ The suit assembly is in three pieces comprising the following:-

(a) A one piece outer suit with front entry, closed with a
sliding fastener. The material is a closely woven cotton
fabric with very good dbrasion resistance.

(b) A foam insulated inner suit made from 3" polyurathane
foam sandwiched between two layers of woven nylon, as the
outer suit also front entry closed with a sliding fastener.

(¢) An irmer and ocuter hood of.thg same fabrics as the suit
Jjoined together around the neck and studded together through
a perspex visor which affords excellent all round vision.

The inner and outer suits are donned separately, the hood
is then posifioned and secured in position to the outer suit
by sliding fusteners fitted to the skirt of the hood and
acroas the chest and back of the outer suit.
. An aperture on the front left waist provides entry for the
‘ gir distribution gystem, and fitted inside the inner suit
is & padded flap to provide insulation against localised
chilling of the body by the air distribution manifold.
Tunnel tapes are fitted throughout the inside of the inner
- garment, through which the air distribution system tubes
are passed to ensure an even air flow within the suit. .
Air is fed through feed tubes from the manifold to the hood
vhich provides both cooling and air for breathing purposes.
The air dlstrlbution gsystem consists of a weft P.V.C.
manifold with a " bore inlet, and 9 air distribution tubes
which are 3" bore P.V.C. The tubes are strategically
~perforated to allow an even flow of air over the body.
The vortex tube assembly, which is attached to a webbing
belt, is joined to the air distribution manifold by a 1"
bore flexible tube, and provides cooled air at the correct
flow and temperature. The tube can be fitted with a control
knob for perscnal adjustment if so required.
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STZES:= = - ' The suit is menufactured in three sizes, small, medium
' and large as detailed below:

HEIGHT .. CHEST
Small - Up to & ft. 8 ins, 38 ins,
Medium Up to 5 ft. 11 ins, 41 ins.
- large Up to 6 ft. 2 ins. 44 ins.
More detailed information may be obtained from:
THE FRANKENSTEIN GROUP LIMITED o
RESEARCE AND DEVELOPMENT DIVISION
HUNT LANE

CHADDERTON
LANGCS. '
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All-1

Potential of suits for higher temperatures
in conventional stations

: A suit capable of being used at temperatures in excess of the
llmlt of 60°C may permit earlier access and thus reduce 'down-time!.
Tests to establish the temperatures in forced cooled boilers were carried
out at West Thurrock and Northfleet. The results of two such tests are

given in Flgures A11-1 auamhihid.

Heports from & number of gstations 1nd1cate that access to some
parts of a boiler can normelly be achieved after 10 to 15 hours., Use of
the Mark I suit, would permit prolonged access with temperatures some 30°C
higher than with no protection. Judging from cocling curves this. represerts;
about 35 to 4 hours earlier. Earlier access than this is likely to be
prevented by considerations of safety. Hagzards, not from temperature, bub
from boiler pressure or, in the case of coal fired boilers, falling slag
are likely to make earlier entry vmdesirable.



- FIG. 3.1B MARK I SUIT SHOWING NECK AND HEAD CONNECTIONS
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INSIDE VIEWS OF INNER SUIT

FIG. 3.1D
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CEGB Standard 060803
Page 3 ' Issue 1

June 1976

HOT ENVIRONMENT WORKSUIT

FOREWORD -

This Standard has been developed from the investigations carried out by the CEGB
Working Party (Interim Report O(PYYNWH/18), into the requirements for protectlve
clothing to enable work to be carried out in hot environmental conditions.

1. SCOPE

This Standard determines the materials, design and construction, assembly, size and
colour, marking, standard sample and pattern for hot environment worksults consisting of
the following:

(i). Innersuit. .
(i)  Air distributionr system.
@iii) OQuter suit.

(iv) Detachable hoods.

The suit shall be capable of protecting the wearer when working r'or periods of
2 hours in an ambient temperature of 60°C, when provided with an adequate supply of
compressed air for both cooling and breathing purposes.

2. REFERENCES

‘ ThlS Standard makes reference to, or should be read in conjunctlon with, the
following documents:

BS 2F.57, ‘Scoured Cotton Fabrics for Aeronautical Purposes’.

BS F.118, ‘Lightweight Nylon Fabrics for Aeronautical Purposes’.

BS 2571, ‘Flexible PVC Compounds’.

DTD.481E, ‘Braided Nylon Cordage: 60 Denier Yamn’.

DTD.829A, ‘Nylon Webbing'.

Specification UK/AID/926/3, ‘Close Cotton Fabrlc for Flymg Clothing’.

O(P)/NWH/18, ‘Interim Report by the Working Party concerned with the Development of
Protective Clothing for Working in Hot Conditions’. Dec. 1967.

3. COMMON REQUIREMENTS
3.1 Mateﬁa_ls |

All materials used sﬁail.comply Wirh Attﬁchrﬁent A
32 Positioning |

All positions (such as left, right,' upper and lower) are relati\r,e to the wearer.



CEGB Standard 060803
Page4 Issuel
June 1976

3.3 Sealed Sample

Any manufacturing details not defined in this Standard shall be in accordance with
the sealed sample held by the manufacturer at his works and available for inspection by
authonzed officers of the CEGB. .

3.4 Mlmml_lm Standa_rd of M:_mufacture

The workmanship and finish shall be of the best quality, the minimiuh standard of
which shall be as the sealed sample.

3.5 Finish
3.5.1 Synthetic Fabrics

The ends of all nylon and terylene parts shall be heat sealed to prevent fraying, except
the quilted material seams of the inner suit and hood, which shall be raxsed over and
stitched.

3.5.2 Fittings

All fittings shall be suxtably stayed and securely attached in the correct posmons as
on the sealed sample

3.6 Sewing

Terylene thread, 250 denier, with minimum breaking strength of 4.5 kg, shall be used
in the making-up of this suit, the colour to match materials being sewn. All sewing shall be
neatly and securely finished off. Should any break occur in a line of. sewmg, stitching shall
recommence 25 mm before the point of breakage

3.7 Stitching

The number of stitches shall be not less than 8 and not more than 10 stitches per
25 mm. All machine stitching shall be carried out on a lock-stxtch machme

3.8 Shdmg Fasteners
Sliding fasteners shall be of the continuous spiral, polyester type with black cotton
tape. '

3.8.1 Each sliding fastener shall be securely and evenly attached to the material with two
- rows of sewing spaced 6 mm apart; unless otherwise stated, the turned edge of the
material shall be at least 3 mm from the chain of the fastener. .
3.8.2 When attaching the tape of the fastener, care shall be exercised to avoid stretching the
material. When sewn in, the fasteners shall be flat and free from puckering.
3.8.3 The ends of the tape shall be firmly secured to the garment, except for the hood
sliding fasteners, which shall be left free for 25 mm.
3.8.4 Each sliding fastener shall have the stitching reinforced by a strip of self-fabric on the
. reverse side, except for locations where the fabric has already been doubled.
3.8.5 The pull tags shall-consist of stay material threaded through the wire loop of the
- sliding fastener, folded over, and a piece of 16 mm wide, 50 mm Iong, type 18 loop
strip fastener stitched to the materijal.
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3.9 Assembly
Fig. 1 shows the assembled suit.
3.9.1 Air Distribution System

The supply tubes shall be threaded through the aperture, and the distribution tubes
through the loops and apertures, as shown on the sealed sample. The flap shall be closed
over the manifold.

3.9.2 Inner and Outer Suits

With the inner su1t inserted mto the outer suit, the air supply tube shall be threaded |
through the tunnel, and the hook and loop strip fastened. ‘

3.10 Marking

A durable label made from scoured cotton fabric conforming to BS 2F.57 shall be
provided clearly and permanently marked with the information given below, in letters and
figures of an ‘x’ height not less than 5 mm. The labels shall be firmly sewn, on all four sides,
to the inside back of the inner and outer suits and hood.

Hot Environment Suit

Manufacturer | BEAUFORT |

Date |
Contract CEGB/NAT/l 0000, |
Serial No. J

3.11 Washing Instructions

Washing and cleaning instfuctions shall be provided by the manufactufef withﬂ each
suit.
4. INNER SUIT
4.1 Materials
4.1.1 Suiting

Nylon fabric of approved type conforming to BS F.118, Ref. 8684, shall be sewn to
sheets of 6 mm thick polyester foam of approved type (density 3.8 to 5 kg/m?),in 150 mm
squares at 45° to the warp, to form a quilt from which the lining shall be made.

The outer cover shall be made from nylon fabric of approved type conforming to
BS F.118, Ref. 8684.
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4.1.2 ~ Ventilation Tube Loops
Ventilation tube loops of 25 mm wide nylon webbing of approved type shall bé used.
4.1.3 . Aperture Facings

The hood ventilation apertures shall be faced with woven cotton fabric of approved
type conforming to Specification UK/AID/926/3, Type L.28 (except for waterproof tests).

4.1.4 Hook gnd Loop Fasteners
Hook and loop strjp fasteners, 16 mm wide, of apprpved. type shall be used.
4.).5 Sliding k‘a.s:tener | | | | |
The sliding fastener shall be of apbroved type as follows:

One heavyweight, double-ended, continuous spiral, polyester sliding fastener having
non-lock, closed bridge sliders fitted with a wire ring, of lengths as follows:

Suit Size . Fastener Length
mm

Smail 535

Medium 585

Large y 635

Extra Large . 685

4.2 Design

The inner suit shall be a one-piece foam insulated suit with front entry, closed with a
sliding fastener. Webbing loops for supporting the air ventilation tubes and a flap for holding
the manifold shall be sewn inside the suit.

4.3 Construction
4.3.1 Suiting

4.3.1.1 The outer cover shall be cut and assembled from nylon fabric with 10 mm seams
raised over and stitched. . '

4.3.1.2 The lining shall be cut and assembled from the quilting material with 10 mm flat
seams. The lining and cover shall be bagged and stitched out 6 mm at the cuffs,
neck and ankles.

4.3.2 Sliding Fastener

" "The sliding fastengr Shall be attached Wi'th_.tWO rows of stitching.

;.
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4.3.3 Ventilation Tube Loops

Nylon webbing of cut length 50 mm shall be sewn in the positions indicated on the
sealed sample to form loops for holding the air ventilation tubes.,

4.3.4 Mahifold Flap

Two layers of quilt shall be sewn and bagged out to form a flap for the manifold in
the heart position. The open edges shall be turned in and sewn together. The hook half of
the hook and loop strip fastener shall be sewn to the fiap to-mate with the loop half sewn to
a stay of fabric. A 38 mm diameter aperture ‘shall be faced with a stay, which shall be sewn
through both layers of the suit, and the flap shall be sewn through the stay with a gap left
for passage of the air distribution tubes. A

435 " Hood Ventilation 'Aperr'urés e
A 30 mm diameter aperture on each srde of the front shall be faced w1th cotton fabric

to Specification UK/AID/926/3 Type L.28, to correspond to the apertures on the outer
suit.

4.4 Size and Colour

The suit shall be manufactured from orange cotton fabric in four sizes, sh‘:éll,'
medium, Jarge, and extra large as detailed in Table 1.

Table 1  Suit sizes

b . o .-

Size Height Chest

mm ftin mm in
Small, up to 1730 -5 8 960 38 .
Medium, up to 1800 5 11 1040 1
Large, up to 1880 6 2 1120 44

Extra Large,upto” 1830 6. 4. .1170 . 46

4.5 Marking

A durable label made from scoured cotton fabric conforming to BS 2F.57 shall be
provided clearly and permanently marked with the information given below, in letters and
figures of an ‘x> height not less than 5 mm. The label shall be sewn firmly, on all four sides,
to the inside of the inner suit just below the identification label..

Medium| Inner Suit

Suitable for Men

Max. Height

Max. Chest 1040 mm
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5. ._ AIR DISTRIBUTION SYSTEM
5.1 Materials
S.1.1 Manlfold

The manifold shall be of approved type consxstmg of mamfold body, ventllation
tubes and connectors. -

5.1.1.1 Ventilation tubes of approved type shall be of polyvinyl chloride (PVC), to
BS 2571, Class 3. The two tubes for supplying air to the hood shall be 9.5 mm bore
and 13.8 mm outside diameter, and shall have a softness number of 30. The other
seven tubes shall be 6.35 mm bore and 9.52 mm outside diameter.

5.1.1.2 Hood tube connectors shall be of approved type.

5.1.2 Connecting Hose

The 22 mm bore rubber hose connectlng the manifold to the supply tube shall be of
approved type.

5.1.3 Supply Tube Coupling

The coupling joining the connecting hose to the supply tube shall be of approved
type.

5.1.4  Adhesive
The adhesive shall be of approved type.

5.2 Design

~The air distribution system consists of a reinforced rubber hose, connecting the
supply tube to the manifold, which then distributes the air by nine strategically perforated
PVC tubes positioned to allow an even flow of air over the body. See Fig. 2.

5.3 Construction
5.3.1 Ventilation Tubes -

Except for the two tubes supplying air to the hood, the ends of the tubes shall be
heat sealed, and have 1.5 mm diameter holes punched through the tube giving two holes per
pitch. Punching of the holes shall commence 20 mm from the free end of the tubes. Details
of tubes are given in Table 2. :



CEGB Standard 060803
Page 9 Issue §
June 1976

Table 2 Ventilation tube details

Tube reference Tube tength for suit size No. of Pitch for suit size

No. Position Small Med. Large Ex. Large ’(1; 1:; Smalt Med. Large Ex. Large
mm . mm mm, mm cpunch)  mm . mm mm_ _ mm

1 Left Arm 1195 1270 1350 1425 10 100 108 114 - 120

2 Right Arm 1320 1425 1575 1680 . ‘10 . 100 109. 117 - 124

3 BackBody 1125 1125 1125 1125 10 100 100 100 100

4 Right Lleg- 1350 - 1450 : 1650 1650 - 14 _100 .1.09 117 124

§ Leftley B30 910 960 1060 18 50 56 61 66

6 Groin 495 495 ° 495 - 485 8 100 100 100 100

7  FrontBody 300.. 300 300 300 10 38 38 38 38

8 Head 216 216 266 266 . t] - - - -

9 Head 170 170 170 170 1] - - - -

Note: For identification of tubes refer to Fig. 2
5.4 Subassembly

The manifold, hood connectors and connecting hose shall be assembled and bonded
with the approved adhesive.  The hose joint to-the manifold shall include a rigid insert of
20 mm length.
6. OUTER SUIT S S o
6.1 Materials -

'6.1 1 Suiting

The outer suit shall be assembled from woven cotton fabric of approved type
conforming to Specification UK/AID/926/3, Type L.28.

6.1.2 Knitted Nylon Elasticated Cuffing

The material of the cuffing shall be knitted part 2/100/34 (false twist nylon), into

which is laid 3369 covered rubber thread, or an approved equivalent, and shall be fast dyed
black. - . . - . . o
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6.1.2.1 Wrist cuffs shall be made from cuffing 90 mm wide, i.e. half the circumference. -
_ 6 1.2.2 Ankle cuffs shall be made from cuffing 125 mm w1de, i.e. half the cucumference

6. 1.3. Hook and Loop Fasteners ( Velcro)
* Hook and loop strip fa§teners, 16 mm wide, of approved type shall be u‘s'ed.
6.1.4 Suit Slz‘ding Fastener
The sliding fastener shall be of approved tstda_e as follows:

One heavyweight, double-ended, continuous spiral, polyester sliding fastener having
* non-lock, closed bridge sliders, of lengths as follows:

Suit Size Fastener Length
. mm !

Small 610

Medium _ 635

.I.arge | . 660%_

Extra Large 685

6.1.5 Hood Sliding Fasteners
.. The continuous spiral, poly_éster slidihg fasteners sﬁall be of approved iype aé follows:
6.1.5.1 Front, Right Chest — Half of a 200 mm long, heavyweight, open end .fés‘tener' With
a non-lock, closed bridge slider fitted with a wire ring.
6.1.5.2 Front, Left Chest — Half of a 200 mm long, heavywelght open end fastener
without slider.
6.1.5.3 Back — Half of a 455 mm long, heavyweight, open end fastener without slider.

 6.1.6 Waist-belt
The waist-belt shall be made from 50 mm wide terylene webbing of approved type.
6.1.7 Bickle and Slide | . o -
Buckle and slide shall be of approved type.
6.1.8 Hose Tunnels | . |

The hose tunnels shall be assembled from woven cotton fabric of approved type
conforming to Specification UK/AID/926/3, Type L.28.
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6.2 Design

The outer suit shall be a one-piece suit with front entry; closed with a sliding fastener, .
having a waist-belt. Halves of sliding fasteners for attaching the hood shall be sewn across
the chest and back of the suit. See Fig. 3.

6.3 Construction !

6.3.1. Suiting

1 The outer suit shall be assembled from woven cotton fabric with run and fell seams.
2 The total seaming allowance is 30 mm. The knee shall be pleated, and the neck shall

be faced with a bias strip of self-fabric. The ends of the legs and sleeves shall be
- faced with a self-fabric.

6.3.1.
6.3.1.

6.3.2 Wrist Cuffs

The knitted nylon elasticated cuf fing shall be sewn to strips of woven cotton fabric,
with run and fell seams to form an inner cuff assembly, which shall be turmned under and
sewn to the inside of the sleeves with two rows of stxtches ‘

6.3.3 Ankle Cuffs

The knitted nylon elasticated cuffing shall ‘be sewn to strips of woven cotton fabric,
* with run and fell seams to form an inner cuff assembly; which shall be turned under and
sewn to the inside of the legs with two rows of stitching.

6.3.4 Suit Sliding Fastener
The Sliding fasténer shall be attached with two rows of stitching.

6.34.1 Tongue

"Woven cotton fabric shall be sewn and bagged out to form a tongue, edge sewn, and
reinforced with five equally spaced vertical rows of stitching. The tongue shall be attached
to the suit with the second row of stitching attachmg the sliding fastener to the suit.

6.3.5 Hood Sliding F'asteners

Three half—sectlons of open-ended shdmg fasteners shall be sewn to the suit for
attaching the hood as follows: :

(i}  One half of 2 200 mm sliding fastener with the slider shall be sewn to the right-hand
side of the chest. One half of a similar sliding fastener, but without the slider, shall be
sewn to the left-hand side of the chest with the end stops flush with the turned edge
of the suit fabric. Both sliders shall close towards the centre of the suit, and the outer
ends of the tapeshall be left free for 25 mm.

(ii)  One half of a 455 mm sliding fastener without the slider shall be sewn to the back of
the suit, and each end shall be left free for 25 mm. 3 :
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6.3.6 Fixing of Siiding Fasteners

Hook strip fasteners of SO mm length shall be sewn on to the outer suit to mate up
with the lengths of strip fasteners attached to the pull tags on the sliding fasteners when in
the closed position.

6.3.7 Waist-belt

The waist-belt shall be looped through the male half of a buckle and slide for 50 mm,

“and sewn with a box tack using terylene thread. Two loops shall be made with a double row

of stitching, and positioned as on the sealed sample. The free end of the belt shall bé

threaded through the female half of the buckle The end shall be turned 20 mm and sewn
with a double row of stitching. -

6.3.8 Waist-belt Tunnel and Loops
These attachments shall be positioned as on the sealed sample

6.3.8.1 A tunnel of woven cotton fabric with the ends tumed back for 13 mm shalI be
sewn to the suit with the edges turned under. The ends shall be reinforced on the
inside of the suit with stays of self-fabric.

6.3.8.2 Two belt loops made from woven fabric shall be sewn to the suit and reinforced on
the inside with stays of seif-fabric.

6.3.8.3 Two tie tapes, 455 mm long and made from 10 mm wide webbing, shall be sewn
centrally in the suit, one at each end of the walst-belt tunnel

6.3.9 Epaulette

A self-material epaulette complete with tie tape shall be sewn on the right-hand side
of the suit. The attachment shall be positioned as on the sealed sample, '

6.3.10 Hose Tunnel and Aperture
A hose tunnel shall be made up from three strips of woven cotton fabric as follows:

(i)  The seams shall be sewn and raised. The free énd of the centre panel shall be turned
back. 13 mm and bagged under for 115 mm, leaving an extension of 25 mm for the
hook and loop strip fastener. The loop half of the hook and loop fastener shall be
attached to the free end such that it has to be folded when securing.

(ii) A 45 mm diameter aperture shall be self-faced, and the hook half of the hook and
loop fastener shall be attached through the facing to mate with the hook half on the
tunnel.

(iii) The tunnel shall be attached to the suit with the edges turned i in as far as the aperture
facing, and the edges of the free end shall be finished with a narrow hem.

6.3.11 Hood Ventilation Apertures

Apertures of 30'mm. diameter in each side of the front, posmoned as on the sealed
sample, shall be self-faced. : :
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6.4 Colour and Size

The suit shall be manufactured from orange cotton fabric in four sizes; smal]
medium, large, and extra large as detailed in Table 3.

Table 3 Suit sizes

Size Height Chest

mm ftin' mm in
Small, up to 1730 58 960 38
Medium, up to 1800 5 11 1040 41
Large, up to 1880 6 2 1160 44

Extra Large, up to 1830 6 4 1170 46

6.5 Marking

A durable label made from scoured cotton fabric conforming to BS 2F.57 shall be
provided clearly and permanently marked with the information given below, in letters and
figures of an ‘x’ height not less than 5 mm. The label shall be sewn firmly on all four sides to
the inside of the outer suit just below the identification label.

Inner Suit

Suitable for Men

Max. Height 1800 mm
Max. Chest 1040 mm

7. HOOD, SEMI-RIGID
7.1 Materials
7.1.1 Inner Hood

The inner hood shall be made from nylon fabric of approved type conforming to
BS F.118, Ref. 8684, sewn to sheets of 6 mm thick polyester foam of approved type
(density 3.8 to 5 kg/m?®), in 50 mm squares at 45° to the warp, to form a quilt.
7.1.2 Outer Hood

The outer hood shall be made from woven cotton fabric of approved type conforming
to Specification UK/AID/926/3, Type L.28.
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7.1.3 Semi-rigid Insert

7.1.3.1 Two layers of neoprene foam shall be constructed in panels to form the shape of

' the hood. The foam shall be of the type approved. '

7.1.3.2 Panels of glass fibre 75 mm square shall be manufactured to the approved drawing
held by the manufacturer, and drilled as shown for attachment to the cushioning
material.

