“An attempt at sealing natural water-holes or ‘swallows’ in the River Alyn”

The team of Halkyn miners employed to carry out the River Alyn work in the 1930s
Although this photograph does not form part of the 1938 report, the negative is affixed to it, placed
there by Peter Wild at the time he deposited the document with Flintshire Records Office

Notes

Water from the River Alyn sinks into countless ‘swallows’ along the course of the Alyn gorge, between the
hamlets of Loggerheads and Rhydymwyn. This water then follows an underground route into the Milwr Tunnel,
where at times of heavy rain, lead mining operations were adversely affected. This reprint describes the exten-
sive work carried out by Halkyn District United Mines in the 1930s identifying and sealing the many swallows.
Despite this, new swallows soon appeared and the work in general had little, if any, long term effect.

The report is complete, although parts have been re-typed and several images re-drawn for clarity. The original
is held by Flintshire Record Office, Hawarden, reference: D/DM/872/7. It was rescued by the late Peter Wild in

the 1970s whilst working as photographer for Courtaulds, Greenfield (shareholders in HDUM), who were clear-
ing out old papers. Mine explorers were first given the opportunity of taking copies, then Peter lodged the docu-
ment with the Records Office.

Although the report is detailed, the gauging data contained can only be regarded as a record of conditions at

the time. For example:

. Although the text refers to the losses between Footbridge and Leaning tree, the gauging data makes no
mention of these. Presumably the report was compiled after the work on the area was carried out, and
the sealing at that time was successful. Today however, the area once again, accounts for significant
losses.

. Inlets between weirs 8 and 9 are shown as adding an average of 669 gallons a minute to the river, pre-
sumably from the “Hawarden Waterworks springs” fed by Ogof Hen Ffynnonnau. No springs today ap-
pear in this area except under flood conditions.

. Negligible loss is shown between weirs 4 and 6. This includes the Devils’ Gorge area, which today ac-
counts for significant losses

Reprint compiled 2020 by C. Ebbs






HALKYN  DISTRICT UNITED MINES LIMITED

10" February, 1938

An attempt at sealing natural water-holes
or ‘swallows’ in the River Alyn

Reporting to the Mold Mines as long ago as June 1824, John Taylor remarked that the diversion of water from
the River Alyn into the leat did not lessen the water in the mines, so that it was even then realised that there was
probably some connection between the leakage from this river and underground waters. The connection was
definitely confirmed by tests carried out early in this century, and on several occasions comparitively recently.

The probability is that fissures crossing the leat connected with those fissures which are now known to communicate
with our workings, and, in any case, the artificial channel was not of sufficient capacity to deal with the whole flow of
the river in times of flood.

Many methods of overcoming the evil have been suggested from time to time e.qg.
a) Canalising certain sections of the river
b) Re-opening and enlarging the leat
c) Piping the flow over bad stretches

d) Tunnelling from the Loggerheads through the hill to below Gwernymynydd and so completely cut out the
Loggerheads-Rhydymwyn section of the river

none of which was proceeded with owing to cost.

The difficulty was aggravated in 1901 when the 1875 tunnel drained the Llynypandy lode, since which date the river
has been absolutely dry at Rhydymwyn for several months in each year.

Several of the principal ‘swallows’ have been known for many years, and others were discovered in 1931 when the
river was low, by diverting it past each leakage until the water disappeared again, diverting it once more etc. etc. until
the water was made to flow about % mile beyond the point at which it disappeared normally.

Weirs were erected at various points along the river and on its tributaries in the autumn of 1931 and weekly gaugings
have been taken since that time. They have shown losses which vary up to over 6,000 gpm depending on the state
of the river.

In 1935 an examination was made of the dam erected by the old men through a stope a short distance to the west of
Mountain Shaft on Lode 576. The inspection was made in time of flood, when the dam was found to have been
breached at the top and to be overflowing and leaking badly. The overflow was stopped, but it was not found
possible to seal the leakages. The building up of the dam, however, caused excess water, in times of flood, to return
to the river.

Dye tests have since shown that the water disappearing in the ‘swallows’ finds its way to the dam, and thence to the
workings on Lode 576 .
(Appendix A).



The whole of the feed issuing at the western end of the workings on this lode, however, does not emanate from
the river, as is proved by the fact that in September last, when the total average flow at Maeshafn, which is above
all known leakages, was 824 gpm, the feed entering the mine South of Lode 621 was 1700 gpm, or more than
twice the volume which disappeared from the river.

A probable explanation of this is given in Appendix 'B’.

Several methods of establishing the connection between surface and underground waters have been tried,
e.g. puddled clay, sawdust, aniline dye, potassium permanganate and fluorescein.

Aniline dye was discarded as not being sufficiently permanent, permanganate because it was found that the grip
water and silt, when treated chemically, gave a permanganate discolouration due to their manganese contents
(Appendix ‘C’).

Fluorescein was looked on askance on account of its cost, until a cheap supply was discovered from I.C.1., and
this, which gave a distinct colouration when diluted to the extent of 1 part in 4,000,000 has been used in all recent
experiments.

A definate link has been established on more than one occasion between the water disappearing at Glan Alyn and
also at Tan-y-graig with Lodes 576 and 596, a feature worthy of note being that the time lag between Glan Alyn
and Lode 576 as about 20 hours (Appendix ‘A’), whereas that between Tan-y-graig and the same point
underground was ten hours only. The respective distances are approximately 1.72 miles and 1.55 miles, so that a
reduction in distance of 10% leads to a reduction in time lag of 50%, pointing to the fact that the connection from
Tan-y-graig is much more free and direct than that from Glan Alyn.

During the summer of 1936 a considerable amount of work was done between the Loggerheads and Pont
Newydd, which consisted in cutting four new channels (photos 1 & 2) to divert the stream away from known bad
sections, building a concrete wall to segregate the flow from leakages at Glan Alyn (photo 3) and exposing
fissures and filling them either with concrete or bags of earth. During the ensuing winter floods, it was found,
however, that little or no good had been done, and that conditions underground were not improved. This was due
to leakages in the diversions and under the concrete fillings, and to the fact that there were many hidden
‘swallows’ which had not been exposed for filling.

