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CHAPTER 6

SURVEY AND ANALYSIS OF THE CHEMICAL PLANT
BUILDINGS
Stephen Litherland

6.1

Introduction and Methodology

Around 25% of the 180 or so buildings that once comprised the chemical plant have
survived, and these have been subject to a minimal maintenance regime being largely
stripped of internal fixtures and fittings and their windows removed and sealed.

Figure 16 Citex/Carillion Numbering System
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They are exclusively solid or cavity brick-walled or concrete-framed structures. Less
robustly constructed buildings have been demolished both for Health and Safety reasons
and in order to comply with the International Convention on CW. For these reasons
administrative and laboratory buildings have largely been lost, as have the filling and
weapons charging and assembly sheds, together with the majority of the above ground
storage buildings.
There are 38 buildings or distinct structures within the chemical plant complex of various
sizes and degrees of complexity.
The survey of these consisted of a written and
photographic record, and ground plans and elevations generated by EDM that were tied into
pre-existing surveys of the site and the Ordnance Survey data. Relevant archival material
was also incorporated into the analysis that was targeted towards understanding the
development of the buildings and their changing functions over time. The survey work
followed the requirements set down in the Standard and Guidance for the Archaeological
Investigation and Recording of Standing Buildings or Structures (Institute of Field
Archaeologists 1995), and, more specifically, the relevant parts of the definition of Level 2
recording of the Royal Commission on the Historical Monuments of England specification for
recording historic building (1990).
A visual survey was also made of the network of underground tunnels and chambers in
order to ascertain whether the existing documentary and drawn archive was a sufficiently
detailed record of this important element of the site.
The condition survey was based upon a visual inspection and comparison with existing
surveys carried out by and on behalf of Carillion. The product of the building condition
survey is the proposal of a series of management options ranging from, preservation by
record, stabilisation, or major structural repair and refurbishment (see Volume III). Finally,
an assessment was made of the overall significance of the structures on a local, regional,
national or international scale. This was based upon criteria that took account not only of
the architectural quality of the buildings, but also their group value and historical
associations.

6.2

Survey of the Buildings

The Production Buildings

The production buildings were situated towards the northern end of the Valley site, and
together with their associated ancillary buildings and stores formed a discrete group. Pyro
and Runcol forms of mustard were both produced at Valley, and, in addition, chemical
weapons materials produced elsewhere were also treated here, I.C.I. Randle being the
‘mother’ plant. For strategic purposes each building housed all the necessary production
elements involved in the making of mustard (as opposed to individual structures or open air
plant devoted to specific processes that would have been normal practice in a peacetime
chemical plant). For similar reasons each building was completely independent apart from
shared essential services, such as steam, water and electricity, and there was a back up
plant in case one was bombed or had to be shut down for maintenance. In addition to the
protection against air raids provided by the strategic location of the plant, the buildings
were also disguised using disruptive paintwork and netting. Wartime and post-war painted
numbering has also survived on the outside of the buildings.
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Figure 17 Detail of Process Area from 1950s Aerial photograph
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Figure 18 SMR Numbers in Northern End of Site
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The Pyro Plants P4 (Carillion no. 59/SMR 98002) and P5 (Carillion no.
50/SMR 98001)

Originally it was planned to have three buildings devoted to the production of Pyro mustard
at Valley. Pyro mustard was less stable and did not store well in munitions compared to
Runcol mustard, and so it was envisaged that stocks would be used quickly if sanctioned,
hence the larger productive capacity of this chemical. However, by 1941/2, as the threat of
invasion diminished, it was simultaneously realised that there were actually surplus stocks
to potential operational needs. Consequently, production was scaled down, and only two
plants were dedicated to Pyro production. In actual fact P5 appears to have only heat
treated Pyro mustard produced elsewhere rather than making any its own, and P4, was a
fully operational back-up plant.
Each plant was housed in a large rectangular building, only the charging buildings K4 and
K5 being bigger at Valley. P4, P5 and P6 have a reinforced concrete frame, with arched
concrete roofs spanning the central five bays and a flat roof section over the north and
south end bays. The flat-roof sections and the first springing of the arches were probably
cast in situ, but a clear constructional break in the arches suggests that these were cast
separately either in situ, or elsewhere and lifted into position. There is also a concrete tower
over the second bay from the west, at the northern end of each building (apart from P6,
which while identical in plan has been rotated through 180 degrees).
The concrete frame defined 7 bays internally from north to south and five bays from east to
west, although externally the north and south facing walls have seven concrete posts. This
anomaly is because the two bays in the eastern half of the building are much wider than the
western three. Brick panelling was used to infill between the concrete frame in 9 inch (or
one brick thick) walls. These non load-bearing walls appear to have been built very quickly.
Their jointing is irregular, their finish is rough, and not too much care has been given to
ensuring that the header courses match the stretcher courses of the English Bonding. The
gritty orange-red bricks measured 225 by 102 by 77mm (or 9 by 4.25 by 3 inches) which
was the most common sized used throughout Valley. Areas of alteration, generally
associated with the blocking of openings or the later insertion of the two large vehicle
access ways into the south of P4 and P5, used a variety of different bricks dependant upon
the period these changes were carried out. Concrete lintels over smaller doorways were
generally 3 bricks deep, while larger openings and fans also had steel frames. The rainwater
furniture consisted of large cast-iron sections and there was evidence of a steel ladder and
staircase providing access to the roof near the tower. The steel I-beams of the overhead
crane structures were built into the north, south, and west walls of P4 and P5, and
externally there was also evidence of a pair of tank bases to the south and an underground
connection to the air washers to the north.
By combining the evidence from the fabric of the building with documentary material, in
particular an inventory compiled at the end of 1944 (V/SPS/30), and analysis of the
processes carried out, it is possible to reconstruct in some detail the working of the Pyro
plants. Taking the ‘toxic’ half of the plant first; the suite of reaction cubicles where the Pyro
mustard was processed was situated in the westernmost bay of P4 and P5. The main westfacing elevation appears to have contained 14 ground-floor openings that were later blocked
in. These were arranged in pairs in each bay. Generally speaking, the southern opening had
a steel frame surround, which suggests that this was a lockable entrance into the reaction
cubicles, although this arrangement was reversed at the northern end of P4. This entrance
would have been kept closed at all times apart from when maintenance was undertaken.
The other openings appear to have been blocked up in two stages, there being a plinth
internally roughly at knee height. The evidence for the original arrangement of these
openings has been lost behind the later brick blocking. But, it may have consisted of some
form of steel sheeting sandwiched between the brick plinth and the concrete frame, as there
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were no windows in the process buildings during the war. Access to the reaction cubicles
was strictly controlled and consisted only of a pedestrian doorway at the north and south
end of each building, which may have been emergency exits. In contrast, the air supply was
constantly refreshed by a pair of large fans, one in each end of the reaction area. Steam
radiators provided heat when it was cold. Air was expelled via trenches in the floor to be fed
into the air washer situated near the north-east corner of each building. The reaction
cubicles would have been self-contained structures and no trace of these or the air-washer
trenches is visible inside the buildings. The inability to see these documented trenches
inside the building indicates that the concrete floor was re-laid inside most of the building.
After the Pyro mustard had been processed it was pumped to a series of seven underground
storage pots and two agitator drying pots situated to the south of each building. A seven
ton Vaughan hand operated overhead crane provided lifting capacity within this area.

Most of the next bay probably housed the control area for the reaction cubicles and also the
scrubber section, part of which was housed in a separate area beneath the tower. Evidence
of the walling for the scrubber section was apparent from slight differences in the colour of
the whitewash that was used to paint the interior of the buildings. There were also
indentations in the concrete floor that relate to an access ladder for an overhead control
gantry, which is still in situ, and the scrubbing plant. Again, both areas were amply provided
with ventilation, with two more large fans situated in each end of the building, and an
additional fan in the tower. Unfortunately, there was, once again, no trace of the trenches
cut into the floor that ensured airflow was maintained out of this section to the air washer.
The scrubber and control sections were provided with a five ton overhead crane which
terminated at the tower. A pair of double doors provided access into and out of the control
section and a single double door, subsequently reduced to a single one in later years,
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accessed the scrubber section. These larger doors may have been either to handle larger
items going into and out these areas, or may simply reflect the greater numbers of people
working in this section of the plant during production.
The engine room was housed in the final bay of the toxic section of the plant. It contained
blowers, compressors, pumps and separators, and was situated near to the switch room in
the recovery section of the non-toxic half of the plant. Again, a five ton overhead crane was
provided. All the cranes were tested in 1942, 1956 and 1962. The original arrangement of
the southern end of this bay included an entrance large enough to handle one of the wagons
that were used to transport material around the works or a small lorry. Another opening,
large enough to accommodate an articulated lorry, superseded this entrance, and was
probably carried out in the period after the war when Valley became a store. However, an
intact earlier form of opening, together with a smaller fan opening over, can be seen in P6
where it was never modified. In the north-facing elevation an opening of similar size to the
larger fans in the reaction and scrubber areas was fitted internally with a counterbalanced
slam door that must have provided an emergency exit from a first floor level. This may have
been a steel gantry like the one in the tower nearby, which would not necessarily leave any
trace in the fabric of the building after it was removed. Externally, there was a steel
staircase up to the roof near to this exit which may have been connected. Internally there
was evidence of a blocked double doorway that connected the engine room with both the
switch room and the mixing and recovery area in the non-toxic half of the plant. Presumably
this must have had some sort of gas lock, no trace of which survives.
The non-toxic area was divided into both ethylene furnace, and mixing and recovery
sections. There were seven ethylene furnaces housed in the southern four bays of the
building. These generated a lot of heat and this section was well provided with roof vents as
well as floor-level fans, unlike other areas of the plant. The furnaces also meant that there
was much more of a fire risk in this section, so it was isolated from the other areas. There is
evidence of an internal wall dividing this area from the mixing and recovery section and the
central spine wall has clearly been removed from the southernmost bay later in the life of
the building. The original access arrangements are difficult to determine because of the
degree of subsequent alterations. But there were probably two pedestrian doors, in the
south and east-facing elevations. In addition, there was another slam-door emergency exit
at first-floor level, which suggests that there must have been staging in this part of the
plant as well. It is also probable that there was originally a larger door in the south-facing
elevations of P4 and P5 to facilitate delivery of bulk commodities such as the silica substrate
used in the production process. This was probably completely removed when later
articulated lorry entrances were cut into the south-facing elevations. The windows cut into
this part of the building were all post-war additions. Internally, a pair of roof mounted two
ton overhead cranes would have helped to move things about inside the furnace area. The
ingredients used in the ethylene production process were brought in by lorry or rail to
storage tanks situated to the south of the buildings, from which the chemicals were pumped
into the ethylene section.
The mixing and recovery section was situated in the northern part of the non-toxic area.
Here reaction materials were mixed or recycled. This was connected to two waste pots
situated to the north of P4 and P5. A switch room and two transformer cubicles were also
located here; some of the switch gear remains in situ, as does the fire extinguisher system
for the transformers, which were cooled by fans. A wagon or small lorry opening gave
access into an unloading bay at the north-eastern end of the buildings, there were two
pedestrian doors, one in the north and the other in the east-facing elevations. Another door
in the north-facing elevation was cut in after the war. The alterations made to the large
opening in the east-facing elevation were possibly associated with the installation of the S20
distillation plant later during the war as this had two levels. Internally, the outline of a
trench visible on the floor may have been for transferring chemicals between this section
and the reaction areas. The lighting system in this area looks older than that in the rest of
the building and could be original.
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Condition
The overall condition of these buildings can be characterised as fair. There are some areas
of spalling to the concrete frame that have been exacerbated by broken guttering and
problems with drainage, but there is only minor water ingress into the buildings internally. A
basic regime of attention to the roof and repair of the rain water furniture should enable the
buildings to continue in a relatively stable condition in the short to medium term. Remedial
action to the spalling concrete would further prevent their deterioration. In common with
other buildings on the Valley site, the basic management of the buildings has been to block
up minor openings, whilst maintaining easy access, and to remove potentially harmful
materials. Whilst this has been detrimental to the survival of many original features, the
overall design of the structure, and the linkage between its design and the functions it had
to perform, is still readable from what survives.
Significance
Built to an I.C.I. design for a highly specific purpose at Valley these buildings are probably
the only surviving structures in the UK associated with the production of Pyro mustard, and
as far as can be ascertained at present they have no parallels. They represent a wartime
evolution of Randle, the ‘mother’ plant, which provided both a model for the production
facilities as well as expertise in chemical engineering. Randle has now been dismantled, and
most other plants involved in the production of Chemical Weapons have also either been
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dismantled, or so altered if they continued in use, that it is highly unlikely that similar types
of structure have survived elsewhere.
In terms of its historical significance, the chemical weapons programme was a highly
controversial and yet vital component of the British wartime strategy. Whatever the rights
or wrongs of its use, it was, at the very least, a necessary deterrent to an enemy with a
more advanced chemical weapons capability. Moreover, if the Battle of Britain had been lost
and a German invasion looked capable of success, their pre-emptive use may even have
been contemplated in a ‘backs to the wall’ scenario. Later, following D-Day, it was
considered that there was a significant threat of the use of ‘dirty’ uranium warheads in
Hitler’s V or vengeance rockets, for which the only Allied deterrent, in addition to its existing
programme of heavy bombing, was perceived to be the use of chemical weapons. For these
reasons it was necessary to build and maintain the Valley site.
The wartime documentation for the development of these buildings is particularly
informative, although it has not been possible to locate any detailed drawings or
photographs of the internal workings of the plant. The Pyro buildings have significant group
value both with themselves and P6 that was built roughly to the same design, but was
altered during the war in order to accommodate the ‘tube alloys’ project (see below), as
well as the rest of the site. In fact, being purpose-built, these process buildings, together
with the underground storage facility, probably represent the most unique aspects of the
Valley, as ARP facilities, assembly, charging and ancillary buildings are known to be
represented at other munition production sites.
Therefore, P4 and P5 have particular value in that they represent a very rare component of
the Second World War history of this country. For this reason it may be argued that they
are of national significance and are certainly at least of regional importance, particularly in
relation to the development of the chemical industry around the River Dee.
Future Management
While the options for future potential use of these buildings appears to be relatively limited,
if, as it is proposed below, P6 is refurbished sufficiently to act as part of a heritage centre
then similar storage facilities will be required elsewhere for which P4 and P5 are obvious
candidates. They could also continue to act as animal shelters, especially for bats. A
continued limited, but adequate maintenance programme, in order to prevent them from
deteriorating further would also leave options open concerning future reuse, for example as
a pair of large relatively secure stores in the event of a mass disaster.
The Tube Alloys Project
The basic design of this building is identical to the other Pyro process buildings.
Consequently, it is only the alterations that were made as a result of it being chosen to
house part of the research and development associated with the development of Britain’s
atomic weapons programme that are discussed below. The background to this event was
that by late 1940 or early 1941 it was realised that the country had an excessive capacity to
produce Pyro mustard that far outstripped any envisaged operational requirements. It is for
this reason that raw Pyro was never actually made in P5 (or its back up plant P4) but was
only heat-treated in order to stabilise it instead. As a result, P6 was effectively redundant.
Following Churchill’s decision in 1941 to press ahead with the ‘tube alloys’ project, P6 was
chosen to house future experimentation on the gaseous diffusion of uranium.
Speaking in 1939 Professor Rudolf Peierls had said that an atomic weapon would be so
devastating that it would be worth the effort of setting up a plant to separate the uranium
isotopes ‘even if it cost as much as a battleship’ (1985, 154). Although money was always
short it was this problem that the researchers in building P6 were set. The problems they
faced included how to make membranes with sufficiently small pores that uranium could
separate, as well as handling and using the correct type of gas for the process to work.
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In the summer of 1941 Peierls further recorded that he made a rather hazardous drive in
blackout conditions to a wartime research establishment in Wales to assess its suitability
(1985, 164). This was most probably M.S. Valley which was ideally placed in several
respects, being already under I.C.I. management and supervision, as well as being inside a
secure war production facility. Also, several of the scientists involved were based in
Liverpool University together with others from Birmingham and Oxford. However, the work
here was kept entirely separate from the normal running of the plant and separate offices,
laboratories, stores and rest room were also built to the south of the building to provide
backup infrastructure.
The Tube Alloys Building P6 (Carillion no. 45/ SMR 98004)
The main differences that this move engendered in P6 were the addition of a suite of
offices/laboratories, the fitting of a more powerful heating system, and the installation of
five gaseous diffusion machines. Another consequence of this change of use was that
several original features of the Pyro process buildings, such as doorways and fan ports for
example, were blocked up during this period and were not subject to later changes, which
also aided with the interpretation of P4 and P5.
The most notable changes made to the building were to the east-facing elevation where the
suite of offices and laboratories were installed. These effectively replaced the reaction
cubicles of P4 and P5. The offices were lit by pairs of windows built into each sub-division of
a main bay, so that, for instance, the southernmost bay contained four windows in total.
The provision of windows in a ‘production’ building is unique to P6, and was necessitated by
the special arrangements covering this building which required separate laboratory and
office space for its new function. Large access doors were also inserted; one of which
involved the heightening of the concrete frame in the fourth sub-bay from the southern end
of the building. This access route continued into the second and third bays of the interior, or
what would have been the control, scrubber and engine room sections of a normal Pyro
plant building. It is possible that it was inserted in order to bring the gaseous diffusion
machines into this area.
The provision of a pair of fans in the next bay along from the entrance was probably for
separate toilet facilities here. Two other larger access points and a pedestrian access, were
built into the northern two bays of the building, which suggests that the main operations
were concentrated in the southern part of P6 and that this area was for storage and loading.
Most of the other access points and fan ports around the rest of the building were blocked in
as part of the conversion as they were surplus to requirements in a building where access
was strictly controlled. This is indicated by the fact that they were painted with disruptive
paintwork as part of the wartime camouflage regime. A second large access door was also
inserted into the westernmost bay of the north elevation. This was tall enough to
accommodate an articulated lorry and so, like those in P4 and P5, is most likely to be a
post-war feature.
The internal arrangement of the building also differed from P4 and P5 in that the wall along
the central spine of the structure was pierced through in the second bay from the northern
end. It is likely that this was probably also carried out when the building was used for
storage purposes after the war because it would appear that the western half of the building
(equivalent to the non-‘toxic’ section of the Pyro plants) was never fully utilised during the
tube alloys programme, but was instead reserved for an expansion of the gaseous diffusion
plant that never actually took place.
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The switch room was also smaller than in P4 and P5, probably because the high voltage
switches used to control the gaseous diffusion machines were situated near to those
machines, and because there was less ancillary equipment. The arrangement of the steam
heating apparatus in ducting carried on steel supports is unique to this building and was
probably required because the activities carried out here did not generate the same amount
of heat as the chemical plants, and because a steady working temperature was required
within the laboratories. The fact that it was built to heat the entire building gives further
credence to the forward planning of the tube alloys programme, which would have
eventually required an expansion in the number of gaseous diffusers if they became fully
operational. However, the transfer of concentrated wartime atomic research to America
meant that this never actually happened at Valley.
The southern five bays of P6 (the equivalent of the ‘control and scrubber’ sections of P4 and
P5) appear to have been largely isolated from the rest of the building. The main access to
this area was through the office and laboratory area directly to the east. A single pedestrian
doorway in the central wall was probably the emergency exit for use in an air raid, as the
nearest air-raid shelters were on the western side of the River Alyn. Documentary evidence
points towards this space being the location where the gaseous diffusion machines and their
switch gear were installed. Some markings on the floor appear to support this, although the
most noticeable are two pairs of steel plates that were probably bases for switch gear,
rather than the gaseous diffusion machines which would have required a more substantial
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base. According to the documentation there was also staging around the machines, but, like
the Pyro buildings, this does not seem to have left any physical trace. There are, however,
some cut-off steel I-beams visible in the shared wall with the office and laboratory area, but
these appear to have served as roof supports for the latter area, rather than being
connected with operations on the other side.
Condition
The overall condition of P6 is slightly better than P4 and P5, although it does suffer from a
similar series of problems. Being nearer to the main entrance has probably meant that it
was retained in use longer (and it remains in use as a store today). Consequently it has
been better maintained. Having fewer entrances has also reduced the ingress of waste and
rubbish. There are no leaks from the roof, although water does tend to lie in the gullies
between the arched roofs and also on the areas of flat roof. Better maintenance of the
drains and guttering would improve the situation and stabilise a number of these problems.
A colony of Horseshoe bats has also taken up residence in the raised tower.
Significance
The key to the significance of P6 is undoubtedly its rôle in the early development of the
British atomic weapons programme. The post-war era has been characterised as ‘The
Nuclear Age’, and after Hiroshima and Nagasaki the course of world history was irreversibly
altered. In Britain, the Maud and Tube Alloys Projects brought together expertise from all
around the world with the obvious exception of the Axis powers, although several of the key
players were Germans who had fled to this country. For example, Professors Frisch and
Fuchs (both German), Haworth, Oliphant (Australia), Peierls (German), and Simon were all
involved in the experimental and ground-breaking work at Valley. The practical lessons
learnt from the experiments carried out here also helped Britain to maintain a stake in the
Manhattan Project in the difficult year of 1943, which was when the Americans might have
chosen to go entirely their own way. So, whilst P6 at Valley was only directly linked to
Britain’s atomic programme for a short time between 1942 and 1946, and the level of that
activity here was actually scaled down after 1943, its rôle was of vital importance. In fact, it
is fair to say that, albeit for a short period, in 1942 P6 stood at the very forefront of the
practical, as opposed to theoretical, attempts to make the atomic bomb in a global context.
Very few buildings or structures associated with these initial experimental stages of atomic
research in this country are known to have survived. So, in terms of its historical
associations and survival in its current form, this building is probably unique in Wales, and
certainly extremely rare in the country as a whole. To this uniqueness may be added many
of the other significant criteria identified in relation to P4 and P5, its sister buildings in terms
of overall design. Therefore, it may be argued that P6 is of international importance because
of its links to atomic research, and it is certainly of national importance in terms of its
contribution to the British war effort.
Future Management
P6 is clearly the most important structure surviving at the Valley site, and any future
management scheme should reflect this. At a minimum a scheme of remedial work and an
on-going maintenance programme should be put in place in order to stabilise the fabric of
the structure. However, an alternative and more ambitious future may be applicable within
the context of enhancing the general educational and historic interest of the Valley site.
Given its place in the development of atomic weapons it would also be particularly
appropriate to use this building to explain this facet of its and our history as well as that of
the rest of the site and the events that preceded it. This could take the form of a heritage
interpretation centre in order to tell the history of the site and the area from the earliest
times all the way up the present day, including the wartime chemical weapons and atomic
experimentation
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The scope of this initiative could take many forms and need not necessarily involve the
refurbishment of the whole of the building. For example, the most obvious area in which to
have any display would be the section where the gaseous diffusion machines once operated.
This display might even be mounted in its own secure cabinet or cubicle for example. While
the presence of bats inside the tower does present an ecological issue, this should not be
considered to be insurmountable, and a minimal programme of maintenance would allow
them to continue to live here. However, it should be an overall objective of the future
management of this building that a viable alternative use is found, as this would be the best
way of ensuring that it is properly looked after and maintained.
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The Runcol Building, R3 (Carillion no. 65/ SMR 98005)

