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APPENDIX A 

, " MEDICAL EXAMINATIONS AND 

HEALTH QUESTIONNAIRE 

Medical examination of prospective workers in impermeable clothing or in hot 

conditions is necessary, if only to exclude certain individuals who may be 

;·'more at risk from the effects of heat stress. But the work itself, apart 

~ 
;ffrom 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 skin sensitivity to rubber of plastics, or have 

difficulty in breathing in respirators, etc., and so cannot wear protective 

clothing. 

Two forms of medical examination are necessary. The first (a) will be 

undertaken by the Medical Officer before a man is assigned to a job which may 

include work 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 prolonged absence due to accident 

or sickness. 

, 
\'1hen the conditions are such that the advice of the Medical Service is 

necessary, the men concerned will require to be of a high standard of 

medical fitness and should have had special training in the work and 

the work and the wearing of any special clothing. Special tests, such 

as an exercise tolerance test, are advisable for these men. 



The specific factors which will influence selection are . 

(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 physique. If obese and 
.; 

overweight as determined by standard height and weight tables and by J ., 
1 

skin fold thickness (not greater than 1 inch) he must be excluded ' . • 
from work in hot conditions. 

Age and physique are probably not 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 • 

. (Hi) 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 liability to faintness 

after prolonged standing, heavy lifting or stooping will exclude, 

since there will be a greater chance of heat syncope occurring. 

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

ititis media, would exclude from employment unless and until 

curative procedures have been carried out. 

(d) Chronic respiratory disease will exclude. 

(e) Any form of anaemia (haemoglobin 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, yet 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, questions 

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 infections, ear, 

nose and throat infections, gastro-intestinal upsets; 

A "hand-over" from the taking of alcohol; 

Lack of sleep or other cause of fatigue; 

Skin conditions such as marked acne, active psoriasis, 

sun-burn; 



Psychological stress, such as a recent bereavement, domestic 

illness or upheaval, 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. In 

these situations medical examination,s are unnecessary pr:ovided the 

work period is less than 15 minutes and the temperature not more than 

3SoC (9SoF). The usual rest period must be taken after each work 

period. 

CMM 



HEALTH QUESTIONNAIRE 

Please fill in the personal details below and, answer the health questions by putting ~ 
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 Disabled Person? YES 

If "Yes', what is your Disabled Registration Humber 

Are you in receipt of a disability pension from any source? 

Are there any medical reasons why you should not do shift work? 

HO 

YES 

YES 

NO 

HO 

If '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 life insurance? 

Has a,doctor ever told you that you sUffered from: 

High Blood Pressure? 

Angina or Coronary Artery disease? 

Heart trouble? 

Peptic, gastric or duodenal ulcer? 

Kidney or bladder trouble? 

Diabetes? 

Thyroid gland trouble? 

Do you suffer from or have you ever suffered from: 

ERi 1 epsy? 

Fainting attacks or blackouts? 

Nervous breakdown, anxiety state, depression or mental illness? 

'," Poliomyol i tis (Infanti le paralysis) 

Rheumatic fever? 

Varicose veins? 

Haemorrhoids? 

Tuberculosis? 

Bronchitis or chronic cough? 

Asthma? 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES, 

YES 

YES 

YES 

YES 

YES 

HO 

NO 

NO 

NO 

HO 

NO 

NO 

NO 

HO 

HO 

NO 

HO 

HO 

HO 

NO 

NO 

NO 

NO 



Indigestion (for more than I week)? 

Fibrositis, Rheumatism or Arthritis? 

Lumbago, sciatica or slipped disc? 

Dermatitis, eczema or other skin trouble? 

Do you suffer from a rupture (hernia)? 

Do you suffer from any ear trouble? 

Is your hearing good in both ears? 

Is your vision good in both eyes(wlth glasses if worn)? 

Do you wear glasses? 

Is your colour vision thought to be normal? 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

HO 

HO 

Are you receiving any treatment from your own doctor at present? YES . HO 

Are you suffering from any other disability or disease? YES HO 

If the answer to either of the above questions 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 I ived outside the British Isles (apart from holiday abroad)? 

YES HO 

If "Yes", where and when -

Have you ever suffered from any illness contracted outside the British Isles (Malaria, 
dysentery, etc.) YES HO 

If 'Yes", give details -

I declare the answers to the above questions to be correct to the "best of my knowledge 
and understand that the ·deliberate withholding of information will be regarded seriously, 
and I understand I may be requN-ed to submit to a medical examination. 



APPENOfX B 

CENTRAL ELECTRICITY GENERATING BOARD 

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 

Summary 

This paper outlines 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 vgrtex tubes .. 

The development of the CEGB vortex tube is detailed 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 
facility to transmit communication signals and physiological 
monitoring data is also given. 

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 fluid 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". 

1 INTRODUCTION 

C P Fulton (1950) 
Journal of the ASRE 

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 thermodynamic 
phenomenon on automatically obtaining from a compressible fluid 
(gas or vapour) under pressure a ~urrent of hotter and colder 
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, cryogenics, 
instrumentation and controls. The primary factor impeding its 
widespread utilisation has bee~ its low thermodynamic efficiency, 
ie the high inlet pressure required to create the desired 
temperature changes. 

This report outlines the historical development of the device 
from its invention to early application, the areas of theorectical ~. 
analysis 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. 
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2 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 
showed 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· air 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 out in a thick sheet on 
the wall of the tube and ~e 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 illustrations 
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. During 
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 scepticism in order for further developments 
to be made of the invention but this resulted in little success. 

3 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 
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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 vortex tube. Hilsch referred briefly to 
Ranque (1933) as the source of the idea but he appeared to be 
unaware of the patent. He arrived 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 1946-1948 • 

. At the Massachusetts Institute of Technology 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 given 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 coo~ the cockpits of high 
speed j et 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 until 1953 have been presented by Westley (1954) in a 
comprehensive bibliography of vortex tube publications giving 
a brief summary of their contents. 

The objects of the investigations can be classified 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. 

(c) Modifications of the vortex tube configuration to increase 
the performance. 

_ 7_ 



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

4 'IHEORET·ICAL 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 
proportional 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 an equilibrium will tend to be 
established in which all the layers acquire the same angular 
velocity. Therefore there is a centrifugal 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, sufficient 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 across 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 
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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 this was compared 
with Hilsch'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 observation 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 gav~ a summary of 
the work carried out at the GEe Research Division Schenectody 
between 1946-47. The work investigated the effect on 
performance of inlet pre·ssure, tube configurations and it 
was the first to give experimental results on the multi-nozzle 
inlet chamber suggested by Ranques 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. Humidity 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 (1950) to the 45th 
Annual Meeting of the American Society 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 
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the available references, Fulton (~950) re-asserted some 
of the explanations given in ~948, and a comprehensive 
bibliography by W Curly and R MacGee (~951) was published. 

5 EUROPEAN DEVELOPMENT 

After the publication of Hilsch's paper most of the vortex 
tube investigations were carried out in America but from ~950 
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 Ltd (~950) 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. Air 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 outlets 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 air. Elser and Hoch (~95~) 
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 (~948) and Comassar (~95~) 
it was found that separation differences of about ~% 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 (~95~) 
also tried to ascertain if a centrifugal field was necessary 
for the Ranque cooling effect. A somewhat similar but smaller 
cooling effect was observed in the temperature distribution 
across four parallel air jets when placed' in echelon. 
Williamson (~95~) 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 (~95~) 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 
celluloid or paraffin blocks, comparison of .the internal flow 
pattern when working fluid was air or water and the effect of 
rotating the vortex hot tube whilst the inlet nozzle remained 
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at rest. The report also cited that previous explanations of 
the vortex tube did not appear to be completely satisfactory 
and Sprenger (1952) suggests that the vortex tube cooling 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 Hartrnan·type generator were 
quoted as an example. 

One of the best theoretical contributions on the vortex tube 
was given by Van-Deemter (1952). The paper combined the 
conceptions of Hilsch (1947) and Prins (1948) and pursued an 
approach similar to that used by Ful ton 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 (1957) when additional performance data was given and 
data sheets were presented as an aid 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. Further 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 160 C while it was noted a difference 
of over 600 C between the diaphragm and the valve. Torochenshnikov 
(1958) stated that a uniflow tube ought to give. results better 
than counterflow, a 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. 
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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. 

6 OTHER AREAS OF CONTRIBUTION 

Takahama (1965) suggested optimum values for effi~ient energy 
separation. Parulekar (1968) postulated a new hypothesis to 
explain the vortex phenomenon, but concluded that it would be 
necessary to build 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 fqund 
a decrease of energy separation in the bent vortex tube with a 
small radius of curvature. 

7 SUMMARY. OF RESEARCH OF THE VORTEX PRINCIPLE 

Several theories have been proposed to explain the working of 
the vortex tube. Some involve only theoretical analysis, some 
are based on experimental investigations while in some cases 
the theoretical proposals have been verified experimentally. 
Some present only a physical picture 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 theoretical 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 Ranque 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. 

8 PRACTICAL APPLICATIONS OF THE VORTEX TUBE 

Most of the early practical applications of the vortex principle 
appear in the aircraft 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. 
Vonnegut (1949) made use of a novel application in which vortex 
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tubes were used to eliminate the aerodynamic heating errors 
of free air 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) ~ork 
being carried 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 volt 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 disadvantage 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 
Energy 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 cooling 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 190z 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 500 C to a steady flow 
at 18OC. 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 erni tting 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. 

9 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 600C Was advantageous. As no suitable equipment was 
available commercially a clothing assembly was developed. 

This assembly was to use the vortex tube cooling principle 
for both cooling and breathing air Hodges (1967) details the 
early developments of the assembly and includes details of 
laboratory evaluation in an hot climatic chamber up to 800 C and 
established the psychological parameters of a 'rnicro-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 relating to vortex tube inlet 
pressures of 6.2, 5.17 and 3.4 bar at respective flows of 
.014, .012 and .008 Kgs is shown in Fig 10. 
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I-' 
U1 

, 
INLET COLD FRACTION 
PRESSURE 

,BAR 0 .1 .2 .3 .4 .5 . 
1.4 17.2 16.7 16.1 15.0 12.8 10.0 

(-17.2) (-:-13.9) (- 9.4) (- 3.9) (2.2) (9.4) 

2.75 33.3 32.8 31.1 29.4 26.7 22.8 
(- 18.3) (-12.8) (- 6.1) (1.7) (10.6) (21.7) 

3.4 42.2 41.7 40 37.8 33.9 28.9 
(- 18.9) (-12.2) (- 4.4) (4.4) (14.4) (26.7) 

5.5 48.9 48.3 46.1 43.3 38.9 33.3 
(- 19.4) (-12.2) (- 3.9) (6.1) (17.2) (30) 

6.8 53.3 52.8 50.6 47.8 43.3 37.2 
( -20) (-12.2) (- 3.3) ( 7.2) (18.9) (32.8) 

8.2 56.7 56.1 53.9 51.1 46.7 40.0 
(- 20.6) (-12.8) (- 3.3) (7.8) (20.6) (34.4) 

9.6 60.0 59.4 57.2 53.9 49.4 42.8 
(- 21.7) (-13.8) (- 3.9) (7.8) (21.1) (35.6) 

TABLE 1 Temperature drop in °c with related cold £~action 
for Vortex tube (based on data from Fulton Cryogenics) 

o Figures in brackets give temperature rise of hot air C 

.6 .7 .8 .9 1.00 

6.1 2.2 - 2.2 - 8.3 - 77.2 
(17.8) (27.8) (41.7) (64.4) (103.3) 

16.7 .10.6 3.3 - 3.3 - 17.2 
(32.8) (47.2 ) (63.9) (104.4) (160) 

22.8 15.0 6.7 - 1.7 - 16.7 
(40) (55.6) (75.6) (113.3) (174.4) 

26.7 18.3 9.4 - 0.6 - 16.1 
(45) (61.7) (82.8) (120.6) ( 182.2) 

30.0 21.1 11.7 0.6 - 15.6 
(48.3) (66.1) (88.9) (125) ( 185.6) 

32.2 23.3 12.8 1.1 - 15 
(50.6) (68.9) (90.6) (124.4) ( 184.4) 

33.4 24.4 13.3 1.7 - 13.9 
(51.1) (68.9) (89.4) (121.1) ( 178.9) 



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 outlets from 1-2 bar and 
of the moisture content of the inlet air from 0-10% by mass. 
Tne 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 bar 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 region and thus ceased to function. Neal 
(1972) 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 
vortex 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. 

FURlliER DEVELOPMENTS OF THE VORTEX TUBE 

With the advent of man access penetrations into the Advanced 
Gas Cooled Reactors (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 Ltd. 
The basic component changes were associated with 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 

. conditions approximating to those expected in service. 

A test rig as shown in Fig 12 was constructed and consisted 
of an air compressor with associated a~r 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 air temperature to 500 C. 
(This 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. 
Tb 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 600 centigrade temperature 
maintained chamber. A flow meter measured the ~otal air 
output, and thermocouples monitored the hot and cold air 
temperatures. Tb simulate the restriction imposed by the 
man cooling distribution system the cold outlet air is 
connected to a ventile suit assembly worn by a manikin model. 

11 PRINCIPLE OF OPERATION OF THE.CEGB VORTEX 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 chamber holding the vortex generator. 
As a result of passing through tangentially arranged slots in 
the ~im.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 cooled and the outer periphery heated. The 
geometry of the tube is such that the incoming air 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 controlled 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 valve 
assembly is of paramount importance to the control of the 
performance characteristics and 3 designs investigated are 
shown on Fig 11. 

Type 1 This vortex tube is 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. 

Type 2 In this vortex tube hot air is exhausted at 900 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 semi circular machined sealing. An '0' 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 air distribution than Type 1 or 2. 

12 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 
air 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 minutes. 

For the determination of the performance characteristics the 
tube was held at a temperature of 600

C and the inlet air was' 
heated to a temperature of 50oC. 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 obtained. 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 ma·ss cold air 
flow were monitored tog.ether with the relative humidity of the 
inlet air and the temperatures of the inleCand 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 ~7 and 
30% and the atmospheric pressure was between ~0~9 and ~024 
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 ~O~~:millibars 
atmospheric pressure. The measurements are subject to the 
following levels of uncertainty:-

Air flow data 

Air pressure data 

. Cold mass fraction data· 

Inlet/cold outlet temp drop 

Relative humidity 

:!: 4% 

+ 3% 

:!: 5% 

+ 5% 

The characteristics obtained from the two series of tests are 
presented in Fig ~4 to ~8. The performance of the Type 3 
valve which includes· finer adjustment, results in be~ter 
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 ~4 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 ~O bar inlet pressure. 

'lWin (or duplex) Vortex tube 

To establish a specified design requirements an inlet flow of 
0.03 Kgs at a pressure of ~0.34 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 assemblies each fitted with Type ~, 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 ~, 2 and 3 hot valves 
assemblies. The results of these tests are shown in Fig ~9, 
20 and 2~~ 
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The preliminary test to determine the pressure/flow 
characteristics Fig 19 confirmed that a linear relationship 
could be obtained for each of the assemblies and that an air 
flow of 0.03 Kg/s could be achieved with an inlet pr~ssure 
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 also 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 air 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 
6, 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 individual 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 also 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 air input pressure was increased by a 
factor of 2. 

13 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 air 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. Air was delivered to the single vortex 
tube in 2 bar increments over the range 2 to 1.0 bar for single 
vortex tube and 5.5 to 10.2 bar for duplex tube at a constant 
flow rate of 28.3 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 noise levels 
produced·by the vortex tubes during the trials. This comprised 
a model 22d3 precision sound level meter, incorporating a model 
41.31. one-inch diameter condenser microphone and a model 1613 
octave filter set. The complete measurement system was 
calibrated both 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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AIR SPL SL OcrAVE - BAND ANALYSIS 
DELIVERY PRESSURE 

(BAR) dB dB(A) !31.5HZ 63Hz 125Hz 250Hz 

Type 1 Tube 

2 85 82 66 65 60 54 

4 91 89 . 69 68 68 65 

6 95 93 74 69 63 65 

8 100 97 64 63 65 68 

10 95 93 74 61 68 70 

Type 3'Tube 

2 80 74 72 67 60 56 

4 84 80 75 - 68 68 60 

6 86 83 68 64 60 57 

8 88 85 68 65 60 68 

10 90 . 87 65 66 60 65 

TABLE 2 Comparison of noise levels produced by the Types. 1 and 3 
Hot valve assemblies fitted on a single vortex tube 

500Hz 1kHz 

52 62 

61 68 

67 70 

72 75 

77 78 

54 60 

56 58 

63 69 

64 71 

66 74 

dB 

2kHz 4kHz 8kHz 16kHz 

69 .78 82 79 

74 83 88 86 

76 86 92 91 

80 91 97 97 

82 88 91 90 

. 

65 67 71 71 

65 69 73 77 

74 76 81 83 

77 79 83 85 

79 81 85 87 



AIR TYPE 2 TUBE TYPE 1 TUBE TYPE 3 TUBE 
DELIVERY PRESSURE SPL SL SPL SL SPL SL 

(BAR) 
dB dB(A) dB dB(A) dB dB(A) 

5.5 104 102 94 91 90 88 

6.2 • 106 104 95 92 91 89 

. 
6.8 106 105 96 93 92 90 

7.5 106 105 98 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 :I.08 107 102 99 95 93 

TABLE 3 Comparison of noise levels produced by the Types 1, 2 and 3 
Hot valve assemblies fitted on duplex vortex tubes 

SPL Sound pressure level 

SL Sound level 

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

14 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 
o was heated to a temperature of 50 C and the vortex tube was 

maintained at 60oC. 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 
outlet 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. 

.Air flow data 

Air pressure data 

Cold mass fraction data 

Inlet/cold outlet temperature 
interval 

Relative humidity 

+ 5% 

+ 3% 

~ 5% 

+ - 2K 

~ 5% 

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 sensitive 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 
ventile suit assembly and this is shown in Fig 34. 

15 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 flow. The design of the hose may be such that the 
ability to transmit communications signals and physiological 
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monitoring data are a required feature, resulting in a composite 
desiqn of electric cables and means of compressed air transfer. 
The following sections outline the investigations and evaluation 
of a composite compressed air/electric cable hose for use in 
abnormal working environments. 

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

Four polyethylene tubes in parallel 6.4rnrn bore each tube 
sheathed in a jacket thickness 3.175rnrn-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. 

16 DESIGN CALCULATIONS AND RESULTS 

Pressure Drop with Required Flow 

Gas velocity V = Volumetric flow rate = 
Area 

""'4"":X
5
:;,;0:"':6""0- x .0283 x 1 x 11.4 

DVd Reynolds number = Re - -
U 

Where D = density - 11.4 x 1.2 

- 25 

3 = 13.7 kg/m 

rn/s = 16.3 rn/s 



v = velocity = 16.3 m/s 

-3 d = pipe diameter = 6.35 x 10 m 

-5 2 U = viscosity = 1.81 x 10 Ns/m 

Re = 
-3 13.7 x 16.3 x 6.35 x 10 

1.81 x 103 79,000 

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, f of .025) 

The pressure drop~ for an incompressible isothermal 
given by PD = fDV~ 

2d 

where L = tube length = 76m 

2 

flow is 

which gives PD = ,,:;.,;;,0;;,25::....,:;X;;.....;1;,;;3..; • ..:.7...,;x""-'1:.;6;;.;.;.;;3-:;;,;X_7=6 / 2 - N m = 
2 x 6.35 x 103 5.5 bar 

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, 

j p 2 _p 2 

M = A 2~T (ln
2

(p{P
2

) + fL/2D} 

where M = mass flow, kg/ s 

-6 2 A = tube cross sectional area 31.6 x 10 m 

o R = gas constant = 287 J/kg K 

T = absolute temperature = 2930 K (20oC) 

P = 11.4 bar 
1 

P2= 10.0 bar 
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_6 
}0.2 x 10

10 
Thus M = 31.6 x 10 Kg/s per tube 

168 x 103 (.13 + 150) 

-3 Kg/s per tube .013 KSj/s total = 3.34 x 10 or 

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. 

LenSjth 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 rn/s) 

Inlet pressure ratio = 22.8 and Fl = 304 

OUtlet pressure ratio = 22.8 x 10.0/11.4 = 20 giving outlet 

Mach number .055 and F2 = 233 

= 14.7m 

d = (304 - 233) 6.35 x 10-3/.025m 
f 

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 0.03KSj/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 Fig 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 coefficient 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 Air to Hose 

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

The heat transfer coefficient depends on the GraShoff (~r) 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 air is constant and about 0.73. 

Gr = agtd3D2 
u2 

where a = coefficient of expansion = l/t for gases 

gravitational acceleration 2 g = = 9.81 m/s 

t = temperature difference between body and air 

d = overall diameter =.03m 

D = density 3 = 1 kg/m 

-4 2 U = viscosity = .2 x 10 Nm/s 

Pr= UCp 
K 
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= specific heat of air at constant pressure = 1005 J3Kg°C 

20 

= thermal conductivity of air = 28.8 Wrn/m C 

The maximum value of Gr is therefore about 66,000 and the flow 
is streamline. Fischenden and Saunders (1950) show that for 
air the convective heat transfer for streamline flow is given 
by 

hl = .24 (t/d)·25 BTU/ft2hOF 

o 
or = .986 (t/r ).25 w/m2 C 

1 

where r l is the outside radius of the pipe. 

'Expressing h as a heat transfer per unit length of pipe 

. 1 ) .25 0 
hl = 2 r

l 
x .986 (t/r

l 
W/m C 

= 6.197 r
l 

(t/r
l

)·25 W/moC 

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 convection 
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 Hose 

The standard relation for a thick walled hose is 

h2 = 2 kp/1n (41/r
x

) 

where k is the thermal conductivity of the hose material 
p 

20 

.21 Wrn/m C )Kaye and Laby 1968) 

and r 2 is the internal diameter of the hose. 

On a linear basis 

Estimating 

1 
gives h2 = 

r 2 for the 

o 2.56 W/m C 

proposed hose to be 18rnm 
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Heat Transfer from Hose to Coolinq/Breatinq 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 

DV = mass flow/area = m/A = 4m/n d2 

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

Putting h3 on a linear basis and evaluating the constants gives 

h~ = 12.6 r 2 
d 

For the given pipe with m = .01 Kg/s, h~ is 28 W/moC 

Radiation 

The heat transfer by radiation is given by 

442 
Q = es (T1 - T2 ) W/m 

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

8 _20 K-4 
s is a constant = 5.6697 x 10- Wm 

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

hose surface respectively. 

In the present case, assuming the surface temperature of the 
hose is 20oC, and the radiating surfaces of the reactor are at 
60oC, 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. 

- 30 -



Overall Heat Transfer 

The overall heat transfer coefficient is 

H1 = 1 
111 1/h1 + 1/h2 + 1/h3 

o 
W/m C 

and the total heat tra~sfer rate 

1 
~ = Ht + Q W/m 

The temperature of the air in the pipe is determined from the 
differential equation 

- dt 
elL 

=~ 
mCp 

Equation 2.1 

where elL is an elemental portion of the length of hose. 

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

dt = .278dL 
~~ 1.25 mCp 
t 

which may be integrated to give (upon substituting limits and 
rearranging) 

t2 = 1/ (1.106 x 10~3 L/m + 1/t1 .25)4 

where t1 is the inlet temperature difference 

t2 is the outlet temperature difference 

L is· the length of the hose 

Equation 2.2 

f The results of evaluating equation 2.2 are shown in Fig 36 and 
37. Fig 36 shows the outlet temperature difference for an inlet 
temperature of 400C 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, ie 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 ambient temperature within the environment. Even in 
the most favourable conditions conceivable the temperature 
difference at the outlet is negligible. Contact of the hose 
with metal surfaces or the orientation of the pipe will have. 
little absolute effect on the outlet temperature difference. 

lhe outlet temperature of the cooling/breathing air will be 
substantially the same as the ambient temperature in the 
heated environment. 

17 SPECIFICATION AND PROPOSED HOST DESIGN 

On the basis of these results the following broad specification 
is proposed. Fig 38 shows a design concept to meet this. 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(j) 

(k) 

Hose material must be heat resistant to contact 
temperatures of 800 C and to air flow temperatures of 
60o

C. 

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

76m continuous length - 15mm diameter air supply bore. 

22.68Kg/30m maximum weight. 

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

Individual hose lengths to be identified by colour coding, 

No objectionable odours to be released When operating at o a temperature of 80 C. 

Good mechanical strength. 

External surface should be able to be easily decontaminated. 

Smooth internal surface for minimum pressure drop. 

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 

Length 

Inlet pressure 

Density 

Mass Flow 

Velocity 

Viscosity 

Reynolds No 

Friction Factor 

Pressure Drop 

Pressure Drop 
Pressure 

= 1.7 

d = 15rnm 

1 = 76m 

Pl = 11.4 bar 

3 D = 13.7 Kg/m 

m = 0.03 Kg/s 

V = 12.4 m/s 

U = 181 x 10-5 N /m2 
s 

Re = 140,000 

f = .032 

PD = fDlL N/m2 
2d 

= .5 x 2 2 .032 x 13.7 x 12.4 x 76 N/m 
.015 

= 1.7 bar 

= .15 
IT:4 some change in density will 

occur 

• 
• • take mean pressure @ 

11.4 - 1;7 = 10.55 bar 

3 mean density 12.68 Kg/m 

pressure drop = 1.7 x 13.7-
12.'68 

= 1.84 bar 

Flow rate with pressure drop 1.84 bar 
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M = A P 2 
1 

_ P 2 
2 

2RT (in (P1/P2 ) + f1/2D 

A = 176 x 10-6m2 

P
1 = 11.4 bar 

P2 = 9.56 bar 

287 J/K 
0 

R = K 

293 oK 0 T = = O. 297 KS/s 
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INTERIM REPORT BY THE WORKING PARTY CONCERNED WITH THE 
DEVELOPI4ENT OF PROTECTIVE CLOTHING FOR WORKING IN HOT 

CONDITIONS DECEMBER 1 967 

" .. 

SUMMAR Y 

APPEND IX C 

'I.'he Horking Party considered the requirements for pl'otec tive 
clothing to enable >lork to be carried out in hot environments , \-Ihich >!ould 
offer advantage to the Board. It was concluded that clothinG givin" 
protection fo r prolonged periods .in envu'onments e: t temperatur.es up to 
600c Has advantageous . As no sui table equipment· "Ias available cOllUnerci,,] 1,', 
a sui t ",as developed in conjunction \-li th Frankenstein Group Ltd . 'fhis 
used Vortex tubes (ref. 1) for both cooling and bree.thing air. 'fhe suit 
has been tested to 800 e in the hot climatic cell of the Institute of 
Aviation 11edicine, Farnborough and t ests of manoeuvreability bave been 
carried out at stations . Ancil lary equipment such as reflec tive c overalls, 
gloves , footvlear, hoses etc . are ava.ilable from commercial s ources cnd a 
"catalogue" of suitable equipment i s be ing dra,m up for c irculation ;;ithh 
the Board. The suit and hO'od ;,ill be included in this list, and tlle cost 
of a complete outfit i s est~~ted to be £150 . 

Proposals a re made r egarding further limited development \401'k or, 
the suit to enhance i ts performance ll1 special circumstances . 
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Protective Clothing for "Iorking in Hot Conditions 

1.0 Introduction 

AtOldbury and later nU<llear stations the boilers are enclosed, 
with the core, in a prestressed concrete pressure vessel. With this 
arrangement, shutdown cooling of the boiler gas passes is made more 
difficul t and estimates indicate that temperatures in the range 20 - 500C 
would be ,experienced during statutory inspections. To reduce maximum 
temperatures by a further 100C 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 clothing to 
permit earlier access to the gas passes for inspection and to improve the 
efficiency of men working in hot conditions. 

After c'onsideration of the various ty:pes of suit developed for 
other similar applications a decision was made to develop an air-cooled 
suit of ventile material capable of being used in ambient temperatures of 
up to 60oC. 

