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Sir,

I have the honour to repart, for the information of the Minister of War
Tranaport, in accordance with the Order dated 10th September 1945, the result
of my Inquiry into the accident which occurred at about Ls51 a.ms on
7th September 1945 near Sun Bank halt, between Trevor and Llangollen, on the
Ruabon-Barmouth line of the Great ‘estern Railways. 1 was agsisted at my
Inquiry by Mr. CeTs Gerdner, Deputy Director of Canals, Ministry of War Transport.

At about 3,30 a.m., while the line was olosed, a poartion of the bank of
the Shropshire Union Canal, which is located on the steep hillside about 37ft.
above the railway, gave way, and the consequent flood ocaused a severe breach
in the 40ft. high double line railway embankment at the foot of the slope,
leaving the rails suspended; the breamch extended rignt through the embankment
to its foot far a length of 55 = 120 ft, at rail levels The canal is owned
and maintained by the London, :iidland, end Soottish Railway Compary.

Unfartunately the block and telephone wires were not severed, and atv a5l
asme, the 3.35 aem, Down mail and parcels train frcm Chester to Barmouth, the
first train of the day, ran into the breach at a speed of about 35 mep.hs The
train comprised 2 bogie vans and 14 4-wheeled wagons, with a 20=-ton brake van;

11 of the vehicles were vacuum=connected to the engine, whioh was No.6315, of the
2 -6 - 0 type with tender. Except for the wrake van the whole train was
wrecked, and subsequently caught fire.

I regret to report that Oriver D, Jones was killed instently as the side of
the engine caeb was crusheda  The Pireman, G.Ce Joy,; and the guard, F.W. Zvans,
both had remerkable escepes from seriocus injury. Joy was thrown clear and half
buried in fa]JJ_n§ earth, but in spite of azevers shock and & broken wrist he
walked farward 1} miles to Llangollen and reparted the accidents Bvans! van was
not very seriously damaged, and he climbed out by means of the overhanging rails
and walked back 2 miles to Trevor signal box,to advise the signalman theare;
he algo suffered from severe shock. '

The weather at the time of the accident was fine and the night was very dark.
The summer as a Whole was reparted to have been dry locally, but- there was an ’
exceptionally heavy thunderstorm in the distriot on the 5th August, about a month
before the acoident; rainfell was practically continuous locally for 24 hours,
during which time 2 ins. of rain were recarded at Shrewsbury, 25 mlles away.

The failure of the oanal bark appears to have been brought about by general
ingtability of the formation, due to a variety of canses.

DETAILS Of WHECKAGE, EBSTORATICN WARK ETC,.

1. Engine No. 6315, as it fell, struck the opposing wall of the breach and
came to rest, more oar less upright, buried up to the running plate in soft earth,
with the chimmey about 12 ft, below rail levels The engine reoeived no serious
gtructural damage though it proved impossible to recover it intact; the tender
remained coupled, and was found on its left hand sides The wrecked underfreme
of one of the two lesding bogie vans was resting on top of the engine, behind
and above which all the remaining vehicles were piled in a tangled mass of
Z§60kage, the whole of it, ircluding the brake van, within the confines ot the

(5] ach.

Fire, which broke out almost at once, probably from the scattered firebox
embers, quickly developed into a blaze, and completed the destruction of all
the vehicles except the van, of which the body viaa only portially burnte



The Hational Fire Servioce were called by the Llangollen Police at 5,25 seme

and responded gromptly, The Llangollen pump was on the scene at 5,36 a.m,
followed by three others from wrexham, 9 miles distent, at 5.52 avme, 6015 zams
and €.27 sars  Sufficient water reasined in the canal to supply the pumps and
although the woret of the blaze was over by 6.43 a.m., the lire was not finally
extinguished until 9,10 a.me after burning for nearly 4% hours.

2, Cleazrance oi' the wreckage presented exceptional difficulty, and was not
oompleted until 4 p.m. Tednesdzy, 12th September, nearly 5 days after the
accident, and until this was done, little more than preparatory wark was possible
for the restaration of the line. A 45-ton breakdown crane was on the site on
the 7th, but little nrogress was made on that day as the crane could not safely
get near enough to the breach to make any heavy liftss At 5.0 pems, however,

the services of two 8-ton winch larries were obtained, through Western Command,
from the Royal Artillery liechanical Iranspart School at Lhyl, together with a
working party under Captain N, Johnson, R«A; a similar lorry, with arew, was lent
by a lecal timber merchant, ixr. Langshsw Rowland.