During the floods of last spring an attempt was made to improve matters by depositing in the river bed, at various
points from loggerheads to Rhydymwyn, upwards of 5,000 cubic yards of ashes,
in the hope that these would be sucked into the ‘swallows’ and so seal them. This again had little or no effect.

These floods showed that the diversions were not of sufficient capacity to deal with the maximum flow, and as
water had overflowed the concrete wall at Glan Alyn and some of the dams at the ends of the diversions had
either been overflowed or given way, a section of the wall was increased in height, and the dams built up and
strengthened. It is worthy of note that in enlarging the diversions, new leakages were exposed, showing the futility
of attempting to cure the evil by this method.

The use of ashes for sealing leaks in launders and reservoirs is a well known remedy, and it can be demonstrated
that it is very efficacious in the former case so long as the launder is not disturbed. It was therefore decided to test
this method in the river by deliberately re-opening a leak which had been sealed during the summer of 1936, and
experimenting upon it. It was found that ashes containing clinkers and large pieces were useless, but that if the
fines through a ¥ inch screen were used, good results could be obtained, and these were further improved by the
addition of slimes, in the proportion of approximately two of ashes to one of slimes. It was further found that slow
feeding of the mixture was far more efficient than feeding it rapidly, the presumption being that, in the former case,
it was carried further down the fissure and had time to build up and consolidate.
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Mine captain, Jack Francis

Noo, 2 Weir in Abereilun pPlversfon, looking downstream .
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The section of the river in which leakages are known or suspected to occur extends from Loggerheads to
Rhydymwyn (plan 1), a distance of approximately 4%2 miles, measured along the river bed, but there appear to
be comparatively long stretches included in this section in which there are no leakages. The worst known
sections are Big Tree and Leaning Tree area (plan 2), Glan Alyn area (plan 3), Tan-y-graig area (plan 4) whilst
other losses occur in the Maes-y-groes area, above Pont Newydd Bridge, at Llyn-y-pandy lode and above
Rhydymwyn Foundry (Bryncelyn Lode). In the aggregate, these leaking sections amount to not more than
about one mile in length.

Although there are numberless leakages in the river bed, the water which has been proved to enter the mine
from this source does so from three or four points only, showing that somewhere between the points of
leakages and the workings the network of surface fissures must converge into a few major ones, connected to
a great extent with lode 576.

Applying this theory during last summer, it was decided to open the major known fissures in some of the worst
sections of the river, in the hope that the water would carry the mixture of ashes and slimes throught the
complicated surface network of fissures and deposit it in the main channels below, and so seal the feeds into
the mine.

In order to show the results of the work a number of temporary weirs were erected, built of earth-filled bags and
planks (diagram 1), at various points along the river, viz:-

Glan yr afon (damaged)
Footbridge (damaged)
Big Tree (damaged)

No. 1 Glan Alyn (photo 3)

No. 2 Abereilun, in second diversion (photos 1 & 2)

No. 3 Tan-y-graig (photo 4)

No.4 Tan lan

No.5 Pensarn (now dismantled)

No. 6 Maes-y-groes

No. 7 Bluff

No. 8 Pont Newydd

No. 9 Llyn-y-pandy

No. 10 Nant Alyn (damaged)

Two small weirs were also erected in the tail race from the Loggerheads Mill, which showed a loss up to 300
gpm between them. Their sites are shown on Plan 1.

When the work was carried out the river was very low, so that leaks which were large during times of flood,
were not active in the circumstances pertaining, and in order to simulate flood conditions, and so bring to light
leakages on the banks, eight temporary earth and stone dams were built between Footbridge and No. 4 weirs,
and these answered their purposes fairly well, showing up certain losses which were not evident during times
of drought, and in other case showing that there were no losses other than those which were known.

In order to give details of the work carried out during the summer and autumn of 1937, the river may be divided
conveniently into three sections, viz: Footbridge to Leaning Tree, Glan Alun area and Tan-y-graig area, and

details of the work accomplished in each section, not necessarily in chronological order, are given below.

Reference to the banks are given looking upstream.
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Footbridge to Leaning Tree Area (Plan 2)

The ‘swallow’ which had previously been filled, and which was re-opened for experimental purposes, was situated
on the left bank at ‘A’ about 40 feet below Leaning Tree. This was capable of taking a feed of approximately 150
gpm. The ‘swallow’ was dammed off from the stream and connected to it by means of a launder, the feed being
regulated as required. About a barrowful of unscreened ashes was then fed into the launder and carried into the
excavation. The water soon backed up, but it was found that little or no good had been done.

The ‘swallow’ was again cleaned out to a greater depth, but this time was fed with the fines through a quarter inch
screen. About five times the quantity of ashes used in the first experiment was fed in before the water backed up,
and the leakage appeared to be sealed for a few days, after which a slight leak developed. The ‘swallow’ was
opened a third time and fed with a mixture of two of ashes to one of slime, when the leakage was stopped.

About 15 cu. yards of ashes and slimes were required to seal this ‘swallow’.

In all ‘swallows’ which were filled subsequently a similar mixture of ashes and slimes was used.

Three major ‘swallows’ were opened in this area, two of them (B and C) (photos 5,6 & 7) close together at the leat
wall, on the left bank 160 feet below Footbridge weir, and they absorbed at times nearly 3,000 gpm, and one on the
right bank at ‘F’ a short distance above the stepping stones, through which as much as 1,000 gpm disappeared.
These were all successfully sealed by diverting the stream into them through a 20 inch pipe, out of which a section
was cut, and through which the mixture of ashes and slimes was fed. The two upper ‘swallows’ absorbed about 71
cu. yards of mixture, and the lower one 15 cu. yards.