7.1.4 Ventilation Tube Connectors
Ventilation tube connectors shall be of approved type.
7.1.5 Ventilation Tubes

The ventilation tubes of approved type shall be of polyvinyl chloride (PVC), to
BS 2571, Class 3. The two tubes that connect to the manifold tubes shall be clear, 9.5 mm
bore and 13.8 mm outside diameter, and shall have a softness number of 30. The other three
tubes shall be black, 8 mm bore and 11.5 mm outside diameter.

7.1.6 Hood Tube Connectors
Hood tube connectors shall be of approved type.

7.1.7 Visor

A visor of approved type made from polymethyl-methacrylate {perspex), not less
than 5 mm thick, shall be provided, as illustrated in Fig. 4.

7.1.8 Adhesive

The adhesive used shall be of approved type.
7.1.9 Hook and Loop Fasteners (Velcro)

Hook and loop strip fasteners 16 mm wide, of approved type shall be used.
7.1.10 Sliding Fasteners

The continuous spiral, polyester sliding fasteners shall be of approved type as follows:
7.1.10.1 Front, Right Chest — Half of a 200 mm long, heavyweight, open-end fastenef

without slider. _
7.1.10.2 Front, Left Chest — Half of a 200 mm long, heavyweight, open-end fastener with
" a non-lock, closed bridge slider fitted with a wire loop. '

7.1.10.3 Back ~- Half of a 455 mm long, heavyweight, open-end fastener with a non-lock,
closed bridge slider fitted with a wire loop.
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7.1.11 Srays

used.
7 2

7.2.1

122

7.2.3

Stays shall be of approved type.

7.1.12 Stay Loops

Stay loops of 20 mm wide cotton or spun nylon webbing of approved type shall be

Design

The hood shall be detachable, joined to the outer suit by shdmg fasteners, and fed
-from the inner suit ventilation pipes via quick release connections. The hood shall
consist of a cowl made from the same fabrics as the suit, and incorporate a perspex
visor which shall be removable for cleaning, afford excellent all-round vision and have
sufficient room for the user to turn his head. . _ _

To facilitate quick release of the visor a flap is situated at the centre front of the cowl
and is retained by hook and loop fastenem Webbmg pull loops are attached to the
“cowl flap and visor.

A semi-rigid insert shall be used in comunctlon with the hood, and it shall consist of
two layers of neoprene foam with an interply of interlocking glass fibre panels. The
glass fibre panels shall be held in position to the outer layer by the approved method.

~ The two layers of neoprene are stuck together with a band of adhesive 15 mm wide
* around the periphery. The insert can then be placed between the inner and outer

layers of the hood. The hood is illustrated in Fig. 4.

7.3 Construction

7.3.1

Inner Hood

7 3 1 1. The-cover and quilt of the inner hood shall be bagged out and around the neck. The

" edges around the face section shall be sewn to a facing of woven cotton fabric,
which shall be bagged on to the outside with a single row of stitching. A strip of
loop strip fastener shall be sewn on to the facing with'two rows of sewing.

7.3.1.2 Two strips of bias cut nylon fabric shall be sewn and bagged out to form two

7.3.2

tunnels, with the ends under. The tunnels shall be sewn inside the hood with one
row of stitching in the positions as on the sealed sample, with the edge of the
tunnel along the row of stitching which bagged the facing on to the outside. '
Outer Hood

The edges of the outer hood shall be faced with self-fabric, and the loop half of the

hook and loop strip fastener attached to the face portion with two rows of stitching.

733

Subassembly

The cushioning"panels shall be butt-jointed using the approved adhesive. Each of the

interply panels shall then be fitted to the outer cushioning layer by the approved method
- The i inner layer shall be stuck to the outer layer as described in 8.2, ‘Des1gn L
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7.3.4 Ventilation Tubes Assembly

. The 9.5 mm bore ventilation tubes shall be connected to the hood connectors and
bonded with the approved adhesive. The other ends of the tubes shall then be fitted to the
‘Y’ connectors. The 8 mm bore black PVC tubes, suitably perforated, shall be fitted to the
other ends of the ‘Y’ connectors, the ends of the tubes at the top of the hood being heat
sealed. See Fig. 4. :

7.3.5 Stays

Stays shall be attached to the hood with cotton or spun nylon webbing,-which shall .
‘be folded under the ends of the 368 mm long shoulder stays, the 445 mm long centre back
stay, and the 190 mm long side back stays. . :

7.3.6 Sliding Fasteners

7.3.6.1 The halves of the two 200 mm sliding fasteners shall be sewn to the front edge of
the hood to mate with the halves attached to the outer suit.

7.3.6.2 The half of the 455 mm sliding fastener shall be sewn to the rear edge of the hood
to mate with the half attached to the outer suit.

7.3.7 Visor

The hook half of the hook and loop strip fasteners shall be attached to the inside and
outside of the visor rim with the approved adhesive.

7.3.8 Subassembly
The hood shall be assembled as follows:

(i) The inner hood shall be placed inside the outer hood, with the bottom seam of the
inner hood alongside the rows of stitching which attach the cowl to the outer hood.
The two shall be sewn together with a single row of stitching.

{ii)’. The ventilation tubes shal} be threaded through the tunnels of the inner hood.

(iii) The visor shall be inserted between the inner and outer hoods, and the hook and loop
stnp fasteners fastened.

1.4 Colour and Size

The hood shall be manufactured from orange cotton fabric in one size only.

8. HOOD, RIGID
8.1 Materials
8&1.1 Inner Hood
The inner hood shall be made from nylon fabric- of approved {ype-conforming to

BS F.118, Ref. 8684, sewn to sheets of 6 mm thick polyester foam of approved type
(density 3.8 to 5 kg/m?), in 50 mm squares at 45° to the warp, to form a quilt.
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8 1.2 COuter Hood

. The outer hood shall be made from woven cotton fabric of approved type conforming
to Specification UK/AID/926/3, Type L.28,

81.3 Ventilation Tube Connectors -

Ventilation tube connectors shall be of approved type.
8.1.4 Ventilation Tubes

The ventilation tubes of approved type shall be of polyvinyl chloride (PVC), to
BS 2571, Class 3. The two tubes that connect to the manifold tubes shall be clear, 9.5 mm
bore and 13.8 mm outside diameter, and shall have a softness number of 30 The other three
tubes shall be black, 8 mm bore and 11.5 mm outside dlameter

8.1.5 Hood Tube Connectors
Hood tube connectors shall be of: approved type.
8.1.6 Visor

A visor of approved type made from polymethyl-methacrylate (perspex), not less
than 5 mm thick, shall be provided, as illustrated in Fig. 4.

8.1.7 Adhesive
The adhesive used shall be of approved ty-/pe.
8.1.8 Hookand Loop Fasteners ( Velcro)
Hook and loop strip fasteners 16 mm wxde of approved type shall be used
8.1.9 Sliding Fasteners
The continuous spiral, polyester sliding fasteners shall be of approved type as follows:

8.1.9.1 Front, Right Chest — Half of a 200 mm long, heavyweight, open-end fastener
without slider. :

8.1.9.2 Front, Left Chest — Half of a 200 mm long, heavyweight, open-end fastener with a
non-lock, closed bridge slider fitted with a wire ring.

8.1.9.3 Back — Half of a 455 mm long, heavyweight, open-end fastener with a non-lock
closed bridge slider fitted with a wire ring. -

8110 Stay Loops

Stay loops of 20 mm wide cotton or spun nylon webbing of approved type shall be
used.

81.11 Rigid Helmet

The rigid helmet shall be constructed from glass fibre laminate to the approved
drawing held by the manufacturer.
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8.2 Design

The hood shall be detachable and consist of a cowl made from the same fabrics as the
suit, having the rigid helmet fitted between the inner and outer layers and a perspex visor’
which shall afford excellent all-round vision and have sufficient room for the user to tumn his
head. The hood shall be attached to the outer suit by sliding fasteners, and fed from the
inner suit ventilation. pipes via quick release connections. Provision shall be made for
removing the visor for cleaning. : :

8.3 Construction
8.3.1 Inner Hood

8.3.1.1 The cover and quilt of the inner hood shall be bagged out and around the neck. The
edges around the face section shall be sewn to a facing of woven cotton fabric,
which shall be bagged on to the outside with a single row of stitching. A strip of
Ioop strip fastener shall be sewn on to the facing with two rows of sewing.

8.3.1.2 Two strips of bias cut nylon fabric shall be sewn and bagged out to form two
tunnels, with the ends under. The tunnels shall be sewn inside the hood with one
row of stitching in the positions as on the sealed sample, with the edge of the

- tunnel along the row of stitching which bagged the facing on to the outside.

83.2 Outer Hood

The edges of the outer hood shall be faced with self-fabric, and the loop half of the
hook and loop strip fastener attached to the face portion with two rows of stitching.

8.3.3 Ventilation Tubes Assembly

The 9.5 mm bore ventilation tubes shall be connected to the hood connectors and
bonded with the approved adhesive. The other ends of the tubes shall then be fitted to the
‘Y’ connectors. The 8 mm bore black PVC tubes, suitably perforated, shall be fitted to the
other ends of the ‘Y’ connectors, the ends of the tubes at the top of the hood being heat
sealed. See Fig. 4. :

8.3.4 'Rz'gfd Helmet

The rigid helmet shall be constructed in accordance with the requlrements as stated
on the approved drawmg held by the manufacturer.

8.3.5 Sliding Fasteners

8.3.5.1 The halves of the two 200 mm sliding fasteners shall be sewn to the front edge of
the hood to mate with the halves attached to the outer suit,

8.3.5.2 Half of the 455 mm sliding fastener shall be sewn to the rear edge of the hood to
mate with the half attached to the outer suit.
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8.3.6 Visor

) The hook half of the hook and loop .strip fasteners shall be attached to the inside and
“‘outside pf the visor rim with the approved adhesive,

837 Subassembly
" The hood shall be assembled as: follows

(ij The inner hood shall be placed inside the outer hood, w:th the bottom seam of the
inner hood alongside the rows of stitching which attaches the cowl to the outer hood.
The two shall be sewn together with a single row of stitching.

(ii) The rigid helmet shall be placed between" the inner and outer’ fabrlc Iayers of the
hood.

(iii) The ventilation tubes shall be threadcd through the tunnels of the inner hood.
(iv) The visor shall be inserted between the inner and outer hoods, and the hook and loop
stnp fasteners fastened

8.;4 Colour and Size

The hood shall be manufactured from orange cotton fabric in one size only.
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ATTACHMENT ‘A* - CEGB Standard 060803

“LIST HOT ENVIRONMENT WORKSUIT 0608L2
OF PRODUCTS AND FOOT AND HAND PROTECTION
COMPLYING ssue
WITH CEGB June 1976
STANDARDS CEGB Standard 060803
Page 1 of 2

This list, issued by the Standards Engineer, CEGB Headquarters, London, summarizes the products for
which notifications of compliance with CEGB Standards have been issued to the manufacturers concerned at the
request of the Developer. It gives additional information thereto under the heading ‘Special Conditions’ where
applicable. The list is subject to revision, and therefore a check on the current lssue Number should be obtained
by writing to the Standards Engineer, Headquarters, CEGB, Courtenay House, 18 Warwick Lane, London

EC4P 4EB.

The issue of this list does not relieve the Contractor from responsibility for performance of the products

specified.

Hot Environment Worksuit manufactured by:

Beaufort (Air-Sea) Equipment Ltd.
Beaufort Road.

Birkenhead

Cheshire

Special Conditions

The following products shall be used in

the manufacture of this suit.

Description

Manufacturer

Adhesive, TK5000

Buckle and Slide, Ref, AL.2378/sht, 1

Connectors, Hood

Female Size
Male Size
Y plece, MY10

Cuffs

Ankle, A8 125 mm lay flat tube
Wrist, Al 90 mm lay flat tube -

Fabrics

Cotton, woven to Specification
UK/AID/926/3, Type L28, except
waterproofness

Nylon to BS F.118, Ref, 8684

Fasteners

Hook and Loop Velcro, Type 18
Sliding Polyester, black sliders with
wire ring

Lenton Products, Nottingham

Tiveldl Kay Ltd,

Aerolex Ltd,

Circlex Ltd,
Circlex Ltd.
Portex Ltd.

Lenton Products, Nottingham

Beaufort (Air-Sea) Equipment Ltd,

Beaufort (Air-Sea) Equipment Ltd,

Selectus Ltd.
Optilon Ltd.

SD40

53



0608L2 HOT ENVIRONMENT WORKSUIT | LIST
Issue 1 AND FOOT AND HAND PROTECTION OF PRODIUCTS
COMPLYING
June 1976 WITH CEGB
CEGB Standard 060803 STANDARDS
Page 2 of 2 .
Description Manufacturer

Polyester Foam, density of 3,8 to
"5 kg/m3

Comnecting Hose, 412 DAS, or PFS 5501

Manifold Inflation Tube Housing D2325

Neoprene proofed nylon 2% oz. double
textured fabric -~ PFS 7786

Stiffener, white PVC (Rigid) 0,020 in
thick Cobex |

Stays, Nulybone, No, 143

Terylene Thread, natural to
Specification UK/AID/971~TT4

Tubing

PVC Clear

9,5 mm bore - 800/000/525
6,35 mm bhore - 800/000/450
PVC Black . ‘

8 mm bore = 800/021/350

Perspex Visor

Webbing, Ceotton or Spun Nylon

Nylon, WR, 490
Terylene, WR., 780T to RFD 353

Glass Fibre Helmet

Glass Fibre Panels

Neoprene Sheet, Type 3, 6,5 mm single
skin superflex

Harrison Jones, Royton

Dunlop

Beaufort (Air-Sea) Equipment Ltd,
Beaufort (Air-;Sea) Equipment Ltd,
Beaufort (Air-Sea) Equipment Ltd,

B.X, Plastics, Leestone Road,
Manchester

Steel and Busks Ltd,

Worthington Ltd,
Portland Mill

Portex, Hythe, Kent
Portex, Hythe, Kent

Portex, Hythe, Kent

Orbex Ltd,, Manchester

-

W. Ribbons, Surrey

. W. Ribbons, Surrey

E.G,D, Ltd, =~ Nelson
E.G.D. Ltd. - NEISon

Sub=Aqua Products Ltd,, Eastleigh
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“CONDUCTIVE SUITS -'lLIVE LINE WORKING

FOREWORD

The purpose of this Standard is to provide clothing designed for the protection of
personnel making contact with live meta! in the course of ‘bare hand’, live line working, on
overhead lines operated at voltages up to and including 400 kV.

The clothing, in the form of coverall type SUltS, is made up from an electrically
~conductive material.

Having regard to the working environment, the suits are designed to be ﬂex1ble, light

_in weight and unrestrictive to the wearer. :

Boots, shoes or overgloves worn with the suits shall be electrically conductwe

It should be noted that in accordance with the metrication of the clothing industry
the relevant dimensions are given in centimetres.

1. SCOPE

This Standard determines the materials, design and make-up, sizes, marking, tests and
quality control requirements of electrically conductive su1ts comprising coverall with
integral hood and visor(s), gloves and oversocks.

Appendix A of this Standard shows the details of the bonding lead terminal and the
method of attachment. The terminal is to be provided and attached by the CEGB on receipt
of the suit from the manufacturer.

2. REFERENCES
This Standard makes reference to the following documents:

BS 381C, ‘Colours for Specific Purposes’.

BS 2043, ‘Method for the Determination of Wool Fxbre Fineness by the use of‘ a Projection
Microscope’.

BS 2471, ‘Methods of Test for the Mass per Unit Length and per Unit Area of Woven or
Knitted Fabrics'.

BS 2862, ‘Methods for the Analysis of Woven Fabric Construction’.

BS 2864, ‘Methods for the Analysis of Woven Fabric Construction’.

BS 2865, ‘Methods for the Analysis of Woven Fabric Construction’,

BS 4202, ‘Determination of the Dimensional Changes of Fabrics containing Wool on Soaking
in Water’.

BS 4407, *Methods of Test for Quantitative Chemical Analysis of Fibre Mixtures’.

BS Handbook No. 11, ‘Methods of Test for Textiles’.

ASTM D 2261~71, *‘Tearing Strength of Woven Fubrics by the Tongue Method’. '

‘WS TM 155, ‘Quantitative Analysis’ of Binary Blend containing Wool and One Named
Non-protein Fibre’.
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3. MATERIALS AND PERFORMANCE

3.1 Coveralls, Gloves and Oversocks

3.1.1 Coveralls, gloves and oversocks shall be made up from materials to the construction
given in Table 1. Alternative materials, having un equivalent performance, will be
considered by the CEGB, but certain synthetic materials and materials whose
electrical conducting properties are provided by metallic coating or impregnation, will

not be acceptable,

Table I Construction and Per_formnnce

Property Requirement Test Method
Fibres Wool 21.7 micron dia. BS 2043
Stainless steel 8 micron dia. -
Yarns Count (tex) - R40 tex/2 BS 2865
Twist singles 650(Z) turns/m BS 2864
Twist foiding 530(S} turns/m BS 2864
Fabrie Weave (twill) 2/2 , - _
Blend {wool/steal) 75/25 per cent {¥2 per cent) BS 4407 and
WS TM 155
Weight 215 gm/m? BS 2471
Ends 220/100 mm BS 2862
Picks 193/100 mm BS 2862
Breaking load Warp 300N 8S 2862
Weft 200N BS 2862
Extension at break Warp 13 per cent " BS 2862
Weft 12 per cent BS 2862
Tear strength Warp 216N ASTM D 2261--71 and
Weft 27N IWS TM 155
23 000 (min) BS Handbook No., 11

Abrasion resistance

Shrinkage {dry cleaning conditions)

2 per cent max,
{warp and weft)

{Martindale Test)
BS 4202

3.1.2 Dyeing and finish shall be orange to ‘BS 381C, Ref. 592.

3.2 Bonding Lead’

The bonding lead shall comprise a flexible, knitted mesh of stainless stee! in stocking
(38 S.W.G.), warp 28 stitches/10cm,

36 stitches/10 cm with 2 finished width of approximately 2 cm.

form. Wire gauge shall be 0.15 mm

3.3 Seams

weft

Seams shall be stitched with a polyester/cotton blend thread (J and P Coates,

Reference KOBAN Ticket 75 — soft finish,

or equivalent).

-
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4, DESIGN AND MAKE-UP

Generaily the design and make-up shall be in accordance with a Standard Pattern

which will include any properties or qualities not defined herein. The Standard Pattern may
be made available by application to the Standards Engineer, Headquarters.

Suits shall comprise a coverall, with integral hood and visor(s), gloves and oversocks as

detailed in 4.1 to 4.4.

A general arrangement of the suit js shown in Fig. 2.

4.1 Coverall

4.1.1

4.1.2

4.1.3

The coverall shall have set-in sleeves made in two pieces, and a full fly lancer front
with overlap fastening on the right side of the body. The overlap shall be 15 cm wide
at the shoulder, finishing 15 cm from the crotch seam. The front shall be closed by a
full length, non-metallic, zip fastener 'of the continuous spiral type (Optilon
Reference 500/72/880, or equivalent) with the overlap secured by four press studs
and top button, interposed with ‘Velero® strip not less than 2cm  wide.
Reinforcement, of the same material as the suit, shall be applied externally at the seat
and inside leg, and be suitably cross-stitched. The leg reinforcement shall extend
below knee level. An external flapped pocket 15 x 15 ¢cm shall be set in the left breast
position, the flap being closed by 2 cm wide 'Velco® strip. The coverall shall be
provided with a hanging loop and label, see 6, ‘Marking’.

To permit. effective adjustment to the suit arm and leg length, three sets of metal
press sfuds spaced 4 cm between sets shall. be provided on each arm and leg of the
coverall. In the lowest position, gloves and oversocks shall overlap the coverall by not
less than 11 cm and 22 cm respectively. The number of press studs per set shall be
three and five for arms and legs respectively. All press studs shall be backed by
reinforcement with the suit material.

The hood shall be provided with a visor(s), 7 x 20 cm peak, and shall accommodate a
padded head protector which may be built into the hood. The hood shall measure
45 cm from edge to edge. The visor(s) shall cover the throat and lower face of the
wearer and be fastened by ‘Velero’ strip not less than 2 em wide.

A bonding lead, overall length 70 cm shall be provided on the suit as shown in Fig. 2.
The lead shall be sieeved with suit material and securely sewn into the side seam of
the suit for a length of 8 cm. Details of the bonding lead and sleeve are shown in
Fig. 1. _

A loop (similar to a belt loop), 4 cm long x 2 cm wide, shall be provided adjacent to
the bonding lead to support the bonding terminal (see Appendix A) when not in use.

5cm 65cm :
r——-ﬂ— 4-1

EE e S e e cwmr e m— m—__—
T — . —— T — A T ——

FLEXIBLE SLEEVING DOUBLE

. MESH STITCHING
THROUGH:
SLEEVING
AND MESH

Fig. 1 Bonding lead
GEN/11/2112357
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4.2 Gloves

Gloves shall be of the guuntlet type with cuffs fitted with 2 ¢cm wide washproof
elastic braid, sewn into the hem. The cuffs shall be provided with three press studs for
attachment to the coverall sleeve (see 4.]1.2), the material being turned to give double
© thickness where the press studs are located.

4.3 Oversocks
Oversocks shall be calf length with cuffs fitted with 2 cm wide washproof elastic braid
sewn into the hem. The cuffs shall be provided with five press studs for attachment to the

coverall leg (see 4.1.2), the material being turned to give double thickness where the press
studs are located.

4.4 Seams

Seams shall be ‘twin needle’ or ‘run and fell” with approximately 40 stitches/10 cm.