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 into the suit. These vortex tubes take 
compressed air at about 100 Ibf/in2 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. 

Follow~g tests on the first two prototy:pe 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 Reguirements in PrinCiple of a Protective Suit 

2.1.1 Its use should offer a significant reward. 

2.1.2 It should be safe, 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 at an adequate rate. 

These prinCiples are used to assess qualitatively the following 
possible applications for such a protective suit. 

2.2 ~ualitative Assessment of Possible Applications 
of Protective Suits 

2.2.1 For. use after a nuclear reactor pressure circuit 
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 a limit can be set on it. If the gas temperature 
is significantly'higher than'1720C it will be less dense than air at 20oC. 
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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 170oC. Gas 
at temperatures below 1700 C will be he~vier than the surrounding air 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 are likely to have succumbed to the asphyxiant gas 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 llresented by operations' to disperse 
the hot carbon dioxide as quickly as possible, when self air apparatus would' 
suffice, possibly combined with present available equipment which can be 
conElidered as a separate study. 

Damage Control 

The maximum foreseeable failure of the concrete pressure vessel 
circuits only involves a single penetration which will not cross gas flow 
lines. Therefore, air entry to the core after depressurisation should be 
small. (The main 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 probability of the incident makes the 
cost of developing a very high temperature suit and continually training 
personnel in its use unjustified. 

Steel pressure vessel stations present a different problem. The 
maximum foreseeable incident is a duct failure with both valves in the 
damaged circuit remaining open. In this case the aims in order of importanCE 
are to maintain maximum cooling and to 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 1700 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 disperse 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 as far as possible, when 
personnel 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 adequate 
for work in temperatures between 600 and 800 would be necessary. 

2.2.2 For Use in Inspecting Boilers in 
Concrete Pressure Vessels 

Calculations indicate tpat to delay Factories Acts inspections 
of the gas sides of boilers in concrete pressure vessels until temperatures 
are significantly below· 600c is ~~cceptable. To inspect under such 
conditions without a suitably cooled suit is likely to be abortive. A suit 

. for work at 600c appears to be a necessity. Access for this work does not . 

. appear to present a severe problem. 

2.2.3 . For Use During Work on Boiler 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 u~e 
of cooled suits could be extremely marginal. These rapid cooling techniq~ 
are to be explored fUrther; 

In addition, other hazards to personnel in the boilers appear to 
override 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 lifting 
cradles in the fUrnace to raise men to the roof appears to offer an unacceptable 
risk of f~lls 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. Finally, 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 no~­
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 personnel, the continual training of personnel er 
the administrative difficulties of the medical control required (see Appendix 

·3). Later passes of the boilers, precipitators, etc. where better .lalking 
.areas may be available may benefit from the use of a cooled suit but here 
temperatures will be substantially lower. 

Where it is possible for repairs to be carried out from outside 
the boiler casing the main, but simpler, problem :i.s 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 Reguirement 

On the basis of these considerations it is considered appropriate 
to l~t the requirements for the suit to allowing a man to work comfortably 
for two hours in an ambient temperature of 600 0. . 

3.0 Equipment and Tests 

3.1 Suits 

The prototype suits are described in Appendix 3 and their 
deficiencies are recorded in the reports of tests given in Appendix 4. 
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Figure 3.1A illustrates 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. " 

This suit con'sists of an inner suit of nitrogen 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.lD). ,The main air inlet 
enters the suit at. a 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 garment to act as a wear resistant and sacrificial item. This 
coverall, like the inner garment, is zip fronted and elasticised at wrists, 
'and ankles. The coverall also has penetrations for the inlet air tube and. 
for the two connections onto the !;lood 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. 

The Mark I hood has a moulded perspex visor which gives good 
"all-round' visibility. The hood is however of the rigid type and thus 
does not move with the head: that is to 'say, it is similar to the helmet 
of a standard diving suit in this respect. This approach to hood design 
was taken for two principal reasons. Firstly, it ove,rcomes the difficultY 
of 'sealing' hood to suit and secondly it keeps the he,ad 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 Aviation Medicine, It.A.E., Farnborough. In these tests the subject 
simulated a steady light working effort by stepping on and off a 7" high 
step at a fixed rate. Tests were carried out at ambient temperatures up to 
80oC, the subject being medically observed and the suit's requirement for 
air, ,in terms of quantity and temperature measured. 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 
insUiation value' of the suit was estimated for use in system design calcu­
lations. 

'Further practical tests are being carried out on the suits to 
determine its· suitability for carrying out certain work. 

3.2 Vortex Tubes 

The, theory of vortex tubes is described in Reference 1. All tube3 
used to date have an air consumption of about 1.9 lb/min (25 ,s.c.f.m.) at a 
pressure of'lQO lbf/in2 • Each tube has a control for varying the cold 
fraction quantity. Since adjustment of these controls is not easy for a 
suit we'arer, it.is intended that the traction 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 atten&~t 
and control valve are sited 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 tj40 tubes in parallel were used. 
One assembly was made by M.S.A. and th, other by Vortair Engineering Ltd. 
Both assemblies were similar and are w~rn on a webbing belt looped on the 
coverall. The air. hose drapes from the assembly which is worn on the back 
of the left hip as shown in Figure 2. 2A. The assemblies are shown in 
Figures 3.2B- D. 

The three tube assemblies us'ld in the Farnborough tests were 
tested by the South Eastern Region Tes t and Efficiency Section. Resul ts 
are given in Appendix 7. 

4'.0 Basis of System Design 

4.1 Heat Balance Eguation 

Considerat~on of heat transf~r at the man's skin shows that:-

Heat transmitted through the" suit from environment (H) + Metabolic 
Heat (liM) = Sensible Heat pick-up by cooling air (HA) + Heat lost by sweating 
(lis) • 

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

4.2 Potential Cooling Capacity of Suit Inlet Air 

The sensible heat cooling ca:;>ability of the air (HA) 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 (liS) can be limited by either of two 
. considerations. 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 suit multiplied by the differenCe in saturated moisture burden of air 
at 33°C (skin temperature) and the inlet temperature. This is shown in 
Figure 4.2A. 

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 heat component HA is calculated from 

HA' = 6.51 F(Ts - Ti) where HA is in kCal/hour 

F = Air Flow in lb/min 

Ts = 33°C arid Ti is .the inlet air temperature in °c 

The "Sweat Loss" component is computed from 

HS = Q x 0.576 kCal/h where Q is the sweat loss in grams/hour 
taken from the lower of the limiting criteria given in 
Figure 4. 2A • 
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4.3 Heat'to be Dissipated ' 

The total heat to be di~sipated, H + EM, has been plotted in 
Figure 4.3A., It will be seen that the. environmental heat pick-up varies 
directly with the temperature and,has been deduced from the effective 
insUlation value found in the'tests (0.30 C m2h/kCal).' , 

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 (290 kCal/h) and doing continuous 
heavy work (680 kCal/h). This latter condition result,S in an excessive heat 
load which would be impossible to handle with the vo;tex 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 design purposes it is 
proposed to use 400 kCal/h for this condition, as shown in the graph. 

4.4 Determination of Suit Reguirements 

Figures 4.2B and 4.2A have been ;plotted with common scales of hea.t 
rate. These are also reproduced in Figure 4.4A, which is a nomograph 

: constructed 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 knoWn 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 tlle top left hand curves and the maximum inlet air temperaturel 
for given inlet air flows can be deduced. 

This method is best illustrated by an example. In Figure 4.4A 
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 550 C". 

'Taking inspection as a, "light work" condition,' the heat to be reJlov 
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. For a ,flow of 1 lb/min the temperature is ,given bY point Yl , 
a flow of 1.5 lb/min requires the temperature appropriate to Y2 and so on. 
It should be remembered that these curves taken from Figure 4.2B represent 
limiting conditions. That is, f'~r a given temperature the flo)ol- 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 temperatua 
a temperature as close to l50C as possible is preferred, 'and the appropriate 
minimum flow can consequentially 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 Fu1 ton 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 (lerived from this data, relating vortex 
tube inlet pressure, cold fraction temperature and flow and the cold 
fraction settings. These are illustrated for a 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 required 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 settingl". Curves A, Band b 
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 Ib/min. 

In section 4.4 above the method of obtaining limiting flow and 
temperature conditions at suit inlet was demonstrated. For the example 
given these are Yl, Y2 etc. The suit inlet temperature requirement can 
now be readily converted to a vor,tex' tube tempera ture drop by the, nomograph 
between the top and bottom graphs. It will be seen 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 55°C. Thus 
the condition Zl on curve A, corresponding to suit inlet condition Yl can be 
obtained by drawing a vertical line down from Yl to the suit inlet air 
temperature axis; thence a straight line through the vortex tube inlet 
temperature (,50 C in example) to the "Temperature drop" axis. From this 
axis a vertical line is drawn to ,the appropriate curve (A) and the point 
of intersection gives both the r(quired 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 a suit inlet temperature of (Y2) 24.5°C and flow 1.5 lb/minute 
which requires a vortex tube inlet pressure (Z2) of 56 Ibf/in2 and the tube 
set to give a cold fraction of 73%. 

Similarly the pressure and settings needed to give the alternative 
limiting suit inlet conditions can be obtained. Thus Z2 corresponds to Y2 
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 ven tile material a measure 
of dynamic insulation is achieved. The insulation 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 Ib/min have been shown and flows of 

, not less than 1.5 Ib/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 
s traigh t e,dgs. 
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The nomograph 4.4A is based upon data issued by manufacturers. 
Tests on tubes have shown that the originally supplied tubes did not 
achieve the claiIiled performance. (Appendix 7). Manufacturers are 
currently investigating performance deficiencies and when available 
practical nomograms, similar to 4.4A but based ori test data, will be 
constructed. 

4.7 Hoses and Couplings 

The variety of applications enVisaged for the suit make it 
iIilpossible to determine a single suitable hose design. In choosing a 
hose for a given application the following factors must be considered:~ 

(a) Length: A hose length necessary to reach' the furthest 
point of work is obviously needed but it must be . 
remembered that i;he 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 
weight, the pressure drop and the heat pick-up. 

, (c) Material: The material of the hose will determine the 
wall 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, substances which can have seriously injurious 
effects on the human body. Care must be exercised that 
such 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 a hose can be estimated from its 
length and bore using the tables in Appendix 9. The sui tabili ty 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 
and rescue reasons the coupling onto the vortex tube or at a point near 
the vortex tube should be of the quick-release, quick-coupling type. For 
nuclear applications, particularly, self sealing couplings are most desirabl 
However, the most commonly used coupling, ~~e 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. 
Couplings must also be chosen with this in' mind. ' 

, , ' 

Heat pick-up is unavoidable in the hoses and unless known to the 
contrary the air at vortex tube inlet should be assumed to be at the 
environmental temperature. 

4.8 Compressed 'Air System 

The selection and c'are of the compressor installation is discussed 
in Appendix 8. Siting of the compressor air intake is important to ensur~ 
that noxious fumes and moisture are not being sucked into the system. For 
this 'reason, motor driven rather than internal combustion enginedcompressors 
are preferable. The compressor and pipework must be sized to maintain 
~dequate pressure and quantity of'air available at the' take-off points. To 
reduce hose lengths these points ~ho,uld be as close to the entry point as 
possible. ' 

Where prolonged work is' envisaged and where long hose runs are 
involved, flexible self sealing manifolds coupled to the system at the 'entry 
point should be considered: Such manifolds could be erected, in sections 
and personnel 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 anyone time and could sub­
,stantially reduce pressure drops should this be critical. 

As envisaged, the vortex tubes would be set before entry and the're­
after the pressure at the point of entry varied to the requirements of the 
suit wearer. Figure 4.4A indicates how regulation by this means would work. 
If the temperature at which work is to be carried out is known a control 
valve setting can be pre-selected which will give a suitable flow to the ' 
suit (viz. 1.5 lb/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 until the equipment has been checked. 

Receivers 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. Adequate 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 and Limitations 

5.1 Physiological Limitations 

In considering the heat loss due to sweatmg, ,a limit of 500 grams 
per hour has been fixed based on the following influencing factors. When 
first introduced 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 hour, 
a 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 
control. The limit recommended is TWO HOURS. 
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Only medically approved personnel should be permitted to use the 
·suit.' In thermal stations,' staf;'" who are regularly employed in the plant 
will get some acclimatisation froll the normal running environment. Care 
must be exercised to ensure that unacclimatised staff, (e.g. Technical 
staff who normally spend the majority of their time in an office) are not 
selected even though an inspection may seem to require the attention of a 
senior officer. Alternative techniques, such as photography or T.V., 
should'be considered. 

Personnel required to use the suit should be medically examined 
annually by a Board's medical off"lcer. An examination of the man's c=ent 
medical condition must.also be ca~~ied 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 6130 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 following a sudden peak of output. This is 
partially due to the rise in body temperature following a 'peak' not 
recovering quickly. 

Work, likely to be carried out in suits, should be critically 
examined and any peaks avo·ided where possible. 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 Equipment Limitations 

The visor of the Mark ! hood is perspex which has a softening 
temperature of about 85°C. However, the suit has been used at 800C 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 limitation to 
the use of the suit. 

During tests, discomfort to the hands and feet was most pronounced. 
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 shown that the design is satis-,. 
factory and applications considered practicable are as follows:-
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(ii) 

(iii) 

(iv) 

(v) 
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Access to and inspection of boilers in concrete pressure 
vessels 'at Nuclear Power Stations. 

Access to, cleaning and repair work in electrostatic 
precipi ta tors. ' , 

Access to otherwise safe parts of boilers for inspection 
of damage. 

Access to isolated flue ducts for inspection purposes. 

L:ilnited work in hot situations such as (iii) ,and (iV) 
above. 

It is considered that:-

(i) 

(H) 

The utilisation of the suit shoUld be effected only after 
consultation with the Regional Medical Officer who is aware 
of requirements. 

A Code of Practice shoUld be established to be used in 
conjunction with the C.E.G.E. Safety RUles. This Code of 
Practice shoUld d.,tail rules of procedure, limitations of 
temperature and t:ilne and methods of assessing work to be 
carried out and system designs. 

6.2 Development 

The development of a suit for higher temperature applications is 
discussed in Appendix 11. As potential applications appear l:ilnited, until 
further experience with the curre:lt design of suits is obtained it is not 
proposed that the development of a suit for higher temperatures shoUld be 
undertaken. 

,-, 

The existing Mark I hood gives only limited protection to the head. , 
A hood incorporating better head protection may be an advantage, and further 
development is proposed. 

The possibility of using reflective material in the coverall is 
being examined and its use, in conditions with Significant radiant heat, 
should be considered. 

6.; Further Study 
t 

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 out~r coveralls, which will permit the ventile 
material of the suit to pass air whilst retaining protection against the 
ingress of contamination. ' . 

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

"Field 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. ' • 

" 



- 12 -

In tests, lillli ta tions have been ilIlposed by ancillary equipment 
I such as hoses, gloves and boots. It is proposed that investigations into 
~ ancillary equipment should continue and a "catalogue" of suitable equipmer:t 

should be drawn up for circulation within the Bo~d. 

7.0 References 

1. Ranqtle"; Hilsch Vortex Tubes, Fulton Cryogenics Bulletin No.2 • 

• 
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Composition of Working Party 

. The orig:inal composition of the Working Party which initially 
met on 5 November 1965 was a.s follow.s: 

Chairman Mr. A. Sherry 

Dr. J .F. Erskine 
Mr. R.A. Green 

- Assistant Chief Operations Engineer, 
. Operations Department H.Q. 

- South Eastern Region 
- Station Superint~dent, 

West Thurro~ Power Station 
Mr. P.R.G. ·Holbrook - Station Superintendent, 

. Wylfa Nuclear Power Station 

Dr. D.A. Wilson 
Secretary Mr. E. McEvoy 

- Nuclear Real th and Safety Department, H.Q. 
- Plant Operations Branch, Operations Departmen" 

H.Q. 

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

Chairman Mr. S.!.· Ainsworth, Plant Engineer, Plant Operations J3ranch, R.Q. 
succeeded Mr. Sherry.' 

Dr. J.A. Bonnell, Deputy Chief Health and Safety Officer 
. and Mr. R.B. Pepper, Nuclear Health and Safety Department successed 

Dr. D.A. Wilson. 

(Medical) 

. . Mr. H. Tresise, Oldbury Power Station and Mr. J. Davies, 
Standards J3ranch, S.E. Region joined the working party in May 1966. 

c 
July 1967. 

Mr. D. Lloyd, Midlands Region joined the working party in 

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

The Workfug Party have received assistance, which they gratefully 
acknowledge from the following persons and organisations. 

Mr. J. Exley 

Mr. J.L.M. Davies 
Mr. E.J. Pa.yton 

Mr. P. Scutt 

, 
- Station Superintendent, Oldbury Power Station 

and his staff 
- Safety Officer, (North) S.E. Region 
- Senior Assistant Engineer (Efficiency and Testin/ 

S.E. Region . 
- Sta'tion 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 Ruman Physiology; Medical Research 
Cq~cil, National Institute for I~dical Research, Hampstead. 

" , 
Frankenstein Group Ltd., Hunt Lane, Broadway, Chadderton, Lancs. 

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

Vortair Eng:ineer:ing 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. Bonnell 

With the advent 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'lr shell at regular intervals for routine 
inspection and maintenance purPOS'lS in temperatures of up to 600 c. 

Men called upon to wear the clothing developed specifically for 
work in conditions of up to 60-800c 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 occur 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 Physiology Unit and members 
of his staff. ' 

In assessing the suitability of personnel for this type of work 
it mus t be assumed that all worke:cs are unacclima tised 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 part of the process of selection. This is likely to be a 
process of excluding certain individuals because of the presence of specific 
deviations from normal. In addition general physical disabilities, 
particularly of the locomotor system, poor vision and auditory defects, 
must be noted as well as any evidence of psychological disturbances such as 
a 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) Anaemia, (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. In addition, each individual 
should be interviewed by a nurse, or doctor immediately before work in hot 
environments is due to take place. This is to ensure there was no change in 
a person's health and also to exclude the presence of any temporary incapacity 
e.g. common oold, a minor upper respiratory tract or other infection, post-' 
alcoholic "hangover". Severe sunburn markedly reduces sweating and would 

, form a temporary bar to employment. ' 

In order to highlight the importance of physical fitness it is 
unlikely that a person over the age of 45 years would be acceptable. 
Equally, obesity would form a com~lete bar to employment. 
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Desoription of the Prototype Suits 

The first prototype suit oomprised a ooverall of olose weave 
ventile ootton material fitted with polythene cooling tubes for whole body 
oooling. Suitable padding was provided over the air inlet manifold into 
which air at freezing temperatures could be introduced. Wrist and ankles 
were elastioised to trap the air and thus by producing a very slight internal 
pressure in the suit it is kept from being in continual close oontact with 
the body. 

The seoond prototype suit consisted of an inner suit of nitrogen 
blown foam oovered arid quilted with a nylon oover: oooling tapes were fitted 
on the inside of this garment. An outer ooverall, of material similar to 
the first prototype, was worn over the inner garment to act as a saorificial 
wear covering. 

Both suits were worn with a hood of similar material to the 
ooverall to which breathing and oooling 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 i" air gap and a stiffened frame to prevent 
the melimex from cririkling and craoking. The double wall construction also 
gave additional protection to the face should it come in oontact with the 
visor. The hood was attaohed to the suit using 'Veloro' fasteners. 
(Microsoopio plastio hooks). 

The seoond prototype suit ana hood are illustrated in Figures 
M-l and M-2. 
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Tests on the Prototype Suits 

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

Test i. First Prototype Suit with Single Vortex Tube 

The hot tunnel was heated to 55°C (1310 F) for the initial test. 
Long underwear was worn to prevent cold air impinging on the skin but this 
was found to be unnecessary and uncomfortable. String vest and briefs were· 
worn for subsequent tests. It was necessary to ensure that the oooling 
tubes in the suit did not kink as the tubes were not sufficiently resilient 
to resume their normal shape. 

The hood proved to give inadequate cooling, temporary modification 
allevia ted the problem but furthe:: redesign was recommended. 

Mi ttens of a non-ventil.l 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 discomfort. 

Test 2. Second Prototype Suit with Single Vortex Tube 

This test was conducted in a similar manner 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 and temperatures to the suit were 
checked and with an air supply pressure of 80 lbf/in2 available at the vortex 
tube the range was found to be from 1.45 Ib/min at 23°C to the suit to 
0.61 lb/min at OOC. 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 hbse 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, body temperature and sweat loss, using a standard coverall 
at normal ambient temperature and simulating work for one hour, repeat tests 
using the suit and subsequent tests at 60°C and 80oC. .. 

To simulate work a stepping routine onto a 7" step was carried out 
at 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. 
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Test 3. Test 'at Ambient Te~perature in an Unventilated Coverall 

Dry Bulb temperature 22;50 C Relative Humidity 41% 
Air Velocity throughout tests 3-5 inclusive 300 feet/min. 

Time 

Weight'before test 
Weight after test 

, Weight loss 

(mins. ) Pulse rate 

0 70 
10 80 
20 80 
30 78 
40 78 
50 80 
60 80 

74.065 Kgms 
73.9 Kgms 

0.165 Kgms 

Oral Temperature 

36.4 
36.3 
36.5 
36.6 
36·5 
36.8 
36·5 

This test was used to give basic and comparative data of the 
subject. 

Test 4. Test at Ambient Temperature in Second Prototype Suit 

Time 
mins 

0 
10 
20 
30 
40 
50 
60 

Inner suit and coverall worn 
Temperature conditions as for Test 3 

Pulse 
rate 

84 
94 
85 
90 
94 
94 
96 

Weight before test 
Weight after test 

74.450 Kgms 
74.260 Kgms 

Weight loss 0.190 Kgms 

Oral Temp. Pressure Suit inlet 
at tube PreSS1lre DC 
p.s.i.g. ;p.s.i.g. 

36.8 34, 0.21 
36.5 55 0.54 
36.6 55 0.42 
36.7 53. 0.42 
36.7 53 0.41 
37 .0 55 0.41 
37·0 55 0.41 

• 

Cooled Air 
Temp. 

°c 

9 
9 
1 
1 
1 
1 
1 
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Test 5. Test at 60°C, Secolld Prototype with Double Vortex Tube 

Dry Bulb Temperature 59.30 C. Wet Bulb Temperature 26°C. 

Time Pulse, 
mins ~ 

0 7B 
10 B6 
20 B6 
30 BB 
40 B4 
50 BB 
60 94 

Weight before test 
v/eight after -;est 

Weight loss 

74.115 K,gms 
73.730 K,gms 

0.3B5 K,gms 

Oral Tem12. Cir. Pressure Suit inlet 
at tube Pressure 

°C .n.s.i.g. p.s.i.g. 

36.4 70 1.B4 
36.5 70 1.7 
36.7 70 1.71 
36.B BO 2.16 
36 79 1.55 
36.6 79 1.07 
36.7 79 1.07 

Test 6. Test at BOoC 

° Dry Bulb Temperature BO C. 
I 

Weight. before test 74.512 K,gms 
Weight after ~est 73.973 Kgms 

Weight loss 0.539 Kgms 

~ Pulse Oral Tem12. Cir. Pressure Suit inlet 
at tube Pressure 

~ rate oC 
E.s .i.g. p,s.i.g. 

0 B6 36.4 100 1.9 
10 9B 36.B 100 1.44 
20 102 36.B ,100 1.42 
30 104 36.B 100 1.42 
40 104 36.B 100 . 1.42 
50 112 36.4 100 1.42 
60 120 36.6 100 1.41 

Cooled Air 
Tem12. 

QC 

23 
20 
21 
20 
14 
11 
11 

Cooled Air 
~'em12 • 

CC 

14 
14 
15 
IB 
IB.3 
19 
19 

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

Air temperature in hose before chamber 
Air temperature at vortex tube inlet 
Temperature gain in hose at BOoC 
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Two hoods were availabl19 for the tests. Hood 1, used during thd 
test· had a cooling tube above the forehead and in front of the mouth • 

. Hood 2, had a tube in front of th3 mouth only but with larger distribution 
holes. It was foUnd however that the noise level in Hood 2 was .too high and 
would require further modification. The suit pressure with varying air flow 
was taken. 

Suit Flow/Pressure Test 

The pressure was taken at the suit inlet tube. 

. Pressure Flow Rate lbLmin 
E-8.i.8:. Usin6; Hood 1 Using Hood 2 , 

0.1 0~38 . ' 
0.2 . 0.54 0.57 
0.3 0.65 
0.4 0.76 0.88 
0.5 0.88 
0.6 0.95 1.08 
0.8. 1.11 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 . LS3 2.06 
2.0 I'. 95 2.18 

.. 
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. Notes 

1. The outer casing of the single vortex tube came adrift during 
. Test 4 resulting in disconnection of the temperature .control adjustment. 
This casing needs fixing and verification is required that the insulation 
between the inner and outer casing will be satisfactory at high temperatures. 

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

3. A throat 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 particularly for climbing 
vertical ladders etc. with the metal at higher temperatures. 

5. Following Test 4, the skin temperature in the area of the suit 
inlet manifold was 210 C whereas the neck was 310C and armpit 31.50 C. This 
suggests that:.the distribution holes require modification. The difference 
in skin temperature should not ideally exceed 30C. . 

B. Test entry to Pressure Vessel at Oldbury Power Station - June 1966 

Entry was made to one boiler from pile cap level to check the 
effectiveness and maOoeuvreabili~J of suit in a confined space. 

The suit was connected ;'ia Spembly air line, telecommunication 
with boom type microphone and heaJguard 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. In order to fit sealing plates around the top slot of the boiler 
entry a man must pass between tubils 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 interilpace due to kinking 
of the plastic tube. 

The following recommendations are made, some confirmed from previous 
tests :-

(1) Non-kink distribution hoses must be used. 

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

(3) Hood air distribution requires further experimentation. 

(4) A longer apron or press clips required at the back fastening 
of hood. 

(5) The plastic tube from manHold to vortex tube can get caught 
on sharp corners when squeezing throu@l restricted spaces. The 
tube should be threaded through a slot in the coverall. 



(6) 

(8) 
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A different form of air,inlet from the "pipe fitting" elbow is 
required to prevent foU:ing. 

A pocket is required in the coverall fora telecommunication 
amplifier.· 

Vortex. tube insulation ~equires sealing to assist in 
decontamination of the ~be. 
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Tests on the Nark I Suits 

Introduction 

Following tects on the prototype suits, t."le 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 orange material and the otheJ: vias in a grey finish. 

Flow-pressure characteristics of the two suits· were found to be 
closely similar. It was therefore assumed that they would be similar in 
performance and ·the orange suit alone was used in the climatic cell tests •. 

The subjects in these tl>sts ,Iere 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 
··vlet Bulb - 25 - 24.8 C 
Subject - Mr. Tt'esise (wearing vest, pants, rubber gloves, 

asbes':;os cotton gloves, rubber (short 
vlellingtons) 

Weight loss during test 180 grams. 

Readings during test 

Vortex inlet pressure Suit inlet air .Suit inlet air Suit flow 

p.s.i.g. 'romp. °c press- p.s.i.g. Ib/min 

50 17.2 1.6 1.43 

Insufficient 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 oral 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: 
1.98 Ib/min. 

rotameter indicated output of 
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Measurements on Sub,ject Doing I" eteI! at 12 times/min. ' 

Time (mins) Pulse rate T oral °c Comments 

0 84/min 36°C Pulse rate taken after 13- min. rest over 
10 84 36.8 ' 1 1'u11 minute in all cases 
20 86 37.2 
30 88 37.4 Sweat visible on face 
40 90 37.7 Sweat visible on faoe 
50 98 37.5 Sweat visible on face 
60 100 37.5 Sweat visible on face 

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

Test 2 , ° ° Dry llulb - 68 C - 68.4 c 
° ° Wet l3ulb - 27.2 C - 27.4 C 

Subject: Mr. Tresise (clothing as for Test 1) 
Weight loss during test: 400 grams. 

