
company secured Charles if. Ja-
cobs, an Englishman, who ha 3prob- •

ably had to -do .with- the building of
tunnels than any other-llv-*

ing;man.' :-•\u25a0 He designed me ;shields used
.in the*:wbrk." The; shield -Is the most
important \u25a0 feature- :of tunneling under
water, arid it takes an engineer ;really

• to'.-* appreciate .-what ;. it,means. . Four ;

shields have -;becn In"use in the Hud-
son.River Cwork. tivo.=in each tube. :one .
;working from ?the. Jersey side and one
fromithe New; York side in.each case.
The shields are;still fn perfect-condi-

rtlon. arid.. owingito- their peculiarly sat-
;lsfactory,character,>thi3 work has been
',pushed forward -with almost unprece- .
dented/rapidity.,
/The/:, chief assistant : engineer.
James -yForgle, a, .Scotchman, designed

the :hydraulic
-
sliding*platforms ;with

which:the ,shield3?. are ,equipped. Mt-^is
on; these' platforms

vthat the men .stand
Inimaking ithe excavation ahead of
tube ;itself:jthe platforms slide out as
the work tadvances, and

'
the excavated

,material lis^dumped^urough the shield
upon 1tram? cars, -which* carry It back
to the shaft.

':£BBQESBSK&BffIOmK/K&
1 Mr.\Forgie :wa3 the 'principal assist-,
aat.to^. the distinguished tunnel engin-
eer, Greathead, in the construction of
the "Waterloo ;» and City Railway tunnel
under.- the rriver Thames in 1594.

'

The cbntractors. the- O'Rourke En-
gineering;: Construction Company, be-
gan operations In the subaqeous tun-
nels ;on April15,

%
2D04, the first borlnj?

'beginning: <on ;the_'Manhattan side." On
September,! operations on the New Jer-
sey side/were begun," a deep shaft hav-
ing been ', sunk on each side prior to tho
beginning? of the actual boring. . \u25a0

/Quietly -the work went on, and^ the
.public.heard of little'; that was hap-
pening1.:'^. 'Accidents > were remarkably
;:few.- -.There -was -only one death that
could be traced ito the effects of com-
pressed ?*atr; there were inevitably
cases ofr tho "bends." Two physicians
have- been ?in constant attendance at
the* work,:and everybody who. enters
one of .the tubes" has '.to undergo a
rigid examination.

-
Comfortable quar-

.ters, well? heated > and well ventilated. ';.
are provided for -the workers, and hot
coffee is "given to^thern as a stimulant
when they emerge from compressed

air.
'- .

abysses leading to Ihi3 wondrous city,, though many visitors prefer *ogo down
by the long, massive staircase hewn in
the solid salt, whlcn flashca emerald
and ruby, rays at everi»step..
. \One naturally a3ks' why a^n. entire
"city" was hewn in the" salt, more es-
peelally^the pillared cathedrals, theial-
tars, statues, and -,the :like"..And ? on«s
lr«rxi*, naturtilly >nougl»i.»that allUhifl-
patient w^rk chiseled out*^during* con-
tudeS is; l.» the nature of^votlve offer-
ings from grateful rijen,' whom thcisalt;
has .yielded what; wSH'.se'em ?to ,u"s>.'a:mere; pittance,, ransrlnjj^from sc ents to
25 cents a day.^BMfftßwteMMtfjßwWißMgW. The talt-h«wn cathcdralf af St.- An-.
thony

t dates; from tho seventeenth' cen--
tur>", And was projected tiy.aiplbus fore-man. ;Galician :miners are deeply re-
ligious people: :They have their owir
mlnistfi1;of:rtligiba in Jhe depths arid
touchlng/prayerj services,* with,,weird
music.- ar«r h^ld.'.in their rock >alt
churches. :^AIso :thcy have "their own
band for festive occasionE.

