
To the Memhers of the London Underground R a i l w a y S o c i e t y . 

WRITTEN BY JOHN PATTIWSOW THOMAS AT THE GOMMEWCEMEM' OF THE 
Both YEAR OF THE TUBULAR RAILWAYS SERTIGE OF LONDON 

October, 1969-

THE LONDON BLUE CLAY AND THE GOMING OF TUBULAR 
RAILWAY TRMSFORT 

Introduct iono 

1 . T h i s phenomenal u n y i e l d i n g impervious s t r a t a of t e r t i a r y 
loam, t h i s deep-down London c l a y upon which s t and great 
b u i l d i n g s and i n s t i t u t i o n s of the Met ropo l i s , i s conspicuous ly 
the tenement of the cas t i r o n t imne l system tha t forms the 
ub iqu i tous t u b u l a r r a i l w a y s of London - t h i s inva^-uable system 
conveying 2 m i l l i o n passengers each working day upon t h e i r 
s e v e r a l occas ions t h a t l a r g e l y k n i t together the bus iness and 
c u l t u r a l l i f e of the c i t y . 

Beg inning and growth of system. 

2 . The J u b i l e e year of H.M. Queen V i c t o r i a i n I 8 8 7 - 82 y e a r s -
ago - saw the l i f t i n g of the f i r s t spadeft i l 52 f e e t beneath 
K i n g W i l l i a m S t r e e t , E . G . , t e r m i n a l of the f i r s t e l e c t r i c a l 
t u b u l a r r a i l w a y e x t a n t , the r e s o l u t e G i t y & South London R a i l w a y . 
Two yea rs l a t e r t h i s v i r i l e 4 -m i l e l i n e came i n t o p u b l i c use. . 
Thus on November 5 t h next ( 1 9 6 9 ) i t begins i t s SOth^yeaicrof p u b l i c 
s e r v i c e . I n t h i s octogenar ian e r a the t u b u l a r system has completed' 
90 deep tunne l route m i l e s , i n c l u d i n g the 2 -mi le Waterloo & G i t y 
deep l i n e of the Southern Ra i lway , a l l i n t h i s somewhat mys te r i ous ' 
c l a y . Such route mi leage, were the tunne l s i n s i n g l e f i l e , 
would extend to 200 m i l e s of s tandard 11'8|-!' d iameter - l a t t e r l y 
i n c r eased to 1 2 ' 0 " - and o u t s t r i p the d i s tance from London to 
L i v e r p o o l ( t h i s 200 m i l e s i n c l u s i v e of t u b u l a r s i d i n g s , avo id ing : 
l i n e s and m u l t i p l e j u n c t i o n s , and I 5 0 e s c a l a t o r s t a t i o n s hav ing 
from 2 to 6 p l a t f o r m s ) . 

3 . L i t t l e could these heaven-sent engineers of t h i s system of 
urban t r a v e l i n London - Baker ( S i r Benjamin of F o r t h Br idge fame 
and other great w o r k s ) , Greathead ( i n v en to r of the c u t t i n g 
s h i e l d tha t made excava t i on safe and s t r o n g ) , Mather (o f Mather 
& P i a t t , E l e c t r i c a l Eng ineers of Manchester ) , and Mott (o f 
Messrs . Mott, Hay & Anderson, Gonsul tants to the Underground 
R a i l w a y s ) - i n s p i r e d as they were, have envisaged the c apac i t y 