Only one of the two process buildings devoted to the production of Runcol has survived at
the Valley site. The other building (R4) was demolished and sealed with a concrete cap due
to chemical contamination. Both buildings produced a steady output of Runcol throughout
most of the war and so the equipment they housed was heavily contaminated when it was
disposed of in the late 1940s. The fabric of R3 still contains traces of contamination and
access is strictly controlled requiring submission of a written scheme of investigation and
approval of a specific risk assessment.

The building was concrete-framed with nine inch thick solid brick English Bond panels and a
concrete roof. It was divided into six bays, the northern two were occupied by the acid
generating plant and divided from the reaction area by a brick wall that did not reach the
roof of the building. A five ton Vaughan hand-operated overhead crane on a steel gantry ran
the entire length of the building. A doorway at ground level provided access between the
acid generator and reaction sections that were both whitewashed internally. The exterior
was disguised with disruptive paint work.
A pump house and a compressor house were built onto the rear west-facing elevation of the
building, and here were also sited pressure equalising equipment and a syrup pump. A set
of brick stairs also provided access into the reaction section at ground level and a steel
stairway ran up to the first-floor level and the roof, where air scrubbing equipment was
housed. In the main east-facing elevation four large openings provided access to the
reaction cubicles, in a similar way to the Pyro plants P4 and P5, and a fifth large opening
provided access to the acid generators. A disturbance in the brickwork at the north end of
this elevation was probably where a covered store area was sited. The south elevation once
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had an entrance porch, but this had since been demolished, as was a small boiler house. A
window at first-floor level was a later addition into a former fan port, a situation that was
repeated in the north end of the building. Internally, inside the reaction area there was a
brick plinth upon which once sat the reaction cubicles. A post-war concrete skim had been
added on top of this plinth to seal any contamination into the brickwork. Whilst the section
drawings compiled by I.C.I. show several sets of raised gantries and staging inside the
building these were dismantled after the war and have left no trace in the fabric of the
building.

Figure 19 Plan of R4
Condition
The building itself is in a relatively sound state. It is dry internally, but there is some
spalling to the concrete frame and there are cracks in the walls of the outbuildings to the
rear. A basic regime of roof maintenance as well as the replacement of the rain water
furniture should enable the condition of the building to be stabilised.
Significance
The criteria for assessing the significance of this building are very similar to those used for
P4 and P5. It was purpose-built to a design by I.C.I. and incorporated several
improvements in design on the existing R1 and R2 plants at Randle. Although R3 is perhaps
not as interesting, in terms of design, when compared with the Pyro production buildings, it
should be remembered that it was the workhorse of mustard production at Valley and
continued to produce the more stable Runcol mustard for weapons filling and storage
throughout most of the war. As a result, the documentation relating to the building is much
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better, and this enables a detailed picture of its form and function to be reconstructed. In
terms of its group value it shares associations with the other production buildings and the
rest of the plant and, given the destruction of both the plants at Randle and its sister R4 at
Valley, it is likely that this is the only building of this type to survive in the country. For
these reasons, like P4 and P5, this building must be seen as being of national, and certainly
of regional, significance.

Figure 20 Elevations and Sections through R4

Birmingham Archaeology

16

MS Valley Site, Rhydymwyn, Flintshire: Historic Environment Management Plan

Future Management
Given the contamination issues relating to this building, the best potential course for future
management is probably to institute a maintenance regime that will simply stabilise the
building and prevent further deterioration. The potential of this building for the creation of a
historically accurate virtual reality three-dimensional reconstruction including the internal
plant should also be considered as a part of the representation of the history of the site.
Another simpler interpretative aid would be to reopen one of the access ports to the
reaction cubicles and to replace this with a barred barrier that would allow visual inspection
of the interior whilst preventing actual access.
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Clothing Store CS 10, (Carillion no. 58/ SMR 98003)

Two buildings of this type were initially planned for Valley in order to deal with the specific
clothing requirements of the chemical plant. This building is the only one to have survived
its twin was originally situated to the west of Pyro Plant P5. Thus, both were originally
located in the Process Area, but this one was also close to the charging area where full
protective clothing was also required. The provision of stocks of protective clothing was a
particularly important component of the day to day running of a chemical weapons plant
which was over and above the normal facilities required at standard munitions works, for
example.
Each building originally had two small sub-sections for new clothing. However, they had, by
the time of the 1944 inventory, evolved to become changing rooms, with a large ventilated
section for clothing in use that had twelve tubular steel clothes racks. In addition, the
buildings incorporated a mess room, listed as having a sink and electric oven in 1944,
together with an adjacent lavatory, which were located at the eastern end of each building.
These rooms are identifiable in the surviving fabric, in addition to two porches that provided
blackout and gas proof access for personnel. The access to the later clothing stores was not
provided with a porch, but then deliveries here would have been made on a planned and
routine basis and so would not take place during an emergency. Less explicable are the
porch-less entrances that led straight into the mess room, and another smaller opening into
southern change room, but these may have been post-war alterations.
The external brick walls were one brick thick (or 9 inches or 23 cm) and were laid in English
Bond. Most of the internal walls were also one brick thick, apart from the subdividing walls
of the lavatories which were only half a brick (or 4 inches or 11cm) thick. The roof was 9
inches thick and made of concrete that was cast in situ. The roof was supported by the
thicker internal walls and a set of four concrete uprights that carried two concrete beams
aligned roughly east-west in the central clothing store. Being a personnel building the mess
room and clothing store were provided with windows of metal frames and nine lights, all of
which, together with the external doors, were later blocked using timber panelling or brick.
The clothing store was ventilated by two 15 inch fans located in the roof. The walls were
whitewashed internally. The floors were plain concrete, although that of the clothing store
had an infilled centrally placed channel, probably a drain. This would have been necessary
if used clothing was cleaned on site with water for example, or it may have represented a
physical barrier defining dirty and clean spaces within the store, this definition of space is
witnessed elsewhere in the factory (see below).
Condition
The building is relatively damp and suffers from poor waterproofing. There is some cracking
to the north wall, but otherwise the brickwork is in a fair condition. The survival of the
window frames and their glazing are unusual. The building is empty, although it has been
colonised by bats and various modifications have been made internally to accommodate
them.
Significance
This is the only building of its type left at Valley. However, its basic construction is not
unusual, and is probably mirrored at other munitions sites for example where specialised
clothing was required. Nevertheless, it was designed specifically for the needs of the
chemical plant in order to store protective clothing and was therefore an important
component of the auxiliary buildings that kept the plant running. Its significance lies in its
contribution to our overall understanding of the day to day working of the factory as part of
a varied group of important auxiliary buildings.
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Future Management
The relatively poor condition of the building and the presence of bats probably preclude
access to the building by the general public in order to understand its function. Instead,
consideration may be made for including details of its interior in a pamphlet or
interpretative panel as well as its inclusion in the GIS. Nevertheless, the building is worthy
of retention for its contribution to our understanding of the site. Basic improvements to the
waterproofing would slow the deterioration of this building significantly, but beyond that it is
suggested that a regime of managed benign decline is probably the best course of action.
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Process Garage (Carillion no. 12/ SMR 98000)

This building served as the garage and workshop for all of the vehicles at Valley. It is single
storied but open to its sloping steel-framed roof which is unique to the surviving buildings at
Valley. The garage originally had three inspection pits (now infilled) and an oil store, in a
flat roofed annexe, at the southern end of the building. According to the I.C.I. description of
the factory made before it was built, a moveable screen, no trace of which has survived,
could demarcate floor space according to need. The building was constructed with brick
piers and panels. The panel walls were one brick thick and laid in English Bond. The piers
were one and a half bricks thick, supporting ten steel roof trusses on concrete pads that are
visible externally in the east and west elevations of the building. The roof was originally clad
in steel sheeting, but this has since been replaced.
Originally the building was painted with disruptive paintwork, but this has been sandblasted
from the east-facing elevation which was apparently whitewashed in the post-war period.
The building was provided with windows for the office and toilet areas, and these also had
their own separate access from the outside. The present doorway, situated towards the
northern end of the east-facing elevation is, however, a later insertion. The differences in
height of several of the windows in this same elevation may also indicate that the offices
(that have recently been converted into toilets) and original toilets (which are discernible by
changes in the concrete floor and scarring in the brickwork) were later additions. All of the
windows, and some of the doors, were subsequently bricked up, and the present concrete
block partition wall is also a much later addition. Situated at either end of the building were
two concrete wash areas were vehicles could be hosed down and large vehicle access points
are centrally located in the north and south gables of the building. According to the 1944
Inventory an emery wheel, electric vulcaniser and two Stanton heaters were installed in the
building in addition to workbenches.
Condition
This building has recently been refurbished and is in a good general state of repair.
Significance
This is the only building of its type left at Valley. Its type of construction is not unusual, and
is mirrored at other munitions sites and military bases for example. Nevertheless, it was an
important component of the auxiliary buildings that kept the plant running, and again its
significance lies in its contribution to our overall understanding of the day to day working of
the factory.
Future Management
A viable use has been found for this building as a conference and educational facility. This
will continue into the future, and therefore this building does not present any future
management issues.
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Electrical Substation SS4, (Carillion no. 97/ SMR 98006)

Originally the plant was supplied by two main substations, each served by a 33KV overhead
line from the North Wales Power Company’s substation at Hawarden. Each substation had
high and low tension switch gear and transformers. The transformers reduced the voltage
from 33KV to 3,300V and part of the current was further reduced to 400V for local plants.
The two main substations were inter-connected on the 3,300V side to maintain full supply in
the event of the loss of one substation. As they served a vital function in the running of the
plant they were designed to be splinter proof and had 14" brick walls laid in English Bond
and 7" reinforced concrete roofs cast in situ. There were no windows and a blast wall
protected the entrances to the transformer and Carbon Dioxide fire fighting cubicles in
addition to the switch room and circuit breaker cubicles. The large transformer and circuit
breaker cubicles were housed in a taller section of the plant that was 20 feet high, and
vented by two large fans that carried away the heat that was generated. Few internal
fittings were left, but a metal base plate could still be seen in the large transformer room,
and there were pits in the circuit breaker and northern transformer cubicles, as well as a
trough running along the western side of the switch room presumably to house distribution
cables.
Condition
This building is in a relatively poor condition, there is leaking from the roof and settlement
and thermal cracking in most of the walls. There are also bats roosting in the structure.
Significance
Again this is the only substation left at Valley, although it is a common type of structure at
other munitions sites and military bases for example. Nevertheless, it was an important
component of the auxiliary buildings that kept the plant running, and again its significance
lies in its contribution to our overall understanding of the day to day working of the factory.
Future Management
The relatively poor condition of the building and the possible presence of bats probably
preclude access to the building in order to understand its function by the general public.
Instead, consideration may be made for including details of its interior in a pamphlet or
interpretative panel, in addition to its inclusion in the GIS. Nevertheless, the building is
worthy of retention for its contribution to our understanding of the site. Basic improvements
to the waterproofing would slow the deterioration of this building, but beyond that it is
suggested that a regime of managed benign decline is probably the best course of action.
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Railway Defence Post, (SMR 98007, no Carillion no.)