5. SIZES
5.1 Coveralls

5.1.1 Coveralls shall be made up in the two sizes given in Table 2, accommodating the
height ranges as follows: ’

Medium: 1.7to 1.78 m (5 ft 7in to 5 ft 10 in)
Large:- 1.78t01.85m(5ft10into6ft 1in)

Table 2 Coverall Dimensions

Minimur Dimensions

‘em 7

Medium Large
CEGB Code CEGB Code
Number Number
06/08/004 - 06/08/005

Chest of suit (buttoned) 132 145

Neck to crotch 94 107

Inside leg 76 81

Sleeve 83 9

Seat 132 . 147

Upper leg width 76 81

Width at knee 58 . 63

Width at leg bottom 46 : 51

5.1.2 The variations in each size range shall be achieved by adjustments of the effective arm
and leg lengths as referred to in 4.1.2.
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Glove dimensions shall comply with Table 3.

Table 3 Glove Dimensions

Dimensions
cm
CEGB Code
Number
06/08/010

Tip of second finger to gauntlet cuff a8

Tip of forefinger to crotch of thumb 13

Tip of thumb to crotch of thumb 7

Across palm at crotch of thumb 13

Across cuff opening 16

5.3 Oversocks

Oversocks shall be available in the two sizes given in Table 4.

Table 4 Oversock Dimensions

Minimum Dimensions

cn
Medium Large
CEGB Code CEGB Code
Number Number
06/08/014 06/08/015

Toe to heel of sole 28 a3

Width of sole at ball of foot 1 13

Width of sole at heel 8 10

Sole to top hem of sock 43 43

Point of toe to top hem 53 58

Side of upper 42 42
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6. MARKING

~ Coveralls, gloves and oversocks shull be provided with labels, not less than
75 x 25 cm, sewn along all four sides. The labels shall be indelibly marked with the
following information:

(i) ‘DRY CLEAN ONLY".

(ii) Manufacturer’s Identification,

(iii}  Serial Number,

(iv) Size — Medium or Large, (for coveralls and oversocks only),

and allow space tor the addition of the weurer’s name.

Subject to complying with 7, *Tests’ the coverall label shall also be marked to indicate
CEGB approval.

7. TESTS
7.1 Material

A sample of each material run shall be tested to confirm the stainless steel/wool
percentage as specified in Table 1, and examined to show a uniform distribution of the steel
fibres. :

7.2 Suits

Electrical continuity of each completed suit shall, before despaich from the
manufacturer’s works or approved test house, be certified by resistance measurements as
shown in Fig. 3. The resistance between the extremity points, and between extremity points
and the bonding lead *T’, shall not exceed 25 ohms.

8. QUALITY CONTROL

The first production suit checked and approved by the CEGB’s Engineers against this
Standard and the Standard Pattern will form a Sealed Sample. The suit will be retained at
the manufacturer's works and be made available at any time for inspection by the CEGB’s
Authorized Officers. The CEGB reserve the right to withdraw the Standard Pattern at any
time,

9. APPLICATION TO CONTRACTS

The extent to which this Standard shall apply will be as stated in the Contract
between the CEGB and the Contractor.
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PADDED HOQOD

VISOR(S) -

ZIP FASTENER

VELCRO STRIP

PRESS. STUD'S,

BONDING LEAD

-"_—

PRESS STUDE)

OVERSOCK

Fig.2  General arrangement of suit

GEN/11/12/11159
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TJEST, POINTS RESISTANCE

A—T 1 NOT.TO
B ~—T . EXCEED F
cC—T 25 OHMS
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. POINTS
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Fig.3 Test points

GEN/11/12/11160
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APPENDIX A
BONDING LEAD TERMINAL
Al. DETAIL OF BONDING TERMINAL
50mm
10 mm I0mm
- . ,
(& —& JL ()
_'.__
330 mm
LL il § f447 !
[ \ )
. 20 rad
* mm dia MS. rod flottened 1o 10xSmm seetion
““tor length of S0mm. Drillsd and lopped ML 1
J0mm
FIG. Al 68/6419

A2. PREPARATION OF BONDING LEAD

First
rotd

68/6419

FIG. A2

\2.1 First, fold along centre-line of mesh and sleeving to give double material thickness.

Second, fold along XX returning mesh along sleeving to give four thicknesses of mesh
through section.
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A3. BONDING LEAD ATTACHMENT

Bonding _Lead Attachment

170enm PYC toped

2+ MLu1). Stuel, pan or cheest heoded screws 10
B8S L418) with nuts and plain, steel washers te
8% 4320. Table 2. {large diametar),

68/6419
FIG. A3

A3.1 Bonding lead prepared as in Fig. A2, placed with mesh adjacent to terminal palm and
secured with screws, plain washers and locking nuts. Connection and bonding
terminal to be wrapped with double layer of PVC tape for length of 170 mm.
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1 ITRCIDUCTICH

In . 'BY Nuclear Power Station the boilers are contained with the
reactor core in a thick prestressed concrete vesscls Thus the post shutdown
cooling peried of the boiler gas pesses will be much longer than the 2-3

days for the 'A' Station magnox reactorss In fact, calculations have showm
that with all 8 circulators rumnin , the reactor core outle‘l: temperature

will £2ll to 60°C after 8 days, 50°C after 16 d.ays end 40° C after 36 days .
post shutdowm.

The economic penalties caused by the outage of mod.ern thermal power station
units led the C,E,GaB. and S.S.E.B. to pursue the development of protective
clothing which would allow access.to the boiler gas passes at the earliest
opportunity i.e. when the vessel temperature pay be in some regions (gas
baffle dome area) 28 high at 60°C, 8~10 days post shutdown,

In 1971, a Hot Box facility was built at © YAY to give personnel
experience and confidence in wearing the special protective clothing in an-
ambient temperature of 60°C,  The training procedures ‘adopted for 'hhe Hot
Box form the basis for this documen‘l:.

This training in the Hot Box is the first of 3 sepa.rate exerciscs which will
lead up to a full scale hot en‘bry ai‘ter the Eecond comm.ss:.omng hot run on’
Reactor 3. :

The complete training programme is covered in four parts of this C.T.S.
These are as followsy- o ) _ ‘ .
Part 1 =  Boiler Familierisation Facility - the Hot Boxe o
Part 2 -~ Vessel Intry Access Route Simulation Facility,.

Part 3 = Vessel Access Demonsiration = Cold Run,

Part 4 = Vessel Access Demonsiration - Hot Run.

2 OBJICTS OF TRATNING

2¢1 To give personnel an appreciation of a 60°C hot environment.

2,2 To familiarise persommel with the various items of protective clothing ‘

assocmted. wif bh hn't: environmental worke.

2.3 To carry out simple tasks in =n environment of 60°C, similar to what
- 48 expected to be undertaken in the Hunterston 'BY pressure vessel,

3 THE HOT BOX

() Descripticn

The bBoiler familiarisation facility or hot ‘box, as it is commonly 't:ermed
is situated in the turbine hall basemen't at Huntersion 'Af,

Ba.sically it consists of 3 rooms, Control Roo:n, Change Room end Hot Room.
The dimensions of each are shown in Pig.l.

The Control Room houses all essentizl control and slarn equipmen'b. The =
threc phase heating supply communications and air flow/pressure are all
monitored from this poin't. :

The Chenge Room in addition to its prime finction es a dressing/undressing
area acts as a store for the air-cooled suits and other protective clothing.

The Hot Noom whick contzins an obstacle course = see Fig.2 mey be heated up
o a maximum temperature of 65°C in 1 hour, This is accomplished by air,
driven by a fan, passing through a bank cf heating elements of 21 kw - -
capacity then percolating through the perforated ceiling. A suction grill
situated near ground level completes the cirouite.

)/
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3 THB HOT BOX (Conttd)
(v) - Opération

The proccdure for initicting the heating system is detziled in

Appendix I, All the relevant switches are contained on the electrical
panel in the Control Room,

2.

-------

The cooling a2ir systenm is designed for a 2 - mon training programme. A

" 65 BecoFem. air compressor plus receiver are situsted adjacent to the Hot
Box on the Turbine Hall basement main walkway. -Air is piped into the
Control Room via a chammel in the floor, This pipe then bifurcates, each
line entering an air flow meter on the air control panel. IDownstrean the
air passes through filters and pressure regulating velves and terminates
at the 2 points inside the Hot Room. The start-up and operation of the
air system is detailed in Appendix 2., HNormally no adjusiment of the
valves is required as they have been pre-set to give maximum air ﬂow

32 ~ 34 ¢oFune 2t a pressure of 85 ~ 90 p.seie :

The air qual:.ty must be within the acceptable limits of inpurities in
breathing air as defined in BS 4275. These levels arée shown below:—

Impurity R Acceptable Quantities

Carbon monoxide . 5 pepelte (565 mg/m3)

Carbon dioxide - - © 500 pepems (900 mg/m’) BRI "L
0il LT 0.51:1&/1113 . Ly L
Odour end cleanliness Air should be free from all odour and

contanination by dust, etce

0il contamination checks are wndertaken regularly by the Stat:.on Chenistry
department.

4 PROTECTIVE CLOTHING

It is a.ccep'bed that if work is {o be carried ou'b in tenperatures in excess
of 40°C (104°F) special clothing incorporating some form of cooling is
essential, In the nid ~ 60's the C.E.GeBs pursued the developzent of an
a,ig-cooled suit capable of being used in ambient temperatures of up to
T07Cs

In principls, dry, dust free a2ir is supplied to the suit at a pressure of
at least 80 pes.is and is cooled by a vortex systen to & temperature
suitable to the wecrer (an air temperature renge 12-25 C is considered
desirable). It is then fed around the suit and helmet viz a network of
PV.C, tubes, and dispersed perpendicular to the body. The wearer is
therefore surrownded by cooled air, which is moving away from the body and
continually replenished from the supply to the suite A descripiion of
the suit and other essential items is given below.

(a) Air Cooled Suit

The suit assenbly, nemed the Beaufort Dynacool 70 suit, consists of four
-parts: an outer suit, a foam.insulated immer suit, a hood and a vortex
{tube, . :

The outer suit is made of 2 closc weave ventile cotton mater::n.al and acts
basically as a wear resistant and sacrificial items

f.[‘he/..- |
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4  PROTRCTIVE CLOTHING (Cont'd)’

(a) Air-Cooled Suit (Cont1d)

The immer suit is made of 6 mm thick expended polyurethane foam, sand-
wiched between two layers of woven nylon. As with the outer suit, it is ’
fitted with a front eniry zip. 6 mn bore P.V.C. tubes are 'bhreaded
through fabric twmnels sewn to the inside of the suit, The tubes are
routed and perforated to cnsure an even flow of air over the body. The
suit has penetrations for the flexible inlet air tube from the Vortex

tube and for the two comections onto the hood air distribution tubes,

The shape and style of the helmet has been altered several times and a
veriety of types are novw availables~

Mark IXI .~ narrow, soft~backed.

Mark IIX large, buibous, fibre-glass backed helmet, too lerge for
most constricted parts of the Hunterston 'B! vessel entry
‘route, ‘

Naxk IV - 2 smaller version of Iﬂérk III.

Mark ¥V ~ pimilar in shape to the Mark II and containing a variety
. of small rubber panels fitted into the back of the helmet
to give safely profection and a degree of flexibility when
“negotiating narrow spaces. :

The outer reer cover of the helmet iz made from a loyer of outer suit
fabric, lined with the imner suit insulation, The front has a moulded
perspex visor which gives reasonable visibility. Being of a rigid type,
the helmet does not move with the head,

Diagrams of the various parts of the suit ere shovwn in Pig.3, 2, b, and c.

The Vortex tube assenbly is fastened into a holster belt round the wa.ist;
Because of the high temperature environment, an assembly consisiing of
two ‘ubes in parallel is required to supply the necessary cooled air flow,

The vortex {tube assenbly is connected to the suit by a 2.5 cn rubber 'bore
tube,

The principle of the vortex twin-tube is as follows:~ compressed air

at a pressure greater than 80 pe.s.i. enters the cssembly through fangential
nozzles, which inject it at sonic speed into & chomber to create a vortex
spinning at up to half 2 million revolutions per nminutes The centre of
the vortex is cold air which flows out through a small hole to the cold
air discharge tube. The remainder of the air spirals along the two

long tubes growing hot in the process and is then discharged through two
valves at the far end. This restriction imposes enough pressure on the
vortex chamber to drive the air out of the cold ende It is essential ,
that air first entering into the vortex tube assembly is dry and at least
the above pressure otherwise the tube will not drop the temperature
sufficiently to zchieve the necessary coolings  Bach {tube has a fraction
valve at the hot exhzust end and for optimum heat removal it has beaen
fownd that both valves must bo set at about 1% ‘urns opens

iees with both valves ghut, a lot of cold air is driven into the
suit; with both valves full open, a much smaller amownt of
‘colder air is driven into the suit.

" In pra.c't:.ce, sonewhere in-between these two extreme setiings
(1% turns open) hes been shown to distribute a good flow of
air &t a temperature of 15-18°C,  Furthermore, the noise as
well as feel of the air at this setting, psycholog:.cally,
! reassuring,



4  PROTECTIVE CLOTHING {Conttd)

(a) Air-Cooled Suit (Conttd)

Finally the suit is menufactured in two sizes, to fit wearers of the
- measurenents listed below,

Max. Height Max. Chest

Mediun 5egn S 38w
Large o ' A

(v) Gloves

Gloves, basically, must be both heat-resistant and reasonably finger—sensi-
tive, The normal station issue rubber and cotton gloves do not fulful the
first condition whereas the recognised heat-resistant gloves made fronm
asbestos or leather material tend to be too bulky and stiff to satisfy the
second condition.

Until a suiiadble type is found all trainees will be given 2 pairs of gloves
to wear, a thin cotton immer pair in case sensitivity is required and a
aluminised calf lcather outer pair for heat protection, In practice so
far, {this composite arrangement has been satisfactory.

(c) Boots

Finding a comfortable, heat-resistant boot hes so far proved difficult.
Various types of leather boots have been tried without success. At
present, all training is being wundertaken using the normal station issue
of Burgeon!s wots and, as with the gloves, proving reasonably successful,

To improve the insulation of ‘the boot sole, a 5 ply mesh plastic insole
and special nylon boot sock are included as pa.r'b of the standard training
cloth:.ng issue,

(d) Air-Lines

The chosen air-line for the Hunterston *BY vessel entry must satisfy a
stringent specification, Ideally it should be 2 lightweight, heat~
resistant flexible non~kinlkable hose of bore not less than 15 mn e.nd
capable of withstanding a pressure of 200 peBeds

The air~line which will be used for +training consists of four {ubes each

of neminal bore 0.3 mm enclosed in an outer flexible sheaths 3 pairs of
screened cables are threaded between the tubes, two pairs for use in the

commmication system and the third ac'ting as a sparce The total length

of the air-line is 50 feet. .

(e) Communicotion Systen

During the training session, both entrants are in cons’can*t commmication
with the Controller and each other. :

The systen is more cumbersonme than that used in the other training facilitie
and consists of an tinticoustict! ear-defender headsets coupled up to an
anplifier which is tucked wnder the suit belts In the other facilities .
the omplifier is part of the control unit and therefore does not handicap
the trainees as can be the case in the Hot Box, :

5 ens



5 TRATNING SCHEDULES

In order initially to involve all personnel associsted with the vessel
entry demonstration programme, with a familiarisation of the various items
of protective clothing in hot conditions a training programme has been
prepared both for the entrants and for the helpers i.e. dressers and hoge—
reel attendants, The total time involved for each group is given below,

(a) Training for Vessecl Intrants

(1) Lecture : L . ; 10 mins,

(ii) Layout of Hot Box | 10 mins.

(ii1) Demonstration of protective clothing 15 mins,.
end comrmmications

(iv) Dressing - 10 nins,

(vi) |TUndressing e : 10 mins.

(vii) Discussion ' ' . .. 10 mins.

2 hrs, 5 ninsg,
This schedule is showm diagrarmatically in Figs. 4 and 5.

(v) Treining for Helpers

(1) Lecture o | 10 nine.
(i1) Layout of Hot Box | _ " 10 minse
(iii) Operation of Hot Box ' . 10 nins.
(iv) Demonstration of protective clothing and 15 minse.
comrnmications .
(v)  Dressing/Undressing Procedures . 20 mins,
(vi) - Practical . o . 30 nins,
.1 kr. 35 mins.

It is anticipated that only one session will be required in the Hot Box
for each trainee.

6 METHOD OF TRATNING o

(a) Lecture
The lecture will cover the following topicss~

(1) Hmterston !Bt A.G.R. Vessel entry route

(ii) The Working Conditions Encountered

(iii) The Need for Protective Clothing .

(iv) .The Vessel entry Procedure as described in Part IV of the C,TeS.
(v) The Training Facilities and Prograzme |

(©)/oeo



6 METHOD OF TRAINTNG (Conttd)

(b) Layout of Hot Box

All trainees will spenc‘l o short tine inside the Hot Room in norma.l clothing:
and experience the air and metel surrounds at 60°C. A description of the
obstacle course, Fiz.2, will be given at this stege. ‘

(¢) Demonstration of Protective Clothing and Commmications

Each iten of protective clothing will be described. Change room attendanis
who will be acting as helpers, will be shovn how to assenble an air—cooled
suit end essociated air-line systen.

(d) Dressing Proccdure

(i) Wearer to strip down to station wnderweesr,

(ii) C.Reds will assist wearer to slide legs into sir-cooled suit, making
sure that the tubing in the legs are not tangled, '

(1ii) Pull top half of suit over the shoulder, noting again that 'I;he 'tubing,
in the aros are not tangled.

(iv) After finel check of ‘l:ub:.ng around the chest 2rea, zip up the front -
of the suit,

(v) Ion oois plus insole snd insulating sock, ensure 'tubing is fully
down, and tape boots to suit.

(vi) Fasten safety belt end check Vortex tube is seated correctly in
holster.

(vii) Plug in coloured air-line 16 Vortex tube amd note flow to helmet,
arns and feet,

(viii) Pit cer defender headset and throa.t m:.crophone comforta‘bly and

switch on commmications.
(ix) Test commmications, i
(x) Ton 2 pairs of correct gloves a.nd 'be.pe to suit.

(xi) Place helmet carefully over headset and connect up to the 2 air—tubes.

. (xii) Zip up the helmet to front and back of the suit.

(xiii) Final chock of commmications snd air systens.

(e} Practical Session in Hot Room

(1) - Once inside the Hot Room, both. trainees will first free up to 20 feet
of air-line from the reelg then walk up and down several times to
acclinatise to the conditions,

(ii) Eoch in turn will clinb up and dowm the ladder 5% tinmes, then walk
- over to the top horizontally mounted manhole cover.

(iii) Using spanmer provided, romove the 8 nuts, 1ift and stow the cover, °
(iv)  Descend through the menhcle aseisting each other with the air-liness

(v) The vertical pl.—..ced nenhole cover is removed and stowed in similar
) narmers

(vi)/eone
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6 - METHOD OF TRAINING (Conttd)

(c) Practical Scssion in Hot Room (Cont'd)

(vi) Crawl through the menhole again assisting each other with the air-
lines. _

' (vii) Each in turn will first renew the hacksaw blade then saw through

a 2" scaffolding pipe.

(viii) Both will then return to the ladder by the reverse route, replacing
the manhole covers in position en route.

(ix) Finally 4% clinbs on the ladder.

(%) The exercise is now completed and each will retire to the changeroonm
on the Controller?s instructions.

Throughout the exercisc, the two Yrainces will be in commumication with each -
other end the Controller. The Controller will instruct each trainee before
sterting that should ho feel in any way distressed, then the exercise be
stopped immediately. '

(£f) Undressinz Procedure

(1) Unzip helmet and discommect both air~tube comnections,

| (ii) Remove helmet and ear defender hea;dse'l:“s. .

(iii) Remove both pairs of gloves, place in bin, '

(iv) Remove boots, insoles and insulating socks, place in bin,

(v) Discomnect air supply to Vortex tube,

(vi) Undo safety belte "

(vii) Uazip and remove air-cooled suit, place in bin,

(viii) Dress in trensit clothing.

During a discussion on the practical session, the trainees will be given
a rofreshnent and asked to £ill in = questionaire (see Appendix 3) which - -
must bereturned in due course Yo the Controller. It is recommended that

the trainees meke use of the shower facilities which are available,

{(g) Overotion of Hot Box

Changeroon attendants will be shown how 1o operate the heating and
compressed air sysitems for the Hot Box, Full instructions of each are
given in Appendices 1 and 2. '

7 RESPONSIBILITY

Ss8,EeBe 2re responsible for providing, maintaining and opereting all
equipnent and training scessions in the Mt Boxs )
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APPEVDIX 1

HOT BOX -~ HEATING PROCEDURE

FPROCEDURE

The various units on the control panel are indicated on a RED dlspla.y boord
placed at top of the panols The temperature control setting (° Fahrenheit)
ig a black kmod situated Just above this display board and must on no account
be turned to higher than 140 F as there are various limit switches incerpor—
ated into the electricel circuit which will come into operation above this
paxioun setting and cut off the heating,

The hot roon tenperature is indicated on a meter above the R.HeS. squere
window in the control roon,

le Ensure that the Baergency door in the hot room lead:.ng to the Turbine
Hall is wnlocked,

2¢ Shut the louvre 'boa;ras on the outside of the heating r.u.r extraction
systen, .

3s Bet the 'temperaturo control 'bo the des:.rod. roon ‘temperature (No-te, the
above restriction).

4. With reference to the Red indicator board, SWITCH on (1) Heater
Isolator Unit (2) Control Switch amd (3) Fen Isolator Unite A1l three
switches are in the botton row of the control panels Finally, press .
the green 'STIRT! knob of the Fan contactor.

If the heating systen is operating, a red light will glow in each of the
three heater control units (Red, Blue and Yellow pha.ses). Once the room
has reached the reguircd ‘tempera'ture, these lights will sw:..tch on and off
internittently.