One disturbing feature was that two smaller ‘swallows’ were not affected by the sealing, and had to be filled
separately. This points to the probability that these smaller leakages joined the main leaks beyond the point to
which the ashes had penetrated, and similar experiences were met with in other instances.

The two weirs in this section showed a leakage of up to 50 gpm between them, excluding the leakages down the
major ‘swallows’, and considerable time was spent trying to trace this. Finally, by dividing the bed into small
sub-sections by means of temporary dams, it was found that the loss was confined to a comparatively small area
immediately above Big Tree weir and near the concrete shelf made in 1936 alonside the Big Tree. Furthermore, it
was discovered that there were numerous small leaks under the shelf, in the river bed, and through the retaining
wall on the left bank. These were all dealt with in the usual manner, and leaks which were found at Big Tree and in
the field on the right bank, which were active in times of flood only, were also treated with about 31 cu. yards of
mixture.

After the river had risen, two bank ‘swallows’ (G & H) were discovered in the right bank a short distance above
Leaning Tree. These were also filled with about 12 cu. yards of mixture but conditions were such that it was not
possible to open them down to the solid rock.

Despite the large amount of work done in this area gaugings show that there is still a loss of about 350 gpm
between Footbridge and Big Tree weirs, and it probably occurs in bed leaks which are always most difficult to

identify, and all efforts to find them have been unsuccessful.

The major ‘swallows’ were kept open until the last so that the river could be diverted down them at will, and so give
dry conditions for other work in this section and further downstream.

Approximately 147 cu. yards of ashes and slimes were used in this area.

A retaining wall was built for about 100 feet along the right bank opposite to Leaning Tree, and all important fillings
were pitched with large stones in order to prevent any scouring action.
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Glan Alun Area (Plan 3)

This has long been known to be one of the worst areas; as much as 8,000 gpm has been seen to disappear near
the old mill on the right bank (photo 3) and there were numerous other leakages in the bed, and in the limestone
outcrop on the left bank, past which the stream was diverted in 1936.

The first work here was to make a breach through the concrete wall, and fit this with a sluice, so that the river could
be diverted at will into the ‘swallows’ on the south side of the wall, or turned down its natural course. This ensured
dry conditions for carrying out work below this point under normal river flow, and answered its purpose admirably.

The first ‘swallow’ opened was on the left bank, opposite the concrete wall at ‘A’ (see plan). This was sunk to a
depth of 16 feet when several horizontal fissures were exposed. It was capable of taking over 1,600 gpm and dye
tests proved it was connected with the largest of the known ‘swallows’ on the south side of the concrete wall. The
‘swallow’ was fed with minus % inch ashes to the top of the excavation but it was found that a leak of over 150 gpm
still occurred. It was again cleaned out and fed with a 2/1 mixture of ashes and slimes, which proved highly
successful, and reduced the capacity of the large ‘swallow’ referred to to 800 gpm.

The permanancy of the sealing was tested by allowing the river to run over the filling, when it was obvious that an-
other leakage had opened up in the bed at ‘B’. This was exposed by sinking through badly shattered limestone on
three sides, the fourth side being a large fissure filled with clay. The fissures were more or less horizontal, and as
no vertical one was found at a depth of 18.5 feet, the stream was turned into the excavation which was rapidly filled
up to the level of the fissures, through which the whole flow disappeared.

The ‘swallow’ was filled in the usual way and a complete seal made. The two ‘swallows’ absorbed about 143 cu.
yards of mixture.

There are still considerable leakages, and it was obvious that the principal channel through which they occurred,
had not yet been found. One of the ‘swallows’ on the south side of the concrete wall was, therefore, excavated at
‘C’ and a fissure running parallel to the wall was found at a depth of 8 feet, which proved to be capable of taking a
small flow only. Further sinking proved no important fissure, and the pit was abandoned in favour of a trench ‘D’,
nearer the wall. Water caused trouble in sinking this, but the diversion of the river down ‘swallows’ in the Big Tree
area led to dry conditions and work continued without any trouble under this head. The same horizontal fissure
which had been exposed in the first pit was found in the trench, in which it showed a marked tendency to run under
the wall and towards the river bed. Water was then turned down the river from the ‘swallows’ in the Big Tree area,
when a dimunition was noticed in the Glan Alun diversion. Fluorescein was used in the diversion and the
colouration was found in both the pit and the trench.

At a depth of about 8 feet in this trench a peculiar bronze ring was found, which the authorities at the British
Museum stated was probably a piece of horse harness of ancient British date. This is now lodged at the Museum.

Inasmuch as the flow from the trench was towards the bed of the river, the next pit ‘E’ was sunk in the bed some 20
feet below No. 1 weir. This was timbered and sunk to a depth of 22 feet, at which the same feed was encountered,
coming in through shattered limestone. Two new feeds were also found at this depth which fluorescein showed
were not connected with the trench to the south of the wall, but that they came from the bed of the diversion.

A second pit ‘F’ was sunk slightly downstream from the last, when it was found that all feeds had converged and
flowed towards the left bank.



The third pit ‘G’ on plan, was sunk downstream and nearer the left bank in order to intercept the feeds
which were running horizontally. This at a depth of 22 feet had not got into touch with the water, so a drift
(photo 8) was commenced under the left bank, and this in 10 feet broke into a small cavern, through which
all feeds appeared to pass. The drift was continued for a total length of 69 feet along the watercourse,
which ran more or less horizontally and was at times of small capacity, and as there were no signs of any
fissure dipping vertically, the drift was stopped, and arrangements made to fill it with ashes and slimes.

A point of interest was that, in several of the small fissures met with, there were traces of ashes which
proved penetration during previous experiments.