Readine;!! during test 

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

Oral Temp. SUit Inlet Air Suit Inlet Suit Flow 

°c 0 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;; Ib/.nin. 

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 hose pick-up, although less cooling 
was being applied the suit became comfortable. 

It would appear from su)jective judgment that the inlet temperature 
should be about 15°C for comfort and that at this temperature distribution 
in the suit is satisfactory. 

The thermocouple reading oral temperature was left out of the moutt 
at times during the test. At these times, temperatures of about 25°C were 
registered. 

. .~ 
" , 
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Measurements on Subjeot Doirig 7" step at 12 times/min. 

Time (mins) Pulse rate .T oral °c . Comments 

o 
10 
20 
30 
40 
50 
60 

82 
90 

. 86 
88 
90 
98 

100 

36.3 
37.1 
37.3 
37.3 
37.6 
37.3 
37.0 

Pulse rate taken after i min. rest 
over 1 full minute in all cases. 
Sweat on face 
Sweat on face 
Sweat on face 
Sweat on face 
Sweat on face 

Hands and feet again reported as. the least comfortable. 

Test 3 Dry Bulb - 79.00C 
Wet Bulb - 32.5°C 
Subject: Mr. Westmorland 
Weight loss. during test 750 grams. 

aeadings'during test 

The vortex tube inlet pressure was initially 80 p~s.i.g. As heat 
pick-up in hoses became significant the pressure was raised to the highest 
available, namely 85 p.s.i.g. 

Oral Temp. Sui t Inlet Air Suit Inlet Air Suit Flow 
, °c Temp. °c . Press p.s.i.g. Ib/min 

36.5 15 2.08 1.63 
36.5 15 2.08 1.63 
36.6 19.5 1.85 ' 1.49 
37.2 20.2 1.85 1.49 
37.2 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 

During this test, as heat pick-up in hoses became significant, it 
became apparent 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 re~ding distribution were made on entry when the 
temperatures were low (3°C inlet air). . 

La~er in the test the subject touched the perspex visor with his 
face aild found it "hot but bearable". 

After 40 minutes in the cell some misting of the visor was reported. 
Hands and fee~ were subjected to great discomfort during this test. At the 
conclusion, the subject tried a certain amount of crawling over the steel 
decking of the cell. 

Half an hour after the test the subjects pulse rate was still 120. 
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Mea.surements on Sub,iect Doing 7" step at 12 times/min. 

Time (mins) Pulse rate 

o 100 
10 118 
20 120 
30 126 
40 128 
50 126 
60 130 

T· 0 .oral C 

36.5 
36.6 
37.2 
37.2 
37.4 
37.3 
37.4 

Comments 

Sweat on face 
Sweat on face 
Sweat on face 
Misting on visor reported 
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Back Pressure - Flow Characteristic of the Mark I 
Hot-Wox.king Suits 

A. Orange Suit 

Back Pressure 
Pb 

B. Grey Suit 

p.s.i.g. 

0.65 
0·92 
1.20 
1.52 
1.89 
2.10 
2.30 
2.76 
3.25 
4.8 

0.5 
0.82 
1.14 
1.57 
2.03 
2.59 
3.19 
4·08 
4.73 

These are plotted in Figure A6-1. 

Co=ected 
Flow 
lb/min 

0.86 
1.02 
1.19 
1.37 
1.54 
1.63 
1.73 
1.92 
2.12 
2.64 

0.74 
0.98 
1.19 
1.40 
1.64 
1.86 
2.10 
2.33 
2.63 
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Interpretation of Test Results 

Heat Removal by Air (Ha) 

Taking the specific heat of air as 0.241, the heat flux for a ma~ 
can be shown to be 6.51F(Ts - Ti ) kcal/h. 

Where 

and 

Metabolic Heat (H ) 
m 

F 
T 

T. 
l. 

is the air flow in lb/min 
is skin temperature (for comfortable 

conditions taken as 33°C) . 
is the inlet air temperature in °C. 

Typical values are: 

Resting 
Light Work 
Heavy Work 

Sweat Loss (Hs) 

- 350 BTU/h = 
- 1250 BRU/h = 
- 2700 BRU/h = 

88.2 kCal/h 
215 kCal/h 
681 kCal/h 

In these tests, results clearly indicate that significant sweat 
losses occu=ed and the heat loss through sweating can be estimated from t:"e 
Latent Heat of water and equals Q x 0.576 kcals/h where Q is the sweat 10s13 
ill grams/h. 

Heat Input from th~ Environment (H) 

If H is the total heat entering the suit and A is the effective ~o~ 
area then the heat transfer equation is 

T = T + kI (TG
4 - (T - Ic -AH)4) - -AH (I + I ) s gas c a 

where I = ClothL~g heat insulation resistance (OC.m2.h/k.cal) 
I~ = Boundary air heat insulation resistance (oC.m2 .h/k.cal) 
Ts = Temperature of skin (OK) 
Tg = Globe Temperature of ambient air (OK) 
H = Clothing heat flow (kcal/h) 
k = A constant based U' )on the Stefan Bol tzman 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 the above equation was found to be 
small and was therefore ignored. Thus for practical purposes at the 
temperatures being considered. 

Ts = Tg - ~ (Ic + la) 

Thus H = (T - T) A 
-"'g_--"'s-:;:'.......;;.=....,;~ 

Ic + la 

Hea t Balanc e 

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, Le. Ha + Hs, = ~ + H 

i.e. Ha + Hs = Hm + H 
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Substituting in this equation the following is obtained, 

; 
. of these factors, F, Ti , Q, Tg we::e measured in each test 

.. ·0 2 
Ts is normally taken as " e and A as 1.8 m 

This leaves Bin and (Ic + la) as "unknowns". 

However Bin can 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 w~re . 
obtained, and for the conditions measured a value of Ic + la = o.,oe m h/kcal 
is consistent with metabolic heat rates of 200 - 2,0 kC6.1/h. . 

The results of Test 1 are such that the calculated value of 
le + la is considerably affected by the assumed value of Hm but·the readings 
at the end of the test are equally consistent with a value of 0., for Bin in 
the order of 210 kcal/h. 

The subject in Test, was different from the earlier tests. As 
the subject was heavier i.t is safe to assume that the metabolic rate should 
be higher in this test. Taking Bin = 250 kcal/h the results are again 
consistent with Ic + la equal to 0.,. 

Test 1 F = 1.86 Ib/min Ti = 15.50 e Tg = 580 e 

Ha = 6.51 x 1.86 (" - 15.5) = 252 kcal/h 

Hs = 0.576 x 180 = 10, kcal/h 

Ha + Hs = 355 k.cal/h 

Assume Bin = 210 kcal/h an,i Ic + la = 0., 

H = (58 - 3,) x 1.8/0., = 150 

Bin + H = 360 k.cal/h 

Test 2 F = 1.57 Ib/min Ti = 14.6oe Q = 400 grams 

Ha = 6.51 x 1.57 (" - 14.6) 

Ha = 400 x 0.576 

= 188 kcal/h 

= 226 kcal/h 

Ha + Hs = 414 k.cal/h 

Assume Hm =0 210 kcal/h and Ic + la = 0., 

H = (68 - 3,) x 1.8/0., = 210 

Bin +. H = 420 k.cal/h 

Q = 180 grams 

o 
Tg = 68 e 
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Test 3 F = 1.97 lb/min Q. = 750 grams 

Ha m 6.51 X 1.97 (33 - 25) = 102 

.. Ha = 0.576 X 750 = 432 

~ + Hs = 534 kcal/h 

Assume Bm . = 250 Ic + la = 9.3 

H. = (79 - 33) 1.8/0.3 a 276 

Hm +H = 526 k.cal/h 

As a check, the results,of the previous series of tests can be 
exantined.. The test routine was ~;he same and the suit, being basically 
similar, can be assumed to have a similar :insulation resistance. 

Test 5 (preliminary series) 

F = 2.28 lb/mm 

Ha = 6.51 X 2.28 x (33 - 20) = 193 

Hs = 0.576 x 285 = 164 

Ha + Hs = 357 k.cal/h 

Q. = 285 grams 

Assum:ing Hm = 210· and la + Ic = 0.3 

H = (60 -.33) x 1.8/0.3 = 162 

Hm + H = 372 k.cal/h 

Test 6 (preliininary series) 

F = 1.79 Ib/min 

Ha = 6.51 x 1.79 x (33 - 19) = 163 

Hs = 0.576 x 589 = 339 

Ha + Hs = 502 k.cal/h 

Q. = 589 grams 

Assume Hm is again 210 (same subject) and la + Ic = 0.3 

H = (80 - 33) x 1.8/0.3 = 282 

H + Bm = 492 k.cal/h 

Conclusion 

° Tg = 60 C 

° Tg = 80 C 

It is concluded that in the consideration of circumstances similar 
that experienced in the test, that is in t:2peratures up to 80°C in moderate 
air streams, an insulation value of 0.30C m h/k.cal can be used. 
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Tests on Vortex Tubes 

During the suit tests at Farnborough, doubts arose regarding the 
performance of the vortex tube aSE.emblies. Temperature drops obtained 
did not match those published for'Fulton tubes, as· given in Table 4.5A. 
Tests were therefore carried out on the three assemblies, at Croydon by 
the Efficiency a:hd Test Section, South Eastern 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 test8 as shown in Figures A7-l to A7-6 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 il:l Figures A 7 -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 Fulton tube assembly 
and which also forms part of the nomograph Figure 4.41. 

It will be seen that the performance of the tested 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 eY~ined by the manufacturer and 
it has been established 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 tu~e had been damaged. 

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

The following extract is included for guid.a.Ilce and is taken from 
document 66/29936 Draft British Standard Recommendations on "The Selection, 
.Use and Mainteriance of Respiratory Protective Equipment". 

Air-Line Breathing Apparatus 

A8.1 Air-Lines and Air Hoses 

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

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

(0) The intake end should bl) 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
priate for the diameter and type of hose. 

A8 •. 2 Compressed Air Supply 

Types of Service. Exc:·~pting self-contained apparatus, there are 
three methods of providing air fo~ 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 supply:L~g 
air for personal pr.otection 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. 

(c) Portable air supply units. Where mask air is required infrequently 
or in an emergency, or in remote 0r isolated places, a portable air supply 
unit should be used. 

A8.) Reguirements for all systems of compressed 
air for air-line breathing apparatus 

(a) Air Purity. A sample ;)f air supplied to 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) 

Oil 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 
'h" 1 ,.." .... , 
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NOTE: Odour ,and cleanliness of compressed air is difficult to check 
iiCc'iirately without special equipment. A rough check may be made by smelling 
the delivered air, and by noting any disco10uration or wetness when the air 
is passed gently through a wad 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 
decomposition of lubricating oils. 

(c) Air, supply. The capacity cf any air service for p~rsona1 protectio 
should be calculated on a minimum requirement of 6 cu.ft. (170 litres) per 
person per minute'. 

(d) Pressure in rubber tubing. The pressure of air admitted to any 
rubber tubing connected

2
to personal protective apparatus should not exceed 

25 lbf/in2 (1. 762kgf/cm ) and should never be at a pressure less than 5 Ibf/ 
in2 (0.35 kgf/cm ). 

(W.P. Note: In this application ,the pressure in the supply hose will be in 
excess of 25lbf/in2: protection'is afforded to the wearer by the vortex ';ube 
whiCh reduces the pressure admitted to the suit). 

(e) Flexible tubing. Flexible kink-resistant tubing of rubber or othel 
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/in2 (1.76 kgf/cm2) to Which it may be subjected. 

(W.P. Note: A higher pressure than 25 Ibf/in2 is needed in the specification 
before vortex tubes). 

(f) Air temperature and humidity. Air supplied to the mask or hood 
should normally be at a comfortab,J.e breathing temperature within the range 
of 150C to 250C. The wearer's comfort is considerably influenced'by the 
humidity of the air breathed and it is recommended that ~5 per cent should 
not be exceeded. 

(g) Air intake. The air il).take provided for any mask air service 
should be so sited and constructe{l as to avoid the entry of contaminated 
air into the system and ensure a sufficient supply of clean air. The use 
of fH ters on any intake should be of secondary importance to the foregoing 
requirements. 

(h) Avoidance of stale air and moisture. Arrangements should be made 
to avoid the pocketing of, stale ajx 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. 

(j) Air supply in an emergency. Every system of air supply employed 
should 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 
inadequa. te • 
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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 excessive 
lengths of flexible tubing. Couplings should for preference be of the ' 
"instantaneous", type and different from those used, for other compressed air 
services. 

In certain cases 
pressure gauge' and control 
of connection points. 

\' 

it may be desirable to install a filter, drain, 
valve adjacent to each connection point or group 

(m) Materials of construction. In order to ensure a supply of clean 
'air to the mask,' the materials of construction of ali parts of the system, 
after and including the final filter, should be non-corrodible. 
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Hoses ar,d Couplings 

Hoses 

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

1. Rayon spiral reinforced air hose (H.P.) Type ~3356 

2. Three braid reinforced hose Type R3350 

3. Rayon braided reinforced hose Type R3350 

All of these hoses have bore tolerances of 1/32" and factors of 
safety on pressure of 4:1. 

Data for the various types are as follows:-

1. Rayon spiral reinforced: Type RS3356 

Nom. ·:Bore Rated Pressure (lbf/in2) Weight (lb/lOO ft.) 
.!.II 300 25.65 2 

in 285 29.9 
.an 27.5 38.75 4 

2. Two braid reinforced hose: Type R3350 
.!." 225 25 2 

in 225 30 
~II 225 38 4 

3. Three braid reinforced hose: Type R3350 
.!.II 
2 300 29 

in 275 35 
All 
4 275 44 

000 Samples of the above hose have been heated to 80 C, 100 a and 120 a 
and kept at those temperatures for a week. The sample heated to 800 a showed 
some hardening but had retained a measure of flexibility. It is therefore 
felt that rubber hoses of these types will be satisfactory albeit for a 
limited exposure life. 

Hose Pressure Drops 

The nominal pressure drops given in Table A7-1, 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 tefOts have been carr:'.ed 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. Equipment 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. ~tores Standard 
06/09 - Personal Clothing, Detail Code Numbers: 

06/09/,,51 to 355 
06/09/361 to 365 
06/09/381 to 384 

Nylon socks 
Socks cotton/nylon 
Stockings (Seaboot - oiled yarn) 

The following boots are available: 

James North and Sons Ltd. "NORSTAR" Moulders Foundry Boot (Quick Release) 
Type ST303. 

Certain boots from Wilkins and Denton Ltd., 'Totector' range are 
likely to. be suitable f~r lower temperature applications. 

TebbUt and Rall 22G/901 (used for R.A.F. rescue). 

Gloves 

The following gloves are available: 

James North and Sons Ltd. "NORTHERM" Type Nl;; (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 
Clothin~' 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. 

B. Equipment for use with Mark I suit in radiactive contaminated areas 

Footwear 

The :fOllowing boot is available from C.E.G.B. Stores Standard 06/15 
Footwear: Code 06/15/412-419 Boots Rubber (White Half Length Knee). 
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Gloves' 

The gloves quoted in 'A i above can be used inside rubber gloves. 

The poss:l.bility of 'dipping' these gloves is also being examined. 

c.' Emergency Equipment 

. Suits (including Gloves and Helmet)· 

Bell Asbestos and Engineering Ltd. 
Bestobel Type K55 Salamander Fire Suit 
Bestobel Type K56 Lightweight Rescue Suit 

(styled to accommodate a self air set internally) 
(Note the K55 is the heavier version) 

Bristol Uniforms Ltd. .• Bristol Fire Fighting Suit 

Footwear 

Fitted Boots:-

Bell Asbestos K67 (This is an aluminised version of the 
Tebbut and Hall 22G/90l) 

Overboots 

Bell Asbestos 
·Bestobel 
Bestobel K66 

and EnginE,ering Ltd. I~' , 

.,. r \ ' •. 

(Ankle ant Knee lengths) 

\ 
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D. Specification for Mark I Sui,; issued by 
the Frankenstein Group Limit8d 

SPECIFICATION FOR THE BEAUFOHT DYNACOOL SUIT 

TRADE NAME:- The suit will be called the BEAUFORT DYNACOOL SUIT MK.l. 
This suit has previously been. known as either (a) THE 
M.S.A. COOLING SUIT or (b) THE BEAUFORT 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 700 C, giving good mobility and 
visibili ty. 

·METHOD OF COOLING:- The principle employed is one of dynamic insulation. 
Dry, dus t free air .. is supplied to the suit at a pressure 
of approximately 100 p.s.i. the air is cooled by a vortex 
system and fed into the suit, the hot air from the vOJ:tex 

.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 a~rasion resistance. 

• 

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

(c) An inner and outer hood of the same fabrics as the suit 
joined 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 posipioned and secured in position to the outer suit 
by sliding fasteners fitted to the skirt of the hood and 
across the chest and back of the outer suit. 
An aperture on the front left waist provides entry for the 
air distribution system, and fitted inside the inner suit 
is a 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 th~ hood 
which provides both cooling and air for breathing purposes. 
The air distribution system consists of a weft P.V.C. 
manifold with a i" bore inlet, and 9 air distribution tubes 
which are!" bore P.V.C. The tubes are strategically 

.' perfora ted 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 personal adjustment if so required. 
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The suit is me.nufac tured in three sizes, small, 
and large as detailed below: 

HEIGHT CHEST 

Small Up to 5 ft. 8 ins. 38 

Medium Up to 5 ft. 11 ins. 41 

Large 'Up to 6 ft. 2 ins. 44 

More detailed information may be obtained 

THE :rnANKENSTEIN GROUP LIMITED 
RESEARCH AND DEVELOPMENT DIVISION 
HUNT LANE 
CHADDERTON 
LANCS. 

ins. 

ins. 

ins. 

from: 

• 

medium 

, . 
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Potential of suits f.or higher temperatures 
in conventional stations 

A suit capable of being.used at temperatures in excess of the 
limit of 600 0 may permit earlier a.ccess and thus reduce I down-time I • 

~ests to establish the temperatures in forced cooled boilers were carried 
out at West Thurrock and Northfleet. The results of two such tests are 
g1ven in Figures A11-1 ~. 

Reports from a number of stations indicate that access to some 
parts of a boiler can normally be achieved after 10 to 15 hours. Use of 
the Mark I suit, would permit prolonged access with temperatures some 3000 , 
higher than with no protection. Judging from cooling curves this.represer.ts, 
about 3i to 4 hours earlier. Earlier access than this is likely to be 
prevented by considerations of safety. Hazards, not from temperature, but 
from boiler pressure or, in the case of coal fired boilers, falling slag 
are liikely to make earlier entry l.'.ndesirable. 



FIG, 3.1A MARK I SUIT WITH MARK I HOOD 
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FIG.3.1B MARK I SUIT SHOWING NECK AND HEAD CONNECTIONS 
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,-,' .... FIG, 3.1C MAN IN INNER SUIT 
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FIG. 3.10 INSIDE VIEWS OF INNER SUIT 

FIG. 3.2A SUIT, REAR VIEW SHOWING VORTEX 
TUBE ON BELT 
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M.S.A. TWIN VORTEX TUBE ASSEMBLY 
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FIG.A.4-1 
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FIG.A.4-2 
PROTOTYPE 2 SUIT - OLDBURY BOILER /:CCE5S 
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HOT ENVIRONMENT WORKSUIT 

FOREWORD· 
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This Standard has been developed from the investigations carried out by the CEGB 
Working Party (Interim Report O(P)/NWH/I 8), into the requirements for protective 
clothing to enable work to be carried out in hot environmental conditions. 

I. SCOPE 

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

(i). Inner suit. . 
(ii) Air distributiol't system. 
(iii) Outer suit. 
(iv) Detachable hoods. 

The suit shaH be capable of protecting the wearer when working for 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 

This .Standard makes reference to, or should be read in conjunction with, the 
following documents: 

BS 2F.S7, 'Scoured Cotton Fabrics for Aeronautical Purposes'. 
BS F. I 18, 'Lightweight Nylon Fabrics for Aeronautical Purposes'. 
BS 2571, 'Flexible PVC Compounds'. 
DTD.48IE, 'Braided Nylon Cordage: 60 Denier Yam'. 
DTD.829A, 'Nylon Webbing'. . 
Specification UK/AID/926/3, 'Close Cotton Fabric for Flying 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 Ma terials 

All materials used shaH comply with Attachment A. 

3.2 Positioning 

All positions (such as left, right, upper and lower) are relati~e to the wearer. 
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3.3 Sealed Sample 

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

3.4 Minimum St~ndard of Manufacture 

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

3.5 Finish 

3.5.1 . Synthetic Fabrics 

The ends of aH nylon and terylene parts shaH be heat sealed to prevent fraying, except 
the quilted material seams of the· inner suit and hood, which shaH be raised over and 
stitched. 

3.5.2 Fittings 

AIl fittings sha1l be suitably stayed and securely attached in the correct positions as 
on the sealed sample. 

3.6 Sewing 

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

3.7 Stitching 

The number of stitches shaH be not less than 8 and not more than 10 stitches per 
25 mm. AH machine stitching shaH be carried out on a lock-stitch machine. 

3.8 Sliding Fasteners 

Sliding fasteners sha1l 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 shaH be exercised to avoid stretching the 
material. When sewn in, the fasteners sha1l be flat and free from puckering. 

3.8.3 The ends of the tape shaH be firmly secured to the garment, except' for the hood 
sliding fasteners, which shaH be left free for 25 mm. 

3.8.4 Each sliding fastener shaH 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 puH tags shaH· consist of stay material threaded through the wire loop of the 
sliding fastener, folded over, and a piece of 16 mm wide, 50 mm long, type 18 loop 
strip fastener stitched to the material. 



3.9 Assembly 

Fig. I shows the assembled suit. 

3.9.1 Air Distribution System 
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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 1nner and Outer Suits 

With the inner suit inserted into 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 

3.11 Washing Instructions 

Washing and cleaning instructions shall be provided by the manufacturer with 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 3 ), 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.l18, 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 be 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 and Loop Fasteners 

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

4.1.5 Sliding Fastener 

The sliding fastener shall be of approved type as follows: 

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

Suit Size Fastener Length 

mm 

Small 535 

Medium 585' 

Large 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 Suitillg 

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 Slidillg Fasteller 

'The sliding fastener shall be attached with two rows of stitching. 
" . 



4.3.3 Ventilation Tube Loops 
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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 Manifold 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 flap .to mat~ with the loop half sewn to 
a stay of fabric. A 38 mm diameter aperture shali 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. 

4.3.5 Hood Ventilation Apertures .. ' 

A 30 mm diameter apeituni on each ~ide of the front' shail' ~e faced with cotton fabric 
to Specification UK/AID/926/3, Type L.28, tcicorrespond to the' apertures on the outer 
suit. 

4.4 Size and Colour 

The suit shall be manufactured from orange cotton fabric in four sizes, small, 
medium, large, and extra large as detailed in Table I. 

Table 1 Suit sizes 
. :" 

Sizo Height Chest 

mm ft in mm in 

Small, up to 1730 5 B 960 38 ,", ' 

Medium, up to 1800 5 11 1040 41 

Large, up to 1880 6 2 1120 44 

Extra Large, up to' 1930 6. ·4. ·1170. . 46 

4.5 Marking 

A durable label made from scoured cotton fabric conforming to BS 2E57 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 th.e inner suit just below the. identification label., 

I Medium I Inner Suit 

Suitable for Men 

Max. Height 1800 mm 

Max. Chest 1040 mm 
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5. AIR DISTRIBUTION SYSTEM 

5.1 Materials 

5.1.1 Manifold 

The manifold shall be of approved type consisting of manifold body, v~ritilation 
tubes and connectors. ' 

5.1.1.1 Ventilation tubes of approved type shall be of polyvinyl chloride (PVC), to 
BS 2571, Qass 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 connecting 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. . 



Table 2 Ventilation tube details 

Tube reference Tube length for suit size 

No. Position Small Med. Large Ex. Large 

mm mm mm; mm 

1 Left Arm 1195 1270 1350 1425 

2 Right Arm 1320 1425 1575 1680 

3 Back Body 1125 1125 1125 1125 

4 Right Leg 1350 1450 1550 1650 
", ; 

5 Left Leg B30 910 960 1060 

6 Groin 495 495 ' 495 ' 495 

7 Front Body 300,. 300 300 300 

8 Head 216 216 266 266 

9 Head 170 170 170 170 

Note: For identification of tubes refer to Fig. 2 

S.4 Subassembly 

No. of 
holes 
(2 per 
punch) 

10 

10 
" 

10 

14 

18 

8 

10 

0 

0 
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Pitch for suit size 

Small Med. Large Ex. Large 

mm ,mm mm mm 

100 108 114 120 

10C) 109 117 124 

100 100 100 100 

100 109 ' 117 124 . ' 
50 56 61 66 

100 100 100 100 

38 38 38 38 

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 

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 L28. 

6.1.2 Knitted Nylon Elasticated Cuffing 

The material of the cuffing shall be knitted part 2/1 00/34 (false twist nylon), into 
which is laid 3369 covered rubber thread, or an approved equivalent, and shall be fast dyed 

black. 
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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 c~ffs shall be made from cuffing 125 mm wide, i.e. half the circumfere.nce. 

6.1.3· Hook and Loop Fasteners (Velero) . -

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

6.1.4 Suit Sliding Fastener 

The sliding fastener shall be of approved type as follows: 

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

Suit Size 

Small 

Medium 

Large 

Extra Large 

6.1.5 Hood Sliding Fasteners 

Fastener Length . 

mm 

610 

635 

660 

685 

. The continuous spiral, polyester sliding fasteners shall be of approved type as follows: 

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

6.1.5.3 Back - Halfofa 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 Buckle alld Slide 

Buckle and slide shall be of approved type. 

6.1.8 Hose TUI/I/!!Is 

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



6.2 Design 
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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 ~cross 
the chest and back of the suit. See Fig. 3. . 

i 
6.3 Construction 

6.3.1 Suiting 

6.3.1.1 The outer suit shall be assembled from woven cotton fabric with run and fell seams. 
6.3.1.2 TIle 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. 

6.3.2 Wrist Cuffs 

The knitted nyion 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 sleeves with two rows of stitches. 

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 fastener shall be attached with two rows of stitching. 

6.3.4.1 Tongue 

Woven cotton fabric shaH 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 attaching the sliding fastener to the suit. 

6.3.5 Hood Sliding Fasteners 

Three half-sections of open-ended sliding fasteners shall be sewn to the suit for 
attaching the hood as follows: 

(i) One half of a 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 tape»shall 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. 
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6.3.6 Fixing of Sliding Fasteners 

Hook strip fasteners of 50 mm length shall be sewn on to the outer suit to mate up 
With the lengths of strip fastenerS attached to the ptill 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 1001'S shall be made with a double row 
of stitching, and positioned as on the sealed sampie. The free erid of the belt shall be 
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 turned back for 13 mm shall 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 self-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 waist-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 end of the centre panel shall be turned 
back 13 mm and bagged under for liS 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 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 30mm diameter in each side of the front, positioned as on the sealed 
sample, shall be self-faced. -



6.4 Colour and Size 
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The suit shall be manufactured from orange cotton fabric in four sizes; small, 
medium, large, and extra large as detailed in Table 3. 

Table 3 Suit sizes 

Size Height Chest 

mm ft in mm in 

Small, up to 1730 5 8 960 38 

Medium, up to 1800 5 11 1040 41 

Large, up to 1880 6 2 1160 44 

Extra Large, up to 1930 6 4 1170 46 

6.S Marking 

A durable label made from scoured cotton fabric conforming to BS 2F.S7 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. 

I Medium I 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/m3 ), 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 pane)s 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, Oass 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 (Ve[cro) 

Hook and loop strip fasteners 16 m m 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 fastener 
without slid er. 

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 slid er fitted with a wire loop. 



7.1.11 Stays 

St&ys shall be of approved type. 

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

7.2 Design 

7.2.1 The hood shall be detachable, joined to the outer suit by sliding 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. 

