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THE CHANNEL TUNNEL.

RELIEF-MODEL.

The model in relief, now exhibited for the first time, has been prepared by direction of
the French Submarine Tunnel Company, to show the proposed arrangements for the Channel
Tunnel entrance and exit, together with the geological configuration of the stratum through which

the Submarine Railway will pass, if sanction be given to the Bill before Parliament,
The scale is 1/20,000 horizontal, and 1/1,000 vertical.

Divided horizontally into several parts, the model shows successively the super-position of
the different strata constituting the bed of the Straits of Dover, as well as the formation of the
adjacent cliffs on either side of the Channel. Thus, in the lower part, are seen the Jurassic,
Wealden, Gault, and the Cenomanian (1), through which the two parallel tunnels, each 18 feet

diameter, will be driven; while in the upper part are the Turonian (2) and the Senonian (3).

Vertically, the model is made in two independent parts, so as to exhibit a sectional view
of the different strata (variously coloured to facilitate examination), and especially the dip of
the strata towards the north. These various strata have been ascertained by means of over
7,000 soundings, which brought to the surface more than 3,000 samples, all geclogically accurate.
The soundings took over two years to be performed from a boat right through the Channel.
This important work occupied more than two years, and involved the employment of a vessel
chartered for the purpose by the French Submarine Tunnel Company ; and thus it became possible

to complete an extensive and careful survey.

The undulations of the sea bottom are shown on the upper part of the model, so as to give

an idea of the depth of the sea at various points of the Straits.

This arrangement enables the course of the strata enumerated to be indicated as clearly as if it
were illustrated on a map ; and it will be observed that the bed of the Channel between Dover
and Sangatte, on the French coast, takes the form of a letter *“ M " very much stretched out.

(1) Upper Greensand.

{2) Chalk marls and Chloritic marls.
(3) Upper (white] Chalk (with flints) and Lower Chalk (without finis),
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The tunnels which itis proposed to carry through one ot these beds—the Lower, or Grey Chalk—

will follow the line of the ** M."”

Borings already carried out on the British and French cliffs have been accurately marked ;

the experimental shafts are also indicated, and the direction of the existing headings is shown.

It is thus possible to obtain some idea of what has already been done, and of the similar

conditions under which the construction of the submarine railway would take place.

Finally, the model affords an indication of the proposed outlets of the Tunnel, both on the
British and the French side. It will be observed that, on the French shore, entrance will be
effected by means of an open viaduct, which would permit, should circumstances require, of
its entire destruction from the sea, so as to render ineffective the very improbable seizure by an

enemy of England of the Tunnel on the French side.

This viaduct—introduced in the plans for the French portion of the undertaking, with a view to
allay the apprehensions excited in the minds of many people in the United Kingdom—would abut
nearly perpendicularly to the cliff, so that the British fleet commanding the Straits of Dover would

be able to destroy not enly the viaduct, but also the mouth of the Tunnel, so as to render entrance

impossible by a detour on the mainland.

It will, therefore, be recognised that the model materialises the idea of the Channel Tunnel, and
proves the ease with which the technical difficulties in the way of its realisation may be overcome,

while at the same time it invalidates other objections urged against the scheme.

CHANNEL Tunwer Co., LTD.,
PARLIAMENTARY OFFICES,
Caxron Housek,

WESTMINSTER, S.W.
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THE CHANNEL TUNNEL.

A FEW NOTABLE OPINIONS IN SUPPORT.

QuEEN VICTORIA —
4 You may tell the French engineer that if he can accrmipfiaah il I oaill give him my Wessing in Ty oM Tame,
and in the nome g.r' all the ladies af .E:-‘*tyfﬂrlfﬂ"

THE Prixce CoNSORT :—

“The prince unfolded all the advantages which his elevated mind foresaw for England in the ereation
of aroad to the Continent. He supported this project with truly enthusiastic sympathy,” (Vide * Under the
Deep, Deep Sea,” by R. J. Grifliths, 18387, p. 10.)

Lorp DEerpBY, Secretary of State for Foreign Affairs, wrote to Lord Lyons, our Ambassador
in Paris (—

# Of the utility of the work in question, if successfully carried out, there appears no room for any doubt,
and Her Majesty's Governmend will there offer no epposition to it, provided they are not asked for any gift,
loan, or guarantee in connection therewith.”

Ricuarp CoepeEX (the apostle of Free Trade) said :(—

“ Tt is not enough to put the Government and the higher classes of each country on a friendly footing ;
that good feeling ought to penetrate the masses of the two nations, end it is onr duty lo multiply all ,g,.l;.g
means ,fw- ._r.l,u incessant contact which will certainly put an end to superannuated prefudices and old ideas of

r.l-]-d-!!]'Jﬂi‘E-J‘Sﬂi

Joux Bricat (in 1883) said :—

# A oreat deal has been said about our being surrounded by water. Well, T dare zav that hagite advantesae
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ALL BRITISH TRADERS AND GCOMMERCIAL MEN SHOULD
SUPPORT THE GHANNEL TUNNEL SCHEME.

8 'W. H. Horuawp, M.P. (President of the Associated Chambers of Commeree) :—

% As a bosiness man I regard the national safety as the first consideration; and because I am convineel
it will not be impaired T support the Channel Tuonel. T believe the greater convenience of the Tunnel would
inerease the number of Continental boyers visiting the Dritish markers.”

Mi. Jou® Staca (President of the Manchester Chamber of Commerce and a Director of
the Suez Canal)

Baid he *believed that if we had 8 Tunnel between the two eonntries, it would nobt only constitute a communi-
ention between England and France, but between England and the whole Continent ™ He remarhed that if we
had a Tunnel constructed, foreign customers would come to our markets, and see with their own eyes whot English
commaedities were, and would do more than four times the business than can be done through azents.  (See Bloe
Boolk, Joint Committes, 1883, p 122),

Sk Hexry OArLey (the General Manager of the Great Northern Railway)
oke to the swme effect, pointing out the advantages of the Tunnel for the transit of passengers, moils, and
all light and perishable goods.

Sik BERNHARD SAMUELSON

Believed that if French and Genman merchants were to come over to England in larger numbers it would
tend to broak down the practical system of the Continent. The construction of the Tunnel would very much increnss
the business of the staple trades, and decrease the expense of packing textile machinery, which is very great.

Stk Jacon BeERRENs

Said that an experience of 60 years hind taught him that every fasility given to loromotion and transport
hiad benefitted teade far bevond the expectations of the most sanguine.  What might we not expect from the opening
of & romd without s break conmecting the population of Grest Britain with the 2500000 of people on the
Continent of EuropeT

Mgr. GonFrey WEDGWOOD

Was strongly of opinfon that inercased railway facilitics would cnable English merchants to recapture the
Ttalian trade which they had lost. The Tunnel would enable them to compete with Continental potiery wares
on more equnl terms,

“Tue Damy Conoxicrk,” January 3rd, 1907, said :

“Thers is absolately no doubt in any expert’s mind that the constraetion of the Tunnel i well within the scope
of mechanical scienon—is, indeed, a relatively ensy taxk, onerous only becanse of iis magnitude.  The commercial
odvuntages of direct communicstion must be obwviouws, and thers iz no doult that the sen barrier has retarded the
development of our Continental trade.  Although there is a feactionnl differcnes in the gange of the Eoglish and
Fl'h,‘_ﬁth I‘ai.l'l.l':l Hy l]ll;'.rt i.w,' ;r.||;|'|.||[||.g in Ihi_s Lan Errl:w_'ut thd,' ilin'n:I: 1m|an]mr¢l af :u-_ul:: froan lhl: |:||'i||'l: ||1I ]':nghnll I||rl,||,1gh
the Tunmel to the heart of Franee withoot unloading, and vice verse. Tt wonld be quite possilile, for instance, to send
A consignment in one trock from Glasgow to Paris or from Milan te Manchester without change.

# The opinion of commercin]l men renernlly is tlot the Tuonel would benefie trmle by giving swift and direct
transit for the fner closses of goods which conld bear the heavier freight rates, Tt is estimnpted that the Tonnel would
be able to accomodats 1,000,000 tons of traffie CVOTY oA, and would make ik ||-=:-nih'|l.' for ]':IL;I'i"-.II muentfncinrars to
reach on favournble terms Continesial markets from which they ame new virtually excluded by the dificulties
of aceess,”

Sir Teosmas Wricarson (Coal and Steel Proprietor) :—
“T do not believe the m'i|it-u!'1.' auathosities are onable to ]ll.'l:l\'i-:iu for the rislis of :iln'.l.-\.inll, which are ;n*ul.l.-]y
r(:;ll:tl|-:';;gq.~rn.l:.u.'lll,=

Me. J. Fraxkexperc { Mayor of Salford.)

“I am of opimion that the Channel Tunnel should be constructed. T consider that the extra facilities for
OIS TCE, tIHl -lill.lltl.‘kl‘.:l:' tIE-Iil't'r:,' of ]I'I.1'|.i.|..‘c, and atill more L|:u real: ec:n'ir|g q;f 1_i'|r|.-|_' i||_ I]:.l,-' d-e'iiw,'r_-.' |}1" g_[m.:-lis. .5||1,t|,|;]||. (luub]l;r
or treble the traffic. Possibly Custom Hoose officials might travel with the trains, and so save delay at either end.
Thors would probably bea great incrssse o passsnger trafliz, s many prople have a horeor of crossing the Chasnel

ticularly in winter, Umder the new conditions London peopls could with comfort spend the week-end in Paris
ith regard to the military side of the question, my opinion is that the friendship resulting from the inerensed inter
course between the two [ré-l'lp!l."l would render any ti:l::g:'r of invasion a very lllLIi.iH'];\' l:'u:ul.i:n;;lllll:ll.'.':

M. GasToxn MEHIEIE, {tlu.' millionaire choeolate 1|'|41IL'ltf'm.'1,ll]1-1': and Member of the French
Parlinment ) :—

Zngland and France are muteal customers of sach other, and it is o standing rule in commeres, as in industry,
to strive to maintain the most feiendly connections with one's costomers, and to sfford them every facility to visit
the fastory or the workshop or the premises of the firm whoss goods they buy,

4T do not think that the British merchant vy would .\llriuuﬂ_'r sifler from the existence of the Channel Tunnel,
Whatever Dritish shipping might loss in the home carcying teade batween near Continental ports and British ports
o ld ]'_II'.". :Lu:il:!H'rl.' e L for in ul;.|:||nr WRYE, I1 1.1::':‘1: I pni;ﬂm] ot 1||,"|,|;I EVEN B% it 15, many chf 1|'|-r~: PaREsETZer ET |
& steamers between Calais and Dover and Newhnven anil DHeppe are the properts of French owners,
# But apart from all these reasons, there is the purmmount reazon in favour of the Tonnel of the great interesi.
:whiclu Britain must have in sending to the Continent hy a rapid, direct, and casy method of transport, withooe
(Eranster, the many classes of gomls which she exports to the mainfand of Europe,

T am convinesd that the Tunnel would gr\-_ﬁuﬂ_\' I P 1'::Ilg]:ll:ll:rh'. lerhlllﬁl'g:'l:ul anid ecoal trade with the
Continent.”

Sk Axprew Torraxce, M.P. (Glasgow Central):—

| % The opposition to the Channel Tunnel is n ooy,  The development of trdlic by the remaoval of the present
tl'lﬂﬂ-llipllllllll- hindranees nd waste of time will be of EIOEILE comoereial iILI'I.'.l:IIl.ilé:\l! to the whole of the 1':ILhJJ.r:'J|.n
Continent.

To a Representative of the “ Damny Mam” —

I Weare altogether in favour of the Channel Tunnel,” swid Mr. Gareia, head of the foremost froit-importing firm
in England,  * The construction of a tunnel would do more for the prosperity of the fruit trade than any other thing.
t wonld mean a l::vl'.'llt-L'.ﬁ.I i‘.l'l.'l.lillg of flu.!l].' 110 pite cent., uwi_ng to the |;I;|||_'|;||_‘-_:|_- now domne I;hllntlgh 'Ir.1||-.||iEm|-=':|l:. ab the
lish and French ports. The prompter delivery would save great consizpments of soft fraits that ave now lose.”




- el 5
L8 -
L i ML) I ?
I *Isr ¢ B 1* AR E o
'._ - i Il - 'I-—lll‘-ilh‘jr
* .'
| -
_ :1 . "
oL i
¥i
= 1Es] ol fnhs
% X ataleh --"-‘-I‘.d"*'
-—_ -..I - :
. ]
-
A 2wl *‘151—

b ¥ 1k oW
LA HJ-.}E.- F-
| It X
R
r ¥
| 4 ] il
g :‘l.u.
¥, _ll ---:
I ¥
i
i
¥ ] * If" .I'H.‘I

b e iy 2l T st il
s (™ & .u‘l '*;-". Jdihﬁh

2 -.':I- -

-l' X ",_l.l . rhtrlhl ill i

RS © Bt braaiilp |, [ lﬁ||.l-' L) Joe w e :
b ¥ ool B Lipal e ﬂhﬂ
pitl4o. g e e : u!Lg‘;h m:lr

R ,'.'m i '-'"l' jince 'iﬁlm 2%,
of i Il-

. N
-
- o S
il . - =i,
- i s .
= — A .
At il 1 J__ -
5y S e E ' ———
e e s = ——



¢ Jorx CoroMe says —

My opinion remains fixed. T do not share the strong objections urged by some military authorities . . . I have
taken a part in ﬂppm-ing what T call the h:,-uar_-riﬂ.l mi'lit“y school, who have said, I think, very wilil things ngainst
o tunnel at ail,”

Sir Higam 8, Maxiu
Iz & whole-hearted supporter of the proposed Channel Tunnel.  © For downright absaedity—shall I not sy stupidivy
=T have never heard nor read anything that can compare with the writings of thoss unthinking people who are now
to the econstruction of o tunnel under the Straits of Dover”  'That is his conclusion,  Ihlating upon the
subject, he adda: " e :
Tt o tunnel were constristed under the Channel, there would be two small openings on the British side. Tt is
asumed by these unthinking writers that o nation of over ety millions might not be able to prevent Continental
passing throogh this Tunnel, and ascending on to British soil through nareow passage ways which, considered
from a military standpoint, ane little more than rt-holes.
There is not one single angament used against the proposed Tunnel,” Sir Hirmm declaves in conclusion, * that
eoulil not be brought with equal foree against every bridge or tunnel constructed in England.”

M. Georce Greexwoon, M.P. (Peterborough) .—

- T ngree senerally that the people of the two nations must be hrought into mutual dependence by the sapply of
each other’s wants. There is no other way of counteracting the antagoniem of language sl race. IR is God's own
muthod of producing an Entente Cordinle, and no other plan is worth a farthing, (Cobden to Chevalier, 1850.)
The Tunnel will make for peace.”

Mr. Ricumann Beon, M.P. { Derby) —

#1 hove no misgivings in regard to the Channel Tennel.  In my opinion it would be an immense advantage
to us as o notion, by providing greater facilities for one trade and commorce.  The two nations would be the
beneficinries, and therefore the two Governments should eonstruct it and receive the profits from its operations. The
tore Governments coubd, and no doubt would, agree wpon some avrangements wherely both eountries conld bo protected
from invasions. I sceno fear of this country being invaded by troops suflicient to alarm 0s,  Arrangements could be
muaide whereby in o few minntes the Tunnel could be Mooded, and where would a treop train be then!  From my view
of the subject this is the least apprehensive,”

Mr. BR. C. Leamaxw, M.P. (Harborough) :—
# T am of opinion that the Channel Tunnel should be constructed, but on the second . point as to its management
ljfrln International Commission, representing the Governments of England and  France, Tam not =0 clear, though 1
d‘[wd tao consider the method ;uggﬂ,‘itul the hiest, Tl :||1':|Hnrj' l:ﬂiljt'tl-iul'lx to the construction of the Tunnel
: ta mo to have very litthe force.  Why should it he diffiealt to guard, amd, if necesary, to destroy what s
'u&hutn hole in the ground?  Tf the military objectors and others, such as the editor of the * Spectator,”
onght the construction of the Tunnel would bring abont universal eompulsory military service, they would,
, become very zeslons in advocating itas comstruction. ©On the other howd, tle commercial and social
vantages would be enormons.”

Ir. Kexprick (Chairman, Staffordshive Chamber of Agriculture) :—
“T am of opinion that it would greatly inerease trude with this country, and T cannot see any danger if ware
?ﬂ)‘llﬂ unhappily break out between the two countries.”

. K. Lampraw, M.P. (Renfrewshire) —

U The military ohjection is o stupid one Tt might have beon good fifty voars ngo, but it is quite oot of dats in

twentioth century.  Railways mnke for better international relations m all parts of the world ; the Channel

nel wonld vastly increase gur intercourse with France, smd strengthen the friendly feeling that now happily
between the two countries.”

. W. C. Steapmax, M.P. (Finsbury) :—
" Bome twanty vears back T was one of a large number of representatives of Laboar {including some miners) who
o visit to the Channel Tunnel on the English side. At that time T was & supporter of the scheme, and have

¢n o reason to alter my opinion,  The opposition 15 one of mere sentiment, and o the interest of the military
rities"

tﬂf‘rﬂﬂmﬂﬂnx (Chairman, Southsea Trade Protection Society) :—

T have always been in favour of the Channel Tunnel being constructed ; it would immensely incrense the fnter-
mication between the two countries, and, in my opinion, provide o very strong renson for keeping the two
pountries in clese relationship and fl‘il‘![lilﬂllili{ aml, if agreed to be neatral tercitory, no danger would exist.  The
ateamship companies would still do large goods business, as their tates would be cheaper, and the more visitors cross
and recross, the more trade would be dene on both sides.”

Mr. G. Warre, M.P. (N.W. Norfolk) :—

| % The concoption 1= to me an inspiring one, I sce in it no foreranner of internstional trouble, bat o means of
ieloser relationship with another great nation, to the advantage of both.  Any wellconsidered scheme will have my
enthusiastio support,”

Mr. . J Honxmnaw, MP. :—

“ T am of opinion thot the Channel Tunnel should be constrveted, if propor precautions can be taken. T beliove
i Channel Tunnel woald not only be of groat commarcinl ndvantage to Great Britain, but would largely incroase the
mumber of forcigners visiting s, so reducing the prejudice against. us, which is one of the chicf dangers to
International peace. Tgmorance in this case means prejudice,”

HI' J. A, Goowry (Mayor of Bradfored) - —
1 have always favoured the constroetion of the Channel Tunnel. The more nations know of ono another the
less likeliheml of war”

. G. A. Haroy, M.P. (Stowmarket) :—

“T belinve this wndertaking would tend to a deop feeling of friendship between the two nations. This will
help towards peace thronghout the world. T belicve the fear of possible invasion to be perfectly grovmdless.  The
Funmel Jmulr] l--r;-I ventralised, or engineers could emsily make such arrangements as to close up the Tunnel at a
t's motice.' i
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SOME CONVINCING TESTIMONY AGAINST THE
“INVASION" BOGEY.

“Tae Towes” of January 2nd, 1907 (in one of a series of special articles by a military cor-
respondent), states that .—

*The military question did not figure at wll in the initial stages of former projects.”  For the greater puet of the
10tk eentury * the mili question never obtruded itself at all” Tt was laft to that stout demoernt Sir Garnet
Wolseley, and that great military genins the Duke of Cambridge, to sound the tocsin of alurm in 1881, when siys * The
Times" “ military opposition to the Tunnel assumed definite shape.” In 1581, however, England and Freance wore
elling over Egypt, and France was considered o menace to European peace,  Now, in 1907, all this is changed.
anice and Englund are firm friends, and there are no firmar feiends 10 international eoncord in Furope than the
ol maion and povernment, Wy, then, should we be prevented by o handful of paric-mongers {including  The
Times " newspaper itself) from carrying out the new enterprise of friendship and mutual profit ]

S Damy News."  January 4th, 1907 —

*The alarmists must be hard up when they imngine a condition of things under which Germany would somehow
mareh agross Belgium, having previously conquered Franee (which she is to do between midnight and dawn), capturs
the French end to the Tunnel, and so "lmg’ ngland anil Francs at one swoap, much as (Gulliver snared the fleet of

Blefusow, Thiz ealeulation of *The Times' fully sustains its eharacter as the leauding eomie journal of the Empire, a
| part in which *The National Review' is its only competitor. For ouvr part we do not believe in devising
8 for the sudden destruction of the Tunnel. Tt is in the way of heotralisation that the safesuards against punic
o danger are to be sought.

The ¢ Practicar Exciseer” thinks —
¥ As there are now very few military authoritics who view the Tunnel as any menaee to this country in time of

~wear, there is every prospect of the scheme going through Parlinment next Session,”

Joux Avye, Surveyor General of Ordnance, in 1882 jseued o Memorandum, embodying a
- report of the military committee, presided over by Sir A. Alison -—

“ Nothing indeed is meore obviows " said the Memorandum, @ than e facilfity roith sohick the Thnnel can ba cJosed
minisd an eneney by nsans awhich no pigilencs on bis pare eoeld prevest or remors.”

¥ Bricor, said at "ir‘lning‘lmm. on June 15th, 1883 —
ST eonld draw a picture—if we had not lived over ik and through it—that wouald moke you lair stand on end
the tervors that we were about to encounter by the establishmont of stenm navigntion. (Laughter.) There is o
stition that with 35,000,000 of persens in Great Britain and Treland, of whom 8000000 are grown men, that
could not dofend a hole in the earth (Joud laughter) not twenty fect wide”  He went on to sy that the men
got up these panics and alarms of war have to assume that Frenchimen are brigands and that we are imbociles,
i my view of the case is this," he continued, © that if the Tonoel were made, in three months' time everybody
reoeive it as a settled fact, the most commodious way of transport ; and woulil be grateful to the engineer who
eed, to the contractors who executed the work, and to the capitalists who invested their money in ene of the
magrificent enferprises that the world has seer seei. The Ini]lt-ll-l:‘}' terror, T think, woald be t'liLireI:I.' allyed,
6 mntter ought to be discoseed by the People, Lot s fake onr o grend affiive of this kind into ouwr omn hands,
Teave then in the hands of cxcited military men, who seem as if some of Uem thought nothing of the ealamity of
s bt who ave willing, at every opportunity, T will not =ay te welcome its coming, but, at any rete, to croate
ess apprehensions with regard to it. My own impression is that the Tunnel, if it were made, wonld be of
aoies vafue fo this coundry, az it woubl be of great value to all Enrope.”