CLOSE TOWN

1., Switch off (1) Heater Isolator Unit, (2) Control Switch and (3) Fan
Isolator Unite

2¢ To switch off the hecting alone and retain the fan rwming, press in
the RED heater lock off knobs To blow cold air into the room, close the
gir vent in the Hot Room and open the air vent ot the Turbine Hall side,
To restart the heating, reverse the air vents and reset the heater lock
off switche
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APPENDIX 2

HOT BOX —~ AIR SYSTENM

PROCEDURE

Two connections for air lines are situated inside the Hot Room.  The air
flow and pressure in each line ie governed by the air control Qanel in
the control room. Normally, no adjustment will be necessary as the
valves have been set to give meximum air flow (32-34 cFm) and pressure

(85-95 PeSeis)e A filter is incorporated in each system to remove any
moisture,

(1) Switch on the maine to the COMpPressor.
(2) Switch on the compressor.

(3) Allow 5 minutes for +he pressure in the air receiver to reach &
De Beis then open the valve at the receiver base for a few seconds to remove
any water present,

24) Check the air pressure in the two lines on the conirol panel
85~95 DeSeie)s

(5) Adjust both valves on each Vortex tube to lg tdrmse out from the
tfull—in? positione .

(6) Comnect the system to run for 15 minutes before starting dressing
personnel in the suit, This will ensure that the air systems are
completely clean,

(7) . Dress personmel - See Text,
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OBJECTS OF TRAINING

To further familiarise personnel with the various items of protective clothing |
isociated with hot environmental work.

To establish and practice the access and emergency procedures in a
mulated and safe environment,

, Mo provide entry teams with a more accurate impression of distances
> be covered and difficulties which will be encountered in the vessel
cess route,
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3. ACCESS ROUTE SIMULATION FACILITY

This facility has been construoted alongside the Charge Machine Maintenance
Building rehearsal shaft on’ "+ It has been designed to resemble
the access route in the Hunterston "Bt pressure vessel but because of the
building limitations, it is only &rds in height.of the latter.

The ladderwork structure of the facility is enclosed in a hardboard shaft
and incorporates all the main realistic features of the wvessel accesSroute
i.e.. landings, inspection hatches, boiler support beam and the angled _
ladder round the housing of the gas circulator, The outline and dimensions
of the ladderwork is shown in Fig. 3. '

A Control Console similar to the model to be used on - is
positioned on the 114Y level. The communication system and air flow/pressures
are monitored at this point by the trainee Comtroller under the supervision

of the training programme co—ordinator.

Compressed breathing air delivered along 23" galvanised steel pipework from
the compressor mounted at ground level to the rear of the building is divided
into 4 lines at the Console. These lines extend down to the C,M.M.B. hoist
room on the 98! level where the hose reels are situated. During training
gessions an attendant is on duty at this point to supply airlines on demand
via the communication system.

A second attendant is positioned above the entry point at the 117! level to
operate the air-opsrated hoist if required for lowering equipment or for
removing a casualty. The air-operated hoist is suspended from a support
beam fixed close to the roof of the building above the entry poimt., A
safety line is compulsory for all entrants and it is also fastened onto the
beam.

A change room is provided at the top of the stairs at the 114t level with
ample space for storage of all equipment.

No provision is made to simulate the hostile enviromments of noise and high
temperature that will be present in the | ux . .Y vessel. 3 kw fan
heaters have however been providsd both at the bottom of the hardboard shaft
and in the change room to maintain the temperature above ambient during cold
weather.

Permanent lighting fixtures have been installed inside the facility but will
not normally be used during a training session except in emergency circumstance:
Temporary lighting identical to the circuitry for installation in the -

- pressure vessel will be used for all training sessions,



4. UL PMENT

(2) Compressor

The compressor, together with an after—-cooler a.nd'éir receiver, is housed.
in a temporary building at ground level on the south side of the C.M.M.B.:

It is an Ingersoll Rand Model 25B Type 40 compressor, air cocled with a
free air delivery of 128 cFm, maximum working pressure 125 p.s.i. The
discharge air pressure has been adjusted to give only 100 p.s.is The
electrical supplies for tho compressor is contained on a switchboard in the
C.M.M,B, Machine Workshop.

Operating instructions are given in Appendix 1.

(b) Control Console

The control console provides the Controller with the same informatioh which
he will get from the ¥BY Station console during vessel entry.

The compressed breathing air pipework is fitted into the console after passing
through a coarse and fine filtsr. The air pressure and temperature are noted
at this stage. If the air pressure falls, a red light comes on in the centre
of the console. Four valves fixed into the front upper panel of the console
allow the Controller.to set the desired flow of air to each trainee; rota—
meters are provided on each line to indicate the air flow,

The communication interoom unit enables the Controller to be in contact with
up t0 10 persomnel but as there will be no back-up emergency team during the
training sessions, only 6 lines will be in use:~ 4 inside the facility,

1 hose reel attendant and 1 hoist operator. The proper use of communicatioms,
including the recognised form of address code, i vital to the success of the
vessel entry programme and although the basic procedures are outlined in
Appendix 2, these will certainly be modified in the course of time through
experience gained in this training facility.

A time-elapsed clock will also be fitted into the console to correspond to
the "Bt Station comsole,

- EED

(e) Protective Clothing

The air-cooled suits, gloves, boots, etc, are all as described in Part 1 of
this document.

(d) Casualty!

An anthropometric 95th percentile dummy has kindly been loaned by Dr. Borwick,
National Engineering Laboratory, East Kilbride, for use in the carrying out of
the emergency procedures where a casualty is involved. Trainess must not
attempt to carry the dummy up the ladder, it weighs 217 lbs.

(e) Air-Operated Hoist

A % ton air—operated hoist is suspended from a support beam above the facility
extyy point on the 117t level. It is intended primarily for the removal of
a casualty but may 21s0 be used in circumstances when it is not possible to
move equipment into and out of the facility by rope i.e. the 90 1lb. triped
support beam which is positioned above the boiler cheesepiece will require the
hOiStq -

(f) BSafety Lines

A1l ladderwork will be undertaken attached %o an Everest safety line., The
line will be fixed to the support beam above the entry point. The correct
method of tying will be clearly displayed adjacent to the support beam,
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5.  TRAINING PROGRAMME SCHEDULE

(a) Access Route Simulation Facility — Schedule for Persommsl

Introductory Lecture 10 mins,

Outline of Facility, Console and Protective Clothing 10 mins.

Dressing 15 mins.
Practical 2 hours
Undressing, Discussion - " 20 mins.

2 hrs, 55 mins.

(v} Schedule for Changs Room Attendants — Dressers, Hose Reel Attendants,
Hoist Operators

Introductory Lecturs ' . 10 mins,.
Outline of Facility, Console and Protective Clothing 20 mins.

Practical ’ 30 minse.

1 hour

" At this stage of the treining programme, it is envisaged that because of the
number of emergency procedures that must be -I:horoughly practiced, all
trainees for the simulation facility will require a minimum of 3 =essions.
Change room attendants, being small in number, will participate at very.
regular intervals.



6. METHOD OF TRAINING
(a) Personnel |
The composition of a training team will be as follows:-

Console

'B? Siation Operations Engineer as training Controller, assisted by 4training
programme co~ordinator.

Changze Room

2 change room attendants to assist with dressing/undressing. The duties of
change room attendants are given in Part 1 of {this C,T.S,

Hoge-fealn

One of the above C.R.A.'s will operate the hose reels on the 98! level du.ring
the training session,

Hoigt
The second C,R.A. will operate the hoist during the training session.

Trainine Team

A team will always consist of 4 trainees who have already undergone a tralning
session in the Hot Box,

The initial 4$raining sessions may well show that = secand supervisor is
required to assist a.nd/or observe the progress of the trainees in the facility.

(b) Training Session — See Figs. 1 and 2

1+  All trainees will report to the Console on the 117Y level, C.M.M.B.
2. After lecture, demonstration and briefing, proceed o change room.

3¢ The Cu.Rs4.'s will assist the team to don air-cooled suits, outer
coveralls, boots, gloves and communication headsets. :

4e C.R.As's will check air supply 'ho' suit and sommunications to console.

5. Hoist operator (C.R.A.) will log any tools i.e. hammer, 1nstruments, '
dummy camera, hand torch, required for access.

6. Entry team will proceed from the change room to the area round entry
point at 114% level, At this stage, the training Controller will
conduct final check on communications with team, hoist operator
and hose reel attendant (now in position at 98t level) and ensure
air flow/pressure is adsquate.

Te st and 2nd men ascent to 117' entry platform and clip on to Everest
safety line.

8. The temporary lighting system will be lowered down to 98¢ level.

9. 1st and 2nd men descent one at a time to 98' lovel, then release from
safety line. '

10/ 2eses
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6. METTHOD OF TRATNING (Cont'd.)

10. 1st and 2nd men ensure that the 'l;empora.ry lighting system is secured
in position

11. 3rd and 4th men lower any eqmpr-ent required down by.rope, then clip
onto safety line,

12. 3rd and 4th men descent one at a time to 98! level, then releass from
safety line.

13. 1st, 2nd and 3rd men walk round the simulated boiler ammulus carrying
any equipment required for the lower part of the route., 4th man assists
with airlines.

14, 1st, 2nd and 3rd men return to the area around the boiler cheeseplece.

15. 1st and 2nd men lower safety rope and temporary lighting $o 90! level.

16, 1st and 2nd men clip onto safety line and descent one at a time to 90f
level, 3rd man remains above chessepiece, 4th man further back along
gimilated boiler amnulus to assist with airlines,

17. 1st man opens hatch at S0' level, lighting and safety rope lowered to
821 level.

18, 1st and ond men descent one at a time to 82f level, 3rd and 4th men
assist with airlines.

19, 1st man using hammer opens and closes top inspection hatch, 2nd man
openg end closes bottom inspection hatch,

20, 2nd men opens hatch at 82t level, lighting and safety line is lowered
down to 741 level,

21, 1st and 2nd men descent one at a2 time to 74! level, 3rd and 4th men
assigt with airlines,

22, lighting and safety line is lowered down.to 58! level, 1st and 2nd men
descend to floor, 3rd and 4th men assist with airlines,

23, 31_'6. man lowers any equipment required for survey or inspection.

24, The team will now follow the instructions laid down for one of the
emergency procedures — see Section T.

25, Follewing successful emergency drill, the team, now at 114? level will
proceed to change room.

26, C.R.Aets will assist in the undressing.
27. Discussion.

28, Termination of training session.
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EMERGENCY PROCEDURES

Exit Without Lighting

Controller informs all personnel that the temporary installed lights
are about to be switched off.

Pollowing acknowledgement of signal by all team menbers, the lights are
first flashed for 10 seconds then switched off,

Hand torches are switched on.
3rd and 4th men inform Controller that the 98' walkway and boilerx
cheesepiece are free of temporary obstacles and are in a position to

agsist with airlines of 1st and 2nd men.,

15t and 2nd men leave any tools or equipment on the floor, clip onto
safety line. .

18t men ascends to 1st platform, 3rd and 4th men illuminate the ares
with hand torches,.

2nd man ascends to 1st platform.

1st man gscends up to 2nd platform then up to top of chessepiece at

100t level, this will then allow clear illumination for No. 2 man.

No. 1 releases safety line.

2nd man ascends from 1st platform to 100! level and releases safety line.

All 4 men walk slowly round to bottom of top stage ladder.

ist and 2nd men clip onto safety line and ascent one at a time to 117¢

level, hoist operator will shine torch to assist the climb,

12,

Notes

3rd and 4th repeat above,

Every movement during the exit can only commence after instructions

are given from the team to the hose reel operator to draw in air-line slack.
3rd and 4th men must watch that the air-~lines of their team mates do not get
caught up on any protrusions during the Steps 6 - 9,

(b)

1.
2,

3e

4.

Exit Without Communication

Controller informs all nersomnel tha.t an exit without corrmunica-tions will
be attempted.

' Following acknowledgement of signal by all team mmbers; the lights will

be flashed for 10 seconds as a signal for evacuation,

Communicetions between the team and hoss reel atitendant will be swi'bched

off though the Comtrcller will ma.lnta:.n contact with the team in case of
difficulties,

3rd and 4th men w:.ll ensure boiler cheesepiecce is free of tempora::y'
obstacles then signal (3 pulls on the safety line) to the men on the
581 level that the route is clear., 1st and 2nd men leave any tools
or equipment on the floor,. ,

Sefeness
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EMERGENGY PROCEDIRES (Conttd.)

13t man clips omto safety line and proceeds slowly up to 100t level,
stopping at each platform until the tproceed? signal is again given.
4th man will signal to hoist operator as to the rate the air-line will
be withdrawn from the facility.

When 1st men has released from safety line at 100t level, the 2nd man will
proceed up the ladder in similar fashion. .

2nd and . 3rd men walk slowly round to bottom of top stage ladder, 4th

© man ensuring the correct length of airline ie available at all times.

ist and 2nd men clip onto safety line and ascend one at a time to
117Y level, hoist operator pulling up airlines as required.

3rd and 4th men repeat above.

{¢) Exit With Casual‘l:x

The dwamy complote with air-cooled suit, airline, safety harness, etc. will
be in position at the 58! lavel.

1e

2.

3e

4.

5

10.
11.

12,

13,

14,

Controller informs all persomnel that a casuwalty exit will be attempied.
Note: If the Dummy is assumed to be the result of an injury to the 1st
man, the treal! 1st man will in fact now play the role of the 3rd man
who has come down the boiler cheesepiece to assist. Therefore the
*real? 3rd man up at the 100? level will not participate in this
exercise unless help is required.

Following acknowledgement of signal by all team members, the lights
will be flashed for 10 seconds as a signal for evacuation,

1st man informs Controller of casualty and requests that splints be
sent in to bind legs,

Splints are lowered by rope by hoist operator to 4th men, who in {turm
lowera down to 58! level.

1st and 2nd men bind Dumy!s legs and request use of eir hoist for
removal of ca.sua.lw‘:y.

Hoist rope once lowered down is fixed onto safety harmess hook.
Durmy is clipped onto safety line, 1st man also on safety line moves
onto ladder and signals for air hoist to be operated at slow speed
4th man will ensure that cheesepiece is free of temporary obstacles
and that the airlines do not catch on any protrusions,

With the 1st man leading, the Durmmy is brought slowly up to the 100t
level. In case of any mishap to the Tummy, the 2nd men will remain
at the 58' level until the Dummy is safely on the 981 level,

2nd man clips onto safety line and proceeds slowly up to 100t level,

With the 4th man now leading, the Dummy is brought slowly wp to the
114t level. 1st, 2nd end 3rd men remain at 98 level.

The exercise now cfficially over, the Dummy is then lowered back dowm
to the 58t lewsl.

The 3rd man clips onto safety line ond descends to 58! level, releases
hoist rope from Dumyts safety harness, then returns to 100t level, -

I1st, 2nd and 3rd men ascent one at a time, on safety line, to 114% levsl.
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8. RESPONSIBILITIES

S.5.E,B. are responsible for providing, maintaining and operating all
equipment and training sessions in the Vemsel Entry access route simulation
facility

9, AFPENDICES

,1‘. Operation of Compressor.

2. Commmication Intercom System.

10. DIAGRAMS
1+ Training Team Entry Procedurs,
2. Training Team Withdrawal Procedurs.

3. Ladderwork.

BF/LM/9.8.



APPENDIX 1

CHARGE MACHINE MAINTENANCE BUILDING REHEARSAL FACILITY ~ OPERATION OF COMPRESSOR

The compressor, situated in the S,E., corner outside the C,M.IM,B,, is an
Ingersoll-Rand Model 25B Type 40, air cooled with a free air delivery of
128 o.f.m. at a maximum working pressure 125 pes.i.ge

Electri cél Operating Instructions

The switchboard is in the C,M,M.B. Machine Worksﬁop adjacent to the Compressor
housing,

1. Insure all isolating switches are ON.

i)} Main supply isolator at 415V bus bars.
ii) After-cooler isolator.

iii) Compressor isolator,

iv) 415V compressor control supply isolator.
v) 110V indication supply isolator.

2. Ensure overloads are reset (stop and/or reset buttoms).

3. Ensure emergency stop button is reset (situated on C,M,M,B., wall in
compressor housing).

4. To START:= Operate START button on after-cooler starter.

i) After-cooler will start,

ii) Compresesor will start on star comnections and after prescribed time
will switch to delta.

Note: Compressor will not start until after-cooler contactor is operated.
5. Compressor is fitted with constant speed control and will maintain
prescribed air pressure between required limits as set on 'Aux,! valve on
side of receiver. Under this system, the compressor motor will continue to
run although no a2ir is being delivered to the receiver.

6. To STOP both After—Cooler and Compressor:-—

operate either a) After—cooler stop button; or
b) Emergency stop button.

To STOP Compressor only:—

operate Compressor stop buitton
(to restart Compressor, operate start button).

T. Overload trips

i) On After~Cooler - will trip both After—Cooler and Compressor
+ 1) On Compressor _ - will trip compressor only.

* Note: With After-Cooler running, resetting of the compressor O/L trip
button will restart compressor,

8ufuenes
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8, To start After-Cooler and Compressor separately:w—
i} Ensure both After-Cooler and Compréssor Stop buttons are operated.
ii) Close all isolators in (1) above.
1ii) start After-Cooler.

iv) Start Compressor.



APPENDIX 2

COMMUNICATION TNTERCOM SYSTEM

The conirol panel consistis of eight microphone switches with indicator lamps,
two headset sockets, record vutput socket and main switch and indicator lamp.

The microphone switches operate so as t0 switch off the headset in the up '
position when the indicator lamp will function.

When opsrating these lever keoys they should be switched quickly otherwise the
amplifier input impedance is affected,

Pcints $o0 Note

1. Mcnitor Socket - used only for headset monitoring, the microphone
will not oporate in this socket.

2. Controller Socker -~ care must be taken when the headset is removed
from head t0 ensure that no feedback is produced.
The headset provided for this operation is f:.t'ted
with a microphone switch. :

3. Record Socket ~ is a standard jock socket., The output to this

' socket is taken from the amplifier output and is
attenuated to give the correct recording level on
the radio output of a good quality tape recorder
(i.e. 10 mV at 100k ohm approx).

4, Headset Output Sockets -~ are nunbered 1 - 8 to ‘correspond to the switch
number on the front control panel.

5. " Volume ~ +the volume level is adjusted with the preset control
situated behind the black plastic grammet directly
under the record output socket.

Procedure
1.  All team members will be designated by the colour of their airlines.

2. In case of communication d&ifficulty, the following standard phenetic
code must be used:-

A Alpha ¥ November
B  Bravo 0 Oscar
C Charlie P Paps
D Delta Q@ Quebec
E ©Echo R Romso
F Poxtrot S Sierra
G Golf T Tango
H Hotel U Uniform
I India Vv Vietor
J  Juliet W Whisky
K KXilo X X-Ray
L Lima Y Yankee
M Z Zulu

Mike
3+ The correct form of address is given belows-
Initiating/ees..



Tnitiating s Call

(a)

o

(c)
(a)
(o)

'Ca.lling' _

To tenm, state sirling colorur, otherwise: proper title

tthig,is?
own call sing

Yovert

- Replying o a Call _
Call sign of member initlating call

(=)

(t)
()
(@
(@)

$from?
own call sing
tgo ahead!

foveprt

Calling Procedure
(2) CALLING

@ ™

(@
(e)

o

(g)

@)
@
()
(x)

o)

n

(c) OVER

PRTRPEER RN

out .,
GO AHEAD
STANDB’Y

ALY

L . .t - e
L o

(o

CHECK -

CLOSING DOWN

ROGER ,
WILCO

SAY ACAIN'

T, Y

‘ I SAY AGAIN

R A

URGENT MESSAGE

CORRECTION

: Exchange_ of messages completed.

Ore station to a;xother to establish contact,
One station to another.

Meésage finished and requiring an immediate reply.
To be used at the end of every message except at. end

. of the final message of an exchange.

No reply expected,
Pass your message.
Wait till called, keep listenings

Walt £i11 air is clear, you are interrupting.

To be given when switching off,

I have received your last message.

Your last message received, understood and will be
complied with.

Your message 18 not received/understood, repeat the
message.

To be used at the beginning of a repeated message.

To be used only in exceptional circumstances when
it is riecessary.to interrupt a2 'message.

Répeat message/instructiona 40 ensure that they have
been correctly received. :

An error has been made in this tra.nsmission. The

. _comc’t VerSion is ;.a-o--oounc sseres



FIGURE 1

VESSEL_ENTRY REHEARSAL SHAFT

TRATNING TEAM ENTRY PROOEDURE

Preparation for
Access In
Lecture Room

Lecture on facility
—Demonstration of Air-
Cocled Suits, Communica=-

Equipment failure
Unfavourable re-
hearsal conditions

Control Console

Equipment failure
' , P

Equipment failure Q‘

Receive Instructicns

Changing Room

Collect tools ete. for
entry. Changs into air
cooled suits, outer cover-
alls, boots, gloves,
Assistant checks airlines,

communications and logs
tools for entry.

1141
Accesgs Hole

3Final check of airlines,
communi catiocns

Access
Similation
Facility



FIGURE 2

VESSEL ENTRY HREHEARSAL SHAFT

TRAINING TEAM WITHDRAWAL PROCEDURE

ey

Access
Simulation
| Facility

1141
Access
Hole

Remove outer gloves, dis-
connect airline, commnications

Changing Room

Control Console

Remove outer coverall, air-
cooled suit, boots, imner
gloves, helmet earphones
Don normal clothing

Dobriefing & Refreshments
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APPENDIX H

COMMTSSIONING TEST SCHEDULE

COLD RUN VESSEL ACCESS DEMONSTRATION

- CONTENRNTS

l, Introduction

2e Objects of Test

3« Preparation for the test
4e  Initial State of Plant
5¢ Methods of Test

6+ Responsibilities

T+ Safety Aspects

8. References

Qs Appeﬁdices

10« Diagranms

11, Distribution



1 TNTRODUCTION

It is plamned that during the combined engineering tests in Reactor 3
after the 2nd Hot Run a full scale entry program will be czrried out from .
the pile cap at the 270%access penetration using four-man entry teams in
air cooled suits with the Reactor at a temperature of 60°¢,

At a convenient time prior to this demonstration, a full scale rehearsal
will be carried out in cold conditions in Reactor 4. Several entries

will be made on two separate weekends, the 1st entry team installing
lighting, support beams and safety lines and establishing the access route
to the vault floor with subsequent teams carrying out inspection duties with
TWe caneras and visusl inspection of boiler tubes etc. Xach team will
spend no more than 2 hrs, in the vessel and at the end of each eniry period
one of the emergency procedures to be described in this document will be
carried out. The portable access equipment will be logged in and out of
the vessel and the last entry team will ensure that it is all removed and
the vessel left in its original condition prior to the access penetration
being boxed up.