and'the-;advancement of t h e i r "progeny" to h n i l d 2 0 0 m i l e s of 
c a s t i r o n t i m n e l l i n g and the amazing excava t i on of 7 , 2 5 0 , 0 0 0 tons 
( seven m i l l i o n two hundred and f i f t y thousand tons ) of h lue c l a y 
to prov ide the d a i l y s e r v i c e i n 19^9 of 4>000 t u h u l a r coaches 
and 2 0 , 0 0 0 employees conveying some 8 0 0 , 0 0 0 , 0 0 0 passengers per 
annum, i n c l u d i n g the new mas t e r l y e l ec t romagnet ic automatic 
equipment of the V i c t o r i a L ine ( L i n e No.7 i n the Underground 
e s t ah l i shmen t ) and the D i s t r i c t and Met ropo l i t an cut -and-cover 
sys tem. . Upon the completion of the Streatham ex t ens i on (and 
hoped-for ex t ens i on to Croydon, when s t i l l the sho r t e s t of 
any of the Underground l i n e s ) and the Aldwych-Waterloo h ranch , 
and a l s o the contemplated F l e e t L ine wh ich , ' i n t e r a l i a ' , 
p rov ides underground t r anspo r t d i r e c t i n t o the West End from 
the county of Kent f o r the f i r s t t ime , the volume of underground 
t r a f f i c could w e l l r each 1 , 0 0 0 m i l l i o n per annum, 8 0 ^ t r a v e l l i n g 
through the c l a y and 2 0 ^ the D i s t r i c t and Met ropo l i t an c u t - a n d -
cover system. 

The V i c t o r i a L ine i s a great a c q u i s i t i o n to the•sys tem, the 
P a r l i a a e n t a r y B i l l f o r which was p i l o t e d through hy S i r John E l l i o t , 
then Chairman of the Transport . Board , aga ins t the d i f f i c u l t y of 
the f i n a n c i a l c l imate of the country of that., day -. ; indeed, a great 
achievement to have succeeded -at so c r i t i c a l an e r a . 

Need f o r f u r t h e r development 

4 . - This- cannot p o s s i b l y he the end, f o r there remain a c u t e l y 
over-hurdened areas wi thout underground f a c i l i t i e s at a l l , such 
as M i l l h a n k , the south hank: of the R i v e r ( p a r a l l e l l i n g the S t r a n d ) , 
Kn i gh t shr idge -Barnes v i a Kensington Road, and V i c t o r i a P a r k - D a l s t o n -
Hackney. Of course , i t w i l l . a t once he s a i d "What -about the great 
cost of a l l t h i s e x cava t i on and equipment of t h i s sys tem?" . T h i s 
cos t has i n f a c t ' g r i e v i b u s l y gone up from about £1 m i l l i o n per 
route m i l e before the second wor ld war to about £6 m i l l i o n , and 
would be even more i n d i f f i c u l t expensive subaqueous pa tches , 
such as f o r i ns tance between E lephant and Gamberwell, most ly i n 
the Greenwich and Reading g r a v e l l y beds, and a l so where p r ox im i t y 
of more and more foundat ions of great b u i l d i n g s must be e s p e c i a l l y 
sa feguarded. Costs are s t i l l going up and up: r e l a t i v e economy 
i s ga ined the re f o re by proceeding now.with th is i .^exc lus ive means 
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of s a t i s f a c t o r i l y s h i f t i n g London's paramount t r a f f i c . 

5 . The p u h l i c has hy long exper ience aga ins t fog , Roya l and 
C i v i c func t i ons and many other forms of road de l ay , acqu i red 
utmost f a i t h i n the t u h u l a r form of t r a n s p o r t . Not so the 
s e r v i c e s hy road* the p u h l i c has l o s t f a i t h i n t h i s formidable 
and i r r e p r e s s i b l e product of the i n t e r n a l combustion engine as 
app l i ed to the congest ion of t o - d a y ' s thoroughfares such as has 
come about i n the craze f o r speed and independent movement by 
wheel r a t h e r than f oo t . Hence the p r o l i f e r a t i o n of v e h i c l e s 
t ha t choke the s t r e e t s . The t u b u l a r system i s the way of escape 
from t h i s . What can be more c o s t l y and e xaspe ra t i n g than l o s s 
of p r o d u c t i v i t y and bus iness caused by the "hang up" of road 
s e r v i c e s , the r u l e r a t h e r than the excep t i on . London's progress 
w i l l be i n doubt u n t i l t h i s second p l ane , o f t r a f f i c i n the c l a y 
i s much more g e n e r a l l y understood by Par l i ament and when the 
p u b l i c are enabled to go about t h e i r bus iness w i t h a f a i r sense 
of c e r t a i n t y and economy. 