L. Arperr Sarrisvx (General Manager of the Northern Railway of France) :—

\ “Tha Tunnel, from a military point of view, ean be compared to a medal with two facos.  Either side can be
n: either it can be abwlutely annulled in tle most certain, ciay and immedinte way, or, in time of war, it can
lised as a powerfal auxiliary for transporting provisions, thus fresing an important contingent of Dritish naval
whiile permitting the despateh of reinforcements From either side.”

BEXERAL Sik WinLiay Bureer, G.O.B. - —

. “Every age is destined to have its particular hogey.  Tn the thirties and fordies it was the railroad, The hogey

the sixties was the Suez Canal.  When nt last the canal has been ent, or the railway is made, and it is found that

world =till Z00d 00 a8 hl.-fm—ua.--.-pt that ithere has been & preat inerease in the comiort and convenience of the

gneral public —overybody exclaims, ¢ Wiy s nof this graed work done sooner 1*  The strange thing to note about

hewe Logeys s that they are always divected asainst works of utility. . . . Now, if sen power menns anything,
pang that it could knock into bits tho eatice arca in which & tunnel under the se emerges upen the land

ATOR-GENERAL Stk Averen Turxen (late Inspector-General Auxiliary Forees) —
# T imagine that, from the mechanical point of view, there are very fow experta who would attempt to argue
with the means and spplinnees which scientific invention los placed at our disposal, such a Tunnel could not be
Mindered temporarily useless or destroyed at any point of its length ; and, this being so0, it is inconeeivable that am
ny, presamably the French, woulid in time of war thrust his treops inte such a burrow, to be canght like rats in a
e, and to offer thomsslves up 64 a holoenust sacrifice to an wet of monwmental folly. . . . Such an imposxibla
eannot surely be raised with any effisct to prevent, at the present wdvanesd state of the wordd's civilisation, the
ammation of one of the greateat of enterprises, undertaken with the object of inereasing il I'Jw:ilil:utihg
course, commercinl and other, between Eagland and the Continent.”

iee-Admiral Sir CHARLES CAMPEELL, K.C.M.G., writes (Jan. 13th, 1907) :—
“ By the time the tube railway is eompleted, Dover will be one of oar strongest naval centees, and the raider—
o, nccording to one talented field-marshal, is to “surprise the citadel in a fog '—would get o very warm reccption.
ideed, it muy bo doubted whether he would go back to baast of his exploits |

The conscription bogey hos beon dragged into the alarm enmp and worked for ail it is worth,  But the tubes,
ry safeguanded, will not necesitate the addition of & single man to the Army, by conseription or otherwise,
** After the kindly reception given by our French friends to the scheme of the Dover and Sangaite Tube Railway,

i= ungracions and a heavy blow to our national prestige for us to say that we decline to earry out the scheme
emuEs we are ofiaid 17
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REPORT BY SIR ' D{};JQLA /FOX AND PARTNERS.

The following Report on the project was presented to the Chairman and Directors of the Channel
Tunnel Company on January 1st, 1907 :—

48 Vicroria STrEeT, WESTMINSTER,

Loxpox, 8.W.
GENTLEMEN,

1. In accordance with your instructions, we have given careful consideration to all the circumstances
connected with the International work, for the construction and operation of which your Company
was formed, and we have, as requested, considered and settled with your Engineer, Mr. Francis Brady,
the detailed plans, sections and estimates for the application to Parliament which is now being made
in order to obtain the necessary authority to proceed with the works.

2. We have also placed ourselves in communication with M. Sartiaux, the General Manager of
the Chemin de Fer du Nord, and have had personal interviews with his representative, M. Paul Emile
Javary, and we have visited Dover, Sangatte, and Paris, and inspected the models, showing the respec-
tive plans of the British and French Companies.

3. The numerous proposals which have, during many years, been put forward for bridges over the
Channel, for train ferries on the Channel, and for tunnels under the Channel between Dover and Calais,
show the importance which attaches in public opinion to the question of improving the means of com-
munication between Great Britain and the Continent of Europe. A full description of these, and of
the communications which took place between the British and French Governments, will be found in
a report by M. Sartiaux,

4. Of the first, the most noteworthy are : Thomé de Gamond’s suggestion of 1857, to bridge the
Straits between East Ness Corner and Calais ; A. Motiers’ proposed bridge between the South Foreland
and Cap Grisnez in 1875 ; a bridge designed by Messrs. Schneider et Cie., M. Hersent and Sir Benjamin
Baker, to pass over the Varne and Colbart Banks, estimated cost £34,000,000 ; and a similar scheme
by Renard in 1890 for a shorter bridge between Cap Blancnez and South Foreland, estimated cost
£28,320,000. (It is here interesting to note that M. Renard in a survey of the Channel bed found that
it was composed of regular, homogeneous beds of chalk.) Speaking generally, bridge schemes have
failed through their great initial cost, the expense of maintenance, opposition from navigators, diffi-
culties of deep foundations, and liability of the works to be destroyed by storms.

5. Of the second, Thomé de Gamond’s proposal in 1837 for a ferry. Between 1862 and 1870 Sir John
Fowler brought forward several schemes for train ferries on lines suggested by Mr. Evan Leigh, and clients
of ours, in eonjunetion with a French company, applied for similar powers in 1905. These schemes failed
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through opposition from the Admiralty and from harbour authorities. An Act was passed in the last
session of Parliament giving general powers to the last named combination, for such a ferry, but without
defining its exact position. These projects, though economical from a eapital point of view, would not
relieve traffic from the uncertainties of the sea and weather, and from the dangers of navigation, and would
still involve delays.

6. Of the third or tunnel projects the following amongst many others may be mentioned : In 1802,
a French mining engineer, M. Mathien, presented to Bonaparte a scheme for a submarine tunnel, which
was personally supported by the British statesman, Charles James Fox : Thomé de Gamond’s proposal in
1858, for a tunnel through the chalk, from Eastware Bay to Cap Grisnez, approved by Brunel, Locke, and
Robert Stephenson. The same project was revived in 1867, and the Channel Tunnel Company, formed
under the auspices of Lord Richard Grosvernor, Sir Edward Watkin, and the South Eastern Railway
Company, brought forward a similar one in 1883, The Bill deposited by this Company was rejected,
largely on military grounds, by a Seleet Committee in July 1883,

Tunnels have also been suggested by J. F. Smith in 1861, and by Zerah Colburn, Thomas Payne, P. T.
Bishop, and others.

7. Great improvements have, of late years, been introduced into the eross-channel service, but serious
delay and much discomfort and inconvenience still arise from the neeessity for double transhipment, and
from the passage itselfl. We have met with a very general opinion that through and uninterrupted com-
munication would be of great advantage and convenience, not only for passengers and light and perishable
goods, but also for heavy traffie. The existence of through communication between Dover and Calais
would undoubtedly tend to increase the transatlantic trade from British ports.

8. The preliminary operations of the two Companies at Dover and Sangatte have been of importance,
to a great extent, as a practical test of what may be anticipated in carrying out the proposed works.

(a) Dover,—A gallery 7 feet in diameter and of true eircular form was driven in 1882-3 from the
west side of Shakespeare’s Cliff by Colonel Beaumont’s boring machine. It was completed on a descending
gradient of 1 in 20 for a total distance of 2,300 yards, when the works were stopped, the present face being
under the sea, near the former end of the Admiralty Pier. The gallery is throughout in the grey chalk,
and it proved to be almost dry.  The volume of water entering the entire length of the heading is said
to have only amounted to 1} gallons per minute, which gradually diminished. Considering that no iron or
brick lining was employed, this amount of water is a negligible quantity.

The engine-wright, who had charge at that date of the machinery, informed us that a piston pump
4 inches in diameter was only required to work half a day in a fortnight, in order to keep the gallery
dry.

(b) SaxcarreE.—According to the Report of the Committee presented to the French General
Assembly, May 9th, 1883, a total length of 1,839 metres (2,009 yards) of similar gallery was driven ap
to the date when the works were stopped on 18th Marth, 1883, This gallery was chiefly carried out by
means of Colonel Beaumont’s Boring Machine, and, in consequence of the men becoming accustomed
to the work, as much as 115 yards were executed in six days.

The present * face ™ of this gallery iz under the Channel, 800 metres from the beach, measured
at right angles to the coast,
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The depth of the sea at this point is 27 feet below low water, and the thickness of * cover ™ is
about 100 feet.

We understand that the quantity of water entering the gallery was about 400 gallons per minute.

This experimental gallery was unlined.

We are informed ihat, although the water in the shaft rises and falls with the tide, the volume is
very small and the infiltration is slow, as indicated by the fact that, with a rise and fall of tide of 18 feet
the water in the shaft rises and falls only to the extent of a few inches.

9. We have studied the opinions of the eminent geologists who have dealt with the strata met
with on both sides of the Channel,

10. The strata which form the coast of England between Dover and Folkestone, and of France
between Sangatte and Wissant, and which lie beneath the English Channel between those points, dip
in a northerly direction.

In 1876 and 1877 the French geologists, Messrs. Potier and Lapparent, took some 7,600 samples
of the bottom of the Channel, 3,267 of which they were able to utilise. It was found from these that
the lines of outerop of the strata are very nearly parallel to a line drawn from Folkestone to Sangatte.

By noting the composition of these samples, and the position from which they were taken, it is
possible to follow the outcrop of the strata which appear in Shakespeare’s Cliff, and in the shafts sunk
close to it, the whole way across the Channel to the coast between Sangatte and Escalles.

The geological system to which these strata belong is the Cretaceous, which is divided into two
divisions, upper and lower. It is only necessary to deal with the upper (Fr. Série Supra-Crétacée).
This is divided into four sub-divisions, the lowest being the (a) Gault and Upper Greensand (Fr. Albian),
followed by the (b) Lower Chalk (Fr. Cenomanian), (¢) the Middle Chalk (Fr. Turonian), and (d) the
Upper Chalk (Fr. Senonian).

These successive strata are very clearly seen in the cliffs on the French coast between HEscalles
and SBangatte. They incline gently from the top of the cliffs to the beach in a north-easterly direction.

11. The following are the chief characteristics of these beds (the thicknesses given having been
measured at the Channel Tunnel experimental shaft at Sangatte, and at the shafts sunk near Shakes-
peare’s Cliff, Dover) :—

(@) The Gault and Upper Greensand are equivalents of one another, formed contemporaneously,
under different conditions of sedimentation. The Gault is a dark, stiff, blue, and sometimes sandy,
clay ; the Upper Greensand, an inconsistent group of greenish sands and sandstones.

(b) Above the Gault and Upper Greensand comes the Lower Chalk, at the base of which is
a well-defined band of Glanconitic or Chloritic Marl (Fr. Craie Glauconieuse) 11 ft. thick near Dover,
10 ft. 6 ins. thick at Sangatte ; a greenish chalk containing grains of Glauconite and Phosphatic
Nodules.

Above this lies a layer of Chalk Marl (Fr. Craie Marneuse), 23 ft. thick at Dover, 29 ft. at
Sangatte, a elayey chalk, impervious to water.

Above this comes the great body of the Lower or Grey Chalk, called by the French, Craie
Grise and Craie de Rouen, at Dover 87 ft. thick, at Sangatte 80 ft. It is a compact impervions
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stratum of greyish coloured chall, containing no fints, and, so far as ean be ascertained, free from
fissures and slides. It is in this bed of chalk that it is proposed to construct the Tunnel, as being
a most excellent material in which to work, and one which possesses the peculiar property of
gradually ** puddling ™ itself and becoming impervious.

(¢} Above comes the Middle Chalk, white in colour, containing a few flints, and at its base a
band of hard nodular chalk (Melbourn Roek).

The division between the Middle and Lower Chalk is well marked on the Cliffs, West of San-
gatte, by small springs of water and lines of vegetation growing on the face of the roek. The water
which has found its way through the Upper and Middle Chalk is unable to pass through the im-
pervious Lower or Grey Chalk and trickles out, on the face of the Cliff, at the junction of the two
strata,

(d) The Upper Chalk is a mass of white pulverant chalk containing scattered flints. It forms
the upper portion of the Shakespeare’s Cliff near Dover. The Upper and Middle Chalk contain
a considerable amount of water, which percolates through the lines of flints.

12. As a result of our interviews and frequent communieations we find ourselves in complete accord

with the French Engineers upon the following essential questions :—

(a) That the proposed Tunnels can be construeted thronghont in the Lower or Grey Chalk,
a stratum very homogeneous, practically free from, and remarkably impervious to water.

(b) That the occurrence in the Grey Chalk under the Channel of water-bearing fissures is im-
probable, but not impossible.

(¢} That the presence of any such fissure can be foretold with certainty, and without risk to the
men employed, by providing a pilot dell to be attached to the boring machine, an advanced trial
hole being thus always kept in front of the excavation.

{d) That, should such a fissure be encountered, due precautions can be taken according to
well-tried engineering methods, which, i the opinion of the French Enginecrs and curselves, would
ensure the work being carried past the fault, any water arising from such fault being duly
exaluded.

{In the Mersey Tunnel and elsewhere we have encountered fissures which we have thus dealt
with successiully.)

{¢) That a Drainage Heading should be driven fiom each side of the Channel rising towards the
centre and connected at Dover and Sangatte with shafts for pumping and winding.

{f) That the Main Tunnels should consist of ** two single track " cireular tunnels, each of 18 fect
nett internal diameter, and thus large enough to accommodate the Rolling Stocl of the British and
Fiench main lines, except only their locomotives, [or which would be substituted electrical loco-
motives of ample power to deal with the heaviest trains running upon the Main Lines.

(¢i That there are several great advantages to be derived from this plan, as compared with the
construction of a double ** two track ™ tunnel, viz.: the vertical dimensions are much reduced
thereby rendering it easier to adjust the position of the tunnels in the Grey Chalk ; the ventilation
of the works, both during construction and after completion, is rendered simpler, and more efficient ;
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the cost of any lining is much reduced ; and the work can be more readily carried out by the well-
tested system of shield. combined with mechanieal excavators.

(%) That the Tunnels should at frequent intervals be connected by eross passages with air-tight
doors, thus rendering it easy to introduce currents of air, and to exchange workmen from one tunnel
to the other.

(7} That the Tunnels should be well lighted and thoroughly ventilated, and the traffic worked by
electricity.

13. Dealing now with the Specification for the Works which would devolve upon the British Com-
pany to execute, we propose to provide for two * single track ” Tunnels as above-mentioned, 12 miles
in length from high-water mark to the middle of the Channel, each of 18 feet nett internal diameter,
one for the ** Up,” the other for the “ Down ™ traffic, to be driven chiefly on a descending gradient, but
with a slight rise near the centre of the Channel. These tunnels would be placed some 36 feet apart,
measured from centre to centre, but connected together at frequent intervals by cross galleries, in this
respect being very similar to the Simplon Tunnel.

14, The Tunnels to be driven by shields (the débris being carried by electrically-driven belts to the
wagons, which will be removed in trains haunled by electric locomotives), and to be lined throughout
with cast-iron segments of ample strength to resist any possible pressure, and grouted on the outside,
in the usual manner, by means of the *“ Greathead ” grouting machine. By this method the outside of the
Tunnel is completely surrounded by a covering of cement, which not only prevents leakage into the
tunnel, but also preserves the plates from corrosion on the outside.

After the plates are in position, the inner face would be lined with concrete in cement, and lime-
washed, thus providing a smooth interior surface, so that in case of derailment of a train but little
damage would accrue, owing to there being no projection or obstruction which could foul the vehicles.
This lining would preserve the plates from corrosion on the inside and would also materially assist the
ventilation,

15. The length of Tunnel under the land would be of ordinary construction for a double line, and
be lined with brickwork.

16. In certain places, where the necessities of the work of construction, or of the traffic, demand
it, an enlarged cross section of Tunnel would be provided, where the hauling machinery for removing the
débris could be placed, and where pumps and ejectors for freeing the Tunnel from water could be fixed.
These would also serve as block stations for the signalling equipment, when traffic is running.

17. At frequent intervals along the entire distance, cross passages would be constructed, fitted
with air-tight doors of suitable design. These galleries should be placed obliquely in order to facilitate
the passage of trains of material both from and to the advanced faces and for the primary ventilation.

Thus the construction trains, as also the main air current, could enter by one of the main tunnels,
and crossing over by the most advanced oblique passage, return by the other tunnel.

The secondary ventilation would commence at the last oblique passage.
(1205) >
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Upon the eompletion of the work these galleries would, as before mentioned, serve 28 means of com-
munication between the tunnels for the workmen on the Railway.

18. Having thus described the general arrangement and design of the permanent Tunnels, it is
necessary to consider the important question of the Drainage Heading, which would be the first work to
be proceeded with.

19, In order that the Drainage Heading may be proceeded with independently of the works of the
Main Tunnels, and to facilitate the conveyance of spoil and the clearance of any water that may be met
with, it is proposed to adopt the system we employed in the case of the Mersey Tunneli—and which is
also to be adopted by the French Engineers—of introducing a falling gradient of, say, 1 in 500 from the
lowest point of the Tunnel on the British side to the pumping shaft near Dover. This Heading would
be driven by a shield and connected with the Tunnels at such points as may be found desirable, thus
rendering it of great service, not only for drainage purposes and for the removal of the excavated material,
but also as supplementary to the main system of ventilation.

This Heading will probably have to be lined with cast iron, the plates having their edges planed
and securely bolted together. These plates would be of sufficient strength to resist the full pressure,
and, when grouted up, would be watertight. The only possible water-yielding area would thus be the
actual face exposed, and one length of chalk to be covered by the next ring of cast-iron.

The Drainage Heading would be excavated by means of the Beaumont or other approved cutter
or of Price’s electrical digger, now largely used in the tube railways of London. These machines work
on a central shaft, an important feature, as will be seen later.

20. An advance of 5 feet per hour can be secured both in exeavation and also in the fixing of the iron
lining ; but, allowing for inevitable delays and for the long distances from the shaft, we are of opinion
that, with properly designed machinery and arrangements, a speed of 2} feet per hour can be relied upon
for six days in the week, it being desirable and necessary not to drive on the seventh, the men requiring
rest and the machinery slight repairs.

Assuming 17 yards per day can be maintained for six days per week, this would represent an annual
progress of about 3 miles at each face, occupying a period of four years to drive the Drainage Heading
from the English to the French shaft (24 miles).

Three shifts of men would have to be employed, and the changing should take place helow and on
the spot, no stoppage of work being allowed. This was the system in the case of the Simplon
Tunmel, where the drills never stopped even whilst the shifts were changing.

21. An emergency door would always be kept in position near the face of the Heading, not so much
for actual use, but rather to induce confidence in the minds of the men at the front.

22, The diameter of the Drainage Heading is a matter of importance. Up to the present time
the preliminary work has been carried out with a diameter of 7 feet. But, as this heading will have to-
gerve for the line of communication for all labour and material required for the execution of the Tunnels
it is essential that it should be of sufficient size to allow of two sets of wagons passing one another, and’
at the same time, to leave sufficient space for air, water and power pipes, cables, &c. In our opinion
it should not be less than 11 feet nett internal diameter.
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There will be several break-ups into the Main Tunnels, and each will yield a large amount of excava-
tion, and will also require a considerable tonnage of cast-iron plates to be delivered with strict regularity,
and consequently a complete line of way in each direction is, in our opinion, important.

23. As soon as it is decided to proceed with the work we would recommend the following course to
be adopted :—-

The Drainage Heading would be commenced and driven ahead, at as high a speed as was found
to be practicable, it being a matter for the Directors to decide whether this should be completed
before proceeding with the Main Tunnels, or whether they shounld be carried forward at the same
time.

The break-ups or commencement of enlarged sections of the Main Tunnels already referred to
would be made where the chalk had been found most suitable, and at each break-up a full-sized
shield would be erected in order to permit of the excavation to the full external diameter of, say,
20 feet.

These large shields would be fitted with hydraulic or electric erectors, which we have previously
employed, and which act like a hvman arm, take hold of the plates, lift them up and hold them in
position until bolted in place.

This system of construction has been adopted in the latest instance of subagueous work, namely,
the Rotherhithe Tunnel now being built for the London County Couneil, and has proved highly
suceessful, a pilot heading 11 feet 6 inches in diameter having been driven in advance, the larger
tunnel 30 feet 8 inches in diameter following.

24. Each ring, as it is put in position, would be bolted up and grouted, so that, as already described,
the only portion of the chalk laid bare at one time would be the actual working face, and a length of boring

equal to one ring of plates.

25. Should broken ground or a fissure be encountered, arrangements would be made for fixing
a miner’s wedging crib in the nearest sound bed of chalk. This erib would consist of a ring of cast iron in
sections, tightly wedged up with dry pitch pine wedges and grouted, so as to prevent water traveiling
behind the plating.

So soon as the broken ground is passed and good solid chalk again reached, a second wedging crib
would be fixed, and thus any water coming through the disturbed strata would be imprisoned between
the two c1ibs, and prevented f1em travelling along outside the tunnel.

26. Tt will be necessary to keep an efficient supply of air throughout the entire length of the heading
for the men employed. This can best be effected by bratticing off the upper portion of the heading,
thus forming a conduit of the required size for the volume of air. which would be blown in by high-speed
fans.