The high altar Mn; th«» salt Vcathe- ;
dral" is cunningly adorned witItwist-;
ed pillars, and ;,itM_s .jflanked'' by.:salt-
hewn statues, of St.'Stanislaus and SL
Clement. 'On the altar steps are carved
In ruby red;rtfck salt- efflgles of;two >

.kneeling, monks, and ,'in-:. the ,back-ground of. the faltar. is,a huge sal t >cru- ?clfl», before which., stands ..the) Virgin?
,placlng the infant Jesus .lnvSt. .An-;

thbny's'arms."? This,ithe.most extraor-
idinary church :in? all- the, world,; con-/

tains a salt-hewn- pulpit.1supported >by
salt; statues of,St.;Peter -|and }St."Paul,"
and In a niche below, stands -'a" glisten-
ing statue of the good King-Augustus/

Emulation must have. been the secret
jof- all this gigantic work." It'\u25a0, seems
...that; .no/, sooner was -the ;flrstvshrine-
chiseled>ln salt,;. the!Qrst rstatue carved, %: thsin/succeedlhg;gerierktions\of miners,"
:firedT with?? seal.'

4-,resolved \u25a0> to\ see\what: theyj ,also \ \could '/do"-~in':;\ this !•;strange ?/sculpture.'-/ Some feet- away .from/
? the cathedral •Is a most wonder fu1Trock-:hewn:? salti cavern ilnithis * weirdest -;'df *
"cities. rTbisjs the vastV/salle de'danse,"*
"the.? wonderful?: Lentow ballrobm.vlit^
\u25a0jwlth (enormquj flusters
'of wlre-hung/rocksaltcrystal^s/of opa-/
,lescerit. hues.1: last uwere^'added*
In:honor, of from? Russian ;

-
Czar/

Alexander, 1,-who^.vlslted; the?: city? off
salt: with the" Palatine- ofiHungary^ "/

This 'great 6;ballroom; is [over1300] feet 'j
In-length and! towers' dlmjy to a[height

-

of 190 feet. Its avails offsalt .rock
glisten:and flash with exquisitely hued

'
crystals, and .'there 1arc/ figures ;(reprei

'
edge
,"
)/
,

',
tran"'and/"Neptune,'V as .wellas +a/spe- .
cial \u0084 tlvrono ;of .state "at /one' end.'Ts'of >'
course/ hewn' .in. the',; rock:

'
of ,: salt,' ami"•kept for;tho use ofitne aged 'Kmperor'

Frana' rJoseph lor ;the- -imperial arch-/
"dukes.- :'.;' \u25a0-•\u25a0.*.\u25a0„ \u25a0 \u0084- .'-\u25a0'.''\u25a0".'\u25a0'' \ j\--,:"s V:./<-

There is «n * triumphant \:archway 'in<
";salt >*over 'the. 'entrance;. to . the grreat !
ballroom,-; sur'mb'un ted vby> a miner -sa-^
;luting, and, atlhlSffeetfis c'aryedUn: salt ]
[..crystals •theipbllshf gfeetlng.'/.'.'Szcze*!>qi
Boze!". the lequivalentf'ofxthe German*
VGluekauf.1

'
: \Vlienever;:'an;,ojd work-

';ing;is;exhausted and /closed 'or/aTriiiwi
"street"" ,opened ;>in the /subterranean "\u25a0'
city?the;eypnt;is'celebraled/ by a groat ;
ba 11 in;the: lientow£salbonT :Then v if"is <
that hundreds ;• ofr GaUqlaitv, peasant <
women, /wives arid:TriehdßTof.the';T-brk-!
ersUbelow.