App r e c i a t i on , o f work of p ioneers 

6 . I t may not be out of p lace to o f f e r a word of t r i b u t e to 
outs tand ing engineers who made a v a i l a b l e t h i s underground system 
of t r a v e l , now a great pa r t of London's l i f e . T h e i r prophet i c 
v i s i o n i s now perhaps a commonplace. The p ioneers and inven to rs 
who brought these ameni t i es to us are almost f o r go t t en . I n the 
pace and pressure of l i f e to-day t h i s may be unders tandab le : 
none the l e s s , such a ids to urban t r a v e l and tr iumphs of c i v i l 
eng ineer ing and e l e c t r i c a l sc i ence l e d by great men might be 
remembered from time to t ime . 

7 . I n t h i s phase of t h e i r work no exper ience e lsewhere was 
a v a i l a b l e . Nothing of the s o r t had anywhere been attempted. The 
D i s t r i c t and Met ropo l i tan cut -and-cover systems a l r eady i n vogue 
h e l d no guide to 1 0 0 - f t . deep r a i l w a y s , i n v a l u a b l e as these 
subsur face l i n e s a r e . The f i r s t e l e c t r i c tramway d i d not operate 
i n London u n t i l 13 y ea r s l a t e r than the t u b u l a r l i n e . The t r a f f i c 
i n the West End was at t ha t pe r i od moved almost e n t i r e l y by the 
horse and the mule. The courageous engineers were l e f t to t h e i r 
own dev ices and r e sou r c e s . They f e l t apprehensive of p u b l i c 
r e a c t i o n to t r a v e l of t rog lodyte s i g n i f i c a n c e . T h e i r f e a r s 
were not wi thout foundat ion, as u n t i l the new l i n e had proved 
by good running and i n the depths f a i r l y w e l l v e n t i l a t e d , l i g h t e d , 
speedy and s a f e , the p u b l i c were n a t u r a l l y h e s i t a n t . ' The seque l , 
however, was tha t the l i n e was soon apprec ia ted and, s u r p r i s i n g l y 
enough, pa id yjo i n t e r e s t upon i t s Ord inary S tock , has t en ing 



f o rward the ex tens ions to Clapham Common, to K ings Cross and 
E u s t o n , soon tp ' connec t w i t h the Hampstead and .Highgate L i n e s . 
O r i g i n a l l y opened at the f l a t f a r e of 2 d . any d i s t a n c e . Upon 
wet evenings 3 d i was charged. The p u h l i c r a i s e d no oh j e c t i on to 
t h i s p ena l t y to escape a w e t t i n g . At t ha t time trams and huses 
were open-topped* Not u n t i l 10 y ea r s and 20 y e a r s r e s p e c t i v e l y 
a f t e rwards were' they weather-proofed. The cockney descr ibed them 
as " the t ram or hus w i t h the l i d on"11 