These lorries were anchared in the weadow at the foot of the embankment and
the 8-ton pull of their winches was augmented to 32 tons by wire rope tackles and
snatch blocks to drag the vreckege, piecc by piece, sideways out of the btreach.
With their arrival, progress was continuous during daylight hours and, with very
effective co-operation by the military personnel with the Company's breakdown staff,
all the wreckage exocept the engine was cleared by the evening of Monday 10th Septemba

On Tuesdsy, the 1llth, the boiler, which was practicelly undamaged except for
its fittings, was lifted clear of the engine frames by the crane, and the tendexr
was pulled ocut sideways. After considerable excavation, unsuccessful attempts
were made to lift out the engine frame with the arane, and later to drag it clear
with the winches and tackles anchored to the rails. The frsmes were therefore
cut through between the leading and driving coupled wheels, and were withdremwn in
two parts on Wednesday 12th, using the power of two winoh lorries supplemented by
the winch of a bulldozer which had also been provided by the Royal Artillery.

3 In the meantime, the Engineering Department had decided to restare the Up
line across the gap by a tewparary btridge, constructed of war emergency timbex
stared at Buabon; the design comprised five 18 ft., and two 15 ft. spans with four
U in, x 1) in. ticbers under each reil, carried on 6 piers of 4 ine x L4 in. and
12 in, x 12 in. piless Pile ariving commenced at 1l.0 z.ms on the 10th and the
ridge was completed, with the permanent way, by 4+0. peiw on the 17th.

It vwias, however, congidered advantageous in the long xun, to retain the Up
line in the Bngineer's hands until sufficient block stone and ash filling had been
tipped fran the bridge to enable the Down line to be restoreds  Progress wag guch
that a single line train servioce was instituted over the Up line from 7,0 a,m. on
the 20th while tipping ocontinued from the Down line; ncarmel double line warking
weas resumed, under speed restriction, at 12.15 pems on the 22nd, after a lapse of
15 dayss The superstructure of the temparsry bridge was reoovered, but the piles
were left in the bank.

Altogether, approximately 1900 cubic yards of filling were tipped, and in
addition, two Royal Artillery bulldozers were used to push back about 3,000 ocublo
yards of dehris from the meazdow into which it had been washed by the flood fram
the canzl.

ke It will be seen from the foregoing that the work of olearance and restaration
was a couplicated emergency task involving long hours of arducus wark, foar whioh
aredit is due to all conocerned, including the Royal Artillery personnel and the
Engineering staff of the London, Hidland, and Scottish kailway, whose wark on the
repair of the canal bank proceeded concurrently (see Pare. 19 below).

DESCRIPTION,

D5«  With reference to the attached plans and cross sections, the main road, the
canal, and the railway ascend the valley of the liver Dee in a westerly direction
fram kuebons At the site of the aocident, they are on the left bank of the river
ises on the narthern hillside, 102 ft., 77 £t. and 40 ft. respeotively ebove the
flat elluvial meadow on the inside of a bend In the river. The genseral Blope

of the hillaide is approximately 1 in 3.



6.  The .canal, named the Lllesmere Canal, wézs authcrised in the year 1793;

in 1847 it was leased in perpetuity to the Lomdon and Narth Western Railway:
Compony, and by the Railways Act 1921 it vas'vested in the London, lHidland,end
Soottish Railway Company who are now responsible for its maintenance. By the
London, iidland,and Scottish Railway (Canals) Aot 194k, the canal was formelly
closed 4o navigation and now serves as a feeder to the main Wolverhampton to
Ellesmere Part navigation canal which it joins at Hurleston, approximately

45 miles form Llangcllen.