2 OBJECTS OF PROCEDURE

(1) To familiarise persommel with access equipment and its use in the
correct environment.

(2) To prove the feasibility of the vessel entry procedure and in particular
the emergency procedures.

(3) To make an assessment of the time involved in assembling and dismantling
the auxiliary equipment for the pile cap prior to and after the vessel entry.

3 PREPARATION FOR THE TEST

3 ol Eg gigmen'b

The following equipment will have been tested and made available on the pile
cap prior to entry.

(i) Reactor Instruments as required.

(i1) Compressed breathing air system including 40 emergency air bottlese.
(i1i) Atmospheric dehumidification plant .’

(iv)  Telephone communications to control console and hose reel attendants,
(v) Vessel entry control console.

(vi)  Electrical power supplies at Pile Cap level,

(vii) Clean conditions tent and 'A' frame. .

(viii) Main and Pile Cap change rooms.

(ix) Pile Cap crane, slings and lifting equipment.

(#) Temporary access ladders.,

(=) Staging and fémporary platforms

(xii) In vessel lighting.

(xii) Air cooled protective suits and air flow check equipment.

(xiv) Hose reels and air lines,



©3 (Comy'd)
(xv)  In vessel communications.

(xvt) Safety equipment Appendix l.

(xvii)} Health Physics ancillary equipment Appendix 2 as appropriate.

(dx) €O mon:.'toring equipment fitted into pipework behind gas circulator
gange bOarg

342 Permit-—to-liork

' Entrj' to0 the vessel will be under the jurisdiction of

4 STATE OF PLANT

Thermal insulation plug not inserted, 270° and 90° 'penetrations available
COp distribution system isolated from wvessel.

Air conditioning system as used during normal commissioning in service.

5 METHODS OF TEST

5el Access to the vessel will be through the man-access penetration on the
pile cap at 2’?0°, the 90 penetration being used as an emergency exist. Fo:
the cold run the shield plug, impact sleeve, thermal insulation plug and the
access manhole cover will be removed and the access route will be established

542 Erection of Vessel Access Ecuipment

As per 024.0449.32.02409 Part 4- 5e3

5+3 Preparation for Vessel Access-

All persomnel entering vessel will have been passed medically fit, however,

no certificates will be lssued since entry will take place in cold conditions
Persommel entering vessel will follow the entry procedure as shown in Fige 3.
Dependant upon whether gas circulators are rumning noise level checks will be
made and circulatorg will be switched off in the quadrant being used for accet

COLD RUN

54 Vessel Entry to Establish Access Route and for Lightinz and Safety
Ingtallation

1 Persommel
The composition of this initial entry team will be as follows s
a) Console - 1 Assistant Charge Engineer as controller.

1 Grade 9 Engineer for plant duties as required by
Controller,

1 Grade 10X Engineer responsible for communications and
logging persommel in and out of vessel.

b) Clean Conditions Tent = 2 change room attendants responsible for dressing

wndressing vessel entrants and 1ogcr'ing material
in and out of vessel,

Duties of the CReSe8 are given in Appendix 4.
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e) 124! Hose Reel Gantry = 1 hose reel attendant dressed in single coveralls
In separate tent and face mask in constant commumication with
persomnel in vessel.

d) Vessel Entry Team - 1 A Health Physicist

2 - )

3 . ) Personnel to be decided
) closer to the date

. -

2 The vessel entry team will report to the Controller at the Console,
receive instructions and proceed to clean conditions tent (Note it is
assuming that the persommel in the team have carried out the correct
proced.ures leading up to their arrival on the Pile Cap as showm in Figs 3).

3 Don air-cooled suits, outer coveralls, boots, gloves, and communications
head sets. '

4 Check air supply to suit end communication to Console under the
assistance of the change room attendants.

5 Log hand 'i_:orch,:'and tools required for access.

6 4 man entry team proceed through to the area round penetration. At
this stage, the assistant controller will conduct a final check of commune
ications with both team and hose reel attendants.

7 1lst and 2nd men descend one at a time to the armular platform at the T7?
level using safety line. During the descent the 2nd man will secure the
ladder.

8 The 3rd and 4th men supervise the lowering by air hoist of the lighting
equipment «

9 2nd man installs lighting around annular platform and selected cheeseplece.

10 The support beam, 1 safety line with 4 attachments, air hoist, tools
and extra air line can then be lowered to the armular platform under super-
vision of 3rd and 4th men.

11 3rd and 4th men descend one at a time to 77! amnular platfom using
safety lines.

12 Three men, 1st, 2nd and 3rd, carry support beam and gear to selected
tuadrant and 4th man ensures that no problens exist with the air lines,

13 2nd man fixes support beam and attaches air hoist and safety liness

14 1st end 2nd man, using safety line, descend one at a time to platform
in cheesepiece at T73' level, 3rd man positions himself at top of cheesepiece
(79* level).

15 2nd men opens haich at T73* level,  Lighting and safety lines are
lowered to 6314M level,

16 1st man using safetg line descends to 63! level while 4th man positions
himself at foot of 270°C access ladder to ensure air lines are paid out and
that lighting is made available to be lowered down cheesepiece.

17 2nd man using safety line descends to 634" level and opens 2nd hatch, )
Lighting and safety lines are lowered through the hatch dowm to 41t8" level.
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18 1st man using safety line descends to 4118" level.

19 2nd man using Safety line descends to 41'8" level and opens third
hatche Lighting and safety lines are lowered to the vault floor.

20 Safety air line is lowered from 77' amulus to vault area.
21 - 1st and 2nd men using safety lines one at a time descend to vault floors

22 For withdrawal, 4th man places hinself beneath 270° access ladder at T7!
level to form a chain for removal of air lines., 1lst and 2nd man clip on

10 everest safety lines and one at a time ascend to 79! level using the same
ladder as was used for the descent, Hatches are left open and lighting left
in situ. )

23 Q19.1:, 2nd and 3rd men travel rouwmd amular platform to join 4th man beneatl
270" access ladder.

24.. All persomel are withdrawn from the vessel one at a time and using
safety lines, . o

5«5 TVessel Entry for Familiarity with Access and Inspection Equipment

Access to the following areas is proposcd.

1) Above the gas baffle.

2) Boiler interstitial spaces.

3) Gas circulator inlet plemum areas qu.adré.nt C vault area.

The following is written for the 4 man team entry.

le As per S5.4.2.

24 " 54430

3e " 5edede

de W 5.4.5 + two canmeras

5e " 5e4e0

6+ 1st a.nd 2nd men descend access ladder to ammular platform at 177'
level using safety line. 3rd and 4th men stay at pile cap level and
assist with the lowering of T.V. camera and datum reference jig to the

77! level. '

T+ 3rd and 4th men then descend one at a time the ladder to the 77! level
using safety line.

8+ 1st, 2nd and 3rd men graverse round to the quadrant to be inspected,
4th man remains below 270 access ladders

9« 1lst and 2nd men desScend one at a time between boiler units to T3t
level using safety line.

10. 3rd man remains at 79' level platform to assist with air lines and
lowering gear.

11e 4th/es.
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11 4th man, when not employed with air lines is taking T.V. camera shots
under direction of controller with ref. to gppendix 5.

12 1st and 2nd men descend one at a time to 69! level using safety line,
open inspection cover to boiler unit. Carry ocui a brief inspection and
take photographs. '

13 If requested by Controller a Caesium collection plate in the form of
a Jubilee clip is removed from boiler tubes and replacement clip is screwed
M

14 Close inspection cover and descend to 63! level one at a time using
safety lines and proceed with 2nd boiler tube inspection, removing cover
and taking photographs,.

15 Close inspection cover and descend one at a time to 25! lewvel using
safety line.

16 Inspect vault area for gross damage and a series of photographs are
taken.,

17 2nd T.V. camera is lowered to 1st and 2nd men in vault areas  T.Ve
camera work is then carried out by 1lst man in the vault under the supervision
of the controller with ref, to appendix 5.

18 4th man‘at 77t ammular platform, continues to take photographs round
the ammular platform.

19 After inspection is complete T.V. camera is raised to 79t level with 3rd
man controlling hoist.

20 1lst and 2nd men return to 79" level one 2t a time using the same descent
route and clipping on to safety line,

21 1st, 2nd and 3rd men descend on to T7' ammular platform and traverse
round to the bottom of 270° access ladder carrying T.Ve. camera and tools..

22 Tor the ascent the 4th man is positloned at the foot of the 270 access
ladder to assist with air lines.

23 3rd and 4th men ascend one at a time the access ladder o the pile cap using
the gafety line and assisted by hose reel man.

24 1st and 2nd men supervise the removal of all equipment logged in at stert
f nd entry using air hoise on A frame where necessary.

25 lst and 2nd men ascend the access ladder one at a time to the pile cap
asing safety line.

After step 18 of 5.5 each inspection entry team will carry out one of the
amergency procedures described in Appendixes 7,8,9,10.

3»6 Final Entry and Removal of In-Vessel Bouipment

L A8 per S5efe2 t0 Sefbe

! 1lst and 2nd men descend access ladder one at a time to annﬁlar platform at
'"T* level using safeiy line, 3rd and 4th men stay at pile cap level and assist
rth air lines and lower gear associated with this final entry.

} 3rd and 4th men descend ladder one at a time to 77! lavel.
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4 Three men traverse rownd to the quadrant used for previous entries
taking gear with them. 4th man remains below access opening.

5 Three men ascend ladder onto platforms between boiler units at T9' level.

6 1st and 2nd men descend ladder one at & time to 25' levele  The 3rd man
remaing at 79" level to assist with air lines and removal of lights.

T 1lst and 2nd men ascend to the 41' level, one at a time, lighting and
safety line and spars air line are withdraun to just above this level.

8 lLower and seal hatch at 41t level,

9 Repeat 5.6.7 and 5.6.8 at 63? level and 731 level and wi'l:hdraw to 79t
level. .

10 Remove safety line, hoist and extra air line from support beam; finally
remove support beame

11 The three men then descend onto the 77! armular platform and tra:verse
round to the bottom of the access ladder carrying the items mentioned in
546410 plus lighting equipments Several ;journeys may be necessary.

12 The lat and 2nd men then ascend the access ladder one at a time to the
pile cap level assisted by the hose reel men,

13 The 3rd and 4th men then supervise the removal of all access geé.r from
the vessel, the *A' frame air hoist will be used as necessary.

14 The 3rd and 4th men then ascend the ladder one at a time.

15 Cross check 2ll equipment with log books 1.0, vessel completely cleared
of all access gear and personnsl.

57 Post 'Entry Procedure

As per 5,8 CTS Part 4 apart from decontamination procedures and P.TJHe
considerations.

5.8 Dismantling of Vessel Access Equipment
As per 5.9 CTS Part 4.

Omit step 4
Step 5 No decontamination procedures to be carried out,

549 Termination of Programme

Control of Gas Circulators etcs reverts to Tl .P.Gs under commissioning
programme .

6 RESPORSIBILITY

As per CTS Part 4 Gele

7  SAFETY ASPECTS

T ol Ceneral/ees
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Tl Ueneral

All personnel entering the vessel during this demonstration will be passed

medically fit on the day of entry.

T+2 Equipment
Ag per CTS Part 4 7.20

T3 Temperature

Reactor will be maintained at ambicnt temperature.
T+4 Communications

As per CTS Part 4 Teds

T«> Noise

As per CTS Part 4 T.5.

7.6 Carbon Dioxide

Carbon dioxide system will be completely isolated under TJ .P.Ce

TeT: Breathine Air System

As per CTS Part 4 T.7

8 REFERENCES

1 Reactor Vessel Testing PeOeP. £2440449431.02,

P .T .W' L

2 Reaotor Vessel ‘Temperature Pressure and Moisture Control, Clean np and

Thermal Movements C2440449.32402403.

3 Vessel Inspection €24.04.94324024010

Reactor Vessel Accees for Commissioning Purposes  024404¢9432.02.08,

4
5  Atmospheric and Pressurised Noise Measurements (24404.9432.02.054
5

Reactor Shutdown Equipment $24.04.9422.014014

{ Post Hot Run Vessel Access Demonstration €24.04.9.32.02.09 Part 4.

3  APPENDICES

L First Aid and Safety Equipment.

! Health Physics Equipment.

}  Control Console Co;anections.

|  Duties of Change Room Attendant.

v Vessel Internal Inspection Schedulea

' Persommel Shift Cover During Entry.

Tmaroanerd -
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9

T | Emergency Withdrawal Procedures following loss of air,

8 Emergency Withdrawal Procedures following loss of commmunications.
9 FEmergency Withdrawal Procedures following loss of lighting.

10 Emergency Withdrawal Procedures following casualtye.

10 DIAGRAMS

Fige 1 Vessel Access Route

Fige 2‘ Pile Cap Changing Room Tent
Tige 3 Inspection Parﬁy Entry Procedure

Pig 4 Inspection Party Withdrawal Procedure



APPENDIX 1

SAFETY EQUIPMENT INVENTORY

1 In-VesSsel Number
Z ton hoist 1
1 ton hoist 1
Support beam 1
Safety lines 2

2 Pirst Aid Equipment

Ordinary Stretcher 1l
Neil Robertson étretcher 1
Safety line . 3
Automan 1
Oxygen cylinder 2
Air-cooled suit, including full in-vessel gear 1

Hamper containing bandages 1
splints (air-cushioned)
blankets
- elestoplast

scissors
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HEALTH PHYSICS EQUIPMENT INVENTORY

Beaufort Air~Cooled Suits ~ I,

Vortex Tubes
?ortex Tube Belt holder
Cotton Oversuits
Surgeon's Boots - 6/7
- 8/9
-~ 10/11
Household Gloves =L
Household Gloves - M
Household Gloves ~ 8
Cotters CGloves = L
Cotters Gloves - M
Communication Headsets
Safety Harness & Anchor

Safety Ropes

Cupboards

Thermometer & Lanyards
Torches & Lanyards
Hammers

Spammers

Ropa (601)

H

6§ Leads (Contam. probe)
6 Plastic Bags -~ L
12 Plastic Bags - M
Plastic Bags ~ S

12

Paper Tisesues

24 White Tape

24 prs;
24 prs.
12 prs.
24 prs.,
24 prs.
24 prs;
12 pras,
12 prs,
12
12

6"

W W W O Oy N

Cellotape

Atidim

Storage Bins & Lids
Waste Bins

Boot Barrier 3 f4.
Table

Benches

Chairs

Hosereels
Couplings |
Jubilee Clips
Screwdrivers
Equipment Log Book

12

24
12

e W

12

(VY S L

o)

16



APPENDIX 3

CONNECTIONS TO CONTROL CONSOLE




APPINDIX 4 _
DUTIES OF CHANGE ROOM ATTENDANTS

1 Stock Tent

After the erection of the tent by MJM.D. persomnel of , the inside
of the tent will be furnished by 2 change room attendants in the manner
shown in Figure 2.

A complete 1list of Health Physics Equipment is given in Appendix 2, All
these items will be obtained by the 2 CuR.A.8 and arrenged inside the tent.

Similarly the safety equipment a8 listed in Appendix 1 will be positioned
on the Pile Cap as shown in Pigure 2. -

2 YVessel Entry Equipment Check

a) Check all conmunica%ion systens using master control switch on Console.

b) Test air-cooled suits on air-flow test rig,

3 Dress@ndress Entry Teams

Purther communication, air flow checks will be carried out during the
dressing procedurecs. '

4 . Log Entry Equipment

A C,R.A. will be responsible for the logging of entry tools and instruments
taken into the Vessel.

5 Removal of Dirty Clothine

At the end of each entry session, the CeReA, will return all dirty clothing
to the laundry and replenish with clean items.

The above 1ist is a summary of the duties. Full details will be given in
& Deparimental Instruction. ' '



APPENDIX
VISUAL PHOTOGRAPHIC AND TJVe

1  Gas Baffle

Doubler plates, shrouds, boiler beam support hangere.
Lower c¢ylinder supports to boiler shield wall.

PoVe insulation termination rige.

2  Boiler Unit

Casings (corner fillet welde), supports (welds, pins and links) gas
seals, headers, tube bends, 9 chrome hanger shrouds and T, gas pipework.

3 Boiler Unit Supports
Qutboard end of boiler support hanger beams and suspension aifrangemente

4 Boiler Feed Penetration

Welds.e

5 Decay Heat Inlet and Outlet Penetration

Welds,

& Decay Heat Manifold within P.V.

Welds. 7 '

T Superheater Penetrations

Welds.

8 Reheater Hangers

Welds.

9 Vault

Quadrant division plate assemblies and seals.

10 Inéulatioﬁ

PsVa liner, gas baffle,

11 Gas Cleen Up Circuit Pipework



APPENDIX 6

PERSONNEL SHIFT COVER DURING ENTRY

In order to provide a standby team of 4 men, ready at all times when
there is a team in the vessel, the following shifts will be worked to
provide a 4 hour overlap. Each shift will comprise 4 men and starting
and finishing times for a 24 hour period are shown below,

D hrs. 1200 hrs, 1600 hrs, PO0O hra, 12400 hro, D400 hrs, 0800 hr
;ga‘m In' Veség! . '

team Standby Bnd team In Vessal | L .

" Brd tezn Standhy  Brd team ég Vessel : :
‘ B Bth team Standby UKih team In Vessel .
) ‘ " gth team Standby [Gth team In Vessel

Gth team Standby oth team In lessoli
Ist team Standby

| '

The 2 hour entry period can commence at any time during the 4 hours

allowed for entry provided the standby team is fully prepared to cover
the entry.

Persommel who are involved (i.e. controller etcs) but are not actually
entering vessel will follow the normal shift rota but will have a 1 hour
overlap at change of shift.



APPENDIX

RERGENCY WITHDRAWAL PROCEDURES FOLLOWING LOSS OF AIR

PROGRAMME - 4 man Vessel entry team undertaking an inspection of P.V.
internals as detailed in C.T.S.

DISTRIBUTION OF PERSONNEL ~  Console ~ 2 Controllers

Standby Tean - 4 on Standby/2 fully dressed
Clean Conditions Tent -~ 2 dressers
Hose-reel Attendants «~ 2 on 124" level

Vessel-entry Tean -~ Nose 1 and 2 - at 25¢ 1eva1

Fo. 3 - at 79t level above
cheesepiece
No. 4 — &t T7Y level

]

EMERGENCY ~ Sudden loss of breathing/cooling air to one of the entry team.
) This failure could occur through the following faults :—
. (a) Rubber hose comnection inside air-cooled suit broken.

Sufficient air should still be available for exit from Vessel as
per normal,.

(b) Coupling or connector adjacent to Vortex tube broken or releaseds
With assistance, parts can be re~joined or spare air-line substituted.

(¢) Vortex tube separated from suit hose i.e. jubilee clip
‘released, Remedial work is unlikely and withdrawal must then
be carried out without air. .
(d) Air-line split or broken on route. Spare air-line to be
substituted, .

(f any of the sbove faults affect the No. 3 or No. 4 and cannot be rectifled

1¢ withdrawal process should pose no problem for the 4~man team (Wote -
rithdrawal means a complete team withdrawal}, The procedure detailed below

.8 therefore written for one of the two at the farthest point inside the Vessel
[0s 24

’ROCEBURE FOR WITHDRAWAL

f any member of the team loses his air supply (experience has shoun that this
.8, imnediately apparent through sudden loss of air noise), he must at onoe
jpform the Controller if still in communication. If communications have
Aso failed, he will instead signal or touch his nearest colleague who, in
urn, will 1nfbrm the Controller.

.+ Controller will instruct No. 1 to examine the terminal area of the affected
ir-line, No. 3 and 4 to standby to assist for possible withdrawal.

'» If air supply camnot be restored, team will prepare for withdrawal :-

a) Nos 3-4 remove all umecessary obstacles from route i.e. spare and/br
roken airline, camera jigs,

b) No. 3 lowers down air-hoist chain to 25% level. It is intended that
he air-line hoist be used in the cheesepiece only in the climb where space
ermits adequate view from the 79! level i.e. above the boiler gas seal 1o

OB In addition, the hoist will not be used during negotiation of the narrovw
aaant earh nlatfnrm.

-

i.e.
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3 No. 2 attaches to safety line and hoist chain hook and proceleds slowly
up to the platform at the boiler gas seal, followed by No. 1. A1l equipment
except the hand torches are left behind on vault floor. -

4 No. 3 operates air-hoist as required during the ascent.

5 No. 4 instructs hose-reel attendants when air-line slack must be taken up.

6 At 79! level, No, 2 is released from safety line and air hoist end his
cond:.-t:.on reported to Controller. .

-1 P/C air-hoist chain lowered by a hose-reel attendant to TTY lex}el.
8 No. 2 comnected to chain mnd safety line, then raised to P/G.

9 MNo. 1, 3 and 4 follow up by ladder in that orders



APPRNDIX 8

EMERGENCY WITHDRAVAL PROCEDURE FOLLOWING LOSS OF COMMUNICATIONS

PROGRAMME —- J-man Vessel entry team underteking an inspection of P,V. Internals
. ‘a8 detailed in C,T.S.

DISTRIBUTION OF PERSONNEL - Console - 2 Controllers
- Standby Team — 4 on Standby/2 fully dressed -

Clean Condition Tent ~ 2 dressers in tent

Hose-reel Attendants ~ 2 on 124! level

Vessel~entry Team — Noss 1 and 2 ~ at 25' level
Hos 3 = at T9' level above

cheesepiece

Nos 4 - at 77 level

EMERGENCY = Sudden loss of commmications to one or more of entry tean.
Thie failure could occur through the following faults :=

(a) Complete commmication power failure at Console ends If
power cannot be quickly restored, Controller must signal to team
to prepare for withdrawal (The signal, in this case, will be 5 x 3
secs, fleshing of lights), .