In order to ensure that the mixture of ashes and slimes was delivered into the drift, a breach was made in
No. 1 weir, and a 12 inch pipe built in. The pipe line was continued to the drift, and had incorporated in it a
tee piece through which the mixture was filled. At first it appeared that the fissures were not capable of
taking much water, but in the level rising to the roof of the drift, they absorbed the maximum flow through
the 12 inch pipe line with a head of 2.5 feet. When the mixture had risen to the roof of the drift and the
water was overflowing downstream, the inflow was stopped, and it was noticed that the level fell to 18
inches from the top of the pit, at which it remained constant. The phenomenon had been experienced
previously and it had been found that it was caused by high level ‘swallows’, probably running more or less
horizontally. The pit was, therefore, filled with the mixture until the level of the leakage was reached, and
above that level the filling was kept agitated by means of a rake, thus ensuring that the finer particles
would be carried forward into the fissure. This method successfully sealed the leakage.

The stream was then turned over the pit, and on diverting it again by opening the sluice, it was found that
there were serious leakages between the timbers supporting the pit, and the alluvium through which it had
been started. The majority of the timber was then removed and the pit re-fed with ashes and slime, which
stopped all visible leakages; 170 cu. yards of mixture was used in this pit.

Two or three small ‘swallows’ later developed between No. 1 weir (photo 3) and the pit and these were
stopped in the usual way.

The area was pitched with large stones over a length of 70 feet from the weir, and the river turned over the
pitched area for 24 hours. On stopping the flow, a further bed leak was discovered 10 feet below the weir,
and on removing the pitching a cavity approximately 3 feet deep by 2 feet square was discovered. This
was also sealed and when the water was turned down the river bed once more, no leakages could be
discovered.

The ‘swallow’ in the trench behind the concrete wall was also filled with 40 cu. yards of mixtures.
An important ‘swallow’ at the weir measuring post was excavated to a depth of 7 feet and was found to be

capable of taking a feed in excess of 500 gpm. It was anticipated that the sealing would have the effect of
stopping this, but this was not the case, and dye tests failed to show its connection with any of them.
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The ‘swallow’ was dammed off from the stream and a connection made to it by means of a section of 20 inch
pipe, out of which a section 18 inches X 10 inches had been cut, and through which the mixture was fed.
This method of feeding through the pipe was used in several cases, and it has the following advantages:

a) The flow can be diverted directly into the excavation without cascading down the sides and carrying
gravel etc. with it.

b) A grid fixed over the end of the pipe prevents the entrance of leaves etc. into the fissure, and this
was particularly important as the work was done in the autumn.

c) By using a plate over the end of the pipe the flow can be regulated.

This ‘swallow’ required far more mixture to fill it than was anticipated, and about 105 cu. yards was used,
showing that the penetration must have been very considerable.

As there was a certain amount of visible leakage through the banks of the diversion, and as considerable
underflows were also suspected, three ‘swallows’ were opened in the old river bed, one of which was proved
to be capable of allowing 1,000 gpm to leak through it.

In excavating for strengthening the dam at the downstream end of the diversion a leakage of over 400 gpm
was found, and this and other ‘swallows’ in the bed were all satisfactorily sealed by the use of about 115 cu.

yards of mixture.

Lastly, the dam referred to, through which the loss had been serious, was built up and the leakage is now not
more than 5 to 10 gpm.

In all, about 589 cu. yards of mixture were used in this area.



Tan-y-graig Area (Plan 4)

From the point of view of leakage, this area is amongst the worst stretches along the whole course of the
river and, as already remarked, water dyed here discoloured the water in lode 576 in about 10 hours.

Two important leakages were cleaned down to bedrock at ‘A’ and ‘B’ below the point at which the
Abereilun Brook joins the main stream, one in the river bed and one on the right bank, the latter being
capable of taking several thousand gallons per minute. The bed ‘swallow’ at ‘A’ appeared to be
honeycombed under concrete which had been laid in 1936, and the fissure in ‘B’ radiated in all directions
over about 270°. The complicated system of fissures in these ‘swallows’ is shown in photograph No.9.

These two ‘swallows’ were amongst the earliest treated, and were first filled with unscreened ashes.
These, at the outset, appeared to have reduced the leakages to small dimensions, and there was a small
overflow over No.3 weir (photo No.4) for a short time. This soon ceased, when it was noticed that there
was a seepage through the fillings, and that a new and larger ‘swallow’ had opened in the bed above
them at ‘C’ and finally the leakage was traced to ‘D’.

‘A’ and ‘B’ were again cleaned out and a pit sunk at ‘D’. The fissure was followed vertically through gravel
and shattered limestone to a depth of nearly 20 feet, and plumbed for a further 19 feet, at which depth it
appeared to turn off.

The water shortage had now become so acute that no flow could be obtained at Tan-y-graig, so attention
was diverted to ‘swallows’ upstream in the Glan Alun and Big Tree Areas.

It was not until the end of October that there was sufficient flow in the river to allow of any further sealing
being done in this area.

The temporary dams had brought to light two left bank ‘swallows’ at ‘E’ and ‘F’ from 100 feet to 150 feet
above the Aber Eilun confluence. The track from Tan-y-graig field was extended to these, and they were
sealed with 126 cu. yards of mixture.

Before filling the main fissures in this area, two dams were built across the river in the positions shown by
dotted lines on plan. Two 20 inch pipe lines were incorporated in the upper dam, one leading direct into
the ‘swallow’ to be filled and the other through the lower dam, in order to act as a by-pass (photo No.10)
should the volume of water become too great to be absorbed by the ‘swallow’. It was thus possible to
regulate the feed of water, and to isolate the ‘swallows’ from it should occasion arise. The 20 inch
pipeline was carried to the top of the centre of the excavation, thence through a wooden box and to the
bottom through 12 inch pipes, which ensured that all ashes and slimes fed through the opening in the
pipe were delivered to the bottom of the fissure. The method proved very successful.