7.2.2 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 fasteners. Webbing pull loops are attached to the 

. cowl flap and visor. '. 
7.2.3 A semi-rigid insert shall be u'sed in conjunction 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· Thecoverand 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 
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. 

Z3.2 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. 

Z3.3 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 inner layer shall be stuck to the outer layer as described in 8.2, 'D7sign'. ' 
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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. 

(H)· The ventilation tubes shall be threaded through the tunnels of the inner hood. 
(Hi) The visor shall be inserted between the inner and outer hoods, and the hook and loop 

strip fasteners fastened. 

7.4 Colour and Size 

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

8. HOOD, RIGID 

8. I Ma terials 

8.1.1 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 3 ). in 50 mm squares at 45° to the warp. to form a quilt. 
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The outer hood shall be made from woven cotton fabric of approved type conforming 
to Specification UK/ AID/926/3, Type 1.28. 

8.1.3 Ventilation Tube ConnectorS 

Ventilation tube connectors shall be of approved type. 

8.104 Ventilation Tubes 

The ventilation tubes of approved type shall be of polyvinyl chloride (PVC), to 
BS 2571, Gass 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. 

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 Adhesh'e 

The adhesive used shall be of approved type. 

8.1.8 Hook and Loop Fasteners (Velcro)· 

Hook and loop strip fasteners, 16 mm wide, 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 
wi thout 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. 

8.1.10 Stay Loops 

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

8.1.11 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 turn 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 
loop 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. 

8.3.2 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 Rigid Helmet 

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

8.3.5 Slidillg Fastellers 

8.3.5.1 The halves of the two :!OO 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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. .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. 

8.3.7 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 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 fabric layers of the 
hood. 

(iii) The ventilation tubes shall be threaded through the tunnels of the inner hood. 
(iv) The visor shall be inserted between the inner and outer hoocis,and the hook and loop 

strip. fasteners fastened. 

8.4 Colour and Size 

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

• 
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Complete suit 

Fig.2 Inner suit (showing air distribution system) 

,. 

, 
t-. , 

. Fig. 3 Outer suit 

Fig.4 Hood 

86/197 
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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 Issue 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 performanc'e 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 

Adhesive, TK5000 

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

Connectors, Hood 

Female Size 
Male Size 
Y piece, ml0 

Cuffs 

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

Fabrics 

Manufacturer 

Tivoli Kay Ltd. 

Aerolex Ltd. 

Circlex Ltd. 
Circlex Ltd. 
Portex Ltd. 

Lenton Products, Nottingham 
,Lenton Products; Nottingham 

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

Beaufort (Air-Sea) Equipment Ltd •• ' 

Nylon to BS F.118, Ref. 8684 

Fasteners 

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

SD40 

Beaufort (Air-Sea) Equipment Ltd. 

Selec tus Ltd. 
Optilon Ltd. 

S3 
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Description 

Polyester Foam, density of 3.8 to 
·5 kg/m3 

Connecting Hose, 412 UAS, 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 I)UIl bore - 800/000/525 
6.35 mm bore - 800/000/450 

PVC Black 
8 mm bore - 800/021/350 

Perspex Visor 

Webbing, Cotton or Spun Nylon 

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

Glass Fibre Helmet 

Glass Fibre Panels 

Neoprene Sheet, Type 3, 6.5 mm single 
skin superfIex 

Manufacturer 

Harrison Jones, Royton 

Dunlop 
Beaufort (Air-Sea) Equipment 

Beaufort (Air-Sea) Equipment 

Beaufort (Air-Sea) Equipment 

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.U. Ltd. - Nelson 

Ltd. 

Ltd. 

Ltd. 

Sub-Aqua Products Ltd., Eastleigh 
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FOREWORD 
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The purpose of this Standard is to provide clothing designed for the protection of 
personnel making contact with live metal 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 suits, is made lip from an electrically 
conductive material. 

Having regard to the working environment, the suits are designed to be flexible, light 
in weight and unrestrictive to the wearer. 

. Boots, shoes or overgloves worn with the suits shall be electrically conductive. 
It should be noted that in accordance with tIle metrication of the clothing industry 

the relevant dimensions are given in centimetres. 

I. SCOPE 

This Standard determines the materials, design and make-up, sizes, marking, tests and 
quality control requirements of electrically conductive suits 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 Fibre 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'. 
I\STM D 2261-71, 'Tearing Strength of Woven Fabrics by the Tongue Method'. 
IWS 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 b~ made up from materials to the construction 
given in Table I. A1tenlative materials. having an equivalent performance, will be 
considered by the CEGB, but certain synthetic materials and materials whose 
electrical conducting properties arc provided by metallic coating or impregnation, will 
not be acceptable. . 

Table 1 Construction and Performance 

Property 

Fibres 

Yarns 

Fabric 

Weight 

Ends 

Picks 

Wool 
Stainless steel 

Count !tex) . 
Twist singles 
Twist folding 

Weave (twill) 
Blend (wool/steel) 

Breaking load Warp 
Weft 

Extension at break Warp 
Weft 

Tear strength Warp 
Weft 

Abrasion resistance 

Shrinkage (dry cleaning conditions) 

Requirement 

21.7 micron dia. 
8 micron dia. 

R49tex/2 
650(Z) turns/m 
530(S) turns/m 

212 
75/25 per cent (±2 per cent) 

215 gm/m2 

220/100 mm 

193/100 mm 

300 N 
290 N 

13 per cent 
12 per cent 

21.6 N 
27 N 

23000 (min) 

2 per cent max. 
(warp and weft) 

3.1.2 Dyeing and linish shall be omnge to ,sS 381 C. Ref. 592. 

3.2 Bonding Lead 

Test Method 

BS 2043 

BS 2865 
BS 2864 
BS 2864 

BS 4407 and 
IWSTM 155 

BS 2471 

BS 2862 

BS 2862 

BS 2862 
BS 2862 

. 8S 2862 
BS 2862 

ASTM 0 2261-71 and 
IWSTM 155 

BS Handbook No. 11 
IMartindale Test) 

BS 4202 

The bonding lead shall comprise a flcxible. knitted mesh of stainless steel in stocking 
form. Wire gauge shall be 0.15 mm (38 S.W.G.), warp 18 stitches/! 0 cm, weft 
36 stitches/! 0 cmwith a finished width of app.r0xim~tely 2 cm. 

3.3 Seams 

Seams shall be stitched with a polyester/cotton blcnu thread (J and P Coates, 
Rd"crcnce KOBAN Ticket 75 - soft finish, or equivalent). 
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Generally the design ami make-up shall be in accordance with a Standard Pattern 
which will include any properties or qualities not d~tined herein. The Standard Pattern may 
be made available by application to the Standards Engineer. Headquart~rs. 

Suits shall comprise a coverall, with intcgr.ll hood and visor(s), gloves and oversocks as 
detailed in 4.1 to 4.4. 

A general arrangement o~ the suit is shown in Fig. :!. 

4.1 Coverall 

4.1.1 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 IS cm wide 
at the shoulder, finishing IS 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 500/7:!/880, or equivalent) with the overlap secured by four press studs 
and top button, interposed with 'Velcro' strip not less than :! cm wide. 
Rdnforcement, of the same material as the suit, shall be applied externally at the seat 
and inside leg, ani! 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'. 

4.1.:! To permit effective adjustment to the suit arm and leg length, three sets of metal 
press studs spaced 4 Cm between sets shall be provided on each arm and leg of the 
coverall. In the lowest position, gloves and oversocks s~a11 overlap the coveraIl by not 
less than II cm and :!2 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. 

4.1.3 The hood shall be provided with a visor(s), 7 x :!O cm peak, and shall ;Iccommodate 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 'Velcro' strip not less than 2 cm wide. 

4.1.4 A bonding lead, overall length 70 cm shall be provided on the suit as shown in Fig. 2. 
The lead shall be sleeved 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. 

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

Scm 65cm I rl -I- -. 
mm Mf#-------- =- -3 I -~-=-7~--7-~ 

FLEXIBLE SLE EVING DOUBLE 
.. MESH STITCHING 

THROUGH 
SLEEVING 
AND MESH 

Fig. 1 Bonding lead 
GENI11/2112357 
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4.2 Gloves 

Gloves shall be of the gauntlet type with cuffs fitted with 2 cm wide washproof 
elastic bmid, sewn into the hem. The cuffs shall be provided with three press studs for 
att;lchment 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/lO 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: 1.7 to 1.78 m (5 ft 7 in to 5 ft 10 in) 

Large:· 1.78 to 1.85 m (5 ft 10 in to 6 ft I in) 

Table 2 Coverall Dimensions 

Minimum Dimensions 
'cm 

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 91 

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 kg lengths as referred to in 4.1.2. 
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Glove dimensions shall comply with Table 3. 

5.3 Oversocks 

Table 3 Glove Dimensions 

Dimensions 
cm 

CEGB Code 
Number 
06/08/010 

Tip of second finger to gauntlet cuff 38 

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 

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

Table 4 Oversock Dimensions 

Minimum Dimensions 
cm 

Medium Large 

CEGB Code CEGB Code 
Number Number 
06/0B/014 06/08/015 

Toe to heel of sole 28 33 

Width of sole at ball of foot 11 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, glows and oversocks shall 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'. 
(H) Manufacturer's Identification, 
(Hi) Serial Number, 
(iv) Size - Medium or Large, (for coverJlls and oversocks only), 

and allow space for the addition of the wearer's name. 

Subject to complying with 7, 'Tests' the coverJlIlabel 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 I, and examined to show a uniform distribution of the steel 
fibres. 

7.2 Suits 

Electrical continuity of each completed suit shall, before despatch frem 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, TIle suit will be retained at 
the manufllcturer'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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I tC===='uD 
330"'", 
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FIG. AI 

A2. PREPARATION OF BONDING LEAD 
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FIG. A2 
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20 'od 
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68/6419 
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I 
X 

68/6419 

~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 Att achmtnt 

2· ... , alO. S'"I. pon or cheese "cod.d se,.., 10 
SS U13 with ,...,ts and plClin,llc.1 washers 10 
as UZO. tabl. 2. Hort. diomtltr I. 

FIG. A3 
68/6419 

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

• 

"In 'B' lruclear Power Station the boilers are contained with the 
reactor core in a thick prestressed concrete vesscl. 'r,hus the post shutdown 
cooling period of the boiler gas passes will be much lcnger than the 2-3 
~s for the 'A' Station ~agnox reactors. In fact, calculations have shown 
that llith all 8 circulators running, the reactor core outlet temperature 
will fall to 6o°C after 8 days, 50 C after 16 ~s and 400 C after 36 days ' 
po st shutdo~:n. 

The economic penalties caused b,y the outage of modern thermal power station 
units led the C.E.G.B. and S.S.~B. to pursue the development of protective 
clothing llhich would allol~ access, to the boiler gas passes at the earliest 
opportunity i.e. when the vessel temperature may be in some regions (gas 
baffle dome area) as high at 600 C,8-1O ~s post shutdown. 

In 1971, a Hot Box facility was built at' , 'A' to give personnel 
experience and COnfidence in wearing the special protective clothing in an ' 
ambient temperature of 600 C. The training procedurcs adopted for the Hot 
Box form the basis for this document. " 

This training in the Hot Box is the first of 3 separate exercises which will 
lead up to a full scale hot entry after the second commiSSioning hot run on', 
Reactor 3. 

The complete training programme is covered in four parts of this C.T.S. 
These are as follows~- ' 

Part 1 

Part 2 

Part 3 

Part 4 

.. ' . 
Boiler Familiarisation Facility - the Hot Box. 

Vessel Entry Access Route Simulat;on Facility. 

Vessel Access Demonstration - Cold Run. 
Vessel Access Demonstration - Hot Run. 

2 OBJl1X)TS OF TRAmnm 

2.1 Tb give personnel an appreciation of a 60°c hot ~nvironment. 

') 

2.2 Tb familiarise personnel with the various items of'protective clothing 
associated wHh hot environmental work. 

2.3 Tb carry out simple tasks in an environment of 600 c, similar to what 
, ' is expected to be undertaken in the Hunterston 'B' pressure vessel. 

3 THE HOT BOX 

(a) Description 

The boiler familiarisation facility or hot box, as it is commonly termed, 
is situated in the turbine hall basement at Hunterston 'A'. 

:Basically it consists of 3 rooms, Control Room, Change Room end Hot Room. 
The dimensions of each are shown in Fig.l. 

The Control Room houses all eRsential control a.'ld al= equipment. The 
three phase heating supply cocmunicati:ms and air flow/pressure are all 
monitol'ed from this point. 

The Change Rooc in addition to its prime function as a dressinwundressing 
ll.I'.ea acts as a store for the air-cooled suits and other protective clothing. 

The Hot Room whic~ conteil'lS an obstacle course - sce Fig.2 oay be heated up 
to a caximum temperaturo of 65°C in 1 hour. This is accomplished b,y air, 
driven b,y a fan, passing through a bank ef heating elements of 21 kw ' 
capacity then percolating through the perforated cciling. A suction grill 
situated near ground level ccmpletes the circuit. 

(,,\, 

i 
I 

, I 

I 
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3 THE HOT BOX (Contrd) 

(b) . Opcratio~ 

2. 

. '. 

( The proccduro for initiating the heating syster.l is ·detailed in 

.. '. 

Appendix I. All the relevant Bwitches are contained on the electrical 
penel in the Control Room. 

The cooling air system is designed for a 2 - men training progr=e. A 
. 65 S.C.F.Il. air compressor plus receiver are situe.ted adjacent to the Hot 

Box on the Turbine Hall basement main wa.lkw~. .Air is piped into the 
Control Room via. a channel in the floor. This pipe then bifurcates, each 
line entering an air flo~l meter on the air control panel. IbwnstreC\IJ the 
air passes through fil tors end pressure regula.ting valves and terminates 
at the 2 points inside the Hot Room. The start-up end operation of the 
air system is detailed in Appendix 2. Itorma.lly no adjustment of the 
valves is required as they have been pro-set to give maximum air flow 
32 - 34 c.F.m. at a pressure of 85 - 90 p.s.i. 

The air quality must be within the acceptable limits of impurities in 
breathing air as defined in BS 4275. These levels are shown below:-

Impurity 

... 
Carbon monoxide 

Carbon dioxide 

Oil 
, , ~ . 

Aoceptable Quantities 

5 p.p.m. (5.5 ms/m3) 

500 p.p.m.'(9QO mg/m3) 

O~5 mg/m3 J .: .. ~, " .' . 

Odour and cleanliness .ilir should be free' from all odour and 
contemination by dust, etc~ 

Oil oontamination checks are undert~~en regularly by the Station Chemistry 
department. 

4 PROTIDTIVE CLOTHING 
• 

, '. 

It is acoepted that if work is to be oarried out in teraperatures in excess 
of 400 C (104°F) special olothing incorporating some form of oooling is 
essential. In th~ mid - 6o's the C.E.G.B. pursued the development of an 
aii):cooled suit capable of being used in ElIIlbiant temperatures of up to 
70 C. 

In principle, dry, dust free air is supplied to the suit at a pressure of 
at least 80 p.s.i. ~d is cooled by a vortex system to a temperature . 
suitablo to the wearer (an air temperature range l2-25°C is considered 
desirable). It is then fed around the suit and helmet via a network of 
P. V .C. tubes, and dispersed perpendicular to the body. The wearer is 
therefore surrounded by cooled air, which is moving aw~ from the body and 
continually replenished from the supply to the suit. A description of 
the suit and other essential items is given below. 

(a) Air Cooled Suit 

The suit assembly, nemed the Beaufort Iynacool 70 suit, consists of four 
parts: an outer suit, a foam .insulated inner suit, a hood and a. vortex 
tube. 

. . 
Th.e outer suit is made of a closo ~Ieave ventile cotton material and acts 
basically as a. wear resistant and sacrifioial item. 

The/ ••• 



4 PROTEI:TIVE CLOTHDrG (Cont'd) 

(a) Air-Cooled Suit (Contld) 

The inner suit is made of 6 mm thick expended polyurethane foam, sand­
~liched between two layers of llOven nylon. As with the outer suit, it is 
fitted with a front entry zip. 6 ne bore P.V.C. tubes are threaded 
through fabrio tunnels sewn to the inside of the suit. The tubes· are 
routed and perforated to ensure 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 oonnections onto the hood air distribution tubes. 

The shape and style of the helmet has been altered severcl. times and a 
variety of types are nOlI a.vailable:-

Mark II 

Mark III 

Mark IV 

Mark V -

narrow, soft-backed. 

large, bulbous, fibre-glass backed helmet, too large for 
most constricted parts of the Hunterston 'B' vessel entry 

. route. 

a smaller version of Mark III. 

similar in shape to the lola.rk II o.nd containing a variety 
of small rubber panels fitted into the back of the helmet 
to give safety protectio~l and a degree of flexibility uhen 
negotiating narrow spaces. 

The outer rear cover of the helmet is ma.de from a lD;Yer of outer suit 
fabric, lined with the inner suit insulation. The front has a moulded 
perspex visor which gives reasonable visibility. Being of a rigid type, 
the helmet does not Dove with the head. 

Diagrams of the various parts of the suit are shoWn in Fig.3, a, b, and c. 

The Vortex tube e.esembly is fastened into a holster belt round the waist. 
Because of the high temperature enVironment, an e.esEltlbly ccnsisting of 
two tubes in parallel is required to supply the neoessary cooled air flow. 

The vortex tube assembly is connected to the suit qy a 2.5 cm rubber bore 
tube. 

The prinCiple of the vortex twin-tube is as fo11o,",s:- compressed air 
at a pressure greater than 80 p.s.i. enters the llssetlbly through tangential 
nozzles, ~Ihich inject it at sonio speed into e. cht::l:lber to oreate a vortex 
spinning at up to half a tlillion revolutions per minute. The centre of 
the vortex is cold air uhich flows out through a enall hole to the cold 
air discharge tube. The remaindar of the air spirals along the two 
long tubes growing hot in the process and is then discharged through two 
vcl.ves at the far end. This restriction imposes enough pressure on the 
vortex chamber to drive the air out of thG cold end. It is essenticl. 
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 achievo the necessary cooling. Each tube has a fraotion 
valve at the hot exhaust end end for optimu:n hen.t removcl. it he.e been 
found that both vcl.ves must be> set at about l~ turns open: 

i.e. with both valves shut, a lot of cold air is driven into the 
suit; with both valves full open, a much Stlaller amount of 
coldcr ~r is driven into the suit. 

In practice, some~lhere in-betwoen these t~1O eY.treme settings 
(It turns open) has been show,a to distribute a good flow of 
air st a temperature of l5-l8°C. Furtht'l=ore,the noise as 
well as feel of the air at this setting, psychologically, 
reass'Jring. 
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(a) 

f'ROTECTIVE CLOTHmG (Cont' cl) 

.air-Cooled Suit (Cont'd) 
• 

Finally the suit is manufactuxed in two sizes, to fit wearers of the 
measurcDents liste~ be10\~. 

Max. Height ~~ Chest 

?<Iedi 'Ulll 

Large 

(b) Gloves 

44" 

Gloves, basically, must be both heat-resistant and reO-sonably finger-sensi­
tive. The norcal station issue rubber and cotton gloves do not fulful the 
first condition whereas the recognised heat-resistant gloves made from 
asbestos or leather material tend to be too bulky and stiff to satisfY the 
second condition. 

Until a sui table type is found all trainees will be given 2 pairs of gloves 
to wear, a thin cotton inner pair in case sensitivity is required and a 
al'Ulllinised calf leather outer pair for heat protection, In practice so 
far, this composite arrangement has been satisfactory. 

(c) Boots 

Fincling a comfortable, heat-resistant boot has' so far ,proved difficult. 
Various types of leather boots have been tried without success. At 
present, all training is being undertaken using the 'norma1 station issuo 
of Surgeonts boots and, aSliith the gloves, proving reasonably successful. 

Tb improve the insulation of the boot sole, a 5 ply mesh plastic insole 
a..'1d special nylon boot sock aro included as part of the standard training 
clothing issue. 

(d) Air-Lines 

The chosen air-line for the Hunterston tB' vessel entry must StltisfY a 
stringent specification. Idoally it should be a lightweight, heat­
resistant flexible non-kinl::a,ble hose ef bore not lcss than 15 I:lI:I and 
capable of withstanding a pressure of 200 p.s,i. 

The air-line which will be used for trc.ining consists of four tubes each 
of nominal bJre 0.3 mm enclosed in an outer flexible sheo.th. 3 pairs of 
screened cO-bles are threacled between tne tubes, two pairs for use in the 
cODOunication B"".fstem and the third acting as a spare. The total length 
of the air-line is 50 feet. 

(e) Coonunication SystOD 

During the training seSSion, both entrants are in constant comnunication 
with the Controller and each other. 

The syste;:J is Dore c'Ulllbersotle than that used in the other trO-ining fooili tie 
and consists of an t!~ticoustict ear-clefender heO-dsets coupled up to an 
amplifier which is tucked under the suit belt. In the other fooilities ,. 
the OIlplifier is part of the control unit and therefore does not handicap 
the trainees as can be the case in the Hot Box. 

·5/ •.• 
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5 TRAD-mm SCHEDULE3 

In order initially to involve all personnel associated with the vessel 
entry de::lonstration progr=e, '-lith 0. fOI:liliarisation of the various ite::ls 
of protective clothing in b~t conditions 0. tro.in~lg progrornrne has been 
prepared both for thc entrants and for the helpers i.e. dressers and hose­
reel attendants. The total tiee involved for each group is given belo~l. 

(a) Training for Vessel Ehtrants 

Time -(i) Lecture 10 mins. 

(ii) L~out of Hot Box 10 mina. 

(iii) De::lonatration of protective clothing 15 mina. 
and comcunications 

(iv) Dressing 10 mina. 

(v) Practical 1 hour 

(vi) Undressing . , 10 mine. 

(vii) Discussion 10 eina. 

. - 2 hra. 

This achedule is sho~m dia.,"'"l'a.m1Jo.tically in Figs. 4 end 5. 

(b) Trc.ining for Helpers 

(i) 
(ii) 

(iii) 

(iv) 

(v) 
(vi) 

Lecture 

La;rout of Hot Box 

Operation of Hot Box 

Demonstration of protective clothing end 
cool"lunicationa 

DreSSing/Undressing Procedures 

Practical 

Time ---10 minfl. 

10 mins. 

10 mins. 

15 mins. 

20 mina. 

30 mina. 
be 

5 mins • 

. 1 hr. 35 mins. 

It is anticipated that only one session will be required in the Hot Box 
for each trainee. 

6 l.!ETHOD OF TP..AINlNG -'. 

(a) . Lecture • 
The lecture ~1ill cover the followingtopics:-

(i) Hunteraton 'B' a.,G.R. Vessel entry route 

(ii) The 110rking Conditions Ehcountered. 

(iii) The Need for Protective Clothing 

(iv) .The Vessel entry Procedure as d.escri11e~ :.n Par-t IV of the C.T.S. 

(v) The Training Facilities Md Progr=e 

(b)/ ... 

. } 

, . 
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6 I.rnrHOD OF Trumrma (Cont' d) 

(b) Layout of Hot Box 

All tro.inees lli11 spend 0. short tice inside the Hot Room in norcol clothing' 
and experience the air ond netol surrounds at 600 C. IJ. description of the 
obstacle course, Fig.2, ldll be given at this stage. 

(c) Daconstration of Protective Clothing and Co~unications 

Each it~~ of protectivo clothing will be described. Change room attendants 
who will be acting as helpers, h1.11 be shol1l1 hOl~ to asseoble an air-cooled 
suit and associated o.iT-line systec. 

(d) Dressing Procedure 

Uearer to strip doh"ll to 'station underwear. (i) 
(11) C.R.IJ.. will o.ssist wearer to slide legs into air-cooled suit, making 

sure toot the' tubing in the legs are not tongled. 

(iii) Pull top hcl.f of suit over the shoulder, noting again that the tubing 
in the arcs are not tangled. 

(iv) Mter final check of tubing around the chest eren, zip up the front 
of the suit. 

(v) fun boots plus insolo ond insulating sock, ensure tubing is fully 
down, and tape boots to suit. 

(vi) Fa.sten safety belt and check Vortex tube is seated correctly in 
holster. 

(Vii) Plug in coloured o.ir-line to Vortex tube and note flow to helmet, 
arms and feet. 

(viii) Fit eer defender headset and throat microphone cocfortably and 
switch on co~unieations. 

Test eoocunications. 

fun 2 pairs of correct gloves and tape to suit. 

. :.~ ,: (ix) 

(x) 

(xi) 
(xii) 

Place helmet carefully over heads Elt and connoct up to 

Zip up the helcet to front and back of the suit. 

the 2 air-tubes. 

(xiii) Finol chock of corounications and air systeos. 

(e) Practical Session in Hot Room 

(i) . nlce inside the Hot Reoc, both· trainees will first free up to 20 feet 
of air-line frOi:! the reels then wolk up and dol'1l1 several times to 

acclimatise to the conditions. 

(ii)fuch in turn will clicb up end do~1I1 the ladder ~ tices, then walk 
over to the top horizontally l!lounted canhole cover. 

(iii) Using spanner provided, remove the 8 nuts, lift and stow the cover. 

(iv) Descend throu,zh the manhole assisting each other with the air-lines. 

(v) The vortical pIeced canhole cover is re~ved and stewed in siciler 
manner. 

(vi)/ ••• 



~ MEl'HOD OF TRAINnTG (Cont1d) 

(c) Practical Session in Hot Room (Cont'd) 

(vi) Crawl through the manhole El.gllin assisting each other with the air-
lines. . 

(vii) :Each in turn ~Iill first rene~1 the hacksa~1 bbde then saw through 
a 2" scn.ffo1dillg pipe. 

(viii) Both ~lill then return to the ladder by the reverse route, replacing 
the cenho1e covers in position en route. 

(ix) 

(x) 

Finally 4~ c1icbs on the ladder. . 

The exercise is nOli completed ll.'ld each will retire to the cha.'lgeroom 
on the Controller's instructions. . 

Throughout the exercise, the two trainees will be in coccunication with each 
other end the Controller. The Controller will instruct each trainee before 
str..rting that should he feel in any way distressed, then the exercise be 
stopped iccediately •. 

(f) undressing Procedure 

(i) unzip helmet and disconnect both air-tube connections. 

(ii) Remove helmet and ear defender headsets. 

(Hi) Remove both pairs of gloves, place in bin. 

(iv) ROtlove boots, insoles and insulating BOCY..s, place in bin. 

(v) Disconnect air ~~pp1y to Vortex tube. 

(vi)" undo safety belt. 

(Vii) Uazip end remove air-cooled suit, place in bin. 

(viii) Dress in trensit clothing. 

During a discussion on the practical session," the trainees will b~ given 
a refreshment and asked to fill in a questionaire (see .1ppendix 3) which" " 
cust bereturned in due course 10 the Controller. It is reco~ended that 
the trainees make use of the shower facilities which are available. 

(g) Operation of Hot Box 
I • 

Changerool:l attendnnts I-rill be shown how to operate the heating and 
compressed air systeus for the Hot Box. Full instructions of each are 
given in .ll.ppendices 1 end 2. 

7 RESPOlISIBILITY 

S.S.E.B. ere resper-sib1e for providing, maintaining end operating all 
equipcent and traini.'lg sessiolls in the Hot Box. . 
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8. AFPENDICES 

( 
1. Hot Box - hvating procedure. , 

2. Hot Box - air system. 

3. Questionna.ire 

9· DIAGRAMS 

1. La;yo1It of Hot Box. 

2. Obstacle Course. 

3. Air-cooled suit. 

4. Training .team entry procedure. 

5. Training team withdrawal procedure. 
( 

( 



M'PmDIX 1 

ROT BOX - HEllTnTG PnOCEDURE 

PnOCEDUilE . 

The various units on the control penel ore indicated on a RED displOiY" bomod 
placed at top of the panol. The ter.Jpero.ture control setting (0 Fo.hrenheit) 
is a black ~ob si tuo.ted just above this display boord o.nd must on no account 
be turned to higher tho.n 1400 F as there are vorious limit s\~itches inccrpor­
ated into the electrico.l circuit \1hich will come into operation D.bove this 
caxinuo setting o.nd cut off the heating. 