This small two-storied structure consists of a single room accessed from the north and a
larger lookout post on the roof. The lower building is constructed of one brick thick walls laid
in English Bond while the parapet walls of the lookout post are built with splinter proof one
and a half brick thick walls. It was accessed from a steel ladder. Its function was simply to
guard the railway approach to the plant and monitor all railway movements into and out of
the factory.
Condition
The building has almost disappeared beneath a covering of vegetation and is in a generally
poor condition, there is spalling to the brickwork and cracking to the concrete floor of the
lookout post.
Significance
Again this is a common type of structure at other munitions sites and military bases for
example. Nevertheless, its significance lies in its contribution to our overall understanding of
the day to day working of the factory, and the fact that the site was an important military
facility.
Future Management
The relatively poor condition of the building precludes access to the building in order to
understand its function by the general public. Nevertheless it can be readily understood
from a safe distance. The building is worthy of retention because of its contribution to our
understanding of the site. Again, a basic regime of managed benign decline is probably the
best course of action.
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The Danger Area and Western Bank

The Danger Area was where shells and other CW weapons were assembled, packed, and
stored ready for dispatch. A group of paint shops, incoming stores, lookout and sentry
posts, welfare facilities, air-raid shelters, a railway platform, and gunpowder magazines
have all survived here, interconnected by special anti-dust and anti-sparking bitumencoated cleanways. These cleanways were to be used at all times by personnel, even during
air raids, with the weapons being moved around on hand carts. They were made of a
bitumen paint-like substance called Synthaprufe that was also used in those buildings where
there was particularly heavy traffic. The Danger Area was completely secured by a steel
fence around it perimeter, and access was strictly controlled because of the potentially
explosive nature of the work carried out here.
The buildings conform closely in type and layout to those found on Royal Ordnance filling
factory sites elsewhere, although some elements, such as the design of the air-raid shelters
for example, were distinctive to working with CW. Because of the constricted nature of the
southern end of the Valley site several of the buildings were more closely spaced than
normal. However, the Home Office Directorate of Explosives specially approved their layout
because of the importance of the work here. This constricted layout is a distinctive aspect of
the character of the Danger Area that contributes significantly to the feeling of enclosure
within this part of Valley.
Limestone excavated from the tunnels, underground storage chambers and the excavation
of the culvert was used to level this part of the Valley bottom. In addition, a protective
earth mound was deliberately constructed between the assembled weapon storage units at
the extreme southern end of the site and the paint shops and railway in order to provide a
further level of blast protection. Although over twenty buildings have been demolished in
the Danger Area, including the four assembled weapon storage units, altogether twenty one
buildings survive on the valley floor as well as those associated with them on the Western
Bank. Together these form an important collection of weapons assembly and ancillary
buildings that form a readily understandable group. Moreover, the survival of the cleanways
aids the recognition of the basic framework and layout of the site, so that even where
buildings have been demolished their position can be readily identified on the ground. There
are several similar buildings at other munitions sites across the country, and as such the
Danger Area group is not as distinctive and unique as the process buildings for example.
Nevertheless, many of these sites have been either completely or partially cleared, (Wayne
Cocroft pers. comm.) and the adaptations made to standard building designs, because of
the chemical component, are probably unique to Valley.
Several of the buildings in the Danger Area contain pencil-drawn graffiti made by staff both
during and after the war. In contrast, there is no graffiti in the Process buildings, and only a
little in the tunnels and underground storage area. Subjects covered include ‘pin-up girls’,
supervisors, wartime representations of vehicles, cranes, submarines and aeroplanes,
peoples’ names, anecdotes, chemical mixtures and calculations of stock. The latter are
usually located close to access ways into the buildings, but the more elaborate graffiti is
often in areas with restricted access, possibly so that the perpetrators could not be sneaked
up upon. More detailed analysis needs to be made of the graffiti than could be made within
the parameters of the present survey, this could easily form part of a locally-based
historical initiative. Nevertheless, it appears at first glance that in general the graffiti drawn
during the war was of a higher quality of draughtsmanship than the later material. There is
also probably a greater amount of post-war graffiti than is at first apparent, which may
reflect a more relaxed discipline while the place was being decommissioned. The graffiti
forms a useful social historical resource but it is probably not of sufficient artistic value to
merit preservation in situ. However, it is vulnerable to the generalised deterioration of the
buildings, but if a detailed recording project was put in place ensuring that a paper and
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photographic record be maintained, including Brian Jones’s striking photographic images,
this should form a sufficient response. However, specialist advice might also be sort in order
to try to minimise any unnecessary deterioration of the graffiti.

Figure 21 Building Function in the Danger Area
In common with other rearmament period munitions factories the Danger Area was planned
with scientific precision and the ancillary buildings were carefully coordinated to the specific
size and needs of the works. Production flow was also carefully planned and new standards
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of welfare and working conditions imposed in response to the Factories Act of 1937. The
basic layout of the Danger Area followed military guidance and included dividing up work
loads between several buildings in order to minimise damage should an explosion occur. It
also ensured the duplication of key activities so that production could be kept going if one
building needed to be shut down. Personnel and ancillary buildings, as well as stores for
packing boxes and timber were concentrated on the eastern side of the Danger Area
nearest to the railway line. The railway, which was a public route, was shielded as much as
possible from the internal workings of the Danger Area by these buildings. The storage area
for finished ammunition that was about to be shipped was situated at the extreme south
end of the Danger Area, and the gunpowder magazines were situated on the western slope,
again away from the main activity area. The weapons receipt buildings were situated to the
north of the Danger Area close to the charging and underground storage area, which is
where these weapons would have been delivered. The main painting, assembly of the fuses
and burster charges, and packing buildings were arranged around the centre of the site.

The construction of the buildings was closely allied to their actual function, but there were
also certain design features that were common to all. Fourteen inch thick, or one and half
brick thick, walling was used in all strategically vital buildings. These were laid in English
Bond. The bricks were mass-produced using the extrusion process. They have shallow
rectangular frogs, but no makers mark and may not have been locally produced. All the
brickwork is as simple as possible, for example there are very few closer bricks used and a
lot of the smaller openings for fans and vents were cut out after the wall had been built.
This would have enabled the buildings to be rapidly erected by relatively unskilled labourers,
which was a common wartime expedient. The fourteen-inch structures had a six or seven
inch reinforced concrete roof that was designed to be splinter proof. This design was also
used for ARP shelters, lookout posts, changing rooms, emergency bathrooms and first aidposts, these will be described below as one group. Every building of this type, with the
exception of the lookout posts which were located above the valley floor, was provided with
angled gas-sealing doors and curtains. Their design is reminiscent of the arrangement first
depicted in a British Army instruction manual on how to build a gas proof dug out produced
in 1921 (Martin Brown, pers. comm.). The gas seals were provided because these were
buildings where personnel would gather in the event of an incident involving the potential
release of mustard.
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The majority of the buildings had eleven-inch cavity walls, laid in Stretcher Bond. Here, the
choice of cavity walling was decided upon in order to assist in maintaining the specified
hygrometric conditions required in the majority of the assembly or storage buildings where
explosives were handled. It was also planned that all of the buildings where there was a
high risk of explosion during assembly, such as the fusing and unheading buildings (wartime
numbers 5, 9, 15-21) should have one weaker wall built of breeze blocks that would act as
a blow-out panel. However, according to the 1944 Inventory it appears that only the fuse
unheading building, (wartime number 5) actually had this feature. Unfortunately, as all of
the other buildings in this group have been demolished it is not possible to verify absolutely
if the intended breeze block wall was built in each of them. It was also intended that those
buildings in which there was a high risk of fire or explosion from incendiary bombs should
have six-inch concrete roofs erected without shuttering. These were buildings with the
wartime numbers 1-4, 6-8, 10-13, 23, 24, 26, and 40/41. Of this group the gunpowder
magazines 6 and 7, the paint shops 12 and 13, and the paint and grommet store 40/41
survive (respectively SMR 98033, 98034, 98016, 98012 and 98009). All of these buildings
have distinctive deep-sectioned pre-cast concrete roofs, which was the commonest type of
roof.
Finally, three buildings in the Danger Area were built with conventional nine-inch, or one
brick thick walls, laid in English Bond. These included the railway gatehouse, situated in the
north-east corner of the Danger Area near to where a railway siding entered this part of the
site. This small building had a concrete roof that was cast in situ. The walls of the rest and
the mess rooms were similarly built, but these larger buildings had pre-cast concrete roofs.
The mess room was built of different brick and was clearly a later addition. The only
buildings to have steel-framed windows were the offices, gate houses and mess and rest
rooms. All would have had black out blinds, although only a few attachments for these have
survived.
Other common construction features included softwood doors of the single or double crash
type. Usually only the doorframes survive because these buildings have been systematically
made safe from accidental incarceration in recent years. However, the doorframes show
evidence of a rebated channel for a blackout curtain behind the door, and in most munitions
structures the doors were designed to be opened outwards to expedite a rapid escape in the
event of an emergency as well as allowing blast to escape easily. The majority of the
surviving buildings were also provided with porches that served as light locks.
While most of the rainwater furniture on the buildings that have survived has been
removed, from fragmentary survival these appear to have been mainly made of asbestos
cement. Electrical circuitry was carried in metal conduits, and in buildings where potentially
explosive material was handled all the switches were generally located on the exterior. Very
few electrical fittings remain, but where these survive the light fittings were of pressed
steel. Those buildings that were not coated with Synthaprufe had ‘lino’ floors.
Generally, most buildings still retained their original wartime décor. This consisted of cream
emulsion-painted plaster walls with details, such as skirting, picked out in maroon gloss.
The porches and light traps were painted a dull grey to minimise reflection, although the fire
points were picked out in white to aid identification in black out conditions.
Heating was usually provided by a factory-wide steam supply, although nearly all of these
fittings have since been removed. Most of the buildings were provided with fans to aid air
circulation. These were most commonly mounted on the roof, although some buildings also
had wall-mounted fans. Air supply was strictly controlled in the emergency washrooms and
the ARP shelters.
Evidence of the usual subdivision of filling and assembly works into clean and dirty areas
was limited to the changing rooms where there were traces of a physical barrier. Several
buildings were also subdivided with red lettering into areas A, B, C, and D in various
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combinations. This division appears to have been an immediate post-war phenomenon
brought about by the introduction of a shift system when the Valley was largely dealing with
stockpiles of weapons left over from the war. This type of lettering is concentrated in
buildings such as weapons receipt stores, painting and packing rooms, the mess room and
the changing room. There is a hand-written list divided up by shift in weapons receipt store
32 (SMR 98013) and a typed list in assembly shop 12 (SMR 98016). It is notable that there
is a high correlation between buildings with large quantities of graffiti and this shift marking
system, which suggests that the majority of the graffiti is likely to be post-war in date.

Figure 22 SMR Numbering in the Danger Area
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Figure 23 Graffiti and Shift Marking Location in Danger Area
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Figure 20 Elevations and Sections through R4
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Ancilliary Structures
All of the splinter-proof buildings had fourteen-inch walls and reinforced concrete roofs.
They fall into three distinct groups, the ARP shelters and lookout buildings, the change
rooms and the emergency washrooms, and the emergency pump house.
ARP Shelters in the Danger Area:
Wartime no. 22 (Carillion no. 115/SMR 98014), Wartime no. 23 (Carillion no. 116/SMR
98015) and Wartime no. 25 (Carillion no. 139/SMR 98026)
ARP Shelters on the Western Bank:
Wartime no. 9 (Carillion no. 13/SMR 98044) Wartime no. 10 (Carillion no. 43/SMR 98040),
Wartime no. 11 (Carillion no. 44/SMR 98039), Wartime no. 12 (Carillion no. 67/SMR 98038)
and Wartime no. 13 (Carillion no. 68/SMR 98037)
For the purposes of the general description all the ARP shelters will be discussed together,
although those on the Western Bank of the River Alyn form a distinct group. A total of
twenty five permanent ARP shelters were built at Valley, although an unknown number of
temporary trenches may also have been dug, particularly during the construction phase of
the works. When the plant was operational each shelter was designed to hold 34 persons,
although again during construction it was estimated that this figure might be as high as 50.
The lower operational figure was due to the possibility of more prolonged periods being
spent in the shelter, which might be necessary in the event of chemical contamination in the
aftermath of an attack or an accident.
The shelters were taller than is usual (being nine feet as opposed to six feet high) in order
to hold more air per capita, although their plan form is typical of a standard brick and
concrete built surface shelter (Dobinson 2000, 87). On the valley floor the shelters were not
sunk into the ground because the water level here was very close to the surface, and
mustard is heavier than air and would have sunk to fill any subterranean features. They
were generally sited to be in close proximity to the administration and assembly areas.
However, the largest number of shelters was on the Western Bank of the River Alyn. These
were for the use of personnel in the production and charging areas and were deliberately
sited between ten and twenty feet above the valley floor to give further protection from
exposure to mustard.
Their plans were regular; rectangular with a pair of entrances set at opposing ends of the
building. Internally they were open apart from two curtained off toilets that were defined by
the internal blast wall set opposite the exterior doorways. Both the main entrance and the
escape door were identical having angled gas curtains and a pair of wooden doors. Most of
the ARP shelters have had fixtures and fittings removed, although traces can still be seen of
the door and gas curtain arrangements together with some electrical fittings. A number of
magazines dated to the 1960s show that some of the ARP shelters in the Danger Area at
least may have been used as stores in the post-war period.
Condition
Given the deliberately robust construction of the ARP shelters all are in a relatively stable
condition. There are some areas of spalling to the brickwork in some of the shelters, but this
is not serious. Some of the shelters on the Western Bank have been overrun with
vegetation and a tree has fallen onto one (Carillion no. 44/SMR 98039), but generally the
vegetation actually adds to their specific character as well as the general character of that
area.
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Significance
ARP shelters are perhaps the most numerous category of wartime monument to have
survived, and are a common feature of other munitions sites and military bases. However,
in recent years the attrition rate on this class of monument has been high. This group’s
significance lies in their unusual arrangement, due to the higher risk of gas contamination
on the site, their overall good state of group preservation, as well as their contribution to
our overall understanding of the day to day working of the factory.
Future Management
These buildings are worthy of retention because of their contribution to our understanding
of the site, and the high attrition rate faced by this class of monument on other wartime
sites across the UK. A basic regime of managed benign decline is probably the best course
of action for them. Little further action is required in the short term apart from clearing the
floors to remove any danger of tripping and removing the fallen tree from (Carillion no.
44/SMR 98039). Given their condition access would appear to be perfectly safe at present,
and would take place under the Carillion site management code. In the longer term it may
become necessary to restrict access to the interior of these structures. This might be
achieved by using some form of metal-grill to allow animals to still use the buildings.
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ARP Shelter Remnant of Screen for
Toilet

98037/68 ARP Shelter, West Elevation

ARP Shelters, Detail of Gas Curtain

98014/115 Danger Area ARP Shelter, West Elevation
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ARP Shelter, Internal Door
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The Lookout Posts
In the Danger Area near the Gunpowder Magazines (Carillion no.132/SMR 98035)
At the Northern end of the Western Bank near the Pump House (Carillion no. 42/SMR
98041)

Originally there were three lookout posts situated on the Western Bank that could overlook
the whole of the factory, but the central one of these situated above the tunnels has been
demolished. On receipt of a ‘yellow’ air raid warning (‘red’ being the danger of imminent
attack) patrolmen would have proceeded to these buildings. Here they kept a fire watch
over their part of the site, telephoning through information to the specially protected central
control room situated in the main office block, an E-shaped building situated close to the
site entrance. Both surviving buildings were identical in plan, being rectangular boxes, with
entrances protected by blast walls. Narrow pre-cast concrete slits provided views over the
site and to each side. The roof was of reinforced concrete cast in situ. The remains of a
telephone mast survive bolted to the roof of Carillion no 132, and there are brackets for the
batteries for the telephones inside the main structure.
Condition
Given their deliberately robust construction both lockout posts are in reasonably good
condition.
Significance
Lookout posts are relatively common wartime monuments on other munitions sites and
military bases. Nevertheless, this group’s significance lies in their contribution to our overall
understanding of the day to day working of the factory.
Future Management
These buildings are worthy of retention because of their contribution to our understanding
of the site. Given the level of ecological, particularly bird watching, activity on the site today
these structures could easily be re-used as ‘hides’. This would perform the dual purpose of
preserving them for the future and giving them a purpose once more.
They were
deliberately sited to afford good views over the factory, a position which they still have
today.
Again, a basic regime of managed benign decline is probably the best course of action.
Little further action is required in the short term apart from cleaning out the floors to
remove any danger of tripping. Given their condition access would appear to be perfectly
safe at present, and would take place under the Carillion site management code. In the long
term it may become necessary to restrict access to the interior of these structures. This
might be achieved by using some form of metal-grill to allow animals to still use the
buildings.
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MS Valley Site, Rhydymwyn, Flintshire: Historic Environment Management Plan

Change Rooms 29, 36, 37 & 38 (Carillion no. 128/SMR 98022)
The changing rooms were housed in the largest surviving personnel building, on the eastern
side of the Danger Area. Their size reflects the importance placed upon cleanliness and
welfare facilities within a munitions and chemical weapon facility. The block was divided into
ten rooms and there were ten associated light and gas-proof porches. Careful examination
of the 1944 Inventory allowed the location of each type of changing and wash facility listed
to be identified, these being (from north to south):
•

a clothing store

•

C.I. (Chemical Inspectorate) washroom

•

C.I. (Chemical Inspectorate) change room

•

a suite of five factory staff change rooms

•

two factory staff washrooms.