The first ‘swallow’ dealt with was at ‘D’. The water was turned through the pipes and so regulated that the
maximum churning effect occurred in the box without overflow. The mixture was then added, and the
excavation filled until it began to build up in the pit, when the flow was stopped by turning it into the
by-pass. The lowermost length of 12 inch pipe was removed, the same procedure being repeated as it
became necessary to remove the remaining lengths. The ‘swallow’ was eventually sealed, and the
portion of the mixture which overflowed under the concrete shelf sealed the ‘swallow’ at ‘C’. The filling of
these two ‘swallows’ used about 200 cu. yards of mixture.



On the assumption that all the leakages in this area were connected with that at ‘D’, which appeared to be
the principal one, it was hoped that the sealing of it would also affect the very large ‘swallow’ in the right
bank at ‘B’, but this unfortunately was found not to be the case, and the fissures at ‘B’ were still easily
capable of passing several thousand gallons per minute, and at the time were absorbing the whole capacity
of a 20 inch pipe working under a head of about 9 inches.

The pipeline was continued to ‘B’, and the ‘swallow’ at this point was not sealed until about 300 cu. yards of
mixture had been fed into it. This again points to great penetration, as the actual excavation made was not
more than about 8 cu/ yards.

A small cavity, which had been covered by a thin crust of alluvium opened up accidentally in the sealed
area, and although large quantities of water had evidently passed through it at one time, it was found that it
was now incapable of permitting any flow.

Finally, the area between the two dams was flooded, after which the water was turned through the by-pass,
and as no leakage could be detected, it was considered that the area had been dealt with satisfactorily, and
the dams were removed.

The whole area (photo No.10) approximately 110 feet by 28 feet was then pitched with large stones to
prevent erosion of the filling, a strong dry wall, pointed at the upstream end, being built into the right bank,

and the left bank graded and pitched.

As the temporary dams had server their purpose and might cause flooding, they were removed.

Work Downstream from Tan-y-graig

A ‘swallow’ on the right bank below Tan Lan was filled with bags and the filling in the ‘swallow’ on the left
bank, a short distance below the Hawarden Waterworks Springs, was repaired. One or two small holes,
which had been made in the bed of the river on the approximate line of lode 576 were filled in, and this
concluded the work for the time being.
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CONCLUSIONS

Appendix ‘F°  This shows the details of weir gaugings and a graph summarising the leakages between the
temporary weirs that were erected along the river during last summer to divide it into smaller sections than
hitherto.

Although the gaugings give anomalous results in some cases, the readings of these weirs, together with
those of the permanent ones give a much closer idea as to where the leakages in the mine workings are
occurring, and from these it appears that the greatest losses are between weirs Nos. 1 to 6, and especially
between Nos. 1 and 2 and Nos. 3 and 4. The other most serious loss is between No 9 weir and the Foundry,
which is probably fairly equally divided between weirs 9 to 10 and 10 to Foundry, which stretches embrace
respectively the Llynypandy and Bryncelyn Lodes. That being so, it would seem that any further work done
should be concentrated in those sections of the river bed.

We consider that it has been proved that individual ‘swallows’ can be sealed by ash — slime mixture, and it is
indicated that there is such a vast number of ‘swallows’ along the river bed that any further effort should be
concentrated on stretches where greatest leakages are shown.

There have been no serious floods since operations were suspended and it it too early as yet to form an
opinion as to the efficacy of the work carried out in 1937 (Appendix ‘D’).

Daily gaugings are being taken along the whole course of the river from Maeshafn to Rhydymwyn, the
maximum of which has, so far, shown that about 45,000 gpm at Maeshafn plus over 9,000 gpm joining the
stream below that point, a total of 54,000 gpm. This volume, which is much above the average annual flow,
has caused no inconvenience underground, and it certainly would have done so a year ago, but how much
of the improvement in underground conditions is due to work done on the river, and how much to the
dredging and enlargement of the grip it is at present impossible to say.

These daily gaugings, however, show serious losses in areas which have already been dealt with, though,
despite intensive research, no leakages are visible in them. The total leakage to the Foundry in this
abnormally dry winter is still about 5,000 gpm.

Another disappointment has been to find that practically each individual leakage had to be treated, as it was
found that penetration of the mixture was not sufficient to reach the ‘mother’ fissure, as cut by the
underground workings, into which all of a network of surface leakages must converge.

A further disquieting feature has been the opening up of new ‘swallows’ in the neighbourhood of several of
those sealed.

JLF/PAB
19/3/38
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Tan-y-Bryn.
15=8-37,
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AIVER ALYN AND SURFPAGS DRATNAGE CONTROL
In examining the mspects of this problem, ia
regard %o’ the volume and origin of the various sources

of water entering the mine workings, 1t may safely be
assumed that ﬂm‘o_ are two main factors, viz:-

(1) The River Alyn and {ts tridutaries,
(2) Other subsidiary feeders,

The first sketch shows a section of the
River Alyn under normal and flood condi tions in a
comparatively low graded portion of the river, in
which impervious clay may reasonably form the bed
of the river,

Tn normal periods of rainfall, when the level
of the river 1s low, the feed 0f water draining into
the mine workinge at this point may be accounted for
as follows :

(a) very little frem the River
and
(b) A proportionately lsrge volume from

surface fissures, other than those draining into the
river, which latter are comparatively few in mumber, and
form a small proportion of those leaking over the whole
area occupied by the Company,.