'
qiiaintly^cladtas ;?a

*
comic

'
.opera /chorus, :'^take I.their.Vpartners" 'in,;
.theiVaat:fo"ughrhfiwn{sanftAvern,\whlle)
shrill"pipes /andf quaihtisoiindlhgffluiea'i
and sw«et yiolinslmake'mefry musicas

'
ithe/couples; .whirr in ; wild- blaVoriic

'
dance.. '\u25a0' '- i-;; :;.:.". \u25a0-/'".-'

"'
::':-.'^:

'
v-.r/-:';\\

.";.Another vast chamber, about-350 'feet <:from v the surface, «is" the Michalowlce <

hallrj: on .the; second; 1;tier/of the? city.'.
,Rock salt was dug.out^of- this for forty-'iour;i: years. V11').Is fabout •'

100 5 feet
"long*

'
sixty-flve^fcet^wideVand|il7Sfeet :high!'i

•.The!sides Iandfroof are. secured Iby;hun-'<
.dreds

"
of;tree 'trunkajplaced ;oiie '• above <

t*e tbtheriias 'j|pillars4andistrutted g to- \
igether. ';This%reminds S oneTof 1the Iter- 1
rible "accidents Uhat;have? happened^ in j
the city, of s salt.-;/Mbfo";thanKorice^ fires 1have?*1brokenfout .In% the^workirigß.fahd ]
havViburned; foriyears,' untilUhe?wrobd- <
en i\props', havo .igiven*out. ;»;\u25a0 Or.'fagain,^
the strange.sullenilboktngsalihe'lakesf

\navigated y.by,^ boats \iin these/f dark^;depths, *;may ;4;4 riceirsuddenly,^ probably!
•fed^by.subtertanean fBprlngB,''a"nd:drbwn^
•scores of theselpatient,- hard-working*
Tnen.^;."; \u25a0 -. .-__'.. : \u25a0\u25a0-/_;,.:i.','\u25a0'',\u25a0<'\u25a0. \u25a0/" r-\ -\u25a0\u25a0\u25a0:;r-- \u25a0\u25a0\u25a0\u25a0\u25a0-. ,
'-;;\u25a0; Worst '\u25a0; ofjall. jgreat"; masses/of the i1rock ';\u25a0 salt;; often| weighingJhundi-edsfof ?.tons, 1,may *fainin^avalanches|fromfthet
:;domed.sroofs^ofitheTstreets!orjthe3^eili^
lngs^of ]?new? chambers. ;;l!;One*;notices!
[that; the >'Immense.' saloons,"? restaurants^
'churches/ and 's, other i*public?S buildings?
:hewn T injsalt,

-
are flighted-^by

;chandeliers jofhsalt /crystals./;; There -is^
one]' in^the^MichalowiceSchamberK tent

.feet!infdiameter;|twentyjfeet^high»aiid*
:contalriihg;abbut(24o^candles/? " '

The'Kaiscr Franz ?:chamberrtntnvßl

little trolley.lines of
-
the underground

[clty,^ahd[ltiwas vrnadera"ikihdjoflcentral
•convergel manyjof <tbeTprinctpal streets

[are|narrojw^gauger-and^the!slittle\carsi
laregdrawnJbyJPjplls^^
Iwhoin|hayeIneverjbeen I'bn<ear th]atfall
landlarelbonnblind:!

'
/ '"///, "

rS,OhelmayJbut* mention -inVpassing the
prqzdowize ?: and ~ih Archduke % grederick!"
chambers >;on> thej\wayAto;thegCentral|
railrbadIstatibhriwh Ichjls ..named 'iafter]

after,the pre'seritrulerjbrthe dviiTrnonira>cliy,Tcb'ntainsHwo.?imra«nse]pyramlds
:with|orhamehtalibases,[comraem6ratinf;
V^visitiloflthelEmperortandf Empress
irriany|yeafslaro/^This|hallS is 1nearly
;2004feet?long!andfab6utU05|f«etlhi#h. B

L-eaving- this ]:chamberj^ne \u25a0£ a
wooden: /bridge jover^av^subterranean
river-sfllledlwlthlbllndfflshr^andSinlthe
dlm^llghtfof fe torches fone|beholds^an-
otherliipubllc^rnonument-^n^obellsk
thlrty: feet :hlgh;Vcarvediln Crock »s salt/-

\u25a0andf recording lariVisltfofithe]late]Crown?
Prince-Rudolph and

'Princess; Stephanie^

,xnenl in'"ine \u25a0reportsror.. the, year. J3Ol,
•Sir. Cassatt ;^the .determination
iof;Uhe road *in the following simple
language:,*