The cznal is approximately 20 ft. wide and 2 fts 9 inse deeps It commences
at sluice zates immediately sbove .the Horseshoe IPalls of the River Dee at
Llantisilio, 2 miles above Lluongollen; thence it runs approximately on a contour
far 13 miles in an Basterly direction, with only 1 ft. O inse fall in that distance
to the first lock, after which there is a series of descending locks to the
junction at Aurleston.e For the feed to the main canal and under various
arrangements to supply water to industrial undertaldngs, notably Monsanto
Chemicals Ltd, at Acrefair, necr Runbon, the Company needs to malntain an aversge
daily flow through the conal of 11} milliocn gallons; there are also ogreements
far water supplies to neighbouring farmers, etcs By the London, Midland, and
Scottish Railway Act of 1944, the Cowmpany were empowered to abstract a maximum
of 125 million zallong per day from the kiver Dee at Llantisilios

heceording to the geological maps of the district, and to reports prepared
by Mr. A. Keid, Mining Engineer of the London, }idland; & Scottish Railwaey, and
by Mr. P.B. Clark, Mining Consultant to the Great Western Railway, the gemnsrsl
farmétion of the hillside is of glacial woraine type overlying the Silurian
rocke Further up the hill, about 270 yords from the roadway, there is a fault,
above which the carboniferous liwestone rock comes to the surfaoce.

7.  lir. seid suggested, from the character of the strata exposed by the breach,
that the cannl and roadway were originally constructed on natural terraces in
the "boulder clay"™ moraine farmation, the natural hill side forming the lower
portion of the 1 in 1.5 slope between the railway and the canal, with tipped
earth above it to form the towpath and the outer canal bank. lr. Gardner and
I see no reason to digsent from this view, whioh receives some confirmation from
the marked veriation in the width of the towpath platform, which is 12-15 ft.

in ths neighbourhocd of the breachs

The slope between the ocsnal and the railway on either side of the breach is
covered with undergromth and young trees, wainly sycamcres, the largest of which
have trunks about 15 inches diameter, There were no trees of any size at the
actual site of the breach, as a dry stone counterfort wall, tc¢ whioh I refer
later, woas constructed there in 1933; there are also four other counterforts
close together (see Pige2) close to the breach on the Ruabon side, whioch were
built irn 1922,

8. The Railuay was ,constructed as s single line in 1859, 66 vears after the
canal, and was subzequently doubleds At the site, its embankment appeared to be
of trown loamy earth, tipped against the natural hill sidse As stated, the height
cf the embankment is 40 ft« above the level of the meadow and its width at rail
level is 39 ft, with the two tracks out of centre to the outside; the average
slope of the bank is alsc about 1 in l.5. There are no drains of any kind

in the embankment, ncr is there =z surface ‘krain at the insidae cesse  The stone
tallast extends to a depth of sbout 4 inse below the sleepers.

Far a short ‘Iistance on the Rusbon'side of 3he bresoch, the railway fcrmation
iz partly cut into the hillside, which is suppoarted by =z rubble masonry
retaining wall 160 ft. long, with a maximum heigzht of 12 ft. (see Fige2)s 8o
far as om be Jetermined, this wall, »which hes nc weep holes, is the original
vne, and it appeared to be in first class condition.

Although the railway ascends the valley generarly in i westerly ddrectisn,
it is on a local faslling sradient of 1 in 75 at the site. Conasejuently, on the
kuaben side of the nresach, towards Sun 3ank halt, the level of the radlway
gradually beccmes closer to. that of tie canol, and tre slope between then is
less steep. Cn the Llangcllen side, the railway begins Un curve away [roem the
aill side and the canal about 200 yards rrom the brench, and its embankment
bacomes two-sidedls



REPORT.

3. The first intimation that there was anything wrong was received by

Mr. Ha Cuffin, night supervisor of the power station at the llon¥santo Chemical
Warks, which takes its water supplies from a branch of the canal about 3 miles
below the breach.  Acocording to his account, the two pumps which were working at
the time lost their suction from the canal at approximately L. 20 a.m. Hr. Cuffin
then examined the sdjacent screens, and found them clear but he noted that the
water level had dropped k& insg; he wanaged, hovever, to get the pumps werking
sgain and went out to exanine the "boom " sareens about 100 yards from the pump
house as he thought there might have been some obstruction there,

ifhen he found, at about 5.0 a,m, that the water -level was down outside the
boom, he realised that the fall of the level in the canel was gzeneral, and went
back to reduce the factory lcads; at 5.35 a.me he received news of the hreach
by telephone. ¥r. Cuffin suggested that, heving regard to the lintervening
distance of 3 miles, the breach wight have occaurred round sbout 3,30 a.m.,
and in the absence of any further evideunce as tc the time, this estimate was
congidered to be reasonable by the Iondon, hidland, & Scottish Oompany's
Engineers.