Eorm of locomotion adopted 

8 . T h i s C i t y ,& .Sou th London Ra i lway was o r i g i n a l l y intended to he 
equipped' w i t h oahle t r a c t i o n such as powered the then Edinburgh 
Tramways. ' Cable drawings were prepared and equipment about to . 
be r e q u i s i t i o n e d and t h e n , out .o f the b l u e , came a wonderful and 
s u r p r i s i n g prpposa l from Messps. Mather & P i a t t to prepare a 
scheme of e l e c t r i f i c a t i o n based upon the then " 3 - w i r e " D .C . 600 v . 
p r i n c i p l e of d i s t r i b u t i o n of energy and, moreover, to b u i l d 
fo.urteen 1 0 0 - h . p . locomotiyes . l T h i s f o r t h r i g h t o f f e r proved a 
godsend. The cable i d e a was., soon quashed and the f i r s t e l e c t r i c 
deep l e v e l r a i l w a y i n the b lue c l a y had a r r i v e d . G r a t e f u l indeed 
must the t r a c t i o n i n d u s t r y and the p u b l i c b e ' t o t h i s f a r - s e e i n g 
Manchester Companyj who have on other occas ions come f i r s t i n the 
f i e l d i n e l e c t r i c a l and mechanica l a p p l i c a t i o n to problems of the 
day. T h e i r i i . C . 6 0 0 v . lopomotives, improved from time to t ime , 
remained f o r 38 y ea r s i n continuous s e r v i c e , u n t i l the London 
Underground Company took over and en larged the tunne l s to s tandard i se 

• ' through work ing , adopting -{;he Sprague American m u l t i p l e u n i t system 
of e l e c t r i c locomotion now the- g e n e r a l l y accepted D .C . system of 
t r a c t i o n brought i n t o the 'P'nited Kingdom by the C e n t r a l London 
( 2 d . Tube) R a i l w a y Company I i n . the y ea r "1903. 

D i s p o s a l of C l ay i n e x cava t i on 

9 . What has become of t h i s v a s t d i s p o s a l of c l a y i n the b u i l d i n g 
o f some 2 0 0 m i l e s 'of tunneli. i n these 80 y e a r s ? The answer i s t h a t 
i n the e a r l i e r y ea r s of p i c k and shove l e xcava t i on the l a r g e and 
hea-vy lumps were too unhandy f o r economic puddl ing . , The whole of 
the s o i l -was d isposed of b y , l o r r y i n to d i sused p i t s , l e v e l l i n g 
deep depressio 'ns, and used sometimes i n r a i l w a y embankments but not 
p a r t i c u l a r l y s u c c e s s f u l i n t h i s . I t i s s a i d t ha t some c l a y was 
t aken to s e a and; dumped. L a t t e r l y the e x cava t i on , by s tudy and 
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aclxievemerLi} of v e r y h i g h l y mechanised and ingenious r o t a r y 
c u t t i n g dev i c e s , i s i n much sma l l e r lumps, enab l i ng economic 
puddl ing . Out of t h i s came s p e c i a l treatment i n manufacture 
of b l a c k b r i c k s , now much i n demand. One of the l e ad ing 
b r i c k companies i n Sur r ey s p e c i a l i s e s i n t h i s . I t i s under
stood tha t a l l the removed c l a y of the new V i c t o r i a L ine has 
been handled i n t h i s way except f o r s m a l l po r t i ons r e t a i n e d f o r 
puddl ing and h e r m e t i c a l l y s e a l i n g the i r o n tunne l s i n t o the c l a y 
surround. Thus what i n e a r l y days was a drudgery and nuisance 
has by s c i e n t i f i c and mechanical a p p l i c a t i o n become today a 
u s e f u l commodity i n b u i l d i n g of a l l k i n d s . 

Foundations of M u l t i - s t o r e y e r e c t i o n s i n . v i c i n i t y of t u n n e l s . 

1 0 . The quest ion has been r a i s e d of poss ib l e t r oub l e to these 
tunne l s from the weight of modern 3 0 - s t o r e y e r e c t i o n s . There 
need be no f e a r on t h i s score at a l l as the weight of these 
b u i l d i n g s i s c a r r i e d on p i l e foundat ion and t aken down to 
depths below and away from the Tube, so t ha t no weight d i r e c t l y 
f a l l s upon i t . The foundat ions of the l a r g e b u i l d i n g s now 
going up i n so many p laces i n London w i l l , however, add to 
the d i f f i c u l t i e s of engineers i n p lann ing new r a i l w a y s so 
u r g en t l y needed to counteract the s t agna t i on of the t r a f f i c 
upon the s t r e e t s and the roads above. How wise to get on 
at once i n b u i l d i n g more Tube l i n e s before the door i s c l osed 
to needed r o u t e s ' b y these o b s t r u c t i o n s . 