The hot rOOI:l te.-:lpercture is indicated on a meter above the R.R.S. squue 
window in the contrel roOD. 

1. :Eilsure that the E'Jergency door in the hot roor;). leading to the Turbine 
Hall is 'Ulllocked. 

2. Shut the louvre boortts on the outside of the heating air extro.ction 
systeD. 

3. Set the temperature control to the desired rOOI:l teI:lperature (Note, the 
above restricti0z;t). . . 

4. l~ith reference to the Red indicator boord~ SWITCH on (1) Heater 
Isolator Unit (2) Control s\·litch Elnd (3) Fen Isolator Unit. .lUl three 
switches ore in the bottoI:l rou of the contrel I>o.nel. Fino.lly, press 
the green tSTllRT' knob of the Fen conto.ctor. 

If the heating systeu is operating, a red light will glow in eo.ch of the 
three heo.ter control units (ned, Blue end Yello\~ phases). Once the reor;). 
has reached the required teI:lperature, these lights will s~litch on o.nd off 
intermittently. . '-

CLOSE DOl-nr , 

1. . ~litch off (1) Heater Isolator Unit, (2) Control Switch end (3) Fan 
Isolator Unit. 

2. To switch off the hec.ting alone and retain the fen running, press in 
the RED heat~ lock off knob. To blow cold air into the rOOD, close the 
air .vent in the Hot RoOr;). o.nd open the air vent at the Turbine Hall side. 
To restart the heating, reverse the air vents and reset the heater lock 
off m-litch. 



· . 
1IPPENDIX 2 -
HOT llOX - AIR SYSTE:~ -
PROCEDUIlE --
Two connections for air lines are situated inside the Hot Room~ The air 
flo\~ and pressure in each line is governed by the air control 9anel in 
the control room. Normally I no adjustment tlill be necessary as the 
valves have been set to give maximum air £low (32-34 cFm) and pressure 
(85-95 p.s.i.). A filter is incorporated in each system to remove any 
moisture. 

(1) ~itch on the mains to the compressor. 

(2) ~tch on the compressor. 

(3) Allow 5 minutes for ~he pressure in ~he air receiver to reach 80 
p.s.i. then open th~ valve at ·the receiver base for a few seconds to remove 
any water present. 

(4) Check the air pressure in the two lines on the control panel 
(85-95 p.s.i.). 

(5) Adjust both valves on each Vortex tube to lh- tUrns out from the 
'full-in' position. 

(6) Connect the s,ystcm to run for 15 minutes before startL~g dressing 
personnel in the suit. This will ensure that the air s,ystems are 
completely clean. 

(7) Dress personnel - See Text. 
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FIG. 3· AIR-COOLED SUIT 
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FIGURE 4 
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COMMISSIONING TEST SCHEDULE 

VESSEL ENTRY ACCESS ROUTE SDIULATION FACILITY 
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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. 

To provide entry teams with a more accurate impression of distances 
) be covered and difficulties ~Jhich will be encountered in the vessel 
)cess rou:te. 
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1. ACc:mS RomE SIMULATION FACILITY 

This faoility has been oonstructed alongside the Charge Machine Maintenanoe 
Building rehearsal shaft on: . '.'. . • It has been designed to resemble 
the a.ocess route in the Hunterston 'B' pressure vessel but beoause of the 
building limitations, it is only ~s in height.of the latter. 

The ladderworl!: structure of the faoility is enolosed in a hardboard shaft 
and inoorporates all the main realistio features of the vessel aocesBroute 
i.e •. landings, inspection hatohes, boiler support beam and the angled 
ladder round the housing of the gas oirculator. 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 114' level. The communication system and air flow/pressures 
are monitored at this point by the trainee Controller under the supervision 
of the training programme co-ordinator. 

Compressed breathing air delivered along ~I galvanised steel pipework from 
the oompressor 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 
sessions an attendant is on duty at this point to supply airlines on demand 
via the communioation system. 

A seoond a.ttendant is positioned above the entry point at the 111' level to 
operate the air-operated 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 point. A 
safety line is oompulsory for all entrants and it is also fastened onto the 
beam. 

A ohange room is provided at the top of the stairs at the 114' level \d.th 
ample space for storage of all equipment. 

110 prOvision is made to simulate the hostile environments of noise and high 
temperature that will be present in the : 'ill' vessel. 3 k-tI fan 
heaters have however been provided both at the bottom of the hardboard shaft 
and in the change room to maintain the temperature above ambient during oold 
weather. 

Permanent lighting fixtures have been installed inside the faoility but will 
nct normally be used during a training session except in emergency ciroumstance! 
Temporary lighting identioal to the Circuitry for installa.tion in the' 

pressure vessel will be used for all training sessions. 



4. :EQUIPMENT 

(a) Compressor 

-'t-

The compressor, together with an afteI-cooler and air receiver, is housed"­
in a temporary building at ground level on the somh side of the C.M.M.B.-

It is an Ingersoll Rand Model 25B Type 40 compressor, air cooled with a 
free air delivery of 128 cFm, maximum working pressure 125 p. s.i. The 
discha.rge air pressure has been adjusted to give only 100 p.s.i. The 
electrical supplies for the 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 comrol console provides the Controller with the same information which 
he will get from the 'B' Station console during vessel emry. 

The compressed breathing air pipework is fitted into the oonsole after passing 
through a coarse and fine filter. 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. Fcur valves fixed into the from 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 to 10 personnel but as there will be no back-up emergency team during the 
training sessions, cnly 6 lines will be in use:- 4 inside the facility, 
1 hose reel attendant and 1 hoist operator. The proper use of communications, 
inoluding the recognised form of address code, is vi tal to the success of the 
vessel entry programne and although the basic procedures are omlined in 
Appendix 2, these will certainly be mOdified in the course of time through 
experienoe gained in this training facility. 

A time-elapsed clock will also be fitted imo the coneole to correspond to 
the 'B' Station console. 

(c) Protective Clothing 

The aiZ'-Cooled suits, gloves, boots, etc. are all as descrired in Part 1 of 
this document. 

(d) 'Casualty' 

An anthropometric 95th percentile d1llllIl1Y has kindly been loaned by Dr. Borwick, 
National Engineering Laboratory, East Kilbride, for use in the carrying om of 
the emergency procedures where a oasualty is ilWolved. Trainess must not 
attempt to oarry the d1lllUl\Y up the ladder, it weighs 217 lbs. 

(e) Ai:t-Operated Hoist 

A t ton ai~operated hoist is suspended from a support beam- above the facility 
emry poim on the 117' level. It is intended primarily for the removal of 
a casualty but may also be used in circumstances when it is not possible to 
move equipment into and om of the facility by rope i.e. the 90 lb. tripod 
support beam whioh is positioned above the boiler cheesepiece will require the 
hOist. 

(f) Safety Lines 

• 
All ladderwork will be undertaken attaohed to an Everest safety line. The 
line will be fixed to the support beam above the entry pOim. The correct 
method of tying will be clearly displayed adjacent to the support beam. 
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5. TRAINING PROGRAMME SCHEDULE 

(a) Aooess Route Simulation Facility - Sohedule for Personnel • 

Introductory Leoture 10 mins. 

Outline of Faoility, Console and Protective Clothing 10 mins. 

Dressing 15 mins. 

Practioal 2 hours 

Undressing, Discussion 20 mins. 

2 hrs. 55 mins. 

(b) Schedule for Change Room Attendants - Dressers, Hose Reel Attendants, 
Hoist Operators 

Introductory Lecture 

Outline of Facility, Console and Protective Clothing 

Pract 1 ca.l 

10 mins. 

20 mins. 

30 mins. 

1 hour 

At this stage of the training progranme, it is envisaged that because of the 
number of ermrgency procedures that must be thoroughly practiced, all 
trainees for the simulation facility will require a minimum of ..l sessions. 
Change room attendants, being small in number, will participate at very· 
regular intervalB. 

" 
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6. lOOHOD OF TRAINING 

(a) Personnel 

The composition of a traini11g' team will be as follows:-

Console 

'B' Station Operations Engineer as traini11g' Controller, assisted by trainillg 
prograllllle co-ordinator. 

Chan,?,'(3 Room 

2 change room attendants to assist with dressing/undressing. The duties of 
cha.11g'e room attend.aJrt;s are given in P:lrt 1 of this C.T.S. 

Hose...Reels 

One of the above C.R-A. 's will operate the hose reels on the 98' level during 
the training session. 

Hoist 

The second C.R.A. will opera.te the hoist during the training session. 

Training Team 

A team will alwa;y's consist of 4 trainees who have alreact' undergone a training 
session in the Hot Box. 

The initial training sessions ~ well ShOli that a second supervisor is 
required to assist and/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 117' level, C.M.M.B. 

2. After lecture, demonstration and briefing, proceed to change room. 

3. The C.R.A.'s will assist the team to don aiI'-cooled suits, outer 
coveralls, boots, gloves end communication headsets. 

4. C.R.A. 's will check air supply to suit end aOllJllunications to oonsole. 

5. Hoist operator (C.ReA.) will log a.IliY' tools i.e. hammer, instruments, 
dUlllllW camera, hand torch, required for access. 

6. Entry team will proceed from the change room to the area round entry 
poiIrt at 114' level. At this stage, the training CoIrtroller will 
ccnduct final check on communications with team, hoist operator 
end hose reel attendant (now in position a.t 98' level) end ensure 
air flow/pressure is adequate. . 

7. 1st 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 981 level. 

9. 1st and 2nd men descent one at a time to 98' level, then release from 
safety line. 

10/ ••••• 
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6. MEll'HOD OF TRA:&NING (Cont' d. ) 

10. 1st and 2nd men ensure that the temporar,y lighting system is secured 
in position 

11. 3rd and 4th men lower ~ equiprrent required down by .. rope, then clip 
onto safety line. 

12 •.. 3rd and 4th men descent one at a time to 98' level, then release from 
safety line. 

13. 1st, 2nd and 3rd men wa.lk round the si!:IUlated boiler annulus carr,ying 
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 oheesepiece. 

15. 1st and 2nd men lower safety rope and temporo.ry lighting to 90' level. 

16. 1st and 2nd men clip onto safety line and descent one at a time to 90'. 
level, 3rd man remains above cheesepiece, 4th man further back along 
simulated boiler annulus to assist with airlines. 

17. 1st man opens hatch at 90' level, lighting and safety rope lCll-Iered to 
82' level. 

18. 1st and 2nd lll9n descent one at a. tima to 82' level, 3rd and 4th men 
assist with airlines. 

19. 1st man using hammer opens and closes top inspection hatch, 2nd man 
opens and closes bottom inspection hatch. 

20. 2nd man opens Intch at 82' level, lighting and safety line is lO~lered 
down to 74' level. 

21. 1st and 2nd men descent one at a. time to 74' level, 3rd and 4th men 
assist with airlines. 

22. Lighting and safety line is lowered d011ll. to 58' level, 1st and 2nQ. men 
descend to floor, 3rd and 4th men assist with airlines. 

23. 3rd man lowers any equipment required for surveyor inspection. 

24. The team ~1ill now follow the instructions laid down for one of the 
emergency procedures - see Section 7. 

25. FollOwing suocessful emergency drill, the team, now at 114' level will 
proceed to change room. 

26. C.R.A. IS will assist in the undressing. 

27. Discussion. 

28. Termination of training session. 



7. EMERGENCY PROCEDURES 

(a) ;Exit ~lithout LightiXW 
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1. Controller informs all personnel that the temporary installed lights 
are abolIt; to be switched off. 

2. Following acknowledgement of signal by all team members, the lights are 
first flashed for 10 seoonds then stlitohed off. 

3. Hand torches are switohed on. 

4. 3rd and 4th men inform Controller that the 98' walkway and boiler 
cheesepiece are free of temporary Obstacles and are in a position to 
assist with airlines of 1st and 2nd men. 

5. 1st and 2nd men leave arr:/ tools or equipment on the floor, clip onto 
safety line. 

6. 1st man ascends to 1st platform, 3rd and 4th men illuminate the area 
with hand torches. 

7. 2nd man a.scends ::to 1st platform. 

8. 1st man ascends up to 2nd platform then up to top of cheasepiece at 
100' level, this ~lill then a.llow clear illumination for No. 2 man. 
No. 1 releases safety line. 

9. 2nd man ascends from 1st platform to 100' level and releases safety line. 

10. All 4 men walk slowly round to bottom of top stage ladder. 

11. 1 st and 2nd men clip ont 0 safety line and ascent one at a ti me to 117' 
level, hoist operator will shine torch to assist the climb. 

12. 3rd and 4th repeat above. 

Note: Every movement during the exit can only oommence after instruoti OIlS -are given from the team to the hose reel operator to dral1 in air-line slack. 
3rd and 4th men must watoh that the air-lines of their team mates do not get 
caught up on any protrusiOns during the Steps 6 - 9. 

(b) Exit WitholIt; COmmunication 

1. Controller informs all personnel that an exit without communications will 
be attempted. 

2. Following acknowledgement of signal by all team members, the lights will 
be flashed for 10 seconds as a signal for evacuation. 

3. COmmunications betlreen the teem and hose reel attendant will be switched 
off though the Controller l!ill maintain contact with the team in case of 
difficulties. 

4. 3rd and 4th men will ensure boiler oheesepiece is free cf temporary 
obstacles thim signal (3 pulls on the safety line) to the men on the 
58' level that the route is clear. 1st and 2nd men leave !lll3' tools 
or equipment on the floor. 

5./ ..... 



7. EIlERGElWY PROCEDURl!5 (Cont' d. ) 

5. 1Ert man clips onto safety line and proceeds slowly up to 100' level, 
stopping at each platform until the 'proceed' sit;lrla.l is again given. 
4th man will signal to hoist operator as to the rate the aiI'--line \nll 
be wi thdra~m from the faoi 1i ty. 

6. Ilhen 1st man has released from safety line at 100' level, the 2nd man will 
proceed up the ladder in similar fashion. ., 

7. 2nd and.3rd men walk slowly round to bottom of top stage ladder, 4th 
man ensuring the correct length of airline is available at all times. 

8. 1Ert and 2nd men clip onto safety line and ascend one at a time to 
117' level, hoist operator pulling up airlines as required. 

9. 3rd and 4th men repeat above. 

( c) Exi t ~Ii th Casualty; 

The dlllmW complete with air-cooled suit, airline, safety harness, etc. lnll 
be in position at the 58' level. 

1. Controller informs all personnel that a casualty exit will be attempted. 
Note: If the Dumrl\Y" is assumed to be the result of I:'.n injur,r to the 1st 
iiiim;' the 'real' 1st man will in fact now play the role of the 3rd man 
who has come down the boiler cheesepiece to assi st. Therefore the 
'real' 3rd man up at the 100' level will not participate in this 
exercise unless help is required. 

2. Following acknowledgement of signal by all team members, the lights 
will be flashed for 10 seconds as a signal for evacuation. 

3. 1Ert man informs Controller of casualty and requeErts that splints be 
sent in to bind lege. 

4. Splints are lowered by rope by hoist operator to 4th man, who in turn 
10l1erS dOl1n to 58' level. 

5. 1st and 2nd men bind Dummy's lege and reqoost use of air hoist for 
removal of casualty. . 

6. Hoist rope once lowered do~m is fixed onto safety harness hook. 

7. Dummy is olipped onto safety line, 1 st man also on safety line moves 
onto ladder and signals for air hoist to be operated at slow opeed 
4th man ldll ensure that cheesepiec3 is free of temporary obstacles 
and that the airlines do not catch on aJ:Jy protrusions. 

9. l'lith the 1st = leading, the Dummy is brought slowly up to the 100' 
level. In case of aJ:Jy mishap to the Dummy, the 2nd man lnll remain 
at the 58' level until the ~ is safely on the 98' level. 

10. 2nd man clips onto safety line and proceeds slowly up to 100' level. 

11. ~Iith the 4th man now leading, the Dummy is brought Blo~llyup to the 
114' level. 1 st, 2nd end 3rd mm remain at 98' level. 

12. The exercise now officially over, the Dummy is then lowered back dOvlll 
to the 58' level. 

13. The 3rd man clips onto safety line and descends to 58' level, releases 
hOist rope from Dummy's safety harness, then returns to 100' level. 

14. 1st, 2nd and 3rd man ascent one ·at a time, on safety line, to 114' le'I!Yl. -.-
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8~ RESPONSIBILITIES 

S.S.E.B. are responsible for providing, mo.intaining and operating all 
equipment and training sessions in the Vo",sel Entr,v aooess route simulation 
faoility 

9. APPENDICES 

1. Operation of Compressor. 

2. Communication Intercom System. 

10. DIAGRAr.!S 

1. Training Team Entry Procedure. 

2. Training Team Withdrawal Procedure. 

3. Ladderwork. 

BF/LM/9.8·74 



APPENDIX 1 

CHARGE lliACHINE MAINTENANCE BUILDING REHEARSAL FACILITY - OPERATION OF COMPRllSSOR 

The compressor, situated in the S.E. corner outside the C.M.M.B., is an 
Ingersoll-Rand Model 25B Type 40, air cooled with a free air delivery of 
128 c.f.m. at a ma.x:i.mum working pressure 125 p.s.i.g. 

Electrical Operating Instructions 

The switchboard is in the C.MoI.!.B. Machine Workshop adjacent to thu Compressor 
housing. 

1. Ensure all isolating switches are ON. 

i) loIain supply isolator at 415V bUB 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 butt.ons). 

3. Ensure emergencY stop button is reset (Situated on C.NoM.B. wall in 
compressor housing). 

4. To START:- Operate START button on afteI'-cooler starter. 

i) AfteI'-cooler will start. 

ii) Compressor will start on star connections and after prescribed time 
will switch to delta. 

Note: Compressor will not start until afteI'-cooler contactor is operated. -
5. Compressor is fitted with conatant 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 air is being delivered to the receiver. 

6. To STOP both AfteI'-Cooler and Compressor:-

operate either a) AfteI'-Cooler stop button; or 

b) Emergency stop button. 

To STOP Compressor only:-

operate Compressor stop button 
(to restart Compressor, opl3rate start button). 

1. Overload trips 

i) On AfteI'-Cooler 

ii) On Compressor 

will trip both AfteI'-Cooler and Compressor 

- will trip compressor only. 

'Note: With AfteI'-Cooler running, resetting of the compressor OiL trip 
bUtton will restart compressor. 

8./ ••••• 
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5. To start Aftel'-Cooler and "(Jompressor separa.tely:-

i) Ensure both Aftel'-Cooler and Compressor Stop buttons are operated. 

ii) Close all isolators in (1) above. 

Hi) Start Aftel'-Cooler. 

iv) Start Compressor. 

• 



APPENDIX 2 

COMMUNICATION INTERCOM SYSTEM 

The control panel consists of eight microphone switches with indicator lamps, 
two headset sockets, record output socket and main switch and indicator lamp. 

The mi crophone swi t che s operate so as to switch off the he.adset in the up 
position when the indicator lamp will function. 

~lhen operating these lever keys they should be switched quickly otherwise the 
amplifier input impedance is affected. 

POints to Note 

1. Monitor Socket - used only for headset monitoring, the microphone 
will nct oporate in this socket. 

2. Controller Socker - care IllUSt be taken 11hen the headset is removed 
from head to ensure that no feedbaok is produced. 
The headset provided for this operation is fitted 
with a microphone switch. 

3. Record Socket is a standard jOck socket. The output; to this 
socket is taken from the amplifier outplIt and is 
attenuated to give the correct recording level on 
the radio output of a good quality tape recorder 
(i.e. 10 mVat 100k ohm approx). 

4. Headset Output Sockets .. are numbered 1 - 8 to correspond to the switch 
number on the front control panel. 

5. Volume 

Procedure 

the volume level is adjusted with the preset control 
situated behind the black plastio grammet directly 
under the record output socket. 

1. All team members will be designated by the colour of their airlines. 

2. In case of communication difficulty, the follOWing standard phonetic 
code must be used:-

A Alpha N November' 
B Bravo 0 Osoar 
C Charlie P Papa 
D Delta Q Quebec 
E Echo R Romeo 
F Foxtrot S Sierra 

t,! G Golf T Tango 
H Hctel U Uniform 
I India V Victor 
J Juliet W Whisky 
K Kilo X X-Ray 
L Lima Y Yankee 
M Mike Z Zulu 

3. The correct form of address, is given below:-:-

Initiating/ ••••• 



Ini'tiating' B. Call 

(a.) 'Calling' 

1 ' '-'2' -

(b) To team,state airline colour, otherwise ,proper title 

(c) 'this,iB' 

(d) oWn'oall sing 

(e) 'over' , 

ReplYing to a Call .. ,. 

(a) Call. sign of member imtiating oall 

(b) 'from' 

(c) own call sing 

(d) 'go ahead' 

(e) 'over' 

Calling Procedure 

(a) CALLING 

(b) oro 
/,.,' ,,;-', ;' -:-

",.~ .... ,.-, .... ~ .. -"'-.~ ...• , .. , ...... .....,.' ... 
(c) .. OVER 

;. .' .. 

:~. ~ . , 

(e) GO AHEAD 
I : • "', ~" .. ; " 

(f) ~T~,BY 

(g) WAIT 

(h) 

(i) 

(j) 

(k) 

(1) 

~ . ,,' " . 
',-,..-,,~, .. ,,~-.. ~ ...... , ...... - ..... <., .. -

CLOSING DOWN , ,; 

WILCO 

SAY AGAIN 
, , 
I SAY AGAIN 

" 
(m) URGENT,MESSAGE 

(n) CHECK 

(0) CORRECTION 

.. : ~. 

One station to another to establish contact. -- '.- . 

One sta.tion to another. 

Message finished and requiring an immediate reply. 
To be used at the end of every mesea.ae except a.t. end 

, of ,the final me,ssage of.!Ul: exchange. 
... - .-., . "~""~ t - .~, '., .. ,: " -, "., 

'Exohe.nge of messages completed. No reply expeoted. 

Pass your message. 

Wait till called, keep listenin~. 

Wait till air is clear, you a.re interrupting. 

To. be g!. ven when switching off. 
. , '~-: • ,-'J , ~ •. ' •. ~ : 

I have reoeived your last message. 

Your last message reoeived, understood and will be 
oomplied with. 

Your message is not reoeived/understood, repeat the 
message. 

To be used at the begtuning of a repeated message. 

To be used only in exceptionalcircumstanoes when 
it' is' necessary,t·o >'interrupt a 'message; , 

Repeatmesil~/instruotions to ensure that they have 
be~~~ctlyrece~d. .' 

: - :. ,." •• . '." c . _. " " . 

An errOr haS 'been made in this transmission.' The 
correct ~ersion'is •••••• ~ ••••• •••••• 

• > 
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VESSEL ENTRY REHEARSAL SHAFT 
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FIGURE 2 

VESSEL EllTRY REHEARSAL SHAFl' 
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1 D;TTRODUCTION 

It is planned that during the cocbined engineering tests in Reactor 3 
after the 2nd Hot Rtm a full scale entry program will be carried out from . 
the pile cap at the 2700 access penetration uSing four-man entry teams in 
air cooled suits with the Reactor at a temperature of 600 C. 

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 insta.lling 
lighting, support beams and safety lines and establishing the accesS route 
to the vault floor with subsequent teams carrying out inspection duties with 
T.V. cameras and visual inSpection of boiler tubes etc. Each team will 
Spend no more than 2 hrs. in the vessel and at the end of each entry 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 recoved and 
the vessel left in its original condition prior to the access penetration 
being boxed up. . 

2 OBJ.ECTS OF PROCEDURE 

(1) To familiarise personnel with access equipment and its use in the 
correct env~r6nment. 

(2) To prove the feasibility of the vessel entry procedure and in particular 
the emergency procedures. 

(3) To make an assessment of the tice involved in assembling and dismantling 
the auxiliary equipment for the pile cap prior to and after the vessel entry. 

3 PREPARATION FOR THE TEST 

3.1 Equipment 

The follolnng equipment will have been tested and made available on the pile 
cap prior to entry. 

(i) Reactor Instruments as required. 

(ii) Compressed breathing air system including 40 emergency air bottles. 

(iii) Atcospheric 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. 

(x) Temporary access la.dders. 

(xi) Staging and temporary platforms 

(xii) In vessel lighting. 

(xiii) Air cooled protective suits and air flolf check equipment. 

(xiv) Hose reels and air lines. 



3 (Cont'd) 

(xv) In vessel communications. 

(xvi) Safety equipment Appendix 1. 

(xvii) Health Physics ancillary equipment Appendix 2 as appropriate. 

(xix) CO
2 

monitoring equipment fitted into pipework behind gas circulator 
ga:uge board. . 

3.2 Permit-to-Hork 

Entry to the vessel will be under.the jurisdiction of 

4 STATE OF PLANT 
0' Thermal insulation pl:ug not inserted, 2700 and 90 penetrations available 

CO2 distribution system isolated from vessel. 

Air conditioning system as used dUring normal commissioning in service. 

5 IOOHODS OF TEST 

5.1 Access to the vessel will be thro:ugh the man-access penetration on the 
pile cap at 2700

, the 900 penetration being used as an emergency exist. Fo: 
the cold run the shieldpl:ug, impact sleeve, thermal insulation plug and the 
acceSS manhole cover will be removed and the acceSs route will be established 

5.2 Erection of Vessel Access E~ipment 

5.3 Preparation for Vessel Access 

All personnel entering vessel will have been passed medically fit, however, 
no certificates will be issued since entry will take place in cold conditions 
Personnel entering vessel will follow the entry procedur~ as shown in Fig. 3. 
Dependant upon whether gas circulators are running noise level checks will be 
made and circulators will be SIn tched off in the quadrant being used for accel 

COLD RUN 

5.4 Vessel Entry to Establish Access Route and for LisAtina and Safety 
Installation 

1 Personnel 

The composition of this initial entry teac will be as follows :_ 

a) C·onsole - 1 ASSistant Charge Engineer as controller. 

1 Grade 9 Engineer for plant duties as required by 
Controller. 

1 Grade lOX Engineer responsible for communications and 
logging personnel in and out of vessel. 

b) Clean ConditionS Tent - 2 change room attendants responsible for dress~ 
undreSSing vessel entrants and logging material 
in and out of vessel. . 

Duties of the CoR.S.s are given in Appendix 4. 



5.4 (Cont 'd) 

c) 1 'Hose Reel Gantr 
In separate tent 

d) Vessel Entry Team 

_ 1 hose· reel attendal1t dressed in single coveralls 
and face mask in constant communication with 
personnel in vessel. 

1 A Health Physicist 

2 

3 

4 

) 

) 

) 

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 personnel in the team have carried out the correct 
procedures leading up to their arrival on the Pile Cap as shown in Fig. 3). 

3 Don air-cooled suits, outer coveralls, boots, gloves, and communications 
head setS. 

4 Check air supply to suit and communication to Console under the 
assistance of the change room attendants. 

5 Log hand torch,-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 commun­
ications with both team and hose reel attendants. 

7 1st and 2nd men desc.end one at a time to the annular platform at the 77' 
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 cheesepiece. 

10 The support beam, 1 safety lino with 4 attachments, air hoist, tools 
and extra air line can then be lowered to the annular platfom under super­
viSion of 3rd and 4th men. 

11 3rd and 4th men descend one at a. time to 77' annular platform using 
safety lines. 

12 Three men, 1st, 2nd and 3rd, carry support beam and gear to selected 
quadrant and 4th man ensures that no problems exist with the air lines. 

13 2nd man fixes support beam and attaches air hoist and safety lines. 

14 1st and 2nd man, USing safety line, descend one at a tiI:le to platform 
in cheesepiece at 73' level, 3rd man pOSitions himself at top of cheesepiece 
(79' level).· .. 

15 2nd man opens ha:\;ch at 73' level. 
lowered to 63'4" level. 