10, The train was rumning at about 35 m.p.hs vith steam shut off eon the
falling gradient, and in the darkness neither Fireman Joy nor Guard xvans had
eny warning of the hreach in the embanianent ahead of them. The treain passed
Trevor signal box, approximately 2 miles on the Ruabon side 'of the Breaoh, .
at L 47 a.m,- at which time Signalman iilliams sent "Train Entering Section®

to Signelman Hall at Llangollen Goods Junction, 13 miles beyond it. Owing to
an intermediete stop at Llangollen passenger station), this perticuler train
generally takes about 15 minutes to clear the 33 mile section, so that it was
not until 5,10 a.m. that Williems, with & following train waiting at Trevor,
telephoned to Hell to know vwhether the mail train had reached him.

Hall at once called up the station but got no reply until 5.20 s.m. when
he leornt from the shunter on duty that the wail had not arrived. On Hall's
instruotions the shunter went back along the main road in the Post Office van
and returned at 5.35 a.me with the news that the cznal had "burst its banks"
and that the train was on fire, Eall sent the station porter to advise the
Police, but they had already been notified at 5.15 a.ms by Mr., Edwards, .laendlard
of the Sun Trever Inn, about 250 yards from the site, and had simmoned the
National Fire Services Signalman \(illiems had the first news of the accident
from Guerd Bvans, who reached Trevor box at 5.30 asme

i, At 5.15 zuame M¥r. Edwerds also called Canal Labourer . Chasge, who is
responsible for the maintenance of the canal seotion conocerned, approximately

2 miles in lengths, Chase was assisted by Mr, Ldwards to place stop planks

in the canal at Llandym Bridge about 9350 yards above the hreach, where the level
was found to be 10 inse below riormal. Chase then went to Rridge No. 4L,

165 yards below the breach, where he found there was hardly any weter left.

In the meantime he hzd sent his son on a bicycle to wara the neighbouring
lengthman to close the Llantisilio sluices, 3% miles sbove the breach, which
was dore at 6,10 a.me

12, Chase stated that during his 15 years experience of the length, he had never
obgerved any leakage at the site of the breach, though maintenance was troublesome
elgewhere on his length (see later). He passed the mite at sbout 4O p.me oOn
6th Septeuwber, about 12 howrs befare the accident, as he walked along the towpath
on his second inspection on that day, and observed no leakage there nar any signs
of movement of the bank. The Grest Western Company's ganger, W.G. Jones, has an
understanding to inform Chase of any leakage which may appsar at the foot of the
canal embankment, and he too noticed nothing wrong when he passed the site at
sbout 4a45 pema on the 6th as he walked the tracke Jones gtated that the track
in the neighbourhood required no .ore than normal maintenance apart from a
troublesame rail joint about 200 yords from the treach on the Ruabon sida,



Rotiaing abaormal was noticed by the crew or the 7.25 p.ma pessenger train
frem Busbon to Barmoutn on the 6itn which passed the site at about 7.57 p.m;
thig wes the last frain over the 1ine befure the aceident. The driver, who had
warked regulsrly over the line for 25 years said that the running was invariebly
good, #ith a solid feel to the rcads

13. With the arrival of daylight at approximately 5.45 sams Chase exsmined the
breach, where he wes Joined at 7.20 e.me by kT WePw Bowen, Canal Inapacter,
Ellesmere District. Acoarding to their acocunts the breach, when first
examined, was about 9. {t. vide at the level of the vensl; the edge of the olsy
pudile Was about 1 fts O ins. below the normal water level, and the puddle was
intact under +the bed of the canala There was still a little water flcwing,

but mest of it had already gones

U When I srrived at the site, 28 hours efter the acpident, the breach had
been widened to about 15 ft. at canal level by further falla of earthe On the
slope between ths cenal and the railway, a width of about 30 ft. wes maintained,
ingreaning rapidly to a meximum of 120 ft. at the top of the railwey embaniment,
and to about 200 ft. at its foots The outline of the V-shaped sooured channel
i3 ghown by Figs. 3 and %, snd Fig. 2 shous the extent of ths debris whioch

was washed into ths meodow to a merimm depth of about 56 fte It waa estimated
that about 2 million gallons cr mnsarly 13,000 ecubic yards of water were