1 1 . The w r i t e r of these l i n e s has seen cas t i r o n segments 
removed f o r i n v e s t i g a t i o n a f t e r 48 y ea rs ' i n s i t u ' . The 
c l a y and the segments proved to be i n most p e r f e c t condi t ioUj 
qu i t e unchanged, and were r e tu rned to t h e i r o r i g i n a l s e t t i n g . 
Thus the evidence of the d u r a b i l i t y of the system of deep 
t u b u l a r t u n n e l l i n g ; and what i s more, the cost of day-to-day 
maintenance of t h i s system i s almost n e g l i g i b l e , f a r l e s s 
than tha t of b r i c k tunne ls of the cut-and-cover systems or 
of any other system of r a i l w a y s permanent way. 

Diameter of tunne l s 

1 2 . The i n i t i a l diameter of t u b u l a r tunne l s was 1 0 ' 6 " and 
proved to l i m i t the s i z e of coaches beyond what the p u b l i c 
cared f o r . I n v e s t i g a t i o n of v a r y i n g designs and exper iment ing 
w i t h "mock up" coaches d i s c l o s e d how g r e a t l y the roominess of 
c a r s was improved by a tunne l 12" g r ea te r i n diameter than the 
o r i g i n a l 1 0 ' 6 " , w h i l s t w i t h an inc rease of 14J-" both ca r s 
and bogies were improved s u r p r i s i n g l y , and t h i s e s t a b l i s h e d 
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the 11 '8|-" d iameter t m i n e l as the economic s i z e f o r London, Any 
diameter l a r g e r showed l i t t l e advantage, and the cost 'of 
t u n n e l l i n g of course i n c r e a s e s as the square of the d iameter . 
Thus the 1 1 ' 8 | - " , l a t t e r l y i n c r ea s ed to 1 2 ' 0 " hy mechanica l 
t u n n e l l i n g , i s now app rop r i a t e l y s t andard i s ed i n London and w i l l 
not undergo any change i n t h i s r espec t i n so f a r as exper ience 
can show. Though par t of the system has adopted concrete 
segments, c a s t i r o n i s the form of t u n n e l l i n g g e n e r a l l y p r e f e r r e d . 

Mature of the h lue c l a y 

13 . The h lue c l a y i s uni form i n l i t h o l o g y - a monotonous h lue 
grey substance which weathers when exposed to sun and a i r i n t o 
a y e l l o w i s h brown. Of course , i n the t u b u l a r system i t i s 
never exposed to weather cond i t i ons and r e t a i n s there i t s 
b l u e i s h - b r o w n i s h shade. The g rea t e r pa r t of the c l a y i s u n f o s s i l i f e r o u s 
though i n r a r e s e c t i o n s there are f o s s i l s h e l l s and forms of 
f i s h e s and c u r i o u s an ima l s , together w i t h p l an t remains . The 
l a t t e r are i n d i c a t o r s of c l i m a t i c cond i t i ons much warmer than at 
p r e s en t . The whole assemblage i s c h a r a c t e r i s t i c of the t r o p i c a l 
r a i n b e l t and i s es t imated to have been depos i ted i n about 100 
fathoms of wa t e r . As the c h a l k seas of the Cretaceous P e r i o d 
r e t r e a t e d they l e f t numerous f r e s h water l a k e s . The l a r g e s t of 
these l a k e s cen t r ed on London and i s known by geo log i s t s as the 
London B a s i n . (See diagram a t t a c h e d ) . About 60 m i l l i o n y ea r s 
ago the s e a broke i n t o t h i s l a k e , h e a v i l y pour ing i n the s i l t and 
sediment of c l a y from adjacent l a n d . Foot by foot the c l a y 
g r a d u a l l y b u i l t up to great t h i c k n e s s e s and hardness and 
toughness as seen i n excava t i ons i n London today. (Quote from 
H i s t o r i c a l Geology by A . K . W e l l s ) . 