Each staff washroom had a central drain and 30 sinks, while the C.I. (Chemical
Inspectorate) washroom was smaller with only 15 sinks. All of the change rooms were
divided by a physical barrier that you had to step over between clean and dirty sections,
traces of this were still evident on the floor and in the side walls. Shift lettering may have
been associated with these clean and dirty areas, as was the case in the change rooms, A
was related to the eastern side of the room and B to the west. This pattern was reversed in
the C.I. (Chemical Inspectorate) section. A flow diagram, which was also posted in the
emergency washrooms, was found in the second washroom from the north end of the
building for the factory staff. A poster promoting safety at work, aimed particularly at
women, was posted in the most southerly changing room, which may imply that the
facilities here were gender separated.
Tubular steel clothes racks and timber seating was provided in the changing rooms, along
with boot stores. Traces of the fixings for shelving were also visible on the walls of the
clothing store. Calorifiers were used to heat water in the washrooms, which were probably
located where a distinct circular patch of concrete is visible on the floor. The building also
had fifteen roof mounted fans. The interior of the building was painted with a buff-coloured
paint, apart from the porches that were painted the usual dark grey. All the walls, apart
from the internal partitioning, were fourteen inches thick and laid in English Bond. The roof
consisted of pre-cast sections. Both pairs of rooms at the north and south ends of the
building were lower in height than the central six changing rooms.
Condition
The building is relatively damp and suffers from poor waterproofing. There is some cracking
to the ends of the east and west walls, but otherwise the brickwork is in a fair condition.
The porches are in better condition than the main wash and change rooms.
Significance
This is the only building of its type left at Valley. Although its basic construction is not
unusual, and may be mirrored at other munitions sites elsewhere. It was nevertheless
designed specifically for the special washing requirements of a chemical weapons plant, and
was an important component of the auxiliary buildings that kept the plant running. Its
significance lies in its contribution to our overall understanding of the day to day working of
the factory and as part of the cluster of surviving personnel buildings situated in this part of
the Danger Area.
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Future Management
Unless urgent attention is given to the roof the already relatively poor condition of this
building means that it will rapidly degenerate, and it may become necessary to preclude
public access. This would be a shame as this building is extremely evocative of the world of
the chemical munitions worker. It is also reminiscent of the changing rooms displayed at the
Big Pit Museum of Mining in South Wales, where the clever use of sounds and voices really
brings the atmosphere of the space alive and consideration should be given for this sort of
interpretation and presentation to the public. The viewing area for this type of display could
be restricted to being from the porches, which are in much better condition than the rest of
the building. In the meantime, basic improvements to the waterproofing would slow the
deterioration of this building significantly. Beyond that it is suggested that a regime of
managed benign decline is probably the best course of action.
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Emergency Washrooms O.6 (Carillion no. 119/SMR 98017) and O.7
(Carillion no. 138/SMR 98025)

Originally there were four emergency washrooms at M.S. Valley. The other demolished pair
(0.3 and 0.4) was situated in the process area. O.3 lay halfway between Pyro Plant P4 and
Runcol Plant R3, to the south of the clothing store C.S.10, and was also conveniently close
to the charging buildings. Washroom O.4 lay halfway between Pyro Plants P5 and P6 (Tube
Alloys), opposite Runcol Plant R4. The surviving pair (O.6 and O.7) were situated either end
of the group of personnel buildings along the eastern side of the Danger Area. These were
to be used as cleansing centres and action posts for first-aid parties during and after any
potential air raid, and one was designated for men, the other for women.
A reinforced six-inch concrete roof was cast in situ on top of the fourteen-inch thick splinterproof walls. The emergency washrooms were divided into an undressing section and
bathroom with a quarry tiled floor on one side, and a first aid room and toilet cubicle on the
other. The partitioning for the toilet cubicle was still visible as a scar on the walls and there
was evidence for shelving along the internal partition wall of the first aid area. In the
bathroom the words hot and cold and some other graffiti had been scrawled in pencil onto
the wall where the taps would have been located in both buildings. Gas locks were fitted to
the entrance and exit with an additional internal gas lock between the undressing and
bathroom sections that shows as a scar on the walling and roof internally. A steel escape
hatch was also installed at the opposite end of the building to the standard entrance and
exits, which was further protected by the provision of its own small blast wall. Ventilation
was provided by gas-proof roof fans and the lower air vents in the walls of the undressing
and bathroom sections were also sealable. A back up water tank on the roof would have
provided an emergency supply for the calorifier to heat water if the domestic mains supply
was compromised.
Washroom O.6 differed from O.7 by having a blast wall situated to the south of the main
entrance and exit points. In addition, a pair of windows had been inserted in the post-war
period into the east and west elevations. Washroom O.7 did not require a blast wall as the
25-lb shell box store situated directly to the north provided a similar degree of cover. The
quarry tile floor of the bathroom of O.7 had been sealed with a concrete skim, which may
indicate that a toxic incident was taken care of in this building. In addition, a typed fire
roster and a coloured flow diagram had been posted up in the first aid area.
Condition
Because of the robust nature of their construction both buildings remain basically sound,
although of the two O.7 (Carillion no. 138) is in better condition. There is some thermal
cracking to the upper courses of brickwork and the south-west corner of the building, as
well as patches of spalling, but neither is serious. The roof is intact and the building dry. O.6
(Carillion no. 119) has more areas of spalling, and there are cracks particularly around the
inserted windows. There is also a leak from around the northern vent in the roof.
Significance
This pair of buildings played an important role in the running of the CW factory, designed
for emergency use in the event of a spillage or an air raid. They were built specifically for
the needs of the chemical plant in order to treat chemical burns and were an important
component of the auxiliary buildings that supported the running of the plant. Emergency
washrooms such as these are found in a variety of designs in most munitions plants as
these were also considered to be vulnerable to attack by the enemy using gas (Cocroft
2000, 232). Nevertheless their significance lies in the contribution they make to our
understanding of the factory and as a crucial component of the cluster of surviving
personnel buildings situated in this part of the Danger Area. Most importantly, they also
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speak volumes about the potential dangers and hazards of working with CW, and the
measures taken at the time to minimise these risks.
Future Management
As an important pair of buildings the emergency washrooms offer an opportunity to
illustrate different options of future management. It is suggested that O.6 be left under a
basic regime of benign managed decline, with some attention paid to the leak around the
vent in the roof and the worst of the cracking. In contrast O.7 might receive a little more
attention in terms of basic remedial work to the cracking of the brickwork with additional
work being undertaken to ensure that the building remains dry. This would then offer the
opportunity for this extremely evocative building to be used for interpretation purposes. It
provides a good foil to the ordinary activities that took place in the change rooms, and again
the clever use of sound and voices has the potential to really bring the atmosphere of the
space alive. This would probably work best as a walk around the building from toxic to clean
sections and could stand as a metaphor for the careful work regime that had to be applied
inside a CW plant. Consideration may then be given to the reinstatement of the disruptive
paintwork and signage as this building has suffered from paint splashing in the recent past.

Birmingham Archaeology

36

98017/119 Inserted Window

98017/119 South Elevation

98017/119 Emergency Exit

98017/119 North Elevation

98025/138 Shower Area and Outline of Gas Trap

98025/138 External Signage

98025/138 Shower Room Graffiti

98025/138 Blast Walls for
Emergency Escape Hatch

98025/138 Outline of Toilet Cubicle

98025/138 Clean (Left) and Dirty (Right) Areas

MS Valley Site, Rhydymwyn, Flintshire: Historic Environment Management Plan

Substation and Booster Pump house SS8 (Carillion no. 40/41/SMR
98042/3)
Situated on the Western Bank towards the north end of the site the emergency booster
pump house had one 2,000 gallon per minute Mather and Platt pump, which could be used
in an emergency, should the main pump house be out of action. It could take water from
the discharge of the underground mine pumps, or the river, and deliver it at 250ft head to
the cooling water circuit, boiler feed pumps or fire hydrants. In order to prevent mine water
being inadvertently pumped into the Birkenhead supply thus contaminating the drinking
water supply, a section of the inter-connecting line was left uninstalled until the emergency
arose.
As it was considered to be a strategically vital building the Booster Pump house was
constructed with solid fourteen-inch walls and a reinforced concrete roof cast in situ that
was further supported internally by steel joists. There were three rooms to the building, to
the north was the pumphouse with two of the feeder pipes still in situ, as well as the base of
the 220 horse power electric motor. Adjacent to the pump room was the control room for
the pumps and the sub-station, while the third and smallest room probably housed the back
up battery and charging unit, as well as a carbon dioxide fire extinguishing system. On the
roof of the building was a brick primer tank to start the pumps and part of the
superstructure of the removable screen lift over the concrete-lined intake pit from the river.
To the north of the building was a concrete capped box that housed the cables to the
building that were originally carried over the river. Only the supporting brackets for the
cables can now be seen on either side of the river. Likewise, although the bridge that gave
access to the pump house has been dismantled, there are the remains of steps and rails to
the north of the pump house.
Condition
The structure is sound and the roof intact, although there is some spalling to the brickwork
and minor thermal cracking particularly to the south elevation.
Significance
The construction of back up plant for essential services was an important consideration on
all sites of military value that might be targeted by the enemy. Therefore, buildings of this
type are relatively common features on other munitions sites and military bases.
Nevertheless, this building’s significance lies in the contribution it makes to our overall
understanding of the day to day working of the factory, and the degree to which it tells a
story about the careful and precise planning of the site.
Future Management
This building is worthy of retention because of its contribution to our understanding of the
site. Again, a basic regime of managed benign decline is probably the best course of action.
Little further action is required in the short term apart from clearing the floors to remove
any danger of tripping. However, this building has interpretative potential in that it brings in
themes of water supply and mining and so helps to place M.S. Valley in its broader
landscape setting. Furthermore, its location close to the end of the woodland walk would
provide a focal point of historical interest and encourage walkers to make that trip.
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The nine-inch solid brick walled structures were generally associated with the provision of
basic welfare facilities and the day-to-day management of the works. This is why the
buildings have simple solid brick walls laid in English Bond, as personnel could evacuate
them in an emergency for one of the better protected structures. They are also unusual in
the Danger Area (and generally across the whole of M.S. Valley) by having windows due to
their specific functions.
Railway Gatehouse (Carillion no. 107/SMR 98008)

This gatehouse controlled railway traffic into the Danger Area. It is a single cell structure
with a half-brick thick porch entrance to the south. The concrete roof was cast in situ as was
the floor. There were three windows to the north, south and west in order to monitor
activity in the Danger Area, and a blank wall to the mainline L.M.S. Railway behind. An
original sixteen-light steel frame survived in the north window. Internally, the paintwork
was cream and painted straight onto the brick, the porch was the normal grey. While the
brickwork showed signs of being hurriedly laid, the careful design of the structure meant
that closer bricks (which require cutting and hence more time) did not need to be used.
Indications of telephone and electric connections also survived internally.
Condition
The building is in a generally sound dry condition, there is some minor spalling to the
brickwork, but this is not serious.
Significance
Gatehouses such as this one are fairly common wartime monuments on other munitions
sites and military bases. Nevertheless, this building’s significance lies in its contribution to
our overall understanding of the day to day working of the factory.
Future Management
The building is worthy of retention because of its contribution to our understanding of the
site. Again, a basic regime of managed benign decline is probably the best course of action.
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Rest Room and W.C. 42 (Carillion no. 124/SMR 98020)

Originally there was a pair of rest rooms in the Danger Area. The surviving one served the
assembly section of the plant, the demolished one served the dispatch stores and fuse and
gunpowder storage area further to the south. When built, the rest room was divided into
three sections; the central and northern sections being male, with female toilets and rest
room to the south.
The original toilet area to the north was painted in the wartime regime of cream and
maroon. However, the building appears to have continued in use after the war when the
central toilet was removed, its doorway partially bricked up, and a window inserted. The
outlines of the original toilet cubicles can still be discerned on the walls, and the
continuation of the row of vents on the east elevation of the building is further confirmation
of this change. The change of use was probably conversion to an office, which was painted
light blue (not part of the wartime paint regime). The surviving electrical and telephone
fittings are also likely to date from this later period.
It is tempting to speculate that the reason behind the demolition of one of the toilet areas
was due to the lower numbers of women working at the plant in the post-war period.
Although it may equally reflect a reduction in overall numbers of people working at the
plant, and may not be gender specific. However, the central toilet, being the larger of the
two, was definitely the women’s toilet according to the 1944 Inventory. The concrete roof
was made of pre-cast sections.
Condition
The building is in a generally sound dry condition, there is some minor spalling to the
brickwork, but this is not serious.
Significance
Rest rooms such as this one were a relatively common feature on other munitions sites.
Nevertheless, this building makes a contribution to our overall understanding of the day to
day working of the factory.
Future Management
The building is worthy of retention because of its contribution to our understanding of the
site. Again, a basic regime of managed benign decline is probably the best course of action.
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Mess Room (Carillion no. 127/SMR 98021)

It is notable that the original planning document produced by I.C.I. for the Danger Area
does not mention this building, although it does appear on the plan of the site drawn up in
1942. However, both its position and the character of its build indicate that it was a later
addition. For instance, there is a vertical break between it and the adjacent changing room
block and the brickwork is noticeably pinker and more unevenly fired. In addition, the
concrete roof is unusual in design being supported on a frame of concrete posts and
relatively deep joists internally all cast in situ. These main joists were supported by a pair of
one and half brick thick piers built into east and west external walls of the building. The
building was amply provided with light, but there was also a lightproof porch leading out
into the heart of the Danger Area. The scullery annex to the south contained two boilers for
heating water and another two for warming food in 1944.
Internally, the building was open in plan, it was painted with tan coloured paint to waist
height, and then whitewashed directly onto the exposed brickwork above. Post-war shifting
signs ran from A in the first bay to the north through B and C to D in the scullery, and may
indicate a post-war change of use.
Condition
The building is in a generally sound and dry condition, there is some minor spalling to the
brickwork, but this is not serious. There is a crack in the south-west corner that may require
repair.
Significance
Mess rooms such as this one were a relatively common feature on other munitions sites.
Nevertheless, this building makes a contribution to our overall understanding of the day to
day working of the factory. It is also one of the few buildings in the Danger Area that shows
how M.S. Valley was adapted and changed to different roles throughout the war.
Future Management
The building is worthy of retention because of its contribution to our understanding of the
site. It is also one of the most readily accessible and well-lit buildings within the Danger
Area. Again, a basic regime of managed benign decline is probably the best course of action
in this case, which might include some limited remedial work to the cracking.
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The majority of the surviving buildings within the Danger Area were built with cavity walls;
this technique of building became more widely adopted in this country in the 1920s and
30s. In the cases of the following buildings it was deliberately chosen to assist in
maintaining the correct humidity inside buildings where sensitive explosive material was
being handled. With further regard to this they were also ventilated by a series of roof fans
and air vents situated near the tops of the walls that appear to have been cut into the walls
after they had been built, judging by the irregular nature of the surrounding brickwork.
Steam heating was also provided in order to maintain the correct ambient temperature. The
outer skin of the eleven-inch thick walls was laid in Stretcher Bond, and the inner face
usually plastered over. This technique of building is not as robust as solid walling, which
means that these buildings are particularly susceptible to damage if the ingress of water,
through poor maintenance of the roof for example, is allowed to happen. These buildings
are clustered in production groups and these arrangements will be followed in the following
discussion.
The most northerly group within the Danger Area primarily consisted of receipt stores for
weapons that had already been charged with mustard, but required the final assembly of
burster charges and fuses, in addition there was a store for paint and grommets here.
Munitions Building 40/41 (Carillion no. 108/SMR 98009)