M aghargeds

15« Plgek alao gives some indication cf the layers of strata exposed by the
breaghse The layer of artificial red olay puddle round ths cenel bed appeared to
be homogeneous and about 1 ft. 6 ins. to 2 £ts 0 inss thick, with its upper

edga almost level with the towpathe It was washed éway far about 2~3 ft. only
from the outside edge of the canal and the remaining width of ebout 20 ft.
appeared to be intact, as stated by Chase.

Mr. Hieid and r. Clark exawined the site together on 17th September, and
their reparts as to the nature of the strata ere in substantial agreemsnt.
Mr,. Reid stated:-

14 careful exesidnation of the hreach immediately belew the towpath
shoie 13 inches of blue clay and 15 inches of yellow clay both impervioua
in situ and of g plestic natwe on which the Cenel puddle rests and which
appeared to be intacte

I am not aware if these clays extend under the bad of the Canal.

Underlying the clays above referred to the Btrata,donsist of boulders,
noaules, clay and sand of a zemi-parous nature, the face of which was
very damps

There is evidence that this glacial deposit pergiasts under and on sach
side of ths Canala

The contour of the ground on the north side of the Canal rises very
steeply and to a oonsiderable height.

It would appear that the natural drainage from the uplying lands has
been passing in thig glacial Jdeposit under the Canal down to the Rivexr Dee,
farming subterranean lakes and channels, the extent and nurber of which it
is imposasible to determine, and due to the shape of the hreach in the
Reilway it might be conocluded that the crust overlying one of these has
suddenly collapsed at thisg point, freeing the water which may have
acoumtlated in the strata between the Railway and Canals

I could find no evidence of any collapse on the bed of the Caneal.!



At a fwther examination, after the artificial puddle under the caned naa
been remwoved, lirs Keid found that the blue and yellow clay extended right undex
the canel and far several yards east and west of the breachs In his subseguent
report he confirmed his owvn and ifr. Clark's opinion that these cloy's were %9in situ
ar natural strata, adding that they were highly impervicus and formed an ailmost
perfect seal for the canal water. Hr, Reid also refcrred in this repart to
"sandy clays and nravel d&rif'ts associated with boulder clay of & semi-porous
naturce underlying the blue and yellcow clays," and mentioned the existence of
sn impervious layer of reddish clay between the boulder c¢liy and the Silurian
rocks

t&r« Clark suzgested tnat the thickness of the boulder clay leyer was
irregular, varying from zerc to 30 ft.  The surface of the underlying
Silurien rock Wwas located under the railway embenkment at 21 = 25 ft. below
rail level, close to its natural outcrop at the level of the alluvial meadow,
vwhen the plles were driven fa- the temperary bridge.

16, The stability of the canal bank at the site of tae breach came under
sugpicion in 1938 as the result of a longzitudinal crack about 5.ft. O ins.

lonz end § in. wide which apoeared in the towpathe As a result, a dry stone
counterfort wall was constructed to reinforce the bank (see Para. 7 above);

its cutline is shown by Figa 2. 43 a further mecwution a length of box puddle,
shown in Fige Ly was introduced into the towpath barke There was no further
movement until the present failure oocurred approxinately 7 yeers later,

The information with regard to these reinforcement warks was furnished
by lars Fs Everitt, District Bngineer, Lk.SeR., Creve, and by his Canals
Agsigtant, Mre WeTeFe Phillips, also by Inspector Bowen and Labourer Chase,
who first discovered the cracgk in the towpaths  The other four counterfort
walls (1922) were svidently built as a precautionary weasure, but I was unzble
to amcertain whether there had been any slgns of failure of the bank at that.
time.

Maintenance of the canal in this area was described as troublesome, and
there is evidence that it has been so in the mare distant past. Significant
exemples &rc¢ noted at (i) and (ii) below, while (1ii) and (iv) refer to other
incidents in the neizhbourhcod which appear to be relevant in the light of
subsequent events.