When the break-ups are begun, this conduit will also have to provide air for the men working at these
enlu;gcd faces, until the sccond tunne! and crossways are in progress,  The ventilation can then be effected
in a manner similar to that adopted at the Simplon. Tn that case there are two parallel galleries with
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connecting traverses, Fans blow the air in at the end of one tunnel, and, after travelling up to the most
recently excavated traverse, it returns by the other tunnel.

Fires which have occurred on Elsctric Railways, both in England and in other countries, have been
due either to the motors or to improper ““ wiring ™ on the carriages. Butin the case under consideration
there will be wiring necessary on the existing rolling stock.

This is known as the primary ventilation, and the volume of air is sufficient to keep all the galleries
and traverses in a perfectly fresh condition.

27. To ventilate the advanced end at the face, secondary ventilation would be adopted, 2o as to
effectually prevent the stagnation of air so common in advanced galleries of tunnels and mines, and
enable the men to work with vigour and in comfort.

28. The question of the permanent ventilation has received our very careful consideration, and it
may be desirable to state briefly how it would be dealt with when the Railway is open for traffic.

In the case of long tunnels, worked by steam locomotives, the most efficient system has been found
to be : blowing the air against the traffie, by whieh means the Driver and Fireman, upon whom the
safety of the train depends, are kept in fresh air, and free from smoke and steam. But in the case of
electrically worked tunnels, where no products of coal combustion exist, the reverse is the better plan.
The air will thus be blown in the same direction as that in which the train will be travelling, so that
they will assist and not retard the current.

The traffic being electrifically operated, the volume of air required is very largely reduced.

We have assumed, as a maximum, a passenger train, each way every ten minutes, carrying 500
people.  The volume of air per minute required to keep the tunnels pure and fresh will be about 45,000
cubic feet on each line of way, travelling at a velocity of 6 feet per second, which is equivalent to a
very light breeze. There will be no difficulty in dealing with this—it being far less in proportion than
we have had to provide elsewhere. :

The power required to induce this current of air, assisted as it will be by the trains themselves,
will not be large, and the entire problem is simple as compared with that in many large collieries in
which not only are far greater volumes of air blown through, but the length of passages through which
the air has to be driven or exhausted is considerably greater and impeded by bends, which will not exist
in this casze.

29. The prevention of fire in the trains is also one to which much attention has been devoted. In
the caze of specially built rolling stock for the London and Paris and other Expresses, no inflammable
material should be used, and as the motors of the Electric Locomotive will be * armoured ™ against
fire in case of short eircuiting, no danger would arise as regards the electrical working even from the
employment of ordinary rolling stock.

Assuming, however, that in spite of precautions any stoppage should occur in the tunnels, the
passengers would readily pass along the tunnels in the rear of the train, where ample space will be avail-
able, as a footpath, clear of the electrical conductors. The passengers would thus be free from smoke,
in consequence of the direction of the eurrent of air always blowing from the rear of the train towards
the front.
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In consequence of the large diameter of the tunnels the eleetric conductors can be so placed as
not to obstruct the permanent way or interfere with repairs.

30. The tunnels would be lighted throughout by electricity, and a separate and special circuit
will be provided so that in the event of the main traction current failing, the lights in the tunnels will
not be extingnished. The carriage lighting would be independent, each vehicle carrying its own store
of lizht.

31. Similar sanitary and hygienic regulations to those so successfully adopted at the Simplon Tunnel
will be enforced during the progress of the works.

32. The French Engineers have satisfied themselves as to the best podition, for the Sorting Sidings
and Station at Sangatte, and as to the site for the deposit of their moiety of the excavation from the
shafts, heading, and tunnels. We concur in their views.

33. The plans and sections, as now prepared and submitted to Parliament for the proposed Approach
Railways on the British side, provide Sorting Sidings and a Station near Maxton, just within the Borough
of Dover.

These Railways are well laid out to accommodate the traffic, and, in conjunction with the Station,
where the exchange of Steam for Eleetric Locomotives and all necessary sorting of traffic will take
place, will provide full and complete means of communication with both the existing main lines between
Dover, London, and the rest of England.

The Station will be easily approached from Dover by an Electric Tramway, which passes very near
the site.

In the immediate vicinity there is a deep valley, affording a site for the deposit of spoil.

34. Good sites are also available for the Generating Stations, and one of the first operations would
be to instal a portion of the plant for construction purposes.

25. Summing up the engineering questions relating to the proposed Tunnel, we agree with M.
Sartiaux and Mr. Brady in the opinion that the enterprise is one that can be carried ont with certainty,
and at comparatively moderate cost, the geological and other conditions being of an exceptionally
favourable character for the construction of a submarine tunnel.

36. We have not felt it to be within our province to express any opinion upon the question of
the best precautions to be taken to secure the Tunnel against its being made use of for agaressive
purposes in case of war.

Foreign Governments, and notably the French, 8wiss and Italian military authorities, have intro-
duced protective works in connection with the great Alpine tunnels, which conld be readily reproduced
in this case, the levels of the proposed Tunnel lending themselves to arrangements which would give each
nation complete and independent control of the portion lying on its side of the eentre of the Channel.

37. On the French side, it has been proposed to approach the Tunnel over a viaduct, which would be
exposed to fire from the sea, and could thus be destroyed if required.

38. The mouth of the Tunnel on the English side. and the Station near Maxton, he fully exposed,
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as was recommended by the Parliamentary Committee, to both direct and plunging fire from the existing

Citadel and Heights of Dover, whilst heights to the north of the site could be readily fortified.

S We estimate the cost of the British half of the undertaking, including the purchase of Land and
Buildings and the existing Works at Dover, the Electrical Tnstallation, the Drainage Heading and its
Shafts, Winding and Pumping Machinery, the Land approaches, the Sorting Station and the Sidings,
Signals, and the Junetions with the South Eastern and Chatham Main Lines, with Administration, Parlia-
mentary expenses, Legal and Engineering charges, Interest during construction and Finanecial expenses,
with the necessary provision for Contingencies, at £3,000,000 (Eight Millions Sterling).

We are,
Gentlemen,
Yours faithfully,

(Signed) ~ DOUGLAS FOX AND PARTNERS.

pewr -
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REPORT BY M. SARTIAUX, Chief 'Bngineer for Roads and Bridges;

General Manager of the Northern Railway of France.

Transfated from the ** Revue Politique et Parfomentaire ™ (T0th July, T806).

THE serious events which have oceurred lately show clearly how important it is for Great Britain
and France to be on friendly terms.

The poliey that has been successful in suppressing Colonial causes for distrust and conflict show
plainly the interest both countries have in realising an  Entente ” to maintain the equilibrium between
the Powers of Europe and to prevent it from being broken to the detriment of either country.

As a result of these friendly relations, attention has been drawn to the great importance, from a
political, economical, and even a military point of view, of a connection between the two countries other-
wise than by crossing the sea. On both sides of the Straits the daily and periodical Press, political
men, men of science, economists, and engineers are again taking up the question of a submarine tunnel
that has been dormant for more than twenty years.

« It will not perhaps be useless to summarise the principal points of view from which this question
can be regarded.

L.

The original idea of such a connection between France and England is already more than a hundred
vears old. It was, in fact, in 1802 that the first project of a submarine tunnel was presented to Bonaparte
by a mining engineer of the name of Mathieu.*®

It was then a question of the mails only, and, as the journey across in a carriage would have heen
very long, and the problem of air and light seemed difficult to solve in a satisfactory way, Mathieu divided
his tunnel into two parts, each of about 10 miles in length, and both opening on to the submarine bank
of Varnes, sitnated nearly in the middle of the Straits. This banl, which is only submerged about 49 feet,
was to be raised by strong embankments and transformed into a large and artificial island, on which an
international town was to be built, with a harbour of refuge sitnated between the Channel and the North
Sea.

In each part of the tunnel a paved way would have been laid down, lighted by oil lamps, and ventilated
by shafts emerging from the water into the open air. This scheme had on the whole no result ; it was based
on no serious geological study, and the ways of setting about it were not sufficiently examined. It is
interesting to remember, however, that in artificially re-establishing this land communication which
existed at the beginning of the present geological period, this project had already appeared as one
consequence of the understanding that followed the peace restored by the treaty of Amiens—as one of the
means and aims of the ** Entente Cordiale,” so necessary to the peace of the world at a time when the

# M. de Lapparent, whose name will be frequently mentioned further on and who was one of the prineipal actors in the

active period of preparation of the tunnel from 1577 to 1883, recalled this and many other faets, umongst personal souvenirs,
in an article full of deep and witty thoughts, recently published in Meois lifféraire of pittoresque (Paris, May, 1806).
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equilibrium of European Powers seemed disturbed in the interest of France, and the difficultics were
therefore greater.

The great English statesman Fox eonsidered it one of the most efficacious means of realising the
bringing of the two nations together, and, when he discussed the question with the First Consul, the
latter is said to have exclaimed : ** Oh! it is one of the great things we could do together.”

This project was followed by many others, belonging more or less to the domain of faney—ferry-
boats, bridges, submerged tubes, ete., ete.—but all bearing witness to the interest that was already
attached at that time to the idea of putting England in direet land communication with the Continent.

It was only towards the middle of the nineteenth century that Thomé de Gamond presented a project
for a tunnel under the Channel, which began to have a scientific aspect.

Thomé de Gamond (1807-1873), hydrographic and mining engineer, military officer, LL.D., and
M.D.. dedicated his life and fortune to finding out the solution of this problem.

He was an old pupil of Walter Staat’s, the Waterworks Engineer at Brussels, where he Lad finishad
his studies ; his mind was soon turned to hydrographic works, and it was during the exploration of the
coast of the Channel that the first idea struck him of a means of communication between France and
England. All imaginable conceptions were successively considered and published by him : a submerged
tunnel constructed with metallic tubes fixed one into the other as telescope tubes (1834 project) ; a sub-
merged tunnel represented by a submarine arch of concrete at the bottom of the sea (1835 project, called
the hydraulic shield) ; a ferry-boat floating on the Straits and connecting with the eliffs at both sides by
means of hydraulic masonry (1837 project) ; an isthmus of Dover artificially established by the immersion
at the bottom of the Channel of blocks of concrete with three passages for navigation (1840) ; lastly,
a submarine tunnel similar to the one of 1875. Thomé de Gamond studied all these projects with the
zeal and faith that characterised him, and the first precise geological information about the nature of the
bottom of the Straits is owing to him, information collected only by hard work during his successive
exploring journeys, namely, the hydrographie campaign of 1833 to verify the marine soundings between
Calais and Dover on a line of some 25 miles in length, the geological exploring campaign of 1838-1839,
also in the Straits. New investigations of the same sort were renewed from year to year from 1851 to
1855, often at the peril of his life, for he had the temerity, in order to collect samples of submarine clay,
to let himself down to the bottom of the sea at a depth of 108 feet without any diving apparatus, fastened
only to a rope, with bags of pebbles weighing 160 pounds as ballast, and assisted merely by a pilot and
a few sailors from Boulogne, and his daughter, who always accompanied him, watching these proceedings
with an anxious eye.

In 1856 Thomé de Gamond presented a project to Napoleon IIL for a tunnel under the Channel,
but which was not even in his own mind a final one, for ten years later he was obliged to begin over again,
and in concluding his work he said : ** I have carried my studies to the limit of my personal powers.
This work must now be taken up by other intellects well skilled in the physiclogy of rocks and in the
working of subterranean strata.”

His appeal was not in vain. The various organs of the Furopean Press from 1857 to 1858 successively
gave accounts of his works. About the same date the help of three renowned English engineers of the
time, Isambard Brunel, Joseph Locke, and Robert Stephenson, was assured to him.

Being presented at the same time to H.M. the Queen of England and Prince Albert, his project was
received ** with marked favour,” says one of Gamond’s biographers. Thus encouraged, he improved his
first project and sent completely revised plans to the Universal Exhibition of 1867. Atlast, in 1869, an
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Anglo-French Committee selected by him was formed partly in Paris and partly in London, so that
Thomé de Gamond's scheme, following the author’s wish,* had, in short, been undertaken by several other
intellects.” The aim of the Anglo-French Committes was to work on each side of the Straits for the
forming of Companies, and to obtain the concession for the proposed worlk.

Here begins the diplomatic phase of the project, and it is not without interest to condense its principal
facts, becanse the account of the diplomatic negotiations exchanged between France and Great Britain
show with what minuteness the two Governments had studied the project, and with what precautions
and thought they had at last arrived at a complete diplomatie harmony in solving questions quite usual
for a Continental Power like France, but quite new for England, and which were raized by the proposed
creation of an international railway, complicated by thelength of the proposed work, and by the novel
fact that it would penetrate into regions in which territorial rights had never yet had to be considered.

It was in April, 1870, that the first communications were exchanged between France and England ;
at this date, at the request of the Anglo-French Committee, the French Ambassador asked the British
Government if it were disposed to admit the principle of the enterprise, and, consequently, to regulate
by a diplomatic Convention the conditions on which the construction and working of the new Railway
would be authorised. (The Marquis de la Valette to Lord Clarendon, April 15th, 1870.)

Lord Clarendon’s first reply was that England could only guarantee the honesty and good faith
of the British subjects interested in the matter, but that facts were still missing to enable him to decide
on the possibility of executing such an enermous enterprise, and on the expenses of its execution.

M. de la Valette then insisted on obtaining a more categorical answer, but before a reply could
reach him the war with Germany put an end for the time to the negotiations, which were taken up again,
however, as soon as peace was re-established.

Indeed, by November 30th, 1871, M. de Rémusat, the Minister for Foreion Affairs in Paris, renewed
the question which had already been put before the British Government by M. de la Valette. Mean-
time the Anglo-French Committee were moving on their side, and the Secretary of State for Foreign
Affairs, Lord Granville, was not taken unawares. The Board of Trade on being consulted gave a
favourable opinion under certain conditions, and on June 24th, 1872, Lord Lyons, the British Am-
bassador in Paris, acting on instructions from London, sent to M. de Rémusat a very explicit note, in
which he gave a formal adhesion to the principle of the Tunnel projected between France and England,
with certain reservations, bearing solely on the conditions of the concession and the execution of the
submarine railway.

These reservations, far from lessening the acceptance of the principle, emphasised the spirit in
which it was given. The British Government thought that the technical difficulties of the undertaking
might be overcome, but wondered if it could be arrived at financially without the aid of the State. It
declared itself against the concession being granted for ever to a private Company, and was of the
opinion that the two Governments should agree on terms for redeeming the concession.

In the following year a still more formal adhesion, if possible, was given to the principle of the
Tunnel, and it is worthy of notice that this time it was through the instigation of the Board of Trade
itse!f, and by the initiative of Lord Granville, that the question was again taken up. On July 23rd his
Lordship thonght necessary to indicate to Lord Lyons how he should reply, were he questionea as to
the dispositions of England on the subject of the Tunnel project. In that case the Ambassador should
answer that Her Majesty’s Government would see with satisfaction any improvement in the communica-
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tions hetween England and the Continent, and that it would bz happy, in consequence, to hear of the
success of an undertaking destined to connect the British railways with the Continental railway system.

The British Government, opposed as it was to the principle of monopoly, did not see any objection
to a concession being granted to the promoters of the enterprise, under the ordinary conditions of con-
tracts of this character in France, provided that the conditions of a lease with terms of redemption
counteracted the establishment of a monopoly prejudicial to public interest.

It was obvious that it was not only the question of principle whick had been agreed to, but that
the British Government was already considering the conditions under which it would subordinate the
concession of the line,

At last, on July 25th, 1873, Lord Lyons, who always followed his instructions strictly to the letter,
asked if he should spontaneonsly complete by a memorandum the preceding explanations which he
had given to the French Government.

The reply of the British Cabinet was in the affirmative, and the memorandum was handed to our
Government by Lord Lyons.

Let us add that a note at the foot of a page of the Blue Book containing Lord Granville's letter
of July 25th explains the steps taken by the British Minister for Foreign Affairs, and emphasises the
insistence with which he gave his adhesion to the Tunnel project, and his encouragement to the
undertaking.

In the presence of such a complete agreement the French Government saw no more obstacles to
granting the concession for the railway under the Channel.

However, a Conservative ministry had just succeeded in England to that of Mr. Gladstone which
had shown itself so broad-minded in the study of the projeet and which had a really prophetic foresight
of the future. The French Government on October 27th, 1874, that is to say, almost on the eve of the
granting of the concession, eommunicated to the British Government through the medium of Count
de Jarnae, our Ambassador in London, the very terms of the Aet by which it proposed to grant the con-
cession. In the reply, which was under the form of a written note sent to the said Count on December
24th, 1874, Lord Derby, Minister for Foreign Affairs, gave his adhesion to all the conditions of the draft ;
he recognised the right of both countries to establish works of defence at the extremities of the Tunnel,
without mentioning, however, on whom the expenses would devolve ; he stipulated the power of inter-
rupting the trafiic, reserving the question of knowing if the Governments would have the right of using
this faculty without giving rise to a elaim for indemnity on the part of the Company. The letter con-
cluded by complete approbation of the course that the French Government proposed pursning.

Both Governments, moreover, thought it advisable to arrange the terms of their agreement by
means of an international Commission of eight members, four named by the British and four by the
French Government. This Commission closed its work by the drawing up of a Protocol signed by the
representatives of both countries (May 30th, 1876),* and which, in case the questions were taken up again,
would only need to be ratified by the French and English Parliaments in order to conclude the affair
between the two countries from a diplomatie point of view. '

It was more than a vear before that date that a Company had been formed in France with the view
of obtaining from the Government the grant of a submarine railway to England, It was, in fact, ou

* See Appendiz,
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February 1st, 1875, that the French Company,* which is still in existence and ready at the first favour-
able opportunity to resume its labours, was formed, to whom the concession was granted.

The new Company, presided over by M. Michel Chevalier, the Free Trade apostle and inspirer of
the commercial treaties of 1860, included such men as Lavelley, the renowned engineer, who had just
distinguished himself by dredging the Suez Canal, and also Fernand-Raoul Duval, Léton Say, who would
later sncceed Michel Chevalier in the Presidency, Paul Leroy-Beaulieu, ete., ete.

The aim of the Company was thus defined by its statutes :—

(1) To carry on the studies destined to confirm the possibility of completing a tunnel under
the Straits in order to create a land communication between France and England.

(2) To obtain from the French Government the grant of a railway starting at a given point

on the Northern Railway of France, between Boulogne and Calais, and penetrating under the sea
in the direction of England.

(3) In case of success, to definitely form a company having for its object the execution and

commercial working of the Tunnel and also of the railway destined to effect the junction between
the English and French lines.

The capital of this Company was fixed at two million franes (£80,000), divided into 400 shares of
5,000 franes (£200) each, of which 200 were taken by the Northern Railway Company of France, 100 by
MM. de Rothschild Brothers, and 100 by various others.

The law of August 2nd, 1875, approved the agreement made on the same date by the Minister of
Public Works with this Company, and granted it the concession of the line thus defined «+ ** Railway
starting at a given point on the Boulogne and Calais line, running under the sea towards a similar line
starting from the English coast in the direction of the French shore.”

The concession was granted, with neither subsidy nor guarantee of interest, on a lease of 99 years
from the time of the beginning of the working of the Submarine Railway, the State binding itself not
to concede such right during a period of 30 vears, reckoned from the same time, to any other railway
starting from the shore, and running under the sea in the direction of England.

The concession was definitely settled and the railway declared of public utility by the Act of Par-
liament granting the concession.

The Company undertook to declare in the course of from five to eight yvears if it intended to adhere
to the concession. It also bound itself to carry out, to the amount of at least two million franes, the
preparatory works of all sorts, such as investigations, shafts, galleries, soundings, ete., deemed necessary
in order to satisfy the Administration and the Company on the technical points of the undertaking ;
also the possibility of completing it with reasonable chances of success. Besides that, the concessionnaires
undertook to enter into relations with an English company in order to carry out the Submarine Railway
starting from the English shore in the direction of France, so that they might earry out and work in
common accord the whole of the International Railway.

The French Tunnel Company has fulfilled all its duties. It has spent more than two million francs
on preparatory works, shafts, soundings, and galleries ; we shall refer to this subject later on. It has

* The Committee representing this Compuny is now composed of the following moembers:—3M. G. Griolet, Vice-
President ; MM. B. Duval, Ch. Nemuchy, N. Johnston, Jouet-Pustré, P. Leroy.-Beaulieu, G. Mirabaud, M. K. Duval, P.
SBchneider, J. Caillauz, A. Sartisux ; M. Broton, Engineer and Manager.
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also fulfilled conditions the accomplishment of which have rendered the concessicn definite. It con-
tinues to pay the French Government the fees for eontrol specified in the convention, All the works
and installations it has carried out are preserved in a satisfactory state, so that at any time definite
working eould be undertaken immediately, if the difficulties and opposition that arose on the English
side twenty years ago in such an unexpected manner were removed.

The fact is, the results of the studies were from a technical point of view quite as favourable and
conclusive in England as in France, but matters with regard to legislation and administration did not
move with the same facility as in our country.

Administratively there had been not less than three Companies dealing with the Tunnel question.
They were the following, in chronological order :—

{1) The Channel Tunnel Company, presided over by Lord Richard Grosvenor, with Sir John
Hawlkshaw and Mr. Brunlees as engineers.

(2) The South-Eastern Railway Company, for which the Tunnel would only be an extension of
its line between Dover and London.

(3) The Bubmarine Railway Company.