In flood priods The volume of water draining
into the mine becomes :

(a) 4 very much larger amount from tie River Alyn.
and
(b) An increased smount frem surface leakages other
than thos? connected with the river, the two
factors together making the underground drainsge
problem very acute,

The second sketch represents a section of
the river in a more steeply graded part, where the large
volume of water leaking into the mine under normal
condi tions {s greatly incressed in floods. This, of
gourse, is coupled with a proportionate increase from the
leakages mentioned in (b) above,

Another di fficulty in this problem may
possibly be due to inmacourate conclusions as %o the amount
of water folloving the river Alyn water course, as it is
not improbable that a greater body of water may be flowing
than 18 supposed, as 1s illustrated in the third section
across the river Alyn, in a part of the stream, passing over
a highly porous and broken stretch of the river ded,
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HALKYN DIOTRICT UNITED MINZS LIMITRD

April 20%n,1937,

The Mansger,

UNDERGROUND _"ATER

Following our df seuss!on of » sterday on the
subject of obtaining a chesp and satisfactory method for
determining the point {n the river ded at whioh the bulk
of the water enters the mine, T have had some tests run in
the lab, using Potassium Permanganate as an indieator,

These tests have given very interesting results and
I believe the method {s well worth a trial,

Thepd tests shomed that one owt, of the salt
will impart a deep tint to more than 3,000,C00 gallens of
water, ‘ ) ‘ )

A litre of tap water was taken and KmnO
solution equal 4o 0s0036 grames kmno, was sdded to 14,
The resultsnt mixture was bright pink 'in colour, A
qantity of ground limestone was added to the solutfoh and
the whole agltated with compressed air,

After a short time the solutfon was
decolourtsed. A portion of the liquor containing suspended
limestone was taken and freated with H,30, and (NH,)
32°§ (Ammon. Per.Sulph.) and the colour was {mmectafefy
restored,

Samples of filtered liquor and supernatant
liquor after settling fa!led to respond to the above
treatment, showing that the manganese {s precip! teted and
settles wi th the maud, or more probably the finely divided
precipitate 18 adsorbed by the fine particles of limestone,

In teking the samples of the water
entering the mine, care would have to be taken to ®llect
as much as rossible of the suspended matter, sich ss mud
snd fine clay entering with 1%,

_The fact that the manganese beocomes
concenirated in the solids was proved by treating some of the
restdue from the above test after filtratien, A deep pink
colour resulteds - ot ’ v W

_ Potassium Permanganate is a fairly expensive
salt and costs approx. £4 per owte It is believed, however,
thet Sodium Fermanganate would work egually well and should not
cost much more than a quarter the price of the former salt,

It is, moreover, mach more soluble then the Potassium
Permanganate, being listed as very soluble im both hot and
cold water, _ Tn practice 1t might be advisadle to anchor a
sack of the salt in the bed of the river to avoid too rapid
solution and conseguent loss of materials  Messrs, T.C.I.
hsve been ssked by phone to mote for 3oday Permang: in cwt,
lots and to send a small sample by first posts

(Sgde) AeP. NSWALL.



Test oi_r_g ed out in tunnel ﬂ!lu‘! Mﬂlug’
anganate os dyeing agent, ' $us

3

g The object of this test, whioch was ram
between 10,20 s.me 8nd 2,30 Peis, May 5th, was to ses 3

(a) If Potmssium Permenganste ocould be vieually
. detected 1n the grip water at a point a
considersble distance from the place of
admi ssion.

(b) 1f the colour could be restored or intensi fle
chemi eally in the samples taken, :

The rasults showed that ¢

(a) The colour was e%ill quite promounced n fter
3% hours contaot with the grip water,
during which time 1% flowed a total distance
of approxipatelys3.H miles down the gripe

(R) That the colour of the samples gould de ;
‘{ntenst fied and fixed chemically by treatment
‘with Ammonium Persulphate to form Permanganic

aclide

Détafls of Test

Vs

A totsl weight of 20 pounds of mnoﬁ was
t

4t ssolved in gold water end

Lode 576 beyond

manner : the

drum f111ed with water
helf minute a bucket- full of

added to the grip

Hant Alyn crosscoursée The material
was di ssolved and sdded to the grip in the following

solid m04 was

pat into a 40 gallen

and stirred thoroughlye  Bvery
'@ solution was dipped

from the drum snd poared into the gripe This was '
replaced by s bucket- full of fresh grip water and stirring

contimued for a furt

r

her hal f minute and 8O On.

.
t Gt e

.0 The addition started at 10,20 a.m. and -

was complete at

10,41 a.me, the

20 pounds thus being

sdded over a period of approximately 20 mimtes,

The samples were taken at the bottom of Penybryn shaft

s diatance of 3.5 mtles
. T8 2 wet

v el Ly A

... . 7ne grip water
was sampled cont¥miously,

15 mimtes each
and thereafter

r ania

being kept for
samples covering

from the point of admissione

ring D8 LRLaNE. oul

fovitie Past: the hasys
‘4wo composi te samples covering

the first hglf hour
‘periode of 10 minutes.



Sampling staerted at 10,15 aeme The first
indication of colour {n the water at Penybryn was at
approximately 1.45 peme or 34 hours after the first
addi tfon was made, On {ts way down the main tunnel
the permanganate could be cbserved as a deeply dyed
stretch of water, several hundreds of feet in length,
This coloured stretch took approximately 25 minutes
%0 pass the sampling point,

Of the 25 samples taken, only three, that is,
those taken between 1.45 pem. and 2,15 pems showed sny
sign of coloration, The samples taken {mmediately
be fore the ecolour appeared and immediately after 1t
d1sappeared were tested for mengancese and found to be
free, The colour of the three visibly dyed samples was
intenef fled by adding to 50 ece of the sample, 15 co,
strong sulphuric actd and (after heating) 2 occe N/10
solution and 2 grammes of ammonium persalphate, The
silver chloride, was, in each case, removed by filtration,
The relative strengths of colouration in the three samples
were readily detected by comperison in Nessler tubes,

Caleulated loss of Reagent during Tes®

In order to check, roughly, the

percentage of the total weight of K MnQ, remaining in

the water when it reached Penybrym, a posite sample was
made by teking equal parts of each of the three samples
taken diring the period over which manganese was found in
the water. The colour was restored and Tntensi fied
chemically and the quantity of permangenate estimated
colourimetri cally by comparison with standard solutions
produced by mixtag known volumes of standsrd permanganate
solution with grip water,