.',"The Board; has long, felt that your
rinterests.'v'as; well '\u25a0* as '-.the* convenience*
/of:tlie- public,'; require 'the \u25a0\u25a0 extension rof
:your line.Into Newj-Tork land .theses-;

\u25a0\u25a0 tablishnient-of{a-"cehtrally;'located pas-
:•senger^" station^ in>,' that -^city: through
/whichUhe^nconyenlenco£uhd Tdelays of
: tr*nsferf

'
by,; ferry,will;bc[a voided."

'

pfoject'Crequired 3 capital in un--
': 11mitedv abundance.' '.."Above =all;else,'[it'
4 required. extirabfdlniiry^runra'ge ;to fore-;

.-'see:and -to, feel L

-
sure.™ofs;the- ability;of.

r|the;^comp"Rny:} to h realize .;. fromfits new,- Snipfovements -sufnclent Ireyeniie ;to pay
s rjivldends'i oh-tho'largely' increaged cap-,
ital.fJin -the "report;; fQrrl9.01, Mr."Cas-'.
satt; stated his'' views* on this sub3ect

?as jfollows: 's^ \u25a0 ; -.;:>.
, ': "The '{ cost of the-, work will be. large.
but ,your.Vboard ;is' satisfied 1

*
that*/ the

/expendlturelwill
-
;be ;

'
fully justified!by

"the results attained." 1 '."3lt£§
C .To carry Uhrough this

-
extremely dif-

-ficult"iundertaking, ."th
-

'company ,de-
:signed

*
its:;third>!vice; ".president. Mr/

Samuel^Reai'4toytake direct 'charge of
'

'\u25a0. the",.work,^to;cohsult lwlth'theNew York
\u0084 City

'
and t'^tate; authorities j.with "refer-..

ence" toithe. rights 'necesary to the^pro-
;Jectrjand^to Iappoint fa {commission ;of
% five; of\ the":most; eminent civil,\u25a0 engineers

Nih^the'tworld'.tordrawJ upthe plans ,for
\u25a0the; work',itselfZ-^The"; commission 1
'
sistsTof (Colonel!Charle s;+"yV".i

'
Rayrhond.'

XJ." : "AT, chairman; ;-:W|lliam •*'\u25a0-> H.":
-Brown,:% chief lenslneer. of,the Pennsyl-^"
vanla '..Railroad

' '
Company; -,Charles

f'M. Jacobs \u25a0 and -\u25a0 Alfred~iNoble. All
the {work'lh'as.'.beenjdone'iUnderUhe dl-

.;r«ct^superyision;/of ;'Mr.'r,-Rea,' and
ithrbugh'hls energy and ;ability.;innumV
ferabletdifllcuitieslofs almost' every
Shaye-beeri?surmounted.f 'Among.the spe£
!cjalI'matters % which"jhe '•had

"
to -\scperf;

Iintend twas\the 1purchase ;of;the neces-
isaryJirealSestate-^-rnlllions" of ...dollars',
j'worthfofiit.'viHe had also to appear be- \u25a0• fore -the],Board of jRapid Transit 'Com-^,
miysionersJiniNew, lorkLCity.ito obtain"
th"e|'consents ofIthe jNewJA'ork \Board •of
Ald_ermen^7nhd f1to

-
'•superintend :T-the"

aw'ardingforthe enormous contracts for
doingithe; work" Itself. -.

THc]Men 'BehintT the -Shields. .
*^Toshave^direct .' supervision ,: over the
1workTonltheltlud50n River tunnels the

•_\u25a0 Trie :tube itself consists of a series
of

-
iron rings, and the Installation of

every ring- means a.;progress of two
and a half feet. , Eleven plates and a
key

*
piece

'
to-;go :at the;top complete

the circumference,, and an entire ring
weighs" about fifteen tons. -The east
iron plates, or sections" of tha .rinff.
have flanges af,: right angles to tha
surface.." and •It is* by "these that tha
successive-rings are held together with.