These three Companies worked in common accord until they amalgamated. The first had only a
nominal existence. Incorporated on January 15th, 1872, it lost the power obtained for one year only
by a Bill of Parliament on August 2nd, 1875, by letting that year elapse without taking any steps towards
using those powers, which enabled them to acquire by compulsory sale the lands necessary for beginning
the works in the parish of 8t. Margaret-at-Cliff in Kent. These powers were, in fact, the only ones granted
by this Bill, the English Government having reserved its liberty of action with regard to the concession
of the line itself. Let us add that the works of this Company were confined to the sinking of a shaft and
to a few yards of gallery at St. Margaret.

The second Company which dealt with the Tunnel, viz., the South-Eastern Railway Company, took,
on the contrary, most important steps. A Bill passed July 16Gth, 1874, authorised this Company to take
part in the widening of Boulogne harbour, and at the same time to = spend a sum of one million francs
(£40,000) towards the cost of any soundings, and of any borings, shafts, galleries, or other works in con-
nection with the construction of a tunnel under the English Channel.”

An Act passed in 1881 also gave it the powers necessary to proceed with the compulsory purchase.
This Bill imposed among other things the following obligation :—"* In case the construction of a tunnek
between England and France shall hereafter be authorised by Parliament, the Company must accept all
conditions, either those mentioned in the Protocol agreed on by the International Commission of 1876
or any other condition it may please Her Majesty in Couneil to impose in consequence of any new arrange-
ment with the French Government.” From a legal point of view the situation of the South-Eastern
Company was identical with the Channel Tunnel Company. In fact, the Eill of 1881 ended by these words :
* The passing of this Act shall not be deemed to give to the Company any right or claim with respect to
the construction of any tunnel between France and England.™

Furnished with these powers the South-Eastern Railway Company communieated with the French
Company, and whilst the Channel Tunnel Company abandoned its works at 5t. Margaret-at-Cliff the new
Company undertook other works at Abbot’s Cliff, between Dover and Folkestone, the results of which
were not less favourable than those executed in France.
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It was at that period that the Submarine Railway Company was founded in England (December 8th,
1881) with a capital of 6,250,000 francs (£250,000), having for its object the acquisition of the rights of
the South-Eastern and Channel Tunnel Companies, of undertaking experimental works, of obtaining
more absolute power from Parliament, and of subsequently forming a definitive Company for the
-construction.

The acquiring of the rights of the South-Eastern Company by the Submarine Railway became an
accomplished fact July 6th, 1882 ; and thus in possession of the previous rights of the parent Company,
in what concerns the Tunnel, the new Company continued the works already begun by the former with
great vigour, and towards the end of 1852, at the foot of Shakespeare’s Cliff at Dover, there was a gallery
about 1,700 yards under the sea.®

Such was the condition of the works when they were interrupted by the opposition that suddenly
arose in England and manifested itself : first, by an article in The Times, then by a pamphlet T that caused
a great sensation, in which the author, richly gifted with delightful English humour, pictured with much
wit. Dover invaded one fine night on the arrival of an excursion train by a band of trippers, imposing
in number, but of most peaceable appearance—a sort of Cook’s caravan. These tourists quietly went to
sleep in the rooms they had previously engaged at the hotels. Then suddenly during the night, at a given
gignal, rushing out of bed and furtively creeping towards the harbour, they seized hold of a stock of rifles
brought by two steamers. That decided the fate of the great nation : Dover taken, the garrison butchered,
and the Tunnel meanwhile incessantly vomiting men of all arms; and London invaded! England
raided and conquered ! Under the pen of the imaginative chronicler all this was the work of a few hours !

Then the Egyptian question, now solved, offered at that time a splendid opportunity to traditional
alarmists of frightening the timid. The Conservative party took the lead of the opposition by presenting
the Government with a pefition against the tunnel signed by the representatives of old English families
such as the Dukes of Wellington and Marlborough, lords, earls, baronets, admirals, generals, bishops,
a crowd of clergymen, poets, philosophers, Herbert Spencer in person, the poet and thinker Robert
Browning, the learned Professor Huxley, ete.

At last the final blow was given to the idea of a tunnel in a pamphlet by Admiral Lord Dunsany.
‘Bo when, at the beginning of 1883, the two Companies of the Channel Tunnel Railway and the Submarine
Railway both asked the British Parliament for power to definitely undertake the work of the Channel
Tunnel, the two Bills were not supported by the Government, and in consequence were withdrawn from
the order of the day without even having been discussed.

From this period, the Companies interested vainly attempted to influence Parliament in favour of

® A magnzine of that time gives the following account of a visit paid in 1852 to the submarine gallery by & number of
engineers with their families :—*A railway ran along the gallery, which was magnificently lighted by elestric lamps, Swan's
sysiem. The visitors were conducted twenty at a time to the end on a sort of trolley or benches on wheels, drawn by o couple
of men. In the centre of the tunnel a kind of saloon, decorated with flowers and evergreens, was arranged, and, on & large
table, glasses and biscuits, cbe., were spread for the inevitable luncheon. There was no infilivation of water in any part.
In the places where several small fissures and slight cozings had appeared during the boring operntions, s shield in sheet irom
had been applied agninst the wall by the engineer, following all the circumference of the gallery and making it completely
watertight. Thera they were a8 in a drawing-room, and the ladies having deseended in oll the glories of silks and Jnce and
feathers were astonished to find themselves as immuaeulate on their return as at the beginning of their trip.  The atmosphere in
the tunmel was nob less pure, but even fresher, than cutside, thanks to the compressed sir waehine, which, having acted on the

excavator at the beginning of the euiting, released its cooled air in the centre of the tunnel.”

t+ * L'apitation Anglaise eontre le tunnel de 1o Monche,” par G. Valbert.—Recue des Denx Mondes, 1st June, 1882,
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their project, and indeed once 76 votes were only required to enzble a new Bill, introduced in 1887, to
be adopted by the House of Commons ; but this went no further, and the scheme was onee again rejected in
1858,

Since then the Companies authorised to begin the preparatory works on the English side, thought
only of securing the preservation of their rights, and the Submarine Railway Company amalgamated in
1836 with the Channel Tunnel Company, as it had already amalgamated in 1882 with the South-Eastern
Railway Company, whose rights to the construction of the tunnel it had acquired.

This short historical account would be incomplete did it not recall several other schemes that were
brought forward just when England put its veto on the construction of the Tunnel. This opposition,
far from discouraging the men who were animated by the great idea of uniting France to England by
means of a communication independent of the sea, turned the minds of inventors towards other systems
in connection with which it would be impossible to arouse in the English mind even the shadow of a doubt
as to their national security. [t was in this manner that for twenty years studies of schemes prior to
that of the Tunnel have been considered and new projects brought forward.

These projects can be classed in three different categories :—
(1) A bridge over the Channel sufficiently raised above high-water level to allow passage for ships.
(2) Asubmerged bridge to be used as a road for a transporter wagon that would earry the trains.
(3) Ferry-boats arranged so as to carry the trains,

The project of a bridge over the Channel has been the object of most profound study, and in 1802
a Company, founded under the name of the Channel Bridge and Railway Company, Limited, published
a report on the question. In the final plans the course adopted crossed the Straits at their narrowest
part (20} miles) in a straight line from the South Foreland to Sangatte, and it comprised 72 piers in the
sea, giving 73 spans alternatively 433 and 541 yards in length. The average depth of the Straits at lowest
tide being 36 metres, the deepest piles would have to be raised to a height of 51 metres (165 feet) from
the bottom of the sea. They would have been used as a support for the metallic columns destined to
bear the steel girders, the underside of which would have been raised to a uniform height of 54 metres
(174 feet) above high water.

From a technical point of view this was unquestionably a magnificent scheme, at any rate as regards
the metallic part of the work. Its realisation would mean certain triumph for the engineers, but it raised
extremely grave objections, not only technical, but administrative, political, diplomatie, and financial.

Technically, the fixing of piers at a depth exceeding 54 yards in certain places below high-water level
would raise insurmountable difficulties, and even in the present state of science it is not easy to foresee
a solution of this difficulty.

Supposing it were possible to succeed in placing the enormous eaissons and masonry to form the
submerged foundation on the sites assigned for the piers, these foundations would, in direction as well as
rapidity, modify the already very swift currents of the tide in such a way as to render them in the Straits
probably as dangerous to navigation as the works themselves would be.

Financially there was more to be feared : the authors themselves estimate the cost of construction
at not less than 260000000 franes (£34 400,000, so that £40,000,000 at least must be reckoned on,
and the cost of maintenance would be in proportion. The authors of the scheme fix the expenses of
repainting alone at £40.000 a year, counting from the fourth year, the whole of the gigantic steel construe-
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tion having to be entirely repainted every four years. On the other hand, they estimate that after the
twenty-fifth year of the running of the railway the rivets should be replaced, and by taking the number
of five million rivets to be replaced per annum on a total of 200 millions they fix the annual cost under
that head at £52,000. Lastly, they foresee yet another expense of £48,000 for the gradual renovation—
always counting from the twenty-fifth year of the running of the line—of a certain number of secondary
things, such as beams, girders, superstructure, ete., ete. By this it will be seen that after 25 years the
total of these different expenses for maintenance would amount to £140,000. To be added to that are
still all the expenses (estimated at £20,000 a year) for the keeping in repair of the lighting apparatus
destined to warn navigators of the presence of the piers of the bridge, say a total sum of from £160,000
to £200,000 a year for the general upkeep, and that estimated only approximately. As at least the same
amount must also be reckoned for interest and amortisation of the capital, it makes an annual cost of
£200,000 at the outset—of £400,000 at the end of a few vears from the time when the work is completed.
Finally, if all the difficulties could be overcome, there still remains the great objection that would
be raised by navigators on account of the impediment caused by the piers of the bridge. These piers
at a distance of 540 yards one from the other would probably not seriously inconvenience steamers in
clear, calm weather. They would, however, disturb the currents of the Straits and thereby create
new sandbanks. The cost of lighting and sound apparatus to warn navigators of the presence of
the piers must then also be faced, also the expense of setting up buoys in the neighbourhood of the
sandbanks.

But the presence of these piers would certainly involve much more serious inconvenience to sailing
vessels, and there are still many in existence. Everyone must have noticed after a few days of south-
west, or north-east wind parallel to the general direction of the Straits, the accumulation of vessels, plying
from one bank to the other of the Straits, awaiting a favourable change of wind that would allow them
to pass. This tacking about is what the piers would seriously inconvenience. What would become
of fishing, and how could the hundreds of fishermen of all nationalities, but for the most part English,
French, and Belgian, continue their trade, when they must leave their nets of more than 1,700 yards
in length at the mercy of the tide for five or six consecutive hours at the time of the herring season ?
And for all ships indiscriminately, even for the most powerful steamers, what risks the presence of 72
obstacles would be in foggy, snowy, or squally weather, or if the sea were only what it unfortunately
8o often is in the Straits, very rough, with choppy and high waves with foaming crests, due to the great
shallowness which greatly inconvenience even the steamers built specially to fight against them.

It must not be forgotten that if there are more than 100 days of total or partial fog during the
year, there are many more than 100 days of very rough sea ; in addition to which the relative frequency
of naval disasters on both sides is proved by the fact that navigation is far from being carried on there under
normal conditions. The very serious hindrance these piers would cause to the navigation would in-
evitably awaken the susceptibilities of all nations interested in maritime commerce and consequently
in the open sea. That would mean an international question that could only be decided with great
difficulty, admitting that it could be settled at all. :

. Therefore it can be easily understood that the Company for the bridge over the Channel conceived,
perhaps as an alternative, a project allowing the submersion of the bridge, which means its construction
at a depth of 48 feet below water, thus forming a roadway for a transporter wagon, the platform of
which would emerge about the highest tides, and which could carry four railway trains at once,
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Here most important technical objections were raised. The ereation of this submarine barrage
would certainly alter the course of the currents in the Straits and thereby those along the coasts, the
consequences of which it would be impossible to foresee ; it would perhaps mean that Dover or Folke-
stone on the English coast, Boulogne or Calais, and perhaps Dunkerque, on the French, would be irre-
mediably silted up.  The result of the slightest change on these shores, the smallest geological irregu-
larities of the bottom on the situation and height of the sandbank spread along the English and French
coasts, is too evident to those knowing anything about the Straits to believe in the feasibility of a sub-
marine barrage reducing by more than two-thirds its average cross section.

But this is not all. The preservation of this submarine bridge, which could not be maintained
nor even inspected, would be most difficult, if not impossible, to hope for. One wonders to what risk
of running off the rails the wagon rolling along would be exposed. It is also true that this wagon would
have been exposed to meet many other hindrances on its way. Without considering the danger that
would arise in case of a drifting wreck becoming entangled in the bridge, there is also the possibility
of a ship’s anchor let down in rough and stormy weather parting, as even the most solid of anchors have
been known to do, at the bottom of the Straits, dashing against the bridge, and obliging the ship to
abandon part of its chain, thus forming a most dangerous obstacle. Granted the said wagon were
sufficiently elevated and heavy enough not to be displaced by encounter with the waves, what can be
said of its chances of running foul of any obstacle? Two vessels having a clear course, and capable both
of manceuvring properly, very often have difficulty in not fouling each other in the Straits ; there are
guch instances every day. What would it beif some day a wagon unable to perform evolutions were
substituted for one of the boats ?

With regard to its utility for traffic, all idea of using it for passenger traffic would have to be aban-
doned. Passengers would avoid sea-sickness, but at the cost of considerable luss of time, including that
of embarking and landing. A wagon of this sort, weighing several thousand tons, with its supports
buried in the water, could certainly not be moved quickly by any means; its speed would be inferior
to steamers of verv moderate speed. Thus the erossing would perhaps take from one and a half to
two hours. DBesides the loss of time, what dependence could be placed upon the servies if two trains
could not, under the most favourable conditions, follow each other in the zame direction between France
and England in less than four hours ? There is no doubt at all that thiz would be a considerable draw-
back as compared to the present situation, when there are hourly departures in the morning from England
for France and Belginm.

One can understand the authors of this project. having to face such strong objections, going further
still in their schemes, and after having submerged their bridge to have abandoned it completely by
floating the wagon referred to, that is to say, by substituting simple ferrv-hoats, examples of which
are to be found working evervwhere, though in infinitely less difficult cireumstances. The ease in the
Straits is much more complicated on account of the frequency of the heavy swell and of the fall and
rise of the tides, attaining sometimes as much as 23 feet. We should travel beyond the boundariea of
our objeet by discussing the scheme of the ferry-boats. They do not appear to meet the same require-
ments as the Tunnel. One scarcely sees the necessity of shipping trainz on board ferry-hoats simply to
save the passengers the trouble of changing with their hand luggage. This scheme appears simply to meet
a question of economy for the loading and unloading of merchandise, and this is far from the main idea
that has guided all the men who have taken up the Tunnel question, the aim of which is to assure a land
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communication with England and France. Let us hasten to return to it by examining the political,
economical, and even military interest that this conception has in these days.

IL.

The disappearance of mistrust that existed between both countries, and the evident and indispen-
sable harmony that should exist to the interests of France and England, have recalled to men of progress,
on both sides, that a project, already thoroughly studied, had thus been adopted more than twenty years
ago by both Governments.

It is to be hoped that the opposition this project met with at one time will prove to have been only
accidental. English opinion, indeed, seems to be changing on this subject, and we could quote numerous
articles that have recently appeared in their magazines or reviews, where opinions are very clearly
expressed, that the Tunnel, far from proving a national danger for England, would on the eontrary be
very advantageous.

It is not on the French side of the Channel, where it is thought that the new situation in Europe
can but consolidate the Franco-British union, that the character of a military danger for England will
be given to the Tunnel.

It is not, however, useless to examine once for all what the past opposition means eoncerning the
English national defence.

The part the Tunnel would play in time of war with a Continental Power can be judged in different
ways and from very opposite points of view., We said previously that at one time English public opinion
had seen in the Tunnel a possible means of invasion. For us French people, who have been obliged to
study the problems of unexpected transport of troops in case of sudden surprizse, the danger of invasion
by rail through the tunnel cannot be considered seriously. It is not admissible that an attack like
this could be prepared without the invaded Power being put on its guard; but to us who know by
experience, alas! the difficulties with which embarking is surrounded, and particularly the landing
of troops, armaments, and baggage in secrecy, it is known also what impossibilities would encounter
the troops which, contrary to all expectation, might have been brought in secrecy to the English end
of the tunnel !

It would be sufficient to simply have the Tunnel watched by several trustworthy men to ensure
the impossibility of any penetration even by a few soldiers only, and two or three explosive mines placed
at the head of the Tunnel and lighted from a distance would be sufficient to block the end and prevent
any outlet on the English side.

But supposing these means of safeguard to be insufficient, conld train-loads of troops be dealt with
in England without stations and landing quays prepared in advance ? Tt would be nothing but con-
fusion, as the disasters during the war of 1870-71 proved to the army of General Bourbaki. The trans-
port of troops by rail is an extremely complicated undertaking. It demands a concentration of men
and rolling stock that it is impossible to conceal when it is a question of an important effective force ;
it requires security in transport, very easy to destroy in and beyond the Tunnel ; it requires a rapid
clearance at the arrival platforms impossible to obtain at the English stations that are situated beyond
the Tunnel and that have not been built for this purpose. The fear that the Tunnel would be made
use of for the introduction of an invading army is therefore perfectly chimerical.

Bat if all this be not sufficient, or apparently not sufficient, there is still hetter prevention :
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The British anthorities of twenty-five vears ago had made conditions (imagining perhaps that they
could not be realised) for the building of the Tunnel that it should be o0 constructed as to enable it to
be destroyed at will by the guns of the British fleet.  The solution to this original problem, which a prior:
seems insoluble, is found. It consists in making the Tunnel under the ground at one or the other of the
two maritime cliffs. at an angle accentuated enough to oblige a compulsory continuation of the line
above the shore by means of a large horse-shoe viaduet, bringing the railway on to terra firma in the
open air; such a viaduet would be a magnificent point de vue for tourists, and at the same time the
most perfect target imaginable for the guns of the British fleet, and onece destroyed it counld not possibly
be temporarily re-established. Should this be attempted, it could only meet with the same fate as its
predecessor,

Does not all this make it clear from a military point of view that England cannot continue to consider
the Tunnel as a means of future invasion ?

Bat it is also possible—and several well-informed minds in England have looked at this side of the
question—that the Tunnel would be a powerful element of snecess to the British arms in the event of
war with any Continental Power other than France, enabling England to forward relief to its allies
or, vice versd, to receive it. It is also well known that England draws from the rest of the world enormous
quantities of food products and perishable goods in exchange for the products of its extensive industry,
bt which ghe could not do without, It has been said—and Englishmen themselves have said it—that
thev would be obliged in time of war to divert a large portion of their fleet for the protection of their
mercantile marine carrving these goods.  If England could ensure a constant supply through the Tunnel,
all war vessels freed from this rile of naval convoy would become available for war purposes or for chasing
the enemy’s purveyors and merchant fleet.

The Tunnel thus, from a military point of view, can be eompared to a medal with two faces. Either
side can be chosen : either it can be absolutely annulled in the most certain, easy, and immediate way,
or in time of war it can be utilised as a powerful auxiliary for transporting provisions, thus freeing an
important contingent of British naval forees, while permitting the dispatch of reinforcements from either
side.

And. after all, was the military question the real motive which absorbed and dominated English
opinion when it decided against the Tunnel ?

Was not this opinion rather based on the fear of reducing the importance of the Navy, and at the
same time on prejudices. guite respectable, but which would not hold water if those who are imbued with
them were to consider them from a practical and not a sentimental aspect ?

Opposition was raized from this last point of view, as has already been said, from most unexpected
quarters ; it was a section of the aristocracy, literary and learned men of Great Britain. who considered
that England would cease to be anisland if it were accessible by even the smallest aperture.  As M. Leroy-
Beaulieu said in 1833, and as we observed ourselves just now, it is the literary and philosophical men
who were so much against the idea of England ceasing to be isolated, even though in times of peace one
could land there without having passed throngh the trying ordeal of sea-sickness. It seemed to them
that if this change took place all their traditions, old customs, their insularity, their originality, and even
their freedom would vanish ; and the military man followed the philosopher.” *

# L' Economiste Frangais, April 14th, 1853,




Far-seeing minds, however, are beginning to realise that it is high time for England to give up these
prejudices, and that it is not the invasion by other nations that is to be feared, but its own great isolation.

It is indeed true that the English people are isolated in their island, formed by geological phenomena
at the beginning of the present Geological epoch. The eloquence of statistics is necessary to show how
great thisisolation is from the rest of the Continent. These statistics prove that though the Englizh travel
about a good deal in their own country, they cross the Channel with much more diffieulty than other
nationalities cross their land frontiers.

Within the United Kingdom people make on an average more than thirty journeys a year, whilst
within the limits of their respective eountries the Frenchman makes only eleven, the German sixteen,
and the Belgian twenty-two. On the other hand, the crossings made by the English to the Continent
taken from the different routes, from Southampton to St. Male in the west, and from Harwich to the Hool:
of Holland in the east, give a total number of only 1,200,000 per annum, including the return journey ;
this in relation to the 39,000,000 (in round numbers) inhabitants of Great Britain (1903) gives a little less
than one journey on the Continent to each thirty inhahitants.

On the other hand, the French, who are said to be so indifferent about travelling, or rather that portion
of them residing on the Northern France Railway svstem, including Paris and bevond, amounting
from 10,000,000 to 12,000,000 inhabitants at the most, exchange with Northern Germany and Belgium
{nationalities even less given to travel than the French) more than 3,500,000 travellers, three times more
than the whole of England sends to Continental Europe.

Do not these fizures characterise the isolation of the English population, the only possible explanation
of which is to be found in the barrier made by the sea ¥

It seems impossible to us, looking at it from all points of view, either political. social, moral, or
economie, that such an isolation can be considered advantageous.

Politically, socially, and morally it is evident that the intercourse of nations by frequent inter-
communications must be the most powerful means by which they can know, appreciate, and, by the force
of example, perfect one another.