This building had three porches laid with bitumen floors facing southwards towards the main
assembly area. These gave access to three lino-floored rooms, although the central room
had been created later by subdividing the larger eastern room by a solid brick wall laid in
English Garden Wall Bond that, unlike the rest of the building, was not plaster lined but
merely painted. This wall abutted the westernmost pillar of a pair of brick pillars built to
strengthen the north wall that corresponded to the inner returns of the eastern pair of
porches. Therefore, originally, the larger eastern room would have had two porches,
presumably for incoming and outgoing materials and was probably the paint store
mentioned in the I.C.I. planning document for the assembly area, with the smaller western
room probably being the grommet store. The addition of the extra central room probably
took place within a wartime context, as the 1944 Inventory specifically mentions two drying
ovens, traces of which can be seen on the walls of the smaller pair of rooms. This document
also refers to two steam heated wax melting pots the outlines of which may correlate to two
rectangular holes in the lino floor of the larger eastern room. There are also indications that
the walls of this room were lined with shelving upon which the paint would have been
stored. The loss of the double entrance to the paint store may have necessitated the
insertion of another entrance that had clearly been cut later into the north elevation of the
building. These alterations were most likely to have been associated with an increase in the
numbers of weapons being assembled at M.S. Valley. The need for more paint may also
reflect the growing sophistication of identification marking of these weapons, as more types
were developed during the war.
The better condition of the disruptive paintwork on the eastern elevation is most striking.
Internally, the colour scheme of the building was the usual cream walls with grey painted
porches. Steel light fittings had survived along with doorframes with the characteristic
second groove to accommodate a black out or gas curtain. The building was roofed with
pre-cast concrete sections. Graffiti was concentrated in the smaller oven rooms and
probably post-dated the removal of the ovens in the latter stages of the war or after.
Splashes of green paint on some walls may be that used to identify the contents of mustard
shells, which were usually identified by a series of green bands on a grey backing.
Condition
The building is generally in a sound and dry condition, although there is some spalling of the
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brickwork and concrete roof and some damp penetration as a result. Basic attention to the
roof should enable the condition of the building to be stabilised before it deteriorates
further.
Significance
The paint store played an important role within the assembly area and has a strong group
association with the adjacent paint shops. This aids our overall understanding of the
working of the assembly area and it is also another of the buildings in the Danger Area that
shows how M.S. Valley was adapted and changed to different roles throughout the war.
Future Management
The building is worthy of retention because of its contribution to our understanding of the
site. A basic regime of managed benign decline is probably the best course of action in this
case, which might also include some limited remedial attention to the roof to avoid further
ingress of water into the fabric of the building.
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Weapons Receipt Stores 14 (Carillion no. 109/SMR 98010) & 32 (Carillion
no. 114/SMR 98013)

This pair of buildings was identical in build and both served as temporary stores for
weapons charged with mustard, but awaiting final assembly, painting and packing. Each
large storage space had four porches laid with bitumen floors. The floor of Carillion no. 109
was obscured by animal dung, but that of Carillion no. 114 was bitumen, which implies a
heavy flow of traffic through that building. A pair of fans was mounted into the pre-cast
concrete section roof and there were regular air vents set high in the elevations of each
building. There is reasonably good survival of light fittings within each building.
The interior of Carillion no. 109 was divided up by shift signage into four areas A, B, C & D
running from east to west, in contrast Carillion no. 114 had only A to the west and B to the
east. Again, these may be post-war markings, which is borne out by graffiti on a notice
board in this building that gives lists of shifts A to D and is dated to 1956. In fact, most of
the graffiti in this building is probably post war in date and counts weapons coming through
and the numbers of people on each shift. Another post-war addition would appear to be a
set of blocked vents set low in the north wall of the building.
The graffiti in Carillion no. 109 is more varied, personal, and interesting. There is a painted
sign on the west wall that says ‘Cleanway to Canteen’, which was situated on the other side
of the Danger Area perimeter fence nearby. This would imply that it was quite a public
space; however, the graffiti is concentrated close to the interior south-western porch
opening, and here there is evidence of an internal cubicle that may have housed the Pooley
Weighing Machine mentioned in the 1944 Inventory. This area was also ventilated by an
eighteen-inch wall mounted fan, which was set low in the wall, the opening of which being
subsequently blocked after the war. So, the weighing cubicle may have actually have been
more private, and in this case, because the extent of the graffiti respects the partition walls,
it was probably made during the war. Recently this building was used for penning sheep and
the circular indentations seen in the bitumen floors of some of the porches here (and
elsewhere, such Carillion no. 111) may date from when milk churns were stored here,
instead of barrels of chemicals or paint.
Condition
Both buildings are generally in a sound, stable and dry condition, although there is some
thermal cracking of the brickwork there have been some repairs made to the worst of these
fairly recently. Carillion no. 109 is in better condition than 114 as there is evidence of
cracking in its pre-cast concrete roof. Basic attention to roofs and cracking of both buildings
should enable the condition of the buildings to be stabilised before they deteriorate further
through the ingress of water.
Significance
The weapons receipt stores played an important role within the assembly area and have
strong group associations with the rest of the Danger Area Buildings. They greatly aid our
overall understanding of the working of the assembly area and the flow pattern of weapons
around the site as a whole.
Future Management
The buildings are worthy of retention because of their contribution to our understanding of
the site. A basic regime of managed benign decline is probably the best course of action in
this case, which might include some limited remedial attention to the roofs and cracking to
avoid further ingress of water into the fabric of the building. If it were a case of prioritising
one over the other then Carillion no. 109 is historically the more interesting of the two.
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Munitions Building 44 (Carillion no. 110/SMR 98011)

On the 1942 plan of M.S. Valley a connection is implied between this building and the 5.5
inch shell paint shop adjacent to it. This may have been a covered walkway only part of
which has survived as a half brick thick extension to the main porch of this building. The
building is small and square in plan, but the 1944 Inventory lists a lot of machinery inside it,
including a line shaft run from a Metropolitan Vickers electric motor, a wall mounted crane,
and a weighing machine. The building was also well ventilated by two twelve-inch wall
mounted extraction fans set low in the east and west elevations and a fifteen-inch roof fan.
All this machinery must have been installed to finish and handle the heavy 5.5-inch shells
before they were painted, and the extraction fans set low in the wall may have been a
precaution against leaks of mustard from the munitions. Evidence of all this equipment can
be traced on the underside of the pre-cast concrete roof and the east and west walls of the
building. The concrete lintel set into the west wall for example must have acted as a counter
balance for the wall-mounted crane. There is also a rare example of a complete wooden
door inside this building, which should be kept and used as a template for any future
refurbishment work around the site.
Internally, the building had also been repainted with brilliant white paint, with details like
the skirting being picked out in black. This is likely to be post-war in date and as the 5.5
inch shell continued in use well into this period this building probably also continued to be
used. As seen elsewhere, there are A and B shift markings, A to the west and B to the east,
picked out in later looking matt paint. No northern porch is shown on the 1942 plan, the
outline of which can be seen around the entrance in this elevation. The cutting of the
brickwork around the concrete lintel over this opening is awkward, and therefore, this may
also be a post-war addition. Two large concrete blocks stand each side of this northern
entrance having mounting bolts for what appears to have been a heavy set of steel uprights
that may have been some kind of loading apparatus used after the war to lift the shells into
the building.
Condition
The building is in a generally sound and dry condition, although there is a small drip around
the roof vent, and some minor spalling of the external brickwork. Basic attention to the roof
should enable the condition of the building to be stabilised before it deteriorates further.
Significance
The building has a strong association with the 5.5-inch shell paintshop and contains
evidence of the type of plant and machinery necessary for this type of heavy shell. It is an
important component of our overall understanding of the working of the assembly area, and
it is also another of the buildings in the Danger Area that shows how M.S. Valley was
adapted and changed to different roles throughout and after the war.
Future Management
The building is worthy of retention because of its contribution to our understanding of the
site. A basic regime of managed benign decline is probably the best course of action in this
case. This might include some limited remedial attention to the roof to avoid further ingress
of water into the fabric of the building. The building is light and easily accessible and
consideration may be given to the location of some interpretative panel here, particularly
given the survival of evidence for the type of machinery used here, and its strategic location
next to the entrance to the Danger Area.
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This group of larger munitions buildings with a central row of columns were commonly
found on munitions factory sites of the period. Their open plan meant that they were readily
adaptable and different equipment and processes could be easily installed according to
need. Other basic military theory included the doubling up of structures with particular
process uses (such as painting and packing for example) and carefully controlled production
flow around the plant, here essentially divided between the production of 25lb and 5.5inch
artillery shells. It was the greater width of these buildings that required further
strengthening of the roof structure by the use of brick pillars in the outer walls and a central
row of concrete columns internally. To avoid undue repetition the discussion of these
buildings has been grouped together, but their differences, including condition will be noted
individually.
Painting and Packing Building 13 (Carillion no. 111/SMR 98012)

This building concentrated upon the painting and packing of the larger 5.5 inch shell, which
could weigh anything up to 100lb. Because there was a relatively heavy flow of traffic
through the building it was provided with four porches with bitumen floors, but had lino
throughout internally. There was also a pair of double crash doors built into the north and
south elevations for quick escape and both of these had copies of the factory rules posted
by them. There is the indistinct outline of a porch situated around the crash door in the
north elevation, this would have been built using half brick thick walls and a corrugated iron
roof and was approximately 4m long. The main building was eight bays in length and there
was evidence of a separate mixing cubicle in the north-western corner of the building, the
top of whose half brick thick walls had left a series of scars and marks on the underside of
the pre-cast concrete roof.
The 1944 Inventory lists what was installed in this building at that time and provided
evidence of the separate mixing cubicle. This contained equipment that enabled the paint to
be mixed and used and included an Atlas Mixing Machine, three filling machines, one can
hood heading bench, four can soldering machines, and several extractor fans. The latter
were located against the north wall inside and outside the mixing cubicle, for there were a
number of blocked fan openings in this wall that were in addition to the four roof-mounted
fans in the building as a whole. The fans associated with the mixing and sealing were set
higher in the wall and internally the outlines of small wooden-framed cubicles could be
made out that were associated with them. In addition there were traces of several sets of
shelves, presumably for storing the paint. The rest of the building was probably occupied by
a large number of conveyor belts for moving the shells and boxing them easily, these may
have been associated with the large numbers of steel ties still bolted into the roof sections.
Internally, there was also a large amount of graffiti in this building, including a line drawing
of a crane. The graffiti was largely concentrated towards the eastern end of the north wall.
There was also evidence of stencilling, like that used to mark up the packing cases, and
spatters of red and green paint. The shift marking divisions were labelled A to D from south
to north along the main axis of the building. These, like some of graffiti and wooden cubicles
around the fans in the north wall, may be post-war in date as at least one cubicle outline
appears to overly the copy of the wartime factory rules posted here.
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Painting and Packing Building 12 (Carillion no. 118/SMR 98016)
This building concentrated upon the painting and packing of the smaller 25lb shell. This
probably led to its slightly smaller six bay plan. Otherwise, it shares several of the main
characteristics of the 5.5 inch painting and packing building. The main exceptions were the
location of the mixing cubicle at the western end of the building between the two entrance
porches, and the addition of two lean-to structures, with half brick thick walls and
corrugated iron roofs, at the western end of both the north and south elevations. The
building housed a similar range of machinery and there was good survival of electrical light
fittings in the southern half.
Once again copies of the factory rules were posted each side of the central crash doors in
the north and south elevations. In addition there was a damaged shifting list that
unfortunately did not have a date, although the names of some of the shift workers are just
discernible. There was also a detoxification assembly sheet and figures of men and women
located here, as well as a map and a submarine. Generally there was less graffiti in this
building, but once again it tended to be concentrated in the north-east corner. Some graffiti
was clearly post-war in date, referring to Elvis and Lonnie Donnegan, Korea and Las Vegas.
Weapons Dispatch Store 22 (Carillion no. 137/SMR 98023)

This building was used to store 25lb shells. Its basic structure was identical to Carillion no.
118, above, although it lacked several of the features associated with munitions production
because it was a store. This resulted in there being fewer fans and no crash doors in the
north and south elevations. Once again, there were shifting letters and lots of graffiti, some
of which at least was painted or drawn over repairs of blockings of features and was
therefore clearly post-war in date.
M.L. Case and Fuse Box Store 25 (Carillion no. 149/SMR 98031)
Situated near the small railway-loading platform this structure differed from the others in
only having one porch facing towards the platform, but shared their basic design. Having
relatively restricted access it became a focus for would-be graffiti artists. However, much of
this was clearly post-war in date. This was because the paint regime of this store was
unusual in that it had clearly been changed in the post-war period, partially obscuring some
of the wartime graffiti such as ‘the woman with the hair’ drawn on the north east wall.
Condition
The overall condition of this group of buildings is very mixed. The best one is Carillion no.
118, which remains dry but a little damp. In common with several of the cavity-walled
buildings there is some thermal cracking, particularly near the tops and corners of the walls,
but overall the building remains sound. In contrast the other buildings are in much poorer
condition. The poorest is probably Carillion no. 137, which has several large cracks,
particularly in its east and west walls and severe ingress of water through the roof. Carillion
no. 111 is also very wet and there is evidence of movement at the south–west corner, while
Carillion no. 149 has a bad crack in its west wall and a leaky roof.
Significance
Painting and packing shops, and weapons stores were common to most munitions factories,
and this particular group is no exception. Nevertheless, this group’s significance lies in its
association with the rest of the Danger Area buildings and the story that they tell about the
management, planning and day to day working of the factory. They also form the most
significant group of buildings that have survived that were directly involved in the
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manufacture of the actual weapons, as opposed to the production of gas, or storage, or
personnel support.
Future Management
These buildings are worthy of retention because of their contribution to our understanding
of the site. Again, a basic regime of managed benign decline is probably the best course of
action. In the case of Carillion no. 118 it is recommended that further action is required in
the short term to stabilise the structure and consideration may be given to the cleaning of
the floors to remove any danger of tripping. The other buildings will quickly present
problems of access given their poor condition. Consideration may be given to a basic repair
regime in order to try to minimise further deterioration, but in the medium to long term
access may need to be restricted, again possibly with the use of metal grilles. This will not
unduly affect the ability of the structures to continue to tell their story about the site, as
they may be readily viewed and understood from the asphalt cleanways. However, this will
place greater emphasis on the maintenance of Carillion no. 118, as it may become the only
building with safe internal access of this group.
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Office Block 30, 31, 33-35 and W.C.s (Carillion no. 123/SMR 98019)

This was a secondary suite of offices that was specifically built to oversee work in the
Danger Area. The main administrative centre for the factory being located close to the
entrance to M.S. Valley in an E-shaped block. Careful examination of the 1939 I.C.I.
planning document and the plan compiled in 1942 has enabled the wartime layout and
arrangement of the office block to be reconstructed with some confidence. This comprised,
from north to south, a manager’s office, then foreman and assistant foreman’s offices, an
office for the Chemical Inspectorate, and a larger general office. These were numbered from
5 to 9 working from south to north. The general office was twice as large as the other
offices, which normally occupied two bays as defined by what would have originally been
steel-framed windows overlooking the railway line to the east. The Chemical Inspectorate
office was also slightly larger and may have accommodated two or more people. Male and
female W.C.s and a washroom were all located at the southern end of the block and these
were provided with two roof vents. As was common practice throughout the rest of the
factory the female W.C.s were provided with a separate washroom. An external calorifier
annex provided heat for water.
The offices were accessed from the main plant by via a long corridor with the usual light and
gas protection, black out curtains were also fitted to the office windows, some fittings for
which have survived in situ. Most of the graffiti in the offices appears to have been made in
the post-war period as a kind of inventory of the fittings being stripped from each room.
There was a worksheet posted on the south wall of the general office, and other graffiti near
the entrance to the W.C.s. While the offices overlooked the public railway line, in terms of
access all movement was channelled to the west towards the main factory complex. At the
south end of the east-facing wall a sign giving directions to a telephone, presumably located
in the railway guardhouse, had survived in situ.
Condition
Generally this building is in a sound condition, there are some areas of cracking and spalling
to the brickwork, but the roof is sound and the interior is dry.
Significance
This is the only building of its type left at Valley. Although it’s basic construction is not
unusual and is mirrored at other munitions sites for example, its commonplace military
layout and design actually adds a welcome air of familiarity to M.S. Valley, where evidence
of so many specialised activities associated with the manufacture of chemical weapons is
the norm. Again, its significance lies in its contribution to our overall understanding of the
day to day working of the factory and as part of the cluster of surviving personnel buildings
situated in this part of the Danger Area.
Future Management
The building is worthy of retention because of its contribution to our understanding of the
site. It is also one of the most readily accessible and well-lit buildings within the Danger
Area and well suited to potential incorporation into future interpretative initiatives that may
be used at the site. Again, a basic regime of managed benign decline is probably the best
course of action in this case. This might include some limited remedial to the cracking in
order that safe access may be maintained.
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This group of three small buildings was mainly used for the convenient storage of
miscellaneous items close to where they might be required. Two of a group of three 3m or
10 ft. square buildings have survived. The third, Munitions building no.5, used for
unheading M.L. cases (bursters), was located near the fuse magazines arranged around the
cleanway running down from the powder magazines on the Western Bank. The smallest
group of buildings comprises:
Sawdust store 39 (Carillion no. 136/SMR 98018)