1 4 . I s the London c l a y unique? . Only i n the f a c t t ha t i t i s 
g e o l o g i c a l l y the youngest c l a y format ion e x i s t i n g today. The 
nea res t i n age t h a t bears resemblance to i t i s the Bovey T racey 
c l a y i n Devon, probably 4O m i l l i o n y ea r s o l d . The s t r e n g t h i s 
i n i t s compactness and not due to any cementing agent. The 
c h i e f components are c l a y m i n e r a l s . These i n compaction l i e 
down f l a t together and, over lapp ing , make a s t rong s t r u c t u r e . 
I n a d d i t i o n , the re i s some r e - c r y s t a l l i z a t i o n of the m ine ra l s 
which he lps to l o c k the c l a y together i n t o i t s present 
i n v u l n e r a b l e s t a t e . The t h i c k e s t depos i ts occur i n Worth 
and C e n t r a l London, about 3 0 0 f e e t t h i c k . 



Area of "blue c l a y 

15* The strange t h i n g i n the depos i ts i s t ha t the a r ea 
p r a c t i c a l l y co inc ides w i t h the requirements of the system of 
London's t u h u l a r r a i l w a y s . T h i s c l a y i s a " t i d y lump" 
extending ahout 25' m i l e s eas t to west , 22 m i l e s no r th to 
south and i t s .centre i s ahout Holhorn. Outcrops of 
sha l l ower h lue c l a y occur heyond these mileages and are 
found as f a r eas t as Chelmsford and Camhridge and westward 
as f a r as Bagshot, Reading and Poole i n Hampshire. 
The great h u l k , however, i s p r o v i d e n t i a l l y i n the immediate 
London reg i on of r e q u i r e d h u i l d i n g s and tha t of the permanent 
way of the t u h u l a r l i n e s . 

Method of measuring depth 

1 6 . Geo log i s t s sometimes measure tha t depth i n fathoms s ince 
the whole a r ea was once under the s e a . Thus the deepest 
t u h u l a r s t a t i o n i s under Hampstead Heath, 30 fathoms, the 
sha l l owes t at Queensway, 6 fathoms, and the average of a l l 
the s t a t i o n s i s 9 fathoms, w h i l s t there are many s t a t i o n s 
i n the West End of 20 fathoms, and the c a v i t y of some of the 
e s c a l a t o r tunne l s and s t a t i o n s reaches 36 f t . d iameter . 
To the p u h l i c depth matters l i t t l e , s i n ce i n the h igher 
speeds of e s c a l a t o r s , t r a v e l a t o r s and e l e v a t o r s the time i n 
v e r t i c a l motion i s a matter of a minute or so , wherever the 
s t a t i o n may he . Whatever the depth, wh i l e the passengers 
are t a k i n g , a: gpod look at the a t t r a c t i v e " h r i e f s " upon the 
e s c a l a t o r framework the time seems shortened to a few seconds 
Depth i s not of the l e a s t account to the passengers so long 
as they " f e e l " they are going ahead speed i l y - and here l i e s 
the psychology which has i t s pa r t to p l a y , , and an i n v a l u a h l e 
concomitant of the a d m i n i s t r a t i o n of t h i s s e r v i c e . 

Advantage of e s c a l a t o r s heg inning and ending at s t r e e t and 
p la t f o rm l e v e l s . 

17 . Of course , i f a l l e s c a l a t o r s hegan and ended s t r i c t l y 
at s t r e e t and p la t f o rm l e v e l s , as. at Baker S t r e e t S t a t i o n 
(Baker loo L i n e ) and the upper f l i g h t at Char ing Cross ( B a k e r -
loo L i n e ) , the t u h u l a r system would he of g r ea t e r he lp to 
the short d i s tance and e l d e r l y and i n f i r m passenger , and 
more l u c r a t i v e . Hav ing these examples of Baker S t r e e t and 
Char ing Cross i n mind, t h i s modern p l a n should he adopted 
at fu tu re s t a t i o n s r e ga rd l e s s of d i f f i c u l t y . 