From an economic point of view people are beginning to realise that those nations whose merchants
and manufacturers, or their representatives, travel most abroad, are those whose commercial and manu-
facturing industries develop most. The nation which sends its commereial travellers most about is the
one which is surely destined to outrun the others whose representatives remain at home.

The English, however, so to speak, do not go out of their own country. We have said that the
number of travellers between England and the Continent does not exceed 1,200,000 a vear. Supposing
that no foreigner travels to England, it would be at most only 600,000 English who eross every year
tothe Continent. In reality there are no more than from 400,000 to 500,000, a most insignificant number.

If, on the other hand, we consult statistics, notably the Customs Statistics, for several consecutive
years, we ascertain that our business transactions with England do not progress with such rapidity
as they do with Belgium, and especially with Germany, that is to say, with those of our neighbours with
whom the contact between man and man is more actively developed.

To be convineed, it suffices to compare during an interval of ten years the business transactions
between our country and its two great neighbours, England and Germany.

It is stated that from 1805 to 1904, the last vear the results of which have been published by the
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franes (£76,600,000) to 2,219,000,000 francs (£38,760,000), an increase of 16 per cent., or on an average
16 per cent. per year.

During the same period our trade with Germany has grown from 793,000,000 franes (£31,720,000)
to 1,177.000,000 francs (£47,080,000), an increase of 47'5 per cent., or on an average nearly 5 per cent.
per year. theee times more than that with England.

These remarkable figures only confirm the impression we have always had when studying the
variations of traffic : the German immediately comes himself as soon as there is likelihood of business to
be done ; he does not hesitate to travel. Do we not see in summing up these figures the truth of a daily
fact, viz., that the number of international journeys from the Northern system from 1904-5 progressed
less than 10 per cent. in connection with England, while it has plainly progressed 15 per cent. with
Germany ?

Without doubt it is the dread of crossing that is the cause, for two reasons : first, because sea-
sickness 1s feared (we have seen sound business men having most important business on hand hesitate
about making the journey simply because they were bad sailors) ; secondly and chiefly, because from
the act of embarking and landing one must resign oneself to passing a sleepless night or else sacrifice
a whole or at least half a day to the journey. Either of these twe alternatives is often difficult for a business
man to face.

This is only truism, which, however, becomes of great importance when the international travellers
come to be analvsed. It is certain that no French or Belgian business man would now hesitate, even
for a question of relative modest importance, to go to Brussels or Paris, knowing that he can start in the
morning, dispose of five or six hours for business either at Paris or Brussels, and return home at night
under conditions that allow him to enioy complete rest and remain in an absolutely normal physiecal
gtate for continuing his usnal duties the next day.

This journey has been made possible on the Northern Railway, first between Paris and several large
towns sueh as Lille, Douai, Arras, Roubaix, Brussels, Antwerp, Litge, &ec., and after having rendered
it possible it has been made easier by a rather important improvement in the organisation of the trains ;
the result is shown by an increase in the number of travellers, much more important than that which
resulted from the reduction of rates, and at the end of a comparatively short time this was succeeded by
a corresponding augmentation in the conveyanee of goods.

The Tunnel would allow this enormous progression of intercourse between Paris and London.

By putting London at five hours distance from Paris the Tunnel would do much more than reduee the
present quickest route by two hours ; it would permit the great step in advance of a departure from either
of the two capitals at 8 or 9 a.m. with arrival at the other at 1 or 2 p.m., starting back again at
3 or 6 in the evening to return home between 11 o'clock and midnight.

Thus the train service between the two capitals would after the lapse of a few vears be doubled and
tripled, and the flow of business between the two countries would follow accordingly.

These are the practical considerations that should help Englishmen to decide in favour of the Tunnel.

No economical question can be feared for England from this Tunnel, as it can be positively affirmed
that no harm can happen to its mercantile marine.

Fiven to a superficial analyst it is evident that the relatively high rates that the passage by the Tunnel
will necessitate could only be afforded by passengers or for the conveyance of articles of great value but
of small compass either by express or goods train.  As it is, all this class of traffic is almost EKCIIJSi‘-‘Lj]Jr‘ in
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the hands of the railway companies on one side or other of the Channel, and it would be their own steamers,
few in number and not remunerative, that would suffer from this diversion of traffic, objections the
companies would be the first to make light of, as they would recover by the general growth of traffic
what they would lose by their steamers in consequence of the Tunnel.

The Englishmen who are well versed in these things have never looked at the question otherwise ;
we have seen it in the historical account that the Board of Trade (which corresponds in England to our
Ministry of Commeree) pronounced in favour of the construction of the Tunnel in 1870-1880. And it
12, again, the reason why in 1883 one of the men who had the greatest influence on British public opinion,
Mr. Bright, the old friend and companion in strife of Cobden, and Mr. Gladstone’s old colleague, one of
those who have most contributed to lead England into the path of economical reform, made a speech
at the Institution of Civil Engineers in London, in which with rare finesse and much judgment he
ridiculed the opposition that had just been formulated on the subject of the Tunnel. Far from celebrating
the silver streak as a national protection of England, he deplored the isolation of his country from the
rest of the world, caused by geological disturbance.

Sooner or later these ideas—so true as regards the real and practical interest of England—will
appear clearly to the majority. The movement is already beginning, and the time has perhaps arrived
to interest the general public in the practical realisation of the problem, to acquaint them with a few
details of the latest studies of which the submarine tunnel has been the object, to show them up to
what point these studies have been carried on, and that we are now in the presence of a definite
project which can be realised at any moment.

IIL

It is more or less well known what difficulties are to be met with in the boring of tunnels of great
length, and also the variety of problems that must be solved and the time and money spent before arriving
at the completion of such tunnels as the Mount Cenis (74 miles), the St. Gothard (9 miles), Arlberg
(6 miles), and the Simplon (12 miles). What obstacles would there not be in the boring of a tunnel of
not much less than 33 miles ?

it is obvious, however, that these difficulties would be quite unlike those met with in the Simplon,
the latest achievement—difficulties due to its length, to its low level, and the heat resulting therefrom,
the inundations arising from the diseovery of hot water springs, and to the nature of the ground. The
submarine tunnel will be three times as long as the Simplon, and the necessity of keeping to strata,
where infiltration is not to be feared, renders it a somewhat delicate problem. Difficalties would also
be met with in the elearing away of the débris, resulting from the great length of the Tunnel, and the
necessity of accomplishing this process by vertical hauling, identieal with that used in mines. But, on
the other hand, the ground will be much easier to bore and more regular, with practically no infiltration
to fear, if the boring be carried on in the proper strata, while the temperature from the depth of the
Tunnel (on an average 162 feet below the bottom of the sea) would not differ much from 10 to 12 degrees
Centigrade.

It iz obvious that if very useful lessons ean be learnt from the gigantic work of the boring of existing
tunnels and from the remarkable progress obtained in the industry of mines, particularly coal-mines,
for the sinking of shafts, piercing of galleries, and the raising of coal and débris to the surface, there
would still be some important problems to solve,
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The first and certainly the most important of all would be the necessity of working in the imper-
meable stratum, safe from any infiltration of sea-water. It can safely be said that the whole question
of the successful completion of the Tunnel lies in this possibility, the rest being accessory.

The first thing to find out, then, is whether thiz impermeable stratum really exists without a fault,
sufficiently thick and regular to allow of the construction of the Tunnel.

As has already been stated at the beginning of this article, the studies made before 1875, even
those of Thomé de Gamond himself, were not based on strictly scientific and geological examination
of the problem. The ahsolute necessity of establishing the tunnel in certain strata, deposited in a eertain
gealogical age, had not been sufficiently taken into consideration. The fixed idea seemed to be that any
inflowing of water conld be as easily mastered as in an ordinary tunnel. The French Company for the
submarine tunnel, founded in 1875, at once realised on the contrary that the construetion of the Tunnel
could only be possible if the strata under the Channel were of sufficient continuity of hardness and
impermeability.

Therefore its first thought has been to obtain the technical information as follows : —

(1) The geological study of the strata appearing on both the English and the French coasts
across the whole width of the Straits.

(2) The choice of the geological stratum in which the Tunnel should be hored.
(3) The fixing by experiments of the best form of boring operations in this stratum.

When studies were made of geological formations to the north of the Boulonnais (region of Bonlogne),
including the neighbourhood of Calaig, on the one hand, and that of Kent on the other, it was impossible
not to be struck by the complete parallelism of these two formations as regards the strata which starts
with Jurassie at the base and finishes with the Tertiarv. The consecutive order of the geological strata,
the structure of each layer, as much as regards its nature as the geological irregularities of which it has
been the subject after its formation, and prehistoric flora and fauna, all are identical and seem to show
that the two beds are portions of a country that was formerly continuous. The two cliffs, English and
French, two great sections of ground worthy of a museum, appear almost as reproductions of each
other ; one would think they were two proofs of the same negative. It seems as if it has only depended
on the chance of human events that we have not on the cliff of Cape Blane Nez the counterpart of Dover
Castle and the cliff with all its Shakespearian memories. Further on, at Folkestone, tamer and less
tragic in its memories, we find the replica of four Gris Nez cliffs, and the east side of Kent in the neigh-
bourhood of Deal runs parallel with the plains of Calais, while the beautiful roadstead of Dunkerque
and the sandbanks constituting the * Riden ” on the French coast are a continnation of the Goodwin
Sands sheltering the roadstead of the Downs, hardly less renowned in history.

Between these two great witnesses of geological identity of the English and French soils, what
ivstery does the sea hide from us with regzard to the nature of the bottom of the Straits ' Should wa
be right in considering the Straits as a simple furrow hollowed in the ground, or else compare 1f, on
the contrary, to the results ensuing from the huge stroke of an axe cutting through the continuity of
ground, imposing on the Company the most formidable task of working towards the unknown under
the zea ?

That is the first question the Company had to solve, and, thanks to the admirable work undertaken

on its account by a mission composed of two distinguished geological engineers, MM. Potier and A. de
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Lapparent, and thanks also to the strength of the tides, which keep the hottom of the Straits in a good
condition of cleanliness, undisturbed, except in a few places, by any deposit of sand, mud, or shells,
this question has been solved in the most complete way.

In 1876 and 1877 MM. Potier and A. de Lapparent took more than 7,000 soundings in the Straits,
not only ordinary soundings for discovering the depth of the water, but those in which the sounding
lead was replaced by a sharp-angled tube charged with a sufficiently heavy weight, so that in falling to
the bottom of the sea the tube was enabled to bring away a sample of it, a ‘ carrot ™ to use a technical
term, two or three inches long, sufficient in most cases to allow of geologically identifying the ground
from which the sample had been obtained.

Thanks to these soundings, 3000 of which are geologically accurate, MM. Potier and A. de
Lapparent have been able to continue the geological chart under the Straits with a precision almost
as great as their English and French colleagues had displayed in making geological maps of English
and French soil. The contours of these charts, showing the evenness of the different varieties of ground,
are found to be continuous without any flaw or break right across the Straits. The consecutive order
of the strata is reproduced throughount ; even the depth of the different layers met with is shown to
be relatively constant. In a word, all the stated facts only confirm the supposition that the Straits have
been hollowed at a comparatively recent period, and, going back to the beginning of the present Geo-
logical epoch, were cansed by powerful erosions and not by a breaking up of the ground.

Now it has been proved that amongst the seological strata of
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which are found in regular order, and formn the upper bed of the Cretaceous system, without faults, is
one, the Cenomaman, commonly called the Grey Chalk of Rouen (craie grise de Rouen), the study of
which in the elifis on both sides and in the numerous wells that had been sunk made it seem particularly
suitable for the passage of the Tunnel on account of its homogeneity, complete absence of eracks, perfect
impermeability, and firmness that would allow of comparatively easy working. It is this stratum,
averaging a depth of about 65 vards, that the geological studies, as they progressed, have shown more
and more clearly to be the best in every way for the proposed works. It was in it that the direct
experiment of submarine boring was tried and continued until March, 1883, by the French Company
under the direction of the eminent director of works, Mr. L. Breton, who is as equally illustrious as a
geologist as in the working of mines, and from whom it can be said that the geological formation in
the region of Boulogne holds no secret.

The direct experiments in this layer consisted in sinking on the shore at Sangatte a shaft to the
depth of about 65 yards below sea-level and of great diameter, and in starting from the bottom of this
shaft a gallery to be used for experimental purposes 2} yards in diameter, penetrating the before-
mentioned layer of Cenomanian Chalk for a distance of 1 mile 250 yards under the sea.

This gallery proved, on the one hand, the almost perfect impermeability of the stratum, and on
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the other the possibility of continuing the boring with a gradual increase of spexd until 410 yards a
month is attained—an inerease that would certainly be exeseded if Colonel Beaumont’s drilling machine
were used, an auger, which hollows out the chalk by a movement of continuous rotation, identically
the same as that used for the piercing of hard wood.

As we mentioned at the beginning of this report, similar studies and experiments were made in
England by the South-Eastern and Submarine Railway Companies, which led exactly to the same
conclusions as to the existence of this Cenomanian stratum, its thickness, hardness, impermeability,
and the possibility of its safe working.

Added to this, the conscientious studies made by Mr. L. Breton since 1879, more than twenty-five
years ago, in the region of Boulogne and in Kent still further confirm these results. They have proved
that the layers of chalk exist without dislocation or out-throw, and have revealed largely curved bands
without a break.

On the oceasion of these studies, new examinations have been made recently by Mr. G. F. Dollfus,
one of the principal contributors to the geological map of France. They deal with a certain number
of soundings made at different times on both sides of the Straits, either in search of eoal or for other
objects,  Mr. Dollfus stated at the meeting of the Geological Society of France, November 19th, 1906,
that whenever these soundings took place the Cenomanian stratum was identical in structure and thick-
ness, without the slightest variation, and that consequently il 1t is possible to go through this bed for
the whole way without being obliged to pass through another, it can certainly be reckoned that the
Tunnel can be bored withont any risk of surprise.

It 1s also the decided opinion of English geologists, and one of the most eminent, Sir Archibald Geikie,
told us so recently, confirming the quasi-certitude of provisions made in 1876 and 1877 by MM. Potier
and A. de Lapparent, that the bed of Cenomanian Chalk was quite regular and even across the whole width
of the Straits, and that he did not anticipate any trouble in this direction.

The choice of a hard, continuous, and impermeable bed of sufficient thickness being settled, how
can the Tunnel be bored in this laver, which seems placed there ready by nature to show us the means
of re-establishing the land communication which formerly existed between England and Franee ?

The cross section of the Tunnel itself should next be decided. Should it be a single tunnel containing
both tracks, or, rather, should it be composed of two distinet tunnels, one for each track ?

The latter solution is recommended as the more prudent. Infaet, all over the Straits a minimum
thickness of 44 to 55 vards of the impermeable chalk can he counted upon, and there is every reason to
believe that this expectation will be realised ; but even with such a thickness it would perhaps not he
very wise to drive a double track tunnel, which would necessarily be oval, from 50 to 33 feet wide and 20 to
23 feet hizh. We should thus have in the Grey Chalk an arch, above which there would remain a bed
the thickness of which would be rather uncertain and could not be more than a few yards, while it would
possibly have to und.rgo a relatively considerable pressure, since that pressure might attain to 200 or
300 Ibs. per square inch. To adopt such a solution would certainly involve some risk, and it would be
infinitely preferable to construct two parallel circular tunnels, having each from 18 to 20 feet in diameter,
separated by a distance of 17 vards, not reacting, therefore, on each other as regards the resistance of the
bed, but minimising the cause of dizlocation, thanks to their eireular shape, which is unquestionably the
hest as far as resizstance to inside and outside pressure is coneerned.  The two tunnels would communicate

by means of transversal galleries very near to each other, every 110 yards for instance, thus keeping the






' an slraight line : e,
- b
L s i
7 ¥t O e Al
4 1| Sechion !

I '
Ebﬂneﬁhﬂg Fﬂgrﬂr

Dr:ma e

".':- J)J}J,J‘.IJ‘.

-;-." “- nawnage h m"
R




33

two tunnels in close connection with each other. The cross section of the tunnels being thus definitely
arrived at, it is necessary to choose between two solutions : either to provide for the draining of infiltration
waters through the main tunnels, or to place the water-draining gallery quite apart thercfrom.

The first solution presents one great disadvantage : it would necessitate the adoption of a saddle-
shaped section for the longitudinal seetion of the Tunnel; this means that the Tunnel would have its highest
point in the centre of the Straits with its two lowest points on the coast in order to colleet the infiltrated
water at the two points from where it would have to be pumped out and thrown again into the sea.
It is also from these two low points that the Tunnel would emerge. This would mean elongation of
the line, and give rise to gradients which would reach the maximum possible with the electric traction
that would certainly be adopted.

Such an inconvenience would suffice to reject a priori the first solution ; and it is for this reason that
Mr. L. Breton did not hesitate to recommend and adopt the second solution, viz., a draining gallery
quite independent of the Tunnel itself. This solution would be all the more justified as the draining
gallery would at the same time be used to construet the Tunnel and carry away the débris. From this
point of view the consideration of the length of time necessary for the carrying out of the work prohibits
the adoption of the first solution, in which but a single opening could be provided at each side of the
Straits, starting from the low points situated on the shores. The length of time required would therefore
depend on the speed of boring a double gallery of the maximum section, that is to say, that the works
would have to be carried out experimentally, since information to hand at the present time apply only
to a gallery having 2 yds. 1 ft. 8 ins. diameter, viz., 4} square vards section in round numbers, while the
horing of a double gallery having a section nearly ten times larger would have to be faced.

It iz on account of the above reasons that the first solution should be rejected and the second adopted,
a golution in which the longitudinal section with its lowest points on the shore will be reserved for a special
gallery used first for the boring and then for the draining of infiltrated water during the whole period of
working of the line ; for both these uses it will suffice to provide for a section about as large again as that
of the known and already tested gallery, bringing it to about 10 feet diameter in round numbers. When
onece the shafts have been sunk it is from the lowest points of this gallery that the work would be begun.
With the exception of the first few miles of the Tunnel bored from the shafts already sunk as starting-
points, it will be from this gallery that cross branches of the same section will be driven to join the align-
ment of the main Tunnel, from various points of which the work will be started so as to construct the
permanent Tunnel by successive sections meeting one another underneath the sea.

We will deal further on with the conditions of this work.

When, owing to the provision of a special gallery, the Tunnel is freed from the necessity of drainage,
it will only keep its saddle-shaped section for a few miles in its central part; it will then proceed by
increasing declivities, ranging doubtless from 0 to 3 inch per yard.

We therefore have now sufficient data as far as eross and longitudinal sections of the tunnel are
concerned.

We also know that the work will be started through the draining gallery, which will also serve as a
driving gallery ; we know that this draining gallery will start from the lowest point under the solid
ground where the infiltration water will be collected at the end of the shaft or shafts, and through which
will be carried away débris and water during the construetion of the tunnel, and through which also will
be continued the exhaustion of infiltration water during the working of the line.
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The longitudinal section that should be given to the draining gallery is perfectly known and fixed by
Mr. Breton’s very ingenious studies, which may he summed up as follows : —

Supposing we proceed with the draining gallery already constructed from the centre of the Tunnel,
in this central and elevated part, the amount of infiltrated water to be disposed of would perforce he nil.
If we admit that the amount of water penetrating into the Tunnel is invariable in each yvard of the gallery,
the nearer we approach the French coast the more infiltration water must be drained, increasing pro-
portionally in quantity according as the distance increases from the middle of the Straits. Therefore
the draining gallery should have an inereasing discharging capacity, which will reach its maximum
when we arrive at its termination at the lowest points of the shaft, where the water will be collected and
taken up to the surface.

Now what is the discharging capacity of any gallery? That capacity depends firstly on the
section of the gallery, and secondly on its declivity. To change the section of our gallery is prac-
tically impossible, because it will probably be bored by means of a drilling machine more or less
similar to Colonel Beaumont’s, giving invariable circular section from one end to the other ; and further
because during the tunnelling it will be used for the carrying away of the débris; this would require
a minimum section for the passing of workmen and locomotives, a section which will be about the
same as the one made by the drill. It is therefore on the second factor, i.e., that of declivity,
that we must depend as much as is necessary in order to increase the discharging capacity of the
draining gallery. This will therefore start from the point where it will leave the Tunnel at a slight
declivity of 1 in 2,000, which will increase gradually to its maximum of about 1 in 50 when arriving
at the lowest points.

This determination being arrived at would certainly result in the laying out of the galleryin plan,
could we but know with abzolute certainty the form of the Grey Chalk bed in which the line should
he maintained. Leaving the alignment of the Tunnel within 1} miles from the central point of the
Straits, the gallery would go further and further away from it in proportion as the level of the Tunnel
and the level of the gallery differed, the gallery sinking and the Tunnel rising. In order to admit of
this divergence of levels,we should have to avail ourselves of the general declivityof the beds to the north;
the alignment of the gallery would thus bear more and more to the north, while that of the Tunnel would
be directed more to the south.

Not knowing with absolute certainty the position of the underground strata, the drainage gallery
would have amongst other advantages that of allowing it to be tested. As concerns the choice of location
for the horing of the shafts in the ground, the facilities required for this boring should first be taken into
consideration. The difficulty will be to avoid as much as possible the superficial sand bed on which the
village of Sangatte rests, These shafts should be hored to the bottom of the Grey Chalk ; then the
thickness of the chalk should be ascertained at the chosen boring points. The boring should then zo on
according to the theoretical direction of the draining gallery, and as soon as 110 or 164 yards of gallery
have been made, ¢.e., after about one week’s work, a boring above and below should be made in the
chalk in order to ascertain the exact position of the gallery in the bed. A week later similar borings should
be made and repeated every week, that is to say, every 130 to 164 vards. When any of these consecutive
borings show that the gallery is getting too near to either the upper or lower limits of the chalk bed,
indieating that the bed has not the exact formation bypothetically attributed to it, the alignment would
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have to be modified accordingly without altering the theoretical section in order to come back to the
general position which it is important to keep. The drainage gallery would thus become more or less
sinuous. But this is of little importance. It would not hinder the flow of water, nor would it interfere
with the free passage to the gallery of the small electric trains which would be used to remove rubbish
and for the conveyance of the men.