This building was unusual in not having a porch. It was classified as a sawdust store in the
I.C.I. planning document for M.S. Valley, and the sawdust may have been stored for use to
clean up minor non-toxic spills. Internally, there was a small panel only half a brick thick in
the west wall that may have accommodated one of the machines listed in the 1944
Inventory as being installed here. These included a kek mill, a sifting machine and a heating
panel. In common with most of the buildings in the Danger Area there are traces of the
switch gear for operating the machines on the outside, rather the inside of the building in
order to minimise the risk from any potential ignition point. The building had a pre-cast
concrete roof and lino floors.
There is a great deal of graffiti inside this building of different dates. The earlier material,
such as a horse’s head, is only visible on the original wartime whiter paint walls, where
these have not been covered over by a later more orangey-yellow paint that has much
cruder images scrawled onto it. Again, the earlier graffiti is of a noticeably superior quality.
Smoke box store 26 (Carillion no. 148/SMR 98030)

Structurally, apart from the porch, this building was identical to Carillion no. 136. There are
further examples of graffiti internally.
Wood waste and box room 28 (Carillion no. 146/SMR 98027)

This building was situated at the north end of the small reinforced concrete railway-loading
platform (SMR 98028), and consisted of a 6m or 20 ft. square storeroom and a porch. At
the bottom of the north elevation was a blocked extractor fan opening and a concrete base
that may have been associated with it. However, there was no indication as to why this fan
was installed in this particular building. Again, there are some nice examples of graffiti
inside this structure including ‘Our Albert’ who is labelled ‘a bastard’, but actually looks like
a Chelsea Pensioner, and an elaborately drawn female head. In addition, shift markers had
also been added, A to the west and B to the east.
The railway platform was bitumen coated, and originally had a steel-framed and sheeted
canopy over it, although no trace of this now exists. The remains of a small brick structure
(SMR 98029) situated to the back of the railway platform may have been another small
store. While the freestanding one and a half brick thick wall situated to the south (98032)
was a blast wall to protect some of the fire-fighting equipment that was situated here.
Condition
As a group these buildings are all in sound condition and there are no serious cases of water
ingress. All the buildings have a degree of spalling and thermal cracking, but this is not
serious.
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Significance
This group of ancillary storage buildings is also mirrored at other munitions sites. Again,
their significance lies in the contribution they make to our overall understanding of the day
to day working of the factory and also because as a group they contain some the most
interesting examples of graffiti in the Danger Area. They also illustrate the multi-period
appeal of graffiti and the fact that the perpetrators commonly sought slightly out of the way
buildings with limited access in order to carry out their work.
Future Management
This group is worthy of retention because of their contribution to our understanding of the
day to day running of the factory, including its more subversive side. They are readily
accessible and relatively well lit, and so are well suited to potential incorporation into future
interpretative initiatives that may be used at the site around the survival and interpretation
of the graffiti for example. Again, a basic regime of managed benign decline is probably the
best course of action in their cases. Although this might include some limited remedial to
the cracking and roofs in order that safe access may be maintained and the graffiti
protected.
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The gunpowder magazines were designed to store the ignition charges for the chemical
weapons, and because of their explosive potential they were deliberately sited on the
Western Bank away from the main Danger Area. The design of the magazine complex
followed all the standard military guidelines for dangerous munitions buildings, from their
outwards opening doors, to the installation of all the electrical equipment on the exterior of
the building. They were also set into, but not buried, in the hillside and were mounded in
front as a protection against blast. A retaining wall runs behind the magazines and along
the western back of the cleanway that connects them both. A pair of concrete blast walls
further protected the approaches to the magazines. The magazine complex as a whole
forms a very evocative Second World War monument that is perhaps the most ‘military’
component of the Valley site, but also because of their setting on the Western Bank, the
magazines have become overgrown and neglected. This has led not only to the rare survival
of most their associated infrastructure, but it has also given them something of the air of a
romantic ruin.

Gunpowder magazine 6 (Carillion no. 143/SMR 98033)
This is the best-preserved magazine building of the pair because the drainage system works
still works at the south end of the magazine complex. It consists of a main storage building
and a light-trapping porch. The roof is made of pre-cast concrete sections with a central
ventilation stack. The ventilation bricks in the walls are all angled downwards, presumably
to aid blackout. The porch has a bitumen floor while the main store is floored with lino. Most
of the associated services for the building survive in situ, including the sealed electrical
fittings, their conduits and switch gear, which are all located on the exterior of the building,
and the steam heating pipes internally as it was important to keep the gunpowder at an
ambient temperature. Exceptionally, the doors to this building have also survived and they
provide a rare model of the typical arrangement of fitting of a munitions building porch. The
external doors were painted a light green and consist of a pair set into the wider double
opening next to a single personnel door separated by a brick column. The doors are made of
softwood planks and have a window set at eye level, presumably to avoid accidents coming
into and out of the building. All the doors open outwards to facilitate a rapid exit in an
emergency and there are the usual light-trap and anti-gas curtains and fittings. The internal
pair of doors was very different and may have been replaced in the post-war period,
although their flush solid-core design is not inconsistent with a 1940s date. The exterior of
the building differed from the normal disruptive paintwork pattern, being mainly painted a
light green in order to blend with the groundcover of the rest of the hillside, which was
much less heavily wooded in the 1940s. Internally, the usual paint scheme was followed
consisting of cream painted walls and ceiling and a dark grey painted porch, edged in red.
A set of drains runs along the sides of the bitumen-coated cleanway and around the sunken
area of the magazines. Remains of timber decking have also survived in places next to
these drains, which may have been part of the railway mentioned in the 1944 Inventory. A
76ft. long steel-framed gantry and a 24ft. high lift down to the main Danger Area were also
mentioned in this Inventory, and there are several concrete bases for a steel frame in close
proximity. In addition, approximately thirty metres to the north of the magazine there is a
flight of concrete steps set into the hillside that lead down into the Danger Area, and this
was probably where the lift and gantry were located. On the valley floor to the east of these
steps a straight cleanway led across the Danger Area to the railway loading platform, and
that had all of the fuse handling buildings (wartime numbers 5, 8, 23 and 24) arranged
adjacent to it.
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Gunpowder magazine 7 (Carillion no. 133/SMR 98033)

This building was identical in design, the only difference being that a lightening conductor
has survived in situ that is fixed to the roof. However, this building is in noticeably poorer
condition because the drainage system here has become blocked, a problem that has been
exacerbated by the construction of an earth ramp for the nearby stretch of the woodland
walk.
Condition
Both buildings are in a generally sound if damp state, but of the two Carillion no. 143 is
much drier, as there is problem with the drainage around Carillion no. 133. There is some
thermal cracking common to both structures and there are some loose bricks at the top of
the south-west corner of Carillion no. 133. Both the roofs of these buildings are generally
sound although there is a significant build up of leaf mould and plant matter on them and
the associated drainage channels.
Significance
This pair of distinctively military buildings displays a character that is not found elsewhere
within M.S. Valley. This character is further enhanced by the group of ARP shelters, lookout
posts and emergency pumping station situated on the hillside of the Western Bank as well
as their associated features, such as the steps and the drains and the blast walls. They are
also unique in retaining a good proportion of their original fixtures and fittings all of which
helps us to understand the special precautions required when handling or storing
gunpowder. There are other examples of this type structure which were built at all
munitions factories. Nevertheless, their significance lies in the contribution they make to our
understanding of this factory, and the fact that it was producing weapons, and the
measures taken at the time in order to minimise these associated risks.
Future Management
These are an important and evocative set of buildings and associated features that offer an
opportunity to illustrate different options of future management. From an interpretation
angle the character of these buildings provides an ideal backdrop against which to discuss
the military aspects of history of the site. They are also located in a prominent position with
views over the whole of the Danger Area and so can provide an overview of the workings of
this end of the site. Furthermore, they are situated on the Western Bank, which is an area
with a significant historical landscape and ecological resource.
It is suggested that one option might be to refurbish them sufficiently that they can be
actively used in summer. They are not particularly large or complicated structures and once
the drainage channels were cleared and leaf mould removed from the roofs they would not
cost too much too stabilise. Consideration may also be given to the repainting of the
disruptive paint regime and possibly the construction of some sandbagged revetments in
order to enhance the Second World War atmosphere of the magazines. Electrical power and
background heating might be provided from solar panels for example, which would reaffirm
the ecological interest of the site. In terms of their future use one might become an
interpretative centre for the history of the Danger Area and the surrounding historic
landscape incorporating the lookout post, while the other might become a field study
outpost and store for the ecological component of the area. This would reflect the two main
educational components of Valley in the symmetrical plan of the magazines.
One step down from this may be to do sufficient work to clear the drains and stabilise the
brickwork so that these buildings do not deteriorate any further. In order to achieve this
some redesign will have to be made to the earth ramp of the woodland walk, possibly
replacing it with a series of steps so it does not clog the drainage. There would still be scope
within this option to have a series of display boards explaining the design and operation of
the Danger Area. The final option is to let the buildings slip gradually into decline. For, as
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mentioned earlier, the magazines along with the other military structures on the Western
Bank, are probably the only set of structures at Valley that could be said to have something
of the character of a romantic ruin. This option would probably still require the fixing of the
drainage problem as this is leading to the rapid deterioration of Carillion no. 133.
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The Underground Storage Caverns

Original documentation for the form and organisation of the underground storage caverns
includes an I.C.I. document Volume V\1, titled ‘Underground Storage’, dated 30th Apr 1940
(Box Rhyd 7). This planning document laid out the proposed design and function of the
underground storage facility. It was produced by ICI for the Ministry of Supply, as a detailed
supplement to their generalised description of the proposed H.M. Factory, Valley written in
1939, and followed confirmation that the Ministry of Supply wanted to increase storage
capacity by 50 %, which was made on 20th April 1940.
The accompanying figures to the report included a general layout diagram of the chambers,
ventilation system, details of piping connections, and the proposed flow of material. While
these figures are diagrammatic and are clearly not based upon any actual survey the report
does provide detailed descriptions of the tunnels and underground chambers, the ventilation
system, operating conditions, and bulk storage system, bonding and storage.
A revised plan of the proposed extensions to the storage facilities was also due to be
produced to replace the fifth figure of the V/1 report. This may never have actually been
produced, or has since been lost, as this figure is now missing from the copy of the report
held at Rhydymwyn (and presumably may also be missing from other copies held
elsewhere). This omission may have given rise to later speculation about the ‘secret’ use of
the tunnels as a possible retreat for the royal family or a national art repository. However,
there is no actual physical evidence in the tunnels or elsewhere at M.S. Valley for this
‘secret underground complex’.
The extensions to the storage tunnels ordered in 1940 are included on the site plan J42401
of M.S. Valley drawn up at 1:1250 in 1942. A larger set of more detailed plans, J26030/23,
24, 31, & 32, were probably produced at the same time as J42401 at a scale of 1:500.
Unfortunately, numbers 37 and 38 of this larger set (that show the underground storage
galleries, as opposed to the entrance tunnels), have also been lost from the Rhydymwyn
archive. However, all of these plans are schematic as regards the precise detail of the actual
underground area, and are almost certainly not based upon any detailed survey – reflecting
the fact that there would have been little or no point in doing this under wartime conditions.
These base plans continued to be used with only detailed alterations when required during
the post-war period, and no detailed examination of the underground storage caverns was
made until the mid 1990s when first Ove Arup (1994), and then Wardell Armstrong (1997),
undertook surveys.
These were commissioned in order to establish the geology, condition, and stability of the
underground complex, as part of a wider review of management options for Valley
commissioned by MAFF. The Wardell Armstrong report included detailed digital plans and
sections of the caverns at a scale of 1:500. This is referenced to the Ordnance Survey
datum and the National Grid and includes the contours of the hill taken at 2m intervals,
regular spot heights of the floor and roof of the storage galleries and profiles across the
three entrance tunnels. In addition, two cross-sectional profiles were produced along the
north and the south tunnels. Subject to verification on the ground, it is recommended that
it should now act as a baseline for further survey work in order to aid the archaeological
interpretation or display of the underground storage caverns, if this is deemed appropriate
(see the future management proposals, below).
The existence of a set of short reports that outline the continued monitoring of the overall
stability of the caverns carried out by Wardell Armstrong should also be noted, although
these do not add any significant further survey information as such.
The following synopsis is based on contemporary planning and operational documents and
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more recently compiled research carried out by CBD Porton Down (Pearson 1996) and AEA
(Cruickshank 1996).
M.S. Valley was designated the principle national store for mustard and stored and
assembled material from other sites as well as the mustard produced here. A key
component in the choice of Valley was the steep limestone hillside that enabled a bombproof store to be excavated, although two other sites at Antelope Field and Woodside that
utilised buried storage tanks were also used. Work began in 1939 on excavating the
underground storage facility and this was finally completed in early 1942 after the Ministry
of Supply agreed an extension of the storage galleries with the Special Products Department
of I.C.I. in 1940.
The complex consists of two c.4m-wide entrance tunnels driven c.250m into the hillside and
a slightly wider (c.5m) central tunnel. The ends of the two outer tunnels are connected to
two smaller ventilation shafts that emerged near the top of the hillside via sixty-foot high
chimneys. Four storage galleries or chambers were then cut at right angles to the entrance
tunnels, designated A-D from east to west. Originally, Chambers A-C were designed to be
c.170m long by 9m wide, and D was 2m wider in order to accommodate bulk storage
containers. The extensions approved in 1940 meant that Chamber C was also widened to
12m, and Chamber A extended 68m north and Chamber B 82m north. Both Chamber A and
Chamber B were also provided with overhead cranes to aid the distribution of stored
munitions.
All of the charged weapons and empty storage boxes entered the storage caverns via the
central tunnel and were then bonded or stored within Chamber A and Chamber B. These
were each provided with a central sunken trench in case of leakage and also to extract the
air. Bonding took place in the sections of the chambers nearest to the central tunnel with
storage at the far ends. Boxed munitions then left via the north and south tunnels. Initially
bulk storage in 48 and 65 ton tanks was concentrated in the furthest of the underground
chambers, but Chamber C was also enlarged to do this as well. Bulk mustard was brought in
on road tankers from Randle, but later in the war a piped system was introduced that ran
directly from the production process buildings at Valley. The maintenance and final
decommissioning of this pipeline was probably amongst the most hazardous jobs at Valley
and it did not come fully into service until 1944. Both Chamber C and Chamber D were
provided with a pair of sunken trenches that ran down either side of the storage area
because of the larger quantities of mustard stored here. A large input fan and several
extractor fans aided the circulation of air around the tunnels. It was planned that the air in
the bulk storage and bonding areas be changed 15 times per hour and seven times per hour
in the weapons storage areas. The ventilation system was also designed to maintain an
ambient heat and humidity within the storage areas in order to prevent the accumulation of
moisture. However, this does not appear to have been totally successful in operation, and
was one reason why the Pyro mustard produced had to be heat-treated in order to improve
its quality.
The weapons bonded and stored here during the war included 30 and 250lb (L.C.) bombs,
and 250, 500, 1,000 and 2,000lb chemical sprayers (S.C.I.) for use by the RAF, as well as
ground mines, 6lb practice ground bombs, 25lb and 5.5-inch artillery shells for use by the
army. The planned weekly production capacity at Valley was calculated to be 32,000 25lb
shells, 6,900 5.5-inch shells, 645 250lb bombs, 3,870 30lb bombs, 5,000 chemical drums,
and 4,200 chemical mines. Thin walled chemical mines and drums were stored naked in
order to monitor leakage, and a special type of paint was used to coat the welds that
changed colour in the event of a leak, all the other weapons were boxed. Over 3,000 tons of
mustard was stored in the tunnels during the war and this figure rose to over 4,000 in the
late 1940s. Other chemicals stored here after the war may have included Lewisite and
Sarin, but the quantities and period of their storage cannot be accurately determined.
Fortunately, intensive testing here for traces of these chemicals has proved negative. In the
late 1950s the decision was made to abandon the use of chemical weapons and the tunnels
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were decommissioned and the mustard sent to Randle for incineration. It was at this time
that all the ancillary equipment including any pipework and staging was also removed, so
that today the tunnel system is empty apart from some overhead crane fittings, road safety
gates, and bits of electrical equipment abandoned in the flooded drains.
The main fans were situated in a ventilation plant house situated adjacent to the central
tunnel. The tunnel entrances were concrete with roller shutter doors the central one being
large enough for road tankers to access the bulk storage chambers. These doors have
recently been replaced and the chimneys over the ventilation shafts on the hillside taken
down and the shafts capped. In addition, the lighting system has been removed.
Condition
The underground storage system at Valley is now classed as a Simple Confined Space.
Lockable gates and directional signage have been installed, and it is necessary to have
protective equipment and competently trained staff before entry can be approved. Most of
the wartime period equipment has been removed, although a few items remain as outlined
above. The tunnels are regularly monitored for structural movement although this does not
appear to present a serious issue at present, while the drains, which are flooded and
represent a serious trip hazard, have been enclosed by barriers.
Significance
The underground storage system remains an extremely evocative monument to Britain’s
war effort, although it is by means unique or particularly well preserved in terms of its
fixtures and fittings. Nevertheless, it played a central role in the wartime history and
development of M.S. Valley, being the principle reason for the choice of this particular site
to be the main storage facility for mustard in the country. The various myths that have built
up around the use of the tunnels in the post-war period is also of historical and sociological
interest, although the evidence of the fabric of tunnels remains the clearest way of
debunking this speculation.
Future management
The tunnels are closely and regularly monitored and there are clearly defined issues
concerning public access to them. Nevertheless, organised groups can still view them
providing existing health and safety guidelines are followed. They have potential for mining
enthusiasts to exploit, and this together with the ecological and historical interests of Valley
has already been recognised. Clearly, however, general access will never be achievable.
Therefore, given the importance of the tunnels historically it is suggested that the best way
of presenting them and showing the public more of them would be through a virtual reality
presentation combined with conventional explanatory material, such as a display board or
pamphlet. The available survey information is of sufficient quality to enable such a
reconstruction to be made, which might be backed up by a detailed photographic survey.
Such a survey should take full cognisance of the health and safety issues associated with
working in the tunnels, and sufficient provision should be made for proper lighting as well as
account taken of the moisture levels underground, because conditions in the tunnels are
difficult.
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Safety Barrier in Entrance Tunnel