Lighting and safety lines· are 

16 1st man using safet~ line descends to 63' level while 4th man pOSitions 
hiI:lself 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 63'4" level and opens 2nd hatch. 
Lighting and safety lines are lowered through· the hatch down to 41'8" level. 
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18 1st man using safety line descends to 41'8" level. 

19 2nd man using safety line descends to 41'8" level and opens third 
hatch. Lighting and safety lines are lowered to the vault floor. 

20 Safety air line is lowered from 77' a.n.'lulus to vault area. 

21·: 1st and 2nd men USing safety lines one at a time descend to vault floor. 

22 For withdrawal, 4th man places hicself beneath 2700 access ladder at 77' 
level to form a chain for removal of air lines. 1st and 2nd man clip on 
to 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 1st, 2nd and 3rd men travel round annular platform to join 4th mM beneatl 
2700 access ladder. 

24 All persolmel are In thdrawn from the vessel one. at a time and using 
safety lines. 

5.5 Vessel Entry for Familiarity with Access and Inspection Equipment 

Access·to the follOwing areas is proposed. 

1) Above the gas baffle. 

2) Boiler interstitial spaces. 

3) Gas circulator inlet plenum areas quadrant C vault area. 

The following is written for the 4 man team entry. 

1. As per 5.4.2. 

2. " 
" 
" 5.4.5 + two cameras 

" 
6. 1st and 2nd men descend access ladder to annular platform at 77' 
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. 

7. 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 5raverse round to the quadrant to be inspected, 
4th man remains below 270 access ladder. . 

9. 1st and 2nd men descend one at a time between boiler units to 73' 
level using safety line. 

10. 3rd man remains at 79' level platform to assist with air lines and 
lowering gear. 

11. 4th/ ... 
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5.5 (Cont'd) 

11 4th man, when not employed with air lines is taking T.V. camera shots 
under direction of controller with ref. to appendix 5. 

12 1st and 2nd men descend one at a time to 69' level using safety line, 
open inspection cover to boiler unit. Carry out 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 
on. 

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' level using 
safety line. 

16 Inspect vault area for gross damage and a series of photographs are 
taken. 

11 2nd T.V. camera is lowered to 1st and 2nd men in vauit area. 
camera work is then carried out by 1!3t man in the vault under the 
of the controller with ref. to appendix 5. 

T.V. 
supervision 

18 4th man at 11' armular platform, continues to take photographs round 
the armular platform. 

19 After inspection is complete T.V. oamera is raised to 19' level with.3rd 
man controlling hoist. 

20 1st and 2nd men return to 19' level one at a time using the same descent 
route and clipping on to safety line. 

21 1st, 2nd and 3rd men descend on to 11' armular platform and traverse 
round to the bottom of 2100 access ladder carrying T.V. camera and tools •. 

o 22 For the ascent the 4th man is positioned at the foot of the 210 access 
ladder to aSsist with air lines. . 

23 3rd and 4th men ascend one at a time the access ladder to the pile cap using 
~he safety line and assisted by hose reel man. 

24 1st and 2nd men supervise the removal of' all equipment logged in at start 
f 2nd entry using air hoise on A frame where ·necessary. 

25 1st and 2nd men ascend the access ladder one at a time to the pile cap 
~sing safety line. 

~fter step 18 of 5.5 each inspection entry team will carry out one of the 
:mtergency procedures described in Appendixes 1,8,9,10. 

).6 Final Entry and Removal of In-Vessel Equipment 

L As per 5.4.2 to 5.4~6. 

~ 1st and 2nd men descend access ladder one at a time to armular platform at 
'1' level using safety line, 3rd and 4th men stay at pile cap level and assist 
dth air lines and lower gear associated with this final entry. 

I 3rd and 4th men descend ladder one at a time to 11' level. 
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5.6 (cont td) 

4 Three men traverse round 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 ~ts at 79' level. 

6 1st and 2nd men descend ladder one at a time to 25' 1eva1. The 3rd man 
remains at 79' level to assist with air lines and removal of lights. 

7 1st and 2nd men ascend to the 41' level, one at a time, lighting and 
safety line and Spare air line are withdrawn to just above this level. 

8 Lower and seal hatch at 41' level. 

9 Repeat 5.6.7 and 5.6.8 at 63' level and 73' level and withdraw to 79' 
level. 

10 Remove safety line, hoist and extra air line from support beam; finally 
remove support beam. 

11 The three men then descend onto the 77' annular platform and traverse 
round to the bottom of the access ladder carrying the items mentioned in 
5.6.10 plus 1i~~ting equipment. Several journeys m~ be necessary. 

12 The 1st 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 gear from 
the vessel, the tA' 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 all equipment with log books i.e. vessel completely cleared 
of all access gear and personnel. 

5.7 Post Entry Procedure 

As per 5.8 CTS Part 4 apart from decontamination procedures and P.T.W. 
considerations. 

5.~ Dismantling of Vessel Access Equipment 

As per 5.9 CTS Part 4. 

Omit step 4 

~tep 5 No decontamination procedures to be carried out. 

5.9 Termination of Programme 

Control of Gas Circulators etc. reverts to T~r .P.G. ll..>lder commiSSioning 
programme. 

6 RESPOImIBILITY 

As per CTS Part 4 6.1. 

7 SAFETY ASPECTS 

7.1 General/ ••• 
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7.1 General 

All personnel entering the vessel during this demonstration will be passed 
medioally fit on the day of entry. 

7.2 ~ipment 

As per CTS Part 4 7.2. 

7.3 Temperature 

Reaotor will be maintained at ambiont temperature. 

7.4 Communioations 

As per CTS Part 4 7.4. 

7.5 Noise 

As per CTS Part 4 7.5. 

7 .6 Carbon Dioxide -

Carbon diOxide system will be oompletely isolated under ToN.P.G. P.T.vl. 

7.7·· Breathing Air System 

As per CTS Part 4 7.7 

1 Reaotor Vessel Testing P.O.P. 

2 Reaotor Vessel--Temperature Pressure and l~oisture Control, Clean IIp and 
Thermal IIovements C24.04.9.32.02.03. 

3 Vessel Inspeotion C24.04.9.32.02.01. 

4 Reaotor Vessel Aooess for Commissioning Purposes C24004.9.32002.08. 

5 Atmospherio and Pressurised Noise Measurements C24.04.9.32002.05. 

5 Reaotor Shutdow.a Equipment C24.04.9.22.01.01. 

7 Post Hot Run Vessel Aooess Demonstration C24.04.9.32.02.09 Part 4. 

~ APF'ENDICES 

L First Aid and Safety Equipment. 

a Heal th Physios Equipment. 

Control Console Conneotions. 

Duties of Change Room Attendant. 

Vessel Internal Inspeotion Schedule. 

Personnel Shift Cover During Entry. 
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7 Emergency tUthdrawal Procedures following loss of air. 

8 Emergency Withdrawal Procedures following loss of commmunications. 

9 Emergency Withdrawal Procedures following loss of lighting • . 
10 Emergency Withdrawal Procedures following casualty. 

10 DIAGRAMS 

Fig. 1 

Fig. 2 

Fig. 3 

Fig 4 

Vessel Access Route 

Pile Cap Changing Room Tent 

Inspection Party Entry Procedure 

Inspection Party Withdrawal Procedure 



APPENDIX 1 

~ EQUIRmNT mvENTORY 

1 In-Vessel Number 

t ton hoist 

i ton hoist 

Support beam 

Safety lineS 

2 First Aid E~ipm~t 

1 

1 

1 

2 

Ordinary Stretcher 1 

Neil Robertson Strotcher 1 

Safety line 3 

Aut oman 1 

Oxygen cylinder 2 

Ai~cooled suit, including full in-vessel gear 1 

Hamper containing bandages 1 

splints (ai~cushioned) 

blankets 

elestoplast 

scissors 

. 
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IlE..4.LTH PHYSICS EQUIH>IEITT lNVENTORY 

Beaufort Air-Cooled Suits - L 6 Leads (Contam. probe) 6 

- 1,1 6 Plastic Bags - L 12 

Vortex Tubes 12 Plastic Bags - M 24 

Plastic Bags - S 24 
Vortex Tube ~elt holder 12 Paper Tissues 12 

Cotton Oversuits 24 White Tape 6 

Surgeon's Boots - 6/7 24 prs. 
Cellotape 3 

Atidim 3 
- 8/9 24 prs. Storage Bins &·Lids 12 

- loin 12 prs. waste Bins 3 

Boot Barrier 3 ft. 2 
Household Gloves -.~ 24 prs. 

Table 1 
Household Gloves - ~r 24 prs. Benches 2 

Household Gloves - S 24 prs. Chairs 3 

Cotters Gloves - L 12 prs. Hos ere els 8 

Cotters Gloves - M 12 prs. Couplings 16 

Communication Headsets 12 Jubilee Clips 6 

Screwdrivers 3 
Safety Harness &: Anchor 12 Equipment Log Book 1 

Safety Ropes 6 . 

Cupboards 2 

Thermometer &: Lanyards 6 

Torches &: Ler.yards 6 

Hammers 3 

Spanners 3 

Rope (60') 3 
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CONNECTIONS TO COlTTROL CONSOLE 



APPEtmIX 4 

DUTIES OF CHANGE Rom~ A'l'l'ENDANTS 

1 Stock Tent 

After the erection of the tent by U.J)I.D. personnel of 
of the tent will be furnished by 2 change room attendants 
shown in Figure 2. 

I the inside 
in the manner 

A complete list of Health Physics Equipment is given in Appendix 2. All 
these items will be obtained by the 2 CoRoA.s and arranged inside the tent. 

Similarly the safety equipment as listed in Appendix 1 will be positioned 
on the Pile Cap as shown in Figure 2. 

2 Vessel Entry Equipment Check 

a) Check all communication ~stems using master control switch on Console. 

b) Test a.i~cooled suits on air-flow test rig. 

3 llt-ess,lundross Entry Teams 

Further communication, air flow checks will be carried out during the 
dressing procedure. 

4 Log Entry Equipment 

A CoRoA. will be responsible for the logging of entry tools and instruments 
taken into the Vessel. 

5 Removal of Dirty Clothing 

At the end of each entry session, the CoRoA. will return all dirty clothing 
to the laundry and replenish with clean items. 

The above list is a summary of the duties. 
a Departmental Instruction. 

Full details will be given in 
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VISUAL PHOTOGRAPHIC AND T.V. 

1 Gas Baffle 

Doubler plates, shrouds, bOiler beam support hangers. 
Lower qylinder supports'to boiler shield wall. 
P.V. insulation termination rig. 

2 Boiler Unit ' 

Casings (corner fillet welds), supports (welds, pins and links) gas 
seals, headers, tube bends, 'Jfo chrome hanger shrouds and Tl gas pipework. 

3 Boiler Unit Supports 

Outboard end of boiler support hanger beams and suspension arrangement. 

4 Boiler Feed Penetration 

Welds. 

5 Decay Heat Inlet and Outlet Penetration 

Welds. 

6 Decay Heat Manifold within P.V. 

Welds. 

7 Superheater Penetrations 

lields. 

8 Reheater Hangers 

Welds. 

9 Vault 

Quadrant division plate assemblies and seals. 

10 Insulation 

P • V. liner, gas baffle. 

11 Gas Clean Up Circuit Pipe1'lork 
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APPENDIX 6 

PERSONNEL SHIFT COVER DURING ENTRY 

In order to providCl 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 ~dll comprise 4 men and starting 
and finishing times for a 24 hour period are shown below. 

200 hrs. 600 hrs. ;2400 hrs. , 
...i.eam tnyess.!l 
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. 

Personnel 11ho are involved (i.e. controller etc.) but are not actually 
antering vessel will follow the normal shift rota but ~dll have a 1 hour 
overlap at change of shift. 
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E'IERGENCY ~nTHDRAWAL PP.OCEDURE3 FULLolmm' LOSS OF AIR 

PROGRA}lME - 4 man Vessel entry team undertaking an inspection of P. V. 
internals as detailed in C.T.S. 

DISTRIBUTION OF PERSmurEL -' Console ~ 2 Controllers 
Standby Teac - 4 on Standby/2 fully dressed 
Clean Conditions Tent - 2 dressers 
Hose--·reel Attendants - 2 on 124' level 
Vessel-entry Team - Nos. 1 and 2 - at 25' level 

No. 3 - at 79' level above 
cheesepiece 

No. 4 - at 77' level 

[!l:.IERGENCY - Sudden loss of breathing/cooling air to one of the entry team. 

This failure could occur through the following faults 1-

(a) Rub~er hose connection 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 released. 
~lith asSistance, parts can be re-joined or spare air-line substi~u~ed. 

(c) 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. 
substituted. 

Spare air-line to be 

er any of the above faults !lffect the No. 3 or No. 4 and cannot be rectified, 
le ~1ithdra~lal process should pose no problem for the 4-man team (Note -
rithdral'lal means a complete team withdra~lall. The procedure detailed below 
.s therefore written for one of the tl-lO at the farthest point inside the Vessel i.e. 
fo. 2. 

lROCEDURE FOR WITHDRAWAL 

:r ~. member of the team loses his air supply (experience has Sho~lll that this 
.~,~ediately apparent through sudden loss of air noise), he must at onoe 
~form the Controller if still in communication. If communications have 
ilso failed, he ~Iill instead signal or touch his nearest colleague who, in 
;urn, Vlill inform 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 withdra~lal. 

:. If air supply cannot be restored, teOlll ldll prepare for withdrawal l­

a) Nos 3-4 remove all unnecessary obstacles from route i.e. spare and/or 
Iroken airline, cacera 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 
,ermi ts adequate view from the 79' level i. e. above the boiler gas seal to 
OPe In addition, the hoist will not be used during negotiation of the narrow 
~e ~+. AA~" 1"\1 ::t+'f"ny.m_ -
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'3 No. 2 attaches to safety line and hOist chain hook and proceeds slowly 
,up to the,platform at the boiler gas seal, followed by No. 1. All 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 attel1dants llhen air-line slack' must be taken up. 

6 At 79' level, No. 2 is released from safety line and airljoist and his 
condition reported to Controller. 

7 plc air-hoist chain lowered by a hose-reel attendant to 77" le~el. 

8 No. 2 connected to chain end safety line, then raised to, plc. 
9 No. 1, 3 and 4 follow up by ladder, in that order. 
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UlERGENCY ~IITHDRA1']lIL PROCEDURE FOLL0l1]NG LOSS OF COMMUNICATIONS 

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 Team - 4 on Standby/2 fully dressed 

Clean Condition Tent - 2 dressers in tent 
Hose-reel Attendants - 2 on 124' level 
Vessel-entry Team - Nos. 1 and 2 - at 25' level 

No. 3 - at 19' level above 
cheesepiece 

No. 4 - at 11' level 

UlERG:ENCY - Sudden loss of co=unications to one or more of entry team. 

This failure could occur through the following faults :-

(a) Complete communication po .. ler failure at Console end. If 
power cannot be quickly restored, Controller must signal to team 
to prepare for wi thdra .. ml (The sign!l.l, in this case, will be 5 x 3 
secs. fleshing of lights). 

(b) Broken or loose connection to one of the teOl11. Most probable 
place is connector adjacent to air-line terminal point which c!'n 
in most cases, be fixed by the team member's nearest colleague. 
If connector broken, spare air-line ma,y be used. If not, withdrat'lal 
procedure as netailed below. 

(c) Air-line split or broken in l'Oute. Spare air-line to be 
substituted. , 

If any of the above affect No. 3 or 1,0. 4 a.bove and cannot be rectified, the 
~Iithdrawal process should pose no problem for the 4-man team (Hote - withdra"lal 
me ens a complete teen t'lithdrawal). The procedure detailed belo ... i is written for, 
a complete co=unications po .. ler failure but also covers for a fault existing in" 
only one line, that of one of the t .. m "at the farthest point inside the Vesse~ i.e. 
Uo. 2. . 

PROCEDURE FOR ~IITHDR.I\l-I!J, 

1. If comunication failure is complete and cannot be restored, Controller will 
signal to the entry team. 
: 

2. Team will prepare for withdrawal -

(a) Nos. I and 2 move towards appropriate cheesepiece end conneot up to safety 
line. 

(b) Nos. 3 & 4 remove all unneoessary obstacles from route i.e. camera jigs. 

3 No. 2 ascends to 1st platform, No. 3 and No. 4 pull in slack air-line. 

4 No. 2 ascends to 2nd platfo~, No. 3 end No. 4 continue to supervise as 
above. 

5 No. I ascends to 1st platform, Nos 3 end 4 as above. \ 
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6 No. 2 asoends to 3rd platform, followed by No. 1 to 2n<i platform, 
Nos. 3 & 4 as above. 

7 No. 2 asoends to 79' level, releases from safety line, then down 
to 77' level. 

8 'No. 1 asoends to 79' level, releases from safety line,· then down 
to 77' level. 

9 No. 4 prooeeds to below main man aooess and signals to attendant 
above to pull in slaok of all 4 air-lines. 

10 All 4 members then oonnect up to safety line and leave the vessel under the 
guidanoe of the attendant on the plc • 

• - ?-
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EMERGENCY WITHDRAWAL PROCEDURES FOLLOWING LOSS OF LIGHTING 

PROGRliMME - 4 - man Vessel entry team undertaking an inspection of 
P.V. Internals as detailed in C.TeS. ' 

DISTRIBUTION OF PERSONNEL - Console 2 Controllers 

• 

EMERGENCY-

Standby Team - 4 on Standby/2 fully dressed 
Clean Conditions -2 dressers 
Tent 
Hose-reel Attendants - 2 on 124' level 
Vessel entry Team - Nos. 1 and 2 - at 25' level 

No. 3 - at 19' level above 
cheesepiece 

No. 4 - at 11' level 

SUdden'loss of in-Vessel temporary installed lighting. 

This, failure could occur through the follOwing faults -:­

(a) Failure of the Stations electrical supply to plc. 
This is considered extremely unlikely and, if did occur, 
the Station standby diesel generators would operate. 

(b) Break in the cabling, possibly through mishap on 
plc. Again this is considered highly unlikely. 

( c) Faul t in the circuitry inside the Vessel. ' 

The withdrawal procedure below is given in the unlikely event of a failure 
in the in-vessel lighting system. Each Vessel entrant carried a hand~ 
torch on a lanyard as part of the inSpection equipment. 

PROCEDURE FOR WITHDRAWAL 

1 FollOwing information received as to the failure of the lighting I the 
Controller will inform team members to prepare for withdrawal. 

(a) No. 3 and No. 4 inSpect boiler lwkway (11' level) and remove temporary 
obstacles i.e. camera jigs from the route. 

(b) No. 1 and No. 2 proceed slowly to appropriate cheesepiece and connect 
up to safety line. ' 

2 No. 3 reports to Controller that walkway and cheesepiece are free of 
temporary obstacles. 

3 Controller instructs No. 2 to ascend to 1st, the 2nd platform. Nos. 
1 and 3 illuminate the cheesepiece 'with hand torches. Hose-reel attendants 
pull in air-line as in.structed. 

4 No. 1 ascends to 1st platform. 

5 No. 2 ascends to 3rd platform, then to 19' level, thus allOwing clear 
illumination of cheesepiece for No. 1 

6 No. 3 disconnects from safety line and descends to 71' level, No. 1 
ascends to 19' level. 
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7 No. I disconnects from safety line and descends to 77' level, followed 
by No. 3. 

8 All members proceed one at a time to ladder at main access, air-lines 
being drawn in accordingly. 

9 All members then connect up to safety line, and leave the Vessel one 
at a time. plc attendant will assist with illuminating the access penet-
ration. . , 

. , 
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Appendix 10 

Emergency Withdraeal Procedures Following Casualty 

The proper procedures for removing a casualty from the Vessel will 
be formulated from the experience gathered in the access simulation 
facility using the 'dUllll!lY' - see Part 2 of this C.T.S. At 
present the· basio philosophy for removillg an injured person is outlined 
in Part 2, Section 7 (0). 

. J, 
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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 nay l1ell be the sole opportunity the SSEB will 
have to prove access equipment and procedures that will be adopted for 
subsequent entries into the . . reactor vessels during shutdown 
maintenance periods. 

Several entries will be undertaken during this demonstration programme. 
The initial entry will combine the opening up of the vessel and aocess 
route down to the vault area at 25' level with a Health Pb;ysics survey, 
and installation of safety and lighting equipment. Subsequent entrie.s 
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 a2 hour in-'l7essel 
period. 

This document sets ~ 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 to be carried out in the 
demonstration programme. 

Associated documents are referenced below:-

1. Reactor Vessel Testing P.O.P. ( .. 

2. Reactor Vessel Temperature, Pressure and Moisture Control, Clean-up 
and Thermal Movements . -. " .• -

3. Vessel Inspection 

4. Reactor Vessel Access f'or Commissioning Purposes • 

5. Atmosphere and Pressurised Noise Measurements 

6. Reactor Shutdown Equipment 

Half Station Commissioning Programme 

. 8. Vessel Access Demonstration 
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2. OBJECTS OF TEST 

21. Full dress rehearsal of vessel entry and-inspection procedures to 
demonstrate the feasibility of the reactor vessel entry process. 

2.2 To gain entry to the furthest part of the vessel from the top entry 
penetration at 2700 , i.e. quadrant O. between boiler units 301 and 3C2 and 
esta.blish a route down to the vault area at 25 t level. 

2.3 To confirm the following:-

(a) In-vessel air temperatures against insta.lled thermocouple temperature 
measurement s. 

(b) In-vessel CO2 concentration a.gainst mea.sured external- sa.mpling points. 

(c) lioise level mea.sureroonts obtained under CTS C24.04.9.32.02.05.' 

(d) Vessel entry communication system. 

(e) Man exit uithout air supply. 



• PREPARATIONS FOR ACCESS 

.1 General 

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. It is assumed that all relevant Plant Item Test Schedules and 
cmmissioning Test Schedules will have been completed by the start of the 
nd Hut run. 

, .. 2 Equipment 

: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) 
ii) 

#i) 
:iv) 

:v) 

:vi) 

:vii) 
:viii) 
:ix) 

:x) 
(xi) 
(xii) 

(xiii) 

(xiv) 

(xv) 

(xvi) 
(xvii) 
(xviii) 

(xix) 

(=) 
(xxi) 
(xxii) 

(xxiii) 
(xxiv) 
(xxv) 

(=vi) 
(=vii) 
(=viii) 

(xxix) 
(xxx) 

Shutdown sequence equipment (CTS - C24.04.9.22.01.01). 

Boiler feed pumps supplying cooling water to boiler units as 
required. Condensate coolers are operating (ref. Vessel Temperature, 
Pressure and MOisture Control, Clean-up and Thermal Movements 
C24.04.9.32.02.03). 

Reactor instrumentation as applicable for this demonstration. 

Blowdown system and Suction pumps. 

Compressed breathing air system including 40 emergency air bottles. 

The atmosphe:dc dehumidification plant standing by with flexibl~ 
delivery ducting for connection to man access penetration at 90 
position. 

8 Circulators available for temperature control and air circulators. 

Telephone communications to C.C.R. and compressor stations from plc. 
Vessel Entry Control ccnsole. 

Eloctrical power supplies at Pile Cap level. 

Clean COnditions tent and 'A' frame. 

Main and Pile Cap Change rooms. 

Pile Cap crane, slings and lifting equipment. 

Temporary access ladders. 

Staging and temporary platforms. 

Temporary extension tube 11ith knockout panel and air delivery tee. 

Insula.tion plug special storage stool. 

In-vessel lighting. 

Air-cooled protective suits and air flow check equipment. 

Additional protective clothing. 

Hose reels and air-lines. 

In-vessel COmmunication system with headsets containing ear defenders. 

CO2 concentration deteotors. 

Radia.tion dosemeters. . 

Noise measuring instrument. 

Safety equipment - see Appendix 1. 

Health Physics ancillary equipment - see Appendix 2. 

Tools associated with man access. 

T. V. and photographic equipment 

CO2 mOnitoring equipment fitted into pipework behind gas circulator' 
gauge board. 
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3;j Permit-to-Work System 

Entry to the vessel will be under the jurisdiction of the SSEB permit-to­
work procedure. 
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• INITIAL STATE OF PLA.11T 

• 1 2nd Hot run complete • 

• 2 Vessel being controlled to 60 00 according to OTS 024.04.9.32.02.03 • 

.3 The two gas circulators in 0 quadrant will be shm down prior to the 
tart of the vessel access demonstra.tion. 

.• 4 Ohannel outlet gas thermocouples showing readings between 56-600 0 on 
he data--logger and held at this temperature • 

.• 5 Roactor vessel depressurised, less than 0.5% 002 in vessel •. 

.• 6 Ma.n-e.ccess penetrations closed with permanent closures. 

·.7 Breathing air system in operation, operator positioned at compressor 
:tation. 

,.8 Ex:\;ernal 002 sampling point available (a.t a gas circulator gauge board)., 

:.9 Vessel isolated from CO2 + N2 distribution system - see Appendix 6. 

f.10 Temporary extension tube, knockgut panel and air delivery tee to 
'essel access opening a.Vailable at 90 • 

, . 



5~ METHOm OF TEST 

5.1 . General 

- 6 -

Access to e:rry part of the vessel will be throUgh the ma.n-access penetration 
on the Pile Cap at 270. The penetration at 90

0 
ldoll be used as an. . 

emergency exit. During the 2nd Hot run the shield plugs and impact-sleeve 
will not be fitted (see Fig. 2 - items 1, 2 and 3 will not .. be in place). . 
The access manhole cover is the primary seal (Fig. 2 - item 4). On the 
access penetration at 900 the access manhole cover and thermal insulation 
plug will have to be removed before air purging can take place. The 0 
removal procedure will be repeated for the man access penetration at 170 
by SSEB. 

o . 
Access to Vessel by 210 . Penetrati on 

1. Remove the required number of peripheral floor slabs and e:rry temporary 
floor covering over access manhole. 

, 
2. Lower CO2 detector to primary closure plate. Check that CO2 is not 
present. . 

3. Install the access ladder retaining beam on the top of the penetration 
and ai'terwards lower the top section of the access ladder to land on ·the 
primar,y closure plate. 

4. Secure access ladder. 

5. Isolate P. V. cooling water system to cover plate and disconnect 
pipework. 

6. Remove the plug from the leak detection tube and attaoh manometer. 
Observe the manometer to ensure that the pressure in the compensating tube 
is atmospherio. 

7. If above atmospheric, start the two suction pumps'at the gas blowdown 
plant. 

8. SSEB issue fTW(M) to remove access manhole cover plate and thermal 
insulation sleeve when manometer indicates pressure is at a.tmospherio or 
below. 

9. Remove studs and bolt's securing the primary closure plate. 

10. Using charge hall crane enf!i3.ge lifting equipment and attach to primary 
olosure plate. 

11. Remove access ladder and retaining beam from top of the penetration 
ai'ter personnel have ~rl.thdrawn from access penetration. 

12. Remove primar,y closure plate and transfer to temporary storagG position. 
Check CO2 concentration. 

13. Install ladder, retaining beam and secure. 

14. Using charge hall crane engage lifting equ.ipment and attach to 
insulation plug. 

15. Remove access ladder and retaining beam from top of the penetration 
after personnel have withdrawn from a.ccess penetration. 

16./ ••••• 
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2 (Cont'd.) 

'. Remova insulation plug end transfer to special stool provided. CO2 
,tectcr lowered in 5.2 2 will continuously monitor level in access 
metrati ons. 

'. Start 2 suction pumps at the gas blowdown plant, if not already running 
lee 5.2.7). Start atmospheric dehumidification plent after connecting up 
) tea piece at temporary extension tube at 900 access manhole. 

I. Install ladder, retaining beam end secure at top of penetration. 

). Cencel Pl'W (M) issued at stage 5.2.8. CO2 +N2 systems remailll isolated. 

). Vessel purging (see Note 2 below) now begins, continue purging until 
)2 concentration measured by the exte;-nal gas sampling pOints is less than 
.~ . . 

I. 

2. 