Before beginning to drive the Tunnel proper, the character of the stratum will thus have bheen
ascertained, and inspection will be continued through every cross branch which, as the driving of the
gallery goes on, will lead towards the line of the permanent Tunnel, thus determining by successive
tests each intermediate point, so that the Tunnel may be exactly at the right depth to secure a good
section.

How many intermediate branches, therefore, will be necessary ¥ That is to say, how many separate
intermediate starting points must be attacked ?  This question may be said to depend npon the maximum
lapse of time fixed for the carrving out of the works. From the data we have at hand at the present
time, data which the progress of science and notably the use of electricity can only render more favourable,
it is not out of the way to hope that the drainage gallery mav be driven at an average rate of about
22 yards per day, that is to say, 131 yards per week or 4 miles per annum.

It is therefore, theoreticallv, after four years and a half that it will reach the point where the central
part of the Tunnel begins, namely, at 154 or 16 miles in round figures from the station of Wissant on the
French coast.

If, thanks to acquired experience, we suppose that the Tunnel according to its definitive section
will be driven at a rate of speed of not less than one-third of that reckoned for the drainage gallery itself,
it will take one year in round figures to reach the central point of the Tunnel.

Meanwhile we shall, as the drainage gallery is continued, have started the intermediate branches
proceeding to the definitive aliznment of the Tunnel, and from each end of these branches have started
the boring of the Tunnel, advancing always according to its definitive alignment and section. The
number of these intermediate branches will vary aceording to the rate of epeed taken in the boring of
the Tunnel at its definitive section. Thus seven branches will be necessary in case [under the worst
supposable conditionsz) the driving of the Tunnel is carried on at the rate of 5} yards per day oniy. say
a quarter of the time used for the drainage gallery ; six will be required if that speed is T4 yards, and
only four if it is 11 yard=; but in any case, thanks to those branches and the driving of the Tunnel

hrough several simultancous openings, it may be stated that the speed of completion of the Tunnel is
practically independent of the time it will take to bore it ; that it depends only on the speed of driving
the drainage gallery, and that, after the experiments carried out by Colonel Beanmont’s machine, it
will very probably take 41 to 5 years to drive the Tunnel, starting from the moment of the boring of
the first shaft of the draining gallery, that is to say, from 6% to 7 vears in all.

This process of carrying out the work by means of intermediate branches, so advantageous as far
as driving in the chalk bed and quickness of work are concerned, will present mary problems rather
interesting to solve. That of transport. for instance, which will have to be earried on through the
drainage gallery; removal of déhris, convevance of the workmen and machinery ; all these will have to
take place inzide the gallery by means of a small underground 2 feet gauge electric railway, which, in
the most active period of its traffic, will have to carry away not less than 4,000 tons of rubbish per day,
representing about 100 trains a day in each direction, added to the conveyance of at least 1,200 people
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corresponding to the return journevs of the workmen and staff from the several opening points. This
stafi will be divided into three, most probably four, gangs, so as to secure the continuity of the work :
1,200 people and 4,000 tons of rubbish per day, covering an average distance of 6} miles, represent a
traffic which many railways of loeal or even general interest would envy.

This will not exceed its limit of capacity, but it will certainly, including as it does the
hoisting of men and rubbish, present a working problem of great intensity and of no small
intercst to solve.

Thus, thanks to the scientific progress made in the last twenty years, to the improvements which
will no doubt be made in the drilling machines, thanks to the utilisation of electric traction for the
removal of rubbish, to the use of high-speed rotary pumps driven by electricity for the exhaustion of
infiltration water collected into the shafts ; thanks also to minor progress such as the use of the telephone
and electric light, the boring of the Tunnel and draining gallery will not take more than from 41 to
b years after the completion of the auxiliary and preliminary works, the most important of which will
be the laying of tracks to carry away the rubbish and the boring of large diameter shafts similar to
colliery shafts.

On the French shore the boring of shafts will be one of the difficulties to be met with by the Engineers
superintending the works in charge.

These difficulties will be minimised by choosing a place outside the Quaternary sands which cover
the chalk and by using the same methods for piercing the chalk which proved so satisfactory to Mr. L.
BEreton when boring the shafts. At all events, it will be possibie, as foreseen by Mr. Breton, to have
recourse to congelation and perhaps to cementation. Those borings will not be very expensive, since
they will not require more than from 1,000,000 to 2,000,000 francs (£40,000 to £80,000), but they will
take a long time, not less perhaps than two vears.

At the same time, as the sinking of the necessary shafts is taking place. in spite of the fact that the
two existing shafts will be utilised, it will be necessary to lay tracks to carry away the rubbish ; this
would be done by laying a special temporary line and also putting in the definitive junction line which
will conneect the Tunnel to the existing railway from Calais to Boulogne.

Regarding junction lines, recent studies have shown that the route sketched out in 1881 could
be notably improved.

That alignment, starting from Calais and following the shore up to Wissant, described a very long
curve and finally entered the Tunnel near Strouanne ; this meant a course of 12} miles to be added
to the journey from Boulogne to Calais for the transit from Paris to London.

Instead of that considerable detour, and owing to the new point chosen to enter the Tunnel, a little
to the south of Cran d'Ecalles, the junction will branch off at Beuvrequent, pass very near Marquise,
and end almost on a straight line at Wissant, where the Custom House office and sorting station would
be established, and where the change of engine will take place, the electric engine proceeding to the
siding, and the steam-engine for hauling the train to Paris being simply attached to the tail of the train,
which thus becomes the head without any shunting or loss of time.

The part of the line in the open will not be of a difficult or expensive nature, except the viaduct,
which will precede the entrance to the Tunnel, and which, in order to meet British military objections,
may possibly be established so as to be within reach of the fire of a fleet commanding the Straits. That

o

part would have a length of 82 miles only ; its gradients would not exceed 1 in 160. So that, in the
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direction of Paris, one would never meet the long gradients of 1 in 125 which are now experienced on
the line from Boulogne to Calais beginning at the gradient of Caffiers.

The substitution of a length of 8% miles instead of 20} will save nearly 4,000,000 francs. Regarding 3?,,'3{:35!
the time from Paris to London, the saving will be far greater, inasmuch as 20 miles will be saved, corre-
sponding to a reduetion in the gradient of two millimetres per metre, say 1 in 500. This would mean a
great advantage.

As to connections with Delgium and Germany, the position would hardly be changed. At any
rate, it would be easy, when so desired, to replace the junction line to Calais necessary for the trains
going to and from that point by a branch line of about five miles direct from Wissant, and
which, through a tunnel of 1} miles only near Wadenthum, would emerge near Pihen on the line
from Boulogne to Calais, thus saving to the trains from Germany, Belgium, &c., the detour
throngh Marquise.

In short, the progress made by science and industry since the interruption of the Tunnel works, Completion
more particularly as regards the use of electric traction, and the results of recent studies both on the Tyt
formation of the strata to be traversed and on the loeation of junction lines and approaches of the
Tunnel, will certainly allow the time necessary for the completion of the Tunnel to be reduced to seven
or eight years, and save a very considerable amount of money as compared with the expense caleulated
at the start. At any rate, this progress should convinee us that not only is the work of the submarine
tunnel a realisable, but even a relatively easy one, and that it may be carried out with the fullest

confidence in its ultimate success,

IV.

It now remains to give some data concerning the commercial aspect of the enterprise and the nature Commereial
and importance of the traffic it would have to meet. Unguestionably, this point is a very delicate one, DI
upon which it is perhaps more difficult to express an opinion than it is on the technical point.

However, a short examination and a few figures may give some idea of the considerable interest
that the enterprise presents.

In the present state of things, relations between England and the Continent are, as previously 139,000,000
explained, very little developed, so far as passenger traffic is concerned. Not more than 1,200,000 pas- lﬂ:ﬂtftl? e
sengers in round numbers travel by all the competing routes, although there are on the one hand a
population of 39,000,000 inhabitants in Great Britain, and on the other hand a Continental population
of over 100,000,000, taking only France, Italy, and Central Europe into aceount. It is unquestionably
to the fear of * crossing the water
France, representing with her neighbours Holland and the northern part of Germany served by the
Cologne railroad about 50,000,000 inhabitants, the number of annual passengers exceeds 4,000,000,

Let us suppose that, as by a fairy wand, the Tunnel were established to-morrow. What attractive spg Foutes.
effect would it exercise on the 1,200,000 passengers ? The attraction would be the greatest on the sea
routes which, used at the present time, are the nearest to the Tunnel; it is obvious that the Tunne!
would take up almost all the passengers on the lines from Boulogne and from Calais ; but it is possible

that thiz small exchange of traffic is due, inasmuch as between

that it may take up but few passengers from the Southampton to St. Malo line. Between these two
extreme points all those intermediate would be grouped.
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For instance, if it is admitted that there will be
0 per cent. of passengers via Calais and Boulogne,

70 .. of passengers via Dieppe,
50, only of passengers vig Ostend,
20 o of passengers via Flushing, and
B .. only of passengers from the other routes,

there wonld at onee be a efientéle of 900000 passengers for the tunnel.

But supposing, however, that instead of the Tunnel being completed in one day, 1ts construction
was only decided upon to-morrow, it would only be after six years, or more likely seven vears, that the
line could be worked. Then the importance of traffic would show an increase. From what we learn
by past statistics, the progress is 50,000 passengers per annum in round numbers; therefore the present
900,000 passengers would in seven vears number 1,200,000,

This is a minimum. It is guite certain that the existence of land communication would raise the
traffic between England and France to a more normal rate, nearer to the one we find between France and
Belgium. While not expecting, during the first vear of the working, that we should get a traffie that
would give us not only 1,200,000 but from 5,000,000 to 6,000,000 passengers, still there is no doubt that
the reality would range between these two extreme figures, approaching the second one within a few
years,

Bo far as goods traffic is concerned, the cliestlle of the Tunnel has been valued at very different
figures, ranging from 1,500,000 tons (figure given in 1883) to 5,500,000 tons (figure given in 1889).

It is extremely difficult to give an aceurate opinion on this point. It is certain, however, that
should the Tunnel exist, it would secure the traffic of the 600,000,000 francs (£24,000,000) of high-
priced articles quoted in the 1902 Custom Statistics and taxed ad valorem. The Tunnel could also rely
upon a minimum of 50,000 to 60000 tons sent by express goods train.  But what about those by goods
trains ¥ Doubtless it would take up onlv a small part of the latter, leaving the greater portion to the
sea route, where the freights are low. Its only traffic, so far as slow goods train is concerned, would
no doubt be limited to goods of the so-named * first class 7 and perhaps some of the * second class.™*
At any rate, it is obvious that, taking into consideration the inecreased traffic resulting from time and
the development of relations between the two countries, traffic cannot fail to be considerable.

At a'l events, it is certain that both as regards passengers and goods the Tunnel will be remunera-
tive ; but it is equally true that, at least at the heginning. the traffic will by no means be an extremely
heavy one.

Taking into consideration the inequality of traffic in both directions, which never balance eack
other at any time, also the variation in traffic from one time to the other in the course of the year, it may
be reckoned that at the most 20 to 30 passenger trains and 30 to 40 goods trains will go through the
tunnel every day altogether.

These figures, of course, correspond to the working of a moderate traffic, which we quote only to
show that there iz a considerable margin so far as the eapacity of the Tunnel is concerned, and that
the fears expressed by some optimists as to the possibility of conveying all the traffic offered are
faneiful.

* Fifth and fourth elass English classification.
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CoNCLUSION.

In concluding, it may be said that there can be no possible doubt as to the technical success of The Peace of
the enterprise, or as to the economic advantages it would bring to the commerce and industry of both e Woall
countries, and also in helping to develop that friendly intercourse so essential to maintain the equilibrinm
of Furopean Powers, and with it the peace of the world.

It is only to be hoped that British public opinion of to-day is more enlightened than it was twenty-
five vears ago on the true position of this great question, and that at last in the course of a few years
willing men on both sides of the Channel may be able to meet in the middle of the Straits, 110 yards
below the average sea-level, to seal by a fraternal embrace the sympathy of two peoples made to under-

stand and help each other.
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APPENDIX.

FProject adopted on the 30k May, 1876, by the Fater-
nalional Commission of the Sulsnarine Rﬂﬁ'u'u_ﬂ; “ o
serve as a basis for the Treaty to be concluded betiween
France and England concerning the Channel Twunnel
and sulimarine enterprise.”

Projet adopte le 30 mai 1376 par la Commizsion Infer-
nationale du Chemin de Fer Sous-marin “ Pour servir
de base ai fraile @ conclure entre la Franee ef T _f!mﬂg-
terve velativement & Pentreprise du Tunnel et du Chemin

de  Fer Sous-marin.”

THE undersigned, the Commissioners appointed
by the Governments of Great Britain and France to
consider the conditions upon which the two Govern-
ments should, by means of a Treaty for that purpose,
come to an understanding with respect to the proposed
Tunnel and Submarine Railway, met at Paris from
the 28th of January to the 5th of February, and at
London from the 22nd to the 30th of May, 1876,
After having conszidered and discussed the various
questions to be dealt with in connection with this enter-
prise, they submit to the two Governments the accom-
panying Memorandum, which they recommend should
be adopted as the basis of the proposed Treaty between
Great Britain and France with regard to the said
Tunnel and Railway.

LES Commissaires soussignés, nommés par les
Gounvernements de France et de la Grande Bretagne
pour examiner i quelles conditions les denx  Puissances
pourraient s'entendre, par le moyen d'un Traité spéeial
relativement au projet du Tunnel et du Chemin de Fer
Sous-marin, se sont réunis 4 Paris du 25 janvier aun
b février, et & Londres du 22 an 30 mai, 1876.

Apris avoir examiné et discuté les diverses ques-
tions qui se rattachent i cette entreprise, ils viennent
soumettre aux deux Gouvernements le projet ci- joint
quils proposent pour servir de base au Traité & con-
clure entre la France et I'Angleterre relativement &
l'entreprise du Tunnel et da Chemin de Fer Sous-marin.

(Bigné)

H. W. TYLER. Cu. GAVARD.

C. M. KEKNEDY. . KLEITZ.

HORACE WAT=ON. A. e LAPPARENT.

Ci. GAVARD. H. W. TYLER.

C. KLEITZ. C. M. KENNEDY.

A. b LAPPARENT. HORACE WATSON.
Memorandum, Projet.

1. The boundary between England and France in
the Tunuel shall be half-way between low-water mark
(above the tunnel) on the coast of England, and low-
water mark (above the tunnel) on the coast of France.
The said boundary shall be ascertained and marked
out under the direstion of the International Commis-
sion to be appointed, as mentioned in Article 4, before
the Submarine Railway is opened for public traffic.

1. La frontitre entre " Angleterre et la France dans
le tunnel sera fixée au milien de la distance séparant
la ligne des basses eaux (au-dessus du tunnel), sur la
eote d’Angleterre, de la ligne des basses eaux (au-
dessus du tunnel) sur la cite de France. Avant la
mize en exploitation du Chemin de Fer Sous-marin,
la susdite fronticre sera déterminée et tracée sous la
direction de la Commission Internationale qui sera
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The definition of boundary provided for by this article
shall have reference to the Tunnel and Submarine
Railway only, and shall not in any way aflect any ques-
tion of the nationality of, or any rights of navigation,
fishing, anchoring, or other rights in, the sea above the
Tunnel, or elsewhere than in the Tunnel itself,

2. The French section of the Submarine Railway
shall be constructed, maintained, and worked in
conformity with the French laws and with that of the
2nd August, 1875, in particular, subject to the pro-
visions of the Treaty to be concluded between the
two Governments. The English section of the Sub-
marine Railway shall, subject to the provisions of the
Treaty to be concluded between the two Governments,
be constructed, maintained and worked in accordance
with such conditions as Her Majesty may by Order in
Council hereafter impose in connection with the under-
taking of the said Company (as specified in the
Channel Tunnel Company, Limited, Act, 1875), with
such, if any, modifications as may hereafter be made
by Act of Parliament.

3. Within five years from the 2nd of August, 1875,
the French Company shall be bound to conclude an
agresment in writing with an English Company, and
reciprocally the English Company shall be bound to
conclude an agreement in writing with a French Com-
pany, with a view to the construction, maintenance,
and working of the Submarine Railway.

This term “ Submarine Railway ™ applies through-
out the present Protocol to the Tunnel, to the Railway,
and to all the works connected therewith, such railway
being bounded in France by its junction with the rail-
way from Boulogne to Calais, and in England by its
junctions with the South-FEastern and London, Chatham
and Dover Railways.

This term does not include the works mentioned
hereafter in Article 16.

4. There shall be constituted an International
Commission to consist of six members, three of whom
shall be nominated by the British Government and
three by the French Government,

The International Commission shall advize the two
Governments on all questions relating to the construc-
tion, the maintenance, and the working of the Sub-
marine Railway, and shall have power, on giving
notice to the respective Companies, to make such in-
spections as they consider necessary, and the Com-
panies shall be bound in every way to facilitate such

(1205)
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instituée ainsi qu'il est dit & 'Article 4.  La définition
de frontiére faizant I'objet du présent Artiele s’appli-
quera uniquement au Tunnel et an Chemin de Fer
Souz-marin ; elle n’aura ancun effet relativement aunx
questions de nationalité, de droits de navigation, de
péche, et d'ancrage ou antres droits sur la mer aun-
dessus du tunnel ou ailleurs due dans le tunnel méme.

2. La section Francaise du Chemin de Fer Sous-
marin sera construite, entrenue, et exploitée conformé-
ment aux lois Francaizes, et notamment & celle du
2 aont, 1875, sous réserve des dispositions du Traité
4 conelure entre les deux Gouvernements. La section
Anglaise du Chemin de Fer Sous-marin sera, sous
réserve des dispositions du Traité & conclure entre les
deux Gouvernements, construite, entretenue, et exploitée
conformément anx conditions que Sa Majesté pourra,
dans la suite par un Ordre en Conseil (by Order in
Couneil) imposer relativement & entreprise de la dite
Compagnie (comme cela est spicifié dans * The Chan-
nel Tunnel Company, Limited, Act, 18757), avec
toutes les modifications qui pourront y étre introduites
ultérienrement par Acte du Parlement.

3. Dans un délui de cing ans & partir du 2 aoit,
1875, la Compagnie Francaise sera tenue de passer un
contrat avec une Compagnie Anglaize et, réciproque-
ment, la Compagnie Anglaise sera tenue de passer un
contrat avec une Compagnie Francaise en vue d'exé-
cuter, d'entretenir, et d’exploiter le Chemin de Fer
Bous-marin.

Cette dénomination de Chemin de Fer Sous-marin
g'applique, dans tout le présent Protocole, au Tunnel,
4 la ligne et & tous les ouvrages et immenbles qui en
dépendent, la dite ligne ayant pour limites, en France,
sa Jonction aver le Chemin de Fer de Boulogne &
Calais, et en Angleterre, ses jonctions avec les Chemins
de Fer Bouth- Eastern et London, Chatham, and Dover.

Cette dénomination ne comprend pas les travaux
mentionnés i " Article 16 ci-apris.

4. Il sera institué une Commission Internationale
composée de six membres, dont trois seront nommdés
par le Gouvernement Anglais, et trois parle Gouverne-
ment Francais.

La Commission Internationale donnera son avis aux
denx Gouvernements sur toutes les questions relatives
i la eonstruction, & Pentretien, et 4 lexploitation du
Chemin de Fer Sous-marin. Elle aura le droit, en
donnant avis aux Compagnies respectives, de faire
toutes les inzpections qu'elle jugera convenables, et
les Compagnies devront faciliter ces inspections de

-
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inspections, and to cause their delegates to be
present.

Each Company shall render annually to its Govern-
ment an account of its receipts and expenses in such
form as the Governments shall approve, after hearing
the International Commmission, and shall, if required,
afford to its Government the necessarv facilities for
comparing such accounts with the books of the Com-
pany.

If at any time any difference shall arise between the
two Companies as regards the construction, mainten:
ance, or working of the Submarine Railway, such
difference shall be settled by the two Governments
after having taken the opinion of the International
Commission, subject to such legal actions as the Com-
panies may bring in conformity with the Conventions
concluded between them and with the legislation of the
two countries,

The Commission shall meet at all times when it shall
conzider it convenient to do so, and at least twice in
each vear. Tt shall also meet at any time at the re-
quest of either Government., But no meeting shall
be walid unless there be present at least two members
appointed by each Government. If at any meeting
of the International Commission the members present
of the one nationality shall differ in opinion from the
members present of the other nationality, reference
shall be made to the respective Governments.

The International Commission shall report every
vear to the respective Governments, both upon its
own proceedings and upon questions connected with
the Submarine Railway. 1t shall, moreover, submit
to the two Governments its proposals for Supple-
mentary Conventions with respect—

{a) To the apprehension and trial of alleged criminals
for offences committed in the Tunnel or in trains which
have passed through it, and the summoning of wit-
nesses,

i) To Customs, police, and postal arrangements,
and other matters which it may be found convenient
so to deal with.