Debris in Drain of Storage Chambers

Entrance Tunnel (Sub-brit.org.uk)

Concrete Strut for Overhead Crane

View Along of Munitions Storage Chamber (Sub-brit.org.uk)

Central Tunnel and Storage Chambers (Sub-brit.org.uk)
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6.2

Survey of the Ancillary Structures

(by Kirsty Nichol and Professor Timothy Peters)
Roads and Clearways in the Danger Area (SMR 98045)
Inspection of the southern part of the site finds the presence of many roadways covered in
asphalt. In addition, some of the buildings in this part of the site, the Assembly Units for
instance (see above), are similarly floored with the same material. The asphalt is distinct
and well preserved. The nature, origin and reasons for the use of asphalt at Rhydymwyn
have not previously been investigated, and preliminary inspection of the asphalt suggests
that it is a Rock Asphalt. The use of this form of asphalt during wartime in a Chemical
Weapons Factory is of particular interest and worthy of further study.
A brief account of asphalts and their related constituents is given in Appendix I. Preliminary
observations on the Rhydymwyn Asphalt, information gleaned from the historical records
and suggestions for further study, are given in this section.
Valley Factory Asphalt
The asphalted roadways and selected building floors are smooth and hard. In places the
asphalt has become detached and pieces were readily available for further study. The
average thickness of the roadway asphalt is 3.3cm; Building 111 asphalt is 1.9cm and that
on the railway platform is 2.3cm. Preliminary inspection does not reveal a coarse aggregate
as filler as is found in, for example Tar Macadam. Extraction of the bitumen binder has
allowed assessment of the aggregate used in the preparation of the Asphalt.
The
Rhydymwyn asphalt is dense and resembles a sample of asphalt found at the naval base at
Gosport, Hants (dated to 1860). This latter material is made from Lake Trinidad Asphalt but
has a dark brown coloration. The author, in collaboration with John Pickering of Sandberg,
Consulting Engineers, has been using IR spectroscopy to establish a library and reference
collection of the various bitumens and tars used in the manufacture of different asphalts.
The results of this can be found in Appendix II for the properties of the Rhydymwyn Asphalt,
which appears to be Gilsonite Asphalt.
Records held at The National Archives (TNA), Kew give some information of the nature and
preparation of the Asphalt (TNA, AVIA 22/1714); for instance that it was supplied and laid
by the Penmaenmawr & Trinidad Lake Asphalt Company. Rock asphalt from Continental
Europe would not have been available due to the war, and some correspondence refers to
the use of costly Gilsonite which would have had to be imported from the U.SA. The black
colour and resilient nature of the Rhydymwyn asphalt appears to confirm the use of this
material. Correspondence also refers to the use of Synthetic Gritless Mastic Asphalt laid to
a thickness of 1” (2.5cm) for the ‘cleanways’. More traditional asphalt not less than 1½”
(3.8cm) was specified by Highways Construction Ltd. for the roadways. On roadways the
asphalt was to be laid on a concrete base. In addition, the cleanways and interior floors of
some buildings were coated with Synthaprufe, bitumastic paint.
The reasons for the use of this particular type of asphalt are not immediately clear. Local
tradition states that it was used to minimise the risk of sparks from passing vehicles.
However, Coal Tar Asphalt would have been quite adequate for this purpose and it is likely
that this special asphalt was specifically used to minimise contamination from spills or
leakage. Further archival research, and a detailed survey of the location and thickness of
the asphalt at Valley would be of particular interest in clarifying the use of this special
material.
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Condition
The routeways are in a generally fair condition, although the asphalt is bubbling in places
and there is a danger that weeds will take root here and cause further damage. There are
also areas where grass is encroaching upon them.
Significance
The use of Gilsonite Asphalt on the site is highly significant, and unusual. However,
research into the use of this material has not been undertaken on other sites, and so there
is a lack of comparable material. Future national research into this material may provide
more accurate information. At the present time Rhydymwyn is the only known site of this
period in the UK to have had this type of research undertaken.
The routeways themselves are of local importance as they are fundamental to how the site
functioned as a whole, as well as how it was originally planned and looked. There are few
photographs surviving for the site, therefore any element associated with its original layout
and fabric adds significantly to the visual impact that the site will have on future visitors.
Future Management
The roadways and clearways are an important feature of this area of the site, as they help
to show the full extent of the complex as it was, prior to the demolition of many of the
buildings. It is therefore recommended that weeds and grass are cleared, not only to aid
their future preservation, but also to make it clearer to the visitor just how extensive this
complex of buildings once was, and how they were interlinked. Clearance would stop further
damage occurring, as well as improving access to this area of the site.
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SMR 98045 Typical asphalt cleanway

SMR 98045 Detail of Asphalt

SMR 98045 Asphalt and concrete road surfaces

SMR 98045 Concrete road surface around perimeter of DA

SMR 98045 Detail of concrete curbing
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Perimeter Fencing (SMR 98046)
The original fence survives intact around the majority of the perimeter of the site. It was
constructed from individual components and bolted together in situ to form 9' long panels
measuring 8' high. There are A-Frame buttress internally, except along the eastern side of
the Danger Area, and at the south end of the site alongside the culvert. The bases of the
posts were set into economy concrete. Several original gates survive around the perimeter,
including an emergency escape route up the hillside on the western side of the site, and
where the railway left the compound proper and entered Antelope Field on the eastern side
of the site.
Condition
The fence is in generally good condition, and has been repainted around the entrance and
frontage onto the Antelope Estate and the village.
Significance
This component part of the infrastructure is of local importance as it was fundamental to
how the site functioned as a whole, as well as how it was originally planned and looked.
Security on the site was very tight during the wartime period, and many who worked there
still find it difficult to talk about today. The fence was designed to reflect the secret nature
of the site, whilst not drawing attention to it by the extensive use of barbed wire.
There are few photographs surviving for the site, therefore any element associated with its
original layout and fabric adds significantly to the visual impact that the site will have on
future visitors.
Future Management
It is important that this be retained for as long as is possible, especially where original gates
still exist. These not only reflect wartime emergency escape strategies for the site, but they
are also the only surviving visible link with the adjacent Antelope Field, now light industrial
estate, and therefore show how extensive the original factory site was.
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SMR 98046 Detail of A-Framing

SMR 98046 Emergency exit to trackway

SMR 98046 Concrete base of fence post

SMR 98046 Detail of fence
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Culvert (SMR 98047)
The River Alyn flows through the site north to south, and was canalized throughout the
length of the site during construction of the MS Valley Works in 1939. The canal, with
sections of box culvert along its length, was constructed from concrete poured in-situ
behind a framework of 6” wooden shuttering, and is 1’ thick at the top of the walls. It
measures roughly 3.5m deep from the top of the walls to its base, which is around 2m wide.
The upper walls of the canal are angled at roughly 45º and then vertical to the base of the
channel. The northern boundary of the culvert is a vehicular access bridge, with the natural
river channel to the west, and the beginning of the culvert to the east. The river drops
some 3.5m over a dam as it enters the site, this was engineered to dissipate some of the
force of the water as it enters the culvert proper (Atkins, 2003, 2). The river drops a
further 2m over a double weir some 25m further down stream.
Culverts
There are three sections where the open canal was culverted, each section of which
measures between 100 and 150m.
Culvert 1
The first section of box culvert is located to the south of the damn and weirs. It was
constructed using pre-cast reinforced concrete panels that slot together to form a box
measuring 2.5m wide and 2m high, the roof panels are 300mm thick (ibid., 3). The river is
single bore throughout the length of this culvert.
Culvert 2
The second culvert is located where the canal branches to flow below (and help drain) the
underground storage caverns. The western branch is lined with pre-cast concrete panels
(ibid.), and is smaller guage (2.5m wide and 1.7m high). The eastern section of culvert is
the main branch of the canal, and was constructed in the same way as Culvert 1 above.
Culvert 3
The third culvert takes the river diagonally across the Dander Area, it divides the river into
three bores using pre-cast concrete box units. The aprons to both the entrance and exit
have upstanding concrete beams that help to carry and support the apron over the wing
walls (ibid., 4).
Bridges
Only four of the original bridges over the culvert survive in-situ, however, the locations of
demolished bridges are all visible as scarring in the concrete side walls of the culvert, these
are particularly evident in the Danger Area where they have been demolished more
recently.
Bridge 1
The northernmost bridge lies immediately south of the dam, it is a footbridge constructed
from steel and reinforced concrete slabs.
Bridge 2
Steel gantry-type bridge at the entrance to the Danger Area, has a metal grill below that
could be raised or lowered to prevent debris from flowing into the lower section of the site.
Bridge 3
Three-span concrete bridge constructed to carry the railway as it entered the site, and the
ring road around the Danger Area.
Bridge 4
Located on the southern boundary, gantry-type footbridge with grill below.
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Condition
Regular condition surveys are undertaken for Carillion as part of the current management
regime. Improvements at the north end of the site were also undertaken, in consultation
with the Environment Agency, following the floods of 2000. The culvert is in generally good
condition, with only minor spalling and cracking, these will continue to be monitored as a
matter of course, and have no bearing on the results of this survey.
Significance
The culvert is significant in terms of the geography of the site; changing the course of a
river is no small undertaking, but it was fundamental in facilitating the construction of the
M.S. Valley Site. Access to a ready supply of water was necessary for the chemical
processes being undertaken on the site in World War II, and the line of the culvert was also
used as an added safety factor as it presented a physical barrier between the main site and
the safe area of the western bank where the majority of the air raid shelters were located.
Whilst not being of any particular architectural merit, its functionality renders it an
important ancillary feature of the complex as a whole, and as such warrants further
maintenance.
As a group the ancillary structures associated with the culvert are also of local importance as
they are fundamental to how the site functioned as a whole, as well as how it was originally
planned and looked. There are few photographs surviving for the site, therefore any
element associated with its original layout and fabric adds significantly to the visual impact
that the site will have on future visitors.
Future Management
It is recommended that the on-going programme of routine inspection by trained specialists
of the culvert be continued. Unfortunately due to weather conditions, which meant that the
river was always too high for the canal and culverts to be entered safely, all the
observations described above are based upon inspections made from its banks. However,
more full technical descriptions are to be found in Ivan Atkins Structural Report dated 29th
September 2003.
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SMR 98047 Upper section of culvert, weirs and Bridge 1

SMR 98047 Northern end of the culvert as it enters the site

SMR 98047 Culvert south of the branch into the tunnels

SMR 98047 Branch off the main culvert into the underground caverns

SMR 98047 Above ground reinforcing of the Culvert 3 apron

SMR 98047 Entrance to Culvert 3

SMR 98047 Detail of demolished bridge

SMR 98047 Culvert in DA showing demolished bridges

SMR 98047 Protective grill at the entrance to the DA

SMR 98047 Gantry bridge 2 at the entrance to the DA

SMR 98047 Outflow of the River Alyn from the culvert to the south of the site

SMR 98047 Detail of Bridge 3
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Internal Fencing (SMR 98048)
The Danger Area was divided from the main process areas of the plant internally using the
same fencing as that used around the perimeter and described above. However, there are
other sections of original fencing that survive in stretches across the site. These are largely
pre-cast concrete posts, around 1m high, connected with thin guage wire. They appear
largely to have been to guide pedestrians around the site – to prevent entry to the culvert,
and to guide people to the air raid shelters on the western bank.
Condition
Only small sections of internal fencing survive, these are in generally fair to good condition.
Significance
As a group the ancillary structures are of local importance as they are fundamental to how
the site functioned as a whole, as well as how it was originally planned and looked. There
are few photographs surviving for the site, therefore any element associated with its original
layout and fabric adds significantly to the visual impact that the site will have on future
visitors.
Future Management
It was not possible to undertake a detailed survey of the internal fencing as part of this
survey, and it is therefore recommended that this be done through future public
involvement with the site. Plans exist in the archive for the site that show original WWII
internal boundaries and divisions, and it should therefore be relatively easy to mark up, and
photograph what remains on the ground today. This in-depth recording of such features
would add an extra layer of detail to the recent survey data.
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SMR 98048 Fence by the foundry wall

SMR 98048 Original fence around the culvert

MS Valley Site, Rhydymwyn, Flintshire: Historic Environment Management Plan

Concrete Revetment at Base of Magazines (SMR 98063)
The revetment is [-shaped in plan, constructed from concrete using 6” horizontal wooden
shuttering. There is no external evidence for reinforcing, however this is likely to be
present. It measures c.10m long, and stands to a height of 2-3m. It is c.1m wide across
the top and has spoil banked up against which forms a ramp reused currently as part of the
woodland walk.
Condition
Substantial structure in good condition.
Significance
As a group the ancillary structures are of local importance as they are fundamental to how
the site functioned as a whole, as well as how it was originally planned and looked. There
are few photographs surviving for the site, therefore any element associated with its original
layout and fabric adds significantly to the visual impact that the site will have on future
visitors.
Future Management
It is recommended that the concrete revetment be monitored for structural purposes as it
has an important function in revetting this section of the hillside.
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SMR 98063 Concrete retaining wall at the base of the magazines

SMR 98063 Concrete retaining wall at the base of the magazines

SMR 98063 Detail of the concrete retaining wall at the base of the magazines

SMR 98063 Concrete retaining wall at the base of the magazines
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Concrete Revetment to the South of the Magazines (SMR 98064)
This revetment is lower at the centre than it is at the edges, it stands c.1m high, and is
c.8m long. It is constructed from poured concrete using 6” horizontal shuttering.
Condition
Substantial structure in good condition
Significance
As a group the ancillary structures are of local importance as they are fundamental to how
the site functioned as a whole, as well as how it was originally planned and looked. There
are few photographs surviving for the site, therefore any element associated with its original
layout and fabric adds significantly to the visual impact that the site will have on future
visitors.
Future Management
It is recommended that the concrete revetment be monitored for structural purposes as it
has an important function in revetting this part of the hillside.
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SMR 98064 Concrete retaining wall at the base of the slope, south of the magazines
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Lighting (SMR 98065)
A single example of the street lighting survives along the boundary to the Danger Area to
the south of the electrical sub-station. It retains its wartime paint – which is the same as
the perimeter fence.
Condition
Fairly poor condition.
Significance
As a group the ancillary structures are of local importance as they are fundamental to how
the site functioned as a whole, as well as how it was originally planned and looked. There
are few photographs surviving for the site, therefore any element associated with its original
layout and fabric adds significantly to the visual impact that the site will have on future
visitors.
Future Management
It was not possible to undertake a detailed survey of these features as part of this survey,
and it is therefore recommended that this be done through future public involvement with
the site. It would be of interest to find out if the scarcity of lighting that survives is a true
reflection of the lack of lighting in the wartime period due to the blackout. Detailed analysis
of contemporary plans of the site should yield this information.
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SMR 98065 Original light on the boundary of the DA