1bolts. • Hydraulic rams, 'placed; against.

the flanges every fewjnehes around tha
tube, t push ;the" shield forward at :a'
maximum; pressure. of,'3 400 tons; if the
pressure; of:

-
the valr In the tube be

taken vlnto!account, the .pressure upon
the'shleldis increased to 4100tonsr.

\u25a0. The shield itself .-.weighs 194 tons. It
has nine doors'in it,and through these
comes the 'rock.* sand, or sllt.or'.what-
ever{the material through which the
tube must be driven. Thirty men work
in^a'gang.* and* there are three shifts
in the day Tof twenty-four hours.

'
The

record ;progress so far is five rings, or
twelve and |a,half.feet, in eight hours.
Men of all-nationalities ,have built the
Pennsylvania tubes under, the Hudson.
inegroes ihaving

'
done

'
a , larjce part :of

the'} job. Laziness Ma something,', the
contractors never had to contend with;
they.": say. there . be

'something

aboutv the" compressed air which gen-
icrates renergy; and enthusiasm, for'the
,*'muckers'.*-;. vie; with one* another u>
make the record number of

•rings.
'.':.';Perhaps' there has nev^r,been an '.en-
gineering:,, project 'In.which

"
theory and

practice vweref so. nearly In;agreement.
The engineers calcu/ated the difOcul tie*
closely, anil -;a really remarkable sys-
."tem!of .reports' haa :been in>ffect:frojn

.the. ?- firsti.day. * Every mornlny. Mr.''
Jacob's^ has :known!the progress mad«
tha day before; to 'the very.'inch and
the^amount.of rock and excavated
to.. the; cubtc 'foot. Th***-enn9ylvanJa

.Railroad •>"onlc'ers •; and the contractors
ihold this; perfect system; and the thor-
oughness .each day's work"'chiefly
;responsible jfor \u25a0' the tpromptness of;tb»
;meeting s'of the tubes."

\u25a0 Engineers say, /too, that no;rproject
was :ever carried out.where -the-" em-
phasis pwas ;;so r.upon
suits

'"
rather ithap" upon the money it

cost to fattain them.; Records have been 1

kept with;unprecedented
'
accuracy,- and

fullnes3,;and .they 'have* been corrected,'
'.revised

"
and Ve-revlsed "

with bowllUer-
jng frequency. ;*V

cure its -.snare of- tnc :giowing -trafllc
ifwHPbe? necessary.' to,continue Uo''im-
prove and.^udil \u25a0 to'yburTproperty.l'r- 1'?- ;'

tne south. Is expected to join about

October 7. The meeting of the shields
marks the beginning of the completion

of one of. the most astonishing engf-

neering feats on; record; :- Itmeans the.
realization of the long-time, dream of
the Pennsylvania Railroad— ito" land its
passengers ;In the :heart of: Manhattan
Island.

"
Probably no feat "of railway/

strategy in the history, of- the United7

States has attracted more attention
throughout the world than this; one.
Its completion' will mark a triumph
over difficulties of tremendous magni-
tude, as this will'be tho longest tunnel
ever bored entirely under water.

'

For many 'years the Pennsylvania
Railroad has brought Its passengers) to
Jersey,, City and there they have had
to stop. -^The cpmpany. looked longingly
across the Hudson River, but for de-
cades It seemed Impossible that this
longing could ever be*gratified. Engi-
neers wagged their heads doubtfully
when the subject of a tunnel 'was
broached, and financially", were over-
come at the; thought of the-'cxpense-of
buildinga bridge across the' river. . .'\u25a0\u25a0