Short d i s t ance t r a f f i c 

18. Be fore t h i s new age of motor ised chaos the short d i s tance 
mi l e to m i l e - a n d - a - h a l f t r a f f i c had always heen looked upon as 
the p r e roga t i v e of the hus . Before the f i r s t wor ld war the 
Bus Company t h r i v e d upon the I d . f a r e (60^ of the t r a f f i c ) and 
p a i d 12^ upon i t s c a p i t a l . A l l t h i s i s quashed i n t h i s new 
age, and now the shor t d i s tance t r a f f i c - the " r a h h i t " t r a f f i c 
as i t was c a l l e d hy husmen i n the d i s t a n t days - upon the 
Underground Ra i lways has moved up i n the l a s t two decades from 
'9•99^ t o 23^ today. T h i s s t a r t l i n g change i n h a h i t imposes upon 
the T ranspo r t Board f a r g r ea t e r ope ra t ing c o s t , s ince the c a p i t a l 
commitment of the hus i s a mere c i phe r compared w i t h the huge 
c a p i t a l ahsorp t i on of the Underground R a i l w a y s . The shor t 
severe minimum f a r e peaks upon the r a i l w a y s impose great s t r a i n 
upon t r a i n s e r v i c e requirements ye t the Board , .wh i ch i s a p u h l i c 
unde r t ak ing , must accept t h i s unremunenative t r a f f i c upon the 
r a i l w a y s . The f r u s t r a t i o n of shor t d i s t ance hus t r a v e l and 
the m i l l i n g crowds upon the pavements have compelled recourse 
of p e d e s t r i a n s to the Underground s e r v i c e f o r shor t j ourneys 
p r e v i o u s l y made on foot or hy hus i n the more p l a c i d age when 
urhan t r a n s p o r t pa i d i t s way, except Tramways - and the l a t t e r 
i n c l u d e s the London County Counc i l predecessors of the Grea t e r 
London C o u n c i l , who never equated a l l of the f i n a n c i a l charges 
and s i n k i n g f imd i n c u r r e d hy t h e i r c o s t l y conduit and plough 
system of e l e c t r i c cu r r en t c o l l e c t i o n , which every other 
Tramway Company i n t h i s country .dec ided not to adopt. 

Advantages i n e x cava t i n g i n London hlue c l a y 

19- W h i l s t the London c l a y has proved v e r y s u i t a b l e m a t e r i a l 
i n which to excavate tun n e l s one should make i t qu i t e c l e a r , 
of course , t ha t an underground system cou ld he excavated i n 
any r o c k , whether r a t h e r so f t ( compara t i v e l y ) l i k e the h lue 
c l a y or ha rd such as the rock beneath New York , where v e r y 
cons ide rab l e b l a s t i n g was necessa ry . What mat te rs i s the 
expense. The cut and-cover routes i n so e x t ens i v e and 
congested and now b u i l t up c i t y as London pos tu l a t e s most 
acute inconvenience to f rontages and an expense l i k e l y to run 
i n t o p e r i l o u s m i l l i o n s - may be t en t imes the cost per mi l e 
of the deep t u b u l a r system. There i s no problem i n c u t - a n d -
oover t h a t cannot be dea l t w i t h by eng ineer ing sc i ence i f 
c o s t s do not mat te r , but who would undertake the necessary 
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expense when the present t u h n l a r system i n the c l a y has hy 
a l l s tandards proved i t s e l f eminent ly equal to the London 
t a s k , and even more so hy the ex tens ions and proposa ls 
under way. 

20. I t i s important to hear i n mind tha t a mi l e of t u h u l a r 
r a i l w a y at £5 m i l l i o n per mi l e i s the progen i tor of a mi l e or 
more i n the open at one h a l f of t h i s c o s t . 