:rhe: -

o 
Install safety rails arOund man access penetration at 'Z10 on Pile Cap. 

SSEB issue Pl'W(M) for erection of vessel access equipment. , 
. 0 

1. T.N.P.G. will open up tha 90 penetration to fit the temporary 
extension tube. Thus both opemtions will be carried out in 
parallel using tha charge hall crane. 

2. Alternative method for purging the vessal using the sita 
temporary compressors may be utilised • 

• 3 Erection of Vessal Access Eq;uipment \ 

Ile l~out of tha vessel access equipment on R'3' Pile Cap is shown in Fig. 3. 

• Using charge hall crane ,position 'A' frame over 270
0 

penetmtion. 

• Using charge hall crane, position airline reels on stressing gallery 
bove 'Z100 penetration. . 

• Erect clean conditions tent over 'Z100 man access penetration. 

• Using charge hall crane, position the Control Console adjacent to tha 
lean conditiOns tent. 

• Connect the following items to the Console:­

(a) 2 breathing air systems manifolds. 

(b) 40 amergencY air bottla system. 

(0) Air-lina reels. 

(d) Elactrical power, control and alarm supplies. 

(a) Telephone communications to C.C.R. compressor plant room. 

ote: Full datails of tha procedures for above are given in Appendix 3. -
• Furnish tant i.a. barrier, table, cabinets, clothing bins, 'A' frame, 
· ton safety hOist etc.·· . 

• Bring Control Consola into operation, tast the equipment shown in 
.3.5 and also communications to the air-coolad suits. 

1./ ••••• 
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8. Control Console will now be manned by SSEB operator. 

9. InventorY ohe9k of Health l'h;ysios and Safety equipment - See Appendices 
1 and 2. 

10. Canoel SSEB PTW(M) issued under 5.2.22. 

5.4 Preparation for Vessel Aooess 

All personnel entering the Vessel will have initially been passed madioally 
. fit for hot environment work and; in addition,will have to be oertified 
fit by the Medica.l Department on the da;y of entry. Certificates will be 
issued to this effeot which will be presented to the Vessel Entry Controller 
at the Console on arrival on Pile Cap. The procedure whioh eaoh man-entrant. 
must observe is detailed in Fig. 4; this figure also indicates oonditions 
under whioh personnel will be barred from entry. 

i. Cheok CO2 concentration in the Vessel is below 0.5% from external 
sampling points. .. 

2. Check channel gas outlet thermooouple readings from the data logger 
show readings of between 560 _ 600 C. 

3. Shut down the 2 gas circulators in C quadrant. 

4. Issue Health Physios Sanction Survey of Vessel Moess rome. 

5. Lower 2nd CO2 detector to annular platform o.t·77f level, alarm point 
set at 0 •. 5% ' 

5.5 Vessel Entry for Health Physics Surye;y and Lip,hting Installo.tion 

1. Personnel 

The entry teams will start working the shift rota shown in Appendi::c8 at least 
24 hours prior to the 1st entry. It is not anticipated· that the other 
personnel involved inoluding the N.J.I.C. dressers, hose-ree.l attendants will 
operate· the same rota but obviously some overlap will be required to avoid 
periods of non-attendance. . 

The oomposition of the initial entry team will be as follows:-

(a) Console - 1 Assistant Charge Engineer as Controller 
1 Grade 9 Engineer for isolations and permit 

to work. requirements 
1 Grade 10X Engineer responsible for 

cormrunioations and logging personnel in 
and out of vessel. 

(b) Clean-conditions tent - 2 change room o.ttendants responsible for 
dressing/undressing Vessel entrants o.nd 
logging material in o.nd out of Vessel. 
The duties of the C.R.A.fS are given in 
Appendi::c 4. 

(c) 124' Pile Cap Gantry - 2 hose reel attendants. 

(d)/ ••••• 
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1) Vessel ,entry team 

- 9 -

- 1 - a Health Physicist , 
2 - ~representatives from Station Operations & 
3 - Maintenance N.J .B. staff, Bcard Headquarters 
4 - Metallurgists, TNPG and CEGB. 

• Vessel entry team will report to the Controller at Console, hand over 
ldical certificate, receive instructions and proceed to clean-conditions 
mt (it is assumed that the team have carried out the correct procedures 
lading up to arrival on Pile Cap - see Figure 4). 

Don ai~cooled suits, omer coveralls, safety harness, boots, gloves 
ld communication head sets. 

Check air supply to suit and communication to Console under the 
3sistance of change room attendants and Assistant Controller. 

• Log health physics instruments, noise level instrument, hand torch, 
)2 detector, thermometer (a.ttached by lalliYard to ·the Health Ph;)'sicist) and 
~ols required for access •. 

4 man entry team proceed through tent to the area round penetration. 
t this stage the Assistant Controller will conduct a final check of 
~mmunications with both team and hose reel attendants. 

• 1st and 2nd men descend to the annula.r platform at the,77' level using 
J.i'ety line. During the descent, the 2nd man will secure the ladder. 
:l.diation and temperoture readings will be taken at apprOximately 10' 
o.tervals during the descent. CO

2 
detectors and noise level instrument 

OI'/ered down. 

• Health Physics survey for radiation, CO2 , temperature and noise will 
a carried om on the annular platform • 

• 

• 3rd and 4th men descend to the annular platform at the 77' level using 
afety line and supervise the lowering by a.ir hoist of the lighting equipment, 
Ilpport peam, 2nd air hOist, 2nd safety line, tools for opening up hatches 
nd spa.re air-line for emergency purposes. 

o. 3rd and 4th men install lighting around annular platform and selected 
heesepiece. 

1. 1st I 2nd and 3rd men oarry support beam plus gear to selected cheese-
1eoe and 4th'man 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, desoend one at a time to the 
latform in cheesepieoe at 73' level, 3rd man positions himself' at top of' 
heesepieoe (79' level). , Radiation, CO 2 and noise instruments lowered down., 

4. 2nd man opens hatch at 73' level. Lighting and saf'ety line lowered to 
3' level. Radiation, CO2, temperature and noise measurements taken. 

5. 1st man descends, to 63' level, instruments again lowered down. 
adia.tion, CO2, temperature and nOise lIIGe.eurements taken. 

6. 2nd man descends to 63' level. 3rd man is still positioned at 79' 
evel watching progress, 4th man on annular walkwa;y ensuring that 'the air­
ines are being paid out properly. 

7./ ..... 
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5.5' (Cont'd.) 

11. 2nd man opens hatch. Lighting and safety line lowered through to 42' 
level. 

18. 1st man descends to 42' level, instruments again lowered down. Radiation, 
CO

2
, temperature and noise measurement s taken. 

19. 2nd man descends to 42' level and opens hatch. Lighting and safety 
line lqwered to the vault floor. 

20. 1st man descends to vault floor. Instruments lowered. 2nd man 
. descends to vault floor. Bcth men can now unolip from safety line. 

22 •. Radiation, CO , tempera.ture and noise measurements taken in quadrant. 
CO2 detector left 8n vault floor beneath the selected cheesepiece. 

23. For withth-awal, 4th man places himself beneath 2100 access ladder on 
annular walkwa;y i.e. to reform the chain for removal of air lines. 1st and 
2nd men clip on to safety line and one at a time asoend to 19' level using 
the same ladder as was used for descent. Spare air-line and CO., detector 
left in vault. Radiation and noise instruments pulled up to 19'1' lavel by 
3rd man. ·Hatches are left open and lighting left in situ. Tools not 
required for future inspection surveys are withdrawn up t01?' level. 

24. 1st and 2nd men on reaching 19' 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 tools. 

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. 

21. Health physics certifioate issued. 

28. PTW issued for inspection purposes. 

5.6 Vessel Entry for Familiarity with Access and Inspection Equipment 

Access will be made to the following areas:-

1) above the gas baffle 

2) boiler interstitial spaces 

3) gas .c;:irculator inlet plenum area. 

Appendix 5 lists ·the probable details for inspection by both visual and 
photographic means. 

Each inspection team will again consist of 4 personnel, one will be a 
Health Physicist and the rell'.ainder will be selected from the various 
departments given in 5.5.1. 

One of the 4 in each team will volunteer to climb 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 tea.rn-roa.te 
throughout the ascent. 

1. As per 5.5.2. 

2. As per 5.5.3. 

3./ ••••• 
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5.6 (Cont 'd.) 

3. As per 5.5.4. 

4. Log radiation instrument, tools and inspeotion equipment i.e. photo­
graphic and T. V. cameras. 

5. As per 5.5.6. 

6. 1st and 2nd men descend access ladder one at a time using safety line 
to annular platform. 3rd and 4th men then lower down radiation instrument, 
tools, T. V. and phctographic equipment and datum reference jig to the 17' 
level. 

7., 3rd and 4th men then descend one at a tire to the 77' level using the 
safety line. 

8. 1st, 2nd and 3rd men traverse round to the quadrant to be inspected, 
4th man remains below Z700 access ladder. 

9. 1st and 2nd men descend one at a time between boiler units C1 and C2 
to 73' level using safety line. 

10. 3rd man remains at 79' level platform to assist with air lines and 
lowering gear.' , 

,11. 1st and 2nd men descend one at a time to 69' level, open inspection 
cover in boiler. 1st man takes a radiation measurement. 2nd man carries 
out inspection of boiler tubing and takes photogra.phs. If requested by 
Controller, remove 2 Caesium -137 collection plates (i.e. jubilee clips 
fitted onto a support strut on the superhea.ter bank). 

12. Close 1st 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 
repeated. 

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 phctographs. 
During steps 5.6.8 and 5.6.13, the 4th man will at the discretion of th e 
Controller, take T.V. cal!i3ra shcts around the 77' walkwa;y. 

15. 3rd man collects T. V. camera from 4th man and lowers it down to the 
vault floor. 1st and 2nd men then carry out T.V. camera work under the 
supervision of the Console Controller. 

16. 3rd and 4th men using a second camera and datum reference jig take 
phctographs round the annular platform. 

17. With 3rd and 4th men again in position on the 79' and 77' levels to 
form a chain, the T. V. camera and all equiprent are raised up from the 
vault floor. 

18. The Controller announoes that the emergency signal (flashing of lights) 
will now be operated as a demonstration. A further announcement will be 
made informing all concerned that one of the two ren (to be nared) in the 
vault area will ascend up to the 17' annular walkwa;y with his air supply 
cut off. 

19./ .•.• ~ 
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'5.6 (Cont'd.) 

19. On the order from the Controller, 1st (or 2nd) mari closes sir supply 
valve adjacent to his vortex tube but retains oommunioation. He then 
proceeds up the ladder slowly, attaohed to the safety line, assi sted from 
above and below by his partner. 

.. 
20. When 1st and 2nd men reaoh 77' level, Controller confirms that 
volunteer is able to oominue with or without air. 

. 0 
1n, 2nd and 3rd men traverse round to bottom of 270 a.ccess ladder. 

22. The volumeer then prooeeds up the ladder slowly, attached to the 
safety line, and assisted by his partner (1st or 2nd). 

24. 3rd man then ascends ladder, using the safety line., . T. V. oamera, 
equipment and tools then follow. 

25. Finally 4th man withdraws from vessel using safety line. 

5.7 Final EntIT and Removal of In-Vessel Equipment 

2. Log.hand torches and tools required for final box-up. 

3. 1st and 2nd' men descend acoess 
to annular platform at 77' level. 
with final entry. 

ladder one at a time, using safety line, 
3rd and 4th men then lower gear associate( 

4. 3rd and 4th men descend ladder one at a time using safety line tq 77' 
level. 

5. 1st, 2nd and 3rd men traverse round to the appropria.te cheesepiece 
ta.king gear with them. 4th man remains below aocess opening. 

6. 1st and 2nd men descend ladder to 25' level using safety line. The 
3rd man remains at 79' level to assist with airlines, removal of lights, 
CO2 detector and spare airline. 

7. 1st and 2nd men asoendto 41' level •. C02 detector and spare airline 
drawn up to 79' level. Lighting and safety lJ.ne withdrawn to 41' level. 

8. Lower and seal hatch at 41' level. 

9. Repeat 5.7.7 and 5.7.8 at 63' level and 73' level, and withdraw to 79' 
level. 

10. Unclip from safety line, remove safety line and hoist from support 
beam. Finally 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 mentioned above. 
Several journeys may be necessary particularly with the lighting. 

12. The 1 st and 2nd men then ascend, using safoty line, one at a time, 
to the Pile Cap level. 

13/ •• ~ •• 
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5.7 (Cont'd.) 

13. All the access gear is then removed from the 77' 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. Remove spare air-line from vessel. Disconnect safety line and air 
hoist from 'A' frame. 

5.8 Post Entry Procedure 

The withdrawal procedure is shown in Fig. 5. This procedure covers removal 
of air-cooled suits, contamination check, medical check, de-briefing and 
changing into normal clcthing at the Main Change Room. . 

When all vessel access personnel have passed om of the clean conditions 
tent, the P.T.r/. (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. Disconnect the follOwing from the Control Consolel-

a) 2 breathing air system manifolds. 

b) Air line reels. 

c) Electrical power, control and alarm supplies. 

d) Telephone communications. 
. 

3. Remove all non-contaminated Health Physics equipment and Vessel Entr,y 
ancillary equipment (e .g. 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 charge hall crane remove the following items from Pile Cap:-

a) Control Console. , 
b) Air line· reels •.... 

0) 'A' frame. 

5.10 Termination of Programme 

At the termination of this Vessel Entry Demonstration, the oooling of the 
vessel will proceed to obtain a vessel temperature of 35°C acoording to the 
Half Station COmmissioning Programme, under the nOminated T.N.P.G. Controller. 
The two Gas Circulators in C quadrant can be restarted, if required, for 
further cocling duty. 
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6. RESPONSIBILITIES 

6.1 will'be responsible for:-

a) Fitting and removal of all flanges, man-access penetration seals, la.dders, 
etc., as required at the 2700 access penetration. 

b) On final box-up, security of access genetrations in cheesepiece and 
reinsta.tement of temporary cover over 270 access penetration at Pile Cap level. 

c) Installation of man-access equipment including control console, olean 
conditions tent I lighting and communications. 

d) ,Co-ordination of access procedures under this document. 

'e) Preparation of documents for full dress,rehearsalacoess procedure. 

f) Logging of access operations. 

g) Co-ordination of TNPG and Contractore' staff during access procedures. 

h) Provision of Test Controllers responsible for the progress of access to 
whom all questions regarding the demonstration ;programme will ,be referred. 

i)' Provision of access teams. 

j) Preparation of test reports on the vessel access demonstration programme. 

k) The operation of plant and systems taken over for routine operation in 
aooordance with P.I.O.I. Is/S.O.M. 's prOvided, acting as the authorised 
agents of T.N.P. G. 

1) Chemical sampling of reactor gas if required. 

m) Routine lll!iintenance of plant taken over for routine operation in 
aocordance with the P.I.M.I. IS or manufacturer's information provided. 

6.2 COmmissioning Department' will be responsible "for:-

a) Arranging vessel' cooling, blowdown and other systems to give in-vessel 
conditions required for the start of this demonstration. ' 

b) Provide a member of staff to liaise with SSEB controller during ~he 
demonstration programme. 

0) Safety and security on completion of this programme after cancellation 
of Vessel entry P.T.W. ' 

6.3 Constru.ction Department will be responsible for:-

a) Make available reactor ancil1~ equipment, i.e. pile oap crane and driver. 

",' . 



7. SAFETY ASPECTS 

7.1 General 

All personnel entering the vessel during this 'demonstration programme will 
have initially been passed medioally fit for hot environmental work and in 
addition will have to be certified fit by the Medical Department on the ~ 
of entry. 

7.2 Equipment 

A complete list of the First Aid Equipment placed at Pile Cap is given in 
Appendix 1. Additional in-vessel safety equipment is listed below:-

a) 1 x t Ton safety hoist attached to 'A' frome above access penet=tion. 
(This will also. be used to raise and lower equipment). 

b) Everest safety line attached to 'A' frame. 

c) Support beam over cheesepiece. 
, 

d) 1 t t Ton safety hoist attached to support beam. A spare hoist will 
be avai lable at Pile Cap level. 

e) Everest safety ~ine attached to support beam. 

f) All entrants will wear a safety harness with atta.ched safety anchor. 

g) An a.dditional air-line lowered down to vault a.reo.. 

7.3 Temperature 

Vessel air temperatura will be maintained a.t a. level no greater than 60
0 c 

by Circulating water through the boilers. The temperature above the gas 
baffle dome will be oontinuously logged when personnel are in the vessel. 

7.4 Communications 

1. All personnel inside the vessel will be in direct communication with 
the vessel controllers at the Console at a.ll times. 

2. Direct oommUnication from Console to:- 0.) C.C.a. b) Compressor station. 

7.5 Noise 

'Ear defenders are incorpora.ted in the .co!IIDunioation headsets I and will reduoe 
the background noise level by o.t least 25 dB(A). 

7.6 Carbon Dioxide 

1. CO2 concentration of the vessel atmosphere will be measured prior to 
and oominuously during all entries by external sampling. 

2. CO2 detectors will be placed at strategio points within the vessel. 

7.7 Breathing Air System 

1. Breathing air sist em including the 40 emergency air bottle system 
will be in service I the latter a.uto out-in will have been checked prior 
to 1st entry. 

2. One operator will be on duty at the compressor station during all 
entries. • 

7.8/ ••••• 
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7" 8 Nuclear 

Fuel loading will ccnmsnce in R3 in Event 24 in the Half Station Ccmmissioning 
Programme. Although there will be 'no radiation or oontamination hazard to 
the vessel entrants in this demonstra.tion; all the normal radiation/oon­
tamination precautions will take place:-

a), all entrants will wear a film badge and other dosime"ters. 

b) "initial entry will be mainly a Health P~sios survey. 

0) all subsequent entries will inolude a Health P~sioist in the team. 
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9~ APPENDICES 
• 

1. First Aid and Safety Equipment. 

2. Health Physics Equipment. 

3. Control Console Connections. 

4. Duties of Change Room Attendant (C.R.A.). 

5. Vessel Internp.l Inspection Schedule. 

6. Permit-to-Work (P.T.W.) and Isolations. 

7. Permit-to-Work (P.T.W.) Procedures. 

8. Personnel Shift Cover During Entry. 
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10. mAGRAJ,1S AND DRAWINGS 

1. Relevant section of revised Half Station Commissioning Programme. 

2. Ma.n Access routes within the Main Pressure Vessel. 

3. General L~out of Vessel Access Equipment at Pile Ca.p. 

4. Inspection Party - EIItry Procedure. 

5. Inspection Pa.rty - Withdrawal Procedure. 



APPENDIX 1 

SAFElI'Y EQUIPIIIENT INVENTORY 

1. In-Vessel 

! ton hoist 

t ton hoist 

Support beam 

Sa.fety lines 

2. First Aid Equipment 

Number 

1 

1 

1 

2 

Ordinary Stretcher 1 

Neil Robertson Stretcher 1 

Safety line 3 

Am oman 1 

Oxygen cylinder 2 

Air-cooled suit, including full in-vessel gea.r 1 

Hamper containing bandages "1 

splints (air-cushioned) 

blankets 

elastoplast 

scissors 



APPENDIX 2 

HEALTH PHYSICS EQUIPMENT INVENTORY 

Beaufort Air-Cooled Suits - L 6 

Vortex Tubes 

Vortex Tube Belt holder 

Cotton Oversuits 

Surgeon1s Boots - 6/7 

- 8/9 
- 10/11 

Household Gloves - L 

Household Gloves - M 

Leather Gloves - L 

Laather Gloves - M 
Cotton Gloves - L 

Cotton Gloves - M 

Communication Headsets 

Safety Harness & Anchor 

Safety Ropes 

Cupboards 

Thermometer & Lanyards 

Torches & Lanyards 

Hammers 

Spanners 

Rope (601) 

Instrument s - 0030 

- RM2 + BP4 

- CO2 

-M 6 
12 

12 

24 
24 prs. 

24 prs. 

12 prs. 

24 prs. 

24 prs. 

12 prs. 

12 prs. 

12 prs. 

12 prs. 

12 

12 

6 

2 

6 

6 

3 

3 

3 
3 

- Air 

- Trit 

Batteries - spare U11 

--spare U2 

- spare PP9 

- spare 996 

Air Sampling Paper 

Leads (Contam. probe) 

Plastic Bags - L 

Plastic Bags - M 

Plasti c Bags - S 

Paper Tissues 

White Tape 

Cellotape 

Anti dim 

Storage Bins & Lids 

Boot Barrier 3 ft. 

Table 

Benches 

Chairs 

Hosereels 

Couplings 

Jubilee Clips 

Screwdri vers 

Equipment Log Book 

2 

24 

24 
12 

12 

1 Box 

6 

12 

24 

24 
12 

6 

3 

3 
12 

2 

1 

2 

3 
8 

16 

6 

3 
1 



APPENDIX 3 

CONNECTIONS TO CONTROL CONSOLE 

\ 



APPENDIX 4 

DUTIES OF CHANGE ROOM ATTENDANTS 

1. Stock Tent 

After the erection of the tent by !II.~!.D. personnel of SSEB, the inside of 
the tent will be furnished by 2 change room attendants in the =er shown 
in Figure 3. 

A complete list of Health P~sics Equipment is given in Appendix 2. All 
these items will be obtained by the 2 C.R.A. 's and arranged inside the tent. 

Similarly the safety equipment as listed in Appendix 1 will be pOSitioned on 
the Pile Cap as shown in Figure 3. 

2. Vessel Entrx Equipment Check 

a) Check all communication systems using master oontrol switch on Coneolll. 

b) Test ai~cooled· suits on air-flow test rig. 

3. Dress/Undress Entx;y Teams 

Further communication, air flow checks will be carried 01It 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 Clothing 

At the end of each entry seSSion, the C.R-A. will return all dirty clothing 
to the laundry and repleilish with clean items. 

The above list is a summary of the duties. Full details will be given in 
a Departmental Instruction. 



APPENDIX .5 

VISUAL PHOTOGRAPHIC AND T. V. 

1 • Gas Baffle 

Doubler plates, shrouds, boiler beam support hangers. 
Lower cylinder supports to boiler shield wall. 
P. V. insulation termination rig. 

2. Boiler Unit 

Casings (corner fillet welds), supports (welds, pins and links) 
gas seals, headers, tube bends, CJfo chrome hanger shroUds and 
T 1 gas pipework. . 

3. Boiler Unit Supports 

Outboard end of boiler support hanger beams and suspension 
arrangements. 

4. Boiler Feed Penetration 

Welds. 

5. Dec;y Heat Inlet and Outlet Penetration 

Welds. 

6. Decay Heat Manifold within P. V. 

Welds. 

7. SU'Perheater Penetration 

Welds. 

8. Reheater !Iane;ers 

Welds. 

9. Vault 

Quadrant division plate assemblies and seals. 

10. Insulation 

·P. V. liner, gas baffle. 

11. Gas Clean Up Circuit Pipeworlc 

Bellows assemblies on the inlet and outlet pipeworlc. 



APPENDIX 6 

PERMIT-TO-WORK (p.T./~) SYSTEM AND ISOLATIONS 

1. The P.T.W. is given in Appendix 7. 

2. During the reactor vessel cooling and depressurisation, (Fig. 1, Item 18) 
the CO?_ distribution system will be isolated and depressurised lihere 
appliBable. The following valves will be isolated:-

R3/G/ 1 

R3/G/ 2 

R3/G/5 
R3/G/ 6 

R3/G/9 
R3/G/10 

R3/G/ 6'7 
R3/G/88 

(BCD purge) 

(R.T.V. CO2 supply) 

(flux scanning) 

R3/CO/97 

R3/COi977 

R3/COi103 

R3/COi107 

R3/COi 109 
R3/CO/110 

R3/C02/124 ~ another 

R3/C02/153 

R3/c02/156 + another 

For blowdown purposes, the following valves will be left available:-

(i) For temperatures abow2000C '(Iodine Adsorption Filter limitations). 

R3/G/1 l ' R3/G/10 (closed) 

R3/G/6 ' R3/G/88 ' 

R3/G/9 not necessary if bypass pipework available. 

(ii) For temperatures below 200
0
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 mic down shop leads isolated via the interlock system (R3). 

5. The nitrogen injeotion lines will be isolated (1~1 N.B. and 3" N.B.). 
Valve references will be given at a later date. 

6. To avoid any release of CO
2 

into R4 pressure vessel, the following 
construotion blanking plates wiIl be fitted:-

(i) 

(ii) 
(iii) 
(iv) 

(v) 

(vi) 

Standby filling line upstream of "valve R4/CO/110. 

R4 circulator gland supply line downstream of valve R4/C02/107. 

Inlet to bypass pipework, R4, upstream of valve R4/COi98. 

Inlet to emergency iOdine adsorption filter 3B, R4 side, upstream 
of valve R4/G/67. 

Blowdown side of dryer post filter 4, upstream of Valve R4/G/88 

20.7 bar (300 psig) services su,Pply line to R4 maintenance purge 
station downstream of valve R4/C02!133. 

NC1I!E/ •••.•• 
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Appendix 6 (Cont'd.) 

NOTE: 

(vii) 

(viii) 

The position of this blanking point has to be identified. 
Additional isolation may be required depending on above. 

On 1t" N.B. nitrogen, injection line upstream of tee into R4 
circulator gland supply line. 

Oxygen and methane inlets to the recombination unit upstream of 
valves R4/0/8 and R4/CH/5. 

7 • Additional isolations ma;y 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 System - the supply isolating valves to the servioes . 
of this system will be locked shu:t. 



CD DISTRIBUTION SYSTEU ISOLATED 

( ) (REA~TOR VESSEL DEI'Il~SU~ISED, TEll'. 60°C .. 
~( ~2 SIlRVEY OF MAN ACCESS 

rpENETRATlON 
ISSUE P.T.W.(M) TO REMOVE I'IlIMARY 

) t kLOSURE PLATE & INSULATION SLEEVE 
{ ) REMOVE I'll I MARY CLOSIlRE PLAT'l.{ ) 

, AND INSULA t 1 ON S [EEVE ' 
/ 

tI 

,/ 
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INSULATION SLEEVE RnllVAL J" I 

( ) ¥ufUPtP ~SANc! 1.9" TO -.,{) 
URV Y lie ESS ROUT11 

~ 
( ) ) 

J.NSTAlL SAFETY )(Wssug e,T.Y,(M) TO EREOT ;() ERECT YESS'[l AOCESS ... ( ) gANGEr P,T,,,. (M) f').rul1£IfTE R1C"tDOWN 
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lSSUf PJ.Wr''''' FOR MAINTENANCE _( ) 
NO NSPEC! ON PURPOSES ' 

PERMIT-'ro-WORK PROCEDURE APPENDIX 1. 

'. 



APPENDIX 8 

PERSONNEL SHIFl' COVER mmmG ENTRY 

In order to provido a. standby team of 4 men, ready at all times when 
there is a team in the vessel, the follo.dng shifts vdll bo worked to 
provide a. 4 hour overlap. Each shift vdll comprise 4 men and starting 
and finishing timeG for a. 24 hour period are shown below. 

h~.. 200 hrs. 

W!" tn V..!.~ 
team St~n~. nd team In Vessel 

rd team Stan b- [

000 hro. 

;ltt~jj~~~ th team In V •• sel.i 'rh · m St.ndb. -I'ith team In Ve ••• I 

I 
h team Shndb ittb team In ressel, 

Isi team Standb~ !. 

i I I I ' 

hrs. ;2400 hr •• , f400 hrs. 

I 

The 2 hour entry period oan commenoe at any time during the 4 hours 
allowed for entry provided the standby team is fully prepared to cover 
the entry. 

Personnel who are involved (i.e. controller etc.) but are not a.ctually 
entering vessel vdll follow the normal shift rota. but vdll have a 1 hour 
overlap a.t ohange of shift. 



! ll!,.STlIlIl RELEVANT SECTION OF PIlOGRAfdldE DlJRIIlG 2NO HOT RUN 

COOl REACTOR TO EST. AIR IN VESSEL AND EST. 