5. On the completion of the Submarine Railway,
the International Commission shall cause it to be
inspected as they may see fit on behalf of the two
Governments, and after such inspection, and on
receiving from the International Commission their
recomimendation in writing, but not before, the Sub-
marine Railway shall be opened for traffic.
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toutes maniéres et s'v faire représenter par des
déléguis,

Chaque Compagnie présentera i son Gouvernement
un compte annuel de ses recettes et de ses dépenses,
sous la forme qui sera approuvée par les Gouverne-
ments, la Commission Internationale entendue ; ef, &
elle en est requize, elle devra fournir & son Gouverne-
ment les facilités nécessaires pour la comparaison de
ces comptes avec les livres de la Compagnie.

Toute difficulté entre les denx Compagnies, relative-
ment i la construction, & lentretien, et & I'exploitation
du Chemin de Fer Sous-marin, sera tranchée par les
denx Gouvernements, sur I'avis de la Commission Inter-
nationale, sous la réserve des actions juridiques que
les Compagnies pourraient exercer conformément aux
Conventions conclues entre elles et & la législation des
deux Etats.

La Commission se réunira, toutes les fois qu'elle le
jugera convenable, et au moins deux fois par an.
Elle se réunira aussi & toute époque, i la demande
de I'un on 'autre des Gouvernements. Maiz elle ne
pourra délibérer valablement quautant que denx
membres, au moins, de chaque nationalité seront
présents. 8§, & une réunion de la Commission Inter-
nationale, les membres présents d'une nationalité
sont d'une opinion contraire i celle des membres
présents de I'autre nationalité, il en sera référé aux
Gouvernements respectifs,

La Commission fera, chaque année, un rapport aux
denx Gouvernements, tant sur ses propres travanx
que sur les questions qui se rattachent au Chemin de
Feor Sous-marin.  Elle soumettra, d’ailleurs, aux deux
Gouvernements ses propositions pour des Conventions
supplémentaires relatives—

{a) A Iarrestation et an jugement des aceusés pour
délits commis, soit dans le tunnel, soit dans des trains
v ayant circulé, et i la citation des témoins.

{h) Aux dispositions de douanes, police, et postes,
et autres matiéres que I'on jugera utile de traiter.

5. Aprés l'achévement du Chemin de Fer Sous-
marin, la Commission Internationale fera procéder de
la maniére qu'elle jugera convenable, et au nom des
Gouvernements, 4 I'inspection du Chemin de Fer Sous-
marin. Aprés cette inspection et sur la remise d'un
avis favorable de la dite Commizsion, consigné par
éerit, et non auparavant, le Chemin de Fe: Sous-marin
ponrra étre liveé i Uexploitation.
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6. One set of regulations shall be applicable to the
Submarine Railway as a whole ; the regulation to be
subject to the approval of the two Governments on the
recommendation of the International Commission ;
the tariff of maximum charges shall be fixed in accord-
ance with the Tariff hereto annexed.

7. Each Company shall be responsible for keeping
in good and substantial repair the portion of the Sub-
marine Railway situated within its own country ; and in
case of default, the two Governments, on the recom-
mendation of the International Commission, shall
have power, each in its own country, to execute, as
may seem right, all necessary works and repairs. The
two Governments shall also have power, each in its
own country, to receive all moneys payable to the
Companies, until the expenses of such works and re-
pairs are covered. These moneys shall be collected
in each country in accordance with the existing laws.

8. The concession granted by each Government shall
be for a term of ninety-nine years from the opening of
the Submarine Railway. At the date fixed for the
termination of the concession, or at an earlier period,
in the event of the forfeiture of the concession, pro-
nounced in the manner laid down in Article 10 below,
each Government shall become possessed of all the
rights of the Company, established on its territory,
in and over to the Submarine Railway in such country,
and shall enter immediately into enjoyment of all the
revenues of the Company.

The Company, in each country, shall be bound to
hand over to the Government in a good state of repair
the portion of the Submarine Railway in such country.

During the five years preceding the date fixed for the

end of the concession, the Government of each country

ghall have the mght to receive the revenues of the
Company established in its own country, in order to
apply them to the maintenance of the said portion,
unless the Company takes steps to carry out this en-
gagement fully and entirely.

With resard to the rolling stock, moveable, and
stores of all kinds, the furniture and tools of workshops
and stations, each Government shall be bound, at the
request of the Company established in its own country,
to take all the above-mentioned objects at a valuation
which shall be made in such manner as may be pro-
wided by the laws of the country ; and, reciprocally, if
the Government requires it, the Company shall be
bound to give up, under the same conditions, the roll-
ing stock and other things above mentioned.

(1205)

6. Une série de réglements devra étre appliquée au
Chemin de Fer Sous-marin dans son ensemble. Tes
réglements devront étre approuvés par les deux
Gouvernements sur l'avis de la Commission Inter-
nationale. Le maximum des prix sera déterminé
conformément an tarif ci-joint.

7. Chaque Compagnie sera responsable du maintien
en bon état d’entretien de la portion du Chemin de
Fer Sous-marin située dans son propre pays, et, & son
défaut, les Gouvernements, sur 'avis de la Commission
Internationale, auront le pouvoir, chacun dans leur
pays, d'exécuter, comme ils le jugeront convenable,
tous les travaux et réparations nécessaires. Ils auront
également le droit, chacun dans leur pays, de percevoir
toutes sommes payables entre les mains des Compag-
nies respectives, jusqu'a concurrence des dépenses des
dits travaux et réparations. Cette perception ze fera,
dans chaque pays, conformément aux lois existantes.

8. La concession sera accordée par chaque Gouverne-
ment pour une période de 99 ans, & partir de la mise
en exploitation du Chemin de Fer Bous-marin, A la
date fixée pour I'expiration de la concession, prononeée
dans les formes prescrites par I'Article 10 ci-aprés,
chacun des Gouvernements sera mis en possession de
tous les droits que la Compagnie établie sur son terri-
toire posséde sur le Chemin de Fer SBous-marin dans ce
pays, et entrera immédiatement en jouissance de tous
les revenus de la Compagnie.

La Compagnie, dans chaque pays, sera tenue de livrer
au Gouvernement, en bon état d’entretien, la portion
du Chemin de Fer Sous-marin située dans ce pays.

Dans les cing années qui précéderont la date fixée
pour I'expiration de la concession, le Gouvernement
de chaque pays aura le droit de percevoir les revenus
de la portion du Chemin de Fer Sous-marin dans son
pays pour les appliquer i I'entretien de la dite portion,
si la Compagnie ne se mettait pas en mesure de satis-
faire pleinement et entiérement 4 cette obligation,

Quant an matériel roulant, au mobilier et aux
approvisionnements de toute nature, aux appareils et
outils garnissant les ateliers et les stations, chaque
Gouvernement sera tenu, sur la demande de la Com-
pagnie établie sur son territoire, d’acquérir le: objets
ci-dessus désignés, suivant une évaluation qui sera
faite conformément aux lois du pays ; et, réciproque-
ment, si le Gouvernement le demande, la Compagnie
sera tenue de livrer, dans les mémes conditions, le
matériel roulant et autres objets ci-dessus désignés,

F 2
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The Government, however, will only be bound to
take over the stores necessary for working the railway
for six menths from the end of the concession.

9. The works of exploration shall be commeneed
within one vear from the 1st July, 1876.

If within five years from the 2nd of August, 1875,
the concessionnaires have not been able to conclude
the agreement referred to in Article 3, or if, in con-
of the result of the borings and other pre-
works, they recognise the impossibility of
out the undertaking, the Companies shall
have the right of abandoning the concessions.

Within five vears from the 2nd of Aungust, 1875,
each Company 15 to declare to its own Government
whether such Company proposes to retain the conces-
sion, This period of five vears can, however, on the
application of the Company, be extended in either
country by the Government, at its discretion, for three
further vears, that is to say, for eight vears from the
Mnd Ausust, 1875,

In defaunlt of such declaration having been made by

SEqUence
paratory
carrying

either Company within the above periods, and also
if either Company should declare its intention of
abandoning the undertaking, the concession to the
Company making such default or declaration shall be
considered as null and void ; and action ghall be taken
in accordance with the provisions of Article 10. If
one of the two companies abandon its concession, the
two Governments shall consult as to the measures to
be adopted, without the other Company being entitled
to raise any objection or to lay claim to any indemnity.

Twenty vears, to date from the day on which the
Company shall declare its intention to retain the
concession, shall be allowed for the completion of the
Submarine Railway and the opening of the zaid rail-
way for public traffic,

10. At the expiration of each of the periods men-
tioned in the preceding Article the Companies shall
cease to have the right to commence or to execute the
works which should have been commeneced or executed
within the period which has so expired, and if at any
time after the works have been commenced the Com-
panies shall for a period of one vear, without such
cause as the respective Governments, after hearing
the International Commission, may consider reason-
able, cease to carry on the works, and if the Sub-
marine Railway be not opened for public traffic before
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Toutefoiz, le Gouvernement ne sera tenu d'ae-
quérir que les approvisionnements nécessaires pour
I'exploitation pendant six mois, & partir de Pexpiration
de la concession.

9. Lestravaux d'exploration devront étre commen-
cés dans un délai d’un an & partir du 17 juillet, 1876.

5, dans un délai de cing ans 4 partir du 2aoit, 1875,
les concessionnaires n'ont pu réussir i passer le contrat
mentionné dans I"Article 3, ou =i, par suite du résultat
des sondages et antres travaux préparatoires, ils re-
connaissent I'impossibilité de donner suite i Pentre-
prise, les Compagnies auront le droit de renoncer anx
concessions.

Dans un délai de cing ans & dater du 2 aoht, 1875,
chaque Compagnie devra déclarer i son Gouvernement
si elle a lintention de conserver la concession. Ce
délai de cing ans pourra néanmoins sur la demande
de la Compagnie et =i le Gouvernement le juge con-
venable, étre prorogié, dans chaque pays, de trois an-
nées, ce qui portera sa durée totale & huit années a
partir du 2 aoit, 1875,

Fante par I'une ou l'autre Compagnie d’avoir fait
la déclaration dans le délai ci-dessus mentionné, et
aussi dans le cas od I'une ou Pautre des Compagnies
déclarerait qu'elle a 'intention d’abandonner Ientre-
prise, la concession accordée 4 la Compagnie qui se
serait placte dans 'un de ces deux cas sera considérée
comme nille et non avenue, et il sera Pmmédé conformi-
ment aux dispositions de " Article 10.  8i une senle des
deux Compagnies renonce & la concession, les deux
Gouvernements aviseront aux mesures 4 prendre sans
que I'antre Compagnie soit admise i élever aucune
réclamation ni & prétendre & ancune indemmité.

Vingt ans, 4 partic du moment ou la Compagnie
aura déclaré vouloir conserver la concession, seront
accordés pour Pachévement du Chemin de Fer Sous-
marin, et la mise en exploitation du dit Chemin de Fer.

10). A Pexpiration de chacun des termes mentionnés
dans I'Article précédent, les Compagnies cesseront
d'avoir le droit de commencer ou dexécuter les tra-
vaux qui auraient du détre commencés ou exdcutés
dans la périede expirée ; et, i toute époque aprés le
commencement des travaux, siles Compagnies cessent,
pendant une période d’un an, sans un motif jugé val-
able par les Gouvernements respectifs, la Commission
Internationale entendue, de poursuivre les travaux,
et gi le Chemin de Fer Sous-marin n'est pas mis en
exploitation avant I'expiration de la période de vingt
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the expiration of the period of twenty years mentioned
in the preceding Article, or if at any time the Com-
panies, without such canse as the respective Govern-
ments, after hearing the International Commission,
may consider reasonable, cease for a period of six
months to work the Submarine Railway, in conformity
with the rules laid down by their Governments, then,
and in any of such cases, the concessions granted to
the company in fault shall be liable to forfeiture, which
forfeiture shall be enforced aceording to the laws for
the fime being of each country respectively.

The forfeiture can only be pronounced by a Govern-
ment against o Company after the necessity of that
forfeiture has been recognised by the joint agreement
of the two Governments on the recommendation of the
International Commission.

11. Each Company may, at any time during the
construction of the works, abandon its concession, on
proving to the satisfaction of its Government the im-
possibility of continuing the said works.

In such case, forfeiture shall be declared and
enforced according to the provisions of the Law grant-
ing the concession in France or of the Act of Parlia-
ment in Great Britain.

12. At any time after the end of thirty years from
the opening of the Submarine Railway, each Govern-
ment shall have the right to purchase the undertaking
of the Company established on its territory. This
right shall not, however, be exercised excepting after
a joint agreement between the two Governments,
and after six calendar months’ notice in writing has
been given to the Companies. In the event of pur-
chase, the rights of each Government in and over the
soil, works, and undertaking shall be limited to its
own territory, as defined in Article 1,

13. The amount of the purchase-money in each
country shall be determined as follows, under the
supervision of the International Commission .—The
net receipts of the Company during the seven years
immediately preceding the year in which the purchase
is effected shall be ascertained ; the two vears of mini-
mum receipts shall be excluded, and the mean of the
annual net receipts during the other five years shall be
taken. That mean net receipt will form the amount
of an annmity to be payable to the Company for the
unexpired term of the concession, or, at the option of
the British Government, for the purchaze of the
English concession, the basis of the caleulation of a
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années mentionnée dans I'Article précédent, ou si, &
toute époque, les Compagnies, sans un moti’ jugé
valable par les Gouvernements respectifs, la Com-
mission Internationale entendue, cessent, pendant une
période de six mois, d’exploiter le Chemin de Fer Sous-
marin, conformément aux rigles preserites par ces
Gouvernements ; alors, et dans un quelconque de ces
cas, celle des Compagnies qui aura été en faute encourra
la déchéance, et il sera procédé & cette déchéance
suivant la législation en vigueur i ce moment dans
chaque pays.

La déchéance ne pourra étre prononcée par un
Gouvernement contre une Compagnie que lorsque la
nécessité de cette mesure aura été reconnue d'un
commun accord par les deux Gouvernements, sur
I'avis de la Commission Internationale.

11. Chague Compagnie pourra, & toute époque,
durant Pexécution des travaux, renoncer an bénéfice
de la concession, dans le cas on impossibilité de con-
tinuer les dits travaux serait divment constatée par le
Gouvernement dont elle relive,

Dans ce cas, la déchiéance sera prononcée, et il sera
procédé conformément aux stipulations de la Loi de
Concession Francaize ou de I'Acte du Parlement Britan-
nigque.

12. A toute époque aprés la trentiéme annde &
partir de la mise en exploitation du Chemin de Fer
Sous-marin, chaque Gouvernement aura le droit de
racheter I'entreprise de la Compagnie établie sur zon
territoire. Toutefois ce droit ne pourra étre exercé
que d'un commun accord entre les deux Gouverne-
ments, et'aprés un avis donné par éerit aux Compagnies
six mois pleins d’avance. En cas de rachat, le droit
de chaque Gouvernement sur le sol, les travaux, et
I'entreprise sera limité i ce qui existera sur son propre
territoire, comme il est défini & "Article 1.

13. Le prix de rachat dans chaque pays sera
déterminé de la maniére suivante, sous le contrile de
la Commission Internationale : On relévera les recettes
nettes obtenues par chaque Compagnie pendant les
sept années qui auront précédé celle on le 1achat sera
effectué ; on en déduira les produits nets des deux plus
faibles anndes, et I'on établira le produit net moyen
des cinqgautres années. Ce produit net moyen formera
le montant d’une annuité qui sera payée i la Compag-
nie pendant chacune des années restant & courir sur la
durée de la concession ; ou, anchoix du Gouvernement
Anglais, pour le rachat dela coneession Anglaize, ce pro-
duit moyen formera la base du caleul d'un capital repré-
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capital sum representing the value of the annuity at
the time of purchase.  In any case the amount of the
annuity to be s0 payable, or which is to form the basis
of such ealeulation as aforesaid, is not to be less than
the amount of the net receipts during the year im-
mediately preceding the vear of purchase.

Fach Government is to provide and pay the
annuity or capital sum which will be due to the Com-
pany established on its terntory.

The Company shall receive, in addition, the pay-
ments to which they may be entitled at the date fixed
for the expiration of the concession in accordance with
paragraph 4 of Article 8,

14. The working and maintenance of the Sub-
marine Railway after either the purchase or the ter-
mination, or the forfeiture, of the concession in either
country, shall be provided for by a Bupplementary
Convention then to be made between the two Govern-
ments.

15. Each Government shall have the right to sus-
pend the working of the Submarine Railway and the
passage through the Tunnel whenever such Govern-
ment shall, in the interest of its own country, think
necezzary to do so.  And each Government shall have
power, to be exercized if and when such Government
may deem it necessary, to damage or destroy the
works of the Tunnel or Submarine Railway, or any
part of them, in the territory of such Government,
and also to flood the Tunnel with water. If any of
the powers of this Article are exercised by either of the
Governments, then and in every such case neither the
other Government nor either of the Companies shall have
any claim to any other indemnity or compensation
than the following: If any such power is exercised
during the term and eurrency of the concession to
either Company, the period of concession to such
Company is to be extended for a term equal to that
during which the working of the Submarine Railway
has been suspended in consequence of the exercize of
any of the powers mentioned in this Article. If any
such power is exercised before the expiration of the
period during which the French Government has
engaged not to grant any rival concession, the term
of this period shall be extended in like manner as that
of the concession,

Fach Government, however, reserves to itself the
right, il it should think fit, to grant to the Company
established in its own country, but not to the Company
established in the other country, such compensation
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sentant la valeur de la dite annuit? au moment
durachat. En aucun ecas, le montant de l'annuité
ainsi payvable ou devant former la base du caleul
ci-dessus  indiqué, ne devra étre inférieur au
montant des produits nets de Tannée qui aura
précédé immédiatement celle du rachat.

Chaque Gouvernement devra pourvoir au payement
de annuité qui sera due & la Compagnie établie sur son
territoire.

La Compagnie recevra, en outre, lez remboursements
auxquels elle aurait droit & Pépoque fixée pour l'ex-
piration de la concession, selon le paragraphe 4 de
I"Article 8.

14. Lors du rachat, de lexpiration ou de la
déchéanee de la concession dans chaque pays, T'ex-
ploitation et 'entretien du Chemin de Fer Sous-marin
seront assurés par une Convention Supplémentaire i
intervenir entre les denx Gouvernements.

15. Chaque Gouvernement aura le droit de sus-
pendre 'exploitation du Chemin de Fer Sous-marin et
le passage i travers le Tunnel, quand 1l jugera con-
venable de le faire dans I'intérét de son propre pays.
Chaque Gouvernement aura aussi ledroit, pour I'exercer
gquand il le jugera nécessaire, d'endommager ou de
détruire en totalité ou en partie les travaux du Tunnel
ou du Chemin de Fer Sous-marin sur son propre terri-
toire, comme aussi de noyer le Tunnel. Tans le cas
de la mise & exéeution par I'un des Gouvernements
de I'un des droits mentionnés dans le présent Article,
'autre Gouvernement et aucune des deux Compagnies
ne pourront prétendre & d’autre indemnité on compen-
sation que la suivante: 81 le droit susdit est exercd
durant la période de concession faite & I'une des deux
Compagnies, le terme de la concession faite & cette Com-
pagnie sera prorogé d'une période égale & celle pendant
laquelle 'exploitation du Chemin de Fer Sous-marin
aura été suspendue en conséquence de I'exercice de
I'un quelconque des droits mentionnés dans cet Article.
Si le méme droit est exered avant I'expiration de la
période pendant laquelle le Gouvernement Frangais
s'est engagé A n'accorder aucune concession con-
currente, le terme de cette période sera prorogé comme
celui de la eoncession.

Chaque Gouvernement se réserve d'ailleurs le droit
d’accorder, 8'il le Juge i propos, i la Compagnie établie
dans son pays, mais non i la Compagnie établie dans
Iautre pays, les compensations qui lui sembleront
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for, damage actually done by its order to the works of
each Company as such Government may in its dis-
cretion think proper.

16. Works for purposes of defence, and such other
works as may be required by either Government, shall
be executed by each Company in accordance with the
laws for the time being in force in the country where
such Company is established.

17. It is understood, as regards the use of the Sub-
marine Railway, that equal facilities shall be afforded
in the formation of trains, in the running of carriages
and wagons, and in the tramsport of passengers,
animals, and goods of every description, whatever
may be the points of departure or of destination, and
whatever may be the routes followed.

18. The provisions of the Treaty to be concluded
ghall not come into force before they have been sanc-
tioned by the Legislatures of the two countries.

C. E. A. pE L.

HeW. T Cu. G.

H W. C. M. K.
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convenables pour les dommages causés par son ordre
aux travaux de cette Compagnie.

16. Les travaux défensifs ou autres demandés par
I'un des deux Gouvernements seront exécutés par les
Compagnies respectives, en conformité des lois existant
dans chaque pays i I'époque de lenr exécution.

17. Il est entendu, en ce qui concerne le service du
Chemin de Fer Sous-marin, que les mémes facilités
seront accordées, soit dans la formation des trains, soit
pour la circulation des voitures et des wagons, soit
pour le transport des voyageurs, des animanx et des
marchandises de toute nature, quels que soient les
points de départ on de destination et quelles que soient
les routes suivies,

18. Les dispositions du Traité i conclure n'entre-
ront en viguweur quaprés qu'elles auront été sane-
tionnées par les Législatures respectives des deux pays

C. M. E. HWT
Ca. G. H. W.
A pE L. o K.

Pour copie conforme.
H. b LAFAULOTIE.
H. Avstiy LeE.
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THE CHANNEL TUNNEL AND NATIONAL DEFENCE.

By General SIR WILLIAM BUTLER, G.C.B,

Tue Channel Tunnel has come hack to us after a sleep of twenty-five years, and so have the old night-
mares and gobling of that time. There is nothing surprising in the recrudescence of these apparitions.
Fear is an incurable prepossession.  Against it reason and argument are unavailing. Man must have
his bogey, and no man insists upon his right to that inheritance more persistently than the Englishman.