Major p r o j e c t i o n of l i n e s 

21. The f i r s t major p r o j e c t i o n from c l a y to su r f a c e was tha t 
of the Baker loo L ine to Harrow and Watford - 8 m i l e s t u h u l a r , 
13 m i l e s open t r a c k s of the then London & North Western Ra i lway , 
j u n c t i o n i n g at Queens. Park S t a t i o n . T h i s f a r - s e e i n g innova t i on 
came i n the year 1910 from tha t e rud i t e and i n t u i t i v e mind 
of A l h e r t S t a n l e y - l a t e r Lo rd A s h f i e l d , Chairman of the 
Underground Ra i lways - and from S i r F r a n k Ree, Chairman, 
London & North Western R a i l w a y , and s t imu l a t ed hy Herhert A. 
Walker , then Superintendent of the L ine and l a t e r S i r He rhe r t , 
Genera l Manager of the Southern R a i l w a y , and who upon other 
occas ions a ided the p r o j e c t i o n of the Underground i n t o Main 
L ine suhurhan t e r r i t o r y . The f i r s t wor ld war de layed the 
E lephant-Wat ford work,, ye t t h i s " h i - t u h u l a r " l i n e opened f o r 
s e r v i c e dur ing the war, i n 19'17} and was c onsp i cuous i i n 
hav ing the f i r s t a u t o m a t i c a l l y c o n t r o l l e d centre doorways 
to" the c a r s , the e a r l i e s t f o rerunner of the automatic s ide 
doorways now i n genera l use and hav ing 14 f e e t o f such 
c o n t r o l l e d doorways upon each' s ide of the c a r , wh ich system 
improved the c a p a c i t y of the Underground Ra i lways hy 30^ 
hy more uni form use of c a r space and shortened s t a t i o n s t ops . 

22. T h i s " h i - t u h u l a r " system in t o the h i n t e r l a n d hecame 
the accepted p r a c t i c e and enahled the r a i l w a y ex t ens ions 
through the c l a y to he p ro j e c t ed in to f i v e count i e s ' surround
i n g London, namely H e r t s , Middlesex, Su r r e y , E s s e x and the 
herders of Bucks , and soon, i t i s hoped, Kent to make the 
ha l f -dozen and f o r the f i r s t t ime b r i n g i n g tha t a r e a r i g h t 
i n t o the West End without change o f c a r r i a g e and p r o j e c t i n g 
to some 120 m i l e s of route i n the open, b r i n g i n g the tot ,a l 
route m i l e s of the whole " b i - t u b u l a r " system to about 370. 
Expressed i n s i ng l e m i l e s , i n c l u d i n g opera t ing s i d i n g s 
and s t a b l i n g f a c i l i t i e s , the t o t a l becomes some 65O m i l e s , 
a l l of t h i s i n the s e r v i c e of the Underground system - about 
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o n e - t h i r d l o ca t ed i n the h lne c l a y . 

Concl-gsion 

2 3 . Thus may we s a l u t e the h lue c l a y of London, enab l ing 
the d i s t r i b u t i o n of a volume of t r a f f i c equal to one quar t e r 
of t h i s v a s t London popu la t i on d a i l y and the employment of 
an army of able and courteous employees i n t h i s great s e r v i c e . 

John P a t t i n s o n Thomas 2 1 / 1 0 / 6 9 

Former l y Gen. Manager, London Transpor t R a i l w a y s . 
Res ident Eng inee r , B . T . H . Coy . , , 

f o r E l e c t r i c a l Equipipent 
Underground R l y s . 
Un i t ed & Croydon Tramways. 

A t tached ; Proforma d iag rams : -

( 1 ) . London's f ou r p lanes of c o l l e c t i v e 
t r a n s p o r t . 

( 2 ) The, London B lue C lay B a s i n . 
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