( ~="~""---H 42) AC~fJ!l!;"-' _____ ~)'(43)I---:H::;EA~LT~H~P~HYI.T1:.:ICS:::..:::SU::::R..::VEY:.:......"1-\"( ,t) FINAL INSPECTION )(4~) 

" YE", FWX !'ROTN, INSTA.LLED ( ) 

! PIlOGRAf.I!E IIITH EIIfRX DE!.llNSTRA!ION OURING TH§ 2nd HO! RUN 

TE". flUX :eROIECTION ( ) 

11 IllSTALLATION 

! 
START OF VESSEL 
ENTRY 1I0T TEST 

BLOWDOIIH REACTOR TO 
(41) COOL REACTOR TO GOo +0 ATl40SPHERl~ PRESSURE , ( 

AIR PURGE BY OPERATIONAL J 
.p.!~~~J.I,IJc )1-..:iMIOLET.IlijHQ:l:.D --r"---~>() 

EQUATE PIlESSURES WITH 
STABILISE mp, AllOo", (7 

END OF VESSEL 
EIITRY H4T TEST 

( } VESsrUCCESS rOUP'!. ( 
READY AT PILE CAP LEVEr 

FIGURE 1 
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FIGURE 4 

INSPECTION PARTY - ENTRY PROCEDURE 

Unfit 
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I 
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CHANGEROOM 

'f 
PILE CAP 
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l' 
.. 

VESSEL ENTRY 
CONTROL 

I ' CONSOlE I . 

t 
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, 
Collect 
Medical 

~Clearance 

Chit 

• Show Pass 

, Collect Film Badge 

, Q..F.E. 's etc. 

Change into 
Station Underwear, 
Transit Clcthing 
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Medical Chit 
Receive Instructions 

MIDDLE TENT F-
(CLEAN SIDE) 

-Collect tools, etc. for entT,Y' 
Change into Aiz-cooled suit, 
outer coverall, boots, gloves 
Assist check of aiz-line I~ 

It ~ -.. 

(.A.~LE) 
, , -

I VESSEL~ 

communi cati ons 
Log tools for entT,Y' 

Final check of air lines, 
communi cati one 



FIGURE 5 

INSPECTION PARTY - WITHDRAVlAL PROCEDURE 

e!: withdrawal from the 
;el will be under the 
trollerts command, each 
rant identified by 
cured air-lines. Small 
ms of equipment will be 
b.d.ra.wn by rope. 

T 
END-TEl'IT 

(ACCESS HOLE) 

t 
~ ___ I 

PASSAGEWAY 

. -'-'-

~DDLFJ-1l'ENT 
l~~ SIDE) 

t 

t
Remove outer gloves, disconnect 
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. Remove outer coverall, air-
I cooled suit to ankles 
-Sit on barrier, remove boots, 
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-t Don overshoes 
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t Remove. inner 
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._-'. 
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Record entry time and 

-+0----- QFE radiation dose 

t 

VE3SEL ENTRY 
CONTROL 
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PILE CAP 
SUB-CHAN'GEROOM 
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1-- MAIN ' Lllhower, dress into 
~HAN'GEROOM ..J normal clothing . 

[_-_ l ~ GUARDIAN'S . 
OFFICE -Hand in Film Badge, 

. _____ 1 

QFE etc. 



APPENDIX K 

1 INTRODUC'l'ION' 

/.$ detailed in "Vessel Access Demonstration - Cold RtUl C24.04.9.32.02.09 
Part 3" follol'ling vessel access training in the 'A' Station Turbine Hall 
Hot Box and the C.~r.M.B. Rehearsal FaCility and prior to the Reactor Hot 
ACCElGS Entry, Cold }.ccessDemonstrations t10uld be carried out. It was 
programmed that several entries ~Iould be made, the first entry team 
installing lighting, support beams, safety lines, etc. and establishing 
the access route to the sub-boiler annulus ~dth subsequent teams carrying 
out inspection duties with T.V. cameras and visual inspection of boiler 
tubes, etc. Each team ~rill spend not more, than two hours in the vessel 
and at the end of each entry period ~;ill carry out an emergency procedure. 

Three man-access demonstrations under cool condi tions ~Iere held in Reactor 4 
prior to the first Hot run man-access programme in September 1975. 

2 OBJ:EX:TS OF THE DEr~ONSTRATION'S 

The purpose of each of these rehearsals ~Ias threefold:-

(i) to fa~iliarise the entry team with the access equipment and its use 
in the vessel environment. , 

(ii) to prove the adopted procedt~es for the vessel entry and, in particular, 
the actions that must be followed under emergency conditions. 

(iii) to assess the time involved in assembling and dismantling equipment on 
the Pile Cap and Vessel internals, and also in cocomplishing each stage in the 
entry. ' 

3 DATES OF THE COLD MAl,-ACCESS DEf.IOlfSTRATIONS 

(i) 10 - 12 May, 1915, 8 teams, 1 entry per team 

" (ii) 

.(iii) 

19 - 20 July, 1~75, 2 teams, 2. entries per. team 

2 - 4 September, 1975, 3 teams, 2 entries per team 

4 TW! SEL:EX:TION 

All members were examined by the· Board's Medical Officer and cleared for work 
in hot environmental. conditions • 

. The final selection of teams was based simply on availability. Holidays and 
'A' ·Station Overhaul commitments considerably reduced the number of teams for 
the 2nd and 3rd demonstrations. 

A list of entry team members is'given in APpendix 1. 

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 personnel 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 ~Iere suppli ed. from personnel of the other entry teams. 

5 MAlI-ACCESS ROUTE 

The man-access route is sho~~ in Fig. 1 and the method of entry outlined in 
C.T.S. C24.04.9.32.02.09 Part 3. 

'1:1 ........... 1 
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2. 

5 MAn-ACCESS· ROU.TE (Cont' d) 

For each entry team, the main objective uas for 2 of the 4 man team to ope 
the hatches do~m a boiler interspace and reach the sub-boilers annulus (25 
with the remaining 2 at the 77' level assisting ~rith movement of airlines. 
maximum time allocated for each entry l-Ias set at 2 hours and it l1as antici 
that \-Ihen teams had become familiar enough I'1Hh the procedures, a period 1'J 

this timescale ~Iould be set asJ.de for carrying out one of the emergency pr 

6 STATE OF PL.ftJ<T 

Access to the R4 Vessel was through the man-access penetration on the Pile 
at 2700 t the 906 penetration being used by T.N.P.G. contractors. No arra 
were made for a demonstration of the removal of the shield plug, impact sI 
thermal insulation plug and access manhole cover and provision must be mad 
the inclusion of this important procedure at some later date. 

(i). Clean Conditions Tent and 'A' Frame 

The layout of flooring across the Pile Cap-for the 1st demonstration was n 
completed in time for erection of the clea~ conditions tent, tho~~h, on th 
hand, it was not -then appreciated that the tent erection ~Iould require 30 
of \-Iork. ilhen eventually erected, i t ~Ias found that the tent structure r 
more strengthening than the design had allo~ed for. 

The portable 'A' frame above the man-access pen1ltration \-:as not available 
initially and then found to be of insufficient height for removal of a cas 

(ii) Compressed -Brething Air System-

The air system was_fully checked prior to the tests and moisture a~d oil 
contamination levels mo~itored. -

The emergency air bottle bank was not available. 

(iii) 
. . 

Telephone Communications 

A telephone was installed at the Console. 

(iv) Control Console 

The Control Console was sited-on the S-W Stressing Gallery Roof. 
- circuitry modifications 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 a~d Lifting Eauipment 

Electri 

The 2 ton hoist was available and used in place of the 'A' frame for some 
tests. 

Pile Cap crane was not available for transferring the hose-reel drum frame 

(viii)/ ••• 



6 STATE OF PLft~~ (Cont'd) 

(viii) Temporary Access Ladders 
. " 

A vlooden ladder I"laS used in the 1st test as part of the access penetration ladder 
Thereafter, a 2-section metal ladder Imo used. 

(ix) In-Vessel Lighting 

Normal construction in-vessel lighting used for the 1st two tests, thereafter 
boosted by the vessel entry portable lighting. 

(x) Air-Cooled SUits, etc. 

Sufficient stocks of all items of protective clothing plus safety equipment. were 
available in time. 

(xi) Hose-Reel Drum and Airlines 

The hose reels v/ere sited on the S-~1 Stressing Gallery Roof near the Control 
Console. The mj.nimum number for the tests vlere made available. 

(xii) C02 Moni foring Equipment 

CO
2 

measurements were 'not required. 

7 SUMMARY OF TESTS 

Only brief details 'of each entry are given, including time to reach 25' 
and total entry time, and any serious equipment· failures or incidents. 
of :Elnerg~cy Exerc~ses 'carried out are given in Appendix 2. 

(i) 10 - 12 I!.ay 1975 

level 
Details 

~ The final decision to start the test was given on the 9 May follovdng·a 2-man 
entry dOl'11l to the sub-boiler annulus witnessed by the Board's J.!edical and Safety 
Officer. 

Subsequently, seven of the eight programmed 4-man teams ent~ed the pressure, 
vessel and carried out brief 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 enter'ing. Because of these difficulties, 

, emergency procedures were not carried out. 

1st l'iltry: 

2nd l'iltry: 

. 3rd l'iltry: 

4th l'iltry: 

5th l'iltry: 

Time taken for two men to reach the 25' level was 58 minutes. 
Total ·time for entry was 2 hours 7 minutes. 

Time to reach 25' l'evel was 57 ,minutes and total time was 1 hour 
26 minutes. 

Cancelled due to communications problems • 

Time to'reach 25' level was 40 minutes and total time was 1 hour 
7 minutes. 

Time to reach 25' level was 40 minutes a.'1d t?tal time vias 1 hour 
15 minutes. 

6th l'iltry:/ ... 



7 SUMMARY OF· TESTS (Cont' d) 

6th Entry: 

7th Entry: 

Time to reach 25' level ~las 46 minutes a."ld total time was 1 hoUI 
26 minutes. 

Time to reach 25' level ~Ias 40 minutes and total time Has 1 hoUI 
50 minutes. 

8th Entry: Time -to reach 25' level ~IaS 37· minutes and total time ~Ias 1 hoUI 
54 minutes. 

(ii) 19 - 20 July 1975 

The four programmed four-man team entries Here carried out and emergency pro, 
\'lere rehearsed on three of these entries. 

1st Entry: 

2nd Entry: 

3rd Entry: 

4th Entry: 

Bottom hatch was not opened due·to co~~unications difficulties, 
total time was 1 hour 28.minutes. 

Time to.reach 25' level \'/as 35 minutes and total time was 1 hoUI 
31 minutes. An emergency e:d t due to loss of air was rehearsec 
two men and difficulties were encountered \-rith airlines a"ld safe 
line becoming entangled. 

Time to reach 25' level ~Ias 34 'minutes and total time \-ras 1 hour 
45 minutes. An emergency exit due to loss of communications wc 
rehearsed and no problems ~lere encountered. 

Time to reach 25' level ~las 17 'minutes (as all! equipment was in 
posi tion and all manholes ~:ere open) and total time ~las 1 hour 4 
minuteS. . The removal of. a easualty \·ras successfully rehearsed, 
the total ~ime taken for this exercise ~Ias· one hour. 

(iii) .. 2 - 4 September 1972 
, . 

The six programmed four-man team entries \-rere carried cut. Due to communice 
and other difficulties emergency procedures were only rehearsed on tHo entrie 

1st Entry: Time to reach 25' level was 70 minutes P.."ld total time \-ras 1 hour 
53 minutes. The loss of air to one ma"l was rehearsed successf~ 

2nd Entry: Time to;reach 25' level was 32 minutes and total time was 1 hoUI 
. 32 minutes. 

3rd Entry: Time to reach 25' level was 54 minutes and total time ~Ias 1 hour 
50 minutes. 

4th Entry: Time to reach 25' l'evel was 17.minutes and total time \-ras 1 hour 
8 minutes. The removal of a casualty was rehearsed and ~Ias 110t 
completely successful due to air supply and communications 
difficul ties. 

5th Entry: Time to· reach 25' level was 40 minutes and total time was 1 hour 
21 minutes. 

6th Entry: Elcercise terminated after 45 minutes due to ;loss of communicatic 

8/ ••• 
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8 cmrrmTTS 01r TESTS 

Numerous equipmentfaul ts occurred during these tests and ~lere discussed fully 
at the combined Debriefing Meeting for the Cold and Hot Access Demonstrations 
held on the 18 September 1975. The main defects are listed and included as 
an Appendix to the Hot Access Demonstration Report. 

Full details of the Dnergency 'Ex;ercises ~Ilrich ~Iere carried out are given in 
Appendix 2. 

The tests sho~It,d hOl1ever that the first t~:o members of the team "/Culd reach the 
25' level inside the reactor in a time of apprcxi~ately 40 minutes and this 
~lould leave a period of an hour to carry out inspections, etc. l'/i thout exoeeding 
a total entry time of tl10 hours. 

The safety aspect causing the most concern during the Cold Tests Has loss of 
air supply. A back-up air or'oxygen system'have not yet been selected and 
ordered and the manufacturers modified helmets, 11hich allo\1 the visor to be 
removed in an emergency, Vlere not ready in time for the Cold Tests, although 
they were delivered for the Hot Access Tests. A hasty station modification 
to the existin/l: helmets did not ~Iork dependably and assi,st"llce was F.orneti,m",,, 
required in removing a visor. 

,. ' 

9 . FUTURE PROGRPJ.1l\\E 

Further Cold Access Rehearsals are essential to;-

1) Train additional team personnel in a reactor. 

2) Test modifications ·.to the comrnunic~tions sy'stem. 

3) Test Alterations to. the vessel entry equipment. 

4) Test the T.V. ~amera equipment inside a 'reactor. 

5) Prove the bottled air system. 

6) Prove additional life support systems. 

A:J/MA/7.11.75 



" 

APpnmJX 1 

Etl"TRY TEfJlS - COLD mm ·P.E"tlEARSALS 

1 1st Cold Run Rehearsals, 10 - 12 J,!'w 1972, 

Team 1 J. Broughton 
G. Moore 
G. King, Dungeness 
P. Hoods, Dungeness 

Team 3 C. Owens 
1-1. lIatson 
P. Brinkley 
C. Campbell 

Team 5 J. Livingstone 
A. Johnstone 
R. Davies 
J. Sydee 

T~~m 7 . B. GnrnaU 
J. Jacks.on 
J. Scully 

. A. McMillan 

2 2nd Cold Run Rehearsal, 19 - 20 July 1975 

Team 1 C. !.IcDonald 
P. vlightman 
I. Moodie. 
J. Smith 
K. McLeod, Scottish Boilers 

. Team 2 

Team 4 

Team 6 

Team 8 

Team 2 

3 3rd Cold Run Rehearsal, 2 - 4 September 1975 

Team 1 C. McDonald Team 2 
C. Owens .. 
P. Brinkley 
J. Wilson 
J. Jackson 

'Team 3 J. Livingstone 
R. Davies 
K. Staples 
I. Henderson 
Eo Hamilton, Scottish Boilers 

. '. 

R • Longhorn 
T. r.!cDermott 
J. ~!ilson 
B. Gornall 

C. r.!cDonald 
C. Campbell 
J. Edt1ards , Hinkley Poin' 
K. McLeod, Scottish Boil, 

I. Moodie 
J. .Frel'l 
K. Staples 
I. Mromell, Hinkley Poin" 

p, t.1; p'ht.m:::.'t"I ··-v-- -----
I. Henderson 
11. Ruddy 
R • Mottram 

, 
J •. Broughton 
C. Oi·rens 
R. Davies 
P. Brinkley 
A. McMillail 

P. ~Iightman 
I. Moodie 
J. Edwards, 
I. Ma.x\·rell , 
J. Smith 

Hinkley Poin1 
Hinkley Poin1 



APPEtmrX 2 

EiIEtlCmCY PROCEDURES - COLD Rm, REHEARSALS -
10 - 12 r,~D,Y 1975 

No emergency procedures carried out due to faults in communications. 

19 - 20 July 1975 

2nd Ehtry: Im emergency eri t due to loss of air I'TaS rehearsed tu th tvlO men. 
On "loss of air" they disconnected their airlines and started to 
eri t from the vessel. The first man reached the boilt'.r walkt~ay 
l~i thout difficulty I but the airlines and safety line become 
entangled vlith the second man arid he dragged them all l-lith great 
difficul ty to the boiler \~alblay level, vlhere another team member 
removed his helmet, for him (removeable visors vlere not available 
at this time). 

, 3rd Entry: Im emergency exit due to loss of communications vias rehearsed 
l~i thout any difficulties. 

'. 

4th Entry: The :eemoval of a casualty was successfully rehearsed. This v/as 
carried out according to the written procedure and took one hour 
to remove· the casualty. 

2 - 4 September 1972 

1st Entry: 

4th Entry: 

Im emergency exit due to loss ol:' air l'las rehearsed by one ma'1 
(with conslderable breathing apparatus experience) and no 
difficulties were encountered. 

The removal of a casualty was rehearsed and VIas not completely 
successful due to communications difficulties and to the loss 
of air'to one of the team members removing the casualty and 
the exercise l~as abandoned ·whenthe casualty had been lifted 
to the boiler walbla;y level • 

. , 



1 mrnODUCTIO:r APPENDIX L . .. 
It ~las progrommed that several cntriee Hould be made into the Hot He::tctor, "the 
first hlo entri.es to ins-La.ll all the equip:nent and to establish the l'oute and 
the other entries to carry out inspection prococlure::;. E!lch team llOW,d spcnd 
not Inore them hlo hours in the vense} mlrl at the end of eo ch entry pm'iod ,·;ould 
carry"out an emergency procedure. 

2 OBJECTS 0.1;' ,.~JII<~ EHT~ : 

, The purpose of these entries \mo:- , . 
1. To dcmonotrate the feasibilHy of reactor vessel entry a'J.d inspection 
procedures under ho't condition!'::. 

2. To gain entry to the !'::ub-boil er annulu!':: on the fe,r side of the vessel. 

3. To compare in-vessel air temperature meaS,l.l'emen'ts against installed 
thermocouples. 

4. To measure noise levels inside the ve::lSel. 

5. ,To test the vermel entry communi. catiol1G systelll. 

3 "DATES OF TilE :HOT HAN-ACCI,SS nmONSTRATIOn - .. , ....... - ,. ,. __ . .., _ ..... """'" ... 
9 - 11 September 1975 3 teams, 2 entries pel:' tewn. 

. ... ~ 

! 
Fivc-ma'1 teams as for the Cold ma'1-access on2 ,- 4 Septembcl'1975, conSisting of 
onc Controller and fom; entry men. '1'\'10 standby men, hoist and hose x'eel 
attendants supplied from other tealJls. A list of entry team members is given in 
Appendix '1. '. . ' ' 

, ,. 

All members had. previously been examined by: the Board's J.!edical Officer and 
~ cleared for \'lOrk in hot, environmental conditions. In addition all ~Iere examined 

by a Board Doctor irnmediately prior to 'and ihlmediately fo11o~ring an entry. J.ll 
,'entrants Here also fitted \Olith a physiological data recorder. 

5 J>l.,I.1T-ACCESS ROUTE .. 
As for Cold. access demonstrations. (See Figuro 1) 

" 6 STATE OF PLANT 

Access to R4 vessel \'Ias made through the man-access penetration on the Pile Cap 
at 270oC.' The shield plug, impact sleeve, thermal insulation plug and access 
manhole cover had already been removed. 

All other conditions as C24~04.9.32.02.09 Part 4 3.2 with the exception of:-

ii) Boiler feed p\lmpS not required. 

iv) Blowdown system and suction p\lmpS not required. 
: 

, v) Compressed breathing air system ave.ilable but not tested. 

viii) Only two circulators available. 

xii) Main and Pile Cap changerooms not required. 

xiii)/ ••• 
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6 .STA'I'g OF PI.nJ! (Cont' d) 

xiii) Pile Cap crarye not required. 

xxiii) CO2 detectors not required. 

7 fJLI\.UGES Ilr EOUIPI.!J);,T 

'rhe only changes in equipment' from the Cold Access Demonstration ~lere:-

1) raartindale Safety Harnesses used •.. 

2) Manufacturer's modified helmets (removeable visor) l!ere available 
time and I,ere used. 

8 SUJ,lJ.IARY OF TESTS 

1st Entry: 

3rd Entry: 

4th Entry: 

5th Entry: 
,,' 

6th Entry: 

~--

Entry cancelled af',cer 30 minutes due to cor.ununicatiorls failure 
All equip:nent ;,n vesscl, but not' lnstDlled. 
Vessel temperature 53°C (by installed th£'.rmocouples). 

Tea~ reduced to three after 45'minutes due to corr~unications f 
'l'ct.cl Qiltry time 1 hour 49 minu.tcs. LiGitting in~tcllcd. aroun 
W~kH~. ' " ," , ' 
HOJ.se, temperature and radJ.atJ.on measurements tabm, photograp 
survey; davit ~.nd hoist installed. Vensel temperature 57°C 
Hg in glass thermometer) 54.80 C (by installed thermocouples) 

Team again reduced to three after 45 mimites due to communicat 
difficulties. Because of limited n=ber of hose reels availa 
due to faults, no ntandby persol'mel ~Iere, dr~ssed up and hc..'1ce 
descent Has made dOI'1ll the boilcr interspece. Total entry tim 
I' hour' 11 minutes. 

Vessel temperature 60°C (by installed thermocouples). 

Photographic and temperature surveys.' First man reaches gas 
level but unable to open hatch. Second man out after 45 minu 
due to burst hose connection at suit. Remainder of team then 
dral,m. Total entry time 1 hour 1 minute. Vessel temperatur 
(by installed thermocouples). 

Entire route opened up. ~wo men at 25' level in 35 minutes. 
of team reach 25' level. Photography, noise and ~emperature 
measurements. Total entry tiJ:le 1 hour 35 minutes. Noise 73 

-at A2. 

Vessel'temperature 62.4°C (by installed thermocouples) 

Two men reached the 25' level in 25 minutes, then personnel ~le 
changed around. Inspection for possible oil spillage. Clos 
hatches and \,lithdraw lights up interspace. Total entry time 
56 minutes. Vessel temperature 62.40C (by installed thermoco 

9 ComE/ft'S ON TESTS 

Again numerou.s equipment faults occurred during the tests and I-Iere similar 
those encountered during the Cold Run. Oalyone fault ~Ias attributed to t 
increase in temperature - the failure of the plastiC air hose to the hois 
above the cheesepiece, and this was replaced by a rubber hose, I~hich functi 
satisfactorily for the remainder of the Hot Run. 

DuC/ •• ~ 



9 CO],jJ,m1TS on 'rESTS (Cont. d) 
~...--.. -... --

'D~.() to the equip:ncnt failurcs, the 25' level ~:a.'.l not reached. until the 5th futry, 
in::;"l:eOO of the 2nd futl'y as progra'l'JJlcd nnd conccqucntly ihe cntire lIot Acce8s 
ProGrnm.l11e Has drnstically curtailed, and no emergency cxercises \"lere carried out. 

HOHever the tests did prove that a tea'll',of four people could spend a period of 
t\·lO hom's in vDriou.s <:.reas of 'the reactor vessel carryincr out inspectionn etc. 
\;i th a vossel temperature of the order of 60 0 C, I;i thout undue discomfor·t. 
Apart frol~ the actual faul ts ~lhich occurr'ed lli th the equip:ncnt, many areas ,lere 
discovered ~Ihere the equipment l'las not ideal for uorking a'c these temperatures 
and a considerable Ulllount of ,)ork has s'~ill to be done on vessel access equipment 
before it ean bo finalised.' 'l'he vescel access equipment ~:as discussed in detail 
at the Vessel Entry Debriefing on the Cold and Hot Access Demonstrations on 
18 Septeml)er 19'15 and the commel1ts fl'om that mecting are included in Appendix 2. 

~O FUTURE PROGRJlJeIr:IE le ~_ 

Further Hot Access Rehearsals are essential to: 

1) . Train additional team personnel in a Hot Reactor. 
I 

2) 

I . 3) 

'l'est nCl'1 or modified communications' cqUipmcniJ ,in a Hot Reactor. 

Test nO,1 vessel entry equipment in a Hot Reactor. 

'. 4) Prove the bottled air system in a itot Reactor. 

5) Prove the additional life support systems in a Hot Reactor. 

6) Prove the T.V. cameras and equipment in a not Reactor. 

7) Test emergency procedures ill a Hot, Reactor • 

. ,' 

. " 

, ' 
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fJ'PDJDIX 2 -- ~ ... .-

SOlP)'E OF' f:CtYJ'J.,/JiD l:Ll.y~ll;;n.CT":~Y r~)Ap.1) -------
In.!]':'].' r~.-l~n'()l~ l~U(;L:'l:~ P' )1·'·'-'7 coil' ,. 'l"T()i,r ____ 'U~~~_"! .. _:.:.~ 

... 

Almoo:~ all 
. equipJlent I 

the cOI{J:JlGnts macle l)y tht) 'l'C<l.:Jl 1·!,9r~berr, concerned shortcomi.n3s in tile 
apv.rt from the "financial" side of the Cll"trieo • 

ErUIP'1,;Tr1·, = " l~ .• ' -_ ... -
Clothing: _._--
Suit 

Helmet 

Gloves 

., 

Polo Caps 

Air. SupE,l.l. 

f Connections 

Airlines 

Vortex tubes 

Vortex t~be 
holders 

Hose reels 

Communications 

9onnections 

Amplifier 

Throat mikes 

" 

1';ore si7.es required. to fit vll personnel. 
Al teratiol1 to convoluted hose to suit nel·l vortex tube position. 
Safety harness to be built-in. 

Remov1,.ble, visor still not reliable. 
P03si-oili ty 
Ail' flol·j to 

of heer'.; refl.:;:ct.i!'lJ coatinG' 011 

helmet must be increuoed. i! , ., !-. 
lTot sui table for 6ooc. 
Ail' required to feet. 

not ouitable for 6:;)06. 
M.r· required to hrulds.· , 

. Jilust have gauntlet,S. , 
" ,r 

Satisfaptory, but still not a pm'fect solution. 

-. - . , 

All to be impl'oved if possible, and tested before use. 

Suitable, but working near limit of performance. 
Some hoses d~1aged but probably 'fair wear and tear' considering 
the operating conditions. 

Suitable, but ·need neli connectors. 

To be modified. 

Improve air supply connection to centre. 

Not dependable. 

Redesign.to prevent overloading or replace. 
., 

lIot very successful, try other systems. 
.. 

Headsets Tight ·fi t inside helmet, other~1ise sui table. 

Hose reels Temporary modification not suitable - redesign. 

Safety Equipment, etc.! ••• 
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EWJP!-i:;;:·l'" (Cont I d) _ ........ _-_ ...... -
• 

Saf(!·t.~T Er~n; pmcn-t, etc • ..... .. ---- -

Safety Linc non-stretch !in c requircd. 

f.rrcstors \Jorkco. sati.sfnctorily .• 

Hal'l1c!;s JJfll't.indolc harness bea: to date. 

: I AI }>'r<!Jlle '1'0 be redct;)i.t91ed. 

Hoists LiGhter hoists to he 10catCtt Md purchased. 

Vessel Lie-Mine- Hot suitable, suffered some heat damaze. 

'1'orch"s Search for sui tarJlc torches continues. 

Seconclury Air 
(or oxy.::;en) Still beine; di sc\tsEled by !:edicoJ. end Safety S\ib··O'oup. 
suppl~l' . 

St. <"n d1l'r,_T;.,c.;.'.;,;c:.;,;!l. _ ..... ,J._ 

Control 
Support 
Systems 

, -
.. " 

. ' 

,.-
,­. 

" 

.. 

, , 

. I' 
-I' 

- /". 

'1'0 be ditplicatcd :tor sta.>'J.dby teurn to prcve:li: oOOTnon fat; 
\'/ith eiltry 'team. 
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