1+ wae found in this way that the average
potassium permanganate content of the water passing the
sampling point {n spproximately 2¢ mimates was 0e 000025
pounis pir gellon, Measurements, taken by the Survey
department showed that approximetely 1 ;ou gallons per
mimte were passing, or esaivalent %o 28 »500 gallons in
2* minutes,
Thi s volume of water contained, therefore i

487,500 X 0000025
ar 12,2 pounds of K mo4

There fore, of the 20 pounds added to the grip, 12.2 pounds
or approximately 61X still remeined after 3.5 hours contact
with the water snd at a distance of some 3.5 miles from the
point of admi safon, : : :

The results of this test indicate

" $hat potessium permanganate may prove to be a sati sfactory

resgent to use in tracing the course of the undergreund
water, It is siggested, as a further step in the

© q{nvestigation, that » cuantity of K solution be

introduced at Mountain Shaft snd e ffarts made to detect

' fts presence in the water entering the underground

workings at Llynypsndy. 4 test along these limas

43 %0 be carried out onm May 7the o

(sgd) Ae. P. NEmaALL,



BALKYN DISTRIOP UNITED wiNss Lrwivep
Moy 19%h, 1937

\pNIE "0"

Object of test

To find to what extent 14 {s possible )
the presence of Potassium Permanganate in nﬂr.ﬂc p:.n:::.“
through underground leskways, The test was carried out
between 11 a.me and 1,30 peme on May 7th,

Results of Test

It was found that the water ismu
large feed point at Llynypandy face was deeply mm:ﬁ'
permanganate as the result of introducing 15 pounds of
potassium permsngsnate into Mountafin Sha f%. The colouration
was visible in the mter at Llynypandy apmroximately one and »
half hours after 1t wes {ntroduced at Mountain Shaft, a di stance
0f 400 yards away (actually 1300 f%, horizontally and 200 %,
vertically). Chemical treatment of the water resulted
in intens! fying and fixing the colour as in the previous tests
wvith potassium permanganate.

Details of Test

A total weight of 15 pounds of X MnQ
crystals was dissolved in %0 gallons of water and the whole
volume of solution poured down Mountain Shaft at 11 a.m,.
After pouring the solution into the shaft 1t was followed by a
quantity of fresh water from a #" pipe running for forty minutes
to wash any of the solution from the walls of the shaft,

The shaft is 260 feet deep aml the feed
which crosses the bottom of 1t contributes approximetely 150
gallons of water per minute to the mine, The dflutiog, is
thereforesconsiderable as some 5,000 gallons per mimate enters

at Llynypandy.

Samples were taken at two 41 fferent points,
namely the Face of D,T.l1 where the smaller feed entars the dri ft
and also at the large feed which enters near the face of the
drift the N side of D.7.7,40' in from Xeouts The samples
were taken continuously snd boltled at intervals of fifteen
minutes, starting at 11.45 a eme Between 12,30 and 12445 pem.
the water {ssuing from the large feed hole at the face was
observed to be pink in colour. The colour persisted until
the water joined the tunnel water in the main tunnel grip,
Subsequent chemical treatment of the samples showed that the
effect of the addition of permanganate was first observable at
12430 pem. Throughout the test no colouration was
observed in the water {ssuing from the small feed point, Chemicsl
troatment also failed to reveal the presence of menganese in the
water, though a quantity of settled sediment collected while
the samples were being taken showed the presence of a conaidersble



APPENIIX “C"

nantity of mengenease after trestment, A4s the rocks
:atu-.liy contsin traces of manganese a further sample
of sediment will be obtained from the same point under
normel conditions to find out if the colouration was
due to naturally occurring manganese or %o the
precipitation of the added potsssium psrmangansate.

Conclusions

The results of these tests seem to be
sufficiently conclusive to warrant a trial of the method
{n the river Alyn, Arrangements are being made to run
such a test as voon as possible,

(Sgd) AsPy NEWALL

NOT&Rs

The blank run ss i{ndficated above gave a eolouration
similar to that obtained during the test on the feed
from the face of D.T.1. The s2diment was obtained
in both cases by running part of the feed through a
#" pipe into a bucket (1945.37)

This seems to eliminete K MnO, ss a useful dye, ss
the more df f£ff ault tests would iﬂ all probability take so
long that the colour would be d.siroyed, and if 1t could
be got back from any muddy weter nothing coneclusive would
be obtained, Cne woald never get any colour back from
the filtrate, as the lManganese is precipi tated on
decolourisatione

(sgd) J.D.W.
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CHART SHOWING WATER FLOWING IN pivER ALYN
AND THAT FLOWING IN THE TUNNE, :
RIVER FLOW AT MAES M TUNNEL F :
28 AFN, TUNNEL FLOW a1 LODE 656.
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October 13th, 1931.

Sir OGecil L, hdd, K.).lo.

thelrmen,
Halkyn District United Mines Limited,
Londone.
Dear Sir,

NOTE3 ON “ATER PROBLEM

T have pleasure '!n h‘iﬁttink the following preliminery
survey of the water problem in our 4res, and in doing so will
attempt to review all the data so far gleaned :-

" The posttion is compliceted by the well known fact
that there sre serious leaksges from the River Alyn into the
Mines, and that this river, which rises mear lLlandeglas, brings
into our Area, from a tract of 9 square miles South of the
Llsnarmon Ii strict, a large volume of water which otherwise
would not have %o {n taken into account, and also thet some
of its tributaries feed it yith water which falls on the
S{lurfen rocks of the Woel Fammau Range. It will be
realigsed, therefore, that in sttempting to campute the
probable volume of water underground, the survey must cover :
a much wider field that then embraced by our Mining rights, |

Having dealt with the possibdility of water entering |
our Area from the South and Wwest, the question arfses as to
shether any may be expected tc come from the North amd East,