SMR 98065 Original light on the original boundary of the DA
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Gantry (SMR 98066)
Sections of the gantry linking the Magazines with the Danger Area survive particularly well
around the Magazines themselves, and less well where they enter the Danger Area. These
comprise a series of concrete bases with inverted L-shaped metal posts around the
Magazine, connecting with more heavy duty concrete on the valley bottom where winding
gear etc was probably situated. A 76ft. long steel-framed gantry and a 24ft. high lift down to
the main Danger Area were also mentioned in the 1944 Inventory, and there are several
concrete bases for a steel frame in close proximity.
Condition
Fragmentary, but generally good condition.
Significance
As a group the ancillary structures are of local importance as they are fundamental to how
the site functioned as a whole, as well as how it was originally planned and looked. There
are few photographs surviving for the site, therefore any element associated with its original
layout and fabric adds significantly to the visual impact that the site will have on future
visitors.
Future Management
The gantry is an important element of how the Magazine complex functioned as a whole, as
it was fundamental to the moving of explosives from the Magazines into the Danger Area.
As such, it is recommended that it be retained, and possibly reinstated where elements are
missing, if further remedial and interpretative work is undertaken on the Magazine complex.
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Magazine defensive structures (SMR 98067)
The entrances to the Magazines are protected by two large concrete anti-blast walls, one at
either end of the complex. They are constructed from poured concrete, using 6” horizontal
wooden shuttering. They have a chamfered profile, c.1m thick at their bases tapering
towards the top. They stand to a height of c.4m, the southern blast wall has a flat top, with
a chamfer at the eastern end, and the northern blast wall has a peaked profile. As well as
providing anti-blast cover for the buildings they were also designed to retain the manmade
bank constructed around the magazines.
Condition
Substantial structures in good condition.
Significance
As a group the ancillary structures are of local importance as they are fundamental to how
the site functioned as a whole, as well as how it was originally planned and looked. There
are few photographs surviving for the site, therefore any element associated with its original
layout and fabric adds significantly to the visual impact that the site will have on future
visitors.
Future Management
The anti-blast walls for the Magazines give form and character to the Magazine complex as a
whole. Purely functional when built, they now have an iconic wartime air to them that is
much more Germanic in character than any other element of the site, and which is highly
evocative to the visitor. They impress upon the visitor a feeling of both strength and
austerity and, as such, are a good reflection of the wartime building programme undertaken
across the UK.
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SMR 98067 Blast wall for southern Magazine

SMR 98067 Blast wall for nothern Magazine

SMR 98067 Detail of blast wall for southern Magazine

SMR 98067 Brick retaining wall between the Magazines

SMR 98067 concrete underpinning of old field boundary

MS Valley Site, Rhydymwyn, Flintshire: Historic Environment Management Plan

Railway associated with the Magazine (SMR 98068)
A set of drains runs along the sides of the bitumen-coated cleanway and around the sunken
area of the magazines. Remains of timber decking have also survived in places next to
these drains, which may have been part of the railway mentioned in the 1944 Inventory.
Condition
The majority of this structural element has been removed over time, where wooden slats
have survived in-situ they are decayed.
Significance
As a group the ancillary structures are of local importance as they are fundamental to how
the site functioned as a whole, as well as how it was originally planned and looked. There
are few photographs surviving for the site, therefore any element associated with its original
layout and fabric adds significantly to the visual impact that the site will have on future
visitors.
Future Management
The railway is an important element of how the Magazine complex functioned as a whole as
it was fundamental to the moving of explosives from the Magazines into the Danger Area.
As such it is recommended that it be retained, and possibly reinstated where elements are
missing, if further work is undertaken on the Magazine complex. An important part of this
would be the reinstatement of the drainage associated with the complex which would aid
future presentation and preservation of this evocative part of the site.
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SMR 98068 Detail of the bolt configuration to hold the wooden rails
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Steps to the Magazine (SMR 98069)
A flight of concrete steps set into the hillside lead down into the Danger Area, and this was
probably where the lift and gantry were located. On the valley floor to the east of these
steps a straight cleanway led across the Danger Area to the railway loading platform, and
that had all of the fuse handling buildings (wartime numbers 5, 8, 23 and 24) arranged
adjacent to it.
Condition
These are in poor condition, sections have collapsed down the hillside.
Significance
As a group the ancillary structures are of local importance as they are fundamental to how
the site functioned as a whole, as well as how it was originally planned and looked. There
are few photographs surviving for the site, therefore any element associated with its original
layout and fabric adds significantly to the visual impact that the site will have on future
visitors.
Future Management
The steps to the magazine are an important element of how the Magazine complex
functioned as a whole as it was fundamental to the moving of explosives and personnel from
the Magazines to the Danger Area. As such it is recommended that it be retained, and
consolidation work is necessary to prevent further deterioration. It would be relatively easy
to reinstate elements that are missing, which would also provide another access point to the
Magazine complex which could be easily incorporated into the woodland walk.
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SMR 98069 Steps up to the magazines

SMR 98069 Steps up to the magazines
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Machine and Pipeline bases (SMR 98073)
Condition
Concrete bases survive well, metal ones have usually been cut through when machinery was
removed, and therefore survive less well.
Significance
As a group the ancillary structures are of local importance as they are fundamental to how
the site functioned as a whole, as well as how it was originally planned and looked. There
are few photographs surviving for the site, therefore any element associated with its original
layout and fabric adds significantly to the visual impact that the site will have on future
visitors.
Future Management
It was not possible to undertake a detailed survey of these features as part of this survey,
and it is therefore recommended that this be done through future public involvement with
the site. Detailed plans exist in the archive for the site that show the original layout of pipe
work and flows around the site, it should therefore be relatively easy to mark up, and
photograph what remains on the ground today. This in-depth recording of such features
would add an extra layer of detail to the recent survey data.
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SMR 98073 Example of concrete base
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Figure 25 Condition of Buildings
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Figure 26 Suggested Response
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Figure 27 Interpretative Priorities
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General View of Valley Site, Looking South

The Danger Area Looking West

The Process Area, Looking West
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Typical Porch Decoration

Magazine Store at Holton Heath

Locomotive at Holton Heath

Hand-Pulled Trolley, Holton Heath

Packing Sheds at Holton Heath

Charging Sheds, Little Heath, (Sub-brit.org.uk)

Offices, Little Heath Filling Station (Sub-brit.org.uk)

Guard Post, Little Heath, (Sub-brit.org.uk)

Plan of Little Heath (Sub-brit.org.uk)
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Historic Usage of Asphalt, Bitumen, Pitch and Tar
The meanings of the terms asphalt, bitumen, pitch and tar vary between users. Thus in
Europe asphalt refers to a mixture of bitumen and aggregate but in North America asphalt is
synonymous with bitumen.
Asphalt (e) is derived from the Greek ‘asphaltos’ meaning secure and is perhaps the
reason why the Waffen SS were described as the Asphalt Soldiers (Keegan, 1972). The
word was also familiar to the Romans who were well aquainted with its properties and used
it to seal baths, reservoirs and aqueducts. The Dead Sea was a major source of natural
asphalt and was known as Lacus Asphaltites (Forbes, 1936). The correct use of the term
asphalt is for naturally-occurring or man-made mixtures of bitumen (binder) and minerals
including clay, sand and aggregate (filler) (Jones, 1986).
Asphalt was used increasingly in Europe in the early part of the 19th century with the
rediscovery of so-called rock asphalte in France. The discovery of rock asphalt (bituminous
limestone) in Neuchatel and Seyssel (France), Val de Travers (Switzerland) and Ragusa
(Italy) led to the widespread asphalting of roads. Prior to this, city roads were paved with
granite slabs or wood blocks laid upon 6” of cleaned ballast. The development of
Macadamisation substituted compacted small granite sets for the slabs, thus reducing the
initial cost of paving, as well as decreasing surface noise and reducing the slipperiness of
the pavement compared to stone slabs. However, these pavements required frequent
brushing to remove the accumulated dust and debris. Rock asphalt was extensively used
on the boulevards, courtyards and city squares of Paris in the early 19th century.
The rock asphalte was crushed and either used directly (compressed asphalt) or later after
mixing with approx. 5% free bitumen (asphalt mastic). The heated powdered asphalt was
compressed with metal rammers or with a roller. Asphalt mastic was mainly used for
footpaths and was heated and mixed in wrought iron boilers before laying (Ellice-Clark,
1875). The first British Patent for an asphalt was granted on 25th November 1837 (No.
7489) to Richard Tappin Claridge of Salisbury Street, Strand for his invention of “A mastic,
cement or composition applicable to paving and road making, covering buildings, and
various purposes to which cement mastic, lead zinc, or composition are employed”.
Trafalgar Square in London was paved with rock asphalt in 1858. The first British Standard
for Tars, Pitches, Bitumens and Asphalts (BS 76) was established in 1916 and defined these
terms and gave the composition and properties of Tar and Pitch for road making purposes
(McWilliam, 2005).
Later, circa 1860, a mineral called Gilsonite was found near Duchesne in Utah in the United
States which proved to be a natural bitumen with ideal properties for a tough resilient
mastic asphalt. There is documentary evidence that this material was used in the asphalting
of the cleanways in the Valley Factory at Rhydymwyn (TNA, AVIA 22/1715).
The widespread use of asphalt, particularly in North America, occurred following the
development of Lake Trinidad Asphalt. Although said to have been discovered by Sir Walter
Raleigh in 1595 and used to caulk his ships, its first use for road surfacing was by the
island’s Governor Sir Ralph Woodford in 1815. Commercial exploitation occurred after 1888
with the establishment of the Trinidad Asphalt Company. The material is an emulsion of
water, gas, bitumen and minerals, mainly fine silica sand and clay. After heating and
purification to remove the water and small amounts of organic material, Trinidad Lake
Asphalt Epuré (5%) is mixed with an equal volume of bitumen (5%) and with sand and
aggregate as fillers (90%) and used as Hot Rolled Asphalt for road surfacing.
During the second half of the 19th century and the first half of the 20th century there was
competition between asphalt made from natural bitumens and asphalts made from coal tar.
One of the first coal tar mixtures was designated Tar Macadam or Tarmac and was
extensively used particularly in the UK up to the 1960s when the source of coal tar was
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largely lost. More recently asphalt made by mixing bitumen isolated from the distillation of
petroleum oils with a variety of mineral fillers has been the sole source of asphalt used in
paving roads.
A major determinant of the properties of asphalt is the ratio of filler (aggregate, sand etc)
to binder (bitumen). If the filler is in excess the particles will be coated with binder but
there will be voids in the asphalt, which is described as ‘underfilled’: The properties of the
asphalt largely reflect those of the aggregate. If the binder is in excess the asphalt is
described as ‘overfilled’: The properties of the asphalt largely reflect those of the bitumen
with the aggregate providing some stiffening. In filled asphalt the binder almost completely
fills the voids and the bitumen and stone skeleton both contribute to the properties of the
asphalt. Thus, in determining the cause of any asphalt failure, the measurement of the
degree of filling and the presence of air-filled voids are essential measurements. A recent
collaboration with Professor Stephen Brown of the Pavement Research Laboratory,
University of Nottingham is developing techniques for investigating the properties of historic
asphalts and these may be relevant to a future study of Rhydymwyn Asphalt.
Bitumen is the term correctly used to describe the tarry material formed in association with
petroleum oil. It was first recognised in early Babylonian times (3000 BC) in the Middle East
as a natural seepage of oily material. It was used in, for example, Mesopotamia for
waterproofing canals, reservoirs and roofs. The reservoir dam at Mohenjo Daro in the Indus
Valley was built with asphalt and remains intact after 5,000 years. Bitumen was also used
as the basis of asphalt for paving roads and as a ‘cement’ in buildings (Forbes, 1948, 1958).
One of the most well known examples of naturally occurring bitumen in the UK is found in
the Tar Tunnel at Coalport. The material is in fact bitumen and the use of the term tar is
incorrect. This was confirmed by the finding of petroporphyrins in the appropriate extracts
(Didyk et al., 1984). The Coalport bitumen was discovered in 1787 but output soon fell and
sales ceased in the 1840s (Brown and Trinder, 1979). Bitumens were also used as
medicaments and were patented in 1742 by Michael and Thomas Betton (British Patent No.
587, 14th August 1742).
Today most bitumen is prepared in petrochemical plants. The crude oils are subjected to
fractional and vacuum distillation to remove volatile gasoline, kerosene and diesel fuel oils.
The residue is used as the basis for bitumen manufacture. This includes blowing air through
the heated crude bitumen to produce harder, more resilient bitumen.
Chemically speaking bitumen is a complex mixture of hydrocarbons with small amounts of
heterocyclic molecules. It is readily soluble in methylene chloride and can be separated into
asphaltenes and maltenes by heptane precipitation. Asphaltenes comprise 5-20% of the
bitumen and contribute significantly to the physical properties of the bitumen. Maltenes can
be further separated into resins, aromatics and saturates by chromatography. Coal tar
contains significant amounts of heterocyclics that may be carcinogenic. Natural bitumens
also contain small amounts of metal-petroporphyrins (Read & Whiteoak, 2003).
Pitch is the lay and historic term for tars and bitumens used for waterproofing, building and
preservation purposes, thus: “…God said unto Noah… Make thee an ark of gopher wood…
and shalt pitch it within and without with pitch.” (Genesis: Ch. 6; v.13, 14). It was also
used as a fuel during WWII.
Tar is the term used for the liquid obtained when organic material, coal, wood, peat, etc. is
destructively distilled in the absence of air. By far the most common tars are those derived
from coal and wood. Coal tar, also known as gas tar, was initially produced in the 17th
century as an alternate to the expensive imported wood or Stockholm tar. Thus the Earl of
Dundonald obtained a patent in 1781 (No 1291) for; “a method of extracting or making
tar, pitch, essential oils, volatile alkali, mineral acids, salts and cinders from pit coal”
(Commission of Patents, 1860).
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It was, however, the development of gas lighting by Murdoch in Birmingham and Winzler in
London which led to the widespread production of coal tar, initially as an unwanted waste
product of the coal gas industry. The gas tar oil was subjected to fractional distillation to
produce a series of volatile oils, including creosote, leaving a residual pitch. This material
was often surreptitiously discarded or burnt in coal furnaces before its use in making asphalt
was established (Everard, 1992).
With the development of the synthetic dyestuff industry in the 1860s, the demand for
chemicals from coal tar oil increased and an extensive industry based on the by- products of
gas works, including many used at Valley, developed (Campbell, 1971). The use of coal tar
in the production of asphalt for road surfacing and other uses persisted until the 1960s
when the use of natural and imported gas, the closure of coalmines and the rapid decline in
the demand for coke virtually stopped production. The use of coal tar for asphalting at the
Valley Factory would have been obvious in terms of availability and cost in 1939 (Jones,
1986).
Mariners have used Wood Tar for at least the past six centuries for the preservation of
wood, rope, etc. and in the preparation of paints and varnishes. A major source was
Sweden and the term Stockholm Tar is often used synonymously with wood tar. It was
initially prepared from the roots of pine trees by burning them in a kiln and collecting the
tar oil released. Samuel Pepys in his diary records on Monday 14th July 1662: “Up by 4
o’clock and to my arithmetic, and so to my office till 8, then to Thames Street along with old
Mr. Green, among the tar men, and did instruct myself in the nature and prices of tarr, but
could not get Stockholm for the use of the office under 10l. 15s. per last, which is a great
price”. This corresponds to a cost today of 30p per litre (McCusker, 2001) and compares
favourably to the current price of £3 per litre (Battle, Hayward & Bower Limited, Lincoln,).
Today Stockholm Tar is still used by veterinarians as an antiseptic and it is used in historic
timber and cordage preservation as well as cosmetics, soap and shampoo manufacture. It is
mainly imported from China and Russia today.
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Appendix II
Analysis of Historic Asphalt: Rhydymwyn by Sandberg Consulting Engineers
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