Had the Tunnel from Dover to Calais been made in the eighties, several millions of men, women and
children would by this time have passed through it, and the journey under the sea would have become
as much a matter of commonplace business as a trip in the “ Tuppenny Tube * from Notting Hill to
Oxford Street.

Every age is destined to have its particular bogey. In the thirties and forties it was the railroad,
a line from London to Portsmouth being, 1 believe, the chief bogey. It is said that there is in the War
Office archives a document from the hand or brain of the Great Duke himself, declaring his opinion that
a railroad from Portsmouth to London would dangerously facilitate the movement of a French Army upon
the English capital ! The bogey of the sixties was the Suez Canal. * What!™ cried the prophets of
pessimism, ** Cut the Isthmus of Suez, and enable a ship to pass from the Mediterranean into the Red Sea.
Then good-bye to British supremacy in the East.”

The more you are able to prove that the particular project is practicable in an enginezring point of
view, the more hopeless will be your chance of persuading the bogeyite that his fears are groundless.
When at last the canal has been eut, or the railway is made, and it is found that the world still goes on
as before—except that there has been a great increase in the comfort and convenience of the general
public—everybody exclaims: *“ Why was not this grand work done sooner ? ¥  But the bogeyite 1s
not a bit abashed. He merely transfers his attention to other fields of enterprise, and he scans the
horizon of civilisation for the appearance of a new enemy.

Fear will always be phalanxed in front of human progress, and behind fear there will be many
redoubtable things drawn up, echeloned, to prevent the flanks being turned—vested interests, monopolies,
greeds, lusts, possessions and prejudices, The bogeymonger has many allies, and the costumes in his
theatrical wardrobe are as numerous as they are varied. Nevertheless, he is invariably beaten in the
end—a long end, but inevitable. The engineer wins at last—he spans the river, he widens the thorough-
fare, he builds the embankment, he pierces the mountain, he severs the isthmus. For the past forty years
Germany, France and I[taly have been boring tunnels under the Alps, and nothing terrible has happened.

The strange thing to note about these bogies is that they are always directed against works of utility.
Anything in the domain of destruction would appear to be hailed by the bogey builder with enthusiasm.
A new explosive, a projectile that will carry from Dover to Calais would evoke his unqualified support.
Optimism is always bestowed upon things bellicose ; but in the ways of peace and its projects the bogey-

man is a pessimist. For an expedition to Tibet or a war in Uganda bogeyism will devote millions of
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money (not its own, however) ; but in the cause of anything that would promise to bring the separated
nations into bonds of closer knowledge, amity and common purpose—against that he will declare himself
ready todie in the last ditch (could he not make it the first ?). These people are the Dr. Sangradoes of
empire. Hot water and blood-letting for the general public ; keep the nations at loggerheads and bleed
the taxpayers—that is the recipe,

Now, if sea power means anything, it means that it could knock into bits the entire area in which a
tunnel under the sea emerges upon the land surface. It can command both ends of such a work, and
destroy both ends, even if there were not a dozen other ways and means of destroying them or rendering
the Tunnel inoperative for use. One could comprehend the existence of panic in Paris, or that even the
French people generally might feel alarm at the proposal to tunnel the Straits of Dover. [t might be
possible for a British flect to capture the Continental end by a coup de main, and place the twenty odd
miles of the submarine road in British hands., And then ? Well, then, of course, we would all proceed
by train to Paris and conquer France,

Well.  We had possession of Calais for more than two hundred years ; and we held, too, by right of
inheritance, about half the entire surface of France. Yet we never conquered France, even in the
Plantagenet days when we were able to fight her single handed.

The French people are not afraid of this Tunnel, and they are right. It is of interest to note that
the thing that happens after any of these great engineering works have been carried into effect is, nine
times out of ten, exactly the opposite of what the bogey-mongers had predicted,

The Russian railway across Siberia was to be a * menace to the Far East.” Tt was to bring about
the triumph of the Muscovite on the Pacific shores of Asia.” 1In reality, it produced the total collapse
of Russia in that part of the world, The Suez Canal, which was to have been a “ distinet danger to our
Eastern Empire,” has, in reality, proved its sheet anchor. What may he the engineering difficulties
mn the way of the construction of a Tunnel under the Straits of Dover: what effect might be produced
upon the vrade and commerce of Great Britain ; what financial results would be likely to ensue from
the realisation of this great project; or what return might be anticipated upon the cost of its construction ?
—these are all fair and legitimate subjects for the fullest consideration and discussion.

Let them be exhaustively examined and debated. They may be found to afford cogent reasons
for rejecting the propesal. But do not let this great field of a possible con quest by the genius of man over
the rude forces of Nature be prematurely closed and abandoned, because of old-world fears or prejudices—
the belated offspring, begotten in the days when the cocked hat and grey riding coat of Napoleon, stucl
upon a stick on the coast of France. were desmed sufficient to frichten all Europe from its propriety,

, W. F. B.
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MILITARY FEARS DISPELLED,

By Major-General SIR ALFRED E. TURNER, K.C.B.,

Late [napector-General, Auxilinry Forces,

It must doubtless appear to favoured individuals blessed with the faculty of exercising broad
views upon matters terrestrial, that the majority of those who object to the creation of the Channel
Tunnel, upon the grounds that its existence would constitute a military menace to this country,
and that it would destroy our insular position and alter our geographical situation, have
not been endowed with any considerable share of the sense of proportion. To assert that two small
borings 18 feet in breadth and height and 36 feet apart, extending for twenty-four miles through the
bowels of the earth, underncath the sea, and issuing on the French and English coasts by equally
exiguous orifices—on our side completely dominated by artillery fire from opposite heights which,
moreover, must be like mines, supplied artificially with air—can constitute a facility for the invasion
of England, seems a conception too complicated for any person of normal comprehension to grasp.
To many it will seem that the guestion is not essentially a military one at all, and that if the existence
of the Tunnel can be shown to be fraught with advantages to the country, commercial and otherwise,
all that remains is for the Government to direct the naval and military authorities to devise plans for
the best and quickest way of rendering it useless and innocuous in case of the extremely remote contin-
gency of war with France.

It is believed that the vast majority of the Navy in no way regard the Tunnel as a danger, or as
likely to increase the burden of its responsibility for the defence of the country, nine-tenths of which
already rests upon its shoulders. Much has been said of the almost general Military opposition tothe
scheme., This hostility has been greatly overstated. The scheme possesses no terrors for a large
number of Army officers who, being on full pay, are necessarily constrained to desist from expressing
their views on the subject. Naturally thos: who opposed the Tunnel twenty-four years ago adhere
to the opinions which they then expressed, from which it would be hard, indeed, to stir them, and
doubtless also thev still cling to the recommendation of Sir Archibald Allison's Committee, which in
1832 suggested that a large fort, with a permanent garrison of 8,000 to 10,000 men, costing as to its
construction £1,500,000 to £3,000,000 and as to its annual upkeep £500,000, should be constructed to
cover the English orifice. A fitting parallel to such a precaution would be that of a head-keeper who
placed a dozen good guns to cover a couple of adjacent rabbit holes.

But, surely, it is out of reason to assert that the Army could not make the country safe, as far as
its rile is concerned, in the event of the Tunnel being constructed. If, however, the ridiculous
proposition be assumed, that the Army is incapable of earrying out such a task, then, as Mr.
Francis Fox, the renowned Engineer, has appositely said, the defence of the Tunnel should be
handed over to a committee of business men, who have a large stake in the country, and whe, at no

cost whatever to the public, and with a civilian staff and operators, could effectually forestall all imagin-
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able dangers. Mr. Gladstone once asked a great Military authority whether the idea really existed
in the minds of some persons that * England could be invaded by means of a pinhole.” One might
almost add that it would be easier for a camel to pass through the eye of a needle than for an invading
force to make an irruption upon our shores through the Channel Tunnel.

Again, it has been asserted that it is not so much an attack through the Tunnel that nE.L.d be
dreaded as the sudden invasion of England in the ordinary manner by an enemy who would proceed
to seize the English end of the Tunnel, and then utilize it for his own purposes. Such irruptions cannot,
however, be made without warnings ; and, if we allow that they might be attempted without a formal
declaration of war, they would certainly be preceded by those strained relations which have ever been
the precursor of hostilities, and which would suffice to put all our ports and garrisons on the most acute
qui vive, and render such surprise impossible. I notice that a distinguished officer has mentioned as
a matter of surprise the outbreak of the Franco-German War in July, 1870. In a military sense there
was no surprise whatever. The French wltimatum was rejected by the King of Prussia on July 15th.
On the following day the French Emperor issued orders to mobilize the Army, and similar orders were
given by King William on the 15th July. The frontier was not crossed by the Germans till a fortnight
later, and there was nothing like a serious collision till August 2nd, when the combat of Saarbriicken
was fought.

Again, it is premised that a fleet of French ships might land a force at Dover under cover of a dense
fog, and capture the Tunnel. It iz not, however, suggested how the darkness in which the enemy also
would be enveloped owing to the fog is to be lightened, nor how, in such a condition of obscurity, he
could land troops enough to carry out their fell purpose.

The further suggestion that Dover, and with it the Tunnel, might be handed over to an enemy
through bribes and treachery does not seem to merit sober consideration. I am not aware of any
instance in the Military history of our country in which an attempt to betray has ever been made by
officer or man, and the suggestion that such infamy has suddenly become possible appears to be quite
unnecessary and unfounded. People of calm judgment will not forget that if the pessimists had been
allowed to have their way the Suez Canal would not have been made. Lord Palmerston and others
predicted that it would be a ** serious danger to our Indian Empire.”

Another curious argument has been used—that the existence of the Tunnel would be a serious
blow to our over-sea carrying trade, and to our lines of railway running to the South Coast, as well as
to the connecting sea services with France. But the cost of passage and freight by the Tunmnel will
be higher than that over-sea vid Dieppe and other routes, as are now those vid Dover and Calais, or
Folkestone and Boulogne ; and as the traffic on the latter routes by no means takes away from that
on the former, so we may rest assured that the cheaper fares and freight will be adopted just to the
jame extent as now.

It is not, however, upon financial or commercial grounds that I venture to enunciate opinions in
favour of the Channel Tube. I leave that to others much more competent than myself. All T am
anxious to show is, that knowing well the exact site at which it is proposed that the twin tubes should
1zsue into the open, I am firmly convineed that there could not be a scintilla of danger to us from the
existence of the Channel Tunnel. Not only, as before stated, would the orifice be completely com-
manded by the Western Heights, but, without any serious destruction, the mouth of the Tunnel could
be effectively blocked by mechanical contrivances, or the tubes could be made to emerge on a viaduet
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far above the level of the ground, so that the destruction of the viaduct would prevent all chances of
trains coming out of the Tunnel, except to unutterable anmihilation. If this were not considered
adequate, sections of the tubes could be flooded without difficulty and without permanent injury to
the railway. A quarter of a century ago the country was supposed to be guarded by the medinm of
a button, by pressing which the Tunnel would be actunally destroved by explosives. In this idea the
possibility of accidental explosions was involved, and it was argued, and rightly argued, that the re-
gponsibility of pressing a button, which act would result in the wholesale destruction of many millions
of property, was too great to put upon the shoulders of any one man. Most people will, no doubt,
agree that if such a deed of ravage and ruin were even a remote possibility, it would be wiser to have no
Tunnel at all. But, as a matter of fact, there is no reality in the supposed existence of the momen-
tous little button, nor in that of the lethal chambers of death-dealing explosives with their awful
potentialities,

It must likewise be borne in mind that the tubes would, like mines, be ventilated by artificial
means, which could be at any moment arrested, with the certainty of asphyxiating every living being
in the Tunnel. It would thus seem clear, that an attempt to use the Tunnel for purposes of invasion
would be infinitely more deadly to the assailants than to the assailed.

The English end of the Tunnel would open out between two lills, and the French Military
Staff—who have surely quite as strong grounds as ourselves to feel nervous as regards this
sibmarine communication between the two countries

scont the idea of its being used for purposes
of invasion by either country. They point out, moreover, that railway transport is a most delicate
and difficult matter, and that it is impossible successfully to carry it out, unless special and detailed
arrangements have been made for detraining, without which co-ordinate coneentration is impossible.
Surely no one will be so unpatriotie, and so much of a real * little Englander ™ as to assert that our
Military authorities would be less wide-awake and less able to prevent and crush such compensation,
than would be the French on their side of the Channel! To meet all possible apprehensions on our
part, the French promoters are, however, prepared to construct their portion of the work in such a
manner that the line, before entering the Tunnel on the French side, shall make a curve on a high viaduet
erected parallel to the seashore, so that it should at all times be exposed to the fire of British warships
in the Channel. This shore structure could thus be easily demolished, and the Tunnel rendered un-
approachable and, therefore, utterly useless. All objections to the existence of the Tunnel thus appear
to be, as termed by the French, the purest enfantilage.

Lastly, with regard to the argument that if the French made a successful invasion of this eountry
the Tunnel would prove of great value to them, there is nothing to be gainsaid, except this, that if such
successful invasion by France, or any other nation, were accomplished, it could only be possible after
the destruction of the Navy and the loss of our command of the sea, which would imply also the loss
of our food supply, and our inevitable submission. It is certain that no nation would attempt the serious
invasion of our eountry till it had secured the command of the sea, nor is it likely that any Power would
be so insane as to malke a raid of, say, 10,000 men upon our shores.  If such a proceeding were attempted,
the result would inevitably be a repetition of the disaster that befel General Humbert’s brave little
foree at Ballynamuck in 1798, For the purpose of creating panie, discomfiture, and some loss and
destruction, is it likely that any foreizn Government would commit bodies of their troops to certain
annihilation and capture ?
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If the Navy should really consider that the existence of the Channel Tube involved any decrease The National

of our sea power, and that it was outside the capabilities of our land forces to guard its exit, the question
must come to an end, for the former is not only the means by which we remain a first-class Power, but
in war our very existence would depend upon its maintenance. Three-quarters of our wheat and
flour, half our meat, a large part of our fruit and vegetables, and all the tea, coffee, cocoa, sugar, rice,
sago come from abroad. The annual import of foreign food is reckoned at 14,500,000 tons, of which
9,500,000 tons consist of different kinds of corn. The total amount of wheat and flour consumed is
5,700,000 tons, and of this only 1,360,000 tons is home produced.

This question of food supply involves the greatest danger that Great Britain can be called upon
to face.* Captain Stewart Murray, making use of the inquiries of Mr. Charles Booth and Mr. Rowntree,
has estimated that of our population of between 42,000,000 and 43,000,000, 25,000,000 are urban or
collected in large populous centres. Of these, there are :—

(2) In poverty, supported on wages of 23s. a week or less, 7,675,000.
(b) In comparative comfort, supported on wages of 23s. to 50s. a week, 12,875,000.
Upper and middle classes, 4,450,000.

A war with a European Power would at once mean reduction of our imports and exports, want
of employment, reduction of our food supply, and great rise in the price of food, and consequent dis-
tress, hunger and starvation. The effects of this would first fall upon our huge proletariat and property-
less elass, who, when their wives and children began to starve, would rise, and by means which
would not be disregarded, force the Government to sue for terms. This terrible condition of things
is highly improbable but not impossible in case of war. It is reckoned that there is never more than
" five to six weeks’ supply of food in the United Kingdom.

Let us suppose such a growth of sea power in another nation that it endeavoured to wrest
from us the command of the sea. Tt would be at onee the enemy’s object to strike us in our most tender
spot—attacking by means of fast cruisers our merchantmen, while the bulk of our Navy was employed
in endeavouring to destroy that of the encmy. Our greatest trouble and danger—restriction of our
food supply—would immediately arise, and, supposing that we were on terms of friendship with France,
the existence of the Tunnel would be of inealculable value to us, inasmuch as food conld then be poured
into the country without obstruction from the enemy’s warships. This is a definite and possible benefit
which we may derive from maintaining good relations with France, and by constructing in agreement
with her the Channel Tunnel. Such a war, however. it must be admitted, is as improbable as a war
with France herself.

Surely the best, safest and easiest conrse—and the one most in accordance with ordinary common
sense—would be that an international agreement should be entered into between England and France
80 a3 to secure that the Tunnel should not under any eireumstances be utilised for the purposes of war.
‘Such an agreement would set the fears and apprehensions of the timid at rest as nothing else could do
so effectively. The suggestion that Germany might successfully invade France, and then turn her
attentions to us through the Channel Tubes, need not seriously be considered, as it may surely be pre-
sumed that if there were such a war, or even rumour of such war in the air, the British people and army
weuld hardly be lethargic or asleep.

# “Would War Mean Stavvation ?* by Mr. Spenser Wilkinson,
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Mol 850 The predicted potentialities of aeroplanes, which cannot be obstructed, will doubtless produce
ﬁvtﬁ':i:i:}:,:f: in time to come such a ghastly and terrible instrument of warfare that their existence will tend to the
preservation of peace, so that out of great evil great good may arise.  But that a pair of narrow borings
connecting two countries by an underground and submarine passage can be regarded in any way as
constituting a serious factor of warfare appears to be inconsistent with calm and collected judgment,
and with a knowledge of the true facts of the case. It is hard, indeed, to believe that in this century
nervousness and vain fears will be ailowed to obstruet or defeat this great project, or that the * pale

cast of thonght ™ should be permitted to prevent * an enterprise of great pith and momen snch

as is the ereation of the Channel Tunnel.

ALFRED E. TURNER.

January, 1907,




A NAVAL VIEW.

By Vice-Admiral SIR CHARLES CAMPBELL, K.C.M.G.

Tae Dover-Sangatte Tubes will give us all the advantages of railway communication, preserve
our silver streak and sea girdle, and enable us to clasp hands under the sea with France.

I have no wish to deal with the aspirations of financiers or the question of profits, though I do not
doubt that the scheme will pay commercially, but it is my heartfelt desire to encourage and develop
a greater interchange of mutual support between the French and British nations, on the bread ground
of statesmanship, as applied to permanent national interests and possible strategical contingencies of
vital importance to our friendly neighbours and to our island home, especially in the event of war with
another Continental Power.

The controversy which has been raised, and is still raging, with reference to the strategic points
connected with the project to unite Dover and Sangatte by Tube Railway seems to hover round four
questions :—

. (1) The possibility of blocking or destroying the Tubes at will.
(2) The improbable contingency of an opponent capturing by raid the Dover end, so as to come
and go at his own sweet will.
(3) The possibility of our neighbours being at war with a Continental Power, who would seize
and use the Tubes to invade Great Britain.
(4) The Conscription bogie.

These I gather from recent correspondence and articles in the Press to be the only objections raised
by the opponents of this most desirable undertaking. Anvone who believes that the Tubes could be
captured under the conditions painted by the * blue funk ™ school must be of a peculiarly sangunine
temperament. I only wish it were possible to put them in a position to carry out their notions.

It is, moreover, absolute rubbish to suggest that our friendly neighbours on the Continent are so
anxious to invade us. What on earth would they do with us if they succeeded ? A nice little white
elephant we should prove !

What is the real strategical position ? Next only in importance to the cutting of the Glasgow and
Edinboro’ Battleship Canal is the tube route from Dover to Sangatte—a route which, as long as peace
and a happy entente continues, would facilitate and greatly increase the friendly relations between
the two great countries which it connects, and malke visits to anv part of the Continent safe, comfortable
and expeditious, while it would be a godsend to our invalids, who could travel to the South of France,
Italy or elsewhere without being disturbed in their compartments.

.But, in addition to these not-to-be-despised benefits to the community, there wounld be an incredible
Increase in our immunity from invasion. It has always been our policy to attack at or before the
declaration of war, and I hope it may ever be so. Tt is our most reliable, indeed our only sure, defence :
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but we must have power to get at will from one sea to the other, or from one land to the other, as
well as absolutely certain means of cutting those communications when it becomes our policy to do so.
That is strategy !

How, we may well ask, can the Dover and Sangatte Tube Railway affect the Navy ? One thing
is clear from theoutset. It cannot add to the strain on the Navy, and, under many conditions, it would
greatly assist the Navy in respect of :—(1) Conduet of troops to friendly Power; (2) vietuals without
convoy ; and (3) passage of foreign friendiy reinforcements, leaving the Navy to its own business of
keeping the opponent in his I:-o.rtu., the destruztion of any portion who put to sea, and the capture of
his lines of steamers, together with the ruin of hiz trade.

By the time the Tube Railway is completed, Dover will be one of our strongest naval centres, and
the raider—who is to * surprize the citadel in a fog ”—would get a very warm reception. Indeed, it
may be doubted whether he would go back to boast of his exploits !

What is the difference between the desirability of the scheme in 1880 and now ? The great differ-
ence, and the whole difference, is due, not so much to the growth of the friendship between our near
neighbours and ourselves, as to the growth of the sea power of the 1910 invader. If the party who
base their objection to the Tube Railway on the ground that it would render invasion possible want
a peg to hang their fears on, let them at least look out on the correct bearing and take steps accordingly.
Let them study the coast-line from the north shore of the Thames to Peterhead and count the number
of spots which are more vulnerable and more tempting to an invader than Dover.

The Conscription bogey has been dragged into the alarm camp, and worked for all it is worth. But
the Tubes, properly safeguarded, will not necessitate the addition of a single man to the army, by con-
seription or otherwise. If they wake the country up to the better encouragement of the Militia and
the Volunteers, and to the proper equipment and training of a sufficient number of army corps, either
for the purposes of attack or defence, they will, at least, have had one beneficial effect for which every
true Britisher must be grateful.

Let them consider whether the 1910 invasion could have been attempted had the Tubes existed.

After the kindly reception given by our French friends to the scheme of the Dover and Sangatte
Tube Railway, it is ungracious and a heavy blow to our national pride and prestige lor us to say that
we decline to carry out the scheme because we are afraid !

CHARLES CAMPBELL,
Vice- Admiral.

London, Jan., 1907,