(b) Broken or loose conncction to one of the team. Most probable
place is comnector adjacent to air-line terminal point which can

in most cases, be fixed by the team membert's nearest colleague,

If connector broken, spare air-line may be used. If not, withdrawal
procedure as detailed below.

(¢) Air-line split or broken in route. Spare air-line to be
substituted, ; ~

If any of the above affect No. 3 or No. 4 above and cammot be rectified, thse
withdrawal process should pose no problem for the 4-man team (NWote ~ withdrawal
means a complete team withdrawal)e The procedure detailed below is written for

a complete communications power failure but also covers for o fault existing in’
only one line, that of one of the two at the farthest point inside the Vessel i.c.
llos 2. :

PROCEDURE FOR WITHDRAHAL

1. If communication failure is complete and canmot be restored, Controller will
signal to the entry team.

2+ Team will prepare for withdrawal -

(a) XNose. 1 and 2 move towards appropriate cheesepiece and comnect up to sefety
line, - . -

(b) Nose 3 & 4 remove all unnecessary obstacles from route i.e, camera jigs.
3 No. 2 ascends to lst platfornm, No., 3 and No. 4 pull in slack air-line,

4 No. 2 ascends to 2nd platform, No, 3 and No. 4 continue to supervise as
above,

5 No. 1 ascends to lst platform, Nos 3 and 4 as above,

1
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6 No. 2 aséends to Ard pla.tform, followed by ﬁo'; 1 to 2nd platform,
Nos. 3 & 4 es zbove.

T No. 2 ascends to 79' leve.l, releases from safetly l:I.ne, then down
to 77' level.,

8 No. 1 ascends to 79' level, releaees from safety 1ine, ‘then down
to T7t level.

9 Noes 4 proceeds to below mein man access and signals to atfendant
above to pull in slack of all 4 air-lines.

10 All 4 members then comnect up to safety line and leave the vessel under the
guidance of the attendant on the P/c.



APPENDIX
EMERGENCY WITHDRAWAL PROCEDURES FOLLOWING LOSS OF LIGHTING

PROGRAMME ~ 4 - man Vessel entry team undertaking an inspection of
P.Ve Internals as detailed in CJT3, .

DISTRIBUTION OF PERSONNEL - Consols - 2 fontrollers
. Standby Team — 4 on Standby/2 fully dressed
‘ Clean Conditions -2 dressers
Tent

Hogewresl Atiendants - 2 on 124' level
Vessel entry Team -~ Noss 1 and 2 - a2t 25! level
Noe 3 - at 79t level above
cheesepiece
Noe 4= at TT* level

EMERCENCY — Sudden losa of in-Vessel temporary installed lighting.
This failure could occur through the following faulis 31~
(a) TFailure of the Stations electrical supply to P/C.
This is considered eXxtremely unlikely and, if did occur,
the Station standby diesel generators would operate.

(b) Break in the cabling, possibly through mishap on
P/C. Again this is considered highly unlikely.

(c¢) Pault in the circuitry inside the Vessel.
The withdrawal procedure below is given in the unlikely event of a failure
in the in-vessel lighting systems Each Vessel entrant carried a hand-
torch on a lanyard as part of the inspection equipment.

PROCEDUEE, FOR wrm_nmw&

1 TFollowing informetion received as to the failure of the lighting, the
Controller will inform team members to prepare for withdrawal.

(a) Nos 3 and Noe 4 inspect boiler walkway (77! level) and remove temporary
obetacles i.e. camera jigs from the route.

('b) Nos 1 and No. 2 proceed slowly to a.ppropria:be cheesepiece a.nd connect
up to safety 11ne.

2 No. 3 reports to Controller that walkway and cheesepiece are free of
tempora.ry obstacles,

3 Controller instructs No. 2 to ascend to lst, the 2nd platform. Nos,.

1 and 3 illuminate the cheesepiece with hand torches. Hose-reel attendants
pull in air-line as inetructed. '
4 TNoel ascends to 1st platform.

5 ©Noe 2 ascends to 3rd platform, then to 79! level, thus allowing clear
illunination of cheesepiece for No. 1

6 Nos 3 discormects from safety line and descends to 77t level, No. 1
a8cends to T9' level.



Ll
.

¥ .

Appendix 9 (Cont'd)

T Xo.l discommects from éafety line a;nd deééends to 1Tt level, followed
by Fo. 3. - ‘

8 All members proceed one at a time to ladder at main access, air-lines
being_ drawn in accordingly. \

9 All members then commect up to safety line, and leave the Vessel one
at a times P/C attendant will assist with illumineting the access penet-
ration. ' ‘



Appendix 10

Emergency Withdraeal Procedures Following Casualiy

The proper procedures for removing a casualiy from the Vessel will
be formulated from the experience gathered in the access simulation
facility using the *dummy! -~ see Part 2 of this C.T.S. At

present the -basic philosophy for removingan injured person is outlined
in Part 2, Section 7 (c).
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COMMISSIONING TEST SCHEDULE

POST 2ND HOT RUN VESSEL ACCESS DEMONSTRATION
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1.  INTRODUCTION

During the combined engineering tests in Reactor 3, provision has been
made after the 2nd Hot run, - ° ° to carry out a full-scale vessel
entry programme. This may well be the sole opportunity the SSEB will
have to prove access equipment gnd procedures that will be adopted for

subsequent entries into the °~ . reactor vessels during shutdowm
maintenance psriods, .

Several entries will be undertaken during this demonstration programme.
The initial entry will combine the opening up of the vessel and access
route down to the vault area at 25! level with a Health Physics survey,
and installation of safety and lighting equipment., Subsequent entries
will involve general inspections, familiarisation of equipment and finally
a partial box-up and removal of all equipment from inside the vesse%. All
entries will be made from Pile Cap level via the penetration at 270 and
will consist of 4 man teams each being restricted to a 2 hour in-vessel
period, ‘

This document sets cnxg the state of the reactor and associated plant prior
to vessel entry at 60 C and details the establishment of portable equipment
on Pile Cap together with the access procedures t0 be carried out in the
demonstration programme.

Associated documents are referenced belows-

1« Reactor Vessel Testing P,O.P. ! .

2. Reactor Vessel Temperature, Pressure and Moisture Control, Clean-up
' and Thermal Movements . .~~~ 77

3, Vessel Inspection

4. Reactor Vessel Access for Commissioning Purposes . .
5« Atmosphexre and Fressurised Noise Measurements

6. Reactor Shuidown Equipment

T. Half Station Commissioning Programme . o )

8. Vessel Access Demonstration



2.

21.

OBJECTS OF TEST

Mull dress rehearsal of vessel en-l:r:s} and-inspection procedures to '

demonstrate the feasibility of the reactor vessel entry process.

2.2

To gain entry 'to the furthest part of the wvessel frcm the top entry

penetration at 270°, i.e. quadrant C. between boiler units 301 and 3C2 and
estabhsh a roud:e down to the vault area at 25t level.

2,3

j'(a)

)
(c)
(a)
(e)

To confirm the followings-

In-vessel alr temperatures against insta.lled thermocouple temperature
measurements,

In-vessal 002 concentration against measured external sampli_ng points,
Noise level measurements obtained under CTS C24.04.9.32.02.05.
Vessel entry communication system. -

Man exit without air supply.



. PREPARATTONS FOR AGCESS

o1 Genaral

he vessel entry demonstration programme will be inserted between Events 41 ¢
nd 43 in the half station commissioning programme (C24.04.9,70.01) - see
ig. 1« 1% is assumed that all relevant Plant Item Test Schedules and
cmmissioning Test Schedules will have been completed by the start of the
nd Hot .

w2 B mant

‘he following items of equipment will have been tested and, if portable,
vailable on Pile Cap by Event 41 in the half station commissioning programme,

i) Shutdown sequence equipment (CTS -~ C24.04.9.22.01,01).

ii) Boiler feed pumps supplying cooling water to boiler units as
required. Condensate coolers are operating (ref. Vessel Temperaturs,
Pressure and Moisture Control, Clean-up and Thermal Movements
024.04.9.32.02.03),

iii) Reactor instrumentation a.é applicable for this demonstration.

iv) Blowdown system and Suction pumps, ‘

v) Compressed breathing air system including 40 emergency air bottles.

'vi) The atmospheric dehumidification plant standing by with flexibl
delivery ducting for commection $o man access penetration at 90
position.

'vii) 8 Circulators available for temperature control and air circulators.

[viii) Telephone communications 4o C.C.R. and compressor stations from P/G.

'ix) Vessel Entry Control consols,

(x) Electrical power supplies at Pile Cap level.

(xi) Clean conditions tent and 'A' frame,

(xii) Main and Pile Cap Changerooms,

(xiii)  Pile Cap crane, slings and lifting equipment.

(xiv) Temporary access ladders.

(xv) Staging and temporary platforms.

(xvi) Temporary extension tube with knockout panel and air delivery tee.
(xvii)  Insulation plug special storage stool,

(xviii) In-vessel lighiing.

(xix) Air—cooled protective suits and air flow check equipment.

(xx) Additional protective clothing. '

() Hose reels and air-lines,

(xxii) In—vess_el communication system with headsets containing ear defenders,
(xxiii) €O, concentration detectors. ‘ |

(xxiv)  Radiation dosemeters, '

(xxv) Noise measuring instrument.

(xxvi) Safety equ:!.p'ment ~ pee Appendix 1.

(xxvii) Health Physics ancillary egquipment - see Appendix 2.

(xxviii) Tools associated with man access.

(xxdix) TV, and photographic -equi pment

(xxx) 002 monitoring equipment fitted into pipework behind gas c:.rculator T
gatuge board.



3.3 Permit—to-Work sttem

Entry to the vessol will be under the jurisdiction of the SSEB permit—to-
work procedurc. ' '



o INITIAL STATE OF PLANT

.1 2nd Hot run complete,
.2 Vessel being controlled to €0°C according to CTS C24.04,9.32.02.03.

«3 The two gas circulators in C quadrant will be shut down prior to the
tart of the vessel access demonstration, '

+4  Channel outlet ges thefmocouples showing readings between 56—60°C on
he data~logger and held at this temperature.

+5 Reactor vessel depressurised, less than 0.5% €0, in vessel.-
6 Man-socess penetrations closed with permanent closures. - - .

.7 Breathing air system in operation, operator positioned at compressor
tation. _

8 External 002 sampling point available (at a gas cirm:.la."tor gauge board).

9 Vessel isolated from CO, + N, distribution system - see Appendix 6.

2

1+ 10 Temporary extension tube, kno"ckgut panel and air delivery tee to
ressel access opening available at 90, '



5« METHODS OF TEST
5.1 General

Access to any part of Bhe vessel will be through othe man=—access penstration
on the Pile Cap at 270", The penetration at 90 will be used as an .
emergency exit, During the 2nd Hot run the shield plugs and impact-sleeve
will not be fitted (ses Fig. 2 - items 1, 2 and 3 will not be in place).
The access manhole cover is the primary seal (Figs 2 ~ item 4). On the
access penetration at 90" the access manhole cover and thermal insulation
plug will have to be removed before air purging can tazke place. The o
removal procedure will be repeated for the men access penetration at 170
by SSEB. :

5.2 Access to Vessel by 270° Penetration

1s Rembve the required number of periphéml floor slabs and any temporary
floor covering over access manhole. a o

2, Lower CO2 detector to primary closure plate. Check that 002 is not
present. o - _ .

3. Install the access ladder retaining beam on the top of‘ the penetration
and afterwards lower the top section of the access ladder to land on the
primary closure plate. ' -

4. Secure access ladder,

5+ Isolate P,V. cooling water system to cover plate and disconnect
pipework. :

6. Remové the plug from the leak detection tube and attach manometer.

Observe the manometer to ensure that the pressure in the compensating tube
is atmospheric. ' '

" 7. If above atmospheric, start the two suction pumps'at the gas blowdoun
pla.nt. ' ’

8. SSEB issue PIW(M) to remove access manhole cover plate and thermal
insulation slesve when manometer indicates pressure is at atmospheric or
helow.

Q. Remove studs and bolts securing the primary closure plate.

10. Using charge hall crane engpge lifting squipment and attach to primary
closure plate.

11. Remove access ladder and retaining beam from top of the penetration
after personnel have withdrawn from access penetration.

12, Remove primary closure plate and transfer to temporary shorege position.
Check 002 concentration,

13. Install ladder, retaining beam and securs.

14, Using charge hall crane engage lifting equipment and attach to
insulation plug.

15, Remove access ladder and retaining beam from top of the penetration
after personnel have withdrawn from access penetration.

16./.0’0.
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e  Remove insulation plug and transfer'to special stool provided. 002
tector lowered in 5.2 2 will continuously monitor lewvel in access
metrations, :

" S’ba.rt 2 suction pumps at the gas blowdown plant, if not alrea.dy rumning
28 5.2,7)s Start atmospheric dehumidification plant after comnecting up

) tee piece at temporary extension tube at 909 access manhole,

Jo Install ladder, retaining beam and secure at top of penetratiom.

)e  Cancel PTW (M) issued at stage 5.2.8. €O +N'2 systems remaim isolated.

2

)e Vessel purging (see Note 2 below) now begins, continue purging until
), concentration measured by the exterrval gas sampling points is lees than |

5%

le¢ 1Install safety rails around man access penetration at 270° on Pile Cape

2. SSEB issue PTW(M) for erection of vessel access equipment.

yte: 1o TeNoPu.G, will open up the 90° penetration to fit the temporary
extension tubs. Thus both operations will be carried out in
parallel using the charge hall crans.

2. Alternative method for imrging the vessel using the site
temporary compressors may be utiliged.

o3 Ercction of Vessel Accegss Equipment
he layout of the vessel access equipment on R*3t* Pile Cap is shown in Fig. 3.
. Using charge hall crane, -pbsit:l.on tAt frame over 270° penstration,.

« Using charge hall crene, position airline reels on stressing gallery
bove 270° penetration,

. Erect clean conditions tent over 2‘70o man access penetration.

. Using charge hall crane, position +he Control Console adjacent to the
lean conditions tent.

.  Comnect the following items o the Consoles—

(a) 2 breathing air systems manifolds.

(b) 40 emergency air bottle system.

(c) Air-line reels,.

(4) Electrical power, control and alarm supplies.

(e) Telephone commmnications to C,C.R. compressor plant room.

otes Full detalls of the procedures for ahove are given in Appendix 3.

. Furnish tent i.e, barrier, table, ca‘bznets, clothing bins, 'A' frame,
- ton safety hoist etc.”

. Bring Control Console into operation, test the equipment shown in
+3+5 and also communications to the air-cooled suits.
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8., Control Console will now be manned by SSEB operator.

9. Inventory check of Health Physics and Safety equipment —~ See Appendices
1 and 2.

10, Cancel SSEB PIW(M) issued under 5.2.22,

5.4 Preparation for Vessel Access

'All personnel entering the Vessel will have initislly been passed modically
~fi% for hot environment work and, in addition, will have to be certified

fit by the Medical Department on the day of entry. Certificates will be
issued to this effect which will be presented to the Vessel Entry Controller
at the Console on arrival on Pile Cap. The procedure which each man—entrant .
must observe is detailed in Fig., 4; this figure also indicates conditions
under which perscomnel will be barred from entry,

1. Check €0, concentration m the Vessel is below O, 5% from external
sampling points,

2. Check channel gas outlet themocouple readings frem the data logger
show readings of between 56° - 60°C,

3+ Shut down the 2 gas circula.tors in C qua.drant.
4. Issue Health Physics Sanction Survey of Vessel access route.

5« Lower 2nd CO detector to annular platform a:t 77t level, alarm poin’c
set at 0.5%

55 Vessel Entry for Health Physics Survey and Lipming Installation

1. Personnel

The entry teams will start working the shift rota shown in Appendix 8 at least
24 hours prior to the 1st entry. It is not anticipated that the other
persomel involved including the N.J.I.C. dressers, hose-reél attendants will
operate-tho same rota but obviously some overlap will be requ:.red to avoid
periods of non-attendance.

The composition of the initial entry 'l:eam will be as follows

(a) GConsole - 1 Assistant Cha.rge Engineer as Controller ‘
1 Grade 9 Engineer for isolations and permit
to work requirements
1 Grade 10X Engineer responsible for
commanications and logging persomnel in
and out of vessel,

(v) Clean-conditions tent - 2 changs room attendants responsible for
dressing/undressing Vessel entrants and
logging material in and out of Vessel,
The duties of the C,R.A.'s are given. in
Appendix 4e

(c) 124t Pile Cap Gantry =~ 2 hose reel attend.ants.

(d)/,....
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r5 (Con't'da)

1) Vessel entry team - 1 = a Health Physicist
2 ~ )representatives from Sta‘b:.on Opera'tn.ons &

3 - jMaintenance N,J.B. staff, Board Headquarters
4 -~ )Metallurgists, TNPG and CEGB.

v Vessel entry team will report to the Comtroller st Console, hand over
:dical certlficate, receive instructions and proceed 4o clean—condrbions
it (it is assumed that the team have carried out the correct procedures
ading up $o arrival on Pils Cap — see Figure 4).

v Don air-cooled suits, oubter covex;alls, safety hamess, boots, gloves
1d communication head sets.

- Check air supply to suit and commmication to Console under the
seistance of change room attendants and Assistant Controller.

» Log health physics instruments, noise level instrument, hand toroh,
), detector, thermometer (attached by lanyard to the Health Physicist) and
>61ls required for access.,

v 4 man entry team proceed through tent to the area round penstration,.
b this stage the Aesistont Controller will conduct a final check of
ommunications with both team and hose reel attendants,

« st and 2nd men descend to the annular platform at the 77¢ level using
afety line. During the descent, the 2nd man will secure the ladder.
adiation and temperature readings will be token at approximately 109
ntervals during the descent. - 002 detectors and noise level instrument
owered down, '

« Health Physics survey for radiation, 002, temperature and noise will
3 carried out on the ammular platform. -

» 3rd and 4th men descend to the annular platform at the 77! level using
afety line and supervise the lowering by air hoist of the lighting equipment,
apport beem, 2nd air hoist, 2nd safety line, tools for opening up hat ches

nd spare air-line for eMATgeNcy purposes.

Je 3rd end 4th men install lighting around znnulax pla-tform and aelected
heesepiece,

1. 1st, 2nd and 3rd men carry support beam plus gear to selected cheege=
iece and 4th mon ensures that no problems exist with the air lines.

2. 2nd and 3rd men fix support beam and attach air hoist and safety line.
3. 1st and 2nd men, using safety line, descend one at o time %o the
latform in cheesepiece at 73 level, 3rd mon positions himself at top of
heesepiece (79* level). Ra.d:x.a.tion, CO, ond noise instruments lowered down..

4. 2nd mon opens hatch at 73t level., lighting and sa.fety line lowered to
3t level. Radiation, CO,, temperature and noise measurements iaken,

5. 1st mon descends to 63 level, instruments agmin lowered down.,
adiation, €0,, temperature and noise moesurements taken.

6. 2nd man descends to 63! level. 3rd man is still positioned at 79¢

evel watching progress, 4th man on annular walkway ensuring that the air-
ines are being paid out properly. .

7./.7.... ' o : :



- 10 -
5.5-:' (Con'h "do)

17. 2nd man opens hatch. Lightizig and safety line lowered through to 42!
level. '

18. 1st man descends to 42! level, instruments again lowered down. Radiation,
002, temperature and noise measurements taken. -

19. 2nd man descends to 42! level and opens hatch, Lighting and safety
line lowered to the vault flcor. ‘

20. 1st man descends to vault floor. Instruments lowered. 2nd man
" descends to wvault floer., Both men can now unclip from safety line.

22. ' Radiation, CO,, 'tempera.ture and noise measurements taken in quadrant.
002 detector left 8 vault floor beneath the selected cheesepiece. :

23, For withdrawal, 4th man places himself beneath 270° access ladder on
annular walkway i.e. to reform the chain for removal of air lines. - 1st and
2nd men clip on to safety line and one at a 4ime ascend to 79t level using
the same ladder as was used for descent. Spare air-line and CO, detector
left in vaunlt. Radiation and noise instruments pulled wp to 79? level by
3rd man, ‘Hatches are left open and lighting left in situ. Tools not
required for future inspection surveys are withdrawn up to 79' level.

24. 1st and 2nd men on ﬁach:.ng 79 level unclip from safety line, 1st,
2nd and 3rd men traverse round annular platform to position of 4th man,
bringing the already mentioned instruments and toolsm. .

25. All personnel plus instruments and tools are withdrawn from the vessel
one at a time and using safety lines.

26, Sanction to Survey cancelled. °

27. Heslth Phys:fcs certificate issvad.

28, PTW issued for inspection purposes.

5.6 Vessel Entry for Familiarity with Access and Inspection Equipment
Access will be made to the following areass=

1) above the gas baffle
2) Yboiler interstitial spaces
3) gas circulator inlet plenum area.

Appendix 5 lists the probable deta,:l.ls for inspection by both visua.l and
photographic means,

Each inspection team will again consist of 4 personnel, one will be a
Health Physicist and the remainder will be gelacted from the various
depa.rtments given in 5.5.1.

One of the 4 in each team will voluntesr to c¢limb out of the Vessel from
the vault area near the end of the 2 hour entry with his air supply cut
off by a valve conveniently placed for the person himself to reconnect
the air if he so desires, Also, he will be accompanied by a team-mate
throughout the ascent.

1.  As per 5.5.2.

2. As per 5.503.

3./..... - -
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3. A per 5.5.4.

4. Log radiation instrument, tools and mspect:.on equipment i.e., photo~
graphic and T.V. cameras.

5. As per 5.5.6.

6. 1st and 2nd men descend access ladder one gt a time using safety line
to annular platform. 3rd and 4th men then lower down radiation instrument,
tools, T.V. and phO‘bOg!‘aphlc equipment and datum reference jig to the T7?
level.