Soon after President Caasatt 'took
office, however, at :the head of tho
Pennsylvania system,, he. determined
that the am'^itlon'of the railroad should
be realized." Mh,his annual report' for

ithe year ,1599 he modestly stated to
the stockholders: !-.'- yr

Ferry Conveniences Bettered.
"In order that your company may

its duty to the/public and se-

\u25a0 F THERE is .any*' more, surprising

Imonument of human labor than
I"TVielcZiia's underground city, hewn

in the course oX ages in glistening

rock rait In the bowels of the caith.-
one would like to know what Itis and

•where it may,be found. An out-ot-th«v
world pla<o this, in ihe quiet Car-

pathian valley of the Vistula, som^

miles off the Cracow-L^mberg- Railroad.
3n Austrian Poland. /\u25a0'

Por-
ever since railroads came into

world these p*Btta.ntß refused to

nit them near, fearing lest the,vi-

io'.i fliould cause the upper earth

all in upon and -bury the teeming

ibiiants of. tho.se strange, crystal,

sparkling streets, a thousand feet
down In the earth, with their little
horee railroads drawn by congentlally

blind animals, who may be said never
Mo have. been "in the world" at all as

we knew It.
One thousand years of patient human

toil have honeycombed out of the- solid
fialt crust of the earth an,*entire: -'city

at various levels. Jt consists of an
intricate congeries of winding streets

and dim. scintillating alleyc; ot pil-

lared churches, diamond and ruby
etairca*cs, restaurants, railroad sta-
tions, shrines; statues, monuments; and
i- thousand' other .wonders— all -rough

t liewn In the hard, sparkling rock ,crys-.
1 tale, which, lit.by electric, lights, pine
.torches, magnesium ?fl&*hes or thou-
I*and« of randies. fa{rly.\b!az* lik". .1'

world of precious etones.
The salt city is. not only difficult of

1access, but the Austro-Kangarian Gov-
ernment (it is state rroj^rty) most
jealously guards it, and all;workmen
are searched several times,, «/day,1lest,
they should be tempted to' conceal
fragments of rock salt* upon; their pter:,
«som. Itis not \ clear; why mere sail

». should be considered so, precious,' but
\u25a0 the fact, remains that" all*workers are
"•searched as Jealously as; the Kaffirs in

thfe diamond mint-s oiKtmberley.'
The entrance is ?a? W.ng, lowy ord»-

nnry-loikirg b'lilding... containing; the,administration offices,of the mines and
;also a small museum- of"paleontolbg-
cal curiosities found deep down- Inre-'.
mote recesses. Elevators "descend 'the

IN A WONDERFUL CITY OF SALT

THIS is the da 7of running rail-
roads where men please. The gir
gar. tic plan of President 'Cassatt

of, the Pennsylvania Railroad to en-
ter New York under the Hudson
River seems- assured of success, for

Shis tunnels from opposite shores have
met beneath the stream and the sub-
way now connects two States. The
success of this undertaking has given
added courage to the promoters of
the project to connect the Old World '.
with the New by a tunnel under
Bering Straits.
It makes more practical than ever

the scheme for an under-the-bay tun-
nel connecting San Francisco withthe
mainland at Oakland. With more
Eastern railroads planning to cross
the California line, the competition to

cover the distance between San]
Francisco End Chicago in briefer
time grows keener still../Itis beyond

-
doubt that in time

—
maybe not 'such,

a long time
—

transcontinental rail-
roads willcomplete their runs in the
heart cf San Francisco instead of at
the Oakland mole. Indeed the trans-
bay local traffic has become so enor-

;mous as almost by itself to justify a
t tunnel under the water. /

With the matter of suTjagueous
: tunnels bearing so closely upon our
i own future, the details of the new
ktunnels under the Hudson. into New

York will be found of more than
passing' interest. ;\u25a0\u25a0

AFTER
two years and a half.of

continuous work the .ea-stbound
and westbound shield* in one
of ilie twenty-three-foot twin'

tubes, which the Pennsylvania Railroad
has been .driving: under the Hudsonl
River to connect New York and New.
Jersey, have met. Xow men may walk
through, dry-shod, from one State to the
other. The ::ccond tube, a few feet to^

THEv.
;
s4N \u25a0. ;HRAX(HSGQI|sU^A^A^iIO

COMPLETING THE TUNNETS UNDER THE KADSON