(1) Serious lezkage frcm the bed of the canal ocours from time to time
for a length of about 50 yards Bast of Wenffywd Sridge No. 42 (see Pig. 1),
This iength is 290-340 yards from the site of the breach, and, acocording
to Chage, the leakage is sufficient to reveal itself by a sw:‘.rl in the
water and by waterlogging of the meadow belows, A stock of some tons of
clay is kept on the bank nearby for repairs, but after it is placed in
the bed of the canal it gradually sinks and the leaks re-appears Chase
stated that the lesks were rednced for a time but not stopped sltogether,
when the bed of the canzl =zt this point was lined with ocarrugated iron
sheets in 1533, It was found in 1337 that the ground had subsided under
the sheets.

(ii) The marked narrowing of the canal, and its evident diversicn
nearer to the hillside 5C yards West of' the breaoh was shown on 2 plan
dated 1850, but not on one dated 16805, and it seems ressoneble to assume
that this re-aligrment may have been undertalen on account of some
weakness in the bank which agpeared ofter the cenal was constructeds For
approxinately 60 yards at this point there is a brick waterway wall on the
outside of the canal which replaced a stone wall about the year 1900.

Purtiher, the 1805 plan refers to the takding of a plot of land
"covered by zravel in the licadow below the base by Water breaking out"
This plot was practically at the site of the present hreach,

{iii) In 1933, a2 cavity sppeared in the roaday behind the northern
abutment of Bridge Noe42. The cpening was only about 2 ft. O ins. diameter
at the surfacs, but the cavity below was much larger, requiring two larry
leads of material to fill ite  Holes also appear from time to time in the

canal benk close to the narth erstern wing wall of the bridge and have
to be filled ine



(iv) From the distorted shape of the masomry arch, thers appsars to
have been aonsiderable settlement at one time of the narthern abutment,
but the bridge is of considerable age and there was no reoard of wnen the
gettlement took place.

The reconstruction and widering of Bridge T.us 42 was under consideration
in 1939 and, having regard to (i), n%lli) ard (iv) above, the advice of the
Company's iining Engineer at the time, Mr. V.5, Davies, was sought in the design
of the new foundations. l&r. Davies' repamt wa3 in similar terms to those

of iur. Keid and Mr. Clerk with regard to the general geological formation,

but the followirg extract therefrom is of interest in relation to Mr. Reid's
report 6 yesrs later:-

"The contour of the sround to the north of the bridge rises rapidly
in a northerly Jlirection to a considerable ieights It would appesr that
fran time immemarial water has peen flowing from the uplying lands under
the canal, and in contact with the bottom part of the puddle in the Canal
(where it existed) into the River Dee, and it is only reasonable to
oonclude that the continual attrition of this water under the puddle has
been responsible for the disappearance of the quantities of olay referred
to by the District dngineer®.

17. The existence of this natural flow of water is confirmed by the presence

of a spring of clear cold water at the foot of the rzilwsy embankment at the
site of the breach, from which the Great Western platelayers obtain drinking
Water; the Llow increases sfter heavy rains. This snring was covered by the
debris from the breach but hes sinoe re=-appeared 4O = 50 yarda West of its
original gite. There are also sprinrgs on the narth side of the main road

and in the grounds of Wenfirwd House‘%see Pig.l), also a small but constant flow
of water into the meadow from an old culvert which passes under the railwsy
embankment and apparently leads straight into the hillside about 220 yerds West
of the breach. The surface drainage from the road 1s direoted into the oanal.

18. Apart from the major leskage and disappeararce of the clay puddle in the
neighbourhood of Bridge Ho.l42, Chase referred to 6 ar 7 other troublesome points
on his length, notably a few yards Sast of RBridge iio. 41, where leckage from

the canal orought about a minar slip in the bank above the railway two years ago;
it was at about this point that the congtant lifting of a rail joint was required,
as mentioned by ganger Jones, Chase, however, 7as quite sure that the canal

was watertignt in’ the neighbourhood of the breaca, and ne considered that no
leakage of any oconssquence would escape hig notice, particularly as the canal
‘Water was alvays olear,

On account of these numerous and constant points of leakage Chase wmade it
his business to patrol nis length twice daily and he exgressed regret that the
general tidying wark, clesrance of undergrovth, etc. were in arrears. de added,
however, that he had always had the necessary assistunce when he had asked for
it and a zood supply of fresh puddle. Close atiention was always paid to his
reparts by Inspector Bawen, with whom he was in touch by telephone.