T 3rd and 4th men then descend one at a time to the 77! level using the
safety line,

8. 1st, 2nd and 3rd menotraverse round to the q"uadi-ant t0 be inspected,
4th man remains bhelow 270 access ladder.

9. 15t and 2nd men descend one at a time between boiler units C1 and €2
to 73t level using safety line.

10. 3rd man remains at 79% level platform to assist with a.ir lines a.nd
1owenng goar, -

,11. 1st enc 2nd men descend one at a time to 69* level, open inspection
cover in boiler, 15t man takes a radiztion measurement. 2nd man carries
ocut inspection of boiler {tubing and takes photographs. If requested by
Controller, remove 2 Caesium ~137 collection plates (i.e. jubilee clips
fitted onto a support strut on the superheater bank).

12. Close 18t inspection cover and 1st and 2nd men now descend one at a |
time to 63% level. 2nd boiler inspection cover opened and 5.6.11 above is
repea:ted. ,

13. Close 2nd inspection cover and descend one at a time down to vault
floor, instruments and tools being lowered down by the 2nd man,

14. Inspect vault area for gross damage' and take a series of photographs.
During steps 5.6.8 and 5.6.13, the 4th man will at the discretion of th e
Controller, take T.V, camera shots around the T7' walkway.

15+ 3rd man collects T.V. camora from 4th man and lowers it down to the
vault floor. 1st and 20d men then carry out T.V. camera work under the
supervision of the Conscle Controller.

16. 3rd and 4th men using a gocond camera end datum reference jig take
photographs round the annular platform.

17« With 3rd and 4th men again in position on the 79t and 77t levels %o
form a chain, the T.V, camera and all equipment are raised up from the
vault floor.

18, The Controller amnounces that the emergency signal (flashing of lights)
will now be operated as a demonstration. A further amnouncement will be
made informing all concerned that one of the two men (to be ramed) in the
vault area will ascend up to the 77! annular wa.lkway with his air supply
cut off.

19:/c000s
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19. On the order from the Controller, 1st {or 2ad) man closes air supply
valve adjacent to his vortex tube but retains communication. He then
proceeds up the ladder slowly, attached to the safety line, assisted from
above and below by his pa.rtner.

20. When 1st and 2nd men reach 71t level, Gontroller confirms that
volunteer is able to comtinue with or wi‘thout air.

21.: 19t, 2nd and 3rd men traverse round to bottom of 2700 access ladder.

22, The volunteer then proceeds up the ladder slowly, attached to the
safety line, and assisted by his partner (1st or 2nd).

23, 3rd and 4th men bring T Ve ~camera, equipment and tools round to bot-tom
of 270° access ladder.

24. 3rd man then ascends ladder, using the safety line.. _'T.VV.> camera,
equipment and tools then follow. .

25. Finally 4th man withdraws from vessel using safety line,

57 Final Fntry and Removal of In-Vessel Equipment

1. Asper552---554-

2. Log. hand torches a.nd tools reqmred for final box—up.

3, st and. 2nd men descend access 1add.ar one at a time using safety 1ine,
40 ammular platform at 77°* 1evel. 3rd and 4th men then lower gear associate
with final entry.

4, 3rd end 4th men descend ladder one at a time using safety line to TT!
level.

5. 1st, 2nd and 3rd men traverse round to the appropriate cheesepiece
taking gear with them. 4th man remains below access opening.

6., 1st and 2nd men descend ladder tc 25! level using éafe'ty line, The
3rd men remains at 79! level to assist with airlines, removal of lights,
602 detector and spare airline,

7. ‘et and 2nd men ascend to 41' level. .CO, detector and spare airline
drawn up to 79! 1eve1. Lighting and safe-ty line wi‘bhdrawn to 41 level.

8. Lcwer and seal hatch a:t 41t level,

9. Repeat 5 7.7 and 5.7.8 at 63 level and 73' lovel, and withdraw to 79¢
level.

10. Unclip from safety line, remove safety line and hoist from support
beam. TFinally dismantle and remove support beam.

11. The 1st, 2nd and 3rd men then descend on to the 77! annular platform
and traverse round to the 4th man carrying the items mentiorned above,
Several journeys may be necessary particularly with the lighting.

12. The 1st and 2nd men then ascend, using sa.fot,{ line, one at a time,
to the Pile Cap level.

13/eeces
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13. All the access gear is then removed from the T7' level by the *A? frame
hoist,. ' :

14. ¥hen the Assistant Controller confirms that all equipment which has
been used in the demonstration programme, has been logged in, the 3rd and
4th men withdraw from the vessel, using the safety line, one at a time.

15. Remcve spare air-line from vessel, Disconnect safety line and air
hoist from 1A' frame. ‘

5.8 Post Entry Procsdure

The withdrawal procedure is shown in Fig. 5. This procedure covers removel
of air-cooled suits, contamination check, medical check, de-briefing and
changing into normal clothing at the Main Change Room.

When all vessel access personnel have passed out of the clean conditions
tent, the P,T.W,(M) for Vessel access and inspection will be cancelled.
The temporary covers removed under 5,2.1 will be replaced.

5.9 Dismantling of. Vessel Access Equipment

1. Shut down the Breathing Air Compressors and disconnect the 40 emergency
air bottle system. |

2. Disconnsct the i‘ollowing from the Confroi Consoless

a) 2 breathing air system manifolds.

b} Air line reels,

¢) Electrical power, control and alarm supplies.
d) Telephone communications. '

3« Remove all non-conta:ﬁinated Health Physics 'equipment and Vessel- Entry -
ancillary equipment (e.ge First Aid equipment).

4. Dismantle the clean conditions tent and seal the tent lining and
framework in polythene,

5. As the above is being implemented, the Health Physics Department will
survey the Pile Cap area, including all in-vessel equipment., Contaminated
articles will be sealed in polythene bags and despatched to be decontaminated.
6. Using the chargs hall crape remove the following items from Pile Cap:-

a) Control Console, .
b) Air line reels. "’
c) 'W? frame,

5.10 Termination of Programme

At the termination of this Vessel Entry Demonstrationm, the cooling of the
vessel will prooeed 4o obtain a vessel temperature of 35 C according to the
Half Station Commissioning Programme, under the nominated T.N.P.G. Controller.
The two Gas Circulators in ¢ quadrant can be restarted, if required, for
further cooling duty.
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6. RESPONSIBILITIES

6.1 S il be ggsgénéible forge

a) TPitting and remmra,l of a.ll flanges, man-access penetra:l;ion seals, ladders,
otc.,, as required at the 270° access penetra:tion. ‘

b) On final box-—up, security of access enetrations in cheesepiece and
reinstatement of temporary cover over 270" access penetration at Pile Cap level,.

. ¢) Installation of man-access eqﬁipmn-b including comtrol console, clean
conditions tent, lighting and commnications.

d) Co-ordinstion of access procedures under this document.

e) Prépa,ration of documents for full dress.rehearsal access procedure.

f) Logging of acoess opera.tions. _ | ‘ |

g) Go—ordina;tion of TNPG and Contractors’ staff during a.ccess procedures.

h) Provision of Test Comtrollers responsible for the progress of access to
whom all questions regarding the demonstration programme will be referred.

i) Provision of access teams.

i) Pmpara:tion of test reports on the vessel access demonstration programno.
k) The operation of pla.n'b and systems ‘ta.ken over for routine Opera.t:u.on in
accordance with P,I.0,I,!s/S,0,M.'s provided, acting as the authorised

agents of T,N,P,G.

1)  Chemical sampling of reactor gas if required.

m) Routine maintenance of plant taken over f'or routine operation in
accordance with the P.I,M.I.'s or manufacturerts information provided,

6.2 ~Commigsioning Department will be responsible for;—

a) Arranging vessel’ cooling, blowdown and other gystoms -l:o give in-vessel
conditions required for the start of this demonstration.

b) Provids a member of staff to liaise with SSEB controller during the -
demonstration programma .

¢) Safety and security on completion of this programme a.fter cancella.tion
of Vstel entry P,T.We -

4

6.3 . .. Construction Department will be responsible for:-
a) Make available reactor ancillay equipment, i.e. pile cap crane and driver.



T. SAFETY ASPECTS

T+1 General

A1l personnel entering the vessel during this demonstration programme will
have initially been passed medically fit for hot environmental work and in
addition will have to be certified fit by the Medical Department on the day
of entyy.

7.2 E ment

A complete list of the First Aid Equipment placed at Pile Cap is given in
Appendix 1. Additional in-vessel safety equipment is listed belowse

a) 1 x4 Ton eafety hoist attached to 'A? frame above access penetration.
{This will also be used to raise and lower equipment).

b) Everest safety line attached to !A' frame.
¢) Support beam over cheesepiece,

d) * 1% 4% Ton safety hoist attached o support beam. A gspare hoist will
be available at Pile Cap level,

e) Everest safety line attached to support beam.
f) All entrants will wear a safety hamess with attached safety anchor.
g) An additional air-line lowered down to vault area.

Te 3 Temperature

Vessel air temperature will be maintained at a level no greater than 60°C
by circulating water through the boilers, The {emperature above the gas
baffle dome will be continuously logged when personnel are in the vessel.

T.4 Communications

1 All persommel inside the vessel will be in direct communication with
the vessel controllers at the Console at all times.

2. Direct comminication from Consocle fo:=~ a) C.C.R. b) Compressor Station.
7.5 DNoise '

-Ear defenders are incorporated in the communication headsets, and will red.uce
the background noise level by at least 25 dB(A).

7.6 Carbon Dioxide

1. CO, cnncentration of the vessel atmosphere will be measured prior to -
a.nd corrglnuously during all entries by external sampling,.

2. 002 detectors will be placed at strategioc points within the vesssl.

7.7 Breathing Air System

1« Breathing air system including the 40 emergency air bottle system
will be in service, the latter avto cut=in will have been checked priox
to ist entry.

2, Ons operator will be on duty at the compressor station during all
entries,

TeB/vaans
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7.8 Nuclear : . -
Fuel loading will commence in B3 in Event 24 in the Half Station Commissioning
Programme. Although there will be no radiation or contamination hazard %o
the vessel entrants in this demonstration, all the normal radiation/con-
tamination precauwtions will take place:=-
a)} all entrants will wear a film badge and other dosimeters.
b)  initial entry will be mainly a Health Physics survey.

¢) all subsequent entriss will include o Health Physicist in the team.
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First Aid anti_Safety Equipment.
Health Physics Equipment.

Control Console Comnnections.

Duties of Change Room Attendant (C.R.A.),

. Vessel Internal Inspection Schedule.

Permit-to-Work (P.T.W.) and Isolations,
Permit-to-Work (P.T.W,) Procedures.

Porsonnel Shift Cover During Entry.
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10, DIAGRAMS AND DRAWINGS

1, Relevant section of revised Half Station Cormissioning Programme.
2o Mam Access routes within the Main Pressure Vessel.,

3. General Layout of Vessel Access Eqﬁipmenf at Pile Cap.

4. Inspection Party — Entry Procedure.

5. Inspection Party -~ Withdrawal Procedure.



APPENDIX 1

SAFETY EQUIPMENT INVENTORY

1. In-Vessei  Number
1 ton hoist | 1
%+ ton hoist 1
Support beam 1
Safety lines | 2

2, First Aid Bquipment

Ordinary Stretcher ‘ : 1
Neil Robertson Stretcher o
Sefety line - 3
Automan . 1
Oxygen cylinder ' _ 2
Air—coocled suit, including full in-veesel gear 1
Hamper containing bandages 1
' splinte (air-cushioned)
blankets
elastoplast

scissors



APPENDIX 2

HEALTH PHYSICS EQUIPMENT INVENTORY

Beaufort Air-Cooled Suits - L
- M

Vortex Tubes
Vortex Tube Bslt holder
Cotton Oversuits
Surgeonts Boots = 6/7

- 8/9

- 10/11
Household Gloves - L
Household Gloves = N

Leather Gloves - L
Leather Gloves = M
Cotton Gloves - L
Cotton Gloves - M
Communication Headsets
Safety Harness & Anchor
Safety Ropes
Cupboards
Thermometer & Lanyards
Torches & Lanyards
" Hemmers
Spanners
Rope (60t)
Instruments -~ 0030
~ RM2 + BP4
- 002

12
24

24 prs- '

24 pra.
12 prs.
24 prs.
24 ﬁrs.

12 pra.
12 prs.
12 prs,.
12 prs.
12
12

W W O O D Oy

(¥

~ Aly
- Pyig

Batteries = spare U1

--spare U2
spare PP9
spare 996
Air Sampling Paper
Leads (Contam., probe)
Plastic Bags ~ L
Plastic Bags - M
Plastic Bags ~ 8

Paper Tissues
White Tape
Cellotape

Antidim

Storage Bins & Lids
Boot Barrier 3 ft.
Table '
Benches

Chairs

Hosereels
Couplings

Jubilee Clips
Screwdrivers

Equipment Log Book

-
QO W N =2 NN W W N

24

12
12
1 Box

12
24

-
o O



APPENDIX 3
CONNECTIONS TO CONTROL CONSOLE




APPENDIX 4
DUTIES OF CHANGE ROOM ATTENDANTS

1. Stock Tent

After the erection of the tent by M.M.D. personnel of SSEB, the inside of
the tent will be furnishad by 2 change room attendants in -l;he manner shown
in Figure 3.

A complete list of Health Physics Equipment is given in Appendix 2. All
these items will be obtained by the 2 C,R.A.'s and arranged ingide the tent,

Similarly the safety equipment as listed in Appendix 1 will be positioned on
the Pile Cap as shown in Figure 3.

2, Yeseel Entry Eguipment Chsck
a) Check all commmnication systems using master control switch on Console,
b) Test air-cooled suits on alr-flow test rig.

3. Dmss[Undress Int ry Teams

Further communication, alr flow checks will be carried out during the dressing
procedure,

4, Log Entry Equipment

A C,R.A, will be responsible for the logging of entry tools and instruments
taken into the Vessel,

5. Removal of Dirty Clothix;g

At the end of each entry session, the C.R.,A. will return all dirty olothing
to the laundry and replenish with clean items.

The above list is a summary of the duties., Full details will be given in
a Departmental Instruction, :



APFENDIX

VISUAL, PHOTOGRAPHIC AND T. YV,

1.

2.

i

Je

4e

5.

Te

8.

9.

10.

11.

Gas Baffle

Doubler plates, shrouds, boiler beam support hangers.
Lower cylinder supports to boiler shield wall,
P.V. insulation termination rig.

Boiler Unit

Casings (corner fillet welds), supports (welds, pins and links)
gas seals, headers, tube bends, 9% chrome hanger shrouds and

'I‘1 gas pipework.

Boiler Unist Supports

Outboard end of bhoiler support hanger beams and suspension

arrangements.

Boiler Feed Penetration

Welds,

Decay Heat Inlet and Outlet Pensiration

Welds. .

Decey Heat Manifold within P.V.

Welds.

Superhg:g.ter Penetration

Welds.

Reheater Hancers

¥Welds.
Vault
Quadrant division plate assemblies and seals.

Insula:ﬁion

'P- V- liner, a8 baffle.

Gas Clean Up Circuit Pipework
' Bellows assemblies on the inlet and outlet pipswork.



APPENDIX 6

PERMIT-TO-WORK (P.T./®) SYSTEM AND ISOLATIONS

1« The P.,T.W, is given in Append:l.x Ts

2. During the reactor vessal cooling and depressurisation, (Fig. 1, Item 18)
the CO, distribution sysiem will be isclated and depressurised where
applla%ble. The following valves will be isolated:-

R3/G/1 | R3/00,/97
R3/6/2 S R3/C0,/977
R3/G/5 ' | R3/00,/103
R3/6/6 R3/C0,/107
R3/G/9 : ‘ 2 R3/C0,,/109
R3/6/10 R3/00,/110
R3/G/67 (BCD purge) R3/C0,/124 + another
R3/G/88 (R.T.V. €O, supply) R3/00,/153

{flux scanning) R3/002/156 + another
For blowdown purposes, the following valves will be left available:-~

(1)  For temperatures above200°C (Iodine Adsorption Filter limitations).
R3/G/1 ‘ R3/G/10 (closed)
R3/G/6 - . R3/c/e8
R3/G/9 ) not necessary if bypass pipework available,

(i) For temperatures below 200°C, the valves R3/G/10 and R3/G/88 are
required for blowdown and purging requirements.

3. The autoclave system will be isolated (or blocked off) details not yet
available.

4. Charge m/c down shop leads isolated via the in‘t.erlock system (R3).

5. The nitrogen injection lines will be isolated (13" H. B. and 3" N.B.).
Valve references will be given at a later date.

6, To avoid any release of G0, into R4 pressure vessel, the following
construction blanking plates wilfl be fittedi—

(1)  Stendby filling line upstream of valve R4/C0,/110.

(11) R4 circulator gland supply line downstream of valve R4/002/ 107.
(1i1) Inlet to bypass pipework, R4, upstream of valve R4/002/98.

(iv) Inlet to emergency iodine adsorption filter 3B, R4 side, upstream
of valve R4/G/67.

(v)  Blowdown side of dryer post filter 4, upstream of valve R4/G/88

(vi) 20.7 bar (300 peig) services supply line to R4 maintenance purge
station downstream of valve R4/C0,/133.



Apvendix 6 {Cont1d.)

NOTE: The position of this blanking peint has to be identified.
Additional isolation may be required depending on above.

(vit) On 13" N.B. nitrogen, injection line upsitream of tee into R4
circulator gland supply line.

(viii) Oxygen and methane inlets to the recombination unit upstream of
valves R4/0,/8 and R4/CH4/5.

7. Additional isolations may be required depending upon the state of the
plant and commissioning requirements. A more detailed list of isolations
will be made available at a date prior to the vessel entry programme.

8. Breathing Air Systeui ~ the supply isolating valves t0 the services
of this system will be locked shut.
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APPENDIX 8

PERSONNEL SHIFT COVER DURING ENTRY

In order to provide a standby team of 4 men, ready at all times when
there is a team in the vessel, the following shifts will be worked to
provide a 4 hour overlap. Each shift will comprise 4 men and starting
and finishing times for a 24 hour period are shown below,.

hre, [200 hres 600 hese 2000 hre, 2400 hra, Fm hra, 0800 hre,

gea.m !n Veségj
team Standby

nd team (n Vessel
¢

rd team Standby team In Vessel . .
h team Standby Wih team in Vessel
- . " 5th tean Stendby  |5th
. 113

toan fn Vossal
toam Standby 1oth team [n ¥Yessel
Is¢ team Standby

The 2 hour entry period can commence at any time during the 4 hours

allowed for entry provided the standby team is fully prepared to cover
the entry. '

Persomnel who are involved (ises controller etc.) but are not actually
entering vessel will follow the normal shift rota but will have a 1 hour
overlap at change of shift.



A EXISTING RELEVANT SECTION OF PROGRAMME OURING 2ND HOT RUN

COOL REACTOR YO EST, AIR IN VESSEL AND EST,

AMBIENY & COMPLEY \ ACCESS Sf. HEALTH PHYSICS SURVEY FINAL INSPECTION
(‘ BLOVDOWN 10 i( 42' o 2 4 “3)_"""_"1_‘ ——-——l-(, 4 J—_F—”‘“‘*(w)
—’.E.QS FLUX PROTN, INSTALLED f )
\

Ve wa

B PROGRAMME WITH ENTRY DEMONSTRATION DURING THE 2nd HOTY RUN

" pf ) ' START OF VESSEL
[NSTALLAT LGN J leumr HOT TESY

BLOWDOWN REACTOR TO EQUATE PRESSURES WITH AIR PURGE BY OPERATIONAL

COOL REACTOR T0 60° _)0 A'_[msgﬂm!g PRESSURE ( ) ggg!n CIRCS, AND EsI.,( WETHOD o L_STABILISE TEiP, AT §g°g (
l Lk W 4 I
( 58 £8 ERECT TENT ON PILE ¢A /
)'READY AT PILE CAP EEVEE’O % EST. AELE'_ssn'vlces'g"L-

END OF VESSEL
ENTRY H{T TEST

(. YESS ) ggog, 18 AMSIENT ,(44) VESSEL l PECT]C 845 .

)‘D"éﬁ%i’%fgl%ﬁ X i
REMOVE ggsseg v DISHA ) ‘
ACCESS EQUPIT, } " REMOVE REST OF vess‘[““(s

ACCESS EQUIPIENT

FIGURE 1
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TLCGURE

INSPECTION PARTY — ENTRY PROCEDURE

Unfit

Exceeded
Monthly

Radiation
Dose

Vessel temperature 60°
Unfavourable Vessel
Unfavourable Vessel

Conditions

BEquipment Failure

START
Collect
MEDICAL Medical
DEPARTMENT  |we=d==Clearance
Chit
v
o s Show Pass
IOLIFHIDIJCHEI L Collect Film Badge

f

i
1

._u)_ Q-F.Ec 'B etoo

MAIN

Change inté

CHANGEROOM d==d== Station Underwear,

Transit Clothing

Y

PILE CAP
SUB~CHANGEROOM

Y

VESSEL ENTRY

Hand over

CONTROL

CONSOLE 1

qeey=s Medical Chit

.  Receive Instructions

ra

—3y——Collect tools, etc. for entxy

3~ Change into Airwcooled suit,
outer coverall, boots, gloves

——3y—- Assist check of air-lins

communications
~Log tools for entry

y__Final check of air lines,
communi cations




FIGURE

INSPECTION PARTY -~ WITHDRAWAL PROCEDURE

£: withdrawal from the
sel will be under the
trollerts command, each
rant identified by
oured air-lines. Small
mag of equipment will be
hdrawn by rope. ,

-

VESSEL

v

Remove outer gloves, disconnect

END-TENT

(ACCESS HOLE)

[ Tair-line, communications
Remove couter coverall, air—
cooled suit to ankles

“-.8it on barrier, remove boots,
outer coveralls, alr-cooled
sult, inner gloves,helmet,
ear phones

PASSAGEWAY

Don overshoes

Contamination check by probe

L

MIDDLE~TENT
(CLEAN SIDE)

—>—Remove inner coverall

> Don transit clothing

+

VESSEL ENTRY
CONTROL
CONSOLE

->»— De~briefing
—— Medical Check
Record entry time and

¥

"~ QFE radiation dose

PILE CAP
SUB~CHANGEROOM

Take salt tablets,
refrechmnt

MATN
CHANGEROOM

Y

-

_..Shower, dress into
normal clothing

GUARDIANTS
OFFICE

~»—Hand in Pilm Badge, QFE etc.