 Wth regard to the North,’ Taking into
consideration the fact that the outflows from the Holway and
other Adits have not been affected by tunneélling operstions,
end that the portion of the Milwr Tumnel owned by the Holywelle
Helkyn Mining and Tannel Co, serves as an intercepting channel
for any flows from thig directifon, 1%t appears reasonsble to
assume that 1ittle, {f any, of the water we are constdering
finds 1ts way in from the North, ° The feed of & out 5000
gallons per minnte at the Pant lode 1s admfttedly ai fficult to
deal with, but inssmuch ss th® tapping of the W™rn feed did not
affect 1t to the extent of more then 1000 to 1500 gellons per
mimte, T assumé that the remeinder hes no connectimn with the
Hllm Ar‘n. ‘

The easterm margin of our Sett {s covered by the
shales of the Lower Cosl Measires, which, being impervious,
should not admit of any sericus percolation, and their dra! nage
is leargely towards the River Dee snd tributaries of the Alyn
which join that River tc the Zast of the outerop of limestone,
Water from the Eest may therefore be discounted,except from the
comperetively small area of Holywell shales, lying wholly within ow
Sett, which drain into the Rhydymwyn Valley,
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No consideration of this question is possible |
without a stady of reinfall statfstics, and the following |
data are aveilable for stamtfons in or near oaur Area : 1

Height sbove  Average Max! mam
Os Do ml Annual
3yation, Retnfall Rainfall
' recorded.
Faet Inches Inches
Halkyn, i mile Neof ‘
Penybryn : 875 31420 38492
Clleen Hall, 1 milee
SeW0f Penybryn 785 29.70 40436

Hawarden Waterworks,

Clleen, 1% mfles W,of our

Area, or 2} miles N.Weof

Loggerheads, 680 29,27 38.93

Soughton Hall,Northop,
1 mle E,of our Area 418 22,10 41,39

The average annual rainfall at these
stations works oud at 30.57 {nches, but to allow for the
higher ground in the Llsnarmon Di strict mmd in the
neighbourhood of Llsndegla, for which no particulars sre
avai lable, T propose to work on an average anmaal figure
of 32 inches, phid: 1. probab].y not too high,

210w The average maximum rainfall in the area
oowrod ¥s 39.9 inches, or say, 40 inches per anpum, not iore
then 25% greater than the normal,

. The Meteorological Office has stated that
1t 18 common to assumeé that 14 inches of rainfall per annum
is ovaporated and applying the rule in our case, we get
18 tnches to scosint for, either undergrourd or carried off the
Area by the Alyn end the small consumption of about 600
gallons per minute of the Mold and Hawarden Taterworks.

AREAS

The area of the gathering ground of the Alyn
and {ts tributsries from Llandegla to Rhydymwyn is 3522
square miles, and the extent of our mining and drainage
sett (s 25,27 square miles, of which, 4.21 square miles {s not
i{ncluded ‘n the gethering ground of the Alyn, so that the
mex{ mam area we have to consider i1s 35,22 plus 4.21, or
39¢43 square miles,



APFENDIX %"
COQLAUTATICN OF PROBABLE VOLOMS

One inch of rainfall per annum is
equivalent to 14,520,000 gallons of water per square
mile, or 27.6 gnllons » minute (Appendix 1),

1% follows, therefore, that 10 inches over an area
of 39.43 square miles amcunt to 19,509 gallons per
mimte, which should de found in the Alyn at
Rhydymwyn, plus "sterwvorks' consumpticn, and in
our Tunnels,

The rainfall at Clleen Hall
(Appendix 2) from Jamary %o Saptember this year,
for prtioulars of which 7 am indebted teo
Mr.7.B, Yates, has aversged je3 inches per month,
which {8 at the rate of 39.6 inches per snuoum, an
excess of about 25% over the mormal, so that during
this year, we have to account for 19,569 plus 25%,
24,456 gallons per minute from the Arese . .. -

thilst the methods so far aveilable
for gauging sre rough, snd the period over which they
have been taken is not sufficiently long to. obtain anything
approaching sn sccurate average, prifiolerly in the ocase
of the Alyn, where gaugings were not taken at regular
intervals, ani not at all in August and September, diring
esch of which monthe over 6" of rain fell, 1 nevertheless
venture on the following compaiation from such data as are
available. . ;

SURFA G

Callons _pe Minute

Flowing in the Alyn at
Rhydymeyn 9317

Flowing in Fechlas which joins
Alyn below point =t which

gaugings were taken... say 700
Piped off 4rea for Mterworks 600 10,617
URDERGROUND

. New Tannel: Passing Penybryn
Shaft since intersection of
feed at 0230 feet, and
neglecting all feads in Milwr
Section 10, 000

Outflow from 1875 Tunnel 4,118 14,118

Ty -

The figures for Underground may be
taken a8 reasopably acourate, but the average for the
Alyn is very unsatisfaotory, as it has been computed
from four geugings in dry weather in June, July & October,
plus one estimate of 30,000 gallons per minute during a
period of floods early in June,




APPENIEX ...
One inch of rainfall per year

over 1 square mile = ‘.1%‘ x 5280 x 5280 x 6025

= 14,520,000 gallons per annum

’—%ii-g‘;'gg-so gallons per mimite

= 27,6 gallons per mimute

18 inches of rainfall per anmm over an srea of
3943 square miles = 18 X 27.6 X 39443

= 19,589 gallons per minute,

‘PPWX o 2

RAINFALL AT CILCEN HALL

1 9.7 A
Inches

January 2:43
February 2.43v
March 1,01
April 2.40

My 267
Juns 4205
Wy 1735
Angust 6e72
Se ptepber 6! 137
294735

Average per Month 3.3 inches, or at the rate of

39.6 inches per annum,
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CHART SHOWING DIFFERENCES IN
. WEIR GAUGINGS ON THE RIVER.

LOSS GALE
WEIR DISTANCE
GALS:PER MIN: __ \aeciiaen, o= GALS:PER MIN

N@ |, < 7.000.

Ne 2, <+ 8100.
N2 3. -+ 8750.

1

N2 4
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