19. A partial water supply to the ilonsanto Shewical winrks was restared during
the week end following the accidents Temporary dams were constructed on each
side of the breach and the engineering staff of the Xonsanto Ccmpany laid one
12 ins. and fow 6 ins, cast iron pipes detween thems  The natural flow through
these pipes under the very slight head was supplemented by partable pumps and
hoge, and three 12 ins., pipes were put in later by the LtwS.Re  This
arrangement grovided a suffioisnt flow of water far the time being, 23 the main
navigation canal is not wholly dependent on the supply frecm this branch during
the winter months.

In the repair of the canal barnk, the faces of the treach were trimmed back
and benched, and a drain of rough stone tlocks was laid in the bank from the
railway to the towpath. This drain extendsd in depth from the suriace of the
bank to the bottom or the scoured chamnel shosn in Fip.k, and its toe rested on
the wrick rubble snd stone blocks shich were tipped by the Great lestern
enyiineers in the first stages o rilliryg tie treach in the Railway erbanjozente
The oriinal section was restored by esrts £illin:. tipred bv a lons ahnta



from the roadwoy; the filling: was heavily rarmmed on each side of the drain as it
was buillt up.

The canal bed is belini re-tuddiled between the temporary dams, and bef'ere the
Tlaw is restared o pocl of water will be lef't far a pericd between the dams to
test tne new puddle far leoks, during which time temporary arrangements will be
made to puurp water across the zap.

COLCLUSICH,

20. It 1s clear that the meintenance of' the cancl has received the clese
zttention of 211 concerned in the fuce of considerable natural difficulties, znd
in particular I should wmention the conscilentious Way in which Inspectar Beowen and
Labourer Chase have Hischarged their Jduties, Further, I am satisfied that the
feilure was riot brousht about by ercsion and disintegration of the puddled bank

ag the result of an undetected local leak; the trouble was obviously more deep=~
seated, and in all probability, 1.ay be ettributed to the unstable character of the
underlying boulder clay farmation which is evidently of water-bearing type.

2l With the interplay of couse and effect, it was difficult to farm any definite
opinion from the examination of the breach itself, but the experiences described
in Para. 16 above point wmistakably to the conclusion that the boulder clay on
this hillgide is an unsatisfactwry foundation on which to carry the load of
engineering warks of amy kind; though it is impossible to speak with certainty
when natural farces are at work, it does not sppear unreasconable to assume that
the Tailure of the canal bark and other incidents in the neighbourhood may have
been made due to voids in this formation, eroded by suoterraneasn water channels,
as suggested by the Mining Engineers' reports.

The load of the canal works superimposed on the natural terrace would no doubt
aggravate any tendency of the boulder clay to collapse under the influence of water
erosion, and although the bank had stood rirm for a ceatury or mcre, the effest of
such ercsion may well have been cumulztive, The excepticnally heavy day's rainfel
about a month befare the accident may perhaps have contributed, and a further
contributory cause mey have veet the irmperceptible but cumulative effect of the
transmitted vibration of heavy motor traflic on the main road, which has only
developed in recent years.

Alternatively, there is the possipility thet sliding may have occurred at
the damp surface between the layer of’ yellow clay shown in Fig. 4, and the gravelly
boulder clay below it, but on the wiole, I consider that erosion of the boulder
clay itself by natwral water chammels is the wmare likely explanation of the two.
I do not think that the continual trouble experienced with the one rail joint on
the ruabon side of the breacl: can be rexarded as evidence of any tendency to genera
movement of the railway embankment; it is probably due to a local patch of sof't
farmation, caused no doubt by leakage frow the canal at this point, to which
reference has been made. :

22, The action which was taien in 1938 tc reinfarce the vank by a counterfort
wall after it had shown signs of wezkness, and to construct the box puddie trench,
has, in the event, proved insufficient, but it is easy to be wise after a majar
Tailure has directed attention to past incidents whick nay be related theretos
Prompt action was taken by the District lngineer when the orack in the towpath was
reported by Cnase, and having regerd to the small dimensions of this arack, there
appears to0 have been little Justification for an alaxmist view at the time; the
warks which were then undertaken nay be regarded as a proper maintenance precaution
in the circumstances, and I do not consider that any blame rests with the London,
Midland, and Scottish Company's Eungineers for omission to take more drastic steps.