APPENDIX K

.

1  INTRODUCTION

£s detailed in "Vessel Access Demonstration - Cold Run €24.04.9.32.02.09
Part 3" following vessel access training in the tA' Station Turbine Hall
Bot Box and the C.M.HM.B, Rehearsal Facility and prisr to the Reactor Hot
iccess Entry, Cold Access Demonsirations would be carried outs It was
programmed that several entries would be made, the first entry team
instelling lighting, support beams, safety lines, etc. and establishing
the access rouie to the sub-boiler annulus with subsequeni teams carrying
out inspeciion duties with T.V. cameras and visuzl inspection of boiler
tubes, etc. Each team will spend not more.than two hours in the vessel
and at the end of each entry period will carry out an emergency procedure.

Three man;access demonsirations under cool conditions were held in Reactor 4
prior to the first Hot run man-access programme in September 1975.

2 OBJECTS OF THE DEMONSTRATIONS

The'purpose of each of these rehearsals was threefold:-

(1) to familiarise the entry team with the access equlpment and its use
in the vessel env1ronment.

(ii) to prove ‘the adopted procedures for the vessel entry and, in partiéular,
the actions that must be followed under emergency conditions.

(iii) 1o assess the time involved in assembling and dismantling egquipment on
the Pile Cap and Vessel internals, and also in cocomplishing each stage in the
entry. . . !

3 DATES OF THE COLD MAN--ACCESS DEMONSTRATIONS

(i) 10 - 12 May, 1975; 8 teams, 1 entry per team
©(ii) . 19 - 20 July, 1975, 2 teams, 2 entries per. team
(i) 2 - 4.September,'1975, 3 teams, 2 entries per team

4 TEAM SELECTION

All members were examined by the Board's Medlcal Officer and cleared for work
in hot env1ronmental conditions.

:The final selection of teams was based simply on availability. Holidays and
1A% Station Qverhaul commitmentis considerably reduced the number of teams for
the 2nd and 3rd demonstrations.

A list of entry team members is given in Appendix l.

Initially a team consisted of four men, all of whom entered the vessel, and the-
_ Controller, two standby men, Hoist Operator and Hose Reel Attendant were supplied
from persennel available from the other entry teams. However it was decided
that the Controller must be a member of the team and the team strength was
increased to five. to account for this, a team now consisting of a Controller

plus four Entry Men. Again the two Standby men, Hoist Operator, and Hose Reel
Attendant were supplied from personnel of the other eniry teanms.

5  MAN~ACCESS ROUTE

The man-—access route is showm in Fige 1 and the method of entry outlined in
CoeTeSe C24404.9432.02,09 Part 3.

TAwn f
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5  MAN-ACCESS ROUTE (Conttd)

For each entry team, the main objective was for 2 of the 4 man team to ope
the hatches dovn a boiler interspace and reach the sub-boilers annulus (25
with the remaining 2 2t the 77! level assisting with movement of airlines.
maximum time allocated for each entry was set at 2 hours and it was antici
that when teams had become familiar enough with the procedures, a period w
thiz timescale would be set aside for cerrying out one of the emergency pr

6  STATE OF PLANT

Access to the R4 Vessel was through the man-access penetration on the Pile
at 2709, the 909 penetration being used by T.H.P.G. Contractors. No arrs
were made for a demonsiration of the removal of the shield plug, impact sl
thermal insulation plug and access manhole cover and provision must be mad
the inclusion of this importani procedure at some later date.

(1) Clean Conditions Tent and 'A' Frame

The lzyout of flooring across the Pile Cap -for the 1lst demonsiration was n
completed in {ime for erection of the clean conditions tent, though, on th
hand, it was not -then appreciated that the tent erection would require 30
of work. When éventually erected, it was found that the tent structure r
more strengthening than the de51gn had allowed for.

The poriable 'A' frame above the man-access penetrailon was not ava;lable
- initially and then found to be of insufficient height for removal of a cas

o |
{

(ii) Compressed Brething Air System-

The air system was fully checked prlor to the tests and moisture and oil
contamlnailon levels monltored. :

The emergency air hottle bank was not available,.

(iii) ~ Telephone Communications

A telephone was 1nsta11ed at the Console.

(1v) . Gontrol Console

The Control Console was sited on the S-W Stressing Gallery Roof. Eleciri
.clrcultry modlflcailons were completed in time.

(v) Electrical Power Supplies at Pile Cap Level

Completed in time.

(vi) Main and Pile Cap Changerooms

.- Were not required for the tests.

(vii) Pile Cap Crane, Slings and Lifting Eouipment

The 2 ton hoist was available and used in place of the tA!' frame for some
tests.

Pile Cap crane was not available for transferring the hose-reel drum frame

(viii)/ess | ' :
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6 STATE OF PLANT (Cont'd)

(viii) Temporary Access Ladders

A wooden ladder was used in the lst test as part of the access penetration 1adder
Thereaiter, a 2—sectlon metal ladder was used.

(ix) In-Vessel Lighting

Normal construction in-vessel lighting uséd.for the lst two tests, thercafter
boosted by the vecsel entry portable lighting.

(=} Air-Cooled Suvits, ete,

Sufficient stocks of all items of protective clothing plus Eafety equipnent were
available in time.

(=) Hose-Reel Drum and Airlines

The hose reels were sited on the 5~W Stressing Gallery Roof near the Control
Console.  The minimum number for the tests were made available.

(xii)  CO» Monitoring Fouipment

002 measurements vere not required.

7  SUMMARY OF TESTS

Only brief details of each enitry are given,‘including time io reach 25¢ level
and total entry time, and any serious equipment failures or incidents. Details
of Emergency Exercises carried out are given in Appendix 2.

(i) 10 — 12 May 1975

-~

The fznal decision 1o start the test was given on the 9 May following-a 2-men
entry down ito the sub-boiler annulus witnessed by the Board's Medical and Safety
Officer. ,

Subsequently, seven of the eight programmed 4-man teams entered the pressure-
vessel and carried out trief inspection exercises along the entire route.
Frequent faults in the communications system hampered the progress of all the
entry teams and prevented one team from entering. Because of these difficulties,
. emergency procedures were not carried out, ’

ist Ehtr&: -'Time taken for two men to reach the 25' level was 58 minutes.
: Total -time for entry was 2 hours 7 minutes.

2nd Eatry: Time to reach 25' level was 57 minutes and total time was 1 hour
26 minutes. , '

_3rd Bntry; Cancelled due to communications problems.

4th Entry: Time to reach 25! level was 40 minutes and total time was 1 hour
T minutes. :

S5th Entry: Time to reach 25' level was 40 minutes and total time was 1 hour
o 15 minutes.

6th Entry:/ess .
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7  SUMMARY OF TESTS (Conttd)

6th Entry: Time to reach 25' level was 46 minutes and total +time was 1 hour
26 minutes.

Tth Entry: Time to reach 25! level was 40 minutes and total time was 1 howr
50 minutes.

&8th Entry: Time to reach 25' level was 37 minutes and total time was 1 howr
54 minutes. '

(ii) 19 = 20 July 1975

The four programmed four-man team entries were carried out and emergency proc
were rehearsed on three of {these entries.

lgt Eairy:  Bottom hatch was not opened due to communications difficuities,
total time was 1 hour 28 minutes,

2nd Entry: Time to.reach 25' level was 35 minutes and total-time was 1 hour
31 minutes. An emergency exit due to loss of air was rehearsed
two men and difficulties were encountered with airlines and sufe
line becoming entangled.

Jrd Entry: Time to reach 25% level was 34 minutes and total time was 1 hour
45 minutes. ' An emergency cxit dup to loss of communications we
rehearsed and no problems were encountered. :

4th Entry: Time to reach 25! level was 17 ‘minutes {as all’ ‘equipment was in
position and all manholes were open) and total time was 1 hour 4
minutes. -~ The removal of a casualty was successfully rehearsed,
the total time taken for this exercise was one hour.

(iii) - 2 = 4 September 1975 . -

The six programmed féueran team entrieé weré carried cut, Due to communice
and other difficulties emergency procedures were only rehearsed on two entrie

1st Entry: Time 1o réach 25t level was 70 minutes and total time was 1 hour
53 minutes. The loss of air to one man was rehearsed successfu

2nd Entry: Time fo reach 25' level was 32 minutes and total time was 1 hour
- 32 mlnuies.

3rd Entry: -Time to reach 25' level was 54 minutes and {otal time was 1 hour
‘ % minutes. : ‘

4th Entry: Time to reach 25' level was 17 minutes and totzal time was 1 hour
' 8 minutes.s The removal of a casualty was rehearsed and was not
completely successful due to air supply and communications
difficulties. :

sth Entry: Time to reach 25' level was 40 minutes and total time was 1 hour
21 minutes. _

6th Entry: Exercise terminated after 45 minutes due to léss of commumicatic

YA
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8 COMMINTS ON TESTS

Numerous equipment faults occurred during these tests and were discussed fully
at the combined Debriefing Meeting for the Cold znd Hot Access Demonstrations
held on the 18 September 1975. The main defecis are listed znd included as
an Appendix fto the Hoi Access Demonstration Report.

Full details of the Emergency Exercises which were carried out are given in
Appendix 2. .

The tests showld however that the first two members of the team would reach the
25t level inside the reactor in a time of appreximately 40 minutes and this
would leave a period of an hour to carry out inspections,etc. without exceeding
a total entry time of two hours.

The safety aspect causing the most concern dwring the Cold Tests was loss of
2ir supply. A back-up air or oxygen cystem have not yet been selected and
.ordered and the manufacturers modified helmets, which allow the visor to be
removed in an emergency, were not ready in time for the Cold Tests, although
they were delivered for the Hot Access Tests. A hasty station meodification
to the existing helmets did not work dependably znd assistance was sometimes
required in removing a visor.

9 .FUTURE PROCRAMME

.Further Cold Access Rehearsals are eséential tos—-
1) Train additional team personnellin a reactor.

2) Test modifications to the communications system,
3)  TeSf hlte%atioﬁs to, the vessellent%y.equipment.
. 4) Test the T.V..qaméré equipment. inside a reactor.

5) Pfove the bottled air system. ‘

6) Prove additional life support systems.

AY/MA/To11. 75 .



APPENDIX 1

ENTRY TEANS ~ COLD RUN REHEARSALS

1 1st Cold Run Rehe‘.rc'a,ls, 10 - 12 May 1975 -

Team 1  J. Brough‘ton ‘Team 2
Ge. liocore : - -
G. King, Dungeness
P, Woods, Dungeness

Team 3 C. Owens Team 4
e Watson
P Brinkley
C. Campbell

Team 5 J. Livingstone . Tean 6
A, Johnstone )
Re Davies
© Je Sydee

Team 7 . B. Gornall Team 8
Je. Jackson
Je« Scully
- Ae McMillan

2 2nd Cold Run Rehearsal, 19 - 20 July 1975

-

Team 1  C. McDonald v Team 2
- P. Wightman : : '
- I Moodie.
Je Smith .

K. McLeod, Scottish Boilers

»

3 3rd Cold Run Rehearsal, 2 — 4 September 19'[5

Team 1 C. MecDonald ‘ Team 2
C. Owens
Ps Brinkley
Je Wilson
Je Jackson -

Team 3 J. Livingstone
: Re Davies
K. Staples
I. Henderson
E. Hamilton, Scottish Bo:.lers

T.
Jde

C.
Ce.

K.

I.
Je
K.
I

I.
We
Re

Je

" Ce

R.

A.

Pe

I

Je
I.
Je

Longhorn
MeDermott
Wilson
Gorneall

McDonald
Campbell
Edwards, Hinkley Poin
McLeod, Scottish Boil.

Moodie

Freu

Staples

Maxwell, Hinkley Poin-

Wightman
Henderson
Ruddy
Mottxram

‘Broughton

Owens
Davies
Brinlley
Mclillan

Wightman

Moodie . ‘ '
Edwards, Hinkley Poind
Maxarell, H:.nkley P01n1
Smith



APPINDIX 2

FIIERGEICY PROCEDURES ~ COLD RUN RENEARSALS

10 - 12 Moy 1975

Yo emergency procedures carried out due to faults in communications.

19 - 20 July 1975

2nd Eatry: An emergency exit due to loss of zir was rehearsed with two men.
On "loss of air" they discomnected their airlines and started o
exit from the vessel. The first man reached the boiler walkway
without diffiewlty, but the airlines and safety line became
entengled with the second man and he dragged them all with great
difficulty to the boiler walkway level, where another team member
removed his helmet for him (removeable visors were not available
at this time).

" 3rd Entry: An emergency exit due to loss of communicztions was rehearsed
without any difficulties.

4th Entry: The removal of a caeualty was successfully rehearseds This was
carried out according to the written procedure and took one hour
to remove the casualiy. ’

2 -4 Septeﬁber 1975

lst Entry: An emergency exit due to loss of air was rehearsed by one man
: (with considerable breathing apparatus experience) and no
difficulties were encountered.

4th Eatry;  The removal of a casualty was rehearsed and was not completely
. successful due to communications difficulties and to the loss
of air'to one of the feam members removing the casualiy and
the exercise was abandoned when the casualty had been lifted
to the boiler walkway level.



" 1 II?'I‘RO.‘DUCT.I(.)}I - A APPENDIX L

It was progremmed that several entries would be made into the Hot Reactor, the
first two enlries to insiall all {the coavipment and to establish the route and
the other eniries to carry oul inspection proccdures. Each ftean would spend
not more than two hours in the vessel and at the end of each entry period would
carry out an cmergency procedurec.

2 OBJECTS OF THE EHTRIES

© - The purpose of these entries was:-

l. To demonstrate the feasibility of reactor vessel entry and inspection
procedures under hot conditions. :

2o To gain entry to the sub-boiler annﬁlus_on the far side of the vessel.

3. To compare in-vessel air temperature neasurements against installed
thernmocouples. ' '

4e To measure noise levels inside the vessel.
5. . To test the vessel eniry communications system.

3 . DATES OF THE HOT ﬁANFACCESS DEVON STRATION

9 —.ll September 1975:3 teanms, 2 cntrigs pef'tcam.

4 TEEM SELECTTON

Five-man teams as for the Cold man-access on 2 «~ 4.Septembér-l975, consisting of
one Controller and four entry men., Two standby men, hoist and hose reel
attendunts supplied from other teams. - A list of entry team members is given in
Appendix 1. R P '

.. A11 members had previously been examined by. the Board's Medical Officer and

.“ cleared for work in hot environmental conditions. In addition all were examined
by a Board Doctor immediately prior to and immediately following an entry.  All
entrants were also fiftted with a physiological data recorder. :

5  MAN~ACCESS ROUTE

As for Cold access demonstrations. (See Figure 1)

6 STATE OF PLANT

'Access {0 R4 vessel was made through the man—access penetration on the Pile Cap
at 27000.' The shield plug, impact sleeve, thermal insulation plug and access
manhole cover had already been removed,

M) other conditions as 024,04.9.32.02.09 Part 4 3.2 with the exception of:—:

ii)  Boiler feed pumps not required.
iv) Blowdown system and suction pumps not required.
s ov) Compressed breathing air system available but not tested.

viii) Only two circulators zvailable.
xii} Main and Pile Cap changerooms not required.

xiii)/ees



6  STAIE O PLANT (Coniltd)
. xiii) Pile Cap crane not reguired.
xllll) €O, detectors not required.

7 CHE“GE% N EQUIPLINT

The only changes in equipment‘from the Cold Access Demonsitration were:—
1) MNMartindale Safety MHarnesses used..,

2) Manufacturer's modified helmets (removeable visor) were available
time and were used, - .

8 SWRIARY OF TESTS

1st Eatry: Intry cancelled alfter 30 minutes due to communlcatlons fallure
All equipment in ves cl but not instolled.
Vezsel temperature 53°C (by ingtalled thermocouples).

2nd Eatry: Team reduced to three after 45 minutes due to communications f
: Yotal catry time 1 heur 49 minuices. ighting installed aroun
walhway. : [
Noise, temperature and radlatlon neasurcments tal»n, photozrap
- " osurvey; davit and hoist installed. Vessel temperature 57°C
Hg in glaﬂs thermoneter) 54.800 (by installed thermocouples)

3rd Entry: Tean a2gain reduced {o three after 45 minutes due to communicat
: difficultics. Because of limited number of hoge reels availa
due to faults, no standby persommel were dressed vp and hence
. descent was made dowvm the bozler 1ntcrupece. Total entry tim
1 “hour 11 mmnutEQ.
Vessel temperature 60°C (by 1nstalled thermocoupleu)
4th Entry: Photographic and temperature surveys. First man reaches gas
' Jevel but vnable to open hatch.s Second man out after 45 minu
due to burst hose connection at suit. Remainder of team then
drawm. Total entry time 1 hour 1 minute. Vessel femperatur
(by installed thermocouples).

5th Enfry: Entire route opened up. Two men at a5t level in 35 minutes.
-: : of team reach 25t level. Photography, noise and temperature
" measurenents. Total entry time 1 hour 35 minutes. Noise T3
“at A20 . -
Vessel temperature 62 4°¢ {vy 1nstalled ‘thermocouples)
6th Eatry: Two men reached the 25' level in 25 minutes, then personnel e
changed around, Inspection for possible oil spillag Clos

hatches ané withdraw lights up 1ntersnace. Total entry iime
56 minutes. Vessel temperature 62. 4°¢ (vy installed thermoco

9 COMMENTS ON TESTS
Again numerous equipment faulis occurred during the tests and were similar
those encountered during the Cold Run. Only one fault was atiributed o t
increasze in temperature -~ the failure of the plastic air hose to the hois
above the cheesépiece, and this was replaced by a rubber hose, which functi
satisfactorily for the remainder of the Hot Run. o

. Duc/eee
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9 COMSTITS OF TESTS (Cont'd)

"Due 1o the equipnent failures, the 25% level was not reached until the 5th mtry,

inctead of the 2nd Intry as programimed ond consegquently the entire Hot Access
Programme was drasitically curtailed, and no cmer"ency exercises vere carried out.

Hovever the tests did prove that a team of four people could spend a period of
two hourc in variovs arcas of the reactor vessel carrying out inspections etce.
with o vessel temperature of the order of 60°C, without undue discomfort.

Apari from the actual fauwlts which occurred with the eaulpmonx, many areas vere
discovered where the equipment was not ideal for working ai these temperatures
and a considerable amownt of work has still ‘o be done on vessel access equipment
before it can be Tinalised. The vessel access ecuipnent was discussed in detail
at the Vessel Eniry Debriefing on tle Cold and Hot Access Deronstrations on

18 September 1975 and the comments from that mecting are included in Appendix 2.

10 FUTURE PROGRAIIE

Further Hot Access Rehearsals are essential to:
. 1): Train dddltlonal iean pervonnel in a Hot Reactor.
f 2) fTest new or modified commuwnications cculpﬂcn; in a Hot Reactor.
l 3) Test new vessel entry equlpment in a liot Reactor.
" 4) Prove the bottled air system in a Hot Peactor.
5) Prove ithe addltlonal llfe support c'y.,tems in a Hot Reactor.
C i

6) Prove the T.Ve. camcras and equipment in a Hot Reactor.

. N Test emergency procedures in a Hot Reactor.

-
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5,3_0 thi ngs

Suit -~

Helmel . -
' Booté -

Gloves . -

"huet hwvc gauntlets.
" ‘Polo Caps —_'
: . Air. Supply

‘Connections ~

~,A;rlines -

Vortex tubes -

'?Srtex tﬁbé

holders
Hose reels -

Communications

" Commections -~

Anplifier -

Throat mikes -

; Headsets -

Hose reels =

. Safety Bouipment,

Yot sultable for 60°C.

Almost 211 the comments made hy the Team Members concerned qhortcom:nvv in the
. equipaent, apexrt '

from the "financial® 51de of ‘the enLrlcg.

Tore sizes reguired to it all pers onnel.

Alteration 1o convoluted hose fo suit new vortex tube position,

Safety harness 1o be buili—in.

Removable visor still not rc}lable.
Possihility of heat reflaecting vnﬂt:ng on visor {safely aspecte?
Air flow 1o helmet must be 1ncrea~ed.]9

L.

AMMr required to feet.

Yot suitable for 62°C.
Mr required to hands.
: h :

Satlsfaptory, but stxll not a perfect solutlon.

- .
-, .

: Al to be improved if ﬁoséibie, and tested before use.

-.

Sultable, but working near limit of performance.
Some hoses damaged bul probably 'fair wear and t{ear! c0n31dcr1n-
the operating conditions. :

Suitable, but need new connectors.

-

To be modified,

Improve air supply connection to centre.

¥ot dependable.
Reﬁeéign.to prevenf overloading or replace.

Not very successful, try other systems.

'Tight'fit inside helmet, otherwise suitable.

Tenporary modification not suitable - redesign. a

etc_/...

-
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Safety ¥ouipment,

2

elc,

: Salety Line -

Arrestors -
Harness -
C1AY yrome -
Hoists ' -

Vessel Lighting—

Torches -

Secondary Air
(or oxygen)  ~
supply -

: Stendiyr ez

'Contr5l
Support -

" Systems

AJ/I'.‘./I 5.10.75 °

Hon~gtreteh line required.

X Worked, sa'l;isi‘é.ctorily_.

Martindale harness best to date.

’

" Jo be redesigmed.

Lighter hoists to be located and purchased,
Yot suitable, suffered somec heal damage.
Seorch for suitiable tor‘ches'pon‘tinues.

5till being discussed by Ilfedical end Safety Sub-group.
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