23. It was particularly uniortunate that the block and telephone wires remained
intact, so that no warning was received of the break in the line. Daylight
patrolling of the railwsy was froperly carried out by the permanent way staff, and
there had been no ezxperience in recent times to suggest that anything more was
reguired,



24s The construction of the railway embankment at the foot of the hillside

olose below the canal presupposed the risk of a breach should the canal bank

give way; there is, however, no mention of the canal in the Act which autharised
the Railuay, nor in Captain (later Colonel) FoHs Rioh's Repart to the Board of
Trade of his Inspection of the line on 27th May 1862. Indeed, there has been

no resson hitherto to suppose that such risk was other than nezligidle, but the
present experience, which has drawn attention to the unreliable character of the
ground on which the canal rests, suggests that this may no lonmger be the case,
having regard «lso to the vibration of mcdern traffic on the roads

The taarough strengthening wecsures which have been undertzken in the repair
of the canal baxdk should greveat the recurrence of a failure at the same point.
Hevertheless, the characfer of the fcormation appears to be such that-the canal
uater may still present a potential threat to the salety of the railway foar a
length of 150 -~ 200 yards on either zide, and in these circumstances it appears
to be for consideration whether it is desirable to retain the canal as such over
the length concerned, now that there iz no longer any obligation to maintain it
far navigations

25, In the event of closure, arrangements would have to be made to maintain

the flow of water for the main cangl feed, industrial supplies eto., and the
aveilsble fall (approximately % in. in 40O yards) is so slight that, without
provigion for artvificial head, a very large cross-sectional area of pipe would .
be required to carry the necessary flow of 11} million gallons per day.  Although
the load on the boulder clay slope would be materially reduced if such pipe or
pipes were set well back on the canal bed and the overburden of the towpath

bank removed, the rigk of subsidence would remein in some degree, and in the event
of a pipe fracture a oonsiderable volume of water might be discharged as before.

- If, however, arrangements could be made to grovide a foot ar two of
artificial head, either by pumpirg trcm the csnal into & raised enclosure
or direotly into pipes, a number of pipes of manageabvle size should be sufficient
to cerry the necessary flow; noar should it be difficult to arrange for automatic
stoppage of the pumps, and the digcharge of the surplus water by a spillway,
should the velocity of the water on the delivery side increase as the result of
a majJor pipe fracture, or ite pressure fall. If the pipes were to be extended
westwiard through the Wenffrwd hridge, there would be an edded advantage that the
contimial leakage txrouble there would be eliminated once and for ell. I recommend
that gcme such meazsure should receive consideration, algs that conditions should
be reviewed at other points in the valley wihere the railway lies below the oenal.

26, Alternatively, some degree of wrotecticn mignt Te provided by an alarm
device to sound a warning in the signal boxes on eithexr side in the ovent of a
collapse of the canel bank, supplemented perhops by an arrangement to- examine the
ling befare passage of the first train in the morring, as has Leen in farce since
the accident; any such apparatus would have to be of unguestionabls relisbility,
and as free as possible from liebility to sound false alarms, which would tend to
depreciate its value. No warrminy device, however, cen give complete protection,
and T taink it would be aliogzether ireferable to rewove ar at any rate minimise
the risk by piping the 2ster over the length of aanal concerned.

27.  AKs a precontion againgt possivle noverment of the railway embankment on the
wet plane above the Silurian rock, mr. keid suggested that the water percolating
tiarough the boulder clay wigzhv ve tapped at some point cloze above the railway
énd led underneath it.  Suci: drainage works, if successful, might serve in some
measure to stabilise the boulder olay formation itself, and no Joubt their
practicability will also be ciensidereds

28, In conclusion, T shculd acknoiledge the veluable sssistance I have received
toroughout the course of this investijzation from .2« Gurdner, and rrom the officers
cr’ the two Railiay Companies concerned,

I have the honour to be, Sir,
Tour obedient Servamt,

Felle Se WILSQN
Lieuts Cclonel.

The Director CGeneral,
Ministry of VUrr Yronsport.
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ACCIDENT NEAR LLANGOLLEN. 7-9